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Ayamnntég -oL cuvadeldot

H yvwoty ¢pdon twv Aativwv Dum spiro spero (Oco Iw eAnilw) avrtamokpivetoat
armoAuta otnv avtiAnPn mou odeilel va SlaKATEXEL TIC MEPEC MOG. Molog amd Hag
davralotav OTL €va POALG HAvVO PETA TN ouvavinon pag¢ tov lavoudplio 2020 oto
ENAOPAMA Ba Buwvape pia mpwtodavr Soklpooia TO00 w¢ Kowwvia, 0060 Kol WG
ETLOTNHOVIKOG KAAS0G. OL MpwTOYVWPES oUVOAKEG Kol KivOuvol EVWTILOV TWV OTolwv
KANBnkape va avtamokplBoupe kat BePaiwg e€akohouBolpe va JoUUE, QATOUIKA Kol
OUANOYLKQA, Snuolpynoav VEEG KATAOTAOELG KOL VEEC TIPAYHOTLKOTNTEG TOU Oev TG
davralopaotav motE. Alatnpwvtog Ty atolodotia pag Statnpoupe tn BeBatotnta otL
Ba Byoupe VIKNTEC.

Yné to Tmvelpa oUTO OaC OVOKOWWVOUME Tn S8lopydvwon Tou Tpooexolg
ENAOPAMATOZ mou Ba yivelL omwg mavta oto 2uvedplakd Kévtpo tou Mavemiotnuiou
MNatpwv tnv Mapackeun kat IaBPBarto, otig 29 kat 30 lavouapiov 2021, evw Sivetatl
napaAAnAa Suvatotnta PndLakng CUPHUETOXNE TWV CUVESPWY HECW XPHONG KATAAANANG
mAatdopuag. H AettoupylkdtTnTa Kol oL Ywpol tou Xuvedplakol Kévipou, OMweg €XeTe
Slamiotwoel, mapExouv tn duvatotnta Slevépyelag Tou cuvedplou POG TNPWVTAC TOUG
KQVOVEC UYELOVOULKAG Tipootaciag. Av, o pn yévolto, tov lavoudplo 2021 umdpyet
TANPNC  QmMayOPEUCN OCUVESPLOKWY EMLOTNUOVIKWY Spaotnplotitwyv Ba  umdapxel
npoPBAePn yia e€ohokAnpou dtadiktuakn die€aywyn Tou cuvedpiou.

Onwc nmavta Ba kaAudBolv OAa ta yvwotikd redia tng Evéokplvoloylag amo €ykpLtoug
ouvadéldoug amo tnv EANASa kal To e€wTteplkO, MOAALOTEPOUG KOl VEOUC, TIou Ba
TIAPOUOLACOUV OAEG TIG TeAeutaieg e€felifelg TnG emotnUng Mag. Tautdxpova, Ba
umtapéel kat véa evotnta nou Ba adopad tnv ENAOKPINOAOTIA THN EMOXH TOY COVID-
19.

‘Exovtag tnv nenoibnon ot Ba cuvavinBoupue Sia {wong oag MePLUEVOUE otnv MNatpa
Tov mpooexn lavoudplo.

Amnootolog I'. Bayevakng
NeokAng A. MlewpyomouAog

Kwotag B. Mdpkou
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To latpiko 2uvedplo ENAOPAMA gival pia mpwtotunn Tnala
latpkN dinpepida nou diecayetat oto MNavenotuio MNatpwy
o€ eTnola Baon. 2ta nAaiola autoU napouactalovial KAVIKG
NEPIOTATIKA Kal 1aTPIkG dedopéva, yiveral avaokonnon
TWV NAEOV evOlaPeEQOVIWY ApBpwyv nou dnpooleUTNKav
otn 61ebvn BiBAoypapia T xpovid nou nEpace o€ OAa Ta
YWwotika nedia ng Evbokpivoloyiag,

Enlong napoucialovial kat ocudntolvial ta TeEAeutala
EPEUVNTIKA anoteAeopata, 16€¢, eEeNEEIC Kal EQAPUOYEC
OTov Topea NG evbokplvoloyiag kabBw¢ napouatdlovial
OAa Ta avtioToxa vea papuaka Nou Kukhopopnaav tnv (la
neplodo.

Y€ OUVEXEWD Twv nponyoUpevwy 12 ouvedplwv Kal
akohouBwvtag TG e€€eAifeic to ENAOPAMA 20 Ba
npayuatonolnBel YBpIdika, pe 61adtoong OUUUETOXEG AAAG
KOl QNOUAKPUOUEVA EOW TOU €Mf{onpou Site Tou ouvedpiou

(www.endorama.gr).

Ot ynelakeg unnpeoieg dev apopolv PJOVO TNV OUUPETOXN
TWV OUVESPWY aAMA Kal Twv Xopnywy KaBwg oto site 10
ouvedplou Ba Asttoupyel virtual EkBeon xopnywv Pe MOMEG
VEEC PN(PIAKES MAPOXEG,




Avdpéou AiAANn, Evookpivohdyog, KAvikog Avbpoldyog e e€elbikeuan otnv Avopikn Avanapaywyn otn
[Gvén BeAyiou

Avbpikoula Mapia, Evookpivordyog, ABAKtwp latpikng LxoAng Maveniotnuiou lwavvivwy

BaotAeiou BaotAkn, Aicubuvtpia EXY, Evbokpivohoyiko Tunua- AtaBntoloyikd Kévrpo, TNA ‘0O
EuayyeAiopog”

BAacoonoUAou BapBapa, Evookpivoldyog - AlaBntoldyog, téwc AleuBuvipla EXY, Tunua
Evbokpivohoyiag - AlaBntn - MetaBoAiopou, I'NA ‘O EuayyeAiopod”

FaAAh - TowvonoUlou Aonpiva, KaBnyntpla MNMaiblatpikng — Malblatpikng EvookpivoAoyiag, AleuBuvipla
B Mabiatpikng KAvikng AptatoteAeiou MNaveniotnpiou Becoatovikng, MNING AXEMNA Beooalovikng

MaBponoulou Mapia, Evookpivoldyog AleuBuvipia EXY, Evborpivohoyikh Movada, A Tlponaideutikn
MaBoAoyikn KAk, latpikn 2xoAn, EBviké kat Kanobiotplako lMaverotuio ABnvaov

Aoulbapnavng MNepikAng, latpdc Neppordyog, Aibaxtopac latpikng LxoAng Maveniotnuiou Matpdy,
MNpodedpog latpikng Etalpeiag Autikng EANGSoG — MNehonovvnoou (IEAETT)

HAlag lwavvng, latpoc Evbokpivohdyog, EnpeAntng A', Tunua Evbokpivoloyiag, AlaBntn kal
MetaBoAiopoU, Noookopeio «EAeva Bevidéhou»

@g0dwponouAou Avactacia, Evookpivoldyog AlcuBUvtpia EXY NN TIANAA H BOHBEIA”

KaAavtapibou Zogia, Kabnyntpia Maleutikng-TuvaikoAoyiag kal Ztelpwong Ing 1atpikng ZXoANg Tou
EBvikoU kat Kanodiotplakou lMaveniotnuiou ABnvaov, AleuBuvtpta I Maleutikng kat NuvaikoAoyIKAG
KAIVIKNG Tou EBvikou kal KanoblotplakoU Maveniotnuiou ABnvaov, MIN «Attikdv» AleuBuvipla tou
[Npoypaupatog Metantuxiakwy Xnoudwy «laBoAoyia tng KUnong» tng latpikng 2xoAng tou EBvikoU Kal
Kanobiotplakou MNaveniotnuiou ABnvav

KoUkkou Eutuxia, Evookpivoldyog, Abdktwp latpikng tou EKTIA, AleuBuvipia EXY, Tuhuatog
Evbokplvohoyiag, AlaBntn & MetaBoliopoy, Mepipepetakou lMevikoU Noookopeiou- Mateutnpiou «EAeva
BeviéAou»

Koutathiépng MixaAng, KaBnyntng Meipapatikng Ouatohoyiag —AleuBuving Epyaotnpiou Qualoloyiag,
laTpIKNG XX0ANG -2 x0ANG Emotnpov Yyelag EBvikou & Kanoblotplakou lMNaveniotnpiou ABnvav

Awnapakn Mapia, Evookpivoldyog Aibaktwp Maveniotnpiou ABnvav. Mtuxio latpikng tou Maveniotnuiou
ABnvay, Eldikdtnta Evbokpivohoyiag AlaBntn kat MetaBoAiopou, Edpa IMNaBoAoyikhg Gualoloyiag
Maveniotnuiou ABnvav- Aaiké Noookopeio. Atbaktopikn dlatpin Maveniotnuiou ABnvov

Makpakng Euayyelog, MD, PhD, Maleutnpag - [uvaikoAdyog Avanapaywyng, Abdktwp MNaveniotnpiou
ABnvay, E€eibikeupévoc otnv YnoBonBoUpevn Avanapaywyn.- YneuBuvog 1atpog Movadag EEwowpuatikng
‘EMBPYO ART — Akeaw Maleutnpag - TuvaikoAdyog e€elbikeupevog atny AvBpwnivn Avanapaywyn
Entotnpovikég YneuBuvog Movadag YnoBonBoupevng Avanapaywyng, I Mateutikn Tuvaikohoyikhn KAvIKN
EKTIA, TTT'N Atukov
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MevtleAonoUAou Mapackeun, Evopokplvoldyog, AimAdwpatoUxog twv American Board of Internal Medi-
cine kat American Board of Endocrinology, Diabetes and Metabolism

MnAiwvng XapaAapnog, latpdg MNaBoAdyog, MD, PhD, AvanAnpwtng KaBnyntng MaboAoyiag LxoAng
Enotnpwov Yyelag, Tunpatog latpikng tou Maveniotnuiou lwavvivav

MuwxaAakn Mapiva, latpdc Evookpivordyog, AleuBuvipla EXY, Evookpivoloyikd Tunua tng
MNaveniotnulakng MNMaBoAoyikng KAvikng tou MNaveniotnpiakou evikoU Noookopeiou [atpwv

Mnévog AAEENG, OpoTiuog KaBnyntng Yyieivng, Kovawvikng latpikng & MpwtoBdaBuiag Opovtidac Yyeiag
ATB Epyaotnplo MpwtoBdabuiag Opoviidbag Yyeiag, Mevikng latpikng & Epeuvag Ynnpeolwy Yyeiag, Tunua
latpikng AplatotéAelo lNMaveniothuio Becoalovikng

Mnpapn Baowhikn, (FRCP, MBBS, MA Cantab, MRes, PGCE) Consultant in Endocrinology, Diabetes and
Internal Medicine Imperial College Healthcare NHS Trust and an Honorary Senior Clinical Lecturer at
Imperial College London

Manayeswpyiou Avva, KAivikin Alaitohdyog — Alatpo@ohdyog kat KaBnyntpla Guolkng Aywyng

ManaAeovtiou Mapia, MD, Assistant Professor, Division of Metabolism, Endocrinology and Diabetes
Institute of Healthcare Policy and Innovation University of Michigan

Zapidakn Awkatepivn, [atpdc EvEpokpivohdyog, np. Aleubuvipla EXY HpdkAelo Kpntng, Aleubuvipla B
Evbokplvohoyikou, oUpBoulog Evbokpivordyog Mevikd Noookopeio EupwrAivikng ABnvaov

Toupvng Zupewyv, EvookpivoAdyog, AIBaKTwp latpikng XxoAng Maveniotnpiou lwavvivawy

Toapétng Xpnotog, Evookpivoldyog, KAIVIKOG Avopordyog EAA, Aibaktwp latpikng A6,
Entotnpovikog Xuvepyatng Movadag Evbokpivoloyiag Avanapaywyng, A" Maleutiki kat FuvatkoAoyikn
KAivikn AT1.8., T'NB “Tlanayewpyiou”

Towpxédnpog Baailng, AvanAnpwtng KaBnyntng Maboloyiag, latpikn ZxoAn, Maveniotpio lwavvivey

®ouvtag ABavaotiog, MD, MSc, MHA, Post-CCT Fellow in Endocrinology, Queen Elizabeth Hospital, Uni-
versity Hospitals Birmingham NHS Foundation Trust and Institute of Metabolism and Systems Research,
College of Medical and Dental Sciences, University of Birmingham, Birmingham, UK

Xappavdapn Euayyelia, MD, MSc, PhD, MRCP(UK), CCT(UK), KaBnyntpla Maiblatpikng - Matblatpikng
Evbokpivohoyiag, latpikh 2xohh EBvikoU kal Kanodiotplakou [Maveniotnuiou ABnvaov

OpyavwTtikin enttponn
A.l. Bayevakng

N.A. lewpyonoulog

K.B. Mapkou
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MNapaokeun 29/01/21

15:30-16:30
Eyypagég

16:30-17:30
Awunidua

[MPOEAPQOY: BaciAng Toluixddnpog
OMIAHTHZ: XapaAaunog MnAiwvng

17:30-18:30

luvaikeia Avanapaywyn
[MPOEAPQY: EudyyeAoc Makpdakng
OMIAHTHZ: Mapia AvépikouAa

18:30-18:45
AwdAeppa

18:45-19:45

Avépikn Avanapaywyn
MPOEAPQY: AIMN Avbpeou
OMIAHTHZ: Xphotog Toauétng

19:45-20:45
H evéokpivoloyia

otnv enoxn tou Covid-19
[MPOEAPOL: MepikAng Aoulbapnavng
OMIAHTHY: Eutuxia KoUkkou

20:45-21:15

MNoAttiotiko Evéopapa

Ol MANAHMIEY. 2 TH POH THZ I TOPIAY
OMIAHTHZ: AAéENG Mnévag,

Ouotpog KaBnyntg Yytevng, Kolv. latpikng

& MpwtoBaBuiag Opovtidag Yyelag AlO Epy.
MNpwtoBabuiag @povridag Yyeiag, Mev. latpikng &

‘Epeuvag Ynnpeowwy Yyeiag, Tunpa latpikng

AplototéAelo MNaveniotuio Becoalovikng



>appBato 30/01/21

09:00-10:00

Nadiatpikn Evéokpivoloyia
[MPOEAPQY: Aonuiva FaAn -TotvonoUAou
OMIAHTHZY: EuayyeAia Xapuavodpn

10:00-11:00

Ynoguon
[MPOEAPQOY: Mapia Ainapdkn
OMIAHTHZ: ABavdéotog Qouvtag

11:00-11:30
AwaAeippa

11:30-12:30
IvoouAivo-e€aptdpevog
Takxapwdng dwapning
[MPOEAPQY: BapBapa BAaocoonoUAou
OMIAHTHZ: BaolAiknh MnpaBn

12:30-13:30

Mn IvoouAivo-e§aptwpevog
Zakxapwdng Swapning

[MPOEAPQY: BapBdpa BAaocoonoUAou
OMIAHTHZ: MNMapaokeun MevideAonoUAou

13:30-14:30

Awatpopn

[MPOEAPQOL: MixanA KoutalAiepng
OMIAHTHZ: Avva Nanayewpyiou

14:30-16:00
AwaAAepa

16:00-17:00

Emveppibia
[MPOEAPQOZL: Aikatepivn Zapidakn
OMIAHTHZ: Méavvng HAlag

17:00-18:45
Néa ®appaka
MPOEAPQY: Avactaocia BeobwponoUiou
OMIAHTHZ: Mapiva MixaAdxkn
Baow\ikn Baoi\eiou
Yopia Kahavtapidou

18:45-19:00
AwaAAepa

19:00-20:00

MetaBoAiopog Ootwv
MPOEAPQY: Yupewv Toupvng
OMIAHTHZ2: Mapia lNaBponouiou

20:00-21:00

Ouposeidng
MPOEAPQOZ: Mapiva MixaAdkn
OMIAHTHZ: Mapla NanaAeovtiou

21:00
Tupnepaopata -Angn

Opyavwtikn enttponn
A.l. Bayevakng

N.A. lewpyonoulog

K.B. Mdapkou
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Nawdiatpikn Evéokpivoloyia 14

luvaikeia Avanapaywyn 33
Avbpikn Avanapaywyn 62
Awnida 93
Ynogpuon 131

IvoouAivo-e§aptwpevog Zakxapwdng
Swapning 161

Mn IvoouAivo-e€aptwpevog
Takxapwdng dwafntng 194

Awatpopn 228
Emveppibia 259
MetaBoAiopog Ootwyv 282
Oupoeildng 298

H evéokpivoloyia
otnv genoxn tou Covid-19 326

AlapnpIoTIKEG KATAXWPNOELG
Astrazeneka / forxiga xigduo: AeUtepn e€w@Ulou * Intermed / Medithyrox: 34 « OP Pharma Srl./ VIDOIL: 65

Sanofi / Toujeo: 98 = [TF Hellas / Deltius Colecalc | Ferol: 256 « OP Pharma Srl. / VIDOIL cholecalciferol: 288 «
Unipharma / D3 Cal fix: OnioBdpuiro
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OMIAHTHZ: EuayyeAia Xapuavddpn
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The NEW ENGLAND JOURNAL of MEDICINE

ORIGINAL ARTICLE

A Randomized, Controlled Trial
of Liraglutide for Adolescents with Obesity

Aaron S. Kelly, Ph.D., Pernille Auerbach, M.D., Ph.D., Margarita Barrientos-Perez, M.D.,
Inge Gies, M.D., Ph.D., Paula M. Hale, M.D., Claude Marcus, M.D., Ph.D.,
Lucy D. Mastrandrea, M.D., Ph.D., Nandana Prabhu, M.Sc.,
and Silva Arslanian, M.D., for the NN8022-4180 Trial Investigators*

ABSTRACT

BACKGROUND
Obesity is a chronic disease with limited treatment options in pediatric patients.
Liraglutide may be useful for weight management in adolescents with obesity.

METHODS

In this randomized, double-blind trial, which consisted of a 56-week treatment
period and a 26-week follow-up period, we enrolled adolescents (12 to <18 years
of age) with obesity and a poor response to lifestyle therapy alone. Participants
were randomly assigned (1:1) to receive either liraglutide (3.0 mg) or placebo sub-
cutaneously once daily, in addition to lifestyle therapy. The primary end point was
the change from baseline in the body-mass index (BMI; the weight in kilograms
divided by the square of the height in meters) standard-deviation score at week 56.

RESULTS

A total of 125 participants were assigned to the liraglutide group and 126 to the
placebo group. Liraglutide was superior to placebo with regard to the change from
baseline in the BMI standard-deviation score at week 56 (estimated difference,
—0.22; 95% confidence interval [CI], —0.37 to —0.08; P=0.002). A reduction in BMI
of at least 5% was observed in 51 of 113 participants in the liraglutide group and
in 20 of 105 participants in the placebo group (estimated percentage, 43.3% vs.
18.7%), and a reduction in BMI of at least 10% was observed in 33 and 9, respec-
tively (estimated percentage, 26.1% vs. 8.1%). A greater reduction was observed
with liraglutide than with placebo for BMI (estimated difference, —4.64 percentage
points) and for body weight (estimated difference, —4.50 kg [for absolute change]
and —5.01 percentage points [for relative change]). After discontinuation, a greater
increase in the BMI standard-deviation score was observed with liraglutide than
with placebo (estimated difference, 0.15; 95% CI, 0.07 to 0.23). More participants
in the liraglutide group than in the placebo group had gastrointestinal adverse
events (81 of 125 [64.8%)] vs. 46 of 126 [36.5%]) and adverse events that led to
discontinuation of the trial treatment (13 [10.4%] vs. 0). Few participants in either
group had serious adverse events (3 [2.4%] vs. 5 [4.0%]). One suicide, which oc-
curred in the liraglutide group, was assessed by the investigator as unlikely to be
related to the trial treatment.

CONCLUSIONS
In adolescents with obesity, the use of liraglutide (3.0 mg) plus lifestyle therapy led
to a significantly greater reduction in the BMI standard-deviation score than placebo
plus lifestyle therapy. (Funded by Novo Nordisk; NN8022-4180 ClinicalTrials.gov
number, NCT02918279.)

N ENGL ) MED NEJM.ORG

The New England Journal of Medicine

From the Department of Pediatrics and
Center for Pediatric Obesity Medicine,
University of Minnesota Medical School,
Minneapolis  (A.S.K.); Novo Nordisk,
Seborg, Denmark (P.A.); Pediatric Endo-
crinology, Hospital Angeles Puebla, Pueb-
la City, Mexico (M.B.-P.); the Department
of Pediatrics, Division of Pediatric Endo-
crinology, Universitair Ziekenhuis Brussel,
Brussels (1.G.); Novo Nordisk, Plainsboro,
NJ (P.M.H.); the Division of Pediatrics,
Department of Clinical Science Interven-
tion and Technology, Karolinska Institu-
tet, Stockholm (C.M.); the Division of
Pediatric Endocrinology and Diabetes,
Jacobs School of Medicine and Biomedi-
cal Sciences, University at Buffalo, Buf-
falo, NY (L.D.M.); Novo Nordisk, Benga-
luru, India (N.P.); and the Center for
Pediatric Research in Obesity and Me-
tabolism, Division of Pediatric Endocri-
nology, Metabolism, and Diabetes Melli-
tus, University of Pittsburgh Medical
Center Children’s Hospital of Pittsburgh,
University of Pittsburgh School of Medi-
cine, Pittsburgh (S.A.). Address reprint
requests to Dr. Kelly at the Center for Pe-
diatric Obesity Medicine, University of
Minnesota, 717 Delaware St. SE, Rm. 370E,
Minneapolis, MN 55414, or at kellyl05@
umn.edu.

*A complete list of the NN8022-4180
trial investigators is provided in the
Supplementary Appendix, available at
NEJM.org.

This article was published on March 31,
2020, at NEJM.org.

DOI: 10.1056/NEJM0al916038
Copyright © 2020 Massachusetts Medical Society.

Downloaded from nejm.org at UNIVERSITY OF VICTORIA on April 4, 2020. For personal use only. No other uses without permission.

Copyright © 2020 Massachusetts Medical Society. All rights reserved.
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CLINICAL RESEARCH ARTICLE

Clinical but Not Histological Outcomes in Males
With 45,X/46,XY Mosaicism Vary Depending on
Reason for Diagnosis

Marie Lindhardt Ljubicic,"? Anne Jgrgensen,’ Carlo Acerini,® Juliana Andrade,*
Antonio Balsamo,” Silvano Bertelloni,° Martine Cools,” Rieko Tadokoro Cuccaro,?
Feyza Darendeliler,® Christa E. Fliick,® Romina P. Grinspon,'® Andrea Maciel-Guerra,
Tulay Guran,"" Sabine E. Hannema,'*"® Angela K. Lucas-Herald,"* Olaf Hiort,"”
Paul Martin Holterhus,'® Corina Lichiardopol,'” Leendert H. J. Looijenga,'®

Rita Ortolano,® Stefan Riedl|,'®2° S. Faisal Ahmed,'* and Anders Juul'?

4

"Department of Growth and Reproduction, Rigshospitalet, University of Copenhagen, 2100 Copenhagen,
Denmark; 2International Center for Research and Research Training in Endocrine Disruption of Male
Reproduction and Child Health, Rigshospitalet, University of Copenhagen, 2100 Copenhagen, Denmark;
Department of Paediatrics, Addenbrooke’s Hospital, University of Cambridge, Cambridge CB2 0QQ,
United Kingdom; “Faculty of Medical Sciences, Department of Medical Genetics, State University of
Campinas, 13083-887 Sdo Paulo, Brazil; >Department of Medical and Surgical Sciences, Pediatric
Endocrinology Unit, Centre for Rare Endocrine Conditions, Policlinico S. Orsola-Malpighi University Hospital,
40138 Bologna, Italy; 6Dipar‘timen‘[o Materno-Infantile Azienda Ospedaliero, Universitaria Pisana, 56126
Pisa, Italy; “Department of Paediatric Endocrinology, University Hospital Ghent, and Department of Internal
Medicine and Paediatrics, Ghent University, 9000 Ghent, Belgium; &Istanbul Faculty of Medicine, Istanbul
University, 34093 Istanbul, Turkey; °Division of Pediatric Endocrinology, Diabetology and Metabolism,
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Context: Larger studies on outcomes in males with 45,X/46,XY mosaicism are rare.

Objective: To compare health outcomes in males with 45,X/46,XY diagnosed as a result of either
genital abnormalities at birth or nongenital reasons later in life.
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Design: A retrospective, multicenter study.
Setting: Sixteen tertiary centers.
Patients or Other Participants: Sixty-three males older than 13 years with 45,X/46,XY mosaicism.

Main Outcome Measures: Health outcomes, such as genital phenotype, gonadal function, growth,
comorbidities, fertility, and gonadal histology, including risk of neoplasia.

Results: Thirty-five patients were in the genital group and 28 in the nongenital. Eighty percent of all
patients experienced spontaneous pubertal onset, significantly more in the nongenital group (P =
0.023). Patients were significantly shorter in the genital group with median adult heights of
156.7 cm and 164.5 c¢m, respectively (P = 0.016). Twenty-seven percent of patients received
recombinant human GH. Forty-four patients had gonadal histology evaluated. Germ cells were
detected in 42%. Neoplasia in situ was found in five patients. Twenty-five percent had focal
spermatogenesis, and another 25.0% had arrested spermatogenesis. Fourteen out of 17 (82%) with
semen analyses were azoospermic; three had motile sperm.

Conclusion: Patients diagnosed as a result of genital abnormalities have poorer health outcomes
than those diagnosed as a result of nongenital reasons. Most patients, however, have relatively
good endocrine gonadal function, but most are also short statured. Patients have a risk of gonadal
neoplasia, and most are azoospermic, but almost one-half of patients has germ cells present
histologically and up to one-quarter has focal spermatogenesis, providing hope for fertility
treatment options. (J Clin Endocrinol Metab 104: 4366-4381, 2019)

he 45,X/46,XY karyotype and its variants are rare,

with a previously reported incidence of one of 15,000
live births (1). The resulting phenotype spans across a
wide range of effects, including genital anomalies, im-
paired growth, altered gonadal function and histology,
and infertility. The karyotype is covered by the umbrella
term differences (or disorders) of sex development (DSD),
referring to diagnoses in which anatomical, gonadal, and/
or chromosomal sex are affected (2). The 45,X cell line in
these patients probably stems from the loss of a normal or
structurally abnormal Y-chromosome in early embryonic
mitosis, which produces the mosaicism (3-7).

The phenotypic spectrum of 45,X/46,XY patients
varies greatly from females with Turner syndrome to
normally androgenized males. Moreover, several studies
have reported that 80% to 95% of prenatally diagnosed
cases with a 45,X/46,XY karyotype are born as normally
androgenized males (3, 5, 8, 9), whereas postnatally
diagnosed pediatric cases present more varied pheno-
types, including ambiguous genitalia (5, 10, 11). Fur-
thermore, normally androgenized male patients with a
45,X/46,XY karyotype diagnosed in adulthood are now
more frequently identified as a result of male infertility
work-ups, including genetic screening (12). Thus, severity
of the patient’s phenotype often appears to be directly
related to the age at diagnosis and reason for referral.

The wide spectrum of phenotypes in these patients is
also reflected in health outcomes, such as growth, go-
nadal function, risk of gonadal neoplasia, and comor-
bidities, which are all reported with varying incidences
and severities, both within the same centers and between
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centers (5, 7, 10, 13-16). It seems intuitive that the
severity of the genital phenotype may be considered a
read-out for other health outcomes. Nevertheless, even
normally androgenized males diagnosed in adulthood
have been reported to have short stature and declining
testicular function with age and infertility, likely related
to histologically dysgenetic testes (5, 6). However, there
is a lack of studies with direct comparisons of outcomes
in terms of growth, gonadal function, and comorbidities
between patients diagnosed at birth as a result of genital
abnormalities and those diagnosed later in life as a result
of other reasons, such as short stature, pubertal delay,
and infertility.

The risk of gonadal neoplasia in patients with 45,X/
46,XY mosaicism is reported to be relatively high, at
~10%-15% (5, 16-19). The current practice of early
(prepubertal) gonadectomy in girls renders it impossible
to evaluate gonadal function and possible fertility po-
tential in women. Moreover, single-center studies on
histological outcomes are limited by numbers, thereby
making thorough pathohistological evaluations of larger
datasets rare.

Thus, we wanted to investigate and compare health
outcomes, such as growth, gonadal function, comor-
bidities, fertility, and histology, including risk of neo-
plasia in males with 45,X/46,XY mosaicism and variants
diagnosed as a result of the following different reasons: (i)
genital abnormalities and (ii) other reasons, such as
stunted growth, lack of pubertal onset, undervirilization,
and infertility, in a large multicenter study with 16
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Context: Congenital adrenal hyperplasia (CAH) was among the first genetic disorders included in
newborn screening (NBS) programs worldwide, based on 17a-hydroxyprogesterone (17-OHP) levels
in dried blood spots. However, the success of NBS for CAH is hampered by high false positive (FP)
rates, especially in preterm and low-birthweight infants.

Objective: To establish a set of cutoff values adjusting for both gestational age (GA) and birth-
weight (BW), with the aim of reducing FP rates.
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Design: This cross-sectional, population-based study summarizes 10 years of experience of the Israeli
NBS program for diagnosis of CAH. Multitiered 17-OHP cutoff values were stratified according to
both BW and GA.

Participants: A total of 1,378,132 newborns born between 2008 and 2017 were included in the NBS
program.

Results: Eighty-eight newborns were ultimately diagnosed with CAH; in 84 of these, CAH was
detected upon NBS. The combined parameters—-adjusted approach significantly reduced the recall
FP rate (0.03%) and increased the positive predictive value (PPV) (16.5%). Sensitivity among those
referred forimmediate attention increased significantly (94%). There were four false negative cases
(sensitivity, 95.4%), all ultimately diagnosed as simple-virilizing. Sensitivity and specificity were
95.4% and 99.9%, respectively, and the percentage of true-positive cases from all newborns re-
ferred for evaluation following a positive NBS result was 96%.

Conclusions: The use of cutoff values adjusted for both GA and BW significantly reduced FP rates
(0.03%) and increased overall PPV (16.5%). Based on our 10 years of experience, we recommend the
implementation of this two parameter—adjusted approach for NBS of classic CAH in NBS programs
worldwide. (J Clin Endocrinol Metab 104: 3172-3180, 2019)

ongenital adrenal hyperplasia (CAH) is a group of
Cautosomal recessive disorders caused by deficiencies of
steroidogenic enzymes leading to inborn errors of cortisol
biosynthesis. More than 90% of cases are caused by de-
ficiency of 21-hydroxylase, associated with deleterious
variants in the CYP21A2 gene (1). CAH is divided into two
groups and three main clinical presentations depending on
the type of mutation and the level of enzymatic activity (2,
3). Seventy-five percent of patients with the classic, more
severe form have the salt-wasting type, and the remaining
are designated as having the simple virilizing type (4). The
worldwide incidence of the classic form of CAH is 1 per
10,000 to 1:15,000 live births (3). The classic form leads to
prenatal virilization in the female fetus; hence, the di-
agnosis is made at birth. The other group is nonclassic
CAH, defined also as late-onset, and so is less likely to be
detected by newborn screening (NBS). Classic salt-wasting
CAH is a life-threatening condition, especially in infancy,
and early detection and therapeutic intervention can sig-
nificantly alter the prognosis and reduce the associated
morbidity and mortality (5). CAH has a relatively high
incidence, and high-throughput screening tests are both
sensitive and cost-effective (5). Thus, CAH has long been
considered an excellent candidate for NBS and indeed was
among the first genetic disorders to be included in NBS
programs worldwide; screening is commonly based on the
measurement of 17a-hydroxyprogesterone (17-OHP)
levels in dried blood spots (DBS) (6-8).

Nevertheless, one of the greatest concerns hampering
the success of NBS for CAH has been the high rate, up to
1%, of false-positive (FP) results (1). This caveat is par-
ticularly important in preterm and low-birthweight infants
(9, 10), in part because of transient elevations in 17-OHP
levels affected by birth stress, adrenal immaturity, and
early collection of specimens before 24 hours (11).
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Subsequently, over the past few decades, NBS world-
wide have pursued several different strategies aimed at
lowering the FP rates and improving the positive predictive
value (PPV), with varying degrees of success.

One such approach has been to adjust the threshold
levels of 17-OHP according to birthweight (BW) (12-14).
Alternatively, cutoff levels based on gestational age were
attempted and described (15, 16). In a study comparing the
two determinants, van der Kamp e al. (17) used regression
analysis and concluded that the latter was associated with
greater specificity. Indeed, many countries worldwide chose
to implement BW- or gestational age (GA)-adjusted cutoffs.

An additional approach, first implemented in Bavaria
and described by Olgemoller et al. (18), based cutoff
levels on both BW and age at sampling, subsequently
improving the PPV and decreasing FP rates to 0.79%.
Most recently, in a cohort of 271,810 newborns in Sao
Paolo, Brazil, investigators based the cutoff values on BW
and sample collection time (48 to 72 hours vs =72 hours)
and reported a FP rate of 0.2% and 0.5% using the
99.8th and 99.5th percentiles, respectively. They con-
cluded that the former was the best cutoff value to dis-
tinguish between affected and unaffected newborns (19).

Because the commonly used strategies did not col-
lectively ameliorate the relatively high FP rates of NBS for
CAH, second-tier testing was introduced with bio-
chemical (liquid chromatography—-tandem mass spec-
trometry, measuring adrenal steroid levels in DBS) or
molecular (4, 20-24) methods. However, two-tier testing
of a single sample resulted in an increased false negative
(FN) rate, without significantly reducing the FP rate (23).

With the purpose of further reducing the FP rates
of newborn screening for classic CAH, the National
Newborn Screening Program in Israel has been im-
plementing a unique set of cutoff values, combining
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Abstract

The Growth Hormone Research Society (GRS) convened a
Workshop in March 2019 to evaluate the diagnosis and ther-
apy of short stature in children. Forty-six international ex-
perts participated at the invitation of GRS including clini-
cians, basic scientists, and representatives from regulatory
agencies and the pharmaceutical industry. Following plena-
ry presentations addressing the current diagnosis and ther-
apy of short stature in children, breakout groups discussed
questions produced in advance by the planning committee
and reconvened to share the group reports. A writing team
assembled one document that was subsequently discussed
and revised by participants. Participants from regulatory
agencies and pharmaceutical companies were not part of
the writing process. Short stature is the most common rea-
son for referral to the pediatric endocrinologist. History,
physical examination, and auxology remain the mostimpor-
tant methods for understanding the reasons for the short
stature. While some long-standing topics of controversy
continue to generate debate, including in whom, and how,
to perform and interpret growth hormone stimulation tests,
new research areas are changing the clinical landscape, such
as the genetics of short stature, selection of patients for ge-
netic testing, and interpretation of genetic tests in the clini-
cal setting. What dose of growth hormone to start, how to
adjust the dose, and how to identify and manage a subopti-
mal response are still topics to debate. Additional areas that
are expected to transform the growth field include the de-
velopment of long-acting growth hormone preparations
and other new therapeutics and diagnostics that may in-
crease adult height or aid in the diagnosis of growth hor-

mone deficiency. ©2019 The Author(s)
Published by S. Karger AG, Basel

Introduction and Background

The Growth Hormone Research Society (GRS) con-
vened a 3-day workshop to provide an expert perspective
on the diagnosis and therapy of short stature in children
[1]. Short stature and growth deceleration are common
pediatric concerns [2]. Although established diagnostic
and management paradigms exist, recent advances in
molecular technologies have greatly broadened our un-
derstanding of the genetic causes of short stature, and this

Horm Res Paediatr 2019;92:1-14
DOI: 10.1159/000502231
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is altering our approach to children with these common
problems. In particular, while evaluation of the growth
hormone (GH)-insulin-like growth factor-I (IGF-I) axis
is often part of the initial clinical assessment in growth
disorders, the evolving understanding of growth plate
physiology has led to an increasing focus on abnormali-
ties in this tissue resulting in the potential for the develop-
ment of innovative therapies [3]. In addition, discovery
of novel mutations in genes encoding proteins responsi-
ble for pituitary development has increased our under-
standing of the genetic basis of hypopituitarism. The in-
creased capability and availability of genetic and epigenet-
ic testing in clinical practice has the potential to enhance
the diagnostic process and inform appropriate treatment.
Furthermore, novel treatment approaches, including use
of long-acting GH formulations as well as new GH secre-
tagogues that may serve both as diagnostic tools and as
therapeutic agents, have prompted expert consideration.

Methods

The structure of this Workshop was adapted from pri-
or workshops organized by the GRS [4]. The Program
Organizing Committee invited 46 GH experts from 14
countries across 5 continents. These included pediatric
and adult endocrinologists, basic scientists, representa-
tives from the European Medicines Agency and the Unit-
ed States Food and Drug Administration, and representa-
tives from the pharmaceutical industry. A review of the
status of GH therapy and evaluation of short stature in
children was published prior to the meeting [2].

Following presentations that summarized the relevant
literature, 3 breakout groups addressed each topic in
greater detail by discussing a list of questions formulated
by the Program Organizing Committee and subsequently
agreed upon by all participants. All attendees reconvened
after each breakout session to share reports from the
groups. At the end of days 1 and 2, a writing team com-
piled the breakout group reports into a document that
was discussed and reviewed in its entirety and revised by
participants on the final day. In a few cases where there
was not a clear consensus, the majority opinion was de-
termined by a vote of the participants. This draft docu-
ment was edited further for formatting and references,
and subsequently circulated to the academic attendees for
final review after the meeting. Participants from pharma-
ceutical companies and regulatory agencies who were
present at the Workshop joined in the breakout session
debates but were not part of the writing team, did not

Collett-Solberg et al.
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Effects of Estrogen Replacement on Bone Geometry and
Microarchitecture in Adolescent and Young Adult
Oligoamenorrheic Athletes: A Randomized Trial

CLINICAL TRIAL

Kathryn E Ackerman,'? © Vibha Singhal,'* Meghan Slattery," Kamryn T Eddy,* Mary L Bouxsein,’
Hang Lee,® Anne Klibanski,' and Madhusmita Misra'~

"Neuroendocrine Unit, Massachusetts General Hospital and Harvard Medical School, Boston, MA, USA

2Division of Sports Medicine, Boston Children’s Hospital and Harvard Medical School, Boston, MA, USA

3Division of Pediatric Endocrinology, Massachusetts General Hospital for Children and Harvard Medical School, Boston, MA, USA

“Eating Disorders Clinical and Research Program, Department of Psychiatry, Massachusetts General Hospital and Harvard Medical School, Boston,
MA, USA

>Center for Advanced Orthopedic Studies, Beth Israel Deaconess Medical Center, Division of Endocrinology, Massachusetts General Hospital, and
Harvard Medical School, Boston, MA, USA

®Biostatistics Center, Massachusetts General Hospital and Harvard Medical School, Boston, MA, USA

ABSTRACT

Oligoamenorrheic athletes (OAs) have lower bone mineral density (BMD) and greater impairment of bone microarchitecture, and
therefore higher fracture rates compared to eumenorrheic athletes. Although improvements in areal BMD (aBMD; measured by
dual-energy X-ray absorptiometry) in OAs have been demonstrated with transdermal estrogen treatment, effects of such treatment
on bone microarchitecture are unknown. Here we explore effects of transdermal versus oral estrogen versus no estrogen on bone
microarchitecture in OA. Seventy-five OAs (ages 14 to 25 years) were randomized to (i) a 100-pg 17p-estradiol transdermal patch
(PATCH) administered continuously with 200 mg cyclic oral micronized progesterone; (ii) a combined 30 pg ethinyl estradiol and
0.15 mg desogestrel pill (PILL); or (iii) no estrogen/progesterone (NONE) and were followed for 12 months. Calcium (=1200 mg)
and vitamin D (800 IU) supplements were provided to all. Bone microarchitecture was assessed using high-resolution peripheral
quantitative CT at the distal tibia and radius at baseline and 1 year. At baseline, randomization groups did not differ by age, body
mass index, percent body fat, duration of amenorrhea, vitamin D levels, BMD, or bone microarchitecture measurements. After 1 year
of treatment, at the distal tibia there were significantly greater increases in total and trabecular volumetric BMD (vBMD), cortical area
and thickness, and trabecular number in the PATCH versus PILL groups. Trabecular area decreased significantly in the PATCH group
versus the PILL and NONE groups. Less robust differences between groups were seen at the distal radius, where percent change in
cortical area and thickness was significantly greater in the PATCH versus PILL and NONE groups, and changes in cortical vBMD were
significantly greater in the PATCH versus PILL groups. In conclusion, in young OAs, bone structural parameters show greater improve-
ment after 1 year of treatment with transdermal 17p-estradiol versus ethinyl estradiol-containing pills, particularly at the tibia. © 2019
American Society for Bone and Mineral Research.

KEY WORDS: BONE QCT/puCT; DXA; ESTROGENS AND SERMs; FRACTURE PREVENTION; HORMONE REPLACEMENT/RECEPTOR MODULATORS

Introduction

he prevalence of amenorrhea in female athletes ranges from
3.4% to 66%, varying by exercise type, intensity and dura-
tion, and nutritional status," > compared with only 3% to 4%
in the general population.”? Athletes who participate in endur-
ance activities in which leanness is believed to confer a perfor-
mance advantage are especially at risk for developing Female

Athlete Triad (Triad), described as decreased energy availability
(EA), menstrual dysfunction, and low bone mineral density
(BMD).®® Low EA occurs when caloric intake does not keep pace
with caloric expenditure, and may be inadvertent or purposeful.
Such low EA, even while allowing for a normal body mass index
(BMI), has negative effects on menstrual function and bone.”=
In addition to the detrimental effects of hypogonadism to
bone, "' low EA has negative effects on other hormones

Received in original form March 6, 2019; revised form September 27, 2019; accepted October 1, 2019. Accepted manuscript online October 11, 2019.
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Efficacy and safety of levoketoconazole in the treatment of
endogenous Cushing’s syndrome (SONICS): a phase 3,
multicentre, open-label, single-arm trial

Maria Fleseriu, Rosario Pivonello, Atanaska Elenkova, Roberto Salvatori, Richard ] Auchus, Richard A Feelders, Eliza B Geer, Yona Greenman,
Przemyslaw Witek, Fredric Cohen, Beverly M K Biller

Summary

Background Levoketoconazole is a ketoconazole stereoisomer in development for treatment of Cushing’s syndrome
and has not been assessed previously in a clinical trial in patients with Cushing’s syndrome. We aimed to investigate
the efficacy and safety of levoketoconazole in patients with endogenous Cushing’s syndrome.

Methods SONICS is a phase 3, multicentre, open-label, non-randomised, single-arm study in which we recruited
adults (=18 years) with confirmed Cushing’s syndrome and a mean 24-h urinary free cortisol (mUFC) of at least
1.5 times the upper limit of normal from 60 hospital and community sites in 19 countries (15 countries in Europe,
and Canada, Israel, Turkey, and the USA). Patients were treated with oral levoketoconazole in a 2-21 week incremental
dose-titration phase starting at 150 mg twice daily (150 mg increments until mUFC normalisation, maximum 600 mg
twice daily) and a 6-month maintenance phase. The primary outcome was the proportion of patients with mUFC
normalisation at end of maintenance, without dose increase during the maintenance phase (in the intention-to-treat
population). Prespecified adverse events of special interest were potential liver toxicity, corrected QT prolongation,
and adrenal insufficiency. This trial is registered with ClinicalTrials.gov, NCT01838551.

Findings Between July 30, 2014, and June 30, 2017, 201 individuals were screened and 94 patients were enrolled and
received at least one dose of study medication. Of the 94 patients, 80 (85%) had pituitary Cushing’s syndrome. Mean
mUFC at baseline was 671-4 nmol/24 h (243 -3 pg/24 h), which is 4 - 9 times the upper limit of normal. Of the 77 patients
who advanced to the maintenance phase, 62 (81%) had mUFC normalisation by end-of-dose titration. At the end of the
6-month maintenance phase, 29 (31%) of 94 patients were responders; the least-squares mean estimate of the proportion
of responders was 0-30 (95% CI 0-21-0-40; p=0-0154 vs null hypothesis of <0-20). The most common adverse events in
the 94 patients were nausea (30 [32%]) and headache (26 [28%)]). Adverse events led to study discontinuation in 12 (13%)
of 94 patients. Two patients had a QT interval (Fridericia corrected) of more than 500 ms, and three patients had suspected
adrenal insufficiency. Alanine aminotransferase reversibly increased to more than three times the upper limit of normal
in ten (11%) patients. Four patients had serious adverse events that were considered probably or definitely related to the
study drug: abnormal liver function test results (n=1), prolonged QT interval (n=2), and adrenal insufficiency (n=1).
One person died from colon carcinoma unrelated to study medication.

Interpretation Twice-daily oral levoketoconazole treatment led to sustained improvements in urinary free cortisol,
with an acceptable safety and tolerability profile. Levoketoconazole might represent a useful therapeutic option for the
medical treatment of Cushing’s syndrome.

Funding Strongbridge Biopharma.

Copyright © 2019 Elsevier Lid. All rights reserved.

Introduction
Endogenous Cushing’s syndrome is a rare, serious
endocrine condition characterised by chronic over-
production of cortisol, most often caused by a pituitary
adenoma (ie, Cushing’s disease)." Other causes include
ectopic adrenocorticotropic hormone production or
primary adrenal neoplasia.? Patients with Cushing’s
syndrome have increased mortality, mainly as a result of
cardiovascular complications.**

Surgical removal of the underlying lesion is first-line
therapy, sometimes preceded by preoperative medical
treatment.* The choice of second-line therapy (medications,

www.thelancet.com/diabetes-endocrinology Vol 7 November 2019
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further surgery, or radiotherapy) depends on individual
patient characteristics and treatment efficacy and risks.*”
Medical treatments suppress excessive adrenocorticotropic
hormone or cortisol production or decrease cortisol
activity.”®

Ketoconazole, a racemic mixture of two enantiomers
(2S,4R-ketoconazole and 2R 4S-ketoconazole), is an azole
antifungal drug that is approved for treatment of
endogenous Cushing’s syndrome by the European
Medicines Agency’ and is used off-label for this purpose
in the USA (where the recognised use by the US Food
and Drug Administration [FDA] is for endemic mycoses
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CLINICAL RESEARCH ARTICLE

Exposure to Glucocorticoids in the First Part of Fetal Life is
Associated with Insulin Secretory Defect in Adult Humans
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677 BRON; and "Department of Biochemistry and Molecular Biology, Groupement Hospitalier Est 59
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ORCiD number: 0000-0001-7991-0741 (J.-P. Riveline).

Objective: High glucocorticoid levels in rodents inhibit development of beta cells during fetal
life and lead to insulin deficiency in adulthood. To test whether similar phenomena occur in
humans, we compared beta-cell function in adults who were exposed to glucocorticoids during
the first part of fetal life with that of nonexposed subjects.

Research Design and Methods: The study was conducted in 16 adult participants exposed to
glucocorticoids during the first part of fetal life and in 16 nonexposed healthy participants with
normal glucose tolerance who were matched for age, sex, and body mass index (BMI). Exposed
participants had been born to mothers who were treated with dexamethasone 1 to 1.5 mg/

day from the sixth gestational week (GW) to prevent genital virilization in children at risk of
21-hydroxylase deficiency. We selected offspring of mothers who stopped dexamethasone before
the 18th GW following negative genotyping of the fetus. Insulin and glucagon secretion were
measured during an oral glucose tolerance test (OGTT) and graded intravenous (V) glucose and
arginine tests. Insulin sensitivity was measured by hyperinsulinemic-euglycemic-clamp.

Results: Age, BMI, and anthropometric characteristics were similar in the 2 groups.
Insulinogenic index during OGTT and insulin sensitivity during the clamp were similar in the
2 groups. In exposed subjects, insulin secretion during graded IV glucose infusion and after
arginine administration decreased by 17% (P = 0.02) and 22% (P = 0.002), respectively, while
glucagon secretion after arginine increased.

Conclusion: Overexposure to glucocorticoids during the first part of fetal life is associated with
lower insulin secretion at adult age, which may lead to abnormal glucose tolerance later in life.
(J Clin Endocrinol Metab 105: e191-e199, 2020)

Key Words: glucocorticoids, insulin secretion, fetal programming
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© Endocrine Society 2019. All rights reserved. For permissions, please e-mail: journals. Abbreviations: ACTH, adrenocorticotropin; ANCOVA, analysis of covariance; AUC,
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Frequency and Incidence of Carney Complex
Manifestations: A Prospective Multicenter Study With a
Three-Year Follow-Up
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Introduction: Carney Complex (CNC) is a rare multiple endocrine and nonendocrine neoplasia
syndrome. Manifestations and genotype-phenotype correlations have been described by
retrospective studies, but no prospective study evaluating the occurrence of the different
manifestations has been available so far.

Methods: This multicenter national prospective study included patients with CNC, primary
pigmented nodular adrenal disease (PPNAD), or a pathogenic PRKARTA mutation; after a full
initial workup, participants were followed for 3 years with annual standardized evaluation.

Abbreviations: CNC, Carney complex;CT, computed tomography;GH, growth

ISSN Print 0021-972X  ISSN Online 1945-7197 hormone; IGF-1, insulin-like growth factor 1; LCCSCT, large cell calcified Sertoli cell
Printed in USA tumors; MRI, magnetic resonance imaging;NICHD, National Institute of Child Health &
© Endocrine Society 2020. All rights reserved. For permissions, please e-mail: journals. Human Development;oGTT, oral glucose tolerance test;PMS, psammomatous melanotic
permissions@oup.com schwannoma;PPNAD, primary pigmented nodular adrenal disease; TRH, thyrotropin
Received 20 November 2019. Accepted 3 January 2020. releasing hormone;TTE, transthoracic echocardiography;UFC, urinary free cortisol;US,
First Published Online 8 January 2020. ultrasound;VO, baseline evaluation;V1, 1-year evaluation;V2, 2-year evaluation;V3,
Corrected and Typeset 8 February 2020. 3-year evaluation.
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Results: The cohort included 70 patients (50 female/20 male, mean age 35.4 + 16.7 years,

81% carrying PRKARTA mutation). The initial investigations allowed identification of several
manifestations. At the end of the 3-year follow-up, the newly diagnosed manifestations of
the disease were subclinical acromegaly in 6 patients, bilateral testicular calcifications in 1
patient, and cardiac myxomas in 2 patients. Recurrences of cardiac myxomas were diagnosed
in 4 patients during the 3-year follow-up study period. Asymptomatic abnormalities of the
corticotroph and somatotroph axis that did not meet criteria of PPNAD and acromegaly were
observed in 11.4% and 30% of the patients, respectively. Patients carrying the PRKARTA ¢.709-

7del6 mutation had a mild phenotype.

Conclusion: This study underlines the importance of a systematic follow-up of the CNC
manifestations, especially a biannual screening for cardiac myxoma. By contrast, regular
screening for the other manifestations after a first extensive workup could be spread out,
leading to a lighter and more acceptable follow-up schedule for patients. These are important
results for recommendations for long-term management of CNC patients. (J Clin Endocrinol

Metab 105: e436-e446, 2020)

Keywords: Carney complex, PRKAR1A, multiple endocrine neoplasia, Cushing’s syndrome,

myxoma

arney complex (CNC) is a rare multiple endo-
Ccrine and nonendocrine neoplasia syndrome, de-
scribed for the first time in 1985 by J, Aidan Carney
as “the complex of myxomas, spotty pigmentation and
endocrine overactivity” (1). In 2001, diagnostic cri-
teria of CNC were revised based on the description
of clinical manifestations reported in a worldwide
collection of records of patients from the National
Institute of Child Health & Human Development
(NICHD), part of the National Institutes of Health
(Bethesda, Maryland) (2). Diagnostic criteria includes
dermatologic manifestations (spotty skin pigmenta-
tion with typical periorificial distribution [known as
lentigines], cutaneous myxomas), cardiac myxoma,
primary pigmented nodular adrenal disease (PPNAD)
causing adrenal Cushing, acromegaly by growth
hormone (GH)-producing pituitary adenoma, breast
myxomatosis and breast ductal adenoma, large cell
calcified Sertoli cell tumors (LCCSCT), thyroid car-
cinoma or multiple nodules, psammomatous melanotic
schwannoma (PMS) and osteochondromyxoma (2).
Diagnosis is based on the presence of 2 or more mani-
festations. In addition, some manifestations are sug-
gestive of CNC, such as hyperprolactinemia, elevated
IGF-1 or abnormal GH suppression response during
an oral glucose tolerance test (0GTT), or paradoxical
GH responses to thyrotropin releasing hormone (TRH)
stimulation in the absence of clinical acromegaly, blue
nevi, or a single thyroid nodule. Several other mani-
festations possibly associated with CNC have been
described, such as cardiomyopathy, colonic polyps,
bronchogenic cysts, hepatocellular adenoma and car-
cinoma, colonic or gastric carcinomas, retroperitoneal
fibrous histiocytomas (2) and pancreatic tumors (2, 3).
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About 30% of cases are considered as sporadic and
the other 70% are dominantly inherited (2). The Carney
complex gene located at 17q22-24 was identified in 2000
as the tumor suppressor gene PRKAR1A, encoding for
the regulatory subunit type 1 alpha of the protein kinase
A (4, 5). Affected patients harbor a germline heterozy-
gous PRKAR1A alteration, more often a mutation than
an intragenic deletion, with large deletions being rarely
observed.

The analysis on retrospective data of the pheno-
type and genotype of a cohort of 353 patients led by
the NICHD and the Hospital Cochin (Paris, France) al-
lowed in 2009 the analysis of the genotype-phenotype
correlations. In this cohort, 62% of the index cases had
a germline PRKAR1A alteration. Correlations were: (1)
exonic mutations were more often associated with ac-
romegaly, cardiac myxomas, lentigines, and PMS; (2)
intronic mutations led to a less serious phenotype; (3)
the hotspot ¢.491_492del mutation was more often as-
sociated with cardiac myxoma, lentigines, and thyroid
tumors; (4) the hotspot ¢.709(-7)del was more often as-
sociated with isolated PPNAD; and (5) patients without
PRKAR1A mutations had a less serious phenotype with
late occurrence of the manifestations (6).

With the possibility of a genetic diagnosis of CNC,
after the identification of PRKAR1A more than 15 years
ago, the disease is now better recognized and more
physicians, especially endocrinologists, are aware of its
numerous manifestations and the need for long-term
follow-up. Furthermore, familial genetic screening after
identification of a PRKAR1A mutation in an index case
leads to an increased number of individuals to monitor.
Due to the multiplicity of the manifestations of CNC
and the retrospective nature of the studies published
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After Unilateral Adrenalectomy
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Context: Unilateral adrenalectomy has been proposed in selected patients with primary bilateral
macronodular adrenocortical hyperplasia (PBMAH), but its long-term outcome is unclear.

Objective: The aim of this study was to analyze long-term clinical and biochemical outcomes of
unilateral adrenalectomy vs bilateral adrenalectomy in patients with PBMAH in comparison with
the outcome of cortisol-producing adenoma (CPA) treated with unilateral adrenalectomy.

Design: Retrospective observational study in three German and one Italian academic tertiary care
center.

Patients and Methods: Twenty-five patients with PBMAH after unilateral adrenalectomy (unilat-
ADX-PBMAH), nine patients with PBMAH and bilateral adrenalectomy (bilat-ADX-PBMAH), and 39
patients with CPA and unilateral adrenalectomy (unilat-ADX-CPA) were included.

Results: Baseline clinical and biochemical parameters were comparable in patients with unilat-ADX-
PBMAH, bilat-ADX-PBMAH, and unilat-ADX-CPA. Directly after surgery, 84% of the patients with
unilat-ADX-PBMAH experienced initial remission of Cushing syndrome (CS). In contrast, at last
follow-up (median, 50 months), 32% of the patients with unilat-ADX-PBMAH were biochemically
controlled compared with nearly all patients in the other two groups (P = 0.000). Adrenalectomy of
the contralateral side had to be performed in 12% of the initial patients with unilat-ADX-PBMAH.
Three of 20 patients with unilat-ADX-PBMAH (15%) died during follow-up, presumably of CS-
related causes; no deaths occurred in the other two groups (P = 0.008). Deaths occurred exclusively
in patients who were not biochemically controlled after unilateral ADX.

Conclusions: Our data suggest that unilateral adrenalectomy of patients with PBMAH leads to
clinical remission and a lower incidence of adrenal crisis but in less sufficient biochemical control of
hypercortisolism, potentially leading to higher mortality. (J Clin Endocrinol Metab 104: 2985-2993,

2019)
ISSN Print 0021-972X  ISSN Online 1945-7197 Abbreviations: ADX, adrenalectomy; CPA, cortisol-producing adenoma; CS, Cushing
Printed in USA syndrome; IQR, interquartile range; PBMAH, primary bilateral macronodular adreno-
Copyright © 2019 Endocrine Society cortical hyperplasia; QoL, quality of life; UFC, urinary free cortisol.
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Abstract

Context: The management of youth with delayed puberty is hampered by difficulty in predicting who

will eventually progress through puberty and who will fail to attain adult reproductive endocrine function.

The neuropeptide kisspeptin, which stimulates GnRH release, can be used to probe the integrity of the

reproductive endocrine axis.

Objective: We sought to determine whether responses to kisspeptin can predict outcomes for individuals

with pubertal delay.

Design, Setting, and Participants: We conducted a longitudinal cohort study in an academic medical

center of 16 children (3 girls and 13 boys) with delayed or stalled puberty.

Intervention and Outcome Measures: Children who had undergone kisspeptin- and GnRH-stimulation
tests were followed every six months for clinical evidence of progression through puberty. Inhibin B was

measured in boys. A subset of participants underwent exome sequencing.

Results: All participants who had responded to kisspeptin with a rise in LH of 0.8 mIU/mL or greater
subsequently progressed through puberty (n = 8). In contrast, all participants who had exhibited LH
responses to kisspeptin <0.4 mIU/mL reached age 18 years without developing physical signs of puberty

(n = 8). Thus, responses to kisspeptin accurately predicted later pubertal outcomes (p = 0.0002).
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Moreover, the kisspeptin-stimulation test outperformed GnRH-stimulated LH, inhibin B, and genetic

testing in predicting pubertal outcomes.

Conclusion: The kisspeptin-stimulation can assess future reproductive endocrine potential in prepubertal

children and is a promising novel tool for predicting pubertal outcomes for children with delayed puberty

Keywords: Delayed puberty, kisspeptin, constitutional delay, hypogonadotropic hypogonadism
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Précis
In 16 children with delayed or stalled puberty, the kisspeptin-stimulation test accurately distinguished the

8 children who later progressed through puberty from the 8§ children who did not.
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ORIGINAL ARTICLE: INFERTILITY \'l) Check for updates‘

Female infertility is associated with
an altered expression of the
neurokinin B/neurokinin B receptor
and kisspeptin/kisspeptin receptor
systems in ovarian granulosa and
cumulus cells

Victor Blasco, M.Sc.,®® Francisco M. Pinto, Ph.D.,? Ainhoa Fernandez-Atucha, Ph.D.,°
Cristina Gonzélez-Ravina, Ph.D.,°> Manuel Fernandez-Sanchez, Ph.D.,”%*f and Luz Candenas, Ph.D.?

2 |nstituto de Investigaciones Quimicas, CSIC, Seville; ® IVI-RMA Seville, Seville; < Departamento de Fisiologia, Universidad del
Pais Vasco, Leioa; ¢ IVl Foundation, Instituto de Investigacion Sanitaria La Fe (IIS La Fe), Valencia; © Departamento de Cirugia,
Universidad de Sevilla, Seville; f Departamento de Biologia Molecular e Ingenieria Bioquimica, Universidad Pablo de
Olavide, Seville, Spain

Objective: To analyze and compare the expression profile of TAC3, TACR3, KISS1, and KISS1R in mural granulosa and cumulus cells
from healthy oocyte donors and patients with different infertility etiologies, including advanced maternal age, endometriosis, and low
ovarian response.

Design: Genetic association study.

Setting: Private fertility clinic and public research laboratory.

Patient(s): Healthy oocyte donors and infertile women undergoing in vitro fertilization (IVF) treatment.

Intervention(s): IVF.

Main Outcome Measure(s): Gene expression levels of KISS1, KISSIR, TAC3, and TACR3 in human mural granulosa and cumulus
cells.

Result(s): Infertile women showed statistically significantly altered expression levels of KISS1 (—2.57 & 2.30 vs. —1.37 + 2.11), TAC3
(—1.21 £ 1.40 vs. —1.49 + 1.98), and TACR3 (—0.77 + 1.36 vs. —0.03 + 0.56) when compared with healthy oocyte donors. Advanced
maternal age patients, endometriosis patients, and low responders showed specific and altered expression profiles in comparison with
oocyte donors.

Conclusion(s): Abnormal expression levels of KISS1/KISSIR and TAC3/TACR3 systems in granulosa cells might be involved in the
decreased fertility associated to advanced maternal age, endometriosis, and low ovarian response. (Fertil Steril® 2020;114:869-78.
©2020 by American Society for Reproductive Medicine.)

El resumen esta disponible en Espaiiol al final del articulo.

Key Words: Granulosa cells, human infertility, kisspeptin, neurokinin B

Discuss: You can discuss this article with its authors and other readers at https://www.fertstertdialog.com/users/16110-fertility-
and-sterility/posts/29766
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of people around the world. As a consequence, the use of

assisted reproductive technology (ART) is continuously
increasing and accounts for approximately 1% to 3% of
annual births in developed countries (1). Causes of infertility
may vary greatly depending on socioeconomic and geograph-
ical factors, affecting one or both members of a couple. Ac-
cording to global statistics, 50% of infertility cases are due
to female factors, 30% to male factors, and 20% to combined
factors. Yet many cases are included within the category of
“unexplained infertility” to reflect that the cause remains
unknown after a complete diagnosis (2, 3). Three major disor-
der categories contribute to 75% to 80% of those infertility
cases that can be explained: disorders of the female tract,
ovulation disorders, and poor quality of spermatozoa. The
increasing delay in parenthood that characterizes Western
societies also impacts greatly the chances of achieving preg-
nancy (3, 4). If we focus on female infertility, the main indi-
cations that lead our patients to seek in vitro fertilization
(IVF) treatment are advanced maternal age, low ovarian
response (LOR), polycystic ovarian syndrome (PCOS), and
endometriosis.

The rising prevalence and global character of infertility
make absolutely necessary the improvement of assisted
reproductive treatments and the finding of biomarkers that
could serve as diagnostic tools to quickly and accurately
assess the current fertility status of a patient. In recent years,
it has been demonstrated that neurokinin B (NKB) and its
cognate receptor, NK3R, and kisspeptin (KISS1) and its recep-
tor, KISS1R, play a key role in the regulation of reproduction,
and their discovery has allowed a breakthrough in our knowl-
edge of reproductive function (5-12). In humans, kisspeptin
and KISS1R are encoded by the KISS! and the KISSIR
genes, respectively (6, 10, 12). NKB and NK3R belong to the
family of tachykinins and are encoded by the TAC3 and
TACR3 genes, respectively (13-15).

The NKB/NK3R and KISS1/KISS1R systems act primarily
at the hypothalamic level of the gonadotropic axis where they
modulate gonadotropin-releasing hormone (GnRH) secretion
and gonadotropin release (7, 12, 14, 16, 17). In addition,
different reports have shown that NKB, NK3R, KISS1, and
KISS1R mRNAs or proteins are expressed in peripheral repro-
ductive tissues, particularly in the uterus, the ovary, and the
placenta of different mammalian species, including humans
(8, 9, 18-26). However, further studies are necessary to
increase our knowledge about their role in peripheral tissues
and their local effects in the regulation of fertility (5, 7, 27).

Results from other laboratories and ours have shown that
NKB, KISS1, and their corresponding receptors are present in
human ovarian mural granulosa cells (MGCs) and cumulus
cells (CCs) (19, 24-26, 28), and their expression is altered in
women with PCOS (23). Nevertheless, little is known about
the expression of these systems in infertile women with
other etiologies. In this work, we have analyzed the
expression of KISS1, KISSIR, TAC3, and TACR3 in human
MGCs and CCs from healthy oocyte donors (as controls) and
patients with different infertility diagnoses, including
endometriosis, LOR, age-related infertility, PCOS, and unex-
plained infertility, to investigate the expression pattern of

I nfertility is a growing health problem that affects millions

these systems in association with the most common causes
of women infertility.

MATERIALS AND METHODS
Study population

Approval for this Genetic Association Study was obtained
from the institutional ethics committees of CSIC and Hospital
Virgen Macarena (Seville, Spain), and all patients gave
informed written consent. The study was registered on
ClinicalTrials.gov with the code NCT02877992. Human
MGCs and CCs were collected from the preovulatory follicles
of Caucasian women, aged 19-45 years, who were undergo-
ing oocyte retrieval after controlled ovarian stimulation
(COS) treatment at the clinic IVI-RMA Seville (IVI-RMA
Global) for Reproductive Care.

In a first set of experiments, CCs were collected from 162
women divided into two groups: healthy oocyte donors and
infertile patients of any etiology, including age-related infer-
tility, endometriosis, PCOS, and unexplained infertility. The
donors group included 52 women, and the infertile group
included 110 women: 33 with PCOS, 40 with age-related
infertility, 15 with unexplained infertility, and 22 with endo-
metriosis. In a second series of experiments, human MGCs
and CCs were collected from 118 women divided into four
groups: 45 were healthy oocyte donors, 27 were women
with age-related infertility (> 38 years old), 25 had endome-
triosis, and 21 were low responders. The intention of this di-
vision was to detect specific expression profiles for each
infertility indication.

A general clinical examination of all patients was per-
formed during the first visit to the fertility practice. Blood
samples were obtained during the early follicular phase of
their menstrual cycle (day 3) and after administration of the
ovulation inductor. Serum hormone levels were assayed
enzymatically using an automated biochemistry analyzer (co-
bas e 411; Roche Diagnostics GmbH).

Eligibility criteria

The healthy oocyte donors group included women between
the ages of 18 and 33 years who had functional ovaries and
uterus, an antral follicle count (AFC) between 12 and 35,
and a normal karyotype. They also underwent a thorough
study to exclude mental disorders, hereditary diseases, and
common genetic disorders including cystic fibrosis, fragile-
X syndrome and glucose-6-phosphate dehydrogenase
(G6PD) deficiency.

The advanced maternal age group included women of age
> 38 years old with infertility linked primarily to age factor.
The endometriosis group included women with infertility
associated primarily with endometriosis as diagnosed through
transvaginal ultrasound analysis or laparoscopy according to
European Society of Human Reproduction and Embryology
(ESHRE) criteria (29). The LOR group included women diag-
nosed as low responders to COS according to Bologna criteria
(30)—that is, presenting two episodes of low response after
maximal ovarian stimulation (condition sufficient to define
a patient as low responder) or at least two of the following
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three features: advanced maternal age (=40 years) or any
other risk factor for LOR; a previous LOR (<3 oocytes with
conventional stimulation); and an abnormal ovarian reserve
test (AFC <5-7 and antimiillerian hormone [AMH] <1.1
ng/mL). In the PCOS group, the disease was diagnosed accord-
ing to 2003 Rotterdam Criteria (3 1), including any two of the
following three clinical features: menstrual dysfunction
(oligo/anovulation); clinical and/or biochemical hyperandro-
genism; and polycystic ovaries on ultrasound. The unex-
plained infertility group included women with infertility of
unknown etiology after a complete infertility evaluation.

The eligibility criteria for women of all groups were as fol-
lows: body mass index <28 kg/mz, nonsmokers, lack of
alcohol consumption, lack of diseases such as hydrosalpinx,
congenital adrenal hyperplasia, thyroid disease, Cushing syn-
drome, androgen-secreting tumors, and lack of use of any
drug (medication) that could interfere with ovarian
folliculogenesis.

Ovarian Stimulation Protocol

Women were given a standard GnRH-antagonist protocol for
COS. We used a combination of two gonadotropins: recombi-
nant follicle-stimulating hormone (FSH) (Gonal F; Merck Se-
rono) and human menopausal gonadotropin (hMG)
(Menopur; Ferring Pharmaceuticals). Depending on the
AMH level and BMI, the gonadotropin daily doses ranged
from 150 IU of recombinant FSH + 37.5 IU of hMG to 225
IU of recombinant FSH + 75 IU of hMG. Gonadotropin
administration started the second day of the menstrual cycle,
after we had checked the ovarian basal status during either
the luteal phase of the previous cycle or the first 2 days of
menses, using ultrasound scanning. The GnRH-antagonist
(Orgalutran; MSD) was introduced the fifth or sixth day of
COS or when the leading follicle had reached a 14-mm diam-
eter. The GnRH-antagonist was administered in a daily dose
of 0.25 mg until the day of ovulation induction. Ovulation
was induced when at least two follicles had reached a diam-
eter of 17 mm, using 6,500 IU of human chorionic gonado-
tropin (hCG) (Ovitrelle; Merck Serono) or 0.2 mg of the
GnRH-agonist triptorelin (Ipsen Pharmabiotech). The latter
option was chosen when the risk of ovarian hyperstimulation
syndrome had been determined. Gonadotropin doses were
adjusted according to patient characteristics and follicular
development, which was monitored through periodical ultra-
sound scans and blood estradiol (E,) analysis.

Collection of Human MGCs and CCs

We collected MGCs from the follicular fluids obtained via
ultrasound-guided transvaginal oocyte retrieval, which was
performed under intravenous anesthesia 36 hours after ovula-
tion induction. After removal of oocyte-cumulus complexes,
the remaining follicular aspirates from each patient were
pooled and MGCs collected by using the Dynabeads method-
ology, as described elsewhere (24).

Human CCs were also obtained from these same patients
and were collected after procedures described elsewhere (24).
After follicular aspiration, the CCs surrounding the oocyte

Fertility and Sterility®

were removed using cutting needles by subsequent treatment
of cumulus-oocyte complexes with Sydney IVF Hyaluroni-
dase (80 IU/mL, K-SIHY; Cook Medical) and by carefully
removing the CCs of the corona radiata with very thin glass
pipettes (Swemed denudation pipette, 0.134-0.145 mm;
Vitrolife).

RNA Extraction and Real-Time Quantitative
Polymerase Chain Reaction

Total RNA was extracted from fresh MGCs and CCs using the
RNA/Protein purification kit (Norgen Biotek), and residual
genomic DNA was removed with RNase-free DNase I and
RNasin (Promega). Complementary DNAs (cDNAs) were syn-
thesized using the Transcriptor First Strand cDNA Synthesis
kit (Roche). Samples were then preamplified using the SsoAd-
vanced PreAmp supermix (Bio-Rad Laboratories) following
the manufacturer’s protocol.

Real-time quantitative polymerase chain reaction (RT-
qPCR) was used to quantify the expression of KISS1, KISSIR,
TAC3, and TACR3 in CCs and MGCs using the 2724C;
method, as reported elsewhere (24, 32). We performed RT-
gPCR on a Bio-Rad iCycler iQ real-time detection apparatus
using SsoAdvanced Universal SYBR Green Supermix (Bio-
Rad Laboratories). The parameters of PCR amplification
were 10 seconds at 94°C, 20 seconds at 60°C, and 30 seconds
at 72°C, for 50 cycles. The sequences of the specific primer
pairs designed to amplify each target gene are shown in
Supplemental Table 1 (available online). Supplemental
Table 1 also shows the primers used to amplify (-actin
(ACTB), hypoxanthine  phosphoribosyltransferase 1
(HPRT1), cyclophilin A (PPIA), and succinate dehydrogenase
complex subunit A (SDHA), which were chosen as house-
keeping genes on the basis of previous studies from other lab-
oratories and ours (24, 33). The specificity of the PCR
reactions was confirmed by melting curve analysis of the
products and by size verification of the amplicon in a conven-
tional agarose gel.

A human universal reference total RNA (BD Biosciences
Clontech) was used as a positive control of amplification,
and three negative controls were run for each assay: no tem-
plate, no reverse transcriptase, and no RNA in the reverse
transcriptase reaction. Each assay was performed in triplicate,
and the fold change of each target gene expression was ex-
pressed relative to the geometric mean mRNA expression of
the reference genes in each sample (24, 32).

Statistical Analysis

The results are expressed as mean =+ standard deviation, and »n
represents the number of experiments in n different women.
Data distribution and homogeneity of variances were
analyzed with the Kolmogorov-Smirnov test and Levene
test. For gene expression data, a logarithmic transformation
was adapted to meet the normality assumptions and the sta-
tistical differences between these log-transformed values
were assessed using Student’s #-test. The relative quantifica-
tion values are shown in figures without log transformation.
General linear models were performed to control for
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confounding variables, and all models were adjusted by BMI
and E, serum levels after ovulation induction. P<.05 was
considered statistically significant. All the statistical analyses
were performed using IBM SPSS Statistics software, version
24.0.

RESULTS
Expression of KISS1/KISSTR and TAC3/TACR3 in
Women with Infertility of any Etiology

We analyzed the expression of the KISS1 and NKB systems in
CCs from oocyte donors and infertile women of different eti-
ologies, including the most common disorders with indication
of IVF treatment. The anthropometric and biochemical char-
acteristics of healthy donors and infertile patients are shown
in Supplemental Table 2 (available online).

Controlled ovarian stimulation for IVF induces a multiple
follicular growth that causes great variation in follicular ste-
roids compared with the physiological levels of a natural cycle
(see Supplemental Table 2). To avoid any impact of these var-
iations, all women included in the present study, both donors
and patients, were given the same treatment, and serum levels
of E, and progesterone (P,) were measured after administra-
tion of the ovulation inductor.

In our study, there was a statistically significant variation
in E, serum levels in infertile patients (P<.0001, n = 110)
with respect to healthy donors (n = 52) (Supplemental
Table 2) and no variation in P, serum levels (P>.05)
(Supplemental Table 2). There were statistically significant
differences between fertile and infertile women in age and
BMI (Supplemental Table 2). The serum hormone levels and
the expression levels of all the genes examined were not influ-
enced by the use of recombinant hCG or triptorelin for ovula-
tion induction.

The expression of KISS I was down-regulated in CCs from
infertile patients, in comparison with mRNA levels in control
healthy women (Supplemental Table 2). The differences
remained statistically significant when adjusted for BMI

and serum levels of E, after ovulation induction (8 =
—0.303, P=.001). Conversely, no statistically significant dif-
ferences were observed in relation to the KISS1R expression
when comparing both groups (Supplemental Table 2).

The expression of TAC3 was lower in CCs from infertile
patients (Supplemental Table 2), and these differences re-
mained statistically significant after adjusting for BMI and
serum E, after ovulation induction (8 = —0.259, P=.008).
A multiple linear regression analysis shows that infertility
was also associated with a lower expression of TACR3
mRNA in CCs, which remained statistically significant after
adjusting for BMI and E, serum levels after ovulation induc-
tion (8 = —0.335, P=.001) (Supplemental Table 2).

Clinical Characteristics of Healthy Donors and
Women with Age-Related Infertility,
Endometriosis, and Low Ovarian Response

The biochemical and anthropometric parameters of the
women included in the study are shown in Table 1. The serum
concentrations of E,, AMH, FSH, and luteinizing hormone
(LH) fell within the reference range values in the early follic-
ular phase of the menstrual cycle in healthy donors and in
women with infertility due to age (> 38 years old), endome-
triosis, and LOR (Table 1). The serum concentrations of day-
3 E,, day-3 LH, and P, measured after administration of the
ovulation inductor were similar in the control and infertile
groups. There were statistically significant differences be-
tween the groups in relation to the other parameters analyzed
(Table 1).

Expression of KISS1/KISSTR and TAC3/TACR3 in
Women with Age-Related Infertility

The expression of KISS1, TAC3, and TACR3 was statistically
significantly lower in CCs and MGCs of the older women
(=38 years) in comparison with mRNA levels in the control
healthy women (Fig. 1A, C, and D). The expression levels of
KISSIR were lower in older women but showed great

TABLE 1

Anthropometric and biochemical data of study participants.

Healthy donors Age-related Endometriosis Low responders

Characteristic (n = 45) infertility (n = 27) (n = 25) (n = 21)
Age (y) 25.07 + 3.45 40.37 £ 1.55° 35.32 + 3.442P 38.67 + 3.142b¢
BMI (kg/mz) 22.35+2.79 23.23 +£ 1.97 23.78 + 3.43 25.32 £ 6.18°
Day-3 serum value

E, (pg/mL) 57.75 + 36.98 51.55 + 28.06 59.26 + 65.69 62.03 + 53.87

AMH (ng/mL) 2.02 £1.02 2.27 £ 1,10 1.96 + 1.06 0.61 & 0.592P<

FSH (mIU/mL) 6.42 +£1.27 7.03 £ 1.56 6.86 + 1.90 10.10 &£ 4.27 &P

LH (mIU/mL) 5.67 + 1,62 572 +2.14 6.02 +£ 2.44 595+ 2.41

LH/FSH 0.90 + 0.29 0.84 + 0,33 0.97 £ 0.54 0.54 + 0,16%b<
After ovulation induction

E, (pg/mL) 3,158 + 1,516 2,062 + 888° 1,640 £ 1,050% 949 + 5272b¢

P (pg/mL) 0.90 + 0.58 0.82 4+ 0.58 0.64 + 0.40 0.58 + 0.63

Note: Data presented as mean =+ standard deviation, unless specified otherwise. Statistically significant differences between groups were assessed using the Student’s t-test. AMH = antimillerian
hormone; BMI = body mass index; E, = estradiol; FSH = follicle-stimulating hormone; LH = luteinizing hormone; P = progesterone.

@ P< .05 versus donors.
® P< .05 versus older, infertile women.
€ P< .05 versus women with endometriosis.

Blasco. NKB/NK3R and KISS1/KISS1R in human ovary. Fertil Steril 2020.
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variations between samples; as a consequence, the differences
between older infertile patients and control women did not
reach statistical significance (Fig. 1B).

In agreement with our previous data (23, 24), the expres-
sion of TAC3 and TACR3 were higher in CCs than in MGCs
from healthy donors (Fig. 1C and D). In older infertile patients
there was also a statistically significant increase in the
expression of TAC3 mRNA in CCs, in comparison with
MGGCs, but this increase was not observed for TACR3 (Fig 1D).

Expression of KISS1/KISSTR and TAC3/TACR3 in
Women with Endometriosis

This study was performed only in CCs to avoid the analysis of
damaged MGCs from women with endometriosis. The expres-
sion levels of KISS1, TAC3, and TACR3 were similar in infer-
tile women with endometriosis and healthy women (Fig. 2A,
C, and D). The expression of KISS1R was statistically signifi-
cantly higher in CCs from women with endometriosis
(Fig. 2B).

Within this group, there were nine patients >38 years
old. In four of these women, the expression levels of TAC3/
TACR3 and KISSI/KISSIR were comparable with those
observed in the group of older infertile women: they showed
a lower expression of these genes in comparison with healthy
control women. A decreased expression of TAC3, TACR3, and

KISS1 was also observed in five patients with endometriosis
who were <38 years old.

Expression of KISS1/KISSTR and TAC3/TACR3 in
Low-Responder Women

Due to the small quantity of CCs obtained from low-responder
patients, this study was performed only on MGCs to use the
same PCR experimental conditions with all samples analyzed.
As occurs in MGCs from age-related infertile women (Fig. 1)
and PCOS patients (23), the TAC3 and KISS1R mRNA levels
were not statistically significantly different between the con-
trols and low responders (Fig. 3B and C) whereas the expres-
sion levels of KISS1 and TACR3 were statistically
significantly lower in MGCs from infertile women with low
response in comparison with healthy women (Fig 3A and D).

DISCUSSION

Neurokinin B and its receptor NK3R together with KISS1 and
its receptor KISS1R exert an essential role in the brain as reg-
ulators of the hypothalamic-pituitary-gonadal axis. This
discovery has contributed to an unprecedented advance
in our knowledge about reproductive function regulation
(11, 12, 34, 35). Moreover, experimental data gathered in
recent years prove that these systems are also expressed in
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the female genital tract (endometrium, oviduct, and ovary),
suggesting that they act as important local regulators of
reproductive function (8, 9, 18-20, 22, 28). Recent data also
suggest that KISS1 signaling is necessary for a correct
embryo implantation and placentation (21).

The main finding of this study is that expression of the
NKB/NK3R and KISS1/KISS 1R systems is altered in granulosa
cells from infertile women with different infertility etiologies
as compared with healthy oocyte donors. These results
confirm that these systems are indeed important for correct
ovarian function and fertility. We have observed that NKB
(encoded by TAC3), NK3R (encoded by TACR3), and KISS1
(encoded by KISS1) expression is statistically significantly
down-regulated in the cumulus cells of infertile patients
considered as a whole group, including with the most frequent
disorders in women attending an IVF treatment: advanced
maternal age, PCOS, endometriosis, LOR, and unexplained
infertility. These results suggest that altered expression of
these genes might be responsible, at least in part, for the infer-
tility experienced by the patients.

In previous studies, we found that NKB/NK3R and
KISS1/KISS1R systems are present in human MGCs and
CCs (19, 23-25). Moreover, we compared the expression of
these systems between oocyte donors and infertile women
with PCOS, and we found statistically significant
differences (23). TAC3, TACR3, and KISS1 mRNAs were

down-regulated in MGCs and CCs from PCOS patients,
which led us to wonder whether these results would repeat
in patients with other infertility etiologies. In fact, in the
present study we observed similar results in the infertile pa-
tients group, the one including all etiologies. This makes
sense because oocyte quality is affected in all these
etiologies.

Different ovarian stimulation programs did not modify or
were unable to induce a recovery of the expression of the
TAC3/TACR3 and KISS1/KISSIR systems to the levels
observed in healthy donors. All in all, an expression analysis
of the NKB and KISS1 systems in MGCs or CCs would thus be
useful to assess the fertility status of a patient. In the case of
PCOS, it is very probable that other genes are affected and
their expression levels vary depending on how PCOS is man-
ifested in the patient because it is a very heterogeneous dis-
ease. New knowledge on the genetic alterations behind this
syndrome could allow us to stablish a better, more specific ge-
netic profile for PCOS.

Each cause of infertility displayed different anthropo-
metric and hormone data, allowing a specific profile for
each type of disease. Controlled ovarian stimulation for IVF
induces multiple follicular growth, which causes a dramatic
variation of ovarian steroids E, and P, in comparison with
the physiologic levels of a natural menstrual cycle. According
to our results, the observed dysregulation of the NKB/NK3R
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and KISS1/KISS1R systems cannot be attributed to differ-
ences in the hormone state. Instead, it seems to be directly
related to the infertility status (Table 1 and Supplemental
Table 2).

Two fertility trends of the 21st century have become
evident in the Western countries: women are having fewer
children, and they are delaying births to a later age. Further-
more, women who choose to delay motherhood may
encounter delays and/or disappointment due to decreased
fecundity (36). Age-related infertility comprises several
causes leading to infertility. On the one hand, there is a reduc-
tion in the number of oocytes (ovarian reserve) as age in-
creases. On the other hand, oocyte quality is also impaired
with advancing age due to a widely described correlation be-
tween female age and oocyte chromosomal abnormalities,
leading to a higher rate of miscarriage and genetic disorders
in the fetus. This higher frequency of aneuploidies is due to
alterations in the regulatory machinery responsible for as-
sembly of the oocyte meiotic spindle.

Furthermore, aging is also associated with the appearance
of other infertility-related disorders such as tubal disease,
leiomyomas, and endometriosis (37). In this study, the group
of women of advanced maternal age showed a statistically
significant down-regulation in KISS1, TAC3, and TACR3
levels, suggesting that altered expression of these genes might
be involved in the impaired oocyte quality and/or the
decreased ovarian reserve associated with advancing age. In
fact, previous studies performed in different animal models

have already found an association between kisspeptin and
follicle development and oocyte maturation (18, 20, 26, 38).

Endometriosis is a chronic inflammatory disease that
cause pain and infertility in women, with a prevalence of
0.8% to 6.0% in population-based studies (39-41) and 20%
to 50% in subfertile women (42, 43). Endometriosis is
characterized by the growing of endometrial-like tissue in
ectopic locations such as the oviduct, ovary, or peritoneal
cavity. The origin and pathogenesis of this disease remains
unclear, and different theories have been postulated to
explain this phenomenon. Some theories propose that endo-
metrial implants come from uterine endometrium, and other
theories propose that these implants arise from other tissues,
involving a process of transformation (44). The abnormally
implanted tissue responds cyclically to hormones, developing
inflammatory responses. Consequently, patients may develop
pelvic adhesions and experience pain and infertility (45).
Endometriosis has been related to impaired oocyte quality,
reduced fertility, and lower implantation rates after IVF, but
the link between infertility and endometriosis is still poorly
understood (46). Genetic and epigenetic changes have been
associated with endometriosis, which is considered a heredi-
tary disease, and many cases have been attributed to heredi-
tary factors (47).

A recent study has detected that KISSI expression is sta-
tistically significantly higher in endometriosis lesions in com-
parison with eutopic glandular endometrium, suggesting a
possible role of KISSI in endometriosis pathogenesis (48).
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However, a different study did not detect KISS 1 expression in
any sample from endometriosis patients (49), which could be
due to methodological or design differences between the
studies. In our case, we analyzed granulosa cells from endo-
metriosis patients and found that they constituted a very het-
erogeneous group in relation to the expression of the TAC3/
TACR3 and KISS1/KISSIR systems; when considered as a
whole, only the expression of KISSIR was altered. KISSIR
mRNA levels were statistically significantly higher in CCs
from endometriosis patients in comparison with healthy
oocyte donors. Thus, the increased expression of KISSIR
could be one of the multiple factors involved in the origin
of endometriosis and related infertility.

These data suggest that endometriosis is a very different
entity in comparison with advanced maternal age and LOR
as a cause of infertility. As mentioned earlier, there is still
much to know about the origin and causes of this disease.
Further studies are needed to clarify the reasons behind the in-
crease in KISSIR expression and investigate the potential
relationship between KISSI/KISSIR and endometriosis. If
confirmed, KISS1 and/or its receptor could serve as bio-
markers for endometriosis diagnosis and detection.

Low ovarian response indicates a reduction in the number
of oocytes retrieved after an ovarian puncture due to a dimin-
ished follicular response to COS (30, 50). The existence of LOR
was unveiled thanks to the increasing acceptance and
spreading of ART. Approximately 10% of women undergoing
IVF treatment will show LOR to COS. However, this incidence
can be higher in the infertile population, as many affected
women never undergo an ART treatment (51).

Regarding the results of our study, lower expression
levels of KISS1 and TACR3 were observed in the MGCs of
women with LOR in comparison with healthy oocyte donors.
This altered expression profile suggests the possible involve-
ment of these factors in the correct follicle recruitment and
development in response to gonadotropin stimulation. These
results are concordant with previous studies that have identi-
fied the involvement of KISS1/KISSIR system in the regula-
tion of follicular development, oocyte maturation, ovulation,
and ovarian steroidogenesis (28). Our results suggest that, be-
sides kisspeptin expression levels, correct expression levels of
NKB might also be necessary for normal folliculogenesis.

In relation to advanced-age patients and those with LOR,
it is worth pointing to a previous study performed in mice that
revealed that a defect in the KISS1/KISS1R system induced a
state similar to premature ovarian failure. Mutant mice
showed a premature decline in ovulatory rate, progressive
loss of oocytes and antral follicles, and reduced fertility.
This is concordant with results of our study because both older
patients and low responders showed decreased levels of
KISS1 in comparison with healthy oocyte donors (20).

CONCLUSION

Our study has revealed a differential and altered regulation of
the NKB/NK3R and KISS1/KISS1R systems in cumulus and
granulosa cells from women with infertility of different etiol-
ogies, particularly in patients with advanced age, endometri-
osis, and LOR. We provide evidence that an abnormal

expression of these systems at the ovarian level might be
involved in the decreased fertility of these patients.
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Role of kisspeptins in the control of
the hypothalamic-pituitary-ovarian
axis: old dogmas and new challenges
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Cérdoba; ¢ Instituto Maiménides de Investigacion Biomédica de Cordoba and Hospital Universitario Reina Sofia; and
¢ CIBER Fisiopatologia de la Obesidad y Nutricion, Instituto de Salud Carlos Ill, Cérdoba, Spain

In humans and other mammals, a hallmark of female reproductive function is the capacity to episodically release fertilizable oocytes
under the precise control of a cascade of hormonal regulators that interplay in a cyclic manner within the hypothalamic-pituitary-
ovarian (HPO) axis. Although the basic elements of this neurohormonal system were disclosed several decades before, a major break-
through in our understanding of how the HPO axis is controlled during the lifespan came in the first decade of the 21st century, when the
reproductive dimension of kisspeptins was disclosed by seminal studies documenting that genetic inactivation of the kisspeptin
pathway is linked to central hypogonadism and infertility. Kisspeptins are a family of peptides, encoded by the Kiss1 gene, that operate
via the surface receptor, Gpr54 (also called Kiss1r), to regulate virtually all aspects of reproduction in both sexes. The primary site of
action of kisspeptins is the hypothalamus, where Kiss1 neurons engage in the precise control of the pulsatile release of GnRH to modu-
late gonadotropin secretion and, thereby, ovarian function. Nonetheless, additional sites of action of kisspeptins within the HPO axis,
including the pituitary and the ovary, have been proposed; yet, the physiologic relevance of such extrahypothalamic actions of kiss-
peptins is still a matter of debate. In this review, we summarize the current consensus knowledge and open questions on the sites of
action, physiologic roles, and eventual therapeutic implications of kisspeptins in the control of the female reproductive axis. (Fertil Ster-
il® 2020;114:465-74. ©2020 by American Society for Reproductive Medicine.)

Key Words: Kisspeptins, Gpr54, GnRH, gonadotropins, ovulation

Discuss: You can discuss this article with its authors and other readers at https://www.fertstertdialog.com/users/16110-fertility-
and-sterility/posts/30792

FIRST THINGS FIRST: THE
HYPOTHALAMIC-PITUITARY-
OVARIAN AXIS

Ovarian maturation and its exquisite
cyclic function during the reproductive
lifespan fully rely on the coordinate ac-
tion of the neurohormonal elements of
the  hypothalamic-pituitary-ovarian
(HPO) axis (1). As is the case for other
neuroendocrine axes, the HPO axis is
a hierarchic system, in which a scarce

neuronal population located in the
basal forebrain and producing the de-
capeptide GnRH, operates as a major
conduit for the brain to control the
reproductive system. Thus, GnRH is
released in a pulsatile manner to the
hypothalamic-hypophyseal portal cir-
culation to reach the anterior pituitary,
where GnRH pulses act on gonado-
tropes, to elicit the secretion of both go-
nadotropins, LH and FSH. These, in
turn, are released to the systemic
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circulation to reach the ovary, where,
acting in concert on different cellular
components, they promote ovarian
maturation and production and release
of female gametes, as well as the secre-
tion of sex steroids and other gonadal
hormones of peptidergic nature (2).
An essential aspect of the function-
ality of the HPO system is the charac-
teristic secretory modes of their
upstream elements, namely, GnRH
and gonadotropins (1). Indeed, acquisi-
tion of a mature pattern of pulsatile
secretion of GnRH, which occurs at pu-
berty, is mandatory for dictating appro-
priate secretory profiles of LH and FSH
needed to ensure ovarian maturation
and function (3). Perturbation of such
pulsatile patterns, e.g., by continuous
exposure to GnRH analogues, results
in receptor desensitization and sup-
pression of gonadotropins and,
thereby, ovarian function, a feature
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that has been exploited therapeutically in hormone-
dependent disorders (4). Moreover, deregulation of GnRH pul-
satility is seemingly implicated in various reproductive
pathologies, such as polycystic ovary syndrome (PCOS) and
hypothalamic amenorrhea (5).

Realization of these fundamental pathophysiologic roles
has prompted active investigation of the mechanisms
whereby GnRH neurons are capable to release, in a synchro-
nized and timely manner, pulses of GnRH; a phenomenon
that is driven by a complex circuit of neuronal and nonneuro-
nal afferents to GnRH neurons (6-9), which form the GnRH
pulse generator (10). This functional hub is able to integrate
a wide range of regulators of ovarian function, from
environmental cues (e.g., light cycle and nutritional inputs)
to endogenous signals (e.g., metabolic hormones). In this
network, Kissl neurons, producing kisspeptins, have
recently been pointed out as a major component, with key
roles in dictating GnRH pulsatility (11) and, thereby, cyclic
ovarian function, as summarized in the following sections.

In addition, the elements of the so-called Kiss1 system
have been detected at other levels of the HPO axis, where
they may operate as local modulators of gonadotropin secre-
tion at the pituitary and/or ovarian function In addition, uter-
ine and gestational actions of kisspeptins have been
described. Yet, the physiologic relevance of these extrahypo-
thalamic actions of kisspeptins remains debatable and largely
undefined. In this minireview, we summarize the current
consensus knowledge and open questions about the roles of
kisspeptins in control of the female reproductive axis. For a
summary of the major biologic effects and sites of action of
kisspeptins in the HPO axis, see also Table 1.

THE BOSS ALWAYS WORKS FOR SOMEONE
ELSE: EMERGENCE OF KISSPEPTINS IN
REPRODUCTIVE PHYSIOLOGY

Despite the indisputable role of GnRH as the major output
pathway whereby the brain controls the reproductive axis
(12), compelling evidence gathered in recent decades has
documented that GnRH neurons themselves are devoid of
the main receptors for key regulators of the HPO axis, such
as estrogens and leptin, just to mention two paradigmatic ex-
amples. This feature illustrates that a substantial component
of the central regulation of the reproductive axis takes place
upstream from GnRH neurons, so that integration of different
regulatory inputs occurs at the level of neuronal and non-
neuronal afferents of this neuronal population, which dictate
the activation (or, eventually, inactivation) of the ultimate
effector, GnRH.

Kisspeptins, a family of peptides encoded by the Kiss1
gene, initially regarded to be metastasis suppressors, were
first recognized as gatekeepers of the reproductive axis in
late 2003, when inactivating mutations of the gene encoding
their receptor, Gpr54, were reported in patients affected of
isolated central hypogonadism (13, 14). Short after the disclo-
sure of the reproductive dimension of kisspeptins, the mech-
anism(s) and site of action whereby the Kiss1 system activates
the reproductive axis began to be actively investigated.
Compelling evidence conclusively demonstrated that the abil-

ity of kisspeptins to potently stimulate gonadotropin secre-
tion, which has been documented in a wide variety of
species, including humans, involves a primary action at the
hypothalamic level, where kisspeptins are produced by
discrete neuronal populations to operate as major synaptic
excitatory input on GnRH neurons (1, 6).

The contention that kisspeptins elicit gonadotropin secre-
tion via a GnRH pathway was initially suggested by the fact
that blockade of GnRH actions, by the use of a pharmacologic
antagonist, completely suppressed the gonadotropin-
releasing actions of kisspeptins in vivo. In addition, in situ hy-
bridization in rat brain sections showed that a majority
(>75%) of GnRH neurons coexpress the mRNA encoding
the kisspeptin receptor (Gpr54) and that kisspeptin is able to
activate GnRH neurons, as measured by c-Fos induction
and electrical firing of GnRH neurons (6). In addition, the ca-
pacity of kisspeptins to elicit GnRH secretion was documented
both ex vivo, with the use of rat hypothalamic explants, and
in vivo, where central infusion of kisspeptin was shown to
induce a marked rise of GnRH levels in the cerebrospinal fluid
of sheep. As a whole, these data convincingly pointed out that
kisspeptins operate primarily on hypothalamic GnRH neurons
to induce GnRH secretion, which in turn drives LH and FSH
release from the pituitary.

The advent of more incisive techniques for neuronal
monitoring and manipulation has allowed confirming and
refining those initial observations. Thus, by using an elegant
combination of fiber photometry and optogenetic ap-
proaches, Clarkson et al. recently documented that popula-
tions of Kiss1 neurons located in the hypothalamic arcuate
nucleus (ARC) play a fundamental role in the generation of
GnRH pulses (11) as an essential driver for the pulsatile secre-
tion of gonadotropins. ARC Kiss1 neurons have been shown
to display discrete calcium bursts, which perfectly coincide
with LH secretory pulses. In addition, whereas optogenetic
activation of ARC Kiss1 neurons evoked LH pulses, their inhi-
bition, with the use of hyperpolarizing optogenetic tools, sup-
pressed LH pulsatility (11). These functional studies are
concordant with data from genetically modified mouse
models, showing that kisspeptin actions solely at the level
of GnRH neurons are sufficient to attain puberty and grossly
maintain fertility (15). Altogether, this evidence unambigu-
ously demonstrates that the effects of kisspeptins occur pri-
marily at the level of GnRH neurons to centrally activate
the HPO axis.

Despite the consensus on the indispensable role of these
direct actions of kisspeptins, compelling evidence has also
suggested that part of their central modulatory effects may
derive from the ability of kisspeptins to indirectly modulate
GnRH neurosecretion, via intermediary afferents. Thus,
blockade of fast synaptic transmission, to globally eliminate
ionotropic glutamatergic and GABAergic inputs, caused a
decrease of GnRH neuronal responses to kisspeptin (16).
Moreover, besides their direct postsynaptic effects on GnRH
neurosecretion, kisspeptins operating presynaptically have
been shown to increase glutamatergic and GABAergic trans-
mission to GnRH neurons (17). These findings point out that
at least part of the kisspeptin effects on GnRH neurons might
be indirectly mediated via activation of glutamate and/or
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GABA afferents to GnRH neurons. In favor of this possibility,
more recent work with a mouse model engineered to preserve
kisspeptin signaling selectively in GnRH neurons, but not
elsewhere, revealed subtle, albeit detectable indirect actions
of kisspeptins in the central modulation of the GnRH-
gonadotropin axis (18). Admittedly, however, these indirect
actions are modest and possibly less relevant than the direct
effects of kisspeptin on GnRH neurons.

ESSENTIAL ROLES OF KISSPEPTINS IN SEX
STEROID FEEDBACK AND GONADOTROPIN
SECRETORY PATTERNS

Proper function of the adult HPO axis critically relies on
appropriate secretory patterns of GnRH and, thereby, gonad-
otropins. In contrast to males, where only tonic, pulsatile
secretion occurs, in females two different modes of GnRH/
gonadotropin secretion take place: the pulsatile and the surge
modes (1, 19). The latter is responsible for triggering the
ovulation and will be reviewed in the next section. The pulsa-
tile mode is more predominant across the ovarian cycle and is
shaped, to a large extent, by the negative feedback actions of
ovarian steroids at the hypothalamic-pituitary unit. This pul-
satile secretory pattern, which is responsible for driving follic-
ular maturation and hormone production by the ovaries (12),
is dictated to a large extent by the oscillatory activity of Kiss1
neurons located in the ARC in different mammalian species,
or its equivalent infundibular area in humans (1, 11).

The tonic mode of secretion of GnRH is defined by a
discrete burst of hormone release to the portal circulation, in-
terspaced by periods of (very) low GnRH concentrations.
Because the secretion of both LH and FSH is elicited by
GnRH, but their secretory patterns diverge partially, it has
been proposed that the frequency of GnRH pulses is critical
for encoding preferential secretion of LH (high-frequency
pattern) or FSH (low-frequency pattern) (20). Other parame-
ters, such as the magnitude of hormone peaks and the
threshold levels, contribute also to define the secretory pro-
files of gonadotropins, so that changes especially in circu-
lating LH are thought to reflect similar changes in the portal
patterns of secretion of GnRH.

As mentioned above, a major mechanism whereby pulsa-
tile secretion of GnRH is homeostatically controlled is via the
negative feedback actions of ovarian steroids, which
contribute to keeping LH and FSH levels at check along the
ovarian cycle (21). An apparent conundrum regarding nega-
tive feedback control was that GnRH neurons are devoid of
estrogen receptor (ER) «, which is responsible for mediating
the major inhibitory effects of ovarian E, on the gonadotropic
axis (12). This paradox was solved by the demonstration that
Kiss1 neurons in the ARC do express ER«a and are tonically
repressed by estrogen, so that conditions of high E, levels
are associated with inhibition of Kissl expression in the
ARC (12). This provided a plausible pathway for transmitting
the negative feedback actions of estrogen on GnRH.

This ARC population of Kiss1 neurons has been the sub-
ject of active investigation in the past decade. After the
demonstration of its key role as target and transmitter for
the negative feedback actions of estrogens, much excitement
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was caused by the finding that ARC Kiss1 neurons coexpress
other transmitters with important functions in the central
control of the HPO axis. Thus, in 2009, compelling evidence
was presented for the colocalization of the tachykinin
neurokinin-B (NKB) and the endogenous opioid dynorphin
(Dyn) in a substantial fraction of ARC Kiss1 neurons in ro-
dents and sheep (22, 23), a population that was named
KNDy because of the co-expression of Kiss1, NKB, and Dyn
(24). Contemporary to this finding, inactivating mutations
of the genes encoding NKB (TAC3) or its receptor (TACR3)
in humans were found to cause a state of central hypogonad-
ism similar to that associated to inactivating mutations of the
kisspeptin pathway (25). This, together with the realization
that, to a variable extent, KNDy neurons are also found in
the human hypothalamus, reinforced the interest for the
role of this neuronal population in the control of the HPO
axis also in humans. Functional analyses conducted in pre-
clinical models led to the proposal of an oscillatory network
within KNDy neurons, in which NKB and Dyn would operate
as autoregulatory signals, modulating the output of kisspep-
tin onto GnRH neurons in a reciprocal manner. Thus, while
NKB stimulates kisspeptin release via KNDy neurons, there-
fore inducing GnRH secretion, Dyn seemingly operates as
an inhibitory input, suppressing kisspeptin secretion, and
thereby GnRH pulsatility (26). Therefore, NKB and Dyn would
act, in concert with other signals converging on Kiss1 neu-
rons, in a yin-yang fashion, to shape kisspeptin pulses, which
in turn dictate the generation of GnRH pulses as described
above.

KEY FUNCTION OF KISSPEPTINS IN THE
CENTRAL CONTROL OF OVULATION: THE
PREOVULATORY SURGE

Besides the tonic pattern of secretion described above, a
massive discharge of gonadotropins, called the preovulatory
surge, occurs periodically at mid-cycle to induce ovulation
in adult females (1). This key event in female reproduction
is driven by the surge mode of GnRH secretion, in which esca-
lating levels of GnRH are detected over a period of hours in the
portal circulation. This preovulatory surge of GnRH occurs in
a timely fashion, which in rodents corresponds to the after-
noon of proestrus (i.e., the phase preceding ovulation at
estrus) and in women takes place in the later follicular phase
of the menstrual cycle. Generation of this preovulatory surge
critically relies on a switch from a predominant negative feed-
back to a positive feedback of estrogen, in which the
increasing levels of circulating E, coming from the dominant
follicles convey a stimulatory signal to GnRH neurons to
enhance, rather than suppress, GnRH secretion (21). The
cellular and molecular basis of such a dynamic and timely
switch, which occurs only in the adult female, had remained
to alarge extent an enigma until the discovery of the key roles
of specific populations of Kiss1 neurons in this phenomenon.

The first evidence for a putative role of Kiss1 neurons in
estrogen positive feedback came from rodent studies, which
documented that, whereas Kiss1 mRNA levels in the ARC
are suppressed by estrogen, Kiss1 gene expression in a more
rostral area of the hypothalamus, corresponding to the
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anteroventral periventricular nucleus (AVPV), was reduced
by ovariectomy and increased by estrogen replacement (27).
Notably, the AVPV had long been known to act as a hypotha-
lamic area involved in the positive feedback of estrogen. Thus,
these initial observations strongly suggested the participation
of AVPV Kiss1 neurons, which express ERa as well, in the
positive feedback of E, on gonadotropin secretion during
the preovulatory period (21). In good agreement, it was later
demonstrated that, in the female rat, AVPV Kiss1 mRNA
levels increase during the window of the preovulatory surge,
whereas immunoneutralization of central kisspeptin or selec-
tive blockade of kisspeptin actions with the use of a specific
antagonist blocked the preovulatory LH surge in cyclic rats
(28, 29).

Although the connection of AVPV Kiss1 neurons with the
preovulatory surge and estrogen positive feedback has been
solidly documented in rodents, the role of equivalent popula-
tions, distinct from ARC/infundibular Kiss1 neurons, in hu-
mans and other mammals is still under debate. Admittedly,
a region equivalent to AVPV is not found in primates or
sheep, but Kiss1 neurons in the preoptic area have been
described in these species. In addition, functionally different
subpopulations of Kiss1 neurons within the ARC have been
described in sheep, which might differentially contribute to
mediate negative and positive feedback effects of estrogen.
For example, Kiss1 neurons in the caudal portion of the
ARC may collaborate with preoptic area Kissl neurons to
mediate positive feedback in sheep (30). In humans, there is
a lack of functional evidence for a specific subpopulation of
Kiss1 neurons mediating the positive estrogen feedback to
induce the preovulatory surge. Nonetheless, it is plausible
that distinct Kiss1 neuronal pathways may participate in the
generation of the surge mode of GnRH secretion in women
(1). In fact, pharmacologic studies have revealed commonal-
ities in other aspects of kisspeptin effects in the control of
the HPO axis between women and rodents. For example, in
both rat and human females, the efficiency of kisspeptin to
elicit LH secretion changes across the ovarian cycle, it being
maximal at the preovulatory stage (31, 32). It is worth noting
that, in addition to changes at the hypothalamic level, an in-
crease in GnRH signaling in the pituitary also occurs during
the cycle (33, 34), which seems to play a major role in the gen-
eration of the preovulatory surge in women.

PITUITARY ACTIONS OF KISSPEPTINS: WHAT
IS THEIR PHYSIOLOGIC RELEVANCE?

While the predominance of the hypothalamic actions of kiss-
peptins in the control of the HPO axis is undisputed, fragmen-
tary evidence has suggested the possibility of additional sites
of expression and action at the pituitary level, where kisspep-
tins have been proposed to directly regulate gonadotrope
function. Thus, initial in vitro analyses documented the ca-
pacity of kisspeptin-10 to stimulate pituitary LH secretion
(35, 36). Yet these responses were modest in magnitude and
clearly lower than those evoked by GnRH, despite the need
of higher concentrations kisspeptin (35). In addition, kisspep-
tins have been shown to directly activate LHG and FSHS gene
expression in murine primary pituitary cells and the LGT2 go-

nadotrope cell line (37). Furthermore, Ca®* responses in gona-
dotropes have been reported after kisspeptin stimulation
in vitro in a variety of species, including rat (38), ovine (39),
porcine (40), and bovine species (40, 41). Time- and dose-
dependent LH responses have been detected also in primary
cultures of pituitary cells from female baboons (42), which
closely correspond to different aspects of human physiology.
In addition, detectable concentrations of kisspeptins have
been found in the hypophyseal portal circulation in the sheep,
and secretion of kisspeptins at the level of the median
eminence, with capacity to reach the portal system, has
been documented in the rhesus monkey (43). Altogether, these
data provided the basis for potential direct actions of kisspep-
tins of the control of the gonadotropic axis at the pituitary
level.

In addition, Kiss1 and Gpr54 mRNAs, and their corre-
sponding peptides, have been shown to be expressed at the
rat pituitary (38, 44), with detectable levels in gonadotropes
(44). This pituitary expression seems to be hormonally regu-
lated: estrogens, acting via ER«, enhance Kiss1 but reduces
Gpr54 mRNA levels, whereas GnRH selectively enhances
Gprb54 expression at the pituitary (44). Along the same lines,
kisspeptin-positive cells have been found in the intermediate
and anterior lobes of the rhesus monkey pituitary (45),
although no evidence for the actual localization of kisspeptins
in primate gonadotropes has been presented to date (45).

The consistency of the above findings, however, has been
challenged by other studies that could not detect any effects
of kisspeptins directly at the rat pituitary (46, 47), although
differences in the experimental settings, including the age
of the animals tested, might partially explain the apparent
discrepancies across studies. In addition, kisspeptin levels in
the portal circulation in the sheep did not change during rele-
vant reproductive states, such as the preovulatory surge (39),
which casts further doubts on the physiologic relevance of
such pituitary effects of kisspeptins in the control of the
HPO axis. Altogether, although direct pituitary actions of
kisspeptins may contribute to the fine-tuning of the female
gonadotropic axis, the potential physiologic relevance of
such actions remains debatable and requires further
investigation.

DIRECT KISSPEPTIN ACTIONS IN THE OVARY:
FACTS AND HYPOTHESES

In addition to potential pituitary effects, the possibility of
additional, peripheral actions of kisspeptins in the control
of reproduction has been suggested by a number of studies
documenting the expression of Kiss1 and Gpr54 in the go-
nads, including the ovaries (48-50). However, it must be
stressed that the eventual physiologic relevance of
kisspeptin signaling in the gonads remains debatable. As
mentioned in previous sections, direct kisspeptin actions
in GnRH neurons appear to be sufficient to complete
puberty and attain fertility (15, 18), and global Gpr54-
null mice and humans can be forced to ovulate if appropri-
ately primed with gonadotropins (14, 51). However, rodent
models with ablation of kisspeptin actions elsewhere than
in GnRH neurons present modest but detectable alterations
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of the reproductive axis and display premature reproduc-
tive aging (18). Moreover, rescue of ovulation in global
Gpr54-null mice is quantitatively incomplete and requires
intensive gonadotropin priming (51). Therefore, actions of
kisspeptins downstream from gonadotropins (e.g., at the
ovarian level) might contribute to the fine-tuning of repro-
ductive function.

Regarding the female reproductive axis, ovarian expres-
sion of the elements of the Kiss1 system has been demon-
strated in different mammals, including rodent (rat, mouse,
hamster), porcine, bovine, and primate ovaries (48, 49). The
latter group includes marmoset monkeys and humans (52).
Of note, Kiss1 mRNA expression in the rat ovary changes ac-
cording to the stage of the cycle, with maximum levels at the
preovulatory phase (49). This activation is caused by the
ovulatory surge of gonadotropins. In turn, inhibition of pros-
taglandin synthesis, which is known to severely perturb
ovulation, caused a marked drop of ovarian Kiss1 mRNA
levels and prevented the capacity of ovulatory doses of hCG
to induce Kiss1 expression in the rat ovary (52). Altogether,
these data are suggestive of a role of locally born kisspeptins
in the control of ovarian functions, whose physiologic impor-
tance has yet to be elucidated.

Local kisspeptin signaling in the ovary has been impli-
cated in a variety of relevant functions, which include the
control of steroidogenesis (53), follicular maturation, ovula-
tion, and ovarian senescence (48). Intra-ovarian infusion of
a kisspeptin antagonist resulted in delayed puberty and per-
turbed estrous cyclicity in rats, without changes in circulating
LH levels (54). In addition, not only was the pattern of ovarian
expression of Kiss1 severely perturbed in rat models of disrup-
ted ovulation (52), but also blockade of local kisspeptin
signaling by intra-ovarian infusion of a kisspeptin antagonist
in adult female rats reduced the number of large (type III) fol-
licles and corpora lutea, the latter being a marker of ovulation
(55). Conversely, direct ovarian injection of kisspeptin caused
the opposite effect (55). Altogether, these data support a
discernible role of local kisspeptins in the control of follicular
dynamics and ovulation.

However, the relative importance of such direct ovarian
actions remains controversial, because they are subordinated
to the dominant central effects of kisspeptins in the control of
the GnRH/gonadotropin system. In fact, the inherent diffi-
culty to tease apart central versus local actions of kisspeptins
has shadowed the relevance of ovarian kisspeptin signaling
that, despite being globally dispensable for ovulation, is likely
to play a role in follicular dynamics and oocyte survival, with
potential impact in the precise modulation of ovulatory effi-
ciency and, eventually, ovarian aging (51, 56). Thus, Gpr54
heterozygosity, which results in decreased ovarian expression
of Gpr54 mRNA, in face of preserved (if not increased) gonad-
otropin secretion, caused late-onset ovarian failure (51). In
addition, signaling via the neurotropin receptor NTRK2 in
the oocyte requires preserved kisspeptin signaling to promote
oocyte survival and prevent premature ovulatory failure (56).
This evidence, together with the fact that the oocyte expresses
Gpr54 in a number of species, including rodent, canine, and
porcine species (56-58), strongly suggests that direct
kisspeptin actions in the oocyte may contribute to modulate

Fertility and Sterility®

follicular survival and ovulation. This contention is solidly
supported by our findings in a novel mouse line engineered
to lack Gpr54, and thus direct kisspeptin actions, in the
oocyte, which displays distinctive features of progressive
premature ovarian insufficiency.

KISSPEPTIN ROLES IN THE UTERUS AND
PREGNANCY

In addition to local expression and function in the gonads,
kisspeptins are reportedly expressed in the uterus (59), where
they have been implicated in the control of endometrial gland
formation and placentation, key phenomena for reproductive
success. Mice with congenital ablation of Kiss1 or Gpr54
suffer from severe uterine hypoplasia and absence of
endometrial glands (60), which may be mainly due to the hy-
pogonadal state of these animals caused by the the lack of
central stimulatory actions of kisspeptins. Yet, experimental
evidence suggests that part of this hypoplastic phenotype
might derive from the lack of kisspeptin effects directly at
the uterus. In detail, with the use of genetically modified mu-
rine models with global or conditional ablation of kisspeptin
signaling, it has been documented that, while uterus growth is
largely dependent on the estrogenic input driven by the cen-
tral activity of the HPO axis, endometrial adenogenesis (i.e.,
the process of endometrial gland generation) is severely
compromised in conditions of preserved estrogen levels but
lack of peripheral kisspeptin signaling (61). Considering the
key role of endometrial glands in the local production of fac-
tors essential for uterine receptivity and embryo implanta-
tion, such local actions of kisspeptins at the endometrial
level might be relevant in achieving maximal reproductive
efficiency.

In addition, kisspeptins have long been associated with
different aspects of human placentation and gestation,
although the actual physiologic roles of kisspeptins during
pregnancy remain ill defined. An exhaustive recapitulation
of such gestational roles of kisspeptins is beyond the scope
of this review, but it is worth mentioning that the elements
of the Kiss1 system are known to be expressed in human
endometrium and placenta (62) and that kisspeptins have
been suggested to participate in the control in human
placentation (62, 63). Thus, kisspeptin signaling seems to
operate as a repressor of human trophoblast migration
and invasion (64), but has also been suggested to operate
as a promoter of embryo implantation (62). Of note, kiss-
peptins and Gpr54 seem to be appropriately located at
the fetal-maternal interface to modulate placental inva-
sion. Kiss1/kisspeptins are highly expressed in the syncy-
tiotrophoblast in normal human placenta (64), whereas
Gpr54 is present in the villous and invasive extravillous
human cytotrophoblasts (64, 65), thus providing the basis
for putative autocrine and paracrine regulation of invasion
by trophoblast cells. Altogether, these data suggest a puta-
tive function of kisspeptins in human placentation. In addi-
tion, the circulating levels of kisspeptins dramatically
increase during human gestation (66), with a ~1,000-fold
increase in the first trimester, and up to a ~7,000-fold in-
crease in the third trimester (66). The physiologic
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Major biologic effects and sites of action of kisspeptins at different levels of the female reproductive axis. For specific references, see the
corresponding sections in the text.

Site of action

Hypothalamus
Distribution

Actions on GnRH neurons

Non-GnRH neuron actions

Pituitary
Distribution

Effects in gonadotropes

Ovary
Distribution

Biologic effects

Uterus
Distribution

Biologic effects

Placenta and gestation
Distribution and levels

Biologic actions

Distribution and biologic effect

Kiss1 neurons are found in the hypothalamic ARC/infundibular region in mammals of both sexes, including
rodents and primates; a set of ARC Kiss1 neurons coexpress neurokinin B and dynorphin and are termed
KNDy

In the female, a second population of Kiss1 neurons is found in the AVPV in rodents and the preoptic area in
sheep and primates

Kisspeptins potently stimulate firing of GnRH neurons and GnRH secretion in mammals, including rodents, sheep,
and primates

ARC Kiss1/KNDy neurons are involved in mediating the negative feedback of sex steroids and are an essential
component of the GnRH pulse generator

AVPV Kiss1 neurons play a major role in generation of preovulatory surge of gonadotropins and ovulation (mostly
documented in rodents)

Primary actions of kisspeptins on brain targets other than GnRH neurons have been suggested, but the
physiologic relevance of such non-GnRH actions has yet to be fully characterized

Kiss1/kisspeptin and Gpr54 have been found in rat pituitary gonadotropes. Kisspeptins have detected in the
monkey pituitary as well, but colocalization in gonadotropes is unclear in primates

Kisspeptins can directly stimulate LH secretion by rat pituitary explants ex vivo, although some reports have failed
to detect such direct stimulatory actions

Kisspeptins induce transcriptional activation of LHB and FSH@ gene in pituitary cells

Kisspeptins elicit Ca®* responses in gonadotropes in a variety of species, including rat, ovine, porcine, bovine, and
primate species

Kiss1/kisspeptin and Gpr54 have been shown to be expressed in rodent (rat, mouse, hamster), porcine, bovine,
and primate ovaries. Gpr54 expression has been documented in oocytes

Kiss1 expression in the rat ovary is cyclic and hormonally regulated, with peak levels preceding ovulation being
driven by the preovulatory surge of gonadotropins

Local kisspeptin actions have been involved in different ovarian functions, including modulation of
steroidogenesis, ovulation, and ovarian senescence; the physiologic relevance, however, remains ill defined

Blockade of local kisspeptins in the rat ovary delays puberty onset and reduces ovulatory efficiency in adulthood,
as denoted by decreased number of corpora lutea

Haplo-insufficiency of Gpr54, which reduces ovarian Gpr54 expression, results in premature ovarian failure in
mice; progressive premature ovarian insufficiency is also found in a model of conditional ablation of Gpr54
from oocytes

Elements of the Kiss1 system are expressed in the mouse uterus, including the luminal and glandular epithelia on
the day of implantation

Absence of kisspeptin signaling causes severe uterine hypoplasia and absence of endometrial glands

Uterine hypoplasia due to global elimination of kisspeptin signaling is mainly due to the lack of central effects of
kisspeptins, which results in low estrogenic input to the uterus

Proper endometrial gland formation in the mouse uterus is not dependent on central kisspeptin signaling and
requires peripheral actions of kisspeptins, possibly at the level of the uterus

Kiss1/kisspeptins are highly expressed in the syncytiotrophoblast in normal human placenta, whereas Gpr54 is
present in the villous and invasive extravillous human cytotrophoblast

Plasma levels of kisspeptins dramatically increase in human gestation, with a >1,000-fold increase in the first
trimester, and up to a ~7,000-fold increase in the third trimester

Kisspeptins have been suggested to participate in the control in human placentation, acting as repressor of
human trophoblast migration and invasion

Local kisspeptins may promote embryo implantation in mice

Placentation and pregnancy can progress despite the absence of kisspeptin signaling

The putative role of increased plasma levels of kisspeptins during gestation remains unknown; they might
contribute to hormonal and metabolic adaptations during pregnancy

Note: ARC = arcuate nucleus; AVPV = anteroventral periventricular nucleus; FSH = follicle-stimulating hormone; GnRH = gonadotropin-releasing hormone; LH = luteinizing hormone.

Ruohonen. Kisspeptins and ovarian function. Fertil Steril 2020.

consequences of such elevation remain an enigma, howev-
er, although it has been suggested that it might contribute
to the metabolic adaptations of pregnancy.

Of note, few women who are infertile due to inactivating
mutations of the GPR54 gene have been reported to give birth
to healthy children after ovulatory induction (67). This would
dismiss an indispensable role of kisspeptin signaling at the

maternal side for completion of human pregnancy. It must
be stressed, however, that the particular characteristics of
placentation of these patients could not be evaluated in detail;
therefore, it is possible that the absence of kisspeptin
signaling might have caused modest alterations of placental
morphology or function that, even if not being incompatible
with successful gestation, may affect optimal organ
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Potential clinical applications of kisspeptins and related factors in reproductive medicine.

Medical condition

Infertility
IVF

Prevention of OHSS

Potential medical application

Peripheral administration of kisspeptins has been shown to induce ovulation in different mammals, and
subcutaneous injection of kisspeptin can induce egg maturation and ovulation in protocols of IVF

The reported protocols of kisspeptin stimulation do not clearly improve the efficiency of current procedures of
gonadotropin stimulation and require pretreatment with recombinant FSH; are new analogues needed?

Kisspeptin stimulation likely evokes a more physiologic gonadotropin stimulation and is less prone to cause the most
serious complication of IVF, i.e., OHSS

Women at risk of OHSS do not commonly display such adverse complication after kisspeptin stimulation, despite
application of a second dose of kisspeptin to extend the duration of LH secretion

PCOS
Pathophysiology

Fragmentary evidence suggests alterations of hypothalamic expression of Kiss1 in preclinical models of PCOS

Inconclusive evidence has pointed out alterations of circulating levels of kisspeptins in women with PCOS

Treatment
PCOS, but with incomplete efficacy

Repeated injections of kisspeptin-54 induced gonadotropin responses and rescued ovulation in preclinical models of

A pilot study in anovulatory women with PCOS showed that treatment with kisspeptin-54 can induce gonadotropin
responses in patients with PCOS, but ovulation was rescued in only a fraction of treated women

Hormone-dependent
conditions
Endometriosis

Data from preclinical models suggest that kisspeptin analogues (antagonists or agonists, via desensitization) may

cause suppression of ovarian function without reaching castration levels; no evidence from clinical studies yet

Uterine fibroids

Data from preclinical models suggest that kisspeptin analogues (antagonists or agonists, via desensitization) may

cause suppression of ovarian function without reaching castration levels; no evidence from clinical studies yet

Hot flushes

Antagonists of NKB, a peptide coexpressed with Kiss1in KNDy neurons, are novel pharmacologic tools for the control

of menopausal hot flushes; NKB analogues are currently in clinical trials to test for efficacy and safety

Biomarkers
Gestational diseases
growth restriction and preeclampsia

Low circulating levels of kisspeptin have been proposed as biomarker of gestational alterations, such as intrauterine

Low circulating levels of kisspeptins, together with suppressed levels of miR-324-3p, were recently proposed as

biomarker of ectopic pregnancy
Risk of abortion
Gestational tumors

Decreased circulating levels of kisspeptins have been proposed as a putative predictor of miscarriage risk
Circulating levels of kisspeptins increase in gestational trophoblastic neoplasia and decrease with treatment

Note: Conditions and applications are predicted based on preclinical and clinical research; no kisspeptin-based protocols are currently in routine practice. FSH = follicle-stimulating hormone; IVF =
in vitro fertilization; KNDy = Kiss1/neurokinin B/dynorphin; LH = luteinizing hormone; NKB = neurokinin B; OHSS = ovarian hyperstimulation syndrome; PCOS = polycystic ovary syndrome.

Ruohonen. Kisspeptins and ovarian function. Fertil Steril 2020.

physiology. Along the same line, placentas from global Kiss1-
or Gpr54-null mice have been shown to display grossly
preserved structure and basic function, as evaluated by ster-
eologic studies and analyses of amino acid and glucose trans-
port in placentas from Gpr54 and/or Kiss1 knockout mice
(68). Though direct extrapolation of these findings to humans
must be made with caution, these data suggest that congenital
lack of kisspeptin signaling at either the maternal or the fetal
side is not incompatible with completion of gestation, even if
distinct functions of kisspeptins in the control of embryo im-
plantation, placentation, and gestation have been docu-
mented by clinical and experimental studies.

CLINICAL APPLICATIONS OF KISSPEPTINS:
WHERE ARE WE; WHERE DO WE GO?

Given the paramount importance of kisspeptins in the con-
trol of HPO axis, and their capacity to potently activate
gonadotropin secretion in humans and other mammals, kiss-
peptin analogues (both agonists and antagonists) have been
explored as potential pharmacologic tools for the manage-
ment of various reproductive disorders. Likewise, changes
in kisspeptin levels have been proposed as putative markers
for improved diagnosis of some conditions. While the clin-
ical use of kisspeptins, either for diagnostic or therapeutic

purposes, has yet to be consolidated, some illustrative exam-
ples along these potential medical applications of kisspep-
tins are discussed here and summarized in Table 2.

A number of studies in various animal species have
documented that peripheral administration of kisspeptins
can evoke ovulation (46, 69, 70). Of particular interest,
subcutaneous injection of kisspeptin has been shown to
induce egg maturation and ovulation in protocols of
in vitro fertilization (IVF) in women, thus paving the
way for the use of kisspeptins in the protocols of ovarian
stimulation in IVF techniques (69). In principle, it is argu-
able that kisspeptin stimulation might evoke a more phys-
iologic gonadotropin stimulation than exogenous
gonadotropin priming, therefore reducing the potential of
off-target and side-effects. In fact, the protocols of kiss-
peptin administration to induce oocyte maturation are
less prone to cause the most serious complication of IVF,
ovarian hyperstimulation syndrome (OHSS) (71). Of note,
even women at risk of OHSS do not commonly display
such an adverse complication after kisspeptin stimulation,
despite application of a second dose of kisspeptin to extend
the duration of LH secretion (72). Admittedly, however, the
reported protocols of kisspeptin stimulation do not
improve the efficiency of current protocols of gonado-
tropin stimulation and require pretreatment with
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recombinant FSH (69). In this scenario, the use of longer-
acting analogues of kisspeptins might pose an advantage
for IVF procedures, which has yet to be clinically proven.

Along the same lines, the possibility that kisspeptin-
based treatments might improve the management of common
anovulatory conditions, such as PCOS, has been recently ad-
dressed. PCOS is a prevalent endocrinopathy, commonly
associated with oligo/anovulation. Even though it affects a
notable fraction of the human female population in reproduc-
tive age, the treatments for PCOS remain mostly symptomatic
and are of moderate efficacy when conception is desired, they
being linked with potentially life-threatening complications,
such as OHSS. Thus, kisspeptins might provide a therapeutic
advantage for induction of ovulation in PCOS women. In a
recent study, we reported the effects of administration of
kisspeptin-54 in a pilot exploratory cohort of anovulatory
women with PCOS (73). Our data showed that administration
of kisspeptin-54 twice daily for 21 days elicited LH responses
in five of the seven women, but only two presented growth of
a dominant follicle with subsequent ovulation. In the same
study, the ability of repeated injections of kisspeptin-54 to
induce LH and FSH responses and to cause ovulation was
evaluated in three different preclinical models of PCOS (73).
While kisspeptin administration consistently induced LH
and FSH responses, albeit with differences in magnitude
across the rat models, efficiency of this treatment in terms
of ovulatory induction was variable, and it evoked ovulation
only in models of postnatal androgenization, but not in those
of continuous exposure to high androgen levels. Altogether,
this combination of preclinical and clinical data demonstrates
that kisspeptin administration in anovulatory preclinical
models and in women with PCOS can stimulate reproductive
hormone secretion and ovulation, albeit with incomplete effi-
cacy, thus arguing for the need of personalized management
of anovulatory dysfunction in women with PCOS, some of
whom may benefit from kisspeptin-based treatments.

Development of kisspeptin antagonists and realization of
the coexpression of kisspeptins with other neuropeptides with
key roles in the control of reproductive function, such as NKB
in KNDy neurons, has led to the proposal of additional thera-
peutic uses of kisspeptin analogues or related compounds.
Based on preclinical data, kisspeptin antagonists might be
useful to prevent the preovulatory surge, decrease gonado-
tropin levels without achieving the castration range, and
manage endocrine-dependent female reproductive disorders
ranging from endometriosis to uterine fibroids. Admittedly,
however, clinical data supporting these applications are still
missing. On the other hand, demonstration that NKB pro-
duced by KNDy neurons might contribute to the generation
of menopausal hot flushes has led to active clinical investiga-
tion of the potential utility of NKB receptor antagonists (74),
which are now in clinical trials. In addition, evidence for the
eventual use of NKB antagonists in normalizing GnRH/LH
hypersecretion, seen in women with PCOS, has been proposed
very recently (75).

Finally, because tissue Kiss1 and/or Gpr54 expression, as
well as circulating kisspeptin levels, have been reported to
change in some pathophysiologic conditions, the possibility
that they might serve as biomarkers of disease has been

explored, for example, in gestational pathologies. As
described in the preceding section, blood levels of kisspeptins
have been reported to dramatically increase during human
gestation; accordingly, inappropriately low kisspeptin levels
have been proposed as biomarker of gestational alterations,
such as intrauterine growth restriction and preeclampsia
(76, 77). Likewise, altered circulating levels of kisspeptins
might serve as a putative predictor of miscarriage risk (78).
In line with this possibility, a recent pilot study comparing
women with viable intrauterine pregnancy versus women
with confirmed spontaneous abortion suggested that kisspep-
tin levels during an early gestational window (weeks 6-10)
might serve as a biomarker of pregnancy viability (79). In
the same vein, we recently described that disproportionately
low kisspeptin levels, together with decreased circulating
levels of its regulator, miR-324-3p, might serve as putative
biomarkers for accurate screening of ectopic pregnancy at
early gestational ages (80).

CONCLUSION

Discovery of the reproductive dimension of kisspeptins has
revolutionized our understanding of the basic mechanisms
responsible for the precise control of the female reproductive
axis, kisspeptins now regarded as indispensable elements for
the proper maturation and function of the HPO axis. Although
realization of the fundamental reproductive roles of kisspeptin
dates back only to late 2003, the progress in the field has been
astonishingly rapid and has allowed us to decipher key aspects
of kisspeptin physiology. Conclusive evidence has demon-
strated that the primary site of actions of kisspeptins is the pop-
ulation of GnRH neurons in the hypothalamus, where
kisspeptins mediate the feedback effects of ovarian steroids
and are able to induce potent excitatory effects that are essen-
tial for normal puberty onset, proper pulsatile gonadotropin
secretion, and ovulation, a contention that can be regarded
as dogma in the field. In addition, as yet fragmentary evidence
has been gathered over the past 15 years for additional actions
of kisspeptins, not only on neuronal circuits other than for
GnRH, but also at other reproductive tissues, such as the pitu-
itary, the gonads, the uterus, and the placenta. We can consider
these actions to be less striking and of modest magnitude and
possibly subordinated to the central GnRH-centric effects of
kisspeptins in the HPO axis. In any event, characterization of
such peripheral actions of kisspeptins and their actual physio-
logic relevance can be considered as open challenges for repro-
ductive physiology and medicine, and their elucidation will
help to reveal the whole set of pathophysiologic, diagnostic,
and therapeutic implications of kisspeptins in the context of fe-
male reproduction.
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Objective: To investigate whether mutations in the minichromosome maintenance complex component 9 (MCM9) gene were present
in 192 patients with sporadic premature ovarian insufficiency (POI) of Chinese descent.

Design: Genetic and functional study.

Setting: University-based reproductive medicine center.

Patient(s): A total of 192 patients with sporadic POI and 192 control women with regular menstruation.

Intervention(s): Sanger sequencing performed in 192 sporadic POI patients, and potential pathogenic variants were excluded in
matched controls. Functional effects of mutations on MCM9 were explored based on etoposide-induced DNA damage response, and
DNA repair capacity was evaluated by histone H2AX phosphorylation level.

Main Outcome Measure(s): Sanger sequencing and functional characteristics.

Result(s): Three novel heterozygous mutations in MCM9, ¢.C1423T (p.L475F), ¢.T2921C (p.L974S), and ¢.G3388A (p.A1130T), were
identified in three POI patients separately, which were absent in 192 controls. Functional studies showed that the human embryonic
kidney 293 (HEK293) cells overexpressing mutant MCM9 presented with diminished DNA repair capacity compared with wild type.
Conclusion(s): This study identified novel mutations in MCM9 that are potentially causative for sporadic POI in Chinese women and
further highlighted the role of DNA repair capacity in maintenance of ovarian function. (Fertil Steril® 2020;113:845-52. ©2019 by
American Society for Reproductive Medicine.)

El resumen esta disponible en Espaiiol al final del articulo.

Key Words: DNA repair, MCM9, mutation, POI

Discuss: You can discuss this article with its authors and other readers at https://www.fertstertdialog.com/users/16110-fertility-
and-sterility/posts/55484-28715

characterized by amenorrhea, infer-
tility, estrogen deprivation, and
elevated follicle-stimulating hormone

(FSH) serum levels (1). Approximately
1% to 5% of women are affected by
POI and are at high risk of osteoporosis,
cardiovascular disease, and other long-

remature ovarian insufficiency
P (POI) is defined as loss of ovarian
function before 40 years of age,
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term health complications due to estro-
gen deficiency (2).

Premature ovarian insufficiency is
a heterogeneous condition both clini-
cally and etiologically. Besides iatro-
genic factors such as ovarian surgery,
chemotherapy, or radiation therapy,
POI may be caused by chromosomal
abnormalities, gene mutations, im-
mune disease, or infections, although
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in most of the patients causes are still unknown (1). Genetic
defect accounts for 20% to 25% of POI cases (3). Then causa-
tive genes for POI have been found via sanger sequencing ac-
cording to the phenotypes of animal models, such as FIGLA,
NOBOX, NR5A1, FSHR, and BMP15 (3-8), which participate
in folliculogenesis or steroid hormone synthesis and response.
Recent approaches using whole-exome sequencing in POI
pedigrees have found a few novel causative genes involved
in meiosis or DNA damage repair, such as HFM1, STAG3,
SYCE1, MCM9, MCM8, MSH5, and BRCA2 (9-17).

Among the novel genes, minichromosome maintenance
complex component 8 (MCM8) and 9 (MCM?9) are DNA heli-
cases participating in DNA replication and homologous
recombination (HR), which are crucial for gonadal develop-
ment and ovarian function (18). Mcm9 knockout mice have
atrophic ovaries completely devoid of follicles (19, 20). Ho-
mozygous pathogenic variants in MCM9 have been found
in POI pedigrees (14, 21). Desai et al. (22) found nearly 5%
of patients with sporadic POI carried damaging heterozygous
mutations of MCM9. However, the contribution of MCM9 for
POI in Chinese patients is unclear. Here, we performed Sanger
sequencing of MCM9 in 192 Chinese women with sporadic
POI and identified three novel heterozygous mutations. Func-
tional studies found the three mutations impaired DNA repair
efficiency of MCM9, indicating that haploinsufficiency of
MCM?9 contributes to pathogenesis of POI in women of Chi-
nese ethnicity.

MATERIALS AND METHODS
Study Population

A total of 192 patients with sporadic POI and 192 control
women were recruited from the Center for Reproductive Med-
icine at Shandong University. The criteria for sporadic POI
included primary or secondary amenorrhea for at least 4
months before 40 years of age, along with at least two in-
stances of serum FSH levels >40 IU/L detected at an interval
of 4-6 weeks, 46,XX karyotype, and no family history of POI.
Known causes, such as autoimmune diseases, pelvic surgery,
and chemo/radiotherapy treatment were excluded.

As controls, we recruited 192 women with regular
menstruation and normal levels of FSH (<10 IU/L), who
were receiving intracytoplasmic sperm injection (ICSI) treat-
ment owing to male factor infertility. All the control women
had normal ovarian responses during ovarian stimulation
(Table 1).

Written informed consent was obtained from all partici-
pants. This study was approved by the institutional review
board of Reproductive Medicine at Shandong University.

Sanger Sequencing

Genomic DNA was extracted from peripheral blood samples
with QlIAamp DNA minikit (Qiagen) according to the manu-
facturer’s protocol. All exons and exon-intron boundaries
of human MCM9 gene (ENST00000316316.10) was amplified
by polymerase chain reaction (PCR). The PCR products were
purified, labeled by Bigdye (Applied Biosystems), and
sequenced on an ABI 3730-Avant Genetic Analyzer (Applied

TABLE 1

Clinical features of patients with sporadic premature ovarian
insufficiency and controls.

Characteristics Sporadic POI Control Pvalue
No. of patients 192 192 —
Age (y) 28.75 +4.22 27.03 £ 2.74 <.001
Age of 23.01 £5.19 — —
amenorrhea (y)
FSH (IU/L) 77.07 £ 25.84 6.02 + 1.08 <.001
Amenorrhea type
Primary (n) 14 — —
Secondary (n) 178 — —

Note: FSH= follicle-stimulating hormone; POl = primary ovarian insufficiency.

Guo. Novel MCM9 mutations responsible for POI. Fertil Steril 2019.

Biosystems). All the variants were confirmed by three inde-
pendent PCR runs, sequenced in forward and/or reverse direc-
tions. The novel variations were verified in the 192 controls.
Amino acid sequences of other species were obtained from
the Uniprot database, and the conservation analysis was con-
ducted on the ClustalW2 Web site (www.clustal.org/clustal2).

Plasmids Construction and Mutagenesis

The wild-type plasmid was constructed by inserting human
MCM?9 cDNA directly into the pcDNA3.1 vector. The mutant
plasmids were generated with wild-type plasmid as the tem-
plate, using the QuikChange Lightning Site-Directed Muta-
genesis Kit (Agilent), and were confirmed by Sanger
sequencing,.

DNA Repair Assay

Human embryonic kidney 293 (HEK293) cells were cultured in
Dulbecco’s modified Eagle’s medium/high glucose (Thermo-
Fisher) medium supplemented with 10% fetal bovine serum
at 37°C with 5% CO, for 24 hours. They were then transiently
transfected with wild-type or mutant MCM9 plasmids with
the use of lipofectamine (Invitrogen). After 24 hours, the cells
were incubated in culture medium containing etoposide (ETO,
5 ug/mL) for 2.5 hours at 37°C to induce DNA double-strand
breaks (DSBs). Then the culture medium was dropped, and the
cells were harvested immediately, or they were cultured with
normal medium for an additional 3 or 6 hours at 37°C where-
upon the cell were harvested after recovery. Phosphorylation
of the Ser-139 residue of histone variant H2AX (yH2AX; Cell
Signaling Technology) was tested as a sensitive marker for
DSBs by use of Western blot analysis. To further assess the po-
tential dominant negative effect, the mutant plasmids and
wild-type plasmids (in a 1:1 ratio, amount equal to isolated
wild-type group) were cotransfected into HEK293T cells, fol-
lowed by the DNA repair assay.

Three independent experiments were conducted. To
compare the change in YH2AX level, we quantified the gray-
scale scores of Western blot bands using ImageJ software (Na-
tional Institute of Health). The grayscale scores of YH2AX in
the cells treated with ETO and recovered at specific time points
were divided by those of untreated cells in each group. We
compared the relative grayscale score between the wild-type
and the mutant groups after 6 hours of recovery.
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GFP-based HR Reporter Assay

The HEK293 cells carrying green fluorescent protein (GFP)-
cased HR reporter substrates and I-Scel-vector were gener-
ously provided by professor Fengli Wang from Huazhong
University of Science and Technology and professor Hailong
Wang from Capital Normal University (23). The DSBs could be
generated by transfecting I-Scel into the HR reporter cells. If
the DSBs had been repaired through HR, GFP would be ex-
pressed, and the percentage of GFP-positive cells would
reflect the HR efficiency. Therefore, we cotransfected I-Scel
and MCM9-pcDNA3.1 plasmids (wild type and/or mutant)
into the HR reporter cells.

The cells were collected for flow cytometry analysis after
48 hours of culture. The pcDNA3.1 vector was transfected into
the HR reporter cells as negative controls (NC). The percentage

of GFP-positive cells was calculated, and the ratio of HR effi-
ciency was obtained by the percentage of GFP-positive cells
in the wild-type or mutant groups divided by that of NC
group. Three independent experiments were conducted, and
at least 40,000 cells were counted at one time.

Statistical Analysis

Software SPSS 20 (IBM) was used for data analysis. The age
and serum FSH concentration were checked for normality
and described as mean =+ standard deviation. The frequency
of genotypes was tested by Pearson’s chi test or Fisher’s exact
test. The relative grayscale of the Western blots and HR repair
efficiency were tested by independent sample t-tests. All the P
values were two-sided, and P<.05 was considered statisti-
cally significant.
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RESULTS
Three Novel Mutations Identified in POI

Through Sanger sequencing in 192 patients with POI, three
novel heterozygous missense variations in MCM9
(ENST00000316316.10) were identified: ¢.C1423T (p.L475F),
¢.T2921C (p.L974S), and ¢.G3388A (p.A1130T), which were
absent in 192 controls. Variants p.L475F and p.L974S were
highly conserved across species (Fig. 1). Variant p.L475F in
exon 8 was located at the minichromosome maintenance
(MCM) domain, which promotes hydrolysis of adenosine
triphosphate (ATP), and p.L974S and p.A1130T in exon 12
were located at the C-terminal extension domain. In addition,
12 single nucleotide polymorphisms (SNP) were identified
(Supplemental Table 1, available online). Among them, the
frequencies of the SNPs rs768968338 (allele frequency:
99.74% vs. 99.994%, P=.043) and rs79670608 (allele fre-
quency: 99.74% vs. 98.24, P=.02) were statistically signifi-
cantly different between our POI cohort and the 1000
Genomes Project database (www.internationalgenome.org).

The two patients, who carried p.L475F and p.A1130T,
experienced menarche at 16 years old, followed by irregular
menses (30 to 180 days per menstrual cycle) that ceased at
the ages of 25 and 26, respectively. The carrier of mutation
p.L974S experienced menarche at 14 years old, had sponta-
neous menstruation for 4 years, and underwent menopause
at the age of 19. Ultrasound examination of the three patients
showed small ovaries with no follicles. None of these patients
had a history of pregnancy (Table 2).

Mutant MCM9-impaired DSB Repair Capacity

To illustrate the effect of mutants p.L475F, p.L974S, and
p.A1130T on DNA repair capacity, we induced DSBs with
ETO treatment to evaluate the repair efficiency via the level
of yH2AX. In HEK293 cells overexpressing wild-type
MCM9, yH2AX increased immediately after ETO treatment
and disappeared after recovery for 6 hours. However, the cells
overexpressing mutant p.L475F, p.L974S, or p.A1130T
showed a higher level of YH2AX after recovery for 3 or 6
hours compared with the wild type.

To examine whether a dominant negative effect of the
three mutations existed, we cotransfected the mutant and
wild-type plasmids at ratiol:1 into HEK293 cells. The
vH2AX level in cotransfected cells after recovery for 3 or 6
hours was lower than that in cells isolated transfected with
mutant plasmids but still higher than found in the cells iso-

lated transfected with wild-type MCM9 after recovery for 6
hours, indicating that haploinsufficiency of mutant MCM9
would be an possible explanation (Fig. 2A and B). The cells
isolated transfected with mutant MCM9 plasmids demon-
strated statistically significantly lower HR efficiency than
the wild type, whereas the cotransfected cells showed a me-
dian HR efficiency between wild-type and mutant cells that
was consistent with the results of the DNA repair assays
(see Fig. 2C and D).

DISCUSSION

In Chinese patients with POI, our study identified three novel
heterozygous missense mutations of MCM9 that adversely
affect DNA repair function, giving more evidence to the path-
ogenesis of DNA repair defects in the etiology of POI. Primor-
dial follicles are the storage unit of the female germline, and
their genetic integrity is essential for maintaining oocyte
quantity and quality (24). To protect genome integrity, cells
have evolved a network of pathways called DNA damage
response, which is responsible for detecting DNA damage,
activating checkpoints leading to cell cycle arrest, and coor-
dinating the whole repair process (25). In the germline,
DSBs are the most common and severe form of DNA damage,
and they are deliberately induced and efficiently repaired
through homologous recombination during pachytene of
meiosis I (26). Genetic studies of POI have found causative
mutations in genes involved in HR, such as MSH4, MSH5,
MCM8, MCM9, HFM1, BRCA2, and MEIOB (10, 13, 14, 16,
27-29), which emphasizes the pivotal role of DNA repair
genes in folliculogenesis and maintenance of ovarian
function.

The MCM8-MCM?9 complex has been considered to be a
participant in DNA replication and resolution of DSBs during
HR (30). The two processes are important for germ cell prolif-
eration and meiotic recombination, disturbances of which
would lead to insufficient oocyte generation or accelerated
oocyte apoptosis (31). Moreover, mice deficient in Mcm8
and Mcm9 are infertile and have small gonads due to germ-
cell depletion, which mimics the phenotype of POI in humans
(20). Whole-exome sequencing has identified homozygous
mutations of MCM8 and MCM9 in consanguineous pedigrees
of POI, suggesting the pathogenetic effect of a dysfunctional
MCM8-MCM?9 complex in POI (14, 21). In previous study we
found MCM8 heterozygous mutations in sporadic patients
(32). In our present study, we have identified three novel het-
erozygous missense mutations in MCM9. The frequencies of

TABLE 2

Clinical profiles of three women with premature ovarian insufficiency who carry MCM9 mutations.

Menarche  Menopause FSH E, Stature
Patient age (y) age (y) (IU/L)  (pg/mL) (cm)
POI-1 16 25 138.2 14.4 160
POI-2 14 18 66.81 <5 153
POI-3 16 26 107 <5 160

Ovary
size (mm
(o) MCM9
Karyotype Right Left Follicle variants
46,XX 15*10 14*8 Absent c.C1423T (p.LA75F)
46,XX 12*5 Invisible  Absent  ¢.T2921C (p.L974S)
46,XX Invisible Invisible  Absent  c.G3388A (p.A1130T)

Note: E; = estradiol; FSH = follicle-stimulating hormone; MCM9 = minichromosome maintenance complex component 9; POl = premature ovarian insufficiency.

Guo. Novel MCM9 mutations responsible for POI. Fertil Steril 2019.
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MCM9 mutations adversely affect the DNA repair capacity. (A) The cells overexpressing MCM9 with mutation p.L475F, p.L974S or p.A1130T
showed higher level of yH2AX after recovery for 3 or 6 hours compared with the wild type. To test the dominant negative effect of the three
mutations, we cotransfected the mutant and wild-type plasmids with ratio 1:1 into HEK293 cells. The yH2AX level in cotransfected cells after
recovery for 3 or 6 hours were lower than that in cells isolated transfected with mutant plasmids. Three independent experiments were
conducted (NC = negative control, which was transfected with pcDNA3.1 vector). (B) The relative grayscale of yH2AX after etoposide (ETO)
treatment compared with no ETO treatment according to the Western blot image of three independent experiments (the grayscale of no ETO
treatment was considered as 1 in each group of transfected cells). Independent sample t-test was used to compare the relative yH2AX. (C)
Homologous recombination (HR) reporter system working principle. (D) The HR efficiency of wild-type or mutant MCM9 compared with NC
group. (NC = cells transfected with |-Scel-vector and pcDNA3.1 vector.) Three independent experiments were conducted. *P<.05.

Guo. Novel MCM9 mutations responsible for POI. Fertil Steril 2019.

SNPs 15768968338 and r1s79670608 were substantially
different when we compared our POI findings with the 1000
Genomes Project database, which also indicates the associa-
tion between POI and MCMO9.

Our DNA repair assays showed that the cells overexpress-
ing mutant MCM9 had impaired DNA-repair capacity, and we
speculate about the haploinsufficiency of MCM9. Nearly all
the biallelic variation carriers of MCM9 presented with
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primary amenorrhea. In sporadic POI, Desai et al. (22) found 1
in 151 patients carried homozygous variations of MCM9,
while seven cases (7 of 151, 4.6%) had heterozygous varia-
tions with potential pathogenetic effects. The heterozygous
carriers most likely experienced secondary amenorrhea,
which would be consistent with the phenotype observed in
our cohort. Therefore, we assume that the effect of MCM9 mu-
tations on ovarian function might be dosage dependent. Hap-
loinsufficiency of MCM9 caused by heterozygous variations
predisposes women to secondary amenorrhea owing to resid-
ual functional MCM9, whereas biallelic variations might lead
to more severe defects in ovarian development leading to pri-
mary amenorrhea. Desai et al. (22) also found heterozygous
variations in MCM8, BRCA1, and RAD54L combined with
MCM9 variations coexisting in patients, which indicates
that the cumulative effect of genetic defects affects the clin-
ical severity of POI (33).

More importantly, the relationship between MCM9 and
tumors has still been elusive. The Mcm9 knockout mice had
a high risk of hepatocellular carcinoma and ovarian tumors
(19). Goldberg et al. (34) reported a homozygous mutation
carrier of MCM9 had early colorectal carcinoma and POI.
However, the three mutation carriers in our study had no his-
tory of tumors at the time of our investigation. Long-term
follow-up observation for tumors, especially for hormone-
sensitive tumors, should be recommended for patients with
MCM9 mutations.

CONCLUSION

We identified novel pathogenic mutations in MCM9 in Chi-
nese women with POI, which further expands the genotype
spectrum of MCM9 in POL
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ABSTRACT

The aim of this International Menopause Society White Paper on premature ovarian insufficiency (POI) is
to provide the latest information regarding this distressing condition. The impact of POI has far-reaching
consequences due to its impact on general, psychological, and sexual quality of life, fertility prospects,
and long-term bone, cardiovascular, and cognitive health. Progress in fully understanding the etiology,
diagnosis, and optimal management options has been slow thus far due to the complexity of the condi-
tion and fragmented research. Recent advances in epidemiological and genetic research have improved
our understanding of this condition and randomized prospective trials are being planned to determine
the intervention strategies, which will optimize quality of life and long-term well-being. The International
Menopause Society has commissioned a number of experts at the forefront of their specialty to define
the state of the art in the understanding of this condition, to advise on practical management strategies,
and to propose future research strategies. It is hoped that a global task force will subsequently be con-
vened in order to formulate a consensus statement across key societies, to accelerate date collection and
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analysis of a global POI registry, and to facilitate progress in the key defined areas of research.

Introduction

The development and diagnosis of premature ovarian insuffi-
ciency (POI) in a young woman has potentially life-changing
physical and emotional consequences for the sufferer. It is
therefore surprising that there has been relatively little
expenditure of global resources to fully understand what
causes this condition and how to optimally manage the
many sequelae of a premature cessation of ovarian activity
resulting in a chronic hypoestrogenic state. There is still
ongoing controversy in the nomenclature used to describe
this condition. Fuller Albright, a Harvard endocrinologist, first
described the condition as primary ovarian insufficiency to
indicate that the ‘primary’ defect was within the ovary. The
view of the International Menopause Society and others is
that it should be referred to as ‘premature ovarian insuffi-
ciency’, although many still refer to it as primary ovarian
insufficiency, premature ovarian failure, and premature
menopause. The term ‘premature ovarian insufficiency’ is rec-
ommended because ‘premature’ encompasses both spontan-
eous and iatrogenic conditions, and ‘insufficiency’, rather
than failure, reflects the possibility of some intermittent

ovarian activity, which can result in ovulation and even preg-
nancy. There has also been controversy regarding the precise
diagnostic criteria and optimal management options. All of
these factors often lead to a delay in the diagnosis and
effective treatment of POIl. The International Menopause
Society has therefore commissioned a number of experts for
this White Paper to define the state of the art in the under-
standing of this condition and to propose practical manage-
ment and future research strategies.

The topics discussed in this White Paper include:
Demographics and etiology; Pathophysiology and causes;
Presentation and diagnosis; Psychosexual and psychosocial
health; Cardiometabolic health; Bone health; Cognitive
health; Reproductive health; Practical management; POI regis-
try; Executive summary; and Conclusion.

Demographics and etiology of premature ovarian
insufficiency

POI, or hypergonadotropic hypogonadism, refers to loss of
ovarian activity that occurs under the age of 40years. It may
be associated with intermittent resumption of ovarian
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BACKGROUND: Polycystic ovary syndrome (PCOS) is associated with cardiometabolic disease, but recent systematic reviews and meta-
analyses of longitudinal studies that quantify these associations are lacking.

OBJECTIVE AND RATIONALE: |s PCOS a risk factor for cardiometabolic disease?

SEARCH METHODS: We searched from inception to September 2019 in MEDLINE and EMBASE using controlled terms (e.g. MESH)
and text words for PCOS and cardiometabolic outcomes, including cardiovascular disease (CVD), stroke, myocardial infarction, hyperten-
sion (HT), type 2 diabetes (T2D), metabolic syndrome and dyslipidaemia. Cohort studies and case—control studies comparing the
prevalence of T2D, HT, fatal or non-fatal CVD and/or lipid concentrations of total cholesterol (TC), low-density lipoprotein cholesterol
(LDL-C), high-density lipoprotein cholesterol (HDL-C) and triglycerides (TGs) between women with and without PCOS of >18 years of

© The Author(s) 2020. Published by Oxford University Press on behalf of European Society of Human Reproduction and Embryology.
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age were eligible for this systematic review and meta-analysis. Studies were eligible regardless of the degree to which they adjusted for con-
founders including obesity. Articles had to be written in English, German or Dutch. Intervention studies, animal studies, conference
abstracts, studies with a follow-up duration less than 3 years and studies with less than [0 PCOS cases were excluded. Study selection,
quality assessment (Newcastle—Ottawa Scale) and data extraction were performed by two independent researchers.

OUTCOMES: Of the 5971 identified records, 23 cohort studies were included in the current systematic review. Women with PCOS had
increased risks of HT (risk ratio (RR): 1.75, 95% Cl 1.42 to 2.15), T2D (RR: 3.00, 95% CI 2.56 to 3.51), a higher serum concentration of
TC (mean difference (MD): 7.14 95% Cl 1.58 to 12.70 mg/dl), a lower serum concentration of HDL-C (MD: —2.45 95% Cl —4.51
to —0.38 mg/dl) and increased risks of non-fatal cerebrovascular disease events (RR: |.41, 95% CI 1.02 to 1.94) compared to women
without PCOS. No differences were found for LDL-C (MD: 3.32 95% Cl —4.11 to 10.75 mg/dl), TG (MD 18.53 95% CI —0.58 to 37.64
mg/dl) or coronary disease events (RR: 1.78, 95% Cl 0.99 to 3.23). No meta-analyses could be performed for fatal CVD events due to
the paucity of mortality data.

WIDER IMPLICATIONS: Women with PCOS are at increased risk of cardiometabolic disease. This review quantifies this risk, which
is important for clinicians to inform patients and to take into account in the cardiovascular risk assessment of women with PCOS. Future
clinical trials are needed to assess the ability of cardiometabolic screening and management in women with PCOS to reduce future CVD
morbidity.

Key words: cardiometabolic health / polycystic ovary syndrome / hypertension / type two diabetes mellitus / dyslipidaemia / systematic

943

review / meta-analysis / long term

Introduction

Polycystic ovary syndrome (PCOS) is the most common endocrine
condition in women of reproductive age and has been suggested as a
risk factor for cardiometabolic disease. Depending on which diagnostic
criteria are applied, approximately 6—10% of the women of reproduc-
tive age are affected by PCOS. PCOS is diagnosed based on the pres-
ence of a combination of clinical signs of menstrual irregularities or
anovulation, clinical or biochemical hyperandrogenism and polycystic
ovaries. It is often diagnosed in the reproductive phase of life when
women with PCOS are confronted with infertility, or because of symp-
toms of hyperandrogenism, including acne, alopecia androgenica and
hirsutism (McLuskie and Newth, 2017).

PCOS has been suggested to be a specific female reproductive risk
factor for cardiometabolic diseases such as type 2 diabetes (T2D),
myocardial infarction and stroke, which are the leading causes of death
in women (Dokras, 2013; Harvey et al., 2015). Obesity, one of the
major modifiable risk factors for cardiometabolic disease, frequently
co-occurs with PCOS: approximately half of the women with PCOS
are obese (Figure 1) (Glueck et al, 2005; Rojas et al, 2014).
However, there is no evidence that PCOS is caused by obesity
(Legro, 2012). Both obesity and PCOS are linked to a higher meta-
bolic and cardiovascular disease (CVD) risk, but there is conflicting evi-
dence whether these are independent associations (Moran et al.,
2010; Karabulut et al., 2012). Insulin clamp studies have shown that
women with PCOS also have intrinsic insulin resistance, independent
of weight, suggesting a higher T2D risk, even in the absence of obesity
(Stepto et al., 2013; Cassar et al., 2016).

Current evidence regarding PCOS and cardiometabolic risk is
mostly extracted from cross-sectional studies, comparing cardiometa-
bolic risk factors, such as elevated blood pressure, hyperglycaemia and
dyslipidaemia, between women with and without PCOS, providing in-
formation about associations (Moran et al., 2010; Wild et al, 2011).
The current systematic review and meta-analysis evaluates all evidence
from observational longitudinal studies comparing cardiometabolic risk
factors, and fatal and non-fatal CVD events in women with and with-
out PCOS.

58 ENAOPAMA

Methods

This systematic review and meta-analysis is conducted following the
PRISMA guidelines and recommendations of the Cochrane collabora-
tion (Moher et al., 2009; Higgins, 201 I). The study protocol was pub-
lished in PROSPERO on |5 July 2015 (Registration number:
PROSPERO 2015 CRD42015023765).

A medical information specialist (J.L.) performed a systematic search in
OVID MEDLINE and OVID EMBASE from inception to 2 September
2019, to identify studies that reported the longitudinal association be-
tween PCOS and hypertension (HT), T2D and serum concentrations
of total cholesterol (TC), low-density lipoprotein cholesterol (LDL-C),
high-density lipoprotein cholesterol (HDL-C) and triglycerides (TGs),
as well as (non)fatal cardiovascular events (myocardial infarction,
stroke). The search consisted of controlled terms (e.g. MESH) and
text words for PCOS, and cardiometabolic outcomes, including CVD,
stroke, myocardial infarction, HT, T2D, metabolic syndrome and dysli-
pidaemia. The retrieved records were imported in ENDNOTE X7.5
and duplicate records were removed. Cited and citing references of
the included studies were screened for additional relevant publications.
The complete search is presented in Supplementary Data A.

Cohort studies and case—control studies comparing the prevalence of
HT, T2D, fatal or non-fatal cardiovascular events and/or lipid concen-
trations (TC, HDL-C, LDL-C and TG) between a group of women
with, and a control group without, PCOS of > |8 years of age were el-
igible for this systematic review and meta-analysis. The identification of
PCOS cases could be based on: the National Institutes of Health
(NIH) 1990 (Zawadzki and Dunaif, 1992), androgen excess (AE)-
PCOS (Azziz et al., 2009) and Rotterdam 2003 criteria (Rotterdam
ESHRE/ASRM-Sponsored PCOS Consensus Workshop Group, 2004);
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ARTICLE INFO ABSTRACT

Keywords: Introduction: Worldwide, it is estimated that about 1.3 million new gynecological cancer cases are diagnosed
Cancer each year. For 2018, the predicted annual totals were cervix uteri 569,847, corpus uteri 382,069, ovary 295,414,
Gynecological cancer vulva 44,235 and vagina 17,600. Treatments include hysterectomy with or without bilateral salpingo-oophor-
I(\;[;ZZEZ‘:;S ectomy, radiotherapy and chemotherapy. These can result in loss of ovarian function and, in women under the

age of 45, early menopause.

Aim: The aim of this position statement is to set out an individualized approach to the management, with or
without menopausal hormone therapy, of menopausal symptoms and the prevention and treatment of osteo-
porosis in women with gynecological cancer.

Materials and methods: Literature review and consensus of expert opinion.

Summary recommendations: The limited data suggest that women with low-grade, early-stage endometrial cancer
may consider systemic or topical estrogens. However, menopausal hormone therapy may stimulate tumor
growth in patients with more advanced disease, and non-hormonal approaches are recommended. Uterine
sarcomas may be hormone dependent, and therefore estrogen and progesterone receptor testing should be un-
dertaken to guide decisions as to whether menopausal hormone therapy or non-hormonal strategies should be
used. The limited evidence available suggests that menopausal hormone therapy, either systemic or topical, does
not appear to be associated with harm and does not decrease overall or disease-free survival in women with non-
serous epithelial ovarian cancer and germ cell tumors. Caution is required with both systemic and topical me-
nopausal hormone therapy in women with serous and granulosa cell tumors because of their hormone depen-
dence, and non-hormonal options are recommended as initial therapy. There is no evidence to contraindicate the
use of systemic or topical menopausal hormone therapy by women with cervical, vaginal or vulvar cancer, as
these tumors are not considered to be hormone dependent.

1. Introduction

Worldwide, it is estimated about 1.3 million new gynecological
cancer cases are diagnosed each year. For 2018 the predicted annual
totals were cervix uteri 569,847, corpus uteri 382,069, ovary 295,414,
vulva 44,235 and vagina 17,600 [1].

Depending on tumor type and stage, treatments include

* Corresponding author.
E-mail address: margaret.rees@st-hildas.ox.ac.uk (M. Rees).
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0378-5122/ © 2020 Elsevier B.V. All rights reserved.
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hysterectomy with or without bilateral salpingo-oophorectomy, radio-
therapy and chemotherapy. These can result in loss of ovarian function
and, in women under the age of 45, early menopause, which increases
the risk not only of osteoporosis but also of cardiovascular disease and
cognitive decline [2,3]. Surgically induced menopause often leads to
the immediate onset of vasomotor symptoms, which may be more se-
vere than after natural menopause [4]. Vasomotor symptoms may last
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for many years after natural or surgical menopause [5-7]. Other
symptoms, such as those related to vulvovaginal atrophy, are lifelong
[8,9].

The management of menopausal symptoms in gynecological cancer
survivors depends on their age, tumor type and stage, as well as the use
of anti-estrogen therapies (for cancers considered to be hormone de-
pendent) and concomitant morbidities. The aim of this position state-
ment is to provide an individualized approach to the management of
menopausal symptoms and the prevention and treatment of osteo-
porosis [10].

2. Hormonal and non-hormonal management strategies

In women without cancer, administration of systemic estrogen-
based menopausal hormone therapy for menopausal symptoms and
osteoporosis has a favorable risk-benefit profile for those under the age
of 60 years or up to 10 years after menopause [8,11-14]. Systemic
menopausal hormone therapy can be administered orally or transder-
mally. Estrogen alone is given to women who have undergone hyster-
ectomy. Progestogens and the selective estrogen receptor modulator
bazedoxifene are added in regimens for women with an intact uterus to
limit the increase in risk of endometrial hyperplasia and carcinoma
which occurs with unopposed estrogen [8,15]. Tibolone is a synthetic
steroid compound that is, in itself, inert, but whose metabolites have
estrogenic, progestogenic and androgenic actions. It is classified as
menopausal hormone therapy [16]. Availability of different meno-
pausal hormone therapy preparations varies worldwide.

In women with early or premature menopause, systemic estrogen-
based menopausal hormone therapy is recommended at least until the
average age of natural menopause. Anecdotally, young women may
need higher doses of estrogen initially to alleviate menopausal symp-
toms than their older counterparts [12]. Some young women may find
taking combined oral contraception more acceptable. Menopausal
hormone therapy at very low doses or non-estrogen-based therapies
should be considered for older women [12]. Symptoms due to vulvo-
vaginal atrophy can be managed with low-dose topical estrogen. There
are no data on the use of ospemifene or prasterone in this context
[17,18].

The efficacy and safety of different regimens have not been ex-
amined in many studies of the use of systemic menopausal hormone
therapy after gynecological cancer. While the data regarding the use of
topical vaginal estrogen after gynecological cancer are sparse, it must
be remembered that with current low-dose options, for example estra-
diol (10 g twice weekly), absorption is very low and estrogen levels
remain in the postmenopausal range [19]. The total administered va-
ginal dose per year is similar to one daily dose of systemic oral therapy,
that is 1 mg.

In women who are taking anti-estrogenic therapies such as ar-
omatase inhibitors, estrogen-based therapies are contraindicated [20].
Here, non-hormonal options are recommended as initial therapy. For
vasomotor symptoms the pharmacological options include selective
serotonin reuptake inhibitors and serotonin norepinephrine reuptake
inhibitors, clonidine and gabapentin. Clinicians should be aware of
potential drug interactions with anticancer and adjuvant therapies [see
for example 21 and 22]. Cognitive behavioral therapy may also im-
prove menopause symptoms [23]. For problems related to vulvovaginal
atrophy, a variety of lubricants and bioadhesive moisturizers are
available. Laser therapy for vulvovaginal atrophy is a new approach,
but larger, long-term studies are required to explore its efficacy and
safety before definite conclusions can be drawn [12].

The main pharmacological options to consider for the prevention
and treatment of osteoporosis are bisphosphonates, denosumab and
parathyroid hormone [12]. As calcium and vitamin D play a key role in
bone metabolism, correction of nutritional deficiencies is advised as
part of osteoporosis management [24]. Strategies need to be holistic
and include maintaining a healthy weight, diet, exercise and lifestyle
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[25,26]. This statement will not consider herbal supplements and bo-
tanicals as there is a lack of data regarding safety and efficacy [27]. In
addition, some products may contain compounds with estrogenic ac-
tivity or may interact with anticancer therapies.

3. Management options by tumor type
3.1. Endometrial cancer

While most cases of endometrial cancer are diagnosed after the
menopause it can occur in younger women, such as those with Lynch
syndrome or polycystic ovary syndrome or who are obese. The majority
of endometrial cancers are diagnosed at an early stage (Federation of
Gynecology and Obstetrics (FIGO) stage I-1I) and so have a good overall
prognosis, with a 5-year survival rate of over 85 %. Treatment usually
involves hysterectomy and bilateral oophorectomy. Studies of meno-
pausal hormone therapy after endometrial cancer are limited to one
randomized trial undertaken in 1236 women recruited between 1997
and 2003 with a mean follow-up of 35.7 months [28] and small ob-
servational retrospective cohort or case-control studies [29-35]. All
studies were undertaken in women with early-stage disease. The ran-
domized trial did not specify which type of menopausal hormone
therapy was used (estrogen alone or estrogen plus progestogen). The
observational studies documented a variety of preparations: systemic
menopausal hormone therapy with estrogen alone or combined with
progestogen delivered orally or transdermally, as well as topical vaginal
estrogens. No studies are available for women with Lynch syndrome,
who are also at increased risk of other cancers [36].

In 2018 a Cochrane systematic review concluded that there is in-
sufficient high-quality evidence to inform women considering meno-
pausal hormone therapy after treatment of endometrial cancer.
However, the evidence does not suggest significant harm after surgical
treatment for early-stage disease based on FIGO classification [37].
There is no information available regarding the use of menopausal
hormone therapy in higher-stage endometrial cancer. The National
Comprehensive Cancer Network Panel states that estrogen replacement
is a reasonable option for patients who are at low risk of tumor recur-
rence, but that initiating such therapy should be individualized and
discussed in detail with the patient [38]. Furthermore, if adjuvant
treatment is carried out, there should be a 6-12-month waiting period
before starting menopausal hormone therapy.

3.1.1. Summary recommendation

Thus, the limited data suggest that women with low-grade, early-
stage endometrial cancer may consider systemic or topical estrogens.
However, menopausal hormone therapy may stimulate tumor growth in
patients with more advanced disease or high-risk early-stage tumors,
and non-hormonal approaches to management of menopausal symp-
toms are recommended. In addition, there are no long-term data re-
garding the safety of menopausal hormone therapy in women with
Lynch syndrome, who are also at increased risk of other cancers whose
treatment may lead to premature or early menopause. With regard to
atypical endometrial hyperplasia, it would not be unreasonable to
consider menopausal hormone therapy in women who have undergone
hysterectomy, despite the paucity of data.

3.2. Uterine sarcoma

Stromal or mesenchymal sarcomas are rare tumors, accounting for
less than 5 % of all uterine cancers. While most cases are diagnosed
after the menopause, these tumors can occur in younger women. The
most common types are low-grade endometrial sarcomas, high-grade
endometrial sarcomas, undifferentiated uterine sarcomas and uterine
leiomyosarcomas [38]. As these tumors may be hormone dependent,
estrogen and progesterone receptor testing should be undertaken to
guide decisions as to whether menopausal hormone therapy or non-
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hormonal strategies should be used for the management of menopausal
symptoms and the prevention and treatment of osteoporosis. Low-grade
stromal sarcomas may be sensitive to aromatase inhibitors or proges-
togens (such as megestrol acetate or medroxyprogesterone acetate).
Gonadotropin-releasing hormone analogues are also an option. Ran-
domized controlled trials have shown that progestogens are effective in
treating hot flushes [39,40]. There are no data regarding the use of
menopausal hormone therapy in non-hormone-dependent tumors. In
addition, there are no studies regarding the use of menopausal hormone
therapy in smooth muscle tumors of uncertain malignant potential
[41].

3.2.1. Summary recommendation

Uterine sarcomas may be hormone dependent, and therefore es-
trogen and progesterone receptor testing should be undertaken to guide
decisions as to whether menopausal hormone therapy or non-hormonal
strategies should be used. No clinical trial data are available to inform
practice in women whose tumors are steroid receptor negative or who
have smooth muscle tumors of uncertain malignant potential.

3.3. Ovarian, fallopian tube and peritoneal cancers

The three major types of ovarian cancer are epithelial, accounting
for 90 % of cases, germ cell (3 %), and sex cord-stromal (2 %) [42]. As
fallopian tube cancer, primary peritoneal cancer and epithelial ovarian
cancer are indistinguishable and share the same genomic signature, the
three are considered together.

Epithelial, fallopian tube and peritoneal cancer. While these
cancers often occur after the menopause, they also affect a significant
number of premenopausal women [43-45].

Epithelial cancers are subdivided into five histotypes: high-grade
serous carcinoma, low-grade serous carcinoma, endometrioid carci-
noma, clear cell carcinoma, and mucinous carcinoma [46,47]. The
different histotypes are now considered to be different diseases. While
serous tumors are mostly high grade, which are characterized by in-
volvement of both ovaries, aggressive behavior, late-stage diagnosis,
and low survival rates, the other subtypes tend to affect only one ovary.
It is thought that serous tumors originate in the epithelial cells of the
fallopian tube as microscopic preliminary lesions that subsequently
migrate to the ovaries and/or peritoneum. However, endometrioid and
clear cell tumors are thought to originate in the endometrium, and
mucinous tumors in the ovaries or fallopian tube peritoneal junction.
One of the risk factors for ovarian cancer is prior use of menopausal
hormone therapy but the association appears to be confined to serous
and endometrioid histotypes [48].

Two randomized trials as well as prospective and retrospective co-
hort and case-control studies have shown no adverse effect menopausal
hormone therapy on survival in women who have been treated for
ovarian cancer [49-55]. They used a variety of regimens: estrogen
alone or combined with a progestogen or testosterone. The randomized
trial by Guidozzi and Daponte, in which 130 women with invasive
epithelial ovarian carcinoma were followed up for 48 months, used oral
continuous conjugated equine estrogen. It did not distinguish between
sub-types [49]. The authors reported median overall survival of 44
months (95 % CI, 10-112 months) and 34 months (95 % CI, 8-111
months) in the menopausal hormone therapy and control groups re-
spectively. The differences in disease-free interval (P = 0.785) and
overall survival (P = 0.354) between the two groups were not statisti-
cally significant. Eeles et al. [50] studied 150 premenopausal and
postmenopausal women who had been diagnosed with epithelial
ovarian cancer (any FIGO stage) nine or fewer months previously. They
were randomized to either menopausal hormone therapy or not for 5
years. The choice of menopausal hormone therapy for individual pa-
tients was pragmatic and was determined according to consultant
preference, with guidelines to recommend that premenopausal women
receive higher doses than perimenopausal/postmenopausal women.
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The median follow-up of patients still alive was 19.1 years: overall and
relapse-free survival was greater in the menopausal hormone therapy
than in the control group.

A retrospective cohort study using the Manitoba Cancer Registry
and Drug Programs Information Network of 357 women found that use
of menopausal hormone therapy (n = 94) for non-serous epithelial
ovarian cancer was not associated with harm and did not decrease
overall or disease-free survival [55]. It found that in menopausal hor-
mone therapy users under 55 years of age, disease-free survival was
longer but there was no statistical difference in overall survival for this
age group. No associations between menopausal hormone therapy use
and overall survival or disease-free survival were found among women
aged 55 years or more.

With regard to endometrioid ovarian cancers, which are poten-
tially estrogen sensitive, menopausal hormone therapy does not appear
to have adverse effects. However, while menopausal hormone therapy
appears to be safe in early-stage disease, this may not be the case in
women with more advanced cancers, who commonly have residual,
potentially hormone-responsive disease after surgery [54,55]. As there
is no clear evidence of benefit of aromatase inhibitors in the treatment
of clear cell and mucinous carcinomas, estrogen replacement is a
reasonable option for patients who are at low risk of tumor recurrence,
but initiating such therapy should be individualized. Given the benefits
seen with maintenance hormone therapy with letrozole, anastrozole,
tamoxifen and leuprolide acetate after primary cytoreductive surgery
and platinum-based chemotherapy in women with stage II to IV low-
grade serous carcinoma of the ovary or peritoneum, estrogen-based
therapies are currently not recommended in advanced disease of these
types [56]. There is a paucity of evidence to inform practice for high-
grade serous carcinoma.

Borderline malignant tumors or tumors of low malignant poten-
tial most often affect younger women. Histological types include serous,
mucinous, endometrioid, clear cell and transitional cell (or Brenner)
tumor [57]. Five-year survival rates are greater than 98 %. There is a
paucity of data regarding the use of menopausal hormone therapy, but
it would not be unreasonable to consider it for women with completely
resected disease (i.e. without invasive implants). As always, the benefits
of menopausal hormone therapy for women who have undergone pre-
mature menopause through cancer treatment need to be balanced
against the risks.

The BRCA1 and BRCA2 gene mutations are associated with in-
creased risk of developing invasive epithelial ovarian cancer. Risk-re-
ducing salpingo-oophorectomy is therefore recommended. However,
this will lead to early/premature menopause. Data on menopausal
hormone therapy after prophylactic oophorectomy are sparse, but
short-term use seems to be safe [58]

Ovarian germ cell tumors commonly affect girls and young
women between 10 and 30 years of age. In most cases, fertility-pre-
serving staging surgery is followed by platinum-based combination
chemotherapy, which may lead to ovarian failure. The prognosis is
excellent and 5-year survival is more than 85 % [59]. There is currently
no evidence to suggest that these young women should not take me-
nopausal hormone therapy.

Granulosa cell tumors are the most common ovarian sex cord
stromal tumors. They secrete steroid hormones and commonly present
with symptoms of hyperestrogenism, as they secrete estrogens as well
as other hormones. They may have an indolent course and can recur up
to 20 years after initial diagnosis. It is generally believed that estrogens
should not be used, as these tumors are estrogen-dependent. Hormone
recurrence therapy includes aromatase inhibitors, leuprolide and ta-
moxifen [59]. No study, however, has demonstrated a deleterious effect
of menopausal hormone therapy.

3.3.1. Summary recommendation
Menopausal hormone therapy, either systemic or topical, does not
appear to be associated with harm and does not appear to decrease
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Abstract

Background: Evidence regarding functional hypogonadism, previously referred to as
‘late-onset’ hypogonadism, has increased substantially during the last 10 year.
Objective: To update the European Academy of Andrology (EAA) guidelines on func-
tional hypogonadism.

Methods: Expert group of academicians appointed by the EAA generated a series of
consensus recommendations according to the GRADE (Grading of Recommendations,
Assessment, Development and Evaluation) system.

Results: The diagnosis of functional hypogonadism should be based on both the pres-
ence of clinical symptoms supported by repeatedly low morning fasting serum total tes-
tosterone (T) measured with a well-validated assay, after exclusion of organic causes of
hypogonadism. Lifestyle changes and weight reduction should be the first approach in all
overweight and obese men. Whenever possible, withdrawal/modification of drugs poten-
tially interfering with T production should be advised. Testosterone replacement therapy
(TRT) is contraindicated in men with untreated prostate or breast cancer, as well as severe
heart failure. Severe low urinary tract symptoms and haematocrit >48%-50% represent
relative contraindications for TRT. Prostate-specific antigen and digital rectal examination
of the prostate should be undertaken in men >40 years of age before initiating TRT to
exclude occult prostate cancer. Transdermal T should be preferred for initiation of TRT,
whereas gonadotrophin therapy is only recommended when fertility is desired in men
with secondary hypogonadism. TRT is able to improve sexual function in hypogonadal
men. Other potential positive outcomes of TRT remain uncertain and controversial.
Conclusion: TRT can reliably improve global sexual function in men with hypogonadism in
the short term. Long-term clinical benefits, and safety of TRT in functional hypogonadism,
remain to be fully documented. Clinicians should therefore explicitly discuss the uncertain-

ties and benefits of TRT and engage them in shared management decision-making.

[Corrections added on 15 May 2020 after first online publication: Endorsing organization: European Society of Endocrinology has been moved from the footnote to the article byline].

© 2020 American Society of Andrology and European Academy of Andrology
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1 | INTRODUCTION

The last guidelines on male late-onset hypogonadism (LOH—now
more appropriately referred to as functional hypogonadism) from
the European Academy of Andrology (EAA) have been published
10 years ago in collaboration with several other international so-
cieties.! More recently, our understanding of underlying mecha-
nisms of functional hypogonadism as well as of pros and cons of
testosterone (T) replacement therapy (TRT) has improved. Co-
morbidities, obesity and the metabolic syndrome (MetS), amongst
other causes (see later), may contribute independently to indi-
vidual rates and extent of the apparent age-related decline of T
observed in middle-aged and elderly men.?® Thus, the emergent
condition of functional hypogonadism, in contradistinction to
the organic or classical hypogonadism, is gaining credence as a
defined clinical entity and diagnosis.* According to Grossmann
and Matsumoto,* functional hypogonadism (also referred to as
late-onset, age-related or adult-onset hypogonadism) is defined
as the coexistence of androgen deficiency-like features and low
serum T concentrations occurring in the absence of both intrin-
sic structural hypothalamic-pituitary-testis (HPT) axis pathology
and of specific pathologic conditions suppressing the HPT axis
(such as microprolactinoma, endogenous Cushing syndrome) in
middle-aged or older men. The community prevalence estimates
of potentially functional hypogonadism in middle-aged and older
men vary from 2.1% to 12.3%.% Functional hypogonadism may be
potentially reversible if the underlying causes are identified and
adequately treated or removed, whereas organic hypogonadism
is generally an irreversible condition secondary to genetic faults
or pathological perturbations of the HPT axis.* The EAA largely
agrees with the guidelines of the United States (US) Endocrine
Society® on the diagnosis and treatment of organic or classical
hypogonadism.

The Testosterone trials (TTrials), a coordinated set of seven
placebo-controlled randomized clinical trials (RCTs), recently pro-
vided evidence of moderate efficacy of TRT for 12 months in a
variety of clinical endpoints in elderly men with functional hypo-
gonadism.® The EAA recognizes that longer-term patient-import-
ant clinical benefits and potential adverse effects of TRT in older
men remain controversial.” This latter is further highlighted by po-
tential safety concerns, raised in the US, with respect to increased
cardiovascular (CV) risks associated with the prescription of T in
older men.’

The aim of the present paper is to provide a European perspective,
based largely on high-quality RCTs and meta-analyses, on late-onset/
functional (rather than classical/organic) hypogonadism. In this respect,

only adult hypogonadism, including fertility issues, will be considered
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cardiovascular risk, erectile dysfunction, functional hypogonadism, late-onset hypogonadism,

SUMMARY OF RECOMMENDATIONS

Recommendation #01. We recommend the diagnosis of
functional hypogonadism only on the basis of the pres-
ence of clinical symptoms or signs of T deficiency in
combination with consistently low morning serum T
concentrations (1@®®O) (see also recommendation
#04).

Recommendation #02. We recommend against universal
screening for hypogonadism in middle-aged or older
men, by structured interviews or questionnaires and/or
random total T measurements (1 ®®00).

Recommendation #03. We recommend that the clinical
diagnosis of functional hypogonadism should be con-
firmed by measurement of serum total T with a well-
validated assay on fasting morning (before 11 am) blood
samples obtained on two different days (1 @®®O).

Recommendation #04. Functional hypogonadism should
be diagnosed only after exclusion of organic causes of
hypogonadism. In addition, to morning total T, lutein-
izing hormone (LH) should be measured in all patients
with suspected functional hypogonadism to differ-
entiate between the primary and secondary causes
(1ee®0).

Recommendation #05. We recommend either measuring
or calculating free T (fT), in addition to total T, in patients
with conditions that alter sex hormone-binding globulin
(SHBG)and when total T concentrations are in the bor-
derline range (~8-12 nmol/L) if the clinical suspicion of
hypogonadism is strong(1 @®®0).

Recommendation #06. We recommend lifestyle changes,
incl-uding physical exercise and weight reduction, in over-
weight and obese men with functional hypogonadism
since weight loss may increase T concentrations (1&®@®O).

Recommendation #07. We suggest withdrawal/modifica-
tion of drugs (eg opiates, anabolic steroids, glucocorti-
coids) potentially interfering with T production, when
clinically permissible (2®@0).

Recommendation #08. We suggest the use of transdermal
T, as the preferred preparation in the initiation of TRT
for functional hypogonadism (2 @®0O0).

Recommendation #09. We recommend gonadotrophin
therapy in men with secondary hypogonadism only
when fertility is desired (1O ®).
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Recommendation #10. We recommend TRT in hypogonadal
men with sexual/erectile dysfunction(ED) to improve li-
bido, erectile function and sexual satisfaction (1&®®®).

Recommendation #11. We recommend against TRT as a
treatment for weight reduction in obese men (1 @®O0).

Recommendation #12. We recommend against TRT to im-
prove glycometabolic control in men with type 2 diabetes
(T2DM) and/or metabolic syndrome (MetS) (1&&00).

Recommendation #13. We recommend against TRT for the
sole purpose of reducing fracture risk in hypogonadal
men with high fracture risk (1 @®@0).

Recommendation #14. We recommend against TRT for the
sole treatment to improve depressive symptoms in hypo-
gonadal men (1 @®00).

Recommendation #15. We recommend against the use of
TRT, in the absence of symptomatic hypogonadism, to
improve morbidity and/or mortality of several chronic
diseases including human immunodeficiency virus (HIV)
infection/acquired immune deficiency syndrome (AIDS),
heart failure, obstructive pulmonary disease, chronic kid-
ney diseases, bowel inflammatory diseases or to prevent
the long-term outcomes of subjects chronically treated
with glucocorticoid or opioid therapy (2 ®@®00).

Recommendation #16. We recommend against routinely
prescribing T to men >65 years as an anti-ageing therapy
(1 o909

Recommendation #17. We recommend against TRT in frail
men to improve exercise capacity/physical function (1
SDDO).

Recommendation #18. We recommend against TRT in age-
ing men to improve cognitive function (1 @®®0).

Recommendation #19. We recommend against TRT in men
with untreated prostate or breast cancer (Good Clinical
Practice statement).

Recommendation #20. We recommend, before initiation of
TRT in men >40 years of age, discussing potential ben-
efits and risks of prostate cancer screening and engaging
the patient in shared decision-making regarding options
for pre-treatment screening and on-treatment monitor-
ing (see Recommendations #21, #22, #31, #32). These dis-
cussions should also take into account local guidelines
for prostate cancer screening for the general population
(Good Clinical Practice statement).

Recommendation #21. We recommend, before initiation of
TRT in men >40 years of age, checking prostate-specific an-
tigen (PSA) and performing digital rectal examination (DRE)
of the prostate in order to minimize the risk of prescribing
T to patients with undiagnosed prostate cancer(1®®0O0).

Recommendation #22. We recommend against TRT in men
with PSA > 4 ng/mL (or elevated PSA according to local/

national guidelines) or prostate abnormalities on DRE
without further evaluation and/or urological consultation
(1e800).

Recommendation #23. We suggest that TRT should not be
used in men with severe lower urinary tract symptoms
(LUTS) [International Prostate Symptom Score (IPPS) >19]
(26000).

Recommendation #24. We recommend against TRT in men
with severe heart failure [New York Heart Association
(NYHA) Class 1l or IV] (1&@©00).

Recommendation #25. We suggest against TRT in patients
with a recent major acute CV event (including stroke)
(2900).

Recommendation #26. We suggest against TRT in men with
documented polycythaemia and/or elevated haematocrit
(>48%-50%) depending on CV risk and associated mor-
bidities without further evaluation (2@®00).

Recommendation #27. We suggest obtaining a detailed per-
sonal and family history of venous thromboembolism (VTE)
and risk factors for VTE prior to initiating TRT (20O0Q).

Recommendation #28. We recommend against TRT in hy-
pogonadal men who desire fertility (1&D®®).

Recommendation #29. We recommend assessing the clini-
cal response as well as adverse effects to TRT at 3 and
12 months after initiation of treatment. Thereafter,
clinical review should be scheduled at least yearly
(1eoee).

Recommendation #30. We suggest that on-treatment
serum total T concentrations should be measured at each
clinic visit to ensure that average total T concentrations
achieve the targeted mid-normal range for young men
(2 ®@0O0).

Recommendation #31. We suggest performing digital rec-
tal examination and checking PSA at 3 to 12 months for
men >40 years of age after initiating T treatment. After
the first 12 months, local guidelines for prostate cancer
screening for the general population should be followed
(20000).

Recommendation #32. We suggest further evaluation and/
or urological consultation if there is: (a) an increase in
serum PSA concentration > 1.4 ng/mL within 12 months
of initiating T treatment, (b) a confirmed PSA > 4 ng/ml at
any time and (c) detection of a prostatic abnormality on
DRE or a substantial worsening of LUTS(2O0OQ).

Recommendation #33. We recommend measuring the
haematocrit (Hct) 3-6 months after initiation of TRT and
then annually. If Hct is >54%, TRT should be discontinued
until Htc decreases to a safe level; evaluate the patient for
hypoxia and sleep apnoea; consider reinitiating TRT with
areduced dose(1 ®ODD).

ENAOPAMA  EvSokpivohoyio | Atoapntohoyia | MetaBolopdg 65



Avépikn Avarapaywyr / Xpriotog Toap£tng

CORONA ET AL

in the present guidelines. Delayed puberty and induction of secondary
sexual development in adolescent patients will not be included.

2 | METHODS

The EAA guidelines committee commissioned an expert task force
of academicians to update the previous guidelines on LOH published
in 2009.*

Following scrutiny and discussion of the best evidence from
published literature available in PubMed, the authors, comprising
an expert group of academicians appointed by the EAA, generated
a series of consensus recommendations according to the GRADE
(Grading of Recommendations, Assessment, Development and
Evaluation) system.8 In particular, according to GRADE, the num-
ber ‘1’ denotes a strong recommendation and is expressed with the
phrase ‘we recommend’, whereas the number ‘2’ denotes a weaker
recommendation and it is expressed with the phrase ‘we suggest’.
The quality of evidence is expressed through graphical descriptions:
@OOOdenotes ‘very low-quality evidence’, @O0 low quality’,
®DPO'moderate quality’ and &@H® ‘high quality’.

2.1 | Diagnosis
2.1.1 | Recommendations

Recommendation #01: We recommend the diagnosis of functional
hypogonadism only on the basis of the presence of clinical symptoms
and signs of T deficiency in combination with consistently low morn-
ing serum T concentrations (1 ®@®®O) (see also recommendation #04).

Recommendation #02: We recommend against universal screening
for hypogonadism in middle-aged or older men, by structured inter-

views or questionnaires and/or random total T measurement (1 @®O0).

TABLE 1 Symptoms and signs that may be associated with
functional hypogonadism

Specific symptoms

e Reduced libido
e Decreased spontaneous erections
o Erectile dysfunction

Less specific symptoms

e Decreased energy

e Decreased physical strength/function/activity
e Decreased motivation

e Low mood

e Decreased concentration

e Hot flushes

Less specific signs

e Loss of body/facial hair

e Decreased testicular volume

e Increased body fat/reduced muscle mass
e Osteoporosis/low bone density

e Central obesity
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2.1.2 | Evidence

Functional hypogonadism may present with clinical symptoms or
signs similar to classical hypogonadism (Table1). Unlike classical hy-
pogonadism, functional hypogonadism usually presents a more sub-
tle clinical picture, with non-specific symptoms and usually no overt
signs of androgen deficiency. Furthermore, these symptoms often
overlap with those arising from co-existing co-morbidities and the
effects of ageing in older men.” Nevertheless, sexual complaints,
such as decreased libido, morning erections or erectile dysfunction
(ED), were more frequently associated with low T in community-
dwelling middle-aged and elderly European men.*® Similar results
were confirmed in a large cohort of patients presenting to a special-
ized sexual medicine clinic with ED.*! In contrast, psychological or
physical symptoms/signs were not significantly associated with low
T concentrations. 1%

Obesity and in particular central obesity are frequently associ-
ated with functional hypogonadism, which is potentially reversible,
for instance, following weight reduction.’? Conversely, other clinical
signs typically associated with classical hypogonadism, such as re-

duced testis volume, are less common (1).

2.1.3 | Values

For the clinical diagnosis of hypogonadism, we place a higher value
on the presence and severity of sexual symptoms, particularly low
libido and lower values on more non-specific symptoms such as lack
of energy/fatigue, poor memory/concentration or decreased physi-
cal strength/function/mobility (Figure 1).

We also highly value the recognition of obesity of all grades,
but particularly World Health Organization (WHO) class Ill, as a
major and increasingly common cause of low T (total T—see later)
in middle-aged and elderly men, since this is reversible after weight
reduction, consequently also bringing multiple additional health

benefits.

2.1.4 | Remarks

Self-reported questionnaire or structured interviews have poor
specificity and should not be used for population screening of hy-
pogonadism. It remains important to regularly reassess the diagnosis
of functional hypogonadism, especially in the presence of reversible

conditions (see below) that may temporarily lower T.

2.2 | T measurements
2.2.1 | Recommendations

Recommendation #03: We recommend that the clinical di-

agnosis of functional hypogonadism should be confirmed by
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Symptoms and signs
suggestive of hypogonadism

FIGURE 1 Proposed flow chart to
correctly diagnose and manage functional
hypogonadism. cFT, calculated free

Identify co-morbidities (e.g. obesity)
and drugs (e.g. opiates, anabolic steroids)

testosterone; FSH, follicular-stimulating
hormone; hCG, human chorionic

gonadotrophin; LH, luteinizing hormone;

‘ Measure fasting morning (7-11 am) total T (tT)

‘ PRL, prolactin; T, testosterone; TRT,

|

testosterone replacement therapy

Hypogonadism unlikely

tT>12 nmol/l

tT<8 nmol/L tT8 -12 nmol/L
Hypogonadism likely
Repeat tT Repeat tT
with LH / PRL with cFTand LH (PRL)

! !

tT<8 nmol/L; tT<12 nmol/L; cFT low;
LH elevated LH elevated
Primary
hypogonadism
No

|

tT<12 nmol/l; cFT low;
LH low/normal

|

Secondary
hypogonadism

tT<6 nmol/L or PRL
elevated, headache/
visual disturbances:

perform pituitary imaging
/other pituitary hormones

l

Fertility desired?

\ Yes

l

Exclude organic hypogonadism
Investigate if drugs/substances that interfere

with hypothalamic—pituitary axis can be reduced/withdrawn

Correct underlying co-morbidities

Recommend lifestyle or other management for obesity

l

l

hCG (+FSH)
therapy

Rule out contraindications for TRT and discuss possible adverse effects

|

TRT trial

measurement of serum total T with a well-validated assay on
fasting morning (before 11 am) blood samples obtained on two
different days (1 ®@@®®0).

2.2.2 | Evidence

T concentrations show significant diurnal as well as considerable day
to day intra-individual variation in men.® T concentrations may also be
temporarily decreased during acute illness or due to medication use.*
Moreover, T may be lowered following ingestion of glucose or food.*
The most accurate and precise method for determination of T
concentrations is liquid chromatography-tandem mass spectrome-
try (LC-MS/MS). However, this preferred method of choice is not
universally available (due to financial and technical constraints) at
present. Most laboratories continue to employ automated plat-

form T immunoassays, which, if well-standardized, can show high

ENAOPAMA

correlation with LC-MS/MS within the adult male T range although
they offer less precision in the hypogonadal range.16

The exact T concentration below which a diagnosis of functional
hypogonadism can be confidently made remains elusive and contro-
versial. Recently, T concentrations in healthy men were harmonized
internationally between several large population cohorts in the US
and Europe using a reference LC-MS/MS method.?” The harmonized
lower limits of the reference range for T in healthy, non-obese young
men (aged 19-39 years) were 9.2 nmol/L (264 ng/dL) and 10.5 nmol/L
(303 ng/dL) using, respectively, the 2.5th and 5th percentiles.)” In the
European Male Ageing Study (EMAS) (men aged 40-79 years), higher
prevalence of sexual symptoms (poor morning erections, decreased
libido, and ED) was associated with T concentrations <11 nmol/L
(<320 ng/dL) after adjustment for age.® Available evidence derived
from meta-analyses suggests less benefits of TRT in subjects with
total T > 12 nmol/L (>350 ng/dL) and higher efficacy in patients with
lowest T (T < 8 nmol/L; <231 ng/dL; Refs. [*®*]; see below).
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Hence, there appears to be some degree of consistency pointing
to the lower limit of normality of T concentrations being in the range
of 8-12 nmol/L (231-350 ng/dL).

2.2.3 | Values

To minimize the above-mentioned biological variability in circulat-
ing T concentration in order to improve diagnostic precision, we
place a high value in recommending that T should be measured
in the fasting state between 7 and 11 am on at least two different
days. In addition, measurement of T during acute illness should be
avoided.

Hypogonadism is highly unlikely with T values >12 nmol/L
(>350 ng/dL; Figure 1) but more likely in patients with T concen-
trations consistently <8 nmol/L (<231 ng/dL). The lower the T con-
centration below the lower limit of the reference range, the higher
is the likelihood that symptoms will be explained by testosterone
deficiency. In those patients with borderline T concentrations be-
tween 8-12 nmol/L (231-350 ng/dL), a clear diagnosis cannot be
confidently established, but free T (fT) measurements can often be

helpful in this situation (see Section 6).

2.2.4 | Remarks

Due to significant inter-laboratory variations in T measurements,
clinicians and clinical biochemists should ensure that their labo-
ratories measure T concentrations with a reliable assay (either
LC-MS/MS or immunoassay), that is regularly standardized by
an accuracy-based (rather than peer-based) external quality as-
surance scheme, preferably calibrated against an internationally
harmonized reference range.'’Clinicians have a duty to seek as-
surance on the best quality of T results from their laboratories and
demand improvements if necessary. Individual T results should
be interpreted against a reference range established by regional
laboratories in healthy men from a representative local general
population. Although T concentrations decline with age,10 there
is currently insufficient evidence from prospective population
data or clinical experience to support the use of an age-stratified
reference interval (Z-score approach) for T, as suggested by the

Endocrine Society of Australia.?°

2.3 | Differential diagnosis

2.3.1 | Recommendations

Recommendation #04: Functional hypogonadism should be di-
agnosed only after exclusion of organic causes of hypogonadism.
In addition to morning total T, luteinizing hormone (LH) should be

measured in all patients with suspected functional hypogonadism to

differentiate the primary from secondary causes (1&®®0).
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2.3.2 | Evidence

The differential diagnosis between primary and secondary hy-
pogonadism is essential for functional as well as classical hypog-
onadism. Most cases of functional hypogonadism have secondary
or mixed hypogonadism with low to normal luteinizing hormone
(LH; Table 2). Primary hypogonadism with elevated LH and even
more follicle-stimulating hormone (FSH) indicating testicu-
lar failure is more commonly related to classical hypogonadism
(Figure 1). However, functional testicular failure is possible in the
elderly (>70 years), especially in association with co-morbidities.?*
Conversely, co-morbidities, and obesity in particular, are fre-

quently associated with secondary hypogonadism.21

2.3.3 | Remarks

If organic secondary hypogonadism is suspected, further investiga-
tions should include magnetic resonance imaging (MRI) scanning of
the pituitary-hypothalamus, iron saturation and prolactin measure-
ment as well as determination of other pituitary hormones. The overall
cost-effectiveness of MRI scanning (finding major lesions that requires
intervention), in the absence of clinical evidence of pituitary mass ef-
fects such as visual disturbances, headache or hyperprolactinaemia,
is relatively low, but should be considered when T concentrations are
<6 nmol/L (<175 ng/dL) (Refs. [222%]; Figure 1). However, it is important
to recognize that underlying causes (potentially reversible or treatable)
are often not identifiable in subjects with functional hypogonadism,
and it may not always be possible to completely exclude occult organic

abnormalities, even after appropriate investigations.

2.4 | Roleof fT
2.4.1 | Recommendations

Recommendation #05: We recommend either measuring or calcu-
lating fT, in addition to total T, in patients with conditions that alter
sex hormone-binding globulin (SHBG), and when total T concentra-
tions are in the borderline range (8-12 nmol/L; 231-350 ng/dL), if
the clinical suspicion of hypogonadism is strong (Table 3; 1&®®0).

2.4.2 | Evidence

Several clinical conditions and medications (Table 3) can substan-
tially modify SHBG concentration, contributing to difficulties in
interpreting total T results. Obesity, for instance, is frequently
associated with insulin resistance, low SHBG concentration and
hence low total T (but fT remains normal); this may spuriously lead
to a diagnosis of functional hypogonadism in many symptomatic
obese men (see below).?* Recent data indicate that in obese men

with apparent functional secondary hypogonadism, a decrease
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TABLE 2 Causes of hypogonadism

Primary hypogonadism

Organic or classical

Congenital: anorchia, Klinefelter syndrome and other
chromosomal abnormalities, myotonic dystrophy, defects of
testosterone biosynthesis, disorders of sex differentiation
(gonadal dysgenesis),cryptorchidism

Acquired: varicocoele, trauma, torsion, surgery, chemotherapy,
irradiation, orchitis

Functional

o Ageing

e Drug-induced: ketoconazole, aminoglutethimide, mitotane,
metyrapone

Chronic systemic diseases

Organ failure

Glucocorticoid excess: iatrogenic, Cushing syndrome
Alcohol abuse

Secondary hypogonadism

Organic or classical

Congenital: Kallmann syndrome, idiopathic hypogonadotropic
hypogonadism, Rathke's cleft cyst, haemochromatosis
Acquired: Traumatic brain injury, cranial or pituitary irradiation/
surgery, pituitary adenomas, hypothalamic tumours(eg
craniopharyngiomas, germinomas and other germ tumours),
pituitary stalk diseases, inflammatory and infection diseases (eg
lymphocytic hypophysitis, infections, granulomatous lesions,
sarcoidosis, Langerhans’ histiocytosis), iron excess

Functional

e Acute or critical illness

e Drug-induced: opioids, glucocorticoids, androgens/ anabolic-
androgenic steroids, GnRH analogues, cyproterone acetate,
psychotropic drugs causing hyperprolactinaemia
Malnutrition, excessive exercise

HIV/AIDS

e Cannabinoid abuse

e Obesity, T2DM, co-morbidities, sleep apnoea

Androgen resistance/decreased testosterone bioactivity
Organic or classical

e Congenital: Aromatase deficiency, Kennedy disease, partial or
complete androgen insensitivity, 5a-reductase type Il deficiency,
17p-hydroxysteroid dehydrogenase Il deficiency

Functional

e Drug-induced AR blockade: steroidal anti-androgen (eg
cyproterone acetate, spironolactone), non-steroidal anti-
androgen (eg flutamide, bicalutamide, nilutamide)

e Drug-induced 5a-reductase activity blockade: finasteride,
dutasteride

e Increased SHBG

Abbreviations: AIDS, acquired immunodeficiency syndrome; AR,
androgen receptor; GnRH, gonadotrophin-releasing hormone; ER,
oestrogen receptor; HIV, human immunodeficiency virus; SHBG, sex
hormone-binding globulin; T2DM, type 2 diabetes.

of total T is only associated with hypogonadal symptoms, when
fT is also low.2>?” Conversely, elevated SHBG (eg human im-
munodeficiency virus, HIV; liver disease and old age) may lead
to high or normal total T, potentially masking the diagnosis of

hypogonadism.?*%’
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2.4.3 | Values

We place a high value on the additional information offered by fT
when SHBG is altered, or when T results are in the borderline range
8-12 nmol/L (231-350 ng/dL), especially when clinical suspicion of
hypogonadism is strong (Figure 1).

2.4.4 | Remarks

Direct analogue assays are unreliable for the evaluations off T con-
centrations and should not be used.?® Measurement of fT by equilib-
rium dialysis (EqD) remains the most accurate and should ideally be
the method of choice.?®?? However, EqD is technically difficult, ex-
pensive and seldom available to physicians. A pragmatic alternative,
therefore, is to use calculated fT, with formulae or algorithms based
on the binding characteristics of SHBG, and albumin to T. Different
calculation methods for estimation of fT concentrations on the basis
of total T, SHBG and albumin are available, but the best choice remains
controversial.?® In a recent comparison between calculated and EqD-
measured fT, the Vermeulen method,®° based on the law of mass ac-
tion equations appeared to be the most consistent albeit with a small
but systematic overestimation.?? It is important to point out that refer-
ence ranges for fT (whether directly measured or calculated) have not
been validated prospectively in relation to incident outcomes and in
RCTs. Only few studies have attempted to correlate fT thresholds with
higher prevalence of sexual and physical dysfunctions.)>** fT concen-
trations < 220 pmol/L (<6.3 ng/dL), with a range of 170-240 pmol/L
(5.0-7.0 ng/dL), have been suggested to be compatible with a symp-
tomatic androgen deficiency state. 20113136 Fyyrther standardization as
well as validation of fT as a definitive marker of hypogonadism is an
important task for clinical research in the near future.

TABLE 3 Conditions that may alter serum SHBG and thereby
total T concentrations

Decreased SHBG

e Obesity

e Glucocorticoids

e Androgenic and progestogenic steroids
e Nephrotic syndrome

e Hypothyroidism

e Acromegaly

e Polymorphisms in the SHBG gene

Increased SHBG concentrations

e Ageing

e AIDS/HIV disease

e Cirrhosis and hepatitis

e Hyperthyroidism

e Anticonvulsants

e Oestrogens

e Polymorphisms in the SHBG gene

Abbreviations: AIDS, acquired immunodeficiency syndrome; HIV,
human immunodeficiency virus; SHBG, sex hormone-binding globulin;
T, testosterone.

Adapted from Bhasin et al.>3
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3 | TREATMENT
3.1 | Lifestyle and concomitant medications
3.1.1 | Recommendations

Recommendation #06. We recommend lifestyle changes, including
physical exercise and weight reduction, in overweight and obese
men with functional hypogonadism since weight loss may increase
T concentrations (1&®@®0).

Recommendation #07. We suggest withdrawal/modification of
drugs (eg opiates, anabolic steroids and glucocorticoids) potentially
interfering with T production, when clinically permissible (2®@®0).

3.1.2 | Evidence

Longitudinal data from the EMAS clearly documented that obesity at
the baseline and weight gain during the follow-up increased the risk
of developing functional secondary hypogonadism. In men who lost
weight during follow-up, in contrast, T often increased with recovery
from secondary hypogonadism.”38 A meta-analysis of available evi-
dence confirmed that weight loss (obtained by either low-calorie diet
of bariatric surgery) improves T concentrations proportionately to
the weight loss obtained.*?%? Similar results have also been reported
for physical activity.®? The mechanisms underlying such functional
alterations in the HPT axis have not been completely clarified.
However, it is plausible that metabolic disturbances and inflamma-
tory states associated with obesity can directly interfere with T/gon-
adotrophin secretion at multiple levels.2#4°

Several drugs may inhibit HPT axis function and impair T produc-
tion. Other drugs may interfere with androgen receptor-mediated
action in target tissues (1). Opioid treatment in men with chronic
non-cancer pain (CNCP) is one of the most frequently encountered
examples of drug-induced functional hypogonadism.***> Opioid
medication withdrawal usually normalizes T concentrations within

1 month.*

The abuse of anabolic-androgenic steroids (AAS) and, in
particular, their withdrawal after long-term use represents another
increasingly serious issue, which may not always be immediately ap-
parent unless there is a high level of suspicion and awareness by the
clinician.*® Patients should be informed and reassured that the over-
whelming majority of AAS abusers will eventually recover normal
gonadal function (may take more than 12 months after prolonged
abuse) provided they comply with full abstinence. Clomiphene or
human chorionic gonadotrophin (hCG) (attempting to hasten recov-

ery) should not be used, as there is insufficient evidence of efficacy.

3.1.3 | Values

Weight reduction should be the first line of management and
strongly encouraged in all overweight and obese men with low T.

Significant collateral health benefits may also accrue from these
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lifestyle changes, potentially offering valuable opportunities for
preventative care in middle-aged men. When drugs (prescribed as
well as off-label) interfering with HPT axis are identified as the cause
of functional hypogonadism, the possible benefit/risk ratio of their
withdrawal/modification should be discussed with the patient as

well as their primary care physician.

3.2 | Testosterone treatments
3.2.1 | Recommendations

Recommendation #08. We suggest the use of transdermal T, as the
preferred preparation in the initiation of TRT for functional hypog-
onadism (2 ®®00).

3.2.2 | Evidence

Several T preparations are available for oral, transdermal and paren-
teral administration (Rastrelli et al, **). Oral T undecanoate (TU) is no
longer considered a viable therapeutic option, since its absorption is
unpredictable and highly dependent on food intake (Rastrelli et al,
4%, The older T injectable formulations, such as T propionate and
enanthate or T ester combinations, may cause wide fluctuations in
serum T concentrations, frequently reported as unpleasant mood/
energy swings by patients and possibly associated with increased
risk of polycythaemia.** Nasal preparations, which may cause irrita-
tion of nasal mucosa, are not currently available in Europe.** T pellet
implants, not available in European countries except the UK, require
a minor surgical procedure with the risk of extrusion or infections.
Presently, long-acting injectable TU and T gels are the most fre-
quently prescribed and acceptable T preparations.** TRT for func-
tional hypogonadism is often commenced as a therapeutic trial since
the causal relationship between symptoms of hypogonadism, and
low T is not always certain at start of treatment. Therefore, a short-
acting preparation such as T gel rather than a long-acting depot in-
jection may be more appropriate. Many clinicians also prefer starting
TRT with T gel, due to the potentially reversible nature of functional
hypogonadism with the need to reassess the patient after treatment
interruption. In frail elderly patients with multiple morbidities, in
whom the risks of adverse effects are higher, a short-acting gel T
preparation at a lower starting dose is advisable.

We, therefore, suggest initiating TRT with a T gel for a period of
three to six months in men considered to have functional hypogo-
nadism. The TTrials® clearly showed improvement of most symptoms
within three months following initiation of T gel treatment and recov-
ery of T concentrations to the mid-normal range. If there is no clin-
ical improvement after six months of sufficient T replacement, TRT
should be discontinued and other causes of symptoms or alternate T
modalities considered if therapeutic T concentrations have not been
consistently achieved (Figure 1). If the patient shows significant clin-

ical benefits, switching to longer-acting T preparations of TRT could
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be discussed. It is important for clinicians to discuss frankly with their
patients the uncertain risks and benefits of TRT in functional hypogo-
nadism, as well as the pros and cons of available T preparations, in a

process of shared decision-making on management choices.*

3.2.3 | Values

Due to the potentially reversible nature of functional hypogonadism,
we prefer to initiate TRT with short-acting T gel preparations, par-

ticularly in older subjects with co-morbidities.

3.2.4 | Remarks

The most important side effect of T gel treatment is the possibility
to cross-transfer T to others during contact with the skin's surface.
In order to limit this possibility, a higher T concentration preparation
(1.6%-2.0%) may be preferred.** This modification may allow a re-
duced amount of gel applied, thereby limiting the transfer risk.** A
common problem with T gel is the variable transdermal absorption
of T resulting in changing T concentrations from day to day. Regular
monitoring of on-treatment T concentrations and dosage adjustments
is, therefore, advisable. Similar to gels, the long-acting injectable TU
has shown a good benefit/safety profile.** However, in case of side
effects, rapid T withdrawal is not possible.** In addition, coughing as
a potential sign of pulmonary oil microembolism has been observed
following the intramuscular injections of long-acting TU and other

esters.*

3.3 | Gonadotrophin treatment
3.3.1 | Recommendations

Recommendation #09. We recommend gonadotrophin therapy in men
with secondary hypogonadism only when fertility is desired (1®@®®).

3.3.2 | Evidence

Testicular function is intact in functional secondary hypogonadism
and should respond to exogenous gonadotrophin stimulation. The
most widely used preparation is hCG. One meta-analysis on gonado-
trophin treatment in patients with organic secondary hypogonadism,
showed an overall successful outcome (defined as the appearance of
at least one spermatozoon in the semen) in 75% of patients, with
a mean sperm concentration achieved of 6 million/mL.%¢ The same
study showed that combined therapy with FSH and hCG was as-
sociated with a better outcome in patients with organic secondary
hypogonadism.*® Similar data on pregnancy outcomes following
combined treatment with hCG and FSH in functional hypogonadism

are not available.

ENAOPAMA

3.3.3 | Values

In patients with functional secondary hypogonadism who desire fer-
tility, in whom treatment is contraindicated (suppression of spermat-
ogenesis—vide infra), we put a higher value on gonadotrophin (hCG)
treatment and less emphasis on the current lack of outcome data.
The place of FSH treatment in functional secondary hypogonadism
has not been assessed. After fertility has been achieved, TRT may
be reinitiated.

3.3.4 | Remarks

As alternatives to T, oestrogen receptor blockers (anti-oestrogens,
eg clomiphene, tamoxifen, enclomiphene) or aromatase inhibitors
(eg letrozole) have been suggested as off-label treatment to maintain
fertility and restore hypogonadism-related symptoms in subjects
with functional hypogonadism. However, the available evidence is
poor due to limited number of RCTs, inadequate outcome data, short
duration of the trials as well as small numbers of subjects enrolled.*’

4 | TREATMENT OUTCOMES

The best evidence on outcomes of TRT in older men with func-
tional hypogonadism comes from the recent TTrials. These studies
comprised a set of seven placebo-controlled RCTs enrolling 788
symptomatic hypogonadal men > 65 years (mean age 72 years) with
unequivocally low T of <9.4 nmol/L (<275 ng/dL) [mean baseline T
8.1 nmol/L (233 ng/dL)] in a 12-month study using T gel 5mg daily
as the active treatment.® This contrasted with other available RCTs
which often included a combination of both hypogonadal and eugo-
nadal men—a crucial limitation.

Meta-analyses are often considered the gold standard for the eval-
uation of the efficacy of a specific treatment and particularly useful
to address questions for which multiple data sources are conflicting.
However, meta-analyses on various TRT outcomes of placebo-con-
trolled RTCs in men with functional hypogonadism have been marred
by significant heterogeneity, low study quality, small participant num-
bers as well as short duration in the studies included,”** thereby de-
valuing the conclusions therefrom. Data derived from observational
and uncontrolled studies on TRT are plentiful, but level of evidence
in these studies is poor and therefore not taken into account in these
guidelines.

4.1 | Subjects with sexual dysfunction

It is important to clarify that the ensuing recommendation and ac-
companying comments refer to men with functional hypogonadism
who complain of sexual dysfunction—as distinct from men who pre-
sent with erectile or sexual dysfunction, the vast majority of whom

have normal T concentrations.

EvSokpwvoloyia | AtaBntoroyia | MetaBollopog 71



Avépikn Avarapaywyr / Xpriotog Toap£tng

CORONA ET AL

4.1.1 | Recommendations

Recommendation #10. We recommend TRT in hypogonadal men
with sexual/erectile dysfunction to improve libido, erectile function
and sexual satisfaction (100®®).

4.1.2 | Evidence

T critically regulates sexual function, in particular libido and to a
lesser extent erectile function.*®*’ TTrials clearly documented that
TRT, compared to placebo, modestly increased sexual interest and
sexual activity, from flirting to sexual intercourse in hypogonadal
men with T < 9.4 nmol/L (<270 ng/dL).° In addition, the effect size
was inversely related to the baseline T concentrations and propor-
tional to the increase in T concentrations during the study. Greater
effects on libido and sexual activity than on erectile function were
observed.® These data are in line with most recent meta-analyses
on sexual function, which also showed that TRT is effective when
T is <10.4 nmol/L (<300 ng/dL)*® or12 nmol/L (350 ng/dL)** and
ineffective in men with T > 12 nmol/L (>350 ng/dL).18'19 In addition,
a recent meta-analysis on men with functional hypogonadism sug-
gested that TRT alone may modestly (International index of erec-
tile function—Erectile function domain [IIEF-EFD] 2-3 points; effect
size 0.30) improve mild (IIEF-EFD score 22-25), but not more severe
(IEF-EFD score < 22) ED.Y Furthermore, TRT efficacy on erec-
tile function was higher in those with more severe hypogonadism
(T < 8 nmol/L or 231 ng/dL) and lower amongst men with T2DM and
obesity."?

4.1.3 | Values

We place a high value on the proven efficacy of TRT in improving
libido and overall sexual function in older men with functional hypo-
gonadism. We place a lower value on the less consistent effects of
TRT on erectile function in hypogonadism, especially in those with
moderate or severe ED, who are prone to have concomitant underly-

ing vascular disease.

41.4 | Remarks

The combination of TRT with phosphodiesterase-5 inhibitors
(PDES5i) is often considered in hypogonadal men with more se-
vere degrees of ED, especially if either treatment alone proved
ineffective. However, available evidence is insufficient to clarify
this point. A meta-analysis specifically addressing this issue did
not find any benefits related to the combined use of PDES5i and
TRT8 although 3 out of 5°7°% studies included enrolled mixed eu-
gonadal/hypogonadal subjects. In addition, an RCT in men with
ED and T concentrations <11.3 nmol/L (<330 ng/dL) also failed to

demonstrate further improvements in erectile function with the
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addition of T to an optimized regimen of sildenafil.**>> Hence, at
present, the efficacy and place of combination therapy with T and
PDES5i in the management of ED in functional hypogonadism re-
mains unclear. Similarly, the efficacy of the combined use of TRT
and intracavernosal injection of prostaglandin E1 (PGE-1) is un-
known. Finally, limited evidence suggests that TRT may also im-

prove delayed ejaculation in hypogonadal men.*&4%:5¢

4.2 | Obesity
4.2.1 | Recommendations

Recommendation #11. We recommend against TRT as a treatment
for weight reduction in obese men (1 @O0).

4.2.2 | Evidence

RCTs specifically designed to study the effects of TRT on weight re-
duction in overweight or obese men are not available. Nevertheless,
TRT consistently improves body composition (similar reduction of
fat mass and increase of lean mass) in hypogonadal men, without any
change in total bodyweight or body mass index (BMI) when com-
pared with placebo or diet alone.””? Long-term effects of TRT on
body composition are unknown. Data derived from registry and un-
controlled studies suggest that TRT might reduce body weight and
BMI in hypogonadal men®®; however, these studies have important

limitations, which mitigate against their validity.

4.2.3 | Values

We place a high value on the recommendation that TRT alone should
not be considered as an anti-obesity drug.

4.3 | Metabolic syndrome and/or diabetes

4.3.1 | Recommendations

Recommendation #12. We recommend against the use of TRT to
improve glycometabolic control in men with type 2 diabetes (T2DM)
and/or metabolic syndrome MetS (1&®00).

4.3.2 | Evidence

The metabolic effects of TRT in men with T2DM and MetS are con-
flicting. Only few placebo-controlled RCTs specifically investigated
metabolic outcomes as primary endpoint of TRT in these populations.

The TIMES-2, the largest study on T2DM or MetS subjects (n = 220),

was unable to document a significant reduction in haemoglobin A,
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(HbA, ) concentrations or BMI after 26 weeks of T gel 1%, although
some improvement in the homeostatic model assessment of insulin
resistance (HOMA-IR) was observed.®! The largest RCT conducted ex-
clusively in 199 men with T2DM was the BLAST study.®? Long-acting
injectable TU for 30 weeks resulted in significant improvement of
HbA, . concentrations, particularly in poorly controlled men (baseline
HbA, > 58 mmol/mol; 7.5%). Waist circumference decreased with-
out any modification of BML.%2 In contrast, Gianatti et al®® did not ob-
serve any improvement in HbA, _ concentrations or HOMA-IR index
in 88 men with T2DM, despite an improvement of body composition
(reduction of fat mass and increase in lean mass), after 40 weeks of
long-acting injectable TU when compared to placebo. Uncontrolled
registry studies suggest that TU treatment may improve glycometa-

647 and pre-

8

bolic controls in men with T2DM and MetS up to 8 years
vents pre-diabetes progression toT2DM in men with hypogonadism.®
The unconfirmed results of these studies have important limitations as
mentioned earlier and cannot therefore be accepted as generalizable
evidence. The effects of TRT on other parameters of MetS such as lipid
profile and blood pressure are inconsistent.

4.3.3 | Values

We place a higher value on the lack of clear evidence from RCTs that
TRT consistently improves the metabolic profile (HbA, , fasting glycae-
mia) or longer-term benefits in clinical outcomes in men with T2DM or
MetS. We place a lower value on the inconsistent, modest short-term
improvement in insulin resistance (HOMA-IR) despite the consistent
effect of T on body composition. However, TRT is indicated in men
with MetS or T2DM who also have diagnosed hypogonadism for the
management of traditional hypogonadal symptoms without the prom-
ise (or expectation) of improvements in metabolic status.*°

4.4 | Subjects with bone diseases
441 | Recommendations

Recommendation #13. We recommend against TRT with the sole
purpose of reducing fracture risk in hypogonadal men with high frac-
ture risks (1 ®®®O).

4.4.2 | Evidence

TRT may improve bone quality in hypogonadal men with low or
moderate fracture risk.? TTrials also showed that TRT improves
volumetric bone mineral density, more in the spine than (but also
significantly) in the hip,® confirming earlier data that TRT increases
areal spinal bone mineral density as measured by dual-energy X-ray
absorptiometry (DEXA).”%’1 However, there are no data on the
effects of TRT on fracture risk or incidence in men, unlike several

bone-specific medical therapies (eg bisphosphonates).®’

ENAOPAMA

4.4.3 | Values

In hypogonadal men with osteoporosis and/or at high risk of fragil-
ity fracture, anti-osteoporotic therapy with proven benefits on re-
ducing fracture risk is preferred. TRT can also be prescribed at the
same time in these men for the management of extant hypogonadal
symptoms.

4.4.4 | Remarks

Fracture risk rather than bone density is the more important out-
come.®’ Fracture risk (estimated by FRAX or similar scores) re-
mains the key metric for determining appropriate treatment option
and assessment of efficacy in hypogonadal patients at high risk of

osteoporosis.69

4.5 | Subjects with psychological symptoms
4.5.1 | Recommendations

Recommendation #14. We recommend against TRT for the sole
treatment to improve depressive symptoms in hypogonadal men (1
SDOO).

4.5.2 | Evidence

Few placebo-controlled RCTs have investigated the potential role
of TRT for the treatment of depressive symptoms.72 TRT improved
mood, and depressive symptoms using several self-report instru-
ments in the TTrials, although the magnitude of the effects was
small.® This is in line with data reported in available meta-analy-
ses.”®7% The positive effect of TRT was confirmed only in hypogo-
nadal patients, with apparently higher efficacy in those <60 years
and those with minor depressive symptoms.”*

4.5.3 | Values

We place a higher value on the use of established anti-depressive
therapy, cognitive behavioural therapy and psychiatric consultation
in men with depressive symptoms or in those with diagnosed major
depression. We place a lower value on the possibility that TRT may

modestly improve mood in hypogonadal men.

4.54 | Remarks

Information on the effects of TRT in major depressive disorders is
lacking. Similarly, the outcomes on combination of TRT with estab-

lished anti-depressive therapy are not available.
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4.6 | Subjects with chronic diseases
4.6.1 | Recommendations

Recommendation #15. We recommend against the use of TRT, in
the absence of symptomatic hypogonadism, to improve the morbid-
ity and/or mortality of several chronic diseases including human im-
munodeficiency virus (HIV) infection/acquired immune deficiency
syndrome (AIDS), heart failure, obstructive pulmonary disease,
chronic kidney diseases, bowel inflammatory diseases or to prevent
the long-term outcomes of subjects chronically treated with gluco-
corticoid or opioid therapy (2 @®0O0).

4.6.2 | Evidence

Several chronic conditions including HIV-1 infection, particularly wast-
ing syndrome, heart failure, chronic obstructive pulmonary disease
(COPD), impaired renal function, in particular end-stage renal diseases
(ESRD) as well as bowel inflammatory diseases, are frequently associ-
ated with lower T concentrations.”””® Limited evidence suggests that
TRT might improve lean mass in HIV’”7?8 and in COPD®! patients. No
data, however, indicate that TRT may impact on either natural course
or long-term outcomes of chronic diseases. This also applies to men

with chronic inflammatory diseases treated with glucocorticoids.””

4.6.3 | Values

We place a higher value on recommending against the use of TRT
with the intention of modifying the natural course of chronic dis-
eases, and a lower value on improving hypogonadal (mainly sexual)
symptoms in patients with chronic diseases and low T, due to the
lack of supportive evidence on overall clinical benefits and improve-

ments in quality of life.

4.7 | Ageing men

4.71 | Recommendations

Recommendation #16. We recommend against routinely prescribing

T to men >65 years as an anti-ageing therapy (1 ®®®®).
Recommendation #17. We recommend against TRT in frail men

to improve exercise capacity/physical function (1 @@ 0).

Recommendation #18. We recommend against TRT in ageing

men to improve cognitive function (1 ®®@0).

4.7.2 | Evidence

The role of TRT in elderly men remains a matter of consider-
able debate. The TTrials showed that TRT did not substantially
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increase walking distance in the cohort of men complaining of
low physical function.® However, walking distance increased
significantly when the whole study population was included in
a sub-analysis. In line with these findings, the post hoc analysis
of the data showed that TRT consistently improved self-reported
walking ability as well as modestly improved 6 minutes walk test
(across all TTtrial participants), but did not affect falls.®® In ad-
dition, although TRT did not improve vitality as assessed by an
increase above the pre-specified threshold value in the Functional
Assessment of Chronic lliness Therapy (FACIT)-Fatigue scale as
the primary outcome, it did improve vitality, mood and depressive
symptoms as continuous measures by several instruments.® The
magnitude of each of these improvements, however, was small
and their clinical significance uncertain. Finally, TRT did not im-

prove cognitive performance.®

4.7.3 | Values

We place a higher value on the view that the TRT has not been shown
unequivocally to improve physical, cognitive function or energy
level, in elderly men with low T concentrations, to an extent that
is likely to provide patient-important benefits. We place a relatively
lower value on the results of the TTrials, which show modest im-
provements in these functional domains. Our opinion is influenced
by the current lack of data on long-term safety of TRT in elderly men

(see below).

5 | SAFETY AND CONTRAINDICATIONS

Safety data on cardiovascular diseases (CVD), VTE and prostate can-
cer risks pertain only to short-term treatment, since the vast major-
ity of RCTs on TRT exposed subjects to T for 6-24 months, with the
maximum duration of 36 months.” Furthermore, none of the studies
has been sufficiently powered to exclude adverse event risks in the

longer term.

5.1 | Prostate and breast
5.1.1 | Recommendations

Recommendation #19. We recommend against TRT in men with un-
treated prostate or breast cancer (Good Clinical Practice statement).

Recommendation #20. We recommend, before initiation of TRT
in men > 40 years of age, discussing potential benefits and risks of
prostate cancer screening and engaging the patient in shared de-
cision-making regarding options for pre-treatment screening and
on-treatment monitoring (see Recommendations #21, #22, #31,#32).
These discussions should also take into account local guidelines for
prostate cancer screening for the general population (Good Clinical

Practice statement).
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Recommendation #21. We recommend, before initiating TRT in
men > 40 years of age, checking prostatic-specific antigen (PSA) and
performing digital rectal examination (DRE) of the prostate to mini-
mize the risk of prescribing T to patients with undiagnosed prostate
cancer (1000).

Recommendation #22. We recommend against TRT in men with
PSA > 4 ng/mL (or elevated PSA according to local/national guide-
lines) or prostate abnormalities on DRE without further evaluation
and/or urological consultation (1&&00).

Recommendation #23. We suggest TRT should not be used in
men with severe lower urinary tract symptoms (LUTS) [International
Prostate Symptom Score (IPPS)>19] (2O00).

5.1.2 | Evidence

Androgens and/or oestrogens are known to stimulate proliferation

8485 and breast cancers.%¢

and differentiation of prostate!

However, increased short-term (mostly < 12 months, maximum
three years) risk of incident prostate cancer, prostate-related ad-
verse events, increase in LUTS or prostate volume or breast cancer
have not been documented following TRT in men with low T.8>8¢
TRT in men with treated prostate cancer remains controversial, with
only scarce evidence to support its sa1’ety.84’85’87 Information on the
use of TRT in men with breast cancer following curative treatment
is not available.®®

Low, rather than high T seems to be associated with benign pros-
tatic hyperplasia (BPH) and LUTS.8 A recent meta-analysis did not
show an increase of LUTS severity in hypogonadal men treated with
T vs placebo.89 Limited information, however, is available in men
with severe LUTS (ie IPSS score > 19) as well as in those with PSA
concentrations > 4 ng/mL 888 since they are usually excluded from
enrolment into TRT trials.

5.1.3 | Values

We place a high value on the current lack of long-term prostate
safety data on TRT in men with functional hypogonadism. TRT is
contraindicated in hypogonadal men with untreated prostate and
breast cancer in accordance with good clinical practice. In view of
the conflicting evidence and continuing controversies,”® patients
should be counselled about the potential benefits and risks of pros-
tate cancer screening and be involved in shared decision-making re-
garding options for pre-treatment screening. When available, local
guidelines for prostate cancer screening for the general population

should also be considered.

5.1.4 | Remarks

PSA represents a continuous parameter directly related to the like-

lihood of prostate cancer, although an optimal PSA threshold for
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detecting non-palpable but clinically significant prostate cancer has
not been completely identified.”® An elevated PSA level of >4 ng/
mL (or elevated PSA according to local/national guidelines) should
be confirmed a few weeks later under standardized conditions (ie
no ejaculation, prostate manipulations, and urinary tract infections)
in the same laboratory. Elevated PSA concentrations, if confirmed,
require further evaluation.”

In severely symptomatic hypogonadal men with treated (radical
prostatectomy) low-grade prostate cancer (Gleason score < 7) who
remained in remission (with undetectable PSA for at least two years),
the possible risks and benefits of TRT should be discussed with the
patient and his oncologist and/or urologist in order to reach an indi-

vidually appropriate joint decision on management."1

The safety of
TRT in men with severe LUTS remains to be established but modest

LUTS (IPSS < 19) is not a contraindication to TRT.8887

5.2 | CVD and venous thromboembolism risks
5.2.1 | Recommendations

Recommendation #24. We recommend against TRT in men with se-
vere heart failure [New York Heart Association (NYHA) Class Il or
V] (1@@00).

Recommendation #25. We suggest against TRT in patients with
a recent major acute CV event (including stroke) (2@00).

Recommendation #26. We suggest against TRT in men with doc-
umented polycythaemia and/or elevated haematocrit (>48%-50%)
depending on associated morbidities and CV risk without further
evaluation (2@®00).

Recommendation #27. We suggest obtaining detailed personal
and family history of venous thromboembolism (VTE) and risk fac-
tors for VTE prior to initiating TRT (20O00).

5.2.2 | Evidence

The risks of TRT in patients with class Il or IV heart failure have not
been formally documented. These patients often represent a frail
immobile population, at risk of polycythaemia and VTE, which are
further contraindications for TRT (see below).

The association between CVD and TRT was highlighted by the US
Food and Drug Administration (FDA), which instigated a label warn-
ing on all T products. Similar conclusions were reached by Health
Canada. Conversely, the European Medicine Agency (EMA) did not
find sufficient evidence for declaring a TRT-associated CV risks (see
for review Ref. [?]). A recent meta-analysis including 15 pharmaco-ep-
idemiological and 93 RCTs showed no clear evidence of increased CV
risk related to TRT"? but none of these studies was designed (with
sufficiently long duration of exposure) or powered (with sufficient
numbers of participants) to exclude such a risk. At the behest of the
US FDA, an industry-supported multi-centre RCT is underway to in-
vestigate the CV risk of TRT (clinicaltrials.gov: NCT03518034).

EvSokpwvoloyia | AtaBntohoyia | MetaBollopog 75



Avépikn Avarapaywyr / Xpriotog Toap£tng

CORONA ET AL

High haematocrit (Hct) is a risk marker of CV morbidity, mortality and
VTE.”® In a 28-year follow-up study amongst 670 men aged 55 years,
Hct > 50% was associated with 1.8-fold increase in coronary heart dis-
ease (CHD) mortality even after adjustment for established coronary
risk factors.”* The Framingham Heart Study reported that in men older
than 64 years of age, Hct > 48% was associated with higher CHD and
CVD mortality.”® Since no clear Hct threshold was associated with an
increased CV risk, the final decision to start or not TRT should be left
to the physician considering overall patient clinical conditions. Several
associated morbidities including COPD, obstructive sleep apnoea syn-
drome, heart failure (HF) as well as smoking habit can potentially further
contribute to TRT-associated increment of Hct. Hence, Hct > 48%-50%,
depending on associated morbidities and CV risk, can be considered a
contraindication for initiating TRT without further investigation. Several
case series also documented VTE in patients who received TRT, and
both the US FDA ?¢ and Health Canada ° warned against the risk of
VTE in all T products, requiring a label change. Conversely, two large
population-based studies failed to find an association between endoge-
nous T and VTE (*®%7; see Ref. [*°°] for review). However, a more recent
Mendelian randomization study from the UK Biobank, including around
500 000 men aged 40-69, showed that endogenous T, genetically pre-
dicted by variants in the JMJD1C gene region, was positively associated
with thromboembolism.'®! It is also important to recognize that the vast
majority of the previously reported cases of TRT-related VTE may have
been related to undiagnosed thrombophilia-hypofibrinolysis, emphasiz-

ing the role of past and family history of thromboembolic diseases. %%

5.2.3 | Values

We place a high value on the current lack of definitive long-term CVD
risk data on TRT in men with functional hypogonadism, while acknowl-
edging the safety warnings from North America.'®® However, our
preference is to follow the guidance from the EMA stating that when
hypogonadism is properly diagnosed and managed, there is currently

no consistent evidence of an increased risk of CV disease during TRT.104

5.2.4 | Remarks
It should be important to recognize that the proposed criteria related

to Hct thresholds are derived from the general population not living
at high altitudes.

5.3 | Fertility
5.3.1 | Recommendations

Recommendation #28. We recommend against TRT in hypogonadal
men who desire fertility (16O ®).
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5.3.2 | Evidence

TRT suppresses gonadotrophins and endogenous T secretion as well
as spermatogenesis. Data derived from the use of anabolic steroids
indicated that such suppression may even persist many months
(up to 12 months usually but sometimes more) after treatment

discontinuation.'®®

5.3.3 | Values

TRT is contraindicated in men with function hypogonadism who de-
sire fertility 1%° (see Section 7.8).

6 | MONITORING

The follow-up of T treatment in patients with functional hypo-
gonadism, in general, should be no different from organic hypog-
onadism. The EAA guidelines, therefore, largely agrees with the

recent US and Australian Endocrine Society guidelines.>?°

6.1 | Monitoring TRT for functional hypogonadism
6.1.1 | Recommendations

Recommendation #29. We recommend assessing the clinical re-
sponse as well as adverse effects to TRT at 3 and 12 months after
initiation of treatment. Thereafter, clinical review should be sched-
uled at least yearly (10®®®).

Recommendation #30. We suggest that on-treatment total T
concentrations should be measured at each clinic visit to ensure
that average total T concentrations achieve the targeted mid-normal
range for young men (2 @9O0).

Recommendation #31. We suggest performing digital rectal ex-
amination and checking PSA at 3 to 12 months for men > 40 years
of age after initiating T treatment. After the first 12 months, local
guidelines for prostate cancer screening for the general population
should be followed (2000).

Recommendation #32. We suggest further evaluation and/or
urological consultation, if there is: (a) an increase in serum PSA con-
centration >1.4 ng/mL within 12 months of initiating T treatment,
(b) a confirmed PSA > 4 ng/mL at any time and (c) detection of a
prostatic abnormality on DRE or a substantial worsening of LUTS
(26000).

Recommendation #33. We recommend measuring the haema-
tocrit (Hct) 3-6 months after initiation of TRT and then annually.
If Hct is >54%, TRT should be discontinued, until Hct decreases
to a safe level; evaluate the patient for hypoxia and sleep apnoea;
reinitiate therapy with a reduced dose (1 @O ®).
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6.1.2 | Evidence

At each clinic review, serum T concentration should be checked to en-
sure that the normal range for young men 9.6-30 nmol/L (280-873 ng/
dL)® is attained (Figure 1; see Recommendation #29, above).There is
a general consensus that Hct > 54% requires TRT withdrawal (and
sometimes phlebotomy) to minimize the risks of VTE and CV events.”®

6.1.3 | Values

We place a high value on minimizing the risk of unnecessary prostate
biopsy (resulting in over-diagnosis of clinical inconsequential pros-
tate cancer in situ or high-grade prostatic intraepithelial neoplasia,
infection, cost, etc) as a consequence of prostate safety monitoring.

In view of the conflicting evidence and continuing controversies,”®
patients should be counselled about the potential benefits and risks
of prostate cancer screening for on-treatment monitoring. These
discussions should also take account of local guidelines (when avail-
able) for prostate cancer screening for the general population. In line
with the European Association of Urology (EAU) guidelines,”® in men
>40 years, who have initiated TRT, we suggest (after discussing poten-
tial benefits and risks of prostate screening) engaging the patient in
shared decision-making regarding continued monitoring after the first
12 months of treatment. In men >40 years at increased risk of pros-
tate cancer (eg men of African descent and those with a first-degree
relative with diagnosed prostate cancer or previously positive pros-
tate biopsy, and in those with baseline PSA concentrations >1 ng/mL
at age 40 years or >2 ng/mL at age 60 years), having initiated TRT, we
suggest (after discussing prostate cancer risk with the patient) offering
continued monitoring options after the first 12 months of treatment.
The risk of prostate cancer in men younger of 40 years is very low,
whereas the risk of dying from prostate cancer (as opposed to other
co-morbidities) in men diagnosed when they are 70 years of age or
older has been not considered high enough to warrant monitoring
in the general population.9°The use of cancer risk calculators **7 can

allow clinicians to identify patients at higher risk for prostate cancer.”®

6.1.4 | Remarks

The exact timing for T evaluation depends on the T preparation
used.® Dose adjustment, switching to alternate T preparations or (dis)
continuation of treatment can be guided by the clinical response and
the on-treatment T concentration. It is important to be reminded that
many cases of functional hypogonadism are potentially reversible.
Thus, TRT withdrawal may be considered following weight reduction
or if medications such as opiates can be stopped or substituted. If TRT
does not result in significant clinical improvement after 6 months,
treatment should be discontinued, and alternate diagnosis sought.
Temporary treatment ‘holidays’ will allow the HPT axis function to be

reassessed and the requirement for continuation of TRT determined.
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7 | CONCLUSIONS

Functional hypogonadism is a relatively new clinical diagnosis that
is still not universally recognized or accepted. T concentrations
decline gradually with age, but the clinical significance of low T in
ageing men remains unclear. This presents a difficult challenge to
clinicians who are charged with confirming a genuine diagnosis of
(functional) hypogonadism amongst a plethora of relatively non-
specific symptoms (of which sexual symptoms show the strong-
est association with T deficiency). This is compounded by the fact
that T concentrations in functional hypogonadism are commonly
found in the borderline (8-12 nmol/L) rather than the unequivo-
cally pathological range (<6 nmol/L). In this situation, fT measure-
ment can be helpful in resolving borderline cases. It is important
to recognize the roles of obesity and co-morbidity as well as medi-
cations in aggravating the natural age-related T decline, with the
important implication of potential reversibility. Thus, TRT, more
often than not, initiated as a therapeutic trial, should not be con-
tinued if there is no clinical improvement. Moreover, the diagnosis
and changing requirements/priorities of the patient should be re-
viewed regularly, especially of those in advanced age whose risk
and benefit balance may shift with time. The present recommen-
dations for or against treatment are substantially influenced by the
fact that real clinical benefits and safety (especially in the longer
term) of TRT have not been fully documented. Furthermore, due to
its potential reversibility, no data are currently available to recom-
mend the appropriate duration of TRT in individual patients with
functional hypogonadism. It is clear that this is an evolving area of
clinical practice that requires much more clinical research efforts.
The relative abundance of negative rather than positive recom-
mendations (which may not always be definitive) in these guide-
lines reflects a dearth of high-level evidence. In the meantime,
clinicians dealing with individual patients with possible functional
hypogonadism should be prepared to explicitly discuss the uncer-
tainties of the potential risks and benefits of TRT from current evi-

dence and engage them in shared management decision-making.
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Abstract

Background: Knowledge about Klinefelter syndrome (KS) has increased substantially
since its first description almost 80 years ago. A variety of treatment options con-
cerning the spectrum of symptoms associated with KS exists, also regarding aspects
beyond testicular dysfunction. Nevertheless, the diagnostic rate is still low in relation
to prevalence and no international guidelines are available for KS.

Objective: To create the first European Academy of Andrology (EAA) guidelines on KS.
Methods: An expert group of academicians appointed by the EAA generated a con-
sensus guideline according to the GRADE (Grading of Recommendations, Assessment,
Development and Evaluation) system.

Results: Clinical features are highly variable among patients with KS, although com-
mon characteristics are severely attenuated spermatogenesis and Leydig cell impair-
ment, resulting in azoospermia and hypergonadotropic hypogonadism. In addition,
various manifestations of neurocognitive and psychosocial phenotypes have been
described as well as an increased prevalence of adverse cardiovascular, metabolic

and bone-related conditions which might explain the increased morbidity/mortality
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1 | INTRODUCTION

Klinefelter syndrome (KS) is the most frequent chromosome dis-
order in men, exhibiting a karyotype of 47,XXY. Symptoms in KS
are highly variable. Nevertheless, frequent characteristics are small
testes, azoospermia and hypergonadotropic hypogonadism. Also
neurocognitive and psychosocial manifestations can be seen as well
as cardiovascular, metabolic and bone-related conditions of adverse
nature. Generally, morbidity and mortality are increased in KS com-
pared to men with a karyotype of 46,XY. Both hypogonadism and
genetic effects seem to contribute to this clinical spectrum. Among
physicians, knowledge about KS regarding diagnosis and treatment
is distributed unevenly. KS is not fully known to many physicians
and there is a marked need for a respective improvement of medical
curricula.

Whereas KS is usually considered in all guidelines dealing with
the management of hypogonadism, no specific guideline and recom-
mendation have ever been published to care for patients with KS
in various developmental stages. The aim of the present study is
summarize available evidence on KS providing a list of suggestions
and recommendations on behalf of European Academy of Andrology
(EAA) and endorsed by the European Society of Endocrinology in
order to correctly manage patients with KS from pre-natal period
to adulthood.

2 | METHODOLOGY OF THE GUIDELINE
COMPOSITION

2.1 | Data identification

The EAA guidelines committee commissioned an expert task force of
academicians with clinical expertise in the field to create new guide-
lines for the management of KS. All experts involved are androlo-
gists with a various background (urology, genetics, paediatrics and
endocrinology). PubMed was searched for articles in English with

the search term ‘Klinefelter’ (the search period involved all literature
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in KS. Moreover, compared to the general male population, a higher prevalence of
dental, coagulation and autoimmune disorders is likely to exist in patients with KS.
Both genetic and epigenetic effects due to the supernumerary X chromosome as well
as testosterone deficiency contribute to this pathological pattern. The majority of pa-
tients with KS is diagnosed during adulthood, but symptoms can already become ob-
vious during infancy, childhood or adolescence. The paediatric and juvenile patients
with KS require specific attention regarding their development and fertility.

Conclusion: These guidelines provide recommendations and suggestions to care for
patients with KS in various developmental stages ranging from childhood and ado-
lescence to adulthood. This advice is based on recent research data and respective

evaluations as well as validations performed by a group of experts.

regarding KS starting from 1942 to June 2020). The text was drafted
in a group effort following scrutiny and discussion of the best evi-
dence from published literature. Thus, a series of consensus recom-
mendations and suggestions according to the GRADE (Grading of
Recommendations, Assessment, Development and Evaluation) sys-

tem was generated.

2.2 | Levels of evidence and grades of
recommendation

The GRADE system is a method of developing evidence-based
guidelines, involving key recommendations and the use of a consist-
ent language and graphical descriptions for standardizing the grad-
ing of both the strength of recommendation and the quality of the
evidence.! widely used from scientific societies including the EAA.
According to GRADE, the task force used the following internation-
ally shared coding system: [1] ‘we recommend’ indicates a strong
recommendation; [2] ‘we suggest’ denotes a weak recommendation.
As far as the evidence grading is concerned: @O (O denotes ‘very
low-quality evidence’; @O ‘low quality’, ®®@®() ‘moderate
quality’ and @®@® ‘high quality’.

Largely, a ‘@®®®' score is awarded to evidence that is based
on randomized controlled trials (RCTs) and meta-analyses, and a
‘@@’ score to evidence that is based on observational studies.
Specific methodological characteristics (quality, consistency, direct-
ness and effect size) increase or decrease this score.

Statements on AETIOLOGY AND PREVALENCE.

| Klinefelter syndrome (KS) is the most frequent sex chromosomal
anomaly in males, described by a karyotype with one or more
extra X Chromosome (most frequently 47,XXY) in men.
Il KS is associated with testicular malfunction resulting very often
in hypogonadism and/or infertility
Il The classical description of the adult male with KS includes
primary testicular failure with small testes (1-5 mL), hypergo-

nadotropic hypogonadism, gynaecomastia, infertility (mostly
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KS are afflicted with a higher risk of having cardiovascular, meta-
bolic, psychiatric and other comorbidities. Providing the patient with
KS and, if deemed adequate, his parents with suitable and balanced
information as well as assistance for various aspects of his life after
receiving the diagnosis is suggested. Prevention and treatment of the
medical complications and comorbidities associated with KS should be
standardized as far as possible. Also minimizing neurodevelopmental
dysfunction, that is verbal deficits, learning difficulties, behavioural
problems should be aimed at. These measures are likely to promote
the patients’ self-esteem, assure quality of life and improve his social
adaption. Finally, preservation of the fertility potential, that is cryo-
preservation of spermatozoa from ejaculate or testicular tissue is an
option now widely available.

The pathological conditions in patients with KS are most likely
of a combined endocrine, genetic and epigenetic origin. Further
research in a coordinated fashion is needed. KS is vastly underdi-
agnosed and an increment of general knowledge as well as establish-
ment of standard care in multidisciplinary networks is mandatory.

These are the first guidelines to take a step towards this goal.

6 | LIST OF RECOMMENDATIONS AND
SUGGESTIONS

6.1 | Geneticissues

1. We recommend that a pre-natal diagnosis of KS is confirmed on a
chromosome analysis on peripheral blood postnatally (1, @®®().

2. We recommend conventional karyotyping on peripheral blood
cells for diagnosis of KS (1, @®®)).

3. We recommend that patients with KS and/or their parents are
offered genetic counselling; pre-natal counselling should be non-
directive (1, @@ ).

4. We recommend karyotype analysis for detecting KS in men with
non-obstructive azoospermia and (severe) oligozoospermia (total
sperm count < 10 x 106/ejaculate or sperm concentration < 5 x
10%/ml (1, @@ ).

5. We recommend karyotype analysis for detecting KS in men with
primary hypogonadism (low serum levels of testosterone) and
elevated serum levels of gonadotropins (LH and FSH) combined
with small testicular volumes (<5 ml per testis) (1, @)

6.2 | CHILDREN AND PRE-PUBERTAL BOYS
WITH KS

6. We suggest karyotype analysis for detecting KS in boys
born with cryptorchidism, especially the bilateral forms, who
do not experience spontaneous descent of the testes at the
first year (2, ®®(OQ).

7. We recommend to treat cryptorchidism in children with KS
according to the current treatment guidelines in children without
KS (1, @)

ENAOPAMA
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8. We recommend general physical examinations in pre-pu-
bertal children with KS including a testicular evaluation. These
should be performed biennially or as deemed as appropriate.
Suspected neurological or psychiatric deficits should be examined
by respective specialists (1, @@ ().

9. We suggest determination of LH and testosterone during
the first 2-3 months after birth in children with pre-natal diagnosis
of KS when it might have a therapeutic consequence (ie diagnosis
of micro-penis) (2, 8OO Q).

10.  We recommend against testicular tissue cryopreservation
or spermatogonial stem cell retrieval in pre-pubertal children with
KS (1, @)

11.  We recommend against testosterone supplementation
during early childhood in all patients with KS except in cases of
micro-penis (1, @®®)).

12. We suggest measurement of height according to centiles
or standard deviation scores as well as body proportions and
determinations of bone age in pre-pubertal children with KS de-
pending on individual growth patterns (2, @O Q).

13. We suggest determination of vitamin D blood levels and
adequate vitamin D and calcium supplementation in pre-pubertal
children with KS (2, 8OO Q).

14.  We suggest assessment of bone mineral status during
childhood in case of vitamin D deficiency biennially in patients
with KS (DXA scan, size-corrected determinations using a three-
step-method are required) (2, 8OO Q).

15. We recommend measurement of weight using centiles or
standard deviation scores in pre- pubertal children with KS (1,
oaa).

16.  We recommend against testosterone treatment in infants
and pre-pubertal boys with KS (1, @& ).

17. We recommend speech therapist control and therapy,
monitoring learning disabilities, social training and psycho-
logical support, in pre-pubertal children with KS if needed (1,
o).

6.3 | ADOLESCENTS WITH KS

18.  We recommend that information on fertility issues is
given to adolescent patients with KS and, if deemed adequate,
his parents. There is no level of recommendation, as this can
be considered good clinical practice.

19.  We suggest testicular ultrasound during puberty of pa-
tients with KS and regularly at follow-up visits (2, @ OO Q).

20. We suggest semen collection in adolescents with KS
after careful information and assessment of the wish of the pa-
tient and cryopreservation if motile spermatozoa are present (2,
eeOQ).

21.  We suggest that adolescents with KS might undergo a tes-
ticular biopsy for testicular sperm extraction (TESE) either using
multifocal (standard TESE) or microdissection-TESE (mTESE) and

consequent sperm cryopreservation in selected cases requiring
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specific counselling, provided their physical and mental maturity
is apt for this decision (2, @O Q).

22.  We recommend assessment of Tanner stages, pubertal
development, measurement of testosterone and gonadotropins,
signs and symptoms of hypogonadism, height, weight, waist cir-
cumference and body proportions starting prior to the predicted
start of puberty in patients with KS and at individually determined
intervals thereafter (the time-window for the start of puberty
does not differ from boys with a karyotype of 46,XY) (1, @®®)).
23. We recommend testosterone supplementation in case of
delayed puberty and/or signs and symptoms of hypogonadism as-
sociated with low-normal testosterone and supra-normal LH serum
concentrations (LH> 2 SD according to age-related references), after
the fertility issues have been addressed (see above) (1, ®®®)).
24.  We suggest against testosterone therapy in adolescents with
KS with compensated hypergonadotropic hypogonadism (2, 8O ).
25.  We recommend speech therapist control, monitoring edu-
cational problems, social training and psychological support in
adolescents with KS, if needed (1 ®®® ).

6.4 | ADULTS WITH KS

26.  We recommend initiation of testosterone substitution in
patients with KS with hypogonadism as diagnosed according
to established guidelines on hypogonadism, if possible once
fertility issues have been addressed (1, @®®()).

27. We recommend that testosterone substitution in patients
with KS should follow the established guidelines on hypog-
onadism using the usually suggested monitoring intervals for clini-
cal assessment, safety parameters (haematocrit, PSA, other) and
dose titration (1, @®® ).

28.  We recommend endocrine evaluation every 12 months in
adult patients with KS who are not on testosterone substitution
100

29.  Werecommend semen analysis and sperm cryopreservation
in all adult patients with KS and a wish for paternity (1, @®&)).
30. We recommend that all adult patients with KS and con-
firmed azoospermia and a current or putative future wish for
paternity undergo a testicular biopsy for testicular sperm extrac-
tion (TESE) either using multifocal (standard TESE) or microdis-
section-TESE (mTESE) and consequent sperm cryopreservation
1, @daQ).

31. We suggest against starting testosterone replacement
therapy in patients with KS when a TESE is planned, due to the
possible suppression of gonadotropins and further suppression of
remnant spermatogenesis (2, ()

32.  We recommend education on lifestyle and yearly assess-
ment of weight, waist circumference, blood pressure, fasting
glucose, HbA1c and lipid profile and adequate treatment in all pa-
tients with KS (1, @@® Q).

33.  We suggest thrombosis prophylaxis prior to long-term

flights or exposure to other risks in patients with KS to attenuate

the increased risk for deep vein thrombosis and/or pulmonary
embolism (2, @d®).

34. We suggest assessment of 12-lead ECG QTc time at least
once in patients with KS (2, @d® )

35.  We recommend following the EAA clinical guidelines on
management of bone health in the andrological outpatient clinic,
bearing in mind that patients with KS are at risk of low bone min-
eral density (BMD) and fractures independently of their serum
levels of testosterone (1, @®®)).

36. We recommend DXA analysis at the lumbar and fem-
oral levels and fracture risk assessment at the first visit of
adult patients with KS and then on an individual basis (1,
eeO0).

37. We suggest determination of vitamin D plasma levels
in all adult patients with KS at the first visit and then on an
individual basis, independently from their BMD, and proper
vitamin D and calcium supplementation when needed (2,
eeO0).

38.  We recommend considering psychosexual and psychiatric
issues in all adult patients with KS and to induce consultation by a
specialist if required (1, @O ).

39.  We suggest attention to the putative existence of gender
incongruence in patients with KS. The patient should then at-
tend a respective specialist within a multidisciplinary setting (2,
o000 2,8000)

40. We recommend breast examination for patients with
KS (including mammary gland ultrasonography if necessary)
for detecting gynaecomastia at the first visit and then on an
individual basis and eventual treatment as per guidelines (1,
oedQ).

41.  We suggest clinical breast and axilla examinations every
two years in adult patients with KS and eventual mammography
and/or mammary gland ultrasonography especially in those pa-
tients with a family history of breast cancer or other reasons for
suspicion thereof (1, @O )).

42.  We suggest ophthalmological assessments in patients with
KS if the history points towards visual complaints (2, 8OO Q).
43.  We suggest examination of the dental status in patients
with KS (2, @OOQ).

44,  We suggest attention to possible autoimmune dysfunc-
tions in patients with KS (2, OO Q).

6.5 | GENERAL DEMANDS

45.We recommend the set-up of multidisciplinary centres or struc-

tures to care for patients with KS (1, @®®()).

46.We recommend improving the transitional care for patients with

KS from paediatric to adult endocrinologists/andrologists (1,
eee)).

47. We recommend improving knowledge about KS among doctors

and society, especially by structured graduate and postgraduate
education (1, 8®).
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Biomarkers and Noncalcified Coronary Artery
Plaque Progression in Older Men Treated With
Testosterone

Kashif Shaikh12, Susan S Ellenberg?, Rine Nakanishi!, Peter J] Snyder#4, Juhwan Lee!, Nanette K
Wengers, Cora E Lewis¢, Ronald S SwerdloffZ Peter Preston?, Sajad Hamal!, Alisa Stephens-
Sheilds3, Shalender Bhasing, Lavanya Cherukuri?, Jane A Cauley?, Jill P Crandall®, Glenn R
Cunningham 1, Kristine E Ensrud 213, Alvin M Matsumoto 4, Mark E Molich s, Venkata M
Alla2, Divya Birudaraju!, Negin Nezarat!, Kelash Rai!l, Shone Almeida!, Sion K

Roy!, Mohammad Sheikh!, George Trad!, Mathew J Budoff!

Abstract

Objective: Recent results from the Cardiovascular Trial of the Testosterone Trials
showed that testosterone treatment of older men with low testosterone was associated
with greater progression of noncalcified plaque (NCP). We evaluated the effect of
anthropometric measures and cardiovascular biomarkers on plaque progression in
individuals in the Testosterone Trial.

Methods: The Cardiovascular part of the trial included 170 men aged 65 years or older
with low testosterone. Participants received testosterone gel or placebo gel for 12
months. The primary outcome was change in NCP volume from baseline to 12 months,
as determined by coronary computed tomography angiography (CCTA). We assayed
several markers of cardiovascular risk and analyzed each marker individually in a model
as predictive variables and change in NCP as the dependent variable.

Results: Of 170 enrollees, 138 (73 testosterone, 65 placebo) completed the study and
were available for the primary analysis. Of 10 markers evaluated, none showed a
significant association with the change in NCP volume, but a significant interaction
between treatment assignment and waist-hip ratio (WHR) (P = 0.0014) indicated that
this variable impacted the testosterone effect on NCP volume. The statistical model
indicated that for every 0.1 change in the WHR, the testosterone-induced 12-month
change in NCP volume increased by 26.96 mm3 (95% confidence interval, 7.72-46.20).

Conclusion: Among older men with low testosterone treated for 1 year, greater WHR
was associated with greater NCP progression, as measured by CCTA. Other biomarkers
and anthropometric measures did not show statistically significant association with
plaque progression.
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Abstract

Background: Testicular ultrasound (LS) is routinely employed in the evaluation of re-
productive and sesoual function. Howewer, its use for characteristics other tham testicu-
lar wolume is hampered by a lack of informaticn on the progneostic value of its fimdings,
wihich to date have only been incorporated in a score proposed by Lenz et al im 1993,
Objectives: We zought to explore whether testicular US examination can predict the
quality of spermatogenesis and provide information on testicular emdocrine function.
Materials and methods: We retrospectively reviewead 6210 testicular S examina-
ticns, finally selecting examinations from 2230 unigue men. The following variables
wiere considered: bitesticular volume and testicular asymmetry, parenchymal echo-
texture, echogenicity and presence of microlithiasis, solid lesions and varicocoebs.
Concurrent fasting hormonal data were available for 1160 men, while 279 had a
semen sample available from the same day as the U5 examination.

Results: We derived a mew US score, termed TW score, that can predict both impaired
spermatogeneasis (AUC 0.73, sensitivity 72%, specificity 61%, P < .001) and hypog-
onadism [AUC 071, sensitivity 71%, specificity 53%, P < _001) more accurately than
the Lenz's score. Im a multivariate analysis, a reduced sperm compaosite index (defined
as total spermatozoa * total metility * normal forms) was independently predicted
by bitesticular volurne and by inhomogeneous echotexture, while hypogonadism was
independenthy predicted also by reduced echogenicity and presence of microlithiasis.
Discussion and conclusions: We describe the testicular U5 characteristics that are inde-
pendently associated with impaired spermatogenesis and hypogonadism and propose
the TU score as a simple soreening method for use insubjects referred for testicular US.

KEYWORDS
hypogonadizm, infertility, spermatogenesis, testicular endocrine function, testicular
ultrasouwnd, testostarone
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The effects of postnatal exposure of endocrine disruptors
on testicular function: a systematic review and a meta-analysis
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Abstract

Background Despite many epidemiological studies having been conducted, the impact of postnatal exposure of endocrine
disruptors (EDs) on testicular function remains a controversial issue.

Aim To systematically review the literature and perform a quantitative synthesis to evaluate the effect of EDs on testicular
function.

Materials and methods A comprehensive search was conducted in the MEDLINE, Scopus, and CENTRAL databases. Eligible
for the systematic review were observational (cross-sectional and cohort) studies with (i) adult men who had a high probability of
posmatal exposure to EDs (“exposed™), (i) adult men who had a low probability of postnatal exposure to EDs (“non-exposed™),
and (iii ) an outcome of interest [seminal parameters and reproductive hormone concentrations]. The continuous outcomes ineach
of the studies were synthesized by the random effects model and expressed as standardized mean difference (SMD) with 95%
confidence interval (CI).

Results Thirteen studies, including 959 exposed and 207 non-exposed men, fulfilled the inchision criteria. Exposure to EDs was
associated with decreased LH [SMD —0.17,95% CI —0.33 to —0.02, 10 studies (616 exposed, 563 mnfx}xmd},F 0%, p=
0.09], progressive motility [SMD — 0,45, 95% CI—0.77 to — 0.13, three studies (133 cases, 153 controls). /* 38%, p = 0.20], and
normal morphology [SMD — 0.50, 95% CI—0.85 to — 0.14, eight studies (562 cases, 540 controls), * 87%, p< 0.01] compared
with non-exposure. No difference was observed between the other study groups.

Conclusions Posmatal exposure to EDs is associated with decreased semen quality. Nevertheless, there is no evidence that a
disruption of testicular function mediates the deterioration in semen quality.

Keywords Endocrine disruptors - Hormone disruption - Male infertility - Sperm parameters
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Abstract

Background: The effects of PPls on human sperm fertilizing capacity were poorly in-
westigated although these drugs are widely over-used. Two publications retrospectively
studied relationships between any PPl intake and sperm parameters from patients con-
sulting at infertility clinics, but the conclusions of these reports were contradictory.
Only two reports investigated the effects of lansoprazole and omeprazole on sperm
motility and found lansoprazole to be deleterious and omeprazole to be neutral for
spearm maotility. The inconsistency of the PPI effect in the previous reports emphasizes
the need for more basic research on human spermatozoa, taking into account the hy-
pothesis that the different PPl drugs may have different effects on sperm physiclogy.
Objectives: Do PPIs, which are among the most widely sold drug in the word, impact
negatively human sperm capacitation and sperm motility?

Materials and methods: The effects of PPIs on human sperm maturation and maotility
were analyzed by CASA, flow cytometry, and Western blot.

Results: We tested the impact of & different PPlz on human sperm motility and ca-
pacitation. We showed that pantoprazole, but not the other PPls, decreased sperm
progressive motility and capacitation-induced sperm hyperactivation. We therefore in-
westigated further the effects of pantoprazole on sperm capacitation, and we observed
that it had a significant deleterious effect on the capacitation-induced hyperpolariza-
tion of the membrane potential and capacitation-associated protein phosphorylation.
Discussion and Condusion: Our results indicate that exposure to pantoprazole has
an adverze effect on the physiological competence of human spermatozoa. As the
capacitation process takes place within the female tract, owr results suggest that
PPIs intake by the female partner may impair in vivo sperm maturation and possibly
fertilization. Moreower, the absence of adverse effect by PPls on mouse sperm em-
phasizes the need to develop reprotox assays using human material to better assess
the effects of medication intake on sperm physiology.

KEYWORDS
capacitation, fertility, flow cytometry, human spermatozoa, proton-pump inhibitor
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The effect of antioxidants on male
factor infertility: the Males,
Antioxidants, and Infertility (MOXI)
randomized clinical trial
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Objective: To determine whether antioxidants improve male fertility, as measured by semen parameters and DNA fragmentation at 3
months and pregnancy resulting in live birth after up to & months of treatment, among couples with male factor infertility.

Design: Multicenter, double-hlind, mndomized, placebo-conirolled trial with an internal pilot study.

Setting: Nine fertility centers in the United States from December 20 15 to December 2018,

Patient{s): Men (N = 174) with sperm concentration = 15 million/mL, motility = 40%, nomal morphology = 4%, or DNA fragmen-
tation =2 5%, a.ndfmna]e]l&rt!‘rswhu were ovulatorny, =40 years okl, and had documented tubal patency.

Interventionis)k: Males domly assi d to cive an antioxidant formulation (n = 85} containing 500 mg of vitamin C, 400 mg of
wvitamin E, 0.20 mg of sclenium, 1,000 mg ofi—carnitine, 30 mg of zinc, 1,000 ug of folic acid, 10 mg of lycopene daily, orplacebo n =
#6). Treatment lasted for a minimum of 3 months and maximum of & months, and couples attempted to conceive naturally during the
first 3 morths and with clomiphene citrate with intrauterine insemination of the female partner in months 4 through 6.

Recsived Awgust 13, 2019 revised Nosember 7, 2018 acoepted Nowemiber 8, 2019
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Main Outcome Measure(s): Primary outcome was live birth; secondary outcomes inchided pregnancy within 6 months of treatment.
For the internal pilot, the primary outcomes were semen parameters and sperm DN A fragmentation index after 3 months of treatment.
Resultis): Inthe Males, Antioxidants, and Infertility (MOXI) study, after 3 months of treatment, the change in sperm concentration
differed between the antioxidant group (median —4.0 [interguartile range—1 20, 5.7] milionjmL) and placebo group [+24 [—9.0,
15.5] million/mlL). However, there were no statistically significam differences between the two gmoups for changes in sperm
morphology, motility, or DMNA Fagmentation. Among the 66 oligospermic men at randomization, sperm conceniration did not differ
at 3 months between the antioxidant and control groups: 6.5 (4.8, 15.0) million /mL versus 150 (6.0, 24.0) million/mL. Ofthe 75 asthe-
nospermic men, motility did not differ at 3 months: 34% = 16.3% versus 36 4% = 15.8%. Among the 4 4 men with high DNA fragmen-
tation, DMNA fragmentation did not differ at 3 momths: 29.5% (21.6%, 36.5%) vesus 26.0% (20600, 364%) In the entire cohort,
cumulative live birth did not differ at & months bebween the antioxidant and placebo groups 15% versus 245,
Conclusion{s): Antioxidants do not improve semen parameters or DNA integrity among men with male factor infertility. Although
limited by sample size, this study suggests that antioxidant treatment of the male partner does not improve in vivo pregnancy or
live-hirth mtes.
Clinical Trial Registration Number: NCTOZ4 21887 (Fertil Steril® 2020:113:552-60. ©2019 by American Society for Reprod uct ve
Medicine]
El resumen esta disponible en Espafiol al final del articulo.

Key Words: Antioxidants, male Factor infertility, randomized controlled trial

Discuss: You can disouss this article with its authors and other readers at https o waows fertstertdial og.comy us ersf 16 11 0-Fert@ity-
and-sterility] pos ts/ 55 105- 28793
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Low testosterone levels predict clinical adverse outcomes in
SARS-CoV-2 pneumonia patients
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Background: The pandemic of new severe acute respiratory syndrome (SARS) due to
coronavirus (CoW) 2 (SARS-CoV-2) has siressed the importance of effective diagnos-
tic and prognostic biomarkers of clinical worsening and mortality. Epidemiclogical
data showing a differential impact of SARS-CoVW-2 infection on women and men hawve
suggested a potential role for testosterone (T) in determining gender disparity in the
SARS-CoW-2 clinical outcomes.

Objectives: To estimate the aszociation between T level and SARS-CoV-2 clinical out-
comes ({defined as conditions reguiring transfer to higher or lower intensity of care or
desath) in & cohort of patients admitted in the respiratory intensive care umit {RICLU).
Materials and methods: A consecutive series of 31 male patients affected by SARS-
CoW-2 pneumonia and recowversd in the respiratory intensive care wunit (RICU) of the
“Carlo Poma"™ Heospital in Mantua were analyzed. Several biochemical risk factors (ie,
blood count and leukocyte formula, C-reactive protein (CRP), procalkcitonin (PCT),
lactate dehydrogemase [(LDH), ferritin, D-dimer, fibrinogen, interleukin & (IL-&)) as
well as total testosterone (TT), calculated free T [cFT), sex hormone-binding globulin
(SHEG), and luteinizing hormone (LH) were determined.

Results: Lower TT and cFT were found in the transferred to ICU/deceased in RICU
group vs groups of patients transferred to 1M or maintained in the RICU in stable con-
dition. Both TT and cFT showed a negative significant correlation with biochemical
risk factors (ie, the neutrophil count, LD'H, and PCT) but & positive association with
the lymphocyte count. Likewise, TT was also negatively associated with CRP and fer-
ritim lewels. A steep increase in both 1CU transfer and mortality risk was observed in
men with TT = 5 nmol/L or cFT = 100 pmolsL.

Giulia Raztredli and Vincerca O Stasi egually contributed to this studsy.

D 1020 American Society of Androlosy and Eurcpean Academy of Andnolosy

Androdegy. 202000001 -11.

Wi beryrrilires brary oo Journal snder I
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Discussion and conclusion: Our study demonstrates for the first timme that lowwer
baseline levels of TT and cFT levels predict poor prognosis and mortality in SARS-

CoV-2-infected men admitted to RICLU.

KEYWORDS
COVID-19. inflarnmatory markers, mortality, prognosis, sex hormones
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FSH dosage effect on conventional sperm
parameters: a meta-analysis of randomized
controlled studies

Rossella Cannarella, Sandro La Vignera, Rosita A Condorelli, Laura M Mongioi, Aldo E Calogero

Follicle-stimulating hormone (FSH) represents a therapeutic option in normogonadotropic patients with idiopathic oligozoospermia.
The aim of this review was to evaluate the possible dose- and drug-dependent efficacy of FSH treatment on conventional sperm
parameters. We performed a comprehensive systematic review via a meta-analysis of all available randomized controlled trials,
in which FSH administration was compared with placebo or no treatment when administered to normogonadotropic patients with
idiopathic oligozoospermia. Of the 971 articles that were retrieved, 5 were finally included, including a total of 372 patients and
294 controls. Overall, FSH treatment was effective in ameliorating the sperm concentration, total count, progressive motility, but
not normal forms. On the basis of the weekly dosage, the studies were classified into those using low (175-262.5 IU per week),
intermediate (350-525 U per week), and high (700-1050 IU per week) doses. At low doses, FSH improved only sperm motility.
At intermediate doses, FSH ameliorated sperm concentration and morphology. Total sperm count and progressive motility showed
a trend toward the increase. At high doses, FSH increased sperm concentration, total sperm count, and progressive motility. Sperm
morphology showed a trend toward the increase. Finally, both highly purified FSH (hpFSH) and recombinant human FSH (rhFSH)
improved sperm concentration, total sperm count, progressive motility, but not morphology. No different efficacy was observed
between these two preparations. This meta-analysis provides evidence in favor of high FSH doses. The FSH efficacy was not related
to the preparation type (recombinant vs highly purified). Further studies are needed to evaluate the effectiveness of long-standing
treatment regimes.

Asian Journal of Andrology (2020) 22, 309-316; doi: 10.4103/aja.aja_42_19; published online: 05 July 2019

Keywords: follicle-stimulating hormone; male infertility; oligozoospermia; sperm concentration; sperm count

ENAOPAMA  EvSokpivohoyia | Atapntoloyia | MetaBohiopog 91



@ Asian Journal of Andrology (2020) 22, 360-367

Avépikn Avarapaywyr / Xpriotog Toap£tng

www.asiaandro.com; www.ajandrology.com

Male Infertility

Open Access
ORIGINAL ARTICLE

A systematic review and meta-analysis of clinical
trials implementing aromatase inhibitors to treat
male infertility

Francesco Del Giudice', Gian Maria Busetto', Ettore De Berardinis', Isabella Sperduti?, Matteo Ferro?,
Martina Maggi', Martin S Gross*, Alessandro Sciarra', Michael L Eisenberg®

Aromatase activity has commonly been associated with male infertility characterized by testicular dysfunction with low serum
testosterone and/or testosterone to estradiol ratio. In this subset of patients, and particularly in those with hypogonadism, elevated
levels of circulating estradiol may establish a negative feedback on the hypothalamic—pituitary—testicular axis by suppressing
follicle-stimulating hormone (FSH) and luteinizing hormone (LH) production and impaired spermatogenesis. Hormonal manipulation
via different agents such as selective estrogen modulators or aromatase inhibitors to increase endogenous testosterone production
and improve spermatogenesis in the setting of infertility is an off-label option for treatment. We carried out a systematic review
and meta-analysis of the literature of the past 30 years in order to evaluate the benefits of the use of aromatase inhibitors in the
medical management of infertile/hypoandrogenic males. Overall, eight original articles were included and critically evaluated. Either
steroidal (Testolactone) or nonsteroidal (Anastrozole and Letrozole) aromatase inhibitors were found to statistically improve all
the evaluated hormonal and seminal outcomes with a safe tolerability profile. While the evidence is promising, future prospective
randomized placebo-controlled multicenter trials are necessary to better define the efficacy of these medications.

Asian Journal of Andrology (2020) 22, 360-367; doi: 10.4103/aja.aja_101_19; published online: 15 October 2019

Keywords: aromatase inhibitor; hypogonadism; male infertility; meta-analysis; systematic review
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Effect of High-Dose Omega-3 Fatty Acids vs Corn Oil on Major Adverse
Cardiovascular Events in Patients at High Cardiovascular Risk

The STRENGTH Randomized Clinical Trial

ctephen J. Micholls, MEBS, PhD; A, Michas! Lincoff, MD: Michelle Garda, RN, BSM, CCRC; Dianna Bash, BSN:
Christia M. Ballantyne, MD; Phllp ). Barter, MBBS, PhiD; Michael H. Davidson, MD; John ). P. Kastelaim, MO, PhD;
Wiolfgang Koenlg, MD; Darren K. MoGuine, MD, MHSC: Darlush Mozaffarian, MO, DriPH: Faul M Ridker, MO:
Kauslk K. Ray, MBChB, MD, MPhil; Brian . Katona, PharmiD; Anders Himmelmann, MD, PhD;

Larrye E. Loss, PharmD. MEA; Martin Rensfeldt; Torbjorn Lundstrom, MO, PhiD; Rahul Agrawal, MD;

Wenu Menon, MD; Kathy Wiolskl, MPH; Steven E_ Nissen, MD

@ sama Network:

QUESTION In statin-treated patients with high cardiovascular risk, high triglycerides, and low HDL cholesterol, does adding a carboxylic
acid formulation of omega-3 fatty acids (EPA and DHA) to ongoing treatment improve cardiovascular outcomes?

CONCLUSION The findings from this randomized trial do not support use of this omega-3 fatty acid formulation to reduce major adverse
cardiovascular events in patients at high cardiovascular risk.

© AMA
POPULATION INTERVENTION - FINDINGS
( /13 078 Patients randomize“d- D) Occurrence of composite outcome events
8510 Men ! — -
4568 Women ST N Omega-3 Corn oil
6539 6539 785 of 6539 patients 795 of 6539 patients
Omega-3 Corn oil
o ) . 4 g/d of omega-3 CA (carboxylic Comparator capsules ) . ) :
Adults with high triglycerides acid) capsules containing EPA for up to 5 years S .
and low HDL levels, treated with and DHA for up to 5 years o P !
statins, and at high risk of adverse : 12.0% i i1 12.2% i

cardiovascular outcomes © @

Mean age: 62.5 years
PRIMARY OUTCOME

LOCATIONS - At early trial termination, there was no significant
f@ Composite of cardiovascular death, nonfatal myocardial difference between groups in the primary outcome:

|

\ & i

_6'75 Hospita_ls infarction, nonfatal stroke, coronary revascularization, 0.99 (95 B
in 22 countries or unstable angina requiring hospitalization HR, U.JJ (95%Cl,0.90-1.09); P = .84

Nicholls SJ, Lincoff AM, Garcia M, et al. Effect of high-dose omega-3 fatty acids vs corn oil on major adverse cardiovascular events in patients at high cardiovascular risk:
the STRENGTH randomized clinical trial. JAMA. Published online November 15, 2020. doi:10.1001/jama.2020.22258
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Effect of High-Dose Omega-3 Fatty Acids vs Corn Oil on Major Adverse
Cardiovascular Events in Patients at High Cardiovascular Risk
The STRENGTH Randomized Clinical Trial

Stephen J. Nicholls, MBBS, PhD; A. Michael Lincoff, MD; Michelle Garcia, RN, BSN, CCRC; Dianna Bash, BSN;
Christie M. Ballantyne, MD; Philip J. Barter, MBBS, PhD; Michael H. Davidson, MD; John J. P. Kastelein, MD, PhD;
Wolfgang Koenig, MD; Darren K. McGuire, MD, MHSc; Dariush Mozaffarian, MD, DrPH; Paul M Ridker, MD;
Kausik K. Ray, MBChB, MD, MPhil; Brian G. Katona, PharmD; Anders Himmelmann, MD, PhD;

Larrye E. Loss, PharmD, MBA; Martin Rensfeldt; Torbjorn Lundstrém, MD, PhD; Rahul Agrawal, MD;

Venu Menon, MD; Kathy Wolski, MPH; Steven E. Nissen, MD

Visual Abstract

IMPORTANCE [t remains uncertain whether the omega-3 fatty acids eicosapentaenoic acid Editorial and Editor's Note

(EPA) and docosahexaenoic acid (DHA) reduce cardiovascular risk.
Supplemental content
OBJECTIVE To determine the effects on cardiovascular outcomes of a carboxylic acid

formulation of EPA and DHA (omega-3 CA) with documented favorable effects on lipid and
inflammatory markers in patients with atherogenic dyslipidemia and high cardiovascular risk.

DESIGN, SETTING, AND PARTICIPANTS A double-blind, randomized, multicenter trial
(enrollment October 30, 2014, to June 14, 2017; study termination January 8, 2020; last
patient visit May 14, 2020) comparing omega-3 CA with corn oil in statin-treated participants
with high cardiovascular risk, hypertriglyceridemia, and low levels of high-density lipoprotein
cholesterol (HDL-C). A total of 13 078 patients were randomized at 675 academic and
community hospitals in 22 countries in North America, Europe, South America, Asia,
Australia, New Zealand, and South Africa.

INTERVENTIONS Participants were randomized to receive 4 g/d of omega-3 CA (n = 6539) or
corn oil, which was intended to serve as an inert comparator (n = 6539), in addition to usual
background therapies, including statins.

MAIN OUTCOMES AND MEASURES The primary efficacy measure was a composite of
cardiovascular death, nonfatal myocardial infarction, nonfatal stroke, coronary
revascularization, or unstable angina requiring hospitalization.

RESULTS When 1384 patients had experienced a primary end point event (of a planned 1600
events), the trial was prematurely halted based on an interim analysis that indicated a low
probability of clinical benefit of omega-3 CA vs the corn oil comparator. Among the 13 078
treated patients (mean [SD] age, 62.5 [9.0] years; 35% women; 70% with diabetes; median
low-density lipoprotein [LDL] cholesterol level, 75.0 mg/dL; median triglycerides level, 240
mg/dL; median HDL-C level, 36 mg/dL; and median high-sensitivity C-reactive protein level,
2.1mg/L), 12 633 (96.6%) completed the trial with ascertainment of primary end point status.
The primary end point occurred in 785 patients (12.0%) treated with omega-3 CA vs 795
(12.2%) treated with corn oil (hazard ratio, 0.99 [95% Cl, 0.90-1.09]; P = .84). A greater rate
of gastrointestinal adverse events was observed in the omega-3 CA group (24.7%) compared
with corn oil-treated patients (14.7%).

CONCLUSIONS AND RELEVANCE Among statin-treated patients at high cardiovascular risk, the
addition of omega-3 CA, compared with corn oil, to usual background therapies resulted in no
significant difference in a composite outcome of major adverse cardiovascular events. These
findings do not support use of this omega-3 fatty acid formulation to reduce major adverse
cardiovascular events in high-risk patients.

TRIAL REGISTRATION ClinicalTrials.gov Identifier: NCT02104817 Author Affiliations: Author
affiliations are listed at the end of this

article.

Corresponding Author: Steven E.

Nissen, MD, Cleveland Clinic Heart

and Vascular Institute, 9500 Euclid
JAMA. doi:10.1001/jama.2020.22258 Ave, Cleveland, OH 44195 (nissens@
Published online November 15, 2020. ccforg).

© 2020 American Medical Association. All rights reserved.
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onsiderable interest has focused on the potential car-

diovascular benefits of omega-3 fatty acids. Observa-

tional studies have demonstrated an inverse associa-
tion between dietary consumption of either fatty fish or
omega-3 fatty acids and incident cardiovascular events®? and
that circulating concentrations of eicosapentaenoic acid
(EPA) or docosahexaenoic acid (DHA) inversely correlate with
cardiovascular risk.>* Omega-3 fatty acid supplementation
exerts favorable effects on lipoprotein metabolism and
inflammatory, oxidative, thrombotic, vascular, and arrhyth-
mogenic factors implicated in cardiovascular disease.>-®
One study, prior to routine clinical use of statins, demon-
strated cardiovascular benefit with 1 g/d of an EPA and DHA
supplement,” but subsequent larger trials failed to replicate
these findings.®°

Most trials recruited a broad cohort of patients and
administered low doses of omega-3 fatty acids that did not
produce substantial increases in EPA or DHA concentra-
tions. Recent trials have studied higher dosages of omega-3
fatty acids, reporting a cardiovascular benefit in 2 trials of
purified EPA.'°:!'! However, other recent trials studying
lower doses of omega-3 fatty acids in a broader range of
patients failed to demonstrate significant reductions of total
cardiovascular events.'*!

Omega-3 CA (Epanova; AstraZeneca) is a carboxylic acid
formulation of omega-3 fatty acids (EPA and DHA) that does
notrequire hydrolysis by pancreatic lipase during intestinal ab-
sorption, eliminating the need for consumption with a high-
fat meal, resulting in greater bioavailability compared with
standard omega-3 ethyl ester formulations. Administration of
4 g/d of omega-3 CA produces similar increases in plasma EPA
levels as doses of purified EPA approved for clinical use, and
also increases DHA concentrations.'*!* Initial trials of omega-3
CA demonstrated dose-dependent lowering of plasma triglyc-
eride levels up to 31%.'*>

This trial, the Long-Term Outcomes Study to Assess Statin
Residual Risk with Epanova in High Cardiovascular Risk Pa-
tients with Hypertriglyceridemia (STRENGTH), evaluated the
effects of omega-3 CA on clinical outcomes in patients at high
cardiovascular risk.

Methods

Study Organization and Oversight

The trial was coordinated by the Cleveland Clinic Coordinat-
ing Center for Clinical Research (C5Research). The protocol
was developed by members of the independent academic
executive steering committee in conjunction with the spon-
sor. The study protocol and statistical analysis plan are avail-
able in Supplement 1 and Supplement 2. The study design
was approved by responsible regulatory agencies and ethics
committees or institutional review boards at each site prior to
commencing patient enrollment. All potential patients pro-
vided written informed consent prior to study entry. IQVIA
provided operational management of sites and collected the
data. A data monitoring committee (DMC) that was indepen-
dent from the executive steering committee and sponsor

JAMA Published online November 15,2020

Omega-3 Fatty Acids vs Corn Oil and Major Adverse Cardiovascular Events in Patients at High Risk

Key Points

Question In statin-treated patients with high cardiovascular risk,
high triglycerides, and low HDL cholesterol levels, does adding a
carboxylic acid formulation of omega-3 fatty acids
(eicosapentaenoic acid and docosahexaenoic acid) to background
therapy improve cardiovascular outcomes?

Findings In this randomized clinical trial of 13 078 patients that
was stopped early, daily supplementation with omega-3 fatty
acids, compared with corn oil, resulted in no significant difference
in a composite outcome of major adverse cardiovascular events
(hazard ratio, 0.99)

Meaning These findings do not support use of this omega-3 fatty
acid formulation to reduce major adverse cardiovascular events in
patients with high cardiovascular risk.

monitored the trial and performed analyses of unblinded
data supported by an independent data analysis center at
Statistics Collaborative Inc.

Study Population

Details of the study design have been published previously.'®
Adult patients (=18 years) considered at high risk for a future
cardiovascular event were eligible to participate. High cardio-
vascular risk was defined as (1) the presence of established
atherosclerotic cardiovascular disease involving the coro-
nary, peripheral, carotid, or aortic territories (secondary pre-
vention); (2) type 1 or 2 diabetes with age 40 years or older for
men and 50 years or older for women with at least 1 addi-
tional risk factor including chronic smoking, hypertension,
high-sensitivity C-reactive protein (hs-CRP) level of 2 mg/L or
higher, or moderately increased albuminuria; or (3) high-risk
primary prevention patients aged at least 50 years for men or
at least 60 years for women with at least 1 additional risk fac-
tor, including a family history of premature coronary artery
disease, chronic smoking, hs-CRP level of 2 mg/L or higher,
impaired kidney function, or coronary calcium score greater
than 300 Agatston units.

At least 50% of randomized patients were required to sat-
isfy criteria for secondary cardiovascular prevention. All eli-
gible patients were also required to be treated with a statin
for at least 4 weeks; have a low-density lipoprotein (LDL)
cholesterol level lower than 100 mg/dL or be treated with
maximally tolerated statin therapy; and have atherogenic
dyslipidemia, defined as triglyceride levels of 180 to less than
500 mg/dL and high-density lipoprotein (HDL) cholesterol
levels lower than 42 mg/dL for men or lower than 47 mg/dL
for women. Patients were excluded from enrollment if they
had a prior ischemic cardiovascular event within the preced-
ing 30 days or consumed more than one capsule (1 g) per day
of omega-3 dietary supplements or any prescription medica-
tion containing EPA or DHA. Use of fibrates or weight loss
drugs was also prohibited. Patient race and ethnicity were
reported by participants using an open-ended question to
account for ethnic variability in baseline systemic omega-3
fatty acid concentrations.

jama.com
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Figure 1. Recruitment, Randomization, and Patient Flow in the STRENGTH Clinical Trial

33047 Patients assessed for eligibility

e
C , 7;30

78 Randomized >

19969 Excluded
16675 Not following stable diet and
statin therapy 4 wk prior
501 Not at high risk for CVD event
391 Investigator decision

326 Known hypersensitivity to
fish or shellfish

260 Hemoglobin A, >12%
152 Uncontrolled hypothyroidism
1664 Other?

6539 Randomized to receive omega-3 CA
6532 Received intervention as randomized
7 Did not receive intervention
as randomized
4 Refused, no reason given
2 Refused pill due to size
1 Withdrew due to fears over
gastric issues

v

6539 Randomized to receive corn oil
6535 Received intervention as randomized
4 Did not receive intervention
as randomized
2 Refused, no reason given
2 Refused pill due to size

229 Lost to follow-up
105 Withdrew consent
3 Unable to be contacted
4 Site closed
117 Vital status only available

5426 Discontinued intervention
3561 Participation terminated by sponsor

708 Patient decision

708 Adverse event?

155 Died

42 Nonadherent with study drug

3 Unable to be contacted
3 Protocol deviation

246 Other®

212 Lost to follow-up
78 Withdrew consent
2 Unable to be contacted
3 Site closed
129 Vital status only available

5391 Discontinued intervention
3623 Participation terminated by sponsor

766 Patient decision

526 Adverse event?

151 Died

41 Nonadherent with study drug

2 Unable to be contacted
2 Protocol deviation
2 Pregnancy

v

278 Other®

6539 Included in primary analysis

‘ 6539 Included in primary analysis

Study Procedures

Study End Points

Original Investigation Research

CA indicates carboxylic acid
formulation; CVD, cardiovascular
disease.

@ Other reasons for not meeting
inclusion/exclusion criteria include
not meeting age requirement;
elevated liver enzymes; use of
fibrates, bile acid sequestrants, or
niacin within 4 weeks of
randomization; not following a
stable diet; poorly controlled
hypertension; and occurrence of
myocardial infarction or coronary
bypass graft surgery within 30 days
of randomization.

b Adverse events leading to study
drug discontinuation by system
organ class (omega-3 CA/corn oil;
multiple events are possible):
gastrointestinal (403/202),
neoplasms (81/78), cardiac (39/46),
nervous system (36/42), infections
(32/30), skin (24/20),
kidney/urinary (16/25),
investigations (21/14), metabolic
disorders (18/17), musculoskeletal
(14/18), hepatobiliary (13/14), injury
(11/13), vascular (13/11), respiratory
(13/10), and psychiatric (11/7).

¢ Other reasons abstracted from free
text (omega-3 CA/corn oil):
investigator decision (22/22),
patient decision (26/33), potential
lost to follow-up (113/129), reached
end point (18/18), moved (31/36),
social reasons (7/13), comorbid
condition (11/8), pill burden (5/10),
study terminated (9/4), and site
closed (4/5).

The protocol specified that enrolled patients receive treat-
ment with a stable dose of statin therapy for at least 4 weeks
and lifestyle advice for the prevention of cardiovascular dis-
ease. Patients who met all inclusion criteria and volunteered
to participate were randomized in a 1:1 ratio to treatment with
omega-3 CA, 4 g/d, or a matching corn oil comparator for a
maximum duration of 5 years (Figure 1). Randomization was
performed using a computer-generated random number with
a blocking size of 6. Corn oil was selected because it was con-
sidered an inert comparator without effects on biochemical
parameters associated with cardiovascular risk.!”!® Patients re-
ported for study visits at 3, 6, and 12 months following ran-
domization and then every 6 months thereafter. Additional
telephone calls were made on a 3-month basis commencing
at month 9. A visit for assessment of any adverse events was
performed 3 weeks after the last dose of study medication.
Plasma and red blood cell concentrations of EPA and DHA were
determined by OmegaQuant.

jama.com

The primary efficacy end point was a composite of cardiovas-
cular death, nonfatal myocardial infarction, nonfatal stroke,
coronary revascularization, and hospitalization for unstable
angina. Secondary efficacy end points included the follow-
ing: (1) composite of cardiovascular death, nonfatal myocar-
dial infarction, nonfatal stroke, coronary revascularization, and
hospitalization for unstable angina in patients with estab-
lished cardiovascular disease at baseline, (2) composite of car-
diovascular death, nonfatal myocardial infarction, and non-
fatal stroke in the whole cohort and in patients with established
cardiovascular disease at baseline, (3) composite of cardiac
death, nonfatal myocardial infarction, coronary revascular-
ization, and hospitalization for unstable angina in the whole
cohort and in patients with established cardiovascular dis-
ease at baseline, (4) cardiovascular death in the whole cohort
and in patients with established cardiovascular disease at base-
line, and (5) all-cause death in the whole cohort and in pa-
tients with established cardiovascular disease at baseline.
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The primary end point and key secondary end points
(1) through (5) were evaluated in a hierarchical manner (see
eAppendix in Supplement 3). Prespecified tertiary efficacy end
points included new-onset atrial fibrillation, thrombotic events,
and new-onset heart failure. Changes in lipid levels, inflam-
matory markers, and levels of both EPA and DHA were also pre-
specified efficacy parameters. A post hoc analysis investi-
gated the association between both plasma and red blood cell
concentrations of EPA and DHA with cardiovascular event
rates. Allinvestigator-reported primary and secondary events,
as well as heart failure events, were adjudicated by a core labo-
ratory at C5Research.

Sample Size Calculation and Power

The primary efficacy analysis was based on time to first
occurrence of any positively adjudicated primary end point
including all randomized patients regardless of treatment
adherence. Time-to-event analysis was calculated from ran-
domization date to the date of the event, or censored at the
last known follow-up for each patient. The trial was designed
to enroll 13 000 patients and study completion required posi-
tive adjudication of 1600 primary events to provide 90%
power to detect a 15% reduction in relative risk in the
omega-3 CA group. A 15% reduction in the risk of cardiovas-
cular events was selected because it was deemed the mini-
mally important difference of clinical significance by consen-
sus among the trial executive committee.

Assuming a 4% annual primary end point event rate in the
corn oil group, a trial duration of 4.5 years was projected. In-
terim analyses for superiority or futility were specified at 50%
and 75% of the required primary end point events. A group se-
quential design was used with superiority boundaries for both
interim analyses set at an absolute value for a z score of 3.719
and futility boundaries set at a z score of 0.3085 at the first in-
terim analysis and 1.2375 for the second interim analysis.

Statistical Analysis

The full analysis set included all patients according to their ran-
domization group. A safety analysis population was defined
as any patient who took at least 1 dose of study drug. The ef-
ficacy objectives were evaluated in all randomized patients
using analysis of time from randomization to the first event.
Censoring rules are described in Supplement 1. Estimates of
hazard ratios (HRs) and 95% CIs for omega-3 CA compared with
corn oil were calculated using Cox proportional hazards mod-
els with covariates for established cardiovascular disease at
baseline (yes/no) and region. The proportionality assump-
tion was assessed by including a time-dependent covariate
(treatment x time interaction) to the model. Biochemical
parameters are presented as median with first (Q1) and third
(Q3) quartiles.

The differences in percentage change from baseline be-
tween the omega-3 CA and corn oil groups were estimated from
an analysis of covariance model (ANCOVA) with treatment
group as a main effect and natural log of the baseline as a co-
variate. The dependent variable was calculated as the natural
log of the ratio of the follow-up visit to the baseline visit:
log[100 x log(follow-up/baseline)]. The least-squares esti-
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mates for differences between treatment groups were then
back-transformed from the log scale and expressed as the geo-
metric mean ratio. A sensitivity analysis was conducted using
multiple imputation methods to assess the effect of missing
biomarker data.

Significance testing was performed using 2-sided tests
(a=.05). Primary and key secondary efficacy end points were
evaluated sequentially to control the type I error rate. Other
end points were not adjusted for multiplicity, and findings for
analyses of these end points should be interpreted as explor-
atory. The statistical analysis plan (Supplement 1) prespeci-
fied that a hierarchical testing strategy was to be used, and that
once an end point was not statistically significant at an a of .05,
all subsequent comparisons will be considered exploratory and
nominal P values will be reported. Subgroup analyses of the
primary end point were conducted as prespecified, with any
potential difference determined by the presence of a nomi-
nally significant P value on formal interaction testing.

All analyses were conducted using SAS version 9.4. Addi-
tional analytic methods are described in the study protocol and
statistical analysis plan (Supplement 1 and Supplement 2).

Early Trial Termination

On January 8, 2020, when 1384 primary end points had
been recorded in 13 078 randomized patients, the indepen-
dent DMC recommended termination of the trial due to a
low probability of demonstrating a clinical benefit of
omega-3 CA compared with corn oil. This decision was
based on the data crossing the futility boundary prespeci-
fied in the group sequential monitoring plan in conjunction
with an increased risk of atrial fibrillation (oral communica-
tion, DMC chair Mark Pfeffer, MD, PhD, to executive com-
mittee chair Steven E. Nissen, MD, August 2020). The
executive steering committee and sponsor accepted this
recommendation and terminated the trial on this date, and
patients were recommended to stop study medication. End-
of-study visits were scheduled for all patients, with the last
patient visit completed by May 14, 2020. The executive
steering committee and others involved in the conduct of
the trial remained blinded to treatment allocation and
results until the conclusion of the trial and finalization of
the database.

Study drug was stopped as soon as feasible following the
termination of the trial. Because the study was terminated
during the early phases of the coronavirus disease 2019
(COVID-19) pandemic, the end-of-treatment visit was permit-
ted to be completed by telephone to allow the study to close
in a timely and orderly manner, with the least possible effect
on study integrity.

. |
Results

Study Population

A total of 33 047 patients were assessed for eligibility; after
exclusions, 13 078 patients were enrolled at 675 sites in 22
countries in North America, Europe, South America, Asia,
Australia, New Zealand, and South Africa between October
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30, 2014, and June 14, 2017, and entered into the primary
analysis. The disposition of patients during the study is sum-
marized in Figure 1. At study closure the median patient
follow-up was 42.0 months (interquartile range [IQR], 37.5-
48.3). Patients were treated with study drug for a median of
38.2 months (IQR, 30.5-44.9).

Vital status was recorded in 99.8% of patients and 96.6%
of patients had complete follow-up for assessment of the pri-
mary end point. Baseline characteristics of patients at ran-
domization were similar in the 2 treatment groups (Table 1).
Patients (mean age, 62.5 years; men, 65%; White race, 82%)
demonstrated a high rate of cardiovascular risk factors, in-
cluding diabetes (70%) and established atherosclerotic dis-
ease (56%), in both groups. All patients were treated with stat-
ins (50% high-intensity) at randomization. A high rate of use
of other evidence-based preventive therapies was observed in
both groups.

Clinical End Points

At the completion of the study, 1580 patients had experi-
enced an adjudicated first primary end point event. The pri-
mary end point of cardiovascular death, myocardial infarc-
tion, stroke, coronary revascularization, or unstable angina
requiring hospitalization occurred in 785 patients (12.0%)
treated with omega-3 CA and 795 (12.2%) treated with corn oil
(HR, 0.99 [95% CI, 0.90-1.09]; P = .84) (Table 2, Figure 2).

Similarly, the secondary end point of cardiovascular death,
myocardial infarction, or stroke occurred in 541 patients (8.3%)
treated with omega-3 CA and 517 (7.9%) treated with corn oil
(HR, 1.05[95% CI, 0.93-1.19]; nominal P = .40). An additional
secondary end point—cardiac death, myocardial infarction,
coronary revascularization, or hospitalization for unstable
angina—occurred in 556 patients (8.5%) treated with omega-3
CA and 616 (9.4%) treated with corn oil (HR, 0.91[95% CI, 0.81-
1.02]; nominal P = .09).

There were no significant differences between the treat-
ment groups with regard to the risk of individual compo-
nents of the primary end point (Table 2). Survival curves for
the primary end point in patients with and without estab-
lished cardiovascular disease are shown in eFigure 1 in
Supplement 3.

Prespecified subgroup analyses (Figure 3) revealed an HR
for the primary end point of 0.94 (95% CI, 0.84-1.05) in the
secondary prevention population and 1.16 (95% CI, 0.95-1.41)
in the primary prevention population, with a nominal inter-
action P value for these 2 subgroups of .07. There were
numerically fewer cardiovascular events in the omega-3 CA
group among patients treated with ezetimibe (nominal inter-
action P = .008). There was a nominally significant reduction
in the risk of cardiac death, myocardial infarction, coronary
revascularization, and hospitalization for unstable angina in
patients with established cardiovascular disease at baseline,
although this finding was unadjusted for multiplicity
(Table 2). All-cause mortality occurred in 373 patients (5.7%)
in the omega-3 CA group and 333 (5.1%) in the corn oil group
(nominal P = .11).

With regard to prespecified tertiary end points, an in-
creased rate of investigator-reported new-onset atrial fibril-

jama.com
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Table 1. Patient Characteristics and Medication Use in a Trial of Omega-3
Fatty Acids to Reduce Major Adverse Cardiovascular Events

No. (%)
Omega-3 CA Corn oil
(n =6539) (n =6539)
Age, mean (SD), y 62.5(9.0) 62.5(9.0)
Sex
Male 4250 (65.0) 4260 (65.1)
Female 2289 (35.0) 2279 (34.9)
Body mass index, 32.2(5.7) 32.2(5.6)
mean (SD)
Race
White 5341 (81.7) 5382 (82.3)
Asian 698 (10.7) 657 (10.0)
Black 180(2.8) 166 (2.5)
Other® 320(4.9) 334(5.1)
Ethnicity: Hispanic 264/4647 (5.7) 268/4675 (5.7)
or Latino

Comorbidities

Established CVD 3638 (55.6) 3678 (56.2)
at baseline
Coronary disease 3009 (46.0) 3026 (46.3)
Cerebrovascular disease 536(8.2) 512 (7.8)
Peripheral vascular disease 227 (3.5) 257 (3.9)
Aortic disease 214 (3.3) 244 (3.7)
Diabetes at baseline® 4608 (70.5) 4562 (69.8)
Hypertension 5732 (87.7) 5688 (87.0)
eGFR,“ mean (SD), 77.2(19.9) 77.5(19.7)
mL/min/1.73 m?
Medication use
RAAS blockers 5315(81.3) 5310(81.2)
Antiplatelet agents 4623 (70.7) 4700 (71.9)
B-Blockers 4347 (66.5) 4348 (66.5)
High-intensity statin 3255 (49.8) 3273 (50.1)
Other statin 3284 (50.2) 3266 (49.9)
Ezetimibe 234 (3.6) 245 (3.7)

Abbreviations: CA, carboxylic acid formulation; CVD, cardiovascular disease;
eGFR, estimated glomerular filtration rate; RAAS, renin-angiotensin

aldosterone system.

2 The “other” category included American Indian or Alaska Native; Native
Hawaiian or other Pacific Islander; multiple races; and unknown.

® Diabetes on or before the first dose of study medication, defined by patient

self-report, chart review, or use of diabetes medications.

© Estimated glomerular filtration rate was estimated using the CKD-EPI formula:
eGFR =141 x min(SCr/k, 1)a x max(SCr /k, 1) - 1.209 x 0.993Age x 1.018 [if
female] x 1159 [if Black]; where k = 0.7 for females or 0.9 for males and
a = -0.329 for females or -0.411 for males.

lation was observed in the omega-3 CA group (2.2% Vs 1.3%;
HR, 1.69[95% CI, 1.29-2.21]; nominal P < .001) compared with
corn oil (number needed to harm, 114) (eFigure 2 in Supple-
ment 3). There were no significant differences between the
groups with regard to new-onset heart failure (2.2% vs 2.0%;
HR, 1.12[95% CI, 0.88-1.42]; nominal P = .35) or venous throm-
boembolic events (0.41% vs 0.26%; HR, 1.62 [95% CI, 0.88-
2.97]; nominal P = .12).

In a post hoc exploratory analysis, no association was ob-
served between either plasma or red blood cell EPA or DHA con-
centrations after 12 months of treatment and subsequent car-
diovascular event rates (Table 3).
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Table 2. Incidence of Adjudicated Clinical Events in a Trial of Omega-3 Fatty Acids to Reduce Major Adverse Cardiovascular Events®

Omega-3 CA (n = 6539)

Cornoil (n = 6539)

Omega 3 CA vs corn oil

IR per No. of IR per No. of
100 patients 100 patients
Person- person- with events Person- person-  withevents Differencein IR
years years (% of total)  years years (% of total)  (95% CI) HR (95% CI) P value
Primary end point
MACE® 21908 3.58 785(12.0) 21920 3.63 795(12.2) -0.04(-0.40t00.31) 0.99(0.90-1.09) .84
Components of the
composite outcome
Cardiovascular death 23500 0.97 228 (3.5) 23575 0.90 211(3.2) 0.07 (-0.10 t0 0.25) 1.09(0.90-1.31) .37
Nonfatal MI 22650 0.96 218(3.3) 22725 0.99 226 (3.5) -0.03 (-0.21 t0 0.15) 0.97 (0.81-1.17) .77
Nonfatal stroke 22786 0.62 142(2.2) 22871 0.55 125(1.9) 0.08 (-0.06 t0 0.22) 1.14(0.90-1.45) .28
Revascularization 22236 1.86 414 (6.3) 22270 1.98 441 (6.7) -0.12(-0.38,0.14) 0.94(0.83-1.08) .41
Hospitalization 22854 0.38 87 (1.3) 22895 0.45 104 (1.6) -0.07 (-0.19t0 0.04) 0.84(0.63-1.12) .23
for unstable angina
Secondary end points©
MACE in patients 11695 4.87 569 (15.6) 11751 5.19 610(16.6) -0.32(-0.90t0 0.25) 0.94(0.84-1.05) .27
with established CVD
at baseline
Cardiovascular events? 22425 241 541(8.3) 22507 2.30 517 (7.9) 0.11(-0.17 to 0.40) 1.05(0.93-1.19) .40
Cardiovascular events 12091 3.17 383(10.5) 12223 3.15 385(10.5)  0.02(-0.43t00.46) 1.01(0.87-1.16) .94
in patients with
established CVD
at baseline
Coronary events® 22121 2,51 556 (8.5) 22127 2.78 616 (9.4) -0.27 (-0.57 t0 0.03) 0.91(0.81-1.02) .09
Coronary events 11826  3.53 417 (11.5) 11892 4.15 493(13.4) -0.62(-1.12t0-0.12) 0.85(0.75-0.97) .02
in patients with
established CVD
at baseline
Cardiovascular death 12722 1.19 152 (4.2) 12927 1.07 138(3.8) 0.13(-0.13t00.39) 1.12(0.89-1.41) .34
in patients with
established CVD
at baseline
All-cause death 23500 1.59 373 (5.7) 23575 1.41 333(5.1) 0.17 (=0.05 to 0.40) 1.13(0.97-1.31) .11
All-cause death 12722 184 234 (6.4) 12927 1.56 202 (5.5) 0.28 (-0.04 to 0.60) 1.18(0.97-1.42) .09
in patients with
established CVD
at baseline
Tertiary end points
Heart failure event: 22830 0.62 142 (2.2) 223899 0.56 128(2.0) 0.06 (-0.01 to 0.20) 1.12(0.88-1.42) .35
hospitalization
or urgent outpatient visit
for heart failure
Atrial fibrillation® 22740 0.63 144 (2.2) 22916 0.38 86 (1.3) 0.26 (0.13t0 0.39) 1.69(1.29-2.21) <.001
Stent thrombosis’ 23009 0.05 12 (0.18) 23063 0.07 17 (0.26) -0.02 (-0.07 t0 0.02) 0.71(0.34-1.48) .36
Venous thromboembolism 22987  0.12 27 (0.41) 23061 0.07 17 (0.26) 0.04 (-0.01 t0 0.10) 1.62(0.88-2.97) .12

or pulmonary embolismf

Abbreviations: CA, carboxylic acid formulation; CVD, cardiovascular disease;
IR, incidence rate; MACE, major adverse cardiovascular events; Ml, myocardial
infarction.

2 Pvalues were generated from the Wald test using a Cox proportional hazards
model containing factors for randomized treatment group, established
cardiovascular disease at baseline, and region. Estimates for the subgroup of
patients with established cardiovascular disease at baseline adjusted only for
treatment group and region. The proportionality assumptions were met for all
adjudicated end points.

® MACE: first occurrence of cardiovascular death, nonfatal myocardial infarction,
nonfatal stroke, emergent/elective coronary revascularization, and
hospitalization for unstable angina.

€ The statistical analysis plan (Supplement 1) prespecified that a hierarchical

testing strategy was to be used and that once an end point was not statistically
significant at a = .05 all subsequent comparisons would be considered
exploratory and nominal P values reported.

d Cardiovascular event: defined as the first occurrence of any of the
components of cardiovascular events, including cardiovascular death, nonfatal
myocardial infarction, and nonfatal stroke.

€ Coronary events: defined as the first occurrence of any of the components of
coronary events, including cardiac death, nonfatal myocardial infarction,
emergent/elective coronary revascularization, or hospitalization for
unstable angina.

f Not adjudicated.

Biochemical Parameters

Prespecified exploratory biochemical parameters at base-
line, follow-up, and their percentage change during the
course of the study are summarized in Table 4. At random-
ization, median levels of LDL cholesterol were 75 mg/dL;

JAMA Published online November 15,2020

HDL cholesterol, 36 mg/dL; triglycerides, 240 mg/dL;
and hs-CRP, 2.1 mg/L. During the course of the study,
greater reductions in triglycerides (-19.0% vs -0.9%; geo-
metric mean ratio [GMR], 0.82 [95% CI, 0.81-0.83];
P < .001), non-HDL cholesterol (-6.1% vs -1.1%; GMR, 0.95
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Figure 2. Time to First Incidence of Any Component of the Primary Composite End Point and Time to Core MACE
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A, The primary composite end point consisted of cardiovascular death, nonfatal
myocardial infarction, nonfatal stroke, coronary revascularization, and
hospitalization for unstable angina. Median (Q1-Q3) observation time was 41.3
(36.0-47.5) months for patients receiving omega-3 CA and 41.4 (35.9-47.4)
months for patients receiving corn oil. B, Core major adverse cardiovascular

events (MACE) included cardiovascular death, nonfatal myocardial infarction,
and nonfatal stroke. Median (Q1-Q3) observation time of 41.5 (36.6-47.8)
months for patients receiving omega-3 CA and 41.6 (36.8-47.4) months for
patients receiving corn oil.

[95% CI, 0.94-0.96]; P < .001), and hs-CRP (-20.0% vs
-6.3%; GMR, 0.89 [95% CI, 0.84-0.95]; P < .001) were
observed in the omega-3 CA treatment group compared
with corn oil group, respectively.

LDL cholesterol levels increased in the omega-3 CA
group but not in the corn oil group (1.2% vs -1.1%; GMR,
1.03 [95% CI, 1.01-1.04]; P < .001), while greater increases in
HDL cholesterol were observed in the omega-3 CA group
(5.0% vs 3.2%; GMR, 1.01 [95% CI, 1.00-1.02]; P = .002).
Apolipoprotein CIII levels decreased in the omega-3 CA
group but not in the corn oil group (-7.0% vs 5.9%; GMR,
0.88 [95% CI, 0.87-0.89]; P < .001). In contrast, no signifi-
cant difference was observed with regard to percentage
change in apolipoprotein B levels (-2.0% vs -1.0%; GMR,
0.99 [95% CI, 0.98-1.01]; P = .34) between the omega-3 and
corn oil treatment groups, respectively.

Administration of omega-3 CA resulted in greater in-
creases in concentrations of EPA as compared with corn oil
(Table 4). Concentrations of DHA in plasma and in red blood
cells were also increased by omega-3 CA administration, com-
pared with corn oil (Table 4).

Adverse Events

The number of adverse events and serious adverse events are
summarized in Table 5. Drug-related adverse events were more
commonly observed in the omega-3 CA group than the com-
parator group (22.2% vs 12.9%, respectively). Discontinua-
tion of study drug treatment (10.8% vs 8.0%) and dose reduc-
tion (12.0% vs 6.1%) for adverse events occurred more
frequently in patients treated with omega-3 CA compared with
those treated with corn oil. There were more gastrointestinal
adverse events in the omega-3 CA group (24.7%) compared with
corn oil-treated patients (14.7%).

jama.com
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Discussion

In this randomized clinical trial, administration of omega-3 CA
did not result in a significant reduction in the composite end
point of cardiovascular death, myocardial infarction, stroke,
coronary revascularization, or hospitalization for unstable an-
gina compared with use of corn oil. The findings of this trial
contribute to a large body of clinical research that has inves-
tigated whether administration of omega-3 fatty acids has a
role in the prevention of cardiovascular disease. The origins
of this research were based on observations that dietary con-
sumption of fatty fish or omega-3 fatty acids were associated
with lower rates of incident cardiovascular events in large co-
hort studies.*?!9:2° The potential value of omega-3 fatty ac-
ids was supported by epidemiological studies demonstrating
aninverse relationship between circulating concentrations of
omega-3 fatty acids and cardiovascular risk.>* Preclinical stud-
ies demonstrated favorable effects of EPA and DHA on lipo-
protein metabolism and a range of other biological factors im-
plicated in atherosclerosis,” but several large clinical trials failed
to demonstrate any cardiovascular benefit with administra-
tion of low doses of omega-3 fatty acids.®!>!*> Despite these
findings, over-the-counter use of low-dose omega-3 fatty ac-
ids is widespread.?%-22

Two large clinical trials have suggested potential benefit
of purified formulations of EPA alone. The Japan EPA Lipid In-
tervention Study (JELIS), an open-label trial that adminis-
tered EPA, 1.8 g/d, in combination with a statin for a median
of 4.6 years in 18 645 Japanese patients with hypercholester-
olemia, resulted in fewer major coronary events compared with
statin therapy alone (2.8% vs 3.5%; HR, 0.81 [95% CI,
0.69-0.95]).1° The JELIS trial was not conducted using

JAMA Published online November 15, 2020

© 2020 American Medical Association. All rights reserved.

ENAOPAMA

EvSokpivoloyia | AtaBntoloyia | MetaBoAlopog

Downloaded From: https://jamanetwork.com/ by a San Francisco State University User on 11/16/2020

101



Research Original Investigation Omega-3 Fatty Acids vs Corn Oil and Major Adverse Cardiovascular Events in Patients at High Risk

Figure 3. Effect of Omega-3 CA on the Primary Composite Cardiovascular End Point in Prespecified Subgroups

Omega-3 CA Corn oil
Events Events
Total per 100 Total per 100 Absolute
No.of person- person- No.of person- person- rate Hazard ratio Favors @ Favors
Subgroup events years years events years  years difference (95% Cl) omega-3 CA | cornoil P value for
Age at baseline, y interaction?
<65 391 12721 3.07 390 12493 3.12 -0.05 0.98(0.85-1.13) ——
65-75 305 7642 399 327 7964 4.11 -0.12 0.97 (0.83-1.14) —— 72
>75 89 1545 576 78 1463 533 0.43 1.12(0.82-1.51) —_——
Diabetes on or before the first dose of study medication
Yes 565 15452 3.67 576 15345 3.75 -0.08 0.97 (0.87-1.09) —.— &5
No 220 6456 3.41 219 6576  3.33 0.08 1.02 (0.85-1.24) —
Sex
Men 583 14132 4.13 579 14163 4.09 0.04 1.01(0.90-1.13) —— 54
Women 202 7776 2.60 216 7758 2.78 -0.18 0.94 (0.78-1.14) —
Race
White 644 18085 3.56 644 18246 3.53 0.03 1.02 (0.91-1.13) ——
Asian 81 2234 3.63 103 2028  5.08 -1.45 0.72(0.54-0.96) ——=&—— 08
Black 22 579 3.80 14 540 2.59 1.21 1.44(0.73-2.81) =
Other 38 996 3.81 33 1073 3.08 0.73 1.20(0.76-1.91) R e
BMI at baseline
<30 309 8341 3.70 297 8126 3.66 0.04 1.03(0.88-1.20) — 58
230 475 13552 3,51 496 13780 3.60 -0.09 0.97 (0.85-1.10) —a—
Region
Asia 134 3457 3.88 166 3364 4.93 -1.05 0.78 (0.62-0.98) —
Australia and New Zealand 21 441 4.76 14 442 3.17 1.59 1.48(0.75-2.90) -
Europe 384 11755 3.27 359 11771 3.05 0.22 1.07 (0.93-1.24) — .14
Latin America 11 474 2.32 11 506 2.17 0.15 1.03(0.45-2.37) o
North America 235 5781 4.06 245 5838 4.20 -0.14 0.98(0.82-1.18) ——
Established CVD at baseline
Yes 569 11695 4.87 610 11751 5.19 -0.32 0.94 (0.84-1.05) —— 07
No 216 10214 2.11 185 10169 1.82 0.29 1.16 (0.95-1.41) -
Statin use at baseline
High intensity 371 10905 3.40 393 10944 3.59 -0.19 0.94 (0.81-1.08) —— 58
Other 414 11003 3.76 402 10976 3.66 0.10 1.04 (0.91-1.20) ——
Ezetimibe at baseline
Yes 29 795 3.65 49 768 6.38 -2.73 0.54 (0.34-0.86) <#—— 008
No 756 21114 3.58 746 21152 3.53 0.05 1.02 (0.92-1.13) ——
eGFR at baseline, mL/min BSA
<60 223 4185 533 231 4047 5.71 -0.38 0.94 (0.78-1.13) — 5
260 562 17716 3.17 564 17869 3.16 0.01 1.01(0.90-1.13) ——
hsCRP at baseline, mg/dL
<0.2 381 10483 3.63 348 10702 3.25 0.38 1.11(0.96-1.28) —a— 04
20.2 404 11425 3.54 447 11218 3.98 -0.44 0.90 (0.79-1.03) —a—
Non-HDL-C at baseline, mg/dL
<140 505 14394 351 516 14169 3.64 -0.13 0.97 (0.85-1.09) —— a8
2140 280 7515 3.73 279 7752 3.60 0.13 1.04 (0.88-1.23) —
Triglycerides at baseline, mg/dL
<300 562 15905 3.53 566 15794 3.58 -0.05 0.99(0.88-1.11) —— 96
2300 223 6003 3.71 229 6127 3.74 -0.03 0.99(0.83-1.19) ——
VLDL
<46 347 10373 3.35 368 10283 3.58 -0.23 0.94(0.81-1.08) —— 31
246 414 10844 3.82 403 10934 3.69 0.13 1.04(0.91-1.91) —
Apolipoprotein CllI
<16 346 9980 3.47 338 9890 3.42 0.05 1.02 (0.88-1.81) — 75
216 433 11634 3.72 446 11802 3.78 -0.06 0.98 (0.86-1.12) —a—
0‘.5 1 2.‘5
Hazard ratio (95% Cl)
BSA, body surface area; eGFR, estimated glomerular filtration rate; HDL-C, high- 2 Pvalue estimated using a Cox proportional hazards model with factors for
density lipoprotein cholesterol; hs-CRP, high-sensitivity C-reactive protein; and treatment, established cardiovascular status at baseline, region, subgroup (only if
VLDL, very low-density lipoprotein. Sl conversion factors are in Table 4. not one of the covariates), and treatment x subgroup interaction in the model.
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Table 3. Primary Event Rate by Tertile of Percent Change in Fatty Acid From Baseline to Month 12°

Tertile 1° Tertile 2

Tertile 3

Person-

No./No. (%) years No./No. (%)

Person-
years

Person-

HR (95% CI) No./No. (%) years HR (95% CI)

Plasma EPA

Omega-3 CA
(<144%, 144%
to 435%, >435%)

Corn oil

(<-28%, -28%

to 10%, >10%)
RBC EPA

Omega-3 CA
(<117%, 117%
to 450%, >450%)

Corn oil

(<-20%, -20%

to 3%, >3%)
Plasma DHA

Omega-3 CA
(<16%, 16%-68%,
>68%)

Corn oil
(<-17%,-17%

to 6%, >6%)

RBC DHA

Omega-3 CA
(<12%, 12%-41%,
>41%)

Corn oil (<-9%, -9%
to 3%, >3%)

180/1725 (10.4) 5933 191/1725 (11.1)

195/1735(11.2) 6005 194/1736 (11.2)

185/1716 (10.8) 5887 182/1717 (10.6)

193/1728 (11.2) 5980 194/1728 (11.2)

178/1725(10.3) 5992 192/1725 (11.1)

198/1735(11.4) 6067 187/1736 (10.8)

186/1716 (10.8) 5960 189/1717 (11.0)

191/1728 (11.1) 6024 191/1729 (11.1)

6035

6059

6011

6015

5989

6052

5949

6052

1.04(0.85-1.28)  204/1725(11.8) 5951 1.13(0.92-1.38)

0.99(0.81-1.20)  185/1736(10.7) 5956 0.96 (0.78-1.17)

0.96 (0.78-1.18)  202/1716(11.8) 5945 1.08 (0.89-1.32)

0.99(0.82-1.22)  186/1729(10.8) 5945 0.97 (0.79-1.19)

1.08(0.88-1.32)  205/1725(11.9) 5937 1.16 (0.95-1.42)

0.95(0.78-1.16)  189/1736(10.9) 5901 0.98 (0.80-1.20)

1.02(0.83-1.25)  194/1716(11.3) 5935 1.05 (0.86-1.28)

1.00(0.82-1.22) 191/1728(11.1) 5864 1.03 (0.84-1.26)

Abbreviations: CA, carboxylic acid formulation; DHA, docosahexaenoic acid;

EPA, eicosapentaenoic acid; HR, hazard ratio; RBC, red blood cell.

2 Primary cardiovascular end point rate and hazard ratio estimated using a Cox
proportional hazards regression model in patients treated with omega-3 CA

and corn oil, according to tertiles of percentage change in either plasma or red
blood cell EPA and DHA concentrations in a post hoc exploratory analysis.
Tertile range for percentage change provided for individual fatty acid species.

bThe first tertile is the reference category.

contemporary standards of care: patients were enrolled with
mean LDL-C levels of 180 mg/dL, but treated with very low
doses of statins (pravastatin 10 mg or simvastatin 5 mg), and
elective revascularization was included in a broad composite
clinical end point.

The Reduction of Cardiovascular Events with Icosapent
Ethyl-Intervention Trial (REDUCE-IT) trial reported that ad-
ministration of EPA, 4 g/d, compared with mineral oil for a me-
dian duration of 4.9 years in 8179 statin-treated patients with
a fasting triglyceride level between 135 and 499 mg/dL (me-
dian, 216 mg/dL) resulted in fewer cardiovascular events (17.2%
vs 22.0%; HR, 0.75[95% CI, 0.68-0.83]).!! Concerns emerged
in the scientific community and during hearings by the US Food
and Drug Administration (FDA) whether mineral oil repre-
sented a neutral comparator, particularly in the context of a
greater than 30% increase in CRP in the mineral oil treatment
group.?? Additional analyses of both EPA studies suggested an
inverse association between plasma EPA concentration dur-
ing treatment and the rate of cardiovascular events.?*2°

The current trial similarly administered a 4-g dose of
omega-3 fatty acids in high-risk patients with evidence of ath-
erogenic dyslipidemia treated with a statin. In contrast to the
trials of purified EPA, this trial administered an omega-3 CA
formulation composed of both EPA and DHA. While the ad-
ministered EPA content of omega-3 CA was less than that dis-
pensed with icosapent, the carboxylic acid formulation has
greater bioavailability, permitting substantial elevations in EPA

jama.com

concentrations, confirmed in phase 2 studies.!*' Although the
achieved EPA levels in plasma and red blood cells were higher
with icosapent in REDUCE-IT compared with this trial," it is
uncertain whether these differences would be sufficient to ex-
plain the completely different results observed. This uncer-
tainty is heightened by the observation of no significant re-
duction in the risk of cardiovascular events in those patients
with greater, compared with those with lesser, increases in EPA
levelsin the current trial. Furthermore, triglyceride levels were
reduced 18% in both trials after 12 months, which also sug-
gests similar biochemical effects of these treatments. It re-
mains unknown whether administration of omega-3 fatty ac-
ids in a carboxylic acid formulation, as opposed to an ethyl
ester, might have differential cardiovascular effects.

This trial was stopped prematurely when it became appar-
ent that the probability of clinical benefit was likely to be low
and there was evidence of risk, including a higher, albeit small,
incidence of investigator-reported atrial fibrillation in the
omega-3 CA treatment group. A number of potential factors may
have contributed to the differences in outcomes of these clini-
cal trials. While the duration of follow-up was longer in both
studies of purified EPA, there was no separation of event curves
in this trial in patients treated for a median of more than 3 years
(Figure 2). There were differences in the patient populations,
with this trial recruiting a greater percentage of patients with
diabetes and somewhat fewer with clinically manifest cardio-
vascular disease. Although the study was terminated
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Table 4. Baseline, Follow-up, and Percentage Change in Biochemical Measures

Median (Q1-Q3)

Omega-3 CA Corn oil Between groups
Baseline 12-mo Follow-up % Change Baseline 12-mo Follow-up % Change Geometric
(n = 6539) (n =5821)? (n = 5821) (n = 6539) (n = 5907)? (n = 5907) mean ratio® P value®
Total cholesterol, 160.0(139.0 154.0(131.0 -3.4(-14.6 160.0(138.0 161.0(137.0 0(-10.9 0.97 (0.96 <.001
mg/dL to 188.0) t0 185.0) t09.0) to 188.0) t0 191.0) t0 12.5) t0 0.97)
LDL cholesterol, 75.0(56.0 76.0 (56.0 1.2(-18.2 75.0(56.0 75.0(55.0 -1.1(-19.7 1.03(1.01 <.001
mg/dL t0 99.0) t0 102.0) t025.7) t0 99.0) t0 100.0) t021.8) t0 1.04)
HDL cholesterol, 36.0 (31.0 37.0(32.0 5.0(-4.9 36.0(31.0 37.0(32.0 3.2(-5.7 1.01 (1.00 .002
mg/dL t0 40.0) t0 43.0) t0 15.8) t0 40.0) t0 42.0) to 14.3) t0 1.02)
Triglycerides, 239.0(192.0 191.0(146.0 -19.0(-39.2 240.0(191.0 235.0(178.0 -0.9(-25.2 0.82(0.81 <.001
mg/dL to 307.0) to 255.0) t0 6.4) to 309.0) t0 315.0) t0 27.8) t00.83)
Non-HDL cholesterol,  125.0 (104.0 116.0(94.0 -6.1(-20.3 125.0(103.0 123.0(100.0 -1.1(-14.9 0.95(0.94 <.001
mg/dL to 152.0) to 146.0) 10 9.6) to 152.0) to 152.0) to 14.5) t0 0.96)
Apolipoprotein B, 56.2(43.8 54.9(43.8 -2.0(-24.5 55.6 (43.6 55.3(44.3 -1.0(-235 0.99 (0.98 34
mg/dL t072.3) t069.7) t0 27.6) to 71.7) t0 69.4) to27.1) t0o 1.01)
Apolipoprotein CllI, 17.0(14.0 16.0(13.0 -7.0(-25.0 17.0(14.0 18.0(14.0 59(-14.3 0.88(0.87 <.001
mg/dL t021.0) t0 20.0) t0 15.0) t021.0) t023.0) t0 30.0) t0 0.89)
hs-CRP, mg/L? 21(1.1 1.7 (0.8 -20.0(-53.2 2.1(1.1 1.8(0.9 -6.3(-45.3  0.89(0.84 <.001
t04.2) t0 3.6) t0 36.5) t04.2) t04.0) t0 55.9) t0 0.95)
EPA, pg/mL
Plasma 21.0(12.7 89.6 (46.7 268.8 (85.7 21.3(13.3 19.0(11.6 -10.5(-36.9 3.75(3.65,3.86) <.001
t033.9) to 131.5) to 549.1) t033.7) t030.7) t026.3)
RBC 0.60(0.39 2.81(1.50 298.6(112.9 0.61(0.40 0.55(0.36 -8.7(-26.2 4.02 (3.92 <.001
t0 0.96) t0 3.96) t0 558.0) t0 0.95) 10 0.86) to 11.1) t04.12)
DHA, pg/mL
Plasma 61.9(46.3 90.7 (71.4 39.7(5.4 62.5(46.9 58.1(43.4 -6.9(-23.7 1.50(1.48 <.001
t0 83.8) to 114.0) t0 86.1) to 84.4) t079.9) to 13.8) to 1.52)
RBC 5.0(3.9 6.6 (5.7 23.9(5.7 5.0(3.9 48(3.8 -3.3(-11.9 1.33(1.32 <.001
t06.2) t07.3) t052.0) t0 6.1) t06.0) t06.3) t0 1.34)

Abbreviations: CA, carboxylic acid formulation; DHA, docosahexaenoic
acid; EPA, eicosapentaenoic acid; HDL, high-density lipoprotein;

hs-CRP, high-sensitivity C-reactive protein; LDL, low-density lipoprotein.
Sl conversion factors: To convert cholesterol to mmol/L, multiply values by
0.0259; to convert triglycerides to mmol/L, multiply values by 0.0113.

2 All follow-up measures were at 12 months, except for hs-CRP, which was measured
at 60 months (n = 1499 in corn oil placebo and n = 1467 in omega-3 CA).

b Geometric mean ratios >1.0 represent an x-fold increase in omega-3 CA
compared with corn oil, while values <1.0 represent an x-fold decrease.
P values were generated from the analysis of covariance model.

Table 5. Key Adverse Events in the Safety Population®

No. (%)
Omega-3 CA Corn oil
(n =6532) (n = 6535)
Drug-related adverse event 1451 (22.2) 843(12.9)
Adverse event leading 708 (10.8) 525 (8.0)
to drug discontinuation
Gastrointestinal 1616 (24.7) 959 (14.7)
disorders®
Diarrhea 780(11.9) 323 (4.9)
Nausea 207 (3.2) 113 (1.7)
Dyspepsia 90 (1.4) 42 (0.6)
Abdominal discomfort 87 (1.3) 36 (0.6)
New onset of diabetes® 286/1929 280/1975
(14.8) (14.2)
Syncope 35(0.5) 17 (0.3)
Any bleeding event 322(4.9) 322 (4.9)
TIMI criteria major 52(0.8) 46 (0.7)

bleeding event

Abbreviations: CA, carboxylic acid formulation; TIMI, Thrombolysis in
Myocardial Infarction.

2 The safety population includes all randomized patients who received at least
one dose of study drug.

b Gastrointestinal disorders reported by the patient.
< In those without diabetes on or before first dose of study medication.

JAMA Published online November 15,2020

prematurely, the number of adjudicated primary end point
events was consistent with the original sample size assump-
tions (1580 vs 1600 events), reducing concerns that the trial may
have been underpowered. A high level of follow-up of patients
was achieved despite the challenges imposed by closing a large,
multinational clinical trial during the COVID-19 pandemic.

A possible explanation for the different outcomes relates to
the comparators used. The decision was made with the design
of this trial to administer corn oil because it was considered to
be a neutral comparator with the least effects on a range of bio-
chemical parameters associated with cardiovascular risk.”'® In
contrast, the cardiovascular effects of icosapent were com-
pared with mineral oil, with adverse effects, compared with
baseline, on apolipoprotein B, LDL cholesterol, and hs-CRP
levels.! These effects were not observed with the corn oil group
in this trial, highlighting differences between the comparator
used in the studies. Given that these parameters are well-
established risk factors associated with differences in cardio-
vascular event rates in clinical trials,?*-2® the adverse biochemi-
cal effects in the mineral oil group may have contributed to the
apparent cardiovascular benefit observed with icosapent. How-
ever, the FDA subsequently awarded a label claim for cardio-
vascular event reduction for icosapent ethyl based on analyses
that concluded that the effects of mineral oil could not entirely
explain the observed differences in outcome.

jama.com
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The omega-3 fatty acid formulations differed in terms of
their composition. While cardiovascular benefit has been re-
ported with administration of purified formulations of EPA,
omega-3 CA is a combination of EPA and DHA, with the po-
tential to achieve similar tissue EPA concentrations. Theoreti-
cally, thelack of cardiovascular benefit with omega-3 CA could
reflect adverse effects from coadministration of DHA. Al-
though preclinical studies have reported potentially differen-
tial biological effects of EPA and DHA in studies of endothe-
lial cells and vascular reactivity,2°' DHA has not demonstrated
an adverse effect on atherosclerosis®?** and DHA levels have
been reported to associate with cardiovascular protection.>*
Furthermore, while the increases in plasma and red blood cell
concentrations of EPA were substantial, the percentage in-
creases in DHA concentrations were modest (Table 2) and did
not correlate with event rates (Table 3). Accordingly, it seems
unlikely that the DHA component of the omega-3 CA formu-
lation caused harm.

Administration of omega-3 CA was associated with a
greater rate of both gastrointestinal adverse events and study
drug discontinuation (Table 5). Investigator-reported new-
onset atrial fibrillation was more common in patients receiv-
ing omega-3 CA, a finding also reported with purified EPA
administration in REDUCE-IT (5.3% vs 3.9% with icosapent
vs mineral oil)." These are potentially important findings
that must be considered in the context of the possibility that
the observed benefit of purified EPA may have been related
to an increase in event rates in the mineral oil placebo treat-
ment group. Accordingly, there is some uncertainty whether
there is net benefit or harm with administration of any
omega-3 fatty acid formulation. Given that 2 large clinical

ARTICLE INFORMATION
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trials have now demonstrated a higher incidence rate, albeit
small, of atrial fibrillation with high-dose omega-3 fatty acid
administration, the mechanisms underscoring this observa-
tion require additional investigation. In contrast, it was reas-
suring to observe no excess bleeding with omega-3 CA,
despite the high rate of use of background antiplatelet agents
in the study.

Limitations

This study has several limitations. First, all patients were at
high risk of future cardiovascular events, and background statin
therapy was required. Whether benefits might be observed in
a lower-risk primary prevention population remains uncer-
tain. Second, this trial evaluated the effect of administration
of 4-g/d of a combination of EPA and DHA in fixed propor-
tion. While different doses and proportions were not evalu-
ated, elevations in plasma concentrations of both EPA and DHA
were achieved, yet no cardiovascular benefit was observed.
Third, no large clinical trial has evaluated the effect of puri-
fied DHA at any dose on cardiovascular outcomes.

|
Conclusions

Among statin-treated patients at high cardiovascular risk, the
addition of omega-3 CA, compared with corn oil, to usual back-
ground therapies resulted in no significant difference in a com-
posite outcome of major adverse cardiovascular events. These
findings do not support use of this omega-3 fatty acid formu-
lation to reduce major adverse cardiovascular events in high-
risk patients.
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in the manuscript are the results of the analyses
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confidentiality agreements with the sponsor, the
study contract specified that a copy of the study
database be provided to C5Research for
independent analysis. While employees of the
sponsor are coauthors of the manuscript, they
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authors had unrestricted rights to publish the
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content was exclusively retained by the academic
authors.
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Two Phase 3 Trials of Inclisiran in Patients
with Elevated LDL Cholesterol
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for the ORION-10 and ORION-11 Investigators™

ABSTRACT

BACKGROUND
Inclisiran inhibits hepatic synthesis of proprotein convertase subtilisin-kexin type
9. Previous studies suggest that inclisiran might provide sustained reductions in
low-density lipoprotein (LDL) cholesterol levels with infrequent dosing.

METHODS

We enrolled patients with atherosclerotic cardiovascular disease (ORION-10 trial)
and patients with atherosclerotic cardiovascular disease or an atherosclerotic car-
diovascular disease risk equivalent (ORION-11 trial) who had elevated LDL choles-
terol levels despite receiving statin therapy at the maximum tolerated dose. Patients
were randomly assigned in a 1:1 ratio to receive either inclisiran (284 mg) or pla-
cebo, administered by subcutaneous injection on day 1, day 90, and every 6 months
thereafter over a period of 540 days. The coprimary end points in each trial were
the placebo-corrected percentage change in LDL cholesterol level from baseline to
day 510 and the time-adjusted percentage change in LDL cholesterol level from
baseline after day 90 and up to day 540.

RESULTS

A total of 1561 and 1617 patients underwent randomization in the ORION-10 and
ORION-11 trials, respectively. Mean (=SD) LDL cholesterol levels at baseline were
104.7+38.3 mg per deciliter (2.71£0.99 mmol per liter) and 105.5+39.1 mg per
deciliter (2.73%£1.01 mmol per liter), respectively. At day 510, inclisiran reduced LDL
cholesterol levels by 52.3% (95% confidence interval [CI], 48.8 to 55.7) in the
ORION-10 trial and by 49.9% (95% CI, 46.6 to 53.1) in the ORION-11 trial, with
corresponding time-adjusted reductions of 53.8% (95% CI, 51.3 to 56.2) and 49.2%
(95% CI, 46.8 to 51.6) (P<0.001 for all comparisons vs. placebo). Adverse events
were generally similar in the inclisiran and placebo groups in each trial, although
injection-site adverse events were more frequent with inclisiran than with placebo
(2.6% vs. 0.9% in the ORION-10 trial and 4.7% vs. 0.5% in the ORION-11 trial);
such reactions were generally mild, and none were severe or persistent.

CONCLUSIONS
Reductions in LDL cholesterol levels of approximately 50% were obtained with
inclisiran, administered subcutaneously every 6 months. More injection-site adverse
events occurred with inclisiran than with placebo. (Funded by the Medicines
Company; ORION-10 and ORION-11 ClinicalTrials.gov numbers, NCT03399370
and NCT03400800.)
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HE BINDING OF PROPROTEIN CONVER-

tase subtilisin—kexin type 9 (PCSK9) in

the circulation by monoclonal antibodies
reduces both low-density lipoprotein (LDL) cho-
lesterol levels and the incidence of cardiovascu-
lar events.'? Inclisiran, a small interfering RNA
(siRNA) therapeutic agent, reduces hepatic syn-
thesis of PCSK9. In one trial, the LDL choles-
terol level was lowered by 52.6% at 180 days af-
ter two doses of 284 mg of inclisiran (equivalent
to 300 mg of inclisiran sodium) administered on
day 1 and day 90.3 Data from the same trial fol-
lowing the same patients over a period of 360 days
suggested that inclisiran might provide sus-
tained reductions in LDL cholesterol levels, with
the potential for a dosing schedule of once ev-
ery 6 months.*

METHODS

TRIAL DESIGN AND OVERSIGHT

We conducted two randomized, double-blind,
placebo-controlled, parallel-group, phase 3 trials.
The objectives of the ORION-10 and ORION-11
trials were to assess the efficacy, safety, and ad-
verse-event profile of inclisiran over a period of
18 months in patients at high risk for cardiovas-
cular disease in whom LDL cholesterol levels were
elevated despite receiving statin therapy at the
maximum tolerated dose with or without addi-
tional lipid-lowering therapy. The maximum tol-
erated dose was defined as the maximum dose of
a statin that could be taken by the patient on a
regular basis without unacceptable adverse events.
Inability to receive statins required documenta-
tion of historical adverse events that were attrib-
utable to more than one statin and that were
recorded in source documents and the trial case-
report form.

The trial protocols (available with the full text
of this article at NEJM.org) were identical and
were approved by an institutional review board
or independent ethics committee at each partici-
pating institution. All the patients provided writ-
ten informed consent. The first two authors and
the steering committee in collaboration with the
sponsor (the Medicines Company) designed each
trial protocol (with subsequent review and ap-
proval by regulators) and selected participating
countries and sites. Monitoring and site supervi-
sion were performed by a contract research orga-
nization (PPD) with oversight by the sponsor. The

N ENGL J MED 382]16

first two authors wrote the first draft of the manu-
script. All the authors participated in its revision,
made the decision to submit the manuscript for
publication, and vouch for the accuracy and com-
pleteness of the data and for the fidelity of the
trials to the protocols.

PATIENTS

The ORION-10 trial was conducted in the United
States and included adults with atherosclerotic
cardiovascular disease. Patients were eligible for
enrollment if their LDL cholesterol levels at screen-
ing were 70 mg per deciliter (1.8 mmol per liter) or
higher. The ORION-11 trial was conducted in Eu-
rope and South Africa and included adults with
atherosclerotic cardiovascular disease or an ath-
erosclerotic cardiovascular disease risk equivalent
(type 2 diabetes, familial hypercholesterolemia,
or a 10-year risk of a cardiovascular event of
>20% as assessed by the Framingham Risk Score
for Cardiovascular Disease or equivalent). The LDL
cholesterol eligibility criteria for patients with
atherosclerotic cardiovascular disease were iden-
tical in the two trials, but in the ORION-11 trial,
patients with an atherosclerotic cardiovascular
disease risk equivalent were required to have an
LDL cholesterol level of 100 mg per deciliter (2.6
mmol per liter) or higher.> Entry criteria required
stable doses of background lipid-lowering thera-
pies for at least 30 days before screening. Patients
receiving treatment with monoclonal antibodies
directed toward PCSK9 within 90 days before
screening were excluded. Detailed inclusion and
exclusion criteria for each trial are provided in the
Supplementary Appendix, available at NEJM.org.

TRIAL PROCEDURES

Randomization was stratified according to back-
ground use of statins in both trials and also
according to country in the ORION-11 trial, with
patients assigned (in a 1:1 ratio) to receive either
inclisiran (284 mg) or matching placebo — both
administered as a 1.5-ml subcutaneous injection
under blinded conditions. Each patient received
four injections of inclisiran or placebo. After the
first injection (day 1), patients returned on day
90, day 270, and day 450 to receive subsequent
doses of inclisiran or placebo (Fig. S1 in the
Supplementary Appendix). Patients also attended
the clinic on days 30, 150, 330, and 510 for fol-
low-up and limited laboratory assessments. The
end-of-trial visit was conducted on day 540.
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END POINTS

The coprimary end points in each trial were the
placebo-corrected percentage change in LDL
cholesterol level from baseline to day 510 and
the time-adjusted percentage change in LDL
cholesterol level from baseline after day 90 and
up to day 540. The latter end point is the mean
percentage change in LDL cholesterol level from
baseline over the period after day 90 and up to
day 540 and takes into account peak and trough
measurements within that time window (sam-
ples recorded on days 150, 270, 330, 450, 510,
and 540). Key secondary end points for each trial
were the absolute change in LDL cholesterol level
from baseline to day 510, the time-adjusted abso-
lute change in LDL cholesterol level from base-
line after day 90 and up to day 540, and the
percentage change from baseline to day 510 in
levels of PCSKO9, total cholesterol, apoliprotein B,
and non-high-density lipoprotein (HDL) choles-
terol. Full details of other prespecified second-
ary end points are listed in the Supplementary
Appendix. Finally, the incidence of a Medical Dic-
tionary for Regulatory Activities (MedDRA)—defined
cardiovascular basket of nonadjudicated terms,
including those classified within cardiac death,
and any signs or symptoms of cardiac arrest,
nonfatal myocardial infarction, or stroke was a
prespecified exploratory end point.

We recorded adverse events and clinical labo-
ratory values at all visits through the end-of-trial
visit (day 540). Investigators classified adverse
events according to organ class and as mild, mod-
erate, or severe using standard MedDRA nomen-
clature. Antidrug antibodies were measured in
plasma with the use of highly sensitive screen-
ing methods and, if needed, confirmatory assays
in accordance with the most recent regulatory
guidance, developed and validated to minimize
the risk of false negative results.®’

STATISTICAL ANALYSIS

The detailed statistical analysis plans for both
trials are available with the protocols at NEJM.org.
In brief, under the assumption of a 5% dropout
rate, a mean reduction in LDL cholesterol level
of no less than 30 mg per deciliter (0.8 mmol
per liter), and a standard deviation of 20 mg per
deciliter (0.5 mmol per liter), a sample of ap-
proximately 1425 patients who could be evaluated
would provide more than 90% power to detect a
30% lower level of LDL cholesterol in the incli-
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siran group than in the placebo group with a
two-sided significance level of 0.05 in each trial.

In each trial, the first primary efficacy end
point was analyzed with the use of an analysis-
of-covariance model, and the second primary
efficacy end point was analyzed with the use of
a mixed model for repeated measures, both with
multiple imputation of data. A nested procedure
was specified for the two primary end points,
with the requirement that significance must be
shown for the first primary end point before the
second primary end point could be tested. For
the key secondary end points, there were six dif-
ferent tests (two absolute-change measures and
four percentage-change measures). With an alpha
of 0.05 overall, the Hochberg procedure was ap-
plied, in which the highest P value was tested at
0.05+1, the next one was tested at 0.05+2, and
continuing until the final (lowest) P value was
tested at 0.05+6 (0.008). All primary and sec-
ondary end points used multiple imputation to
account for missing data (see the Supplementary
Appendix). The planned sample size of approxi-
mately 1425 in each trial was also expected to
contribute safety data from more than 6000 in-
jections per trial. Analyses were performed with
the use of SAS software, version 9.2 or higher
(SAS Institute).

RESULTS

CHARACTERISTICS OF THE PATIENTS

The ORION-10 and ORION-11 trials screened
2329 and 2381 patients, respectively, with 1561 and
1617 subsequently undergoing randomization. The
intention-to-treat populations comprised 781 pa-
tients assigned to inclisiran and 780 to placebo
in the ORION 10 trial and 810 assigned to incli-
siran and 807 to placebo in the ORION 11 trial.
A large majority of those enrolled completed the
trial activities (90.6% and 95.2%, respectively)
through the end-of-trial visit on day 540 (Fig. S2).
Thus, these two trials provide 2166 person-years
of exposure to inclisiran.

The characteristics of the populations in each
trial were similar with respect to age and the
proportion of men enrolled (Table 1), but there
were differences between the trials, with the
ORION-10 trial enrolling fewer white patients but
a higher proportion of patients with diabetes,
hypertension, and heterozygous familial hyper-
cholesterolemia. Although both trials enrolled
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Table 1. Demographic and Clinical Characteristics of the Patients at Baseline (Intention-to-Treat Population).*
Characteristic ORION-10 Trial ORION-11 Trial
Inclisiran Placebo Inclisiran Placebo
(N=781) (N=780) (N=810) (N=807)
Age —yr 66.4+8.9 65.7+8.9 64.8+8.3 64.8+8.7
Male sex — no. (%) 535 (68.5) 548 (70.3) 579 (71.5) 581 (72.0)
White race — no. (%) 653 (83.6) 685 (37.8) 791 (97.7) 796 (98.6)
Cardiovascular risk factors — no. (%)
ASCVD 781 (100) 780 (100) 712 (87.9) 702 (87.0)
ASCVD risk equivalent: 0 0 98 (12.1) 105 (13.0)
Current smoker§ 123 (15.7) 111 (14.2) 160 (19.8) 132 (16.4)
Hypertension§ 714 (91.4) 701 (89.9) 640 (79.0) 661 (81.9)
Diabetes( 371 (47.5) 331 (42.4) 296 (36 5) 272 (3 7)
Heterozygous familial hypercholesterolemia§ 8 (1.0) 2 (1.5) 4 (1.7) 4 (1.7)
Concomitant lipid-modifying therapy — no. (%)
Statin 701 (89.8) 692 (88.7) 766 (94.6) 766 (94.9)
High-intensity statin 525 (67.2) 537 (68.8) 640 (79.0) 631 (78.2)
Ezetimibe 30 (10.2) 74 (9.5) 52 (6.3) 62 (7.7)
Lipid measures — mg/d|
LDL cholesterol 104.5+39.6 104.8+37.0 107.2+41.8 103.7+36.4
Total cholesterol 180.6+46.1 180.6+43.6 187.3+48.2 183.3+42.8
Non-HDL cholesterol 134.0+44.5 134.7+43.5 137.6+46.9 133.9+41.0
HDL cholesterol 46.6+14.3 45.9x+14.4 49.7+15.5 49.3+13.8
Apolipoprotein B 94.1+25.6 94.6+25.1 97.1+28.0 95.1+5.2
Lipoprotein(a) — nmol/liter
Median 57 56 42 35
IQR 18-181 20-189 18-178 18-181
Triglycerides — mg/dI
Median 127 129 135 135
IQR 92-181 96-182 99-181 102-185
PCSK9 — pg/liter 422.1+176.9 414.9+145.7 355+98.9 353+97.4

* Plus—minus values are means +SD. For the levels of low-density lipoprotein (LDL) cholesterol, high-density lipoprotein
(HDL) cholesterol, non-HDL cholesterol, triglycerides, and total cholesterol, the baseline value was defined as the mean
of the values at screening and before receipt of the dose of inclisiran or placebo on day 1; for other variables, the base-
line value was defined as the last value before the first dose of inclisiran or placebo. In a post hoc analysis to provide
descriptive statistical comparisons, there were no significant differences between the two groups in the baseline char-
acteristics. To convert values for cholesterol and apolipoprotein B to millimoles per liter, multiply by 0.02586. To con-
vert values for triglycerides to millimoles per liter, multiply by 0.01129. ASCVD denotes atherosclerotic cardiovascular
disease, IQR interquartile range, and PCSK9 proprotein convertase subtilisin—kexin type 9.

7 Race was reported by the patient.

i Patients in this category had type 2 diabetes, familial hypercholesterolemia, or a 10-year risk of a cardiovascular event
of 20% or greater as assessed by the Framingham Risk Score for Cardiovascular Disease or equivalent.

§ Percentages are reported as a proportion of the overall cohort, including patients in the risk-equivalent category.

patients with atherosclerotic cardiovascular dis- terolemia, and 41 (20.2%) had a 10-year pre-
ease, in the ORION-11 trial there were also 203 dicted risk of cardiovascular disease of 20% or
patients (12.6%) enrolled in the risk-equivalent greater.

category, of whom 132 (65.0%) had diabetes, 30 The use of stable doses of statin treatment was
(14.8%) had heterozygous familial hypercholes- high (89.2% in the ORION-10 trial and 94.7% in
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A Percentage Change in LDL Cholesterol, ORION-10 Trial

B Absolute Change in LDL Cholesterol, ORION-10 Trial
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Figure 1. Efficacy of Inclisiran or Placebo in Lowering LDL Cholesterol over the 540-Day Trial Period (Intention-to-Treat Population).

The graphs use observed data. The numbers of patients with missing data at each time point are shown in Table S1 in the Supplementa-
ry Appendix. Least-squares means are shown for inclisiran and placebo over time. Panels A and B show the percentage change and the
absolute change in low-density lipoprotein (LDL) cholesterol level over time in the ORION-10 trial. Panels C and D show the percentage
change and the absolute change in LDL cholesterol level over time in the ORION-11 trial. The primary end point of percentage change in
LDL cholesterol level from baseline to day 510 and a key secondary end point of absolute change at day 510 were analyzed with the use
of an analysis-of-covariance model and a mixed model for repeated measures, respectively, with multiple imputation for missing values.
P values for the comparison of inclisiran with placebo for the percentage and absolute change from baseline were less than 0.001 for all

four comparisons at day 510.

the ORION-11 trial), with the majority of patients
receiving high-intensity statins (68.0% and 78.6%,
respectively). Use of ezetimibe either alone or in
combination with statins was low (9.9% in the
ORION-10 trial and 7.1% in the ORION-11 trial).
The mean (=SD) LDL cholesterol level at baseline
was 104.7£38.3 mg per deciliter (2.71+0.99 mmol
per liter) and 105.5+39.1 mg per deciliter (2.73+1.01
mmol per liter) in the respective trials (Table 1).

EFFICACY

Primary End Points

The percentage and absolute changes in LDL
cholesterol level from baseline with inclisiran or
placebo in each trial are shown in Figure 1. In the

N ENGL J MED 38216

ORION-10 trial, the percentage change in LDL
cholesterol level at day 510 was 1.0% in the placebo
group and —51.3% in the inclisiran group, result-
ing in a between-group difference of —52.3% (95%
confidence interval [CI], —55.7 to —48.8; P<0.001).
The time-adjusted change in LDL cholesterol level
after day 90 and up to day 540 (coprimary end
point) as compared with baseline was 2.5% with
placebo and —51.3% with inclisiran, representing
a between-group difference of —53.8% (95% CI,
—56.2 to —51.3; P<0.001). In the ORION-11 trial,
the corresponding percentage change in LDL cho-
lesterol level at day 510 was 4.0% in the placebo
group and —45.8% in the inclisiran group, result-
ing in a between-group difference of —49.9% (95%

NEJM.ORG APRIL 16, 2020

The New England Journal of Medicine
Downloaded from nejm.org on December 4, 2020. For personal use only. No other uses without permission.
Copyright © 2020 Massachusetts Medical Society. All rights reserved.

112 ENAOPAMA

EvSokptvoloyia | AtaBntohoyia | MetaBoAlopdg




Autidia / XapdAapmog MnAwwvng

The NEW ENGLAND JOURNAL of MEDICINE

CI, -53.1 to —46.6; P<0.001). The corresponding
time-adjusted change in LDL cholesterol level was
3.4% with placebo and —45.8% with inclisiran,
representing a between-group difference of —49.2%
(95% CI, -51.6 to —46.8; P<0.001).

Key Secondary End Points

In the ORION-10 trial, the absolute change in
LDL cholesterol level at day 510 was —2.1 mg per
deciliter (—0.05 mmol per liter) in the placebo
group and —56.2 mg per deciliter (-1.45 mmol
per liter) in the inclisiran group, with a between-
group difference of —54.1 mg per deciliter (-1.40
mmol per liter) (95% CI, -57.4 to -50.9 mg per
deciliter [-1.48 to —1.32 mmol per liter]; P<0.001).
The time-adjusted absolute change in LDL cho-
lesterol level from day 90 to day 540 was —0.4
mg per deciliter (-0.01 mmol per liter) in the
placebo group and —53.7 mg per deciliter (-1.39
mmol per liter) in the inclisiran group, with a
difference of —53.3 mg per deciliter (-1.38 mmol
per liter) (95% CI, —-55.8 to —50.8 mg per decili-
ter [-1.44 to —1.31 mmol per liter]; P<0.001).

In the ORION-11 trial, the corresponding
absolute change in LDL cholesterol level at day 510
was 1.0 mg per deciliter (0.03 mmol per liter) in
the placebo group and -50.9 mg per deciliter
(-1.32 mmol per liter) in the inclisiran group,
with a between-group difference of —-51.9 mg per
deciliter (-1.34 mmol per liter) (95% CI, =55.0 to
—48.7 mg per deciliter [-1.42 to —1.26 mmol per
liter]; P<0.001). The time-adjusted absolute change
in LDL cholesterol level from day 90 to day 540
was 0.3 mg per deciliter (0.01 mmol per liter) in
the placebo group and —48.6 mg per deciliter
(-1.26 mmol per liter) in the inclisiran group,
with a difference of —48.9 mg per deciliter (-1.26
mmol per liter) (95% CI, -51.4 to —46.5 mg per
deciliter [-1.33 to —1.20 mmol per liter]; P<0.001).

The percentage and absolute changes in PCSK9
levels from baseline with inclisiran or placebo in
each trial are shown in Figure 2. In the ORION-10
trial, the percentage change at day 510 (key sec-
ondary end point) was 13.5% with placebo and
—69.8% with inclisiran, representing a between-
group difference of —83.3% (95% CI, —89.3 to
—77.3; P<0.001). Similarly, in the ORION-11 trial,
the percentage change at day 510 was 15.6% with
placebo and —63.6% with inclisiran, representing
a between-group difference of —79.3% (95% CI,
—82.0 to —76.6; P<0.001). In each trial, inclisiran
resulted in improvement in other key secondary
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end points at day 510 as compared with placebo,
including lower levels of total cholesterol, non-
HDL cholesterol, and apolipoprotein B (P<0.001
for all three comparisons) (Table S4A and S4B).
The effect of inclisiran on LDL cholesterol levels
at day 510 appeared consistent within each trial
across a range of subgroups (Figs. 3 and 4).

Other End Points

Inclisiran lowered levels of triglycerides and
lipoprotein(a) and increased HDL cholesterol levels
at day 510 (Table S4A and S4B). In each trial, the
proportion of patients likely to have a 50% re-
duction in LDL cholesterol level was higher in
the inclisiran group than in the placebo group
(Table S5), as were the proportions of patients in
whom an LDL cholesterol level of less than 25,
50, 70, and 100 mg per deciliter (0.65, 1.3, 1.8,
and 2.6 mmol per liter, respectively) was achieved.
Although the placebo group showed considerable
variation in changes in PCSK9 and LDL cholesterol
levels at day 510, the inclisiran group showed very
little (Fig. S3).

SAFETY

In the ORION-10 trial, 2 patients who were as-
signed to the placebo group did not receive pla-
cebo; therefore, the safety population comprises
781 patients in the inclisiran group and 778 pa-
tients in the placebo group. In the ORION-11
trial, 2 patients who were assigned to the placebo
group did not receive placebo, and 1 patient who
was assigned to placebo was given a dose of in-
clisiran in error and is included in the inclisiran
group for safety reporting; therefore, the safety
population of the latter trial comprises 811 pa-
tients exposed to inclisiran and 804 patients ex-
posed to placebo.

The incidence of adverse events is shown in
Table 2. Adverse events that occurred during the
trial period, regardless of causality, were re-
ported in 574 of 781 patients (73.5%) receiving
inclisiran and 582 of 778 (74.8%) receiving pla-
cebo in the ORION-10 trial and in 671 of 811
patients (82.7%) receiving inclisiran and 655 of
804 (81.5%) receiving placebo in the ORION-11
trial. The majority of events in each trial were
reported to be mild or moderate, with the most
common adverse events occurring with similar
frequency in the inclisiran and placebo groups.
Laboratory results with respect to liver and kid-
ney function, levels of creatine kinase and high-
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Figure 2. Efficacy of Inclisiran or Placebo in Lowering PCSK9 Levels over the 540-Day Trial Period (Intention-to-Treat Population).
The graphs use observed data. The numbers of patients with missing data at each time point are shown in Table S2. Least-squares
means are shown for inclisiran and placebo over time. Panels A and B show the percentage change and the absolute change in propro-
tein convertase subtilisin—kexin type 9 (PCSK9) level over time in the ORION-10 trial. Panels C and D show the percentage change and
the absolute change in PCSK9 level over time in the ORION-11 trial. The key secondary end point of percentage change in PCSK9 level
from baseline to day 510 and the secondary end point of absolute change at day 510 were analyzed with the use of separate mixed mod-
els for repeated measures, with multiple imputation for missing values. P values for the comparison of inclisiran with placebo for the
percentage and absolute change from baseline were less than 0.001 for all four comparisons at day 510.

sensitivity C-reactive protein, and platelet count
were also similar in the inclisiran and placebo
groups in each trial (Table 2 and Tables S6, S7A,
and S7B). Injection-site adverse events were more
frequent with inclisiran than with placebo in
both trials, with between-group differences of
1.7 percentage points in the ORION-10 trial and
4.2 percentage points in the ORION-11 trial; the
majority of reactions were mild (between-group
differences in mild reactions, 0.8 percentage points
and 2.4 percentage points, respectively), with none
being severe or persistent.

Antidrug antibodies were detected in 2.0%
and 2.5% of the samples from inclisiran-treated
patients in the ORION-10 and ORION-11 trials,
respectively, findings consistent with assay speci-
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fications but not drug induction. The frequency of
positive samples was similar in pretreatment and
post-treatment samples. The presence of antidrug
antibodies in post-treatment samples was low
titer, often transient, and not associated with
changes in any pharmacologic or clinical variables.
In addition, there were no treatment-boosted anti-
drug antibodies.

Serious adverse events were reported in 175
patients (22.4%) receiving inclisiran and 205
(26.3%) receiving placebo in the ORION-10 trial
and in 181 patients (22.3%) receiving inclisiran and
181 (22.5%) receiving placebo in the ORION-11
trial. These included 12 deaths (1.5%) in the in-
clisiran group and 11 (1.4%) in the placebo group
in the ORION-10 trial and 14 deaths (1.7%) in
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Figure 3. Subgroup Analysis of Placebo-Corrected Percentage Change in LDL Cholesterol from Baseline to Day 510

Data are least-squares mean differences and 95% confidence intervals. The difference in the percentage change
from baseline between inclisiran and placebo was analyzed for each subgroup with the use of a mixed model for re-
peated measures. The model used observed case data and thus all data available on a patient, who could have data
at day 510 missing but have data at earlier time points. The median body-mass index (the weight in kilograms divid-
ed by the square of the height in meters) was 30.8. High-intensity statins are defined in the Methods section in the
Supplementary Appendix. Renal function was divided into normal (estimated glomerular filtration rate, 290 ml per
minute per 1.73 m?), mild impairment (60 to 89 ml per minute per 1.73 m?), and moderate impairment (30 to 59 ml

Subgroup Inclisiran Placebo
no.
All patients 781 780
Sex
Male 535 548
Female 246 232
Age
<65 yr 297 333
=65 yr 484 447
<75yr 638 649
=75 yr 143 131
Body-mass index
<Median 394 385
>Median 387 394
Race
White 653 685
Black 110 87
Other 18 8
Baseline statin treatment
Yes 701 692
No 80 88
Intensity of statin treatment
High 538 546
Not high 243 234
Metabolic disease
Diabetes 371 331
Metabolic syndrome 195 207
Neither 215 242
Renal function
Normal 395 410
Mild impairment 269 260
Moderate impairment 113 107
—10|0‘0
with Inclisiran in the ORION-10 Trial (Intention-to-Treat Population).
per minute per 1.73 m?).

the inclisiran group and 15 (1.9%) in the placebo
group in the ORION-11 trial. The incidences of
cancer-related deaths and new, worsening, or re-
current cancer were low and were similar among
patients receiving inclisiran and those receiving
placebo.

EXPLORATORY ANALYSIS
The prespecified exploratory cardiovascular end
point occurred in 58 patients (7.4%) in the incli-
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siran group and 79 (10.2%) in the placebo group
in the ORION-10 trial and in 63 patients (7.8%) in
the inclisiran group and 83 (10.3%) in the pla-
cebo group in the ORION-11 trial.

DISCUSSION

In our trials, a regimen of subcutaneous incli-
siran injections on day 1, day 90, and then every
6 months reduced LDL cholesterol levels by
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Subgroup Inclisiran Placebo
no.

All patients 810 807
Sex

Male 579 581

Female 231 226
Age

<65 yr 367 366

265 yr 443 441

<75yr 721 693

275 yr 89 114
Body-mass index

<Median 433 375

>Median 377 431
Race

White 791 796

Black 12 8
Baseline statin treatment

Yes 766 766

No 44 41
Intensity of statin treatment

High 734 729

Not high 76 78
Metabolic disease

Diabetes 296 272

Metabolic syndrome 212 236

Neither 302 299
Risk category

ASCVD 712 702

ASCVD equivalent 98 105
Renal function

Normal 428 444

Mild impairment 315 280

Moderate impairment 67 81
Geographic region

Europe 750 746

South Africa 60 61
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Figure 4. Subgroup Analysis of Placebo-Corrected Percentage Change in LDL Cholesterol from Baseline to Day 510

Data are least-squares mean differences and 95% confidence intervals. The difference in the percentage change
from baseline between inclisiran and placebo was analyzed for each subgroup with the use of a mixed-effects model
for repeated measures. The model used observed case data and thus all data available on a patient, who could have
data at day 510 missing but have data at earlier time points. The median body-mass index was 29.4. Patients with an
atherosclerotic cardiovascular disease (ASCVD) risk equivalent had type 2 diabetes, familial hypercholesterolemia,
or a 10-year risk of a cardiovascular event of 20% or greater as assessed by the Framingham Risk Score for Cardio-

pulation).

49.9% to 52.2% at month 17 and lowered time-
adjusted LDL cholesterol levels between months
3 and 18 by 49.2% to 53.8% as compared with
placebo in two separate populations at high risk
for cardiovascular disease. These reductions were
achieved on top of maximum tolerated, guide-
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line-recommended statin treatment. The results
for the percentage change in LDL cholesterol lev-
els at month 17 were consistent across subgroups.
Among patients given placebo, PCSK9 levels gen-
erally increased, whereas PCSK9 levels decreased
in nearly all the patients given inclisiran.
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Peak plasma levels of inclisiran occur ap-
proximately 4 hours after dosing, and most is
excreted through the kidney.® Triantennary N-
acetylgalactosamine (GalNAc) modification of
the double-stranded inclisiran molecule ensures
rapid hepatic uptake through the asialoglycopro-
tein receptors expressed exclusively on liver cells;

after uptake, inclisiran is bound to the RNA-
induced silencing complex in liver-cell cyto-
plasm.*® Inclisiran is no longer detectable in
plasma within 24 to 48 hours after dosing.”!® A
theoretical concern for therapies with a long
duration of action is the potential for irreversible
adverse events. Without further injections, the

Table 2. Adverse Events and Key Safety Laboratory Findings.*
Variable ORION-10 Trial ORION-11 Trial
Inclisiran Placebo Risk Ratio Inclisiran Placebo Risk Ratio
(N=781) (N=778) (95% ClI) (N=811) (N=2804) (95% CI)
no. of patients (%) no. of patients (%)
Adverse events
=1 Adverse event 574 (73.5) 582 (74.8) 1.0 (0.9-1.0) 671 (82.7) 655 (81.5) 1.0 (0.9-1.1)
=1 Event leading to discontinuation of incli- 19 (2.4) 17 (2.2) 1.1 (0.6-2.1) 23 (2.8) 18 (2.2) 1.3 (0.7-2.3)
siran or placebo
Serious adverse events
=1 Serious adverse event 175 (22.4) 205 (26.3) 0.9 (0.7-1.0) 181 (22.3) 181 (22.5) 1.0 (0.8-1.2)
Death 12 (1.5) 11(14)  1.1(0.5-2.4) 14 (1.7) 15 (1.9) 0.9 (0.4-1.9)
Death from cardiovascular causes 7(0.9) 5 (0.6) 1.4 (0.4-4.4) 9 (1.1) 10 (1.2) 0.9 (0.4-2.2)
Cancer-related death 1(0.1) 3(04) 0.3 (0.0-3.2) 3(0.4) 3(0.4) 1.0 (0.2-4.9)
New, worsening, or recurrent cancer 26 (3.3) 26 (3.3) 1.0 (0.6-1.7) 16 (2.0) 20 (2.5) 0.8 (0.1-1.5)
Other cardiovascular adverse events
Prespecified exploratory cardiovascular end 58 (7.4) 79 (10.2) 0.7 (0.5-1.0) 63 (7.8) 83 (10.3) 0.8 (0.6-1.0)
pointy
Fatal or nonfatal myocardial infarction 20 (2.6) 18 (2.3)  1.1(0.6-2.1) 10 (1.2) 22 (2.7) 0.5 (0.2-0.9)
Fatal or nonfatal stroke 11 (1.4) 7 (0.9) 1.6 (0.6-4.0) 2 (0.2) 8 (1.0) 0.2 (0.1-1.2)
Injection-site adverse events::
Any reaction 20 (2.6) 7(0.9)  2.9(1.2-6.7) 38 (4.7) 4(0.5) 9.4 (3.4-26.3)
Mild 13 (1.7) 7(0.9) 1.9 (0.7-4.6) 23 (2.8) 3(0.4) 7.6 (2.3-25.2)
Moderate 7(0.9) 0 — 15 (1.8) 1(0.1) 14.9 (2.0-112.3)
Severe 0 0 — 0 0 —
Persistent 0 0 = 0 0 —
Frequent adverse events§
Diabetes mellitus 120 (15.4) 108 (13.9) 1.1 (0.9-1.4) 88 (10.9) 94(11.7)  0.9(0.7-1.2)
Nasopharyngitis — — — 91 (11.2) 90 (11.2) 1.0 (0.8-1.3)
Bronchitis 46 (5.9) 30(3.9)  1.5(1.0-2.4) — — —
Dyspnea 39 (5.0) 33 (4.2) 1.2 (0.7-1.9) — — —
Hypertension 42 (5.4) 42 (5.4) 1.0 (0.7-1.5) 53 (6.5) 54 (6.7) 1.0 (0.7-1.4)
Upper respiratory tract infection 39 (5.0) 33 (4.2) 1.2 (0.7-1.9) 52 (6.4) 49 (6.1) 1.1 (0.7-1.5)
Arthralgia — — — 47 (5.8) 32 (4.0) 1.5 (0.9-2.3)
Osteoarthritis — — — 32 (3.9) 40 (5.0) 0.8 (0.5-1.2)
Back pain 39 (5.0) 39(5.0) 1.0 (0.6-1.5) — = =
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Table 2. (Continued.)
Variable ORION-10 Trial ORION-11 Trial
Inclisiran Placebo Risk Ratio Inclisiran Placebo Risk Ratio
(N=781)  (N=778) (95% Cl) (N=811) (N=804) (95% Cl)
no. of patients (%) no. of patients (%)
Laboratory results
Liver function
Alanine aminotransferase >3x ULN 2 (0.3) 2 (0.3) 1.0 (0.1-7.1) 4(0.5) 4(0.5) 1.0 (0.2-4.0)
Aspartate aminotransferase >3x ULN 4 (0.5) 5 (0.6) 0.8 (0.2-3.0) 2 (0.2) 4 (0.5) 0.5 (0.1-2.7)
Alkaline phosphatase >3x ULN 5 (0.6) 3(04) 1.7 (0.4-6.9) 1(0.1) 2(0.2) 0.5 (0.0-5.5)
Bilirubin >2x ULN 4(0.5) 3(04)  1.3(0.3-5.9) 6(0.7) 8 (1.0) 0.7 (0.3-2.1)
Kidney function: creatinine >2 mg/d| 30 (3.8) 30 (3.9) 1.0 (0.6-1.6) 5 (0.6) 11 (1.4) 0.5 (0.2-1.3)
Muscle: creatine kinase >5x ULN 10 (1.3) 8 (1.0 1.2 (0.5-3.1) 10 (1.2) 9 (1.1) 1.1 (0.5-2.7)
Hematology: platelet count <75x10%/liter 1(0.1) 0 — 0 1(0.1) —

* The safety population included all the patients who received at least one dose of inclisiran or placebo. Adverse events were recorded over
the trial period of 540 days. ULN denotes the upper limit of the normal range.

T The exploratory cardiovascular end point comprised a Medical Dictionary for Regulatory Activities—defined cardiovascular basket of nonadjudi-
cated terms, including those classified within cardiac death, and any signs or symptoms of cardiac arrest, nonfatal myocardial infarction, or

stroke.

I Injection-site adverse events included the preferred terms injection-site erythema, injection-site hypersensitivity, injection-site pruritus,

injection-site rash, and injection-site reaction.

§ Shown are events occurring with a frequency of 5% or more in either the inclisiran group or the placebo group in each trial. Some events
occurred with a frequency of less than 5% in one trial but not the other; a dash indicates that the frequency was less than 5% in that trial.

LDL cholesterol-lowering effects of inclisiran
are reversed at the rate of approximately 2% per
month,>* which means that these effects can
persist for up to approximately 2 years. It is
therefore reassuring that in the present trials
with 6075 injections of inclisiran and 2166 per-
son-years of exposure, the adverse-event profile
of inclisiran was similar to that of placebo. In-
jection-site adverse events were more frequent
with inclisiran than with placebo, but most were
mild or moderate, did not require intervention,
and were not persistent. Ongoing open-label
extension studies will provide additional longer-
term safety follow-up information.®

Overall deaths were similar in the inclisiran
and placebo groups in each trial. The prespeci-
fied cardiovascular composite end point was re-
ported with lower frequency in the inclisiran
group (7.4 to 7.8%, as compared with 10.2 to
10.3% in the placebo group). However, the total
number of nonadjudicated cardiovascular events
observed was too small to draw meaningful
conclusions about any potential benefits of incli-
siran on cardiovascular outcomes, a question

N ENGL J MED 38216

that is being tested in an ongoing cardiovascular
outcomes trial.®

The potential for siRNA-based therapies has
already reached fruition in rare-disease areas
such as transthyretin amyloidosis and porphyr-
ia.’12 This therapeutic approach harnesses the
intrinsic natural and highly conserved process of
RNA interference present in all mammalian cells.
Therapies that are based on RNAi seem to require
less frequent dosing than other RNA-based thera-
pies, such as antisense oligonucleotides.”® The
results of our trials have the potential to move
RNAi-based therapies from the realm of rare to
common diseases."

The aim of any cholesterol-lowering therapeu-
tic regimen is to maintain consistent, long-term
reductions in the exposure to LDL cholesterol
and to do so safely. Statins are first-line pharma-
cotherapy for LDL cholesterol lowering, but many
patients require additional LDL cholesterol lower-
ing.**!> The convenience of a treatment regimen
and the medication burden that is placed on the
patient may influence long-term adherence.’®"
Poor adherence to statins is associated with less
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favorable reductions in LDL cholesterol levels
and in turn a higher risk of cardiovascular events
as compared with good adherence.’®" Further-
more, at a population level, poor adherence at-
tenuates the benefit of LDL cholesterol reduction
that is achievable through proper adherence.’®
Our trials suggest that sustained reductions in
LDL cholesterol levels are achievable with an
infrequent dosing schedule of inclisiran. Com-
plete adherence might be feasible if this therapy
were administered by a health care profession-
al, thus potentially helping address an existing
challenge to contemporary prevention strategies
— namely, how to maintain reductions to ad-
verse exposures such as LDL cholesterol over the
long term.

We found that a regimen of inclisiran every
6 months was feasible and significantly reduced
LDL cholesterol levels by approximately 50%.
More injection-site adverse events occurred with
inclisiran than with placebo.
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Colchicine in Patients
with Chronic Coronary Disease
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J.H. Cornel, and P.L. Thompson, for the LoDoCo2 Trial Investigators*

ABSTRACT

BACKGROUND

Evidence from a recent trial has shown that the antiinflammatory effects of col-
chicine reduce the risk of cardiovascular events in patients with recent myocardial
infarction, but evidence of such a risk reduction in patients with chronic coronary
disease is limited.

METHODS

In a randomized, controlled, double-blind trial, we assigned patients with chronic
coronary disease to receive 0.5 mg of colchicine once daily or matching placebo.
The primary end point was a composite of cardiovascular death, spontaneous (non-
procedural) myocardial infarction, ischemic stroke, or ischemia-driven coronary
revascularization. The key secondary end point was a composite of cardiovascular
death, spontaneous myocardial infarction, or ischemic stroke.

RESULTS

A total of 5522 patients underwent randomization; 2762 were assigned to the col-
chicine group and 2760 to the placebo group. The median duration of follow-up
was 28.6 months. A primary end-point event occurred in 187 patients (6.8%) in the
colchicine group and in 264 patients (9.6%) in the placebo group (incidence, 2.5 vs.
3.6 events per 100 person-years; hazard ratio, 0.69; 95% confidence interval [CI],
0.57 to 0.83; P<0.001). A key secondary end-point event occurred in 115 patients (4.2%)
in the colchicine group and in 157 patients (5.7%) in the placebo group (incidence,
1.5 vs. 2.1 events per 100 person-years; hazard ratio, 0.72; 95% CI, 0.57 to 0.92;
P=0.007). The incidence rates of spontaneous myocardial infarction or ischemia-
driven coronary revascularization (composite end point), cardiovascular death or
spontaneous myocardial infarction (composite end point), ischemia-driven coro-
nary revascularization, and spontaneous myocardial infarction were also signifi-
cantly lower with colchicine than with placebo. The incidence of death from noncar-
diovascular causes was higher in the colchicine group than in the placebo group
(incidence, 0.7 vs. 0.5 events per 100 person-years; hazard ratio, 1.51; 95% CI, 0.99
to 2.31).

CONCLUSIONS

In a randomized trial involving patients with chronic coronary disease, the risk of
cardiovascular events was significantly lower among those who received 0.5 mg of
colchicine once daily than among those who received placebo. (Funded by the Na-
tional Health Medical Research Council of Australia and others; LoDoCo2 Austra-
lian New Zealand Clinical Trials Registry number, ACTRN12614000093684.)
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ESPITE LIFESTYLE CHANGES AND RISK-

factor reduction, patients with chronic

coronary disease remain at high risk for
acute cardiovascular events.™ The central role of
inflammation in the progression of coronary dis-
ease is well recognized.*> The possibility that
antiinflammatory therapy may improve cardio-
vascular outcomes was first highlighted in the
Canakinumab Antiinflammatory Thrombosis Out-
come Study (CANTOS) involving patients with a
history of myocardial infarction and an elevated
baseline level of C-reactive protein; the results
showed that the risk of recurrent cardiovascular
events was lower among those who received
canakinumab than among those who received
placebo.® However, in another trial, a clinical
benefit with methotrexate was not observed in
patients with chronic coronary disease.”

Colchicine is an antiinflammatory drug orig-
inally extracted from the autumn crocus (Colchi-
cum autumnale) and was used by the ancient Greeks
and Egyptians. In contrast to selective inhibition
of interleukin-18 by canakinumab, colchicine
has broad cellular effects that include inhibition
of tubulin polymerization and alteration of leu-
kocyte responsiveness.®® In the Colchicine Car-
diovascular Outcomes Trial (COLCOT) involving
patients who had a myocardial infarction within
30 days before enrollment, the percentage of those
who had the composite end point of cardiovascu-
lar death, resuscitated cardiac arrest, myocardial
infarction, stroke, or urgent hospitalization for
angina leading to coronary revascularization was
lower among those who received 0.5 mg of col-
chicine once daily than among those who received
placebo.™
In an earlier trial of low-dose colchicine

(LoDoCo) involving patients with chronic coro-
nary disease, we found that the risk of acute
cardiovascular events was lower among those who
received 0.5 mg of colchicine once daily than
among those who did not receive colchicine.’
This was an open-label trial involving only 532
patients, and the results required confirmation.
Accordingly, we conducted an investigator-initi-
ated, randomized, controlled, double-blind, event-
driven trial of low-dose colchicine (LoDoCo2) to
determine whether 0.5 mg of colchicine once
daily, as compared with placebo, prevents cardio-
vascular events in patients with chronic coronary
disease.

N ENGL J MED

METHODS

TRIAL DESIGN AND OVERSIGHT

Patient recruitment in the LoDoCo2 trial com-
menced on August 4, 2014, at 13 centers affili-
ated with GenesisCare and the Heart and Vascu-
lar Research Institute of Sir Charles Gairdner
Hospital in Western Australia. On October 27,
2016, patient recruitment was expanded with the
inclusion of 30 centers of the Dutch Network for
Cardiovascular Research in the Netherlands.
Enrollment was completed by December 3, 2018.
The design of the trial has been published previ-
ously.® The trial protocol, available with the full
text of this article at NEJM.org, was approved by
a centralized institutional review board in each
participating country. An independent data and
safety monitoring board reviewed cumulative safe-
ty data to safeguard the well-being of the pa-
tients. Full details of the trial organization and a
list of the trial sites and investigators are provided
in the Supplementary Appendix, also available at
NEJM.org.

The academic and clinical investigators de-
signed the study, collected and managed the data,
performed the statistical analyses, and drafted
the manuscript. The funders had no role in the
design or writing of the protocol and statistical
analysis plan; in the selection or monitoring of
the participating sites; in the enrollment or fol-
low-up of patients; in the distribution or admin-
istration of the trial drug or placebo; in the col-
lection, storage, analysis, and interpretation of
the data; in the drafting of the manuscript; or in
the decision to submit the manuscript for publi-
cation. The trial drug and matching placebo were
donated by Aspen Pharmacare in Australia and by
Tiofarma in the Netherlands. The members of
the steering committee and the trial statisticians
had unrestricted access to the data and vouch for
the completeness and accuracy of the data and
analyses and for the fidelity of the trial to the
protocol.

TRIAL POPULATION

Patients 35 to 82 years of age were eligible if they
had any evidence of coronary disease on invasive
coronary angiography or computed tomography
angiography or a coronary-artery calcium score
of at least 400 Agatston units on a coronary-artery
calcium scan. Patients were required to have been
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in a clinically stable condition for at least 6 months
before enrollment. Patients were not eligible if
they had moderate-to-severe renal impairment,
severe heart failure, severe valvular heart disease,
or known side effects from colchicine. Renal
function was defined on the basis of the Kidney
Disease: Improving Global Outcomes (KDIGO)
Clinical Practice Guideline for Acute Kidney In-
jury.* A full list of the inclusion and exclusion
criteria is provided in Table S1 in the Supplemen-
tary Appendix. All the patients provided written
informed consent to participate.

RUN-IN, RANDOMIZATION, AND FOLLOW-UP

After signing the informed-consent form, eligible
patients entered an open-label run-in phase for
1 month, during which time they received 0.5 mg
of colchicine once daily. At the end of the open-
label run-in phase, the patients who were in sta-
ble condition and had no unacceptable side effects,
had adhered to the open-label colchicine regimen,
and remained willing to continue participation
were randomly assigned in a 1:1 ratio to receive
0.5 mg of colchicine once daily or matching pla-
cebo. Randomization was performed in a double-
blind manner with the use of a computerized
algorithm, with stratification according to coun-
try. Clinical evaluations were scheduled before the
run-in phase, at the time of randomization, and
at 6-month intervals until the completion of the
trial. All follow-up assessments were performed
in person, if possible, or by telephone. The trial
regimens were continued until the completion of
the trial. Moreover, clinical follow-up was con-
tinued until the date of trial completion regard-
less of premature discontinuation of colchicine
or placebo.

END POINTS

The primary end point was a composite of car-
diovascular death, spontaneous (nonprocedural)
myocardial infarction, ischemic stroke, or ische-
mia-driven coronary revascularization. Second-
ary end points, which were tested in hierarchical
fashion, were ranked in the following order: the
composite of cardiovascular death, spontaneous
myocardial infarction, or ischemic stroke (key
secondary end point); the composite of sponta-
neous myocardial infarction or ischemia-driven
coronary revascularization; the composite of car-
diovascular death or spontaneous myocardial in-
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farction; ischemia-driven coronary revasculariza-
tion; spontaneous myocardial infarction; ischemic
stroke; death from any cause; and cardiovascular
death. The list of end points, including the pri-
mary end point, was revised several times during
the trial; the latest and final revision took place
in January 2020 before the data were unblinded.
End points were adjudicated by a committee whose
members were unaware of the trial-group assign-
ments. Additional end points and definitions are
provided in Table S2.

STATISTICAL ANALYSIS
The trial was designed to accrue a minimum of
331 primary end-point events and to have a mini-
mum follow-up of 1 year. On the basis of a tar-
get enrollment of 6053 patients in the open-label
run-in phase, with 5447 undergoing randomiza-
tion after screening, we estimated that the trial
would have more than 90% power, at a two-sided
alpha level of 0.05, to detect a 30% lower rate
(i.e., a hazard ratio of 0.70) of a primary com-
posite end-point event in the colchicine group
than in the placebo group, assuming a 10% rate
of discontinuation of colchicine or placebo and an
annual rate of the primary end point in the con-
trol group of 2.6%. Details of the statistical meth-
ods are provided in the Supplementary Appendix.

The main analysis was based on the time from
randomization to the first occurrence of any com-
ponent of the primary composite end point. If the
incidence of the primary end point was signifi-
cantly lower in the colchicine group than in the
placebo group (P<0.05), then the ranked second-
ary end points were tested in a hierarchical fashion
at a significance level of 0.05 in order to preserve
the alpha level. The original protocol did not in-
clude a plan to adjust for multiple testing; hierar-
chical testing was included in the protocol in
January 2020 before the data were unblinded to
be consistent with the new guidelines for statis-
tical reporting in the Journal."s

The main analysis was performed according
to the intention-to-treat principle and included
all adjudicated end-point events that occurred be-
tween randomization and the end-of-trial date in
all patients who had undergone randomization,
regardless of whether they adhered to their as-
signed regimen. Cause-specific hazard ratios in
the colchicine group, as compared with the pla-
cebo group, and 95% confidence intervals were
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An exploratory sensitivity analysis of the pri-
mary end point in the on-treatment data set was
also performed. The on-treatment analysis was
performed in patients who had received at least
one dose of colchicine or placebo, with additional
censoring of data 30 days after the last dose was
received (in addition to the data that were cen-
sored according to the rules for the main inten-
tion-to-treat analysis). Analyses of the primary
and secondary end points were also performed
with the use of Fine and Gray subdistribution
hazard models to account for competing risks.

6528 Patients were enrolled
in the open-label run-in phase

1006 (15.4%) Did not undergo
randomization
611 Had perceived side
effects
395 Had other reasons

5522 Underwent randomization

RESULTS

2762 Were assigned to receive
colchicine and were included
in the main analysis

2760 Were assigned to receive
placebo and were included
in the main analysis

PATIENTS
Among the 6528 patients who provided written
informed consent and started the open-label run-

44 (1.6%) Had data that were censored
early in the intention-to-treat
end-point analysis owing to death
from noncardiovascular causes

34 (1.2%) Had data that were censored
early in the intention-to-treat
end-point analysis: 33 died
from noncardiovascular causes

in period, 5522 underwent randomization and
5478 received at least one dose of colchicine or
placebo (Fig. 1 and Table S3). Among the 1006

and 1 was lost to follow-up

patients (15.4%) who had started the run-in period
but did not undergo randomization, the most
common reason was gastrointestinal upset (in
437 patients).

The baseline characteristics of the patients
were well balanced between the trial groups (Ta-
ble 1). The mean (+SD) age of the patients was
6618.6 years, and 846 (15.3%) were female; 11.7%
of the patients were current smokers, and 18.2%
had diabetes. Most patients (4658 [84.4%]) had a
history of acute coronary syndrome; in 68.2% of
the patients, the acute event had occurred more
than 24 months before randomization. At base-
line, the patients were well treated with respect to
chronic coronary disease, with 99.7% taking an
antiplatelet agent or an anticoagulant, 96.6% a
lipid-lowering agent, 62.1% a beta-blocker, and
71.7% an inhibitor of the renin—angiotensin sys-
tem. Distribution of baseline characteristics ac-
cording to country is provided in Table S4.

Median duration of follow-up, 29.0 mo
(IQR, 20.7-45.7)

Median duration of follow-up, 28.1 mo
(IQR, 20.3-43.5)

289 (10.5%) Permanently discontinued
colchicine prematurely
22 Never received a dose
95 Had perceived side effects
124 Withdrew from the trial
48 Were withdrawn by physician
or had intercurrent illness

291 (10.5%) Permanently discontinued
placebo prematurely
22 Never received a dose
93 Had perceived side effects
125 Withdrew from the trial
51 Were withdrawn by physician
or had intercurrent illness

Figure 1. Enrollment, Randomization, and Follow-up.

Premature permanent discontinuation of colchicine or placebo was deter-
mined to have occurred if colchicine or placebo was permanently discontin-
ued more than 30 days before the occurrence of a primary end-point event,
the occurrence of noncardiovascular death, or the regular end-of-trial date,
whichever came first.

determined with the use of Cox proportional-
hazards models, stratified according to country.
If an end-point event had not occurred, follow-up
data were censored at the time of the competing
risk event (death from noncardiovascular causes
or death from any cause, as appropriate) or at the
end of the trial. Two-sided P values for superiority
were calculated with the use of log-rank tests, as
governed by the rules of hierarchical testing. The
prespecified subgroup analyses were performed
with the use of the Cox proportional-hazards
method.

ADHERENCE AND FOLLOW-UP

The date of the last follow-up contact with a pa-
tient was February 17, 2020. The database was
locked on May 22, 2020. The primary end-point
status was available for all but one patient. The
median duration of follow-up was 28.6 months
(interquartile range, 20.5 to 44.4). In each trial
group, 10.5% of the patients permanently discon-
tinued colchicine or placebo prematurely (Fig. 1).
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Table 1. Characteristics of the Trial Patients at Baseline.*
Colchicine Placebo
Characteristic (N=2762) (N=2760)
Age —yr 65.8+8.4 65.9+8.7
Female sex — no. (%) 457 (16.5) 389 (14.1)
Country — no. (%)
Australia 951 (34.4) 953 (34.5)
The Netherlands 1811 (65.6) 1807 (65.5)
Current smoker — no. (%) 318 (11.5) 330 (12.0)
Hypertension — no. (%) 1421 (51.4) 1387 (50.3)
Diabetes — no. (%)
Patients receiving any treatment for diabetes 492 (17.8) 515 (18.7)
Patients dependent on insulin 140 (5.1) 147 (5.3)
Renal function — no. (%)
Stage 1 or 2 2614 (94.6) 2602 (94.3)
Stage 3a 148 (5.4) 158 (5.7)
Prior acute coronary syndrome — no. (%) 2323 (84.1) 2335 (84.6)
Time since last acute coronary syndrome — no. (%)
<24 mo 753 (27.3) 726 (26.3)
>24 mo 1570 (56.8) 1609 (58.3)
Prior coronary revascularization — no. (%) 2301 (83.3) 2320 (84.1)
Coronary-artery bypass grafting 319 (11.5) 391 (14.2)
Percutaneous coronary intervention 2100 (76.0) 2077 (75.3)
History of atrial fibrillation — no. (%) 332 (12.0) 317 (11.5)
History of gout — no. (%) 220 (8.0) 226 (8.2)
Medication use — no. (%)
Single antiplatelet therapy 1849 (66.9) 1852 (67.1)
Dual antiplatelet therapy 638 (23.1) 642 (23.3)
Anticoagulant 342 (12.4) 330 (12 0)
No antiplatelet agent or anticoagulant 4(0.1) 1(0.4)
Statin 2594 (93.9) 2594 (94.0)
Ezetimibe 551 (19.9) 522 (18.9)
Any lipid-lowering agent 2670 (96.7) 2665 (96.6)
Renin—angiotensin inhibitor 1995 (72.2) 1965 (71.2)
Beta-blocker 1692 (61.3) 1735 (62.9)
Calcium-channel blocker 633 (22.9) 611 (22.1)

* Plus—minus values are means +SD.

T Information on smoking was missing for 21 patients.

i Stage 1 refers to an estimated glomerular filtration rate of at least 90 ml per minute per 1.73 m? of body-surface area
(normal or high), stage 2 to a rate of 60 to 89 ml per minute per 1.73 m? (mildly decreased), and stage 3a to a rate
of 45 to 59 ml per minute per 1.73 m? (mildly to moderately decreased). Stages are based on the Kidney Disease:
Improving Global Outcomes (KDIGO) Clinical Practice Guideline for Acute Kidney Injury.™*
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A Primary End Point
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Figure 2. Cumulative Incidence of the Primary End Point and the Key Sec-
ondary End Point.
Panel A shows the cumulative incidence of the primary composite end
point of cardiovascular death, myocardial infarction, ischemic stroke, or
ischemia-driven coronary revascularization, and Panel B shows the cumula-
tive incidence of the key secondary composite end point of cardiovascular
death, myocardial infarction, or ischemic stroke. The inset in each panel
shows the same data on an enlarged y axis.

PRIMARY AND SECONDARY END POINTS

The primary composite end-point event of cardio-
vascular death, spontaneous myocardial infarc-
tion, ischemic stroke, or ischemia-driven coronary
revascularization occurred in 187 patients (6.8%)
in the colchicine group and in 264 patients (9.6%)

N ENGL J MED

in the placebo group, with incidence rates of 2.5
and 3.6 events, respectively, per 100 person-years
(hazard ratio, 0.69; 95% confidence interval [CI],
0.57 to 0.83; P<0.001) (Figs. 2 and 3). This treat-
ment effect was consistent in the on-treatment
analysis (Fig. S1 and Table S5).

A key secondary composite end-point event of
cardiovascular death, spontaneous myocardial in-
farction, or ischemic stroke occurred in 115 pa-
tients (4.2%) in the colchicine group and in 157
patients (5.7%) in the placebo group, with inci-
dence rates of 1.5 and 2.1 events, respectively, per
100 person-years (hazard ratio, 0.72; 95% CI,
0.57 to 0.92; P=0.007) (Figs. 2 and 3). In the pre-
specified hierarchical testing of the ranked sec-
ondary end points, the rates of the first five
secondary end points, including spontaneous myo-
cardial infarction, were significantly lower in the
colchicine group than in the placebo group
(Fig. 3). Colchicine did not result in a lower in-
cidence of death from any cause than placebo
(73 vs. 60 fatalities; incidence, 0.9 vs. 0.8 events,
respectively, per 100 person-years; hazard ratio,
1.21; 95% CI, 0.86 to 1.71). Fine and Gray sub-
distribution hazard ratios were virtually identi-
cal to the cause-specific hazard ratios (Table S6).

ADDITIONAL END POINTS

A primary composite end-point event as defined
in the first LoDoCo trial (sudden cardiac death,
nonfatal out-of-hospital cardiac arrest, acute coro-
nary syndrome [myocardial infarction or unstable
angina irrespective of revascularization], or ath-
erosclerotic ischemic stroke) occurred in 201 pa-
tients in the colchicine group and in 290 patients
in the placebo group, with incidence rates of 2.7
and 4.0 events, respectively, per 100 person-years
(hazard ratio, 0.67; 95% CI, 0.56 to 0.81) (Fig. 3).
The results with respect to the occurrence of new
onset or first recurrence of atrial fibrillation,
deep-venous thrombosis or pulmonary embolism
or both, and new-onset diabetes did not differ
significantly between the trial groups.

ADVERSE EVENTS

Noncardiovascular deaths occurred more fre-
quently among the patients who received colchi-
cine than among those who received placebo,
with incidence rates of 0.7 and 0.5 events, respec-
tively, per 100 person-years (hazard ratio, 1.51;
95% CI, 0.99 to 2.31) (Table 2 and Table S7). We
observed similar rates of cancer diagnosis, hos-
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pitalization for infection, hospitalization for pneu-
monia, and hospitalization for a gastrointestinal
reason in the two trial groups, in both the inten-
tion-to-treat analysis and the on-treatment anal-
ysis (Table 2 and Table S8). Gout occurred in 38
patients (1.4%) in the colchicine group and in 95
patients (3.4%) in the placebo group (cumulative
incidence ratio, 0.40; 95% CI, 0.28 to 0.58). Neutro-
penia and myotoxic effects were uncommon in
both trial groups. Among the patients from the
Netherlands, myalgia was reported in 384 (21.2%)
in the colchicine group and 334 (18.5%) in the
placebo group (cumulative incidence ratio, 1.15;

95% CI, 1.01 to 1.31). Dysesthesia was reported
in 143 patients (7.9%) in the colchicine group and
in 150 patients (8.3%) in the placebo group (cumu-
lative incidence ratio, 0.95; 95% CI, 0.76 to 1.18).

SUBGROUP ANALYSES

The effects of colchicine, as compared with pla-
cebo, on the primary end point were consistent in
the prespecified subgroups defined according to
sex, age (>65 years vs. <65 years), smoking status
(current vs. former or never), hypertension (yes vs.
no), diabetes (yes vs. no), renal function (stage 1
or 2 vs. stage 3a [stages are based on the KDIGO

Colchicine Placebo
End Point (N=2762) (N=2760) Hazard Ratio (95% Cl) P Value
no. of no. of no. of no. of
patients events/100  patients events/100
(%) person-yr (%) person-yr
Primary end point E
Cardiovascular death, myocardial 187 (6.8) 2.5 264 (9.6) 3.6 —e—i ! 0.69 (0.57-0.83) <0.001
infarction, ischemic stroke, |
or ischemia-driven 1
coronary revascularization E
Secondary end points in ranked order 0
Cardiovascular death, myocardial 115 (4.2) 1.5 157 (5.7) 2.1 —e— | 0.72 (0.57-0.92)  0.007
infarction, or ischemic stroke 1
Myocardial infarction or ischemia- 155 (5.6) 2.1 224 (8.1) 3.0 —— E 0.67 (0.55-0.83) <0.001
driven coronary revascularization !
Cardiovascular death or myocardial 100 (3.6) 13 138 (5.0) 1.8 —e—i 0.71 (0.55-0.92)  0.01
infarction 1
Ischemia-driven coronary revas- 135 (4.9) 1.8 177 (6.4) 2.4 —e—i E 0.75 (0.60-0.94)  0.01
cularization !
Myocardial infarction 83 (3.0) 11 116 (4.2) 15 —— ! 0.70 (0.53-0.93)  0.01
Ischemic stroke 16 (0.6) 0.2 24 (0.9) 03 : 0.66 (0.35-1.25)  0.20
Death from any cause 73 (2.6) 0.9 60 (2.2) 0.8 '—E—'—| 1.21 (0.86-1.71)
Cardiovascular death 20 (0.7) 0.3 25 (0.9) 0.3 : 0.80 (0.44-1.44)
Additional end points H
The primary end point in the first 201 (7.3) 2.7 290 (10.5) 4.0 —e—i i 0.67 (0.56-0.81)
LoDoCo trial E
New onset or first recurrence in atrial 126 (4.6) 17 148 (5.4) 2.0 —e—4 0.84 (0.66-1.07)
fibrillation or atrial flutter H
Deep-vein thrombosis or pulmonary 17 (0.6) 0.2 16 (0.6) 0.2 : 1.06 (0.53-2.10)
embolism or both 0
Any myocardial infarctions 85 (3.1) 11 117 (4.2) 1.5 —— 0.72 (0.54-0.95)
New-onset diabetes 34 (1.2) — 49 (1.8) — —_— 0.69 (0.44-1.06)
03 0s 10 20
Colchicine Better Placebo Better
Figure 3. Key End Points and their Components.
The cause-specific hazard ratios were estimated from Cox proportional-hazard regression analysis with death from noncardiovascular
causes or death from any cause as a competing risk event. Myocardial infarction refers to spontaneous (nonprocedural) myocardial in-
farction. The primary end point in the first low-dose colchicine (LoDoCo) trial was a composite of sudden cardiac death, nonfatal out-of-
hospital cardiac arrest, acute coronary syndrome (myocardial infarction or unstable angina irrespective of revascularization), or athero-
sclerotic ischemic stroke. Any myocardial infarctions refers to either spontaneous or procedural myocardial infarctions. The ratio for
new-onset diabetes is presented as a cumulative incidence ratio because time-to-event data were not collected. The size of the data
points is inversely proportional to the precision (the standard error of the log of the hazard ratios or cumulative incidence ratio) of the
estimates, with larger data points representing more precise estimates. The testing hierarchy for statistical significance was broken at
the end point of ischemic stroke.
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Table 2. Adverse Events in the Intention-to-Treat Population.*

Hazard Ratio or

Colchicine Placebo Cumulative Incidence
Event (N=2762) (N=2760) Ratio (95% Cl)
no. of patients/  no. of events/100  no. of patients/  no. of events/100
total no. (%) person-yrs total no. (%) person-yrs

Noncardiovascular death 53/2762 (1.9) 0.7 35/2760 (1.3) 0.5 1.51 (0.99-2.31)
Diagnosis of cancer 120/2762 (4.3) 1.6 122/2760 (4.4) 1.6 0.98 (0.76-1.26)
Hospitalization for infection 137/2762 (5.0) 1.8 144/2760 (5.2) 1.9 0.95 (0.75-1.20)
Hospitalization for pneumonia 46/2762 (1.7) 0.6 55/2760 (2.0) 0.7 0.84 (0.56-1.24)
Hospitalization for gastrointestinal reason 53/2762 (1.9) 0.7 50/2760 (1.8) 0.7 1.06 (0.72-1.56)
Gout 38/2762 (1.4) — 95/2760 (3.4) — 0.40 (0.28-0.58)
Neutropenia 4/2762 (0.1) — 3/2760 (0.1) — NR
Myotoxic effectst 3/2762 (0.1) — 3/2760 (0.1) — NR
Myalgiaz: 384/1811 (21.2) — 334/1807 (18.5) — 1.15 (1.01-1.31)
Dysesthesia: numbness or tingling: 143/1811 (7.9) — 150/1807 (8.3) — 0.95 (0.76-1.18)

* Hazard ratios are reported for noncardiovascular death, diagnosis of cancer, hospitalization for infection, hospitalization for pneumonia,

and hospitalization for gastrointestinal reason; cumulative incidence ratios are reported for gout, myalgia, and dysesthesia because time-to-

event data were not collected for these end points. Cumulative incidence ratios are not reported (NR) for neutropenia and myotoxic effects

because of the low numbers of events.

Rhabdomyolysis occurred in one patient in the colchicine group, who had a full recovery.

: Data were collected for the Netherlands cohort only. Reporting of these adverse events was requested by the Medicines Evaluation Board in
the Netherlands when the trial was expanded to include patients from that country.

Clinical Practice Guideline for Acute Kidney In-
jury™]), prior acute coronary syndrome (yes vs. no),
prior coronary revascularization (yes vs. no), atrial
fibrillation (yes vs. no), statin dose (high dose vs.
low or moderate dose), and ezetimibe use (yes vs.
no). When examined according to country, the
effect of colchicine, as compared with placebo, on
the primary end point was directionally consis-
tent but appeared to be quantitatively larger in
Australia than in the Netherlands (Fig. S2).

DISCUSSION

Among patients with chronic coronary disease,
most of whom were already receiving proven sec-
ondary prevention therapies, 0.5 mg of colchicine
once daily resulted in a 31% lower relative risk
of cardiovascular death, spontaneous myocardi-
al infarction, ischemic stroke, or ischemia-driven
coronary revascularization (the primary end point)
than placebo, with a hazard ratio of 0.69. The
effects of colchicine appeared to be consistent
across each component of the primary end point
and all secondary composite end points.

The incidence rates of death from any cause and
noncardiovascular death were higher with colchi-

N ENGL J MED
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cine than with placebo. The observed between-
group difference in the incidence of noncardio-
vascular death was not significant, as shown by
the 95% confidence interval, and could have been
due to chance, although the hazard ratio of 1.51
is of potential concern. The individual causes of
death (Table S7) do not permit a clear interpreta-
tion of this finding. In the COLCOT trial, non-
cardiovascular death occurred in 23 patients who
received colchicine and in 20 patients who re-
ceived placebo.!

Among the patients who were enrolled in the
run-in phase, 15.4% did not undergo random-
ization; the most common reason was gastro-
intestinal upset. Among the patients who had
successfully completed the run-in phase and had
undergone randomization, 10.5% in each trial
group permanently discontinued colchicine or
placebo prematurely. Our results provide no evi-
dence for a clinically important interaction be-
tween low-dose colchicine and high-dose statins,
which were used by 3413 patients (61.8%) in the
trial. Myalgia, which was assessed only in the
Netherlands cohort, was common in both trial
groups, although it was reported more frequently
in the colchicine group.
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The CANTOS trial provided evidence suggest-
ing that inflammation plays a causal role in the
pathogenesis of cardiovascular disease and relat-
ed complications and that interventions to miti-
gate inflammation may reduce the risk of cardio-
vascular events.® Our results with colchicine are
consistent with those obtained in the first
LoDoCo trial and the COLCOT trial and provide
further support for the potential benefits of anti-
inflammatory therapy in patients with coronary
disease.’'? The magnitude of benefit of low-dose
colchicine in the LoDoCo2 trial is consistent with
that shown in previous trials of antiinflammatory
therapy and in previous trials of other secondary
prevention therapies, including lipid-lowering,
blood pressure-lowering, and antithrombotic
therapies, and a benefit was observed in the
patients who were already receiving therapy with
these agents."*!'® Furthermore, the benefits
emerged early and continued to accrue through-
out the trial, with no suggestion of attenuation
of benefit during up to 5 years of treatment.

The LoDoCo2 trial has several limitations.
The percentage of women in the trial was lower
than would be expected given the percentage of
women with chronic coronary disease in the gen-

factor control. We did not routinely measure
C-reactive protein levels or other laboratory indi-
cators of inflammation at baseline, and we can-
not explore the effects of treatment according to
inflammatory state at baseline. However, the ef-
fects of treatments were consistent across the
majority of clinical subgroups examined.

The results of our trial show that among pa-
tients with chronic coronary disease, most of
whom were already receiving proven secondary
prevention therapies, the occurrence of cardio-
vascular events was significantly lower with low-
dose colchicine than with placebo.
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NO2Oz CUSHING

1. Frete C et al. Non-invasive Diagnostic Strategy in ACTH-dependent Cushing's
Syndrome. J Clin Endocrinol Metab. 2020;105(10): 3273-84. dgaad09. doi:
10.1210/clinem/dgaa409.

CONTEXT: Inferior petrosal sinus sampling (IPSS) is used to diagnose Cushing's disease
(CD) when dexamethasone-suppression and CRH tests, and pituitary magnetic resonance
imaging (MRI), are negative or give discordant results. However, IPSS is an invasive
procedure and its availability is limited.

OBJECTIVE: To test a noninvasive diagnostic strategy associated with 100% positive
predictive value (PPV) for CD.

DESIGN: Retrospective study.

SETTING: Two university hospitals.

PATIENTS: A total of 167 patients with CD and 27 patients with ectopic ACTH-syndrome
investigated between 2001 and 2016.

MAIN OUTCOME MEASURE(S): Performance of a strategy involving the CRH and
desmopressin tests with pituitary MRI followed by thin-slice whole-body computed
tomography (CT) scan in patients with inconclusive results.

RESULTS: Using thresholds of a cortisol increase > 17% with an ACTH increase > 37%
during the CRH test and a cortisol increase > 18% with an ACTH increase > 33% during the
desmopressin test, the combination of both tests gave 73% sensitivity and 98% PPV of
CD. The sensitivity and PPV for pituitary MRI were 71% and 99%, respectively. CT scan
identified 67% EAS at presentation with no false-positives. The PPV for CD was 100% in
patients with positive responses to both tests, with negative pituitary MRI and CT scan.
The Negative Predictive Value was 100% in patients with negative responses to both tests,
with negative pituitary MRI and positive CT scan. Using this strategy, IPPS could have been
avoided in 47% of patients in whom it is currently recommended.

CONCLUSIONS: In conjunction with expert radiologic interpretation, the non-invasive
algorithm studied significantly reduces the need for IPSS in the investigation of ACTH-
dependent Cushing's syndrome.
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2. Walia R et al. Molecular Imaging Targeting Corticotropin Releasing Hormone
Receptor for Corticotropinoma: A Changing Paradigm. J Clin Endocrinol Metab. 2020 Oct
20:dgaa755. doi: 10.1210/clinem/dgaa755. Online ahead of print.

BACKGROUND: Corticotrophin releasing hormone (CRH) is the major regulator of ACTH
secretion from the anterior pituitary and acts via CRH-1 receptors (CRH-1R).
Corticotropinoma though autonomous still retain their responsiveness to CRH and hence,
we hypothesize that in vivo detection of CRH-1 receptors on pituitary adenoma using
Gallium-68 ( 68Ga) tagged CRH can indicate the functionality of adenoma and combining
it with Positron emission tomography-computed tomography (PET-CT) can provide
requisite anatomical information.

METHODS: Subjects with ACTH dependent Cushing's syndrome (CS) [n =27, 24: Cushing's
disease (CD), 3: ectopic Cushing's syndrome (ECS)] underwent 68Ga CRH PET-CT. Two
nuclear medicine physicians read these images for adenoma delineation and
superimposed them on MRI sella. The information so provided was used for intra-
operative navigation and compared with operative and histopathological findings.
FINDINGS: 68Ga CRH PET-CT correctly delineated corticotropinoma in all the 24 cases of
CD, including the ten cases with size < 6mm (four cases negative on MRI).
Corticotropinoma location on 68Ga CRH PET fusion images with MRI were concordant
with operative findings and further confirmed on histopathology. There was no tracer
uptake in pituitary in two patients with ECS while in another, the diffuse uptake in
pituitary suggested ectopic CRH production.

CONCLUSION: 68Ga CRH PET-CT represents a novel non-invasive molecular imaging
targeting CRH receptors that not only delineates corticotropinoma and provides surgeon
with valuable information for intra-operative tumour navigation but also helps in
differentiating pituitary from extra-pituitary source of ACTH dependent Cushing's
syndrome.
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3. Pivonello R et al. Efficacy and safety of osilodrostat in patients with Cushing's disease
(LINC 3): a multicentre phase Il study with a double-blind, randomised withdrawal
phase. Lancet Diabetes Endocrinol. 2020;8(9):748-761. doi: 10.1016/S2213-
8587(20)30240-0.

BACKGROUND: Cushing's disease is a rare endocrine disorder characterised by cortisol
overproduction with severe complications. Therapies for cortisol reduction are often
necessary. Here we report the outcomes from the pivotal phase Il study of osilodrostat
(a potent oral inhibitor of cytochrome P450 11B1, mitochondrial [11B-hydroxylase];
Novartis Pharma AG, Basel, Switzerland) in patients with Cushing's disease.

METHODS: LINC 3 was a prospective, multicentre, open-label, phase Il study with a
double-blind randomised withdrawal period, that comprised four periods. Patients aged
18-75 years, with confirmed persistent or recurrent Cushing's disease (defined as mean
24-h urinary free cortisol [UFC] concentration >1-5 times the upper limit of normal [ULN]
and morning plasma adrenocorticotropic hormone above the lower limit of normal) who
had previously had pituitary

surgery or irradiation, or were newly diagnosed and who refused surgery or were not
surgical candidates, were recruited from 66 hospital sites and private clinical practices in
19 countries. In period 1, open-label osilodrostat was initiated in all participants and
adjusted every 2 weeks (1-30 mg twice daily; film-coated tablets for oral administration)
on the basis of mean 24-h UFC concentration and safety until week 12. In period 2, weeks
13-24, osilodrostat was continued at the therapeutic dose determined during period 1. In
period 3, beginning at week 26, participants who had a mean 24-h UFC concentration of
less than or equal to the ULN at week 24, without up-titration after week 12, were
randomly assigned (1:1), via an interactive-response technology, stratified by osilodrostat
dose at week 24 and history of pituitary irradiation, to continue osilodrostat or switch to
placebo for 8 weeks. Participants and investigators were masked to treatment
assignment. Ineligible participants continued open-label osilodrostat. In period 4, weeks
35-48, all participants were given open-label osilodrostat until core-study end. The
primary objective was to compare the efficacy of osilodrostat versus placebo at the end
of period 3. The

primary endpoint was the proportion of participants who had been randomly assigned to
treatment or placebo with a complete response (ie, mean 24-h UFC concentration of
<ULN) at the end of the randomised withdrawal period (week 34), without up-titration
during this period. The key secondary endpoint was the proportion of participants with a
complete response at the end of the single-arm, open-label period (ie, period 2, week 24)
without up-titration during weeks 13-24. Analysis was by intention-to-treat for all
patients who received at least one dose of osilodrostat (full analysis set; key secondary
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endpoint) or randomised treatment (randomised analysis set; primary endpoint) and
safety was assessed in all enrolled patients who received at least one dose of osilodrostat
and had at least one post-baseline safety assessment. LINC 3 is registered with
ClinicalTrials.gov, NCT02180217, and is now complete.

FINDINGS: Between Nov 12, 2014, and March 22, 2017, 202 patients were screened and
137 were enrolled. The median age was 40-0 years (31-0-49-0) and 106 (77%) participants
were female. 72 (53%) participants were eligible for randomisation during the withdrawal
phase, of whom 36 were assigned to continue osilodrostat and 35 were assigned to
placebo; one patient was not randomly assigned due to investigator decision and
continued open-label osilodrostat. More patients maintained a complete response with
osilodrostat versus with placebo at week 34 (31 [86%)] vs ten [29%]; odds ratio 13-7 [95%
Cl 3-7-53-4]; p<0-0001). At week 24, 72 (53%; 95% Cl 43-9-61-1) of 137 patients
maintained a complete response without up-titration after week 12. Most common
adverse events (ie, occurred in >25% of participants) were nausea (57 [42%]), headache
(46 [34%)]), fatigue (39 [28%]), and adrenal insufficiency (38 [28%]). Hypocortisolism
occurred in 70 (51%) patients and adverse events related to adrenal hormone precursors
occurred in 58 (42%) patients. One patient died, unrelated to study drug, after the core
study phase.

INTERPRETATION: Twice-daily osilodrostat rapidly reduced mean 24-h UFC and sustained
this reduction alongside improvements in clinical signs of hypercortisolism; it was also
generally well tolerated. Osilodrostat is an effective new treatment option that is
approved in Europe for the treatment of endogenous Cushing's syndrome and in the USA
for Cushing's disease.

FUNDING: Novartis Pharma AG.
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METAAAKPIA

1. Fleseriu M et al. A Pituitary Society update to acromegaly management guidelines.
Pituitary. 2020 Oct 20. doi: 10.1007/s11102-020-01091-7. Online ahead of print.

Guidelines and consensus statements ensure that physicians managing acromegaly
patients have access to current information on evidence-based treatments to optimize
outcomes. Given significant novel recent advances in understanding acromegaly natural
history and individualized therapies, the Pituitary Society invited acromegaly experts to
critically review the current literature in the context of Endocrine Society guidelines and
Acromegaly Consensus Group statements. This update focuses on how recent key
advances affect treatment decision-making and outcomes, and also highlights the likely
role of recently FDA-approved therapies as well as novel combination therapies within
the treatment armamentarium.
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2. Samson SL et al. Maintenance of Acromegaly Control in Patients Switching From
Injectable Somatostatin Receptor Ligands to Oral Octreotide. J Clin Endocrinol Metab.
2020;105(10):e3785-97. doi: 10.1210/clinem/dgaa526.

PURPOSE: The phase 3 CHIASMA OPTIMAL trial (NCT03252353) evaluated efficacy and
safety of oral octreotide capsules (OOCs) in patients with acromegaly who previously
demonstrated biochemical control while receiving injectable somatostatin receptor
ligands (SRLs).

METHODS: In this double-blind study, patients (N = 56) stratified by prior SRL dose were
randomly assigned 1:1 to OOC or placebo for 36 weeks. The primary end point was
maintenance of biochemical control at the end of treatment (mean insulin-like growth
factor 1 [IGF-1] £ 1.0 x upper limit of normal [ULN]; weeks 34 and 36). Time to loss of IGF-
1 response and proportion requiring reversion to injectable SRLs were assessed as
broader control measures.

RESULTS: Mean IGF-1 measurements were 0.80 and 0.97 x ULN for OOC and 0.84 and
1.69 x ULN for placebo, at baseline and end of treatment, respectively. Mean growth
hormone (GH) changed from 0.66 to 0.60 ng/mL for OOCs and 0.90 to 2.57 ng/mL for
placebo. Normalization of IGF-1 levels (< 1.0 x ULN) was maintained in 58.2% for OOCs vs
19.4% for placebo (P = .008); GH levels were maintained (< 2.5 ng/mL) in 77.7% for OOC
vs 30.4% for placebo (P = .0007). Median time to loss of response (IGF-1> 1.0 or > 1.3 x
ULN definitions) for patients receiving placebo was 16 weeks; for patients receiving OOCs,
it was not reached for both definitions during the 36-week trial (P <.0001). Of the patients
in the OOC group, 75% completed the trial on oral therapy. The OOC safety profile was
consistent with previous SRL experience.

CONCLUSIONS: O0Cs may be an effective therapy for patients with acromegaly who
previously were treated with injectable SRLs.

3. Coopmans EC et al. Eucaloric Very-Low-Carbohydrate Ketogenic Diet in Acromegaly
Treatment. N Engl J Med. 2020;382(22):2161-2162. doi: 10.1056/NEJMc1915808.
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4. Mazziotti G et al. Treatment of Acromegalic Osteopathy in Real-life Clinical Practice:
The BAAC (Bone Active Drugs in Acromegaly) Study. J Clin Endocrinol Metab. 2020 Sep
1;105(9):e3285-92. doi: 10.1210/clinem/dgaa363.

BACKGROUND: Vertebral fractures (VFs) are a frequent complication of acromegaly, but
no studies have been so far published on effectiveness of antiosteoporotic drugs in this
clinical setting.

OBIJECTIVE: To evaluate whether in real-life clinical practice bone active drugs may reduce
the risk of VFs in patients with active or controlled acromegaly.

STUDY DESIGN: Retrospective, longitudinal study including 9 tertiary care endocrine units.
PATIENTS AND METHODS: Two hundred and forty-eight patients with acromegaly (104
males; mean age 56.00 + 13.60 years) were evaluated for prevalent and incident VFs by
guantitative morphometric approach. Bone active agents were used in 52 patients
(20.97%) and the median period of follow-up was 48 months (range 12-132).

RESULTS: During the follow-up, 65 patients (26.21%) developed incident VFs in
relationship with pre-existing VFs (odds ratio [OR] 3.75; P <.001), duration of active
acromegaly (OR 1.01; P =.04), active acromegaly at the study entry (OR 2.48; P =.007),
and treated hypoadrenalism (OR 2.50; P = .005). In the entire population, treatment with
bone active drugs did not have a significant effect

onincident VFs (P = .82). However, in a sensitive analysis restricted to patients with active
acromegaly at study entry (111 cases), treatment with bone active drugs was associated
with a lower risk of incident VFs (OR 0.11; P =.004), independently of prevalent VFs (OR
7.65; P <.001) and treated hypoadrenalism (OR 3.86; P = .007).

CONCLUSIONS: Bone active drugs may prevent VFs in patients with active acromegaly.
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5. Giustina A et al. A Consensus on the Diagnosis and Treatment of Acromegaly
Comorbidities: An Update. J Clin Endocrinol Metab. 2020;105(4): e937-46. doi:
10.1210/clinem/dgz096.

OBJECTIVE: The aim of the Acromegaly Consensus Group was to revise and update the
consensus on diagnosis and treatment of acromegaly comorbidities last published in
2013.

PARTICIPANTS: The Consensus Group, convened by 11 Steering Committee members,
consisted of 45 experts in the medical and surgical management of acromegaly. The
authors received no corporate funding or remuneration.

EVIDENCE: This evidence-based consensus was developed using the Grading of
Recommendations, Assessment, Development, and Evaluation (GRADE) system to
describe both the strength of recommendations and the quality of evidence following
critical discussion of the current literature on the diagnosis and treatment of acromegaly
comorbidities.

CONSENSUS PROCESS: Acromegaly Consensus Group participants conducted
comprehensive literature searches for English-language papers on selected topics,
reviewed brief presentations on each topic, and discussed current practice and
recommendations in breakout groups. Consensus recommendations were developed
based on all presentations and discussions. Members of the Scientific Committee graded
the quality of the supporting evidence and the consensus recommendations using the
GRADE system.

CONCLUSIONS: Evidence-based approach consensus recommendations address
important clinical issues regarding multidisciplinary management of acromegaly-related
cardiovascular, endocrine, metabolic, and oncologic comorbidities, sleep apnea, and
bone and joint disorders and their sequelae, as well as their effects on quality of life and
mortality.
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6. Geer EB et al. Observed discordance between outcomes reported by acromegaly
patients and their treating endocrinology medical provider. Pituitary. 2020;23(2):140-
148. doi: 10.1007/s11102-019-01013-2.

BACKGROUND: Acromegaly patients, even those with IGF-1 values within the normal
range receiving somatostatin receptor ligands (SRLs), often suffer from significant
symptoms. It is not known to what extent patients' medical providers are aware of the
frequency and severity of acromegaly symptoms or level of treatment satisfaction with
SRLs. This study sought to examine the concordance between outcomes reported by
acromegaly patients treated with long-acting SRLs and those perceived by their medical
provider.

METHODS: US acromegaly patients on a stable dose of SRL and seen by their medical
provider in the past year completed an online survey which included the Acro-TSQ. Their
medical providers were interviewed about the perception of their patient's symptoms,
level of control, and general health, and completed relevant portions of the Acro-TSQ.
Concordance between patient and medical provider reported data was examined.
RESULTS: Medical providers reported that their patients experienced acromegaly
symptoms on a regular basis, however, there was poor agreement between patients and
medical providers on the frequency, severity, and pattern of symptoms, as well as on the
severity of injection site reactions and multiple domains of the Acro-TSQ, with patients
generally reporting symptoms and injection site reactions more often and with higher
severity than medical providers.

CONCLUSIONS: Medical providers were aware that their patients who were receiving a
stable dose of SRL regularly experienced acromegaly symptoms. Addressing discordance
in patient- and medical provider-reported frequency and severity of acromegaly
symptoms and injection site reactions by facilitating better communication may improve
care of acromegaly patients.
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NMPOAAKTINQMATA

1. Kim D et al. Prolactin <1 ng/mL predicts macroprolactinoma reduction after
cabergoline therapy. Eur J Endocrinol. 2020;182(2):177-183. doi: 10.1530/EJE-19-0753.

OBJECTIVE: The association between prolactin level variation and prolactinoma size
reduction remains unclear. This study aimed to determine the prolactin level cut-off
predictive of a tumor size reduction.

DESIGN: Retrospective cohort study.

METHODS: We reviewed medical records of patients with prolactinoma who received
primary cabergoline therapy and for whom complete data on pituitary hormone assays
and sellar MRI at baseline and 3 months post treatment were available. We tested
whether the certain prolactin level after 3 months post treatment predicted better
response.

RESULTS: Prolactin levels normalized in 109 (88.6%) of 123 included macroprolactinoma
patients. The mean tumor size reduction was 22.9%, and patients in the lowest prolactin
tertile (£0.7) had the highest frequency of tumor size reductions of 220% (73.7 vs 52.9%
and 45.9% in tertiles 2 (>0.7 to 2.6) and 3 (>2.6 to 20), P = 0.015). Patients with prolactin
levels <1 ng/mL exhibited larger tumor size reductions vs those with prolactin levels of 1-
20(27.2+18.3% vs 19.5 + 13.9%, P = 0.014), 1-10 (19.3 £ 13.7%, P =0.017) and 1-5 ng/mL
(19.2 £ 14.3%, P = 0.039). A multivariable logistic regression analysis revealed that a
prolactin level <1 ng/mL at 3 months and high-dose

cabergoline therapy were significantly associated with tumor size reductions of >20%
(odds ratio (OR): 2.8, 95% confidence interval (Cl): 1.2-6.7, P =0.017; OR: 2.0, 95% Cl: 1.0-
3.9, P = 0.043).

CONCLUSIONS: A prolactin level €1 ng/mL at 3 months after cabergoline treatment was
correlated with a significant tumor size reduction in patients with macroprolactinoma.
This finding may help clinical decision making when treating macroprolactinoma patients.
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2. Zamanipoor Najafabadi AH et al. Surgery as a Viable Alternative First-Line Treatment
for Prolactinoma Patients. A Systematic Review and Meta-Analysis. J Clin Endocrinol
Metab. 2020;105(3):e32-41. doi: 10.1210/clinem/dgz144.

CONTEXT: The improved remission and complication rates of current transsphenoidal
surgery warrant reappraisal of the position of surgery as a viable alternative to dopamine
agonists in the treatment algorithm of prolactinomas.

OBJECTIVE: To compare clinical outcomes after dopamine agonist withdrawal and
transsphenoidal surgery in prolactinoma patients.

METHODS: Eight databases were searched up to July 13, 2018. Primary outcome was
disease remission after drug withdrawal or surgery. Secondary outcomes were
biochemical control and side effects during dopamine agonist treatment and
postoperative complications. Fixed- or random-effects meta-analysis was performed to
estimate pooled proportions. Robustness of results was assessed by sensitivity analyses.
RESULTS: A total of 1469 articles were screened: 55 (10 low risk of bias) on medical
treatment (n = 3564 patients) and 25 (12 low risk of bias) on transsphenoidal surgery (n =
1836 patients). Long-term disease remission after dopamine agonist withdrawal was 34%
(95% confidence interval [Cl], 26-46) and 67% (95% Cl, 60-74) after surgery. Subgroup
analysis of microprolactinomas showed 36% (95% Cl, 21-52) disease remission after
dopamine agonist withdrawal, and 83% (95% Cl, 76-90) after surgery. Biochemical control
was achieved in 81% (95% Cl, 75-87) of patients during dopamine agonists with side
effects in 26% (95% Cl, 13-41). Transsphenoidal surgery resulted in 0% mortality, 2% (95%
Cl, 0-5) permanent diabetes insipidus, and 3% (95% Cl, 2-5) cerebrospinal fluid leakage.
Multiple sensitivity analyses yielded similar results.

CONCLUSIONS: In the majority of prolactinoma patients, disease remission can be
achieved through surgery, with low risks of long-term surgical complications, and disease
remission is less often achieved with dopamine agonists.
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3. De Sousa SMC et al. Impulse Control Disorders in Dopamine Agonist-Treated
Hyperprolactinemia: Prevalence and Risk Factors. J Clin Endocrinol Metab. 2020;105(3):
€108-18. doi: 10.1210/clinem/dgz076.

CONTEXT: There are growing reports of dopamine agonist (DA)-induced impulse control
disorders (ICDs) in hyperprolactinemic patients. However, the magnitude of this risk and
predictive factors remain uncertain.

OBJECTIVE: To determine ICD prevalence and risk factors in DA-treated
hyperprolactinemic patients compared to community controls.

DESIGN, SETTING AND PARTICIPANTS: Multicenter cross-sectional analysis of 113 patients
and 99 healthy controls.

MAIN OUTCOME MEASURES: Participants completed a neuropsychological questionnaire
consisting of the Depression Anxiety Stress Scale (DASS21), Questionnaire for Impulsive-
Compulsive Disorders in Parkinson's Disease (QUIP-S), Hypersexual Behavior Inventory
(HBI), Hypersexual Behavior Consequences Scale and Social Desirability Response Set
Scale. Demographic and clinical data were collated to determine ICD risk factors. Patients
testing positive for an ICD were offered a semistructured psychological interview.
RESULTS: Patients were more likely than controls to test positive by QUIP-S for any ICD
(61.1 vs 42.4%, P = .01), hypersexuality (22.1 vs 8.1%, P = .009), compulsive buying (15.9
vs 6.1%, P = .041) and punding (18.6 vs 6.1%, P = 0.012), and by HBI for hypersexuality
(8.0 vs 0.0%, P = 0.004). Independent risk factors were male sex (odds ratio [OR] 13.85),
eugonadism (OR 7.85), Hardy's tumor score and psychiatric comorbidity (OR 6.86) for
hypersexuality, and age (OR 0.95) for compulsive buying. DASS21 subset scores were
higher in patients vs controls and in patients with vs without different ICDs. Only 19/51
(37.3%) interviewed patients were aware of the relationship between DAs and ICDs
before the study.

CONCLUSIONS: DA therapy poses a high, previously underestimated risk of ICDs,
especially in the form of hypersexuality in eugonadal men.
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TSH EKKPITIKA AAENQMATA YNODYZH2

3. Han R et al. Diagnosing Thyrotropin-Secreting Pituitary Adenomas by Short-Term
Somatostatin Analogue Test. Thyroid. 2020;30(9):1236-1244. doi:
10.1089/thy.2019.0470.

Background: Diagnosis of thyrotropin (TSH)-secreting pituitary adenomas (TSHoma)
before surgery remains a challenge, especially for microadenomas. We aimed to establish
a short-term somatostatin analogue (SSA) test to differentiate TSHomas from other
causes of syndromes of inappropriate secretion of TSH (IST), mainly resistance to thyroid
hormone B (RTHB).

Materials and Methods: We first evaluated the sensitivity and specificity of SSA test in a
training cohort (TSHoma, n=32; RTHB, n=20). The test was then validated in an
independent cohort (TSHoma, n=9; RTHPB, n =2). We finally applied the SSA test in 12
perceptively enrolled IST cases with negative imaging findings and absent thyroid
hormone receptor beta (THRB) mutations or mixed hormone imbalances.

Results: Both TSHoma and RTHP patients showed a decrease of TSH at the start of the
SSA test, but the velocity of the TSH suppression slowly decreased in RTHP patients after
2 hours. The suppression ratio of TSH at 24 hours versus 2 and 0 hours was significantly
greater in TSHoma patients compared with RTHB patients (70.58% + 18.6% vs.
6.01% + 25.41%, p<0.0001, 79.83%+12.79% vs. 51.16%*13.62%, p<0.0001,
respectively). The 24- versus 2-hour suppression ratio showed the best diagnostic
accuracy at a cut point of 44.46% in the training cohort, with a sensitivity of 95.00%, a
specificity of 93.75%, and a positive predictive value (PPV) of 88.89%. The accuracy was
confirmed in the validation cohort. Three out of 12 patients in the prospective cohort
showed a TSH suppression ratio greater than 44.46% and all developed microadenomas
during follow-up.

Conclusions: A short-term SSA test provides an alternative diagnostic approach for
TSHomas. A positive SSA test result is suggestive for a TSHoma even before positive
findings become apparent on pituitary imaging. However, studies including larger number
of patients, especially those with RTH, are needed to confirm our findings.
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MH AEITOYPIIKA AAENQMATA YNO®DYzHZ

1. Freda PU et al. Presenting Features in 269 Patients With Clinically Nonfunctioning
Pituitary Adenomas Enrolled in a Prospective Study. J Endocr Soc. 2020 Feb
18;4(4):bvaa021. doi: 10.1210/jendso/bvaa021. eCollection 2020 Apr 1.

CONTEXT: Clinically nonfunctioning pituitary adenomas (CNFPAs) typically remain
undetected until mass effect symptoms develop. However, currently, head imaging is
performed commonly for many other indications, which may increase incidental
discovery of CNFPAs. Since current presentation and outcome data are based on older,
retrospective series, a prospective characterization of a contemporary CNFPA cohort was
needed.

OBJECTIVE: To determine the prevalence of incidental presentation and hypopituitarism
and its predictors in a CNFPA cohort that spanned 6 to 9 mm micro- to macroadenoma
included observational and surgical therapy.

METHODS: At enrollment in a prospective, observational study, 269 patients with CNFPAs
were studied by history, examination, blood sampling, and pituitary imaging analysis and
categorized into incidental or symptoms presentation groups that were compared.
RESULTS: Presentation was incidental in 48.7% of patients and due to tumor symptoms in
51.3%. In the symptoms and incidental groups, 58.7% and 27.4% of patients had
hypopituitarism, respectively, and 25% of patients with microadenomas had
hypopituitarism. Many had unappreciated signs and symptoms of pituitary disease. Most
tumors were macroadenomas (87%) and were larger in the symptoms than incidental and
hypopituitary groups than in the eupituitary groups. The patients in the incidental group
were older, and males were older and had larger tumors in both the incidental and
symptoms groups.

CONCLUSIONS: Patients with CNFPAs commonly present incidentally and with previously
unrecognized hypopituitarism and symptoms that could have prompted earlier diagnosis.
Our data support screening all large micro and macro-CNFPAs for hypopituitarism. Most
patients with CNFPAs still have mass effect signs at presentation, suggesting the need for
more awareness of pituitary disease. Our ongoing, prospective observation of this cohort
will assess outcomes of these CNFPA groups.
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2. Marques P et al. Significant Benefits of AIP Testing and Clinical Screening in Familial
Isolated and Young-onset Pituitary Tumors. J Clin Endocrinol Metab.
2020;105(6):e2247-60. doi: 10.1210/clinem/dgaa040.

CONTEXT: Germline mutations in the aryl hydrocarbon receptor-interacting protein (AlIP)
gene are responsible for a subset of familial isolated pituitary adenoma (FIPA) cases and
sporadic pituitary neuroendocrine tumors (PitNETSs).

OBJECTIVE: To compare prospectively diagnosed AIP mutation-positive (AIPmut) PitNET
patients with clinically presenting patients and to compare the clinical characteristics of
AIPmut and AlPneg PitNET patients.

DESIGN: 12-year prospective, observational study.

PARTICIPANTS & SETTING: We studied probands and family members of FIPA kindreds
and sporadic patients with disease onset <18 years or macroadenomas with onset <30
years (n = 1477). This was a collaborative study conducted at referral centers for pituitary
diseases.

INTERVENTIONS & OUTCOME: AIP testing and clinical screening for pituitary disease.
Comparison of characteristics of prospectively diagnosed (n = 22) vs clinically presenting
AIPmut PitNET patients (n = 145), and AIPmut (n = 167) vs AlPneg PitNET patients (n =
1310).

RESULTS: Prospectively diagnosed AIPmut PitNET patients had smaller lesions with less
suprasellar extension or cavernous sinus invasion and required fewer treatments with
fewer operations and no radiotherapy compared with clinically presenting cases; there
were fewer cases with active disease and hypopituitarism at last follow-up. When
comparing AIPmut and AlPneg cases, AIPmut patients were more often males, younger,
more often had GH excess, pituitary apoplexy, suprasellar extension, and more patients
required multimodal therapy, including radiotherapy. AIPmut patients (n = 136) with GH
excess were taller than AlPneg counterparts (n = 650).

CONCLUSIONS: Prospectively diagnosed AlIPmut patients show better outcomes than
clinically presenting cases, demonstrating the benefits of genetic and clinical screening.
AlP-related pituitary disease has a wide spectrum ranging from aggressively growing
lesions to stable or indolent disease course.
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ENIGETIKA AAENQMATA YNO®YZHZ - YNODYZIAKA KAPKINQMATA

1. Elbelt U et al. Efficacy of Temozolomide Therapy in Patients With Aggressive Pituitary
Adenomas and Carcinomas-A German Survey. J Clin Endocrinol Metab.
2020;105(3):e660-75. doi: 10.1210/clinem/dgz211.

CONTEXT: Despite growing evidence that temozolomide (TMZ) therapy is effective for the
treatment of aggressive pituitary tumors (APTs) or carcinomas (PCs), individual therapy
decisions remain challenging.

OBJECTIVE: We therefore aimed to report on clinical characteristics leading to initiation
of TMZ therapy and to add evidence on TMZ long-term effectiveness.

DESIGN AND SUBJECTS: Retrospective survey on TMZ treatment in patients with APTs or
PCs. TMZ therapy was initiated in 47 patients (22 females) with APTs (n = 34) or PCs (n =
13). Mean age at diagnosis was 45 * 15 years. The immunohistochemical subtypes were
corticotroph (n = 20), lactotroph (n = 18), and nonfunctioning (n = 9) tumors. TMZ therapy
started 8 years after initial diagnosis using a standard regimen (median 6 cycles) for the
majority of patients.

RESULTS: Long-term radiological response to TMZ after a median follow-up of 32 months
with 4 patients still on TMZ therapy was tumor regression for 9 (20%), stable disease for
8 (17%), and tumor progression for 29 patients (63%) (outcome data available for 46
patients). Progression occurred 16 months after initiation of TMZ. Median estimated
progression-free survival was 23 months. Disease stabilization and median progression-
free survival did not differ between patients with APTs or PCs. Predictors of tumor
response were not identified. Overall, TMZ was well tolerated.

CONCLUSION: We performed a nationwide survey on TMZ therapy in patients with APTs
and PCs. While early response rates to TMZ are promising, long-term outcome is less
favorable. Prolonged TMZ administration should be considered. We were not able to
confirm previously reported predictors of tumor response to TMZ.
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KPANIOOAPYITIQMATA

1. Cossu G et al. Surgical management of craniopharyngiomas in adult patients: a
systematic review and consensus statement on behalf of the EANS skull base section.
Acta Neurochir (Wien). 2020;162(5):1159-77. doi: 10.1007/s00701-020-04265-1.

BACKGROUND AND OBIJECTIVE: Craniopharyngiomas are locally aggressive
neuroepithelial tumors infiltrating nearby critical neurovascular structures. The majority
of published surgical series deal with childhood-onset craniopharyngiomas, while the
optimal surgical management for adult-onset tumors remains unclear. The aim of this
paper is to summarize the main principles

defining the surgical strategy for the management of craniopharyngiomas in adult
patients through an extensive systematic literature review in order to formulate a series
of recommendations.

MATERIAL AND METHODS: The MEDLINE database was systematically reviewed (January
1970-February 2019) to identify pertinent articles dealing with the surgical management
of adult-onset craniopharyngiomas. A summary of literature evidence was proposed after
discussion within the EANS skull base section.

RESULTS: The EANS task force formulated 13 recommendations and 4 suggestions.
Treatment of these patients should be performed in tertiary referral centers. The
endonasal approach is presently recommended for midline craniopharyngiomas because
of the improved GTR and superior endocrinological and visual outcomes. The rate of CSF
leak has strongly diminished with the use of the multilayer reconstruction technique.
Transcranial approaches are recommended for tumors presenting lateral extensions or
purely intraventricular. Independent of the technique, a maximal but hypothalamic-
sparing resection should be performed to limit the occurrence of postoperative
hypothalamic syndromes and metabolic complications. Similar principles should also be
applied for tumor recurrences. Radiotherapy or intracystic agents are alternative
treatments when no further surgery is possible. A multidisciplinary long-term follow-up is
necessary.
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2. van Santen SS et al. Body Composition and Bone Mineral Density in
Craniopharyngioma Patients: A Longitudinal Study Over 10 Years. J Clin Endocrinol
Metab. 2020 Dec 1;105(12):dgaa607. doi: 10.1210/clinem/dgaa607.

CONTEXT: Patients with craniopharyngioma suffer from obesity and impaired bone
health. Little is known about longitudinal changes in body composition and bone mineral
density (BMD).

OBJECTIVE: To describe body composition and BMD (change).

DESIGN: Retrospective longitudinal study.

SETTING: Two Dutch/Swedish referral centers.

PATIENTS: Patients with craniopharyngioma (n = 112) with a dual X-ray absorptiometry
(DXA) scan available (2 DXA scans, n = 86; median Atime 10.0 years; range 0.4-23.3) at age
> 18 years (58 [52%] male, 50 [45%] childhood onset).

MAIN OUTCOME MEASURES: Longitudinal changes of body composition and BMD, and
associated factors of AZ-score (sex and age standardized).

RESULTS: BMI (from 28.8 + 4.9 to 31.2 + 5.1 kg/m2, P < .001), fat mass index (FMI) (from
10.5 +3.6to 11.9 + 3.8 kg/m2, P = .001), and fat free mass index (FFMI) (from 18.3 + 3.2
to 19.1 + 3.2 kg/m2, P <.001) were high at baseline and increased. Fat percentage and Z-
scores of body composition did not increase, except for FFMI Z-scores (from 0.26 + 1.62
to 1.06 + 2.22, P < .001). Z-scores of total body, L2-L4, femur neck increased (mean
difference 0.61 + 1.12, P < .001; 0.74 + 1.73, P < .001; 0.51 + 1.85, P = .02). Linear
regression models for AZ-score were positively associated with growth hormone
replacement therapy (GHRT) (femur neck: beta 1.45 [95% Cl 0.51-2.39]); and negatively
with radiotherapy (femur neck: beta -0.79 [-1.49 to -0.09]), glucocorticoid dose (total
body: beta -0.06 [-0.09 to -0.02]), and medication to improve BMD (L2-L4: beta -1.06 [-
1.84 to -0.28)).

CONCLUSIONS: Z-scores of BMI, fat percentage, and FMI remained stable in patients with
craniopharyngioma over time, while Z-scores of FFMI| and BMD increased. Higher
glucocorticoid dose and radiotherapy were associated with BMD loss and GHRT with
increase.
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KYZTEIZ RATHKE

1. Lu VM et al. Recurrence of Rathke's cleft cysts based on gross total resection of cyst
wall: a meta-analysis. Neurosurg Rev. 2020;43(3):957-66. doi: 10.1007/s10143-019-
01107-2.

Rathke's cleft cysts (RCCs) are benign growths of the embryological Rathke's pouch.
Surgical decompression provides effective symptomatic relief in most cases; however, the
effect of gross total resection (GTR) of the cyst wall on recurrence, as well as pituitary
function, is unclear.

The aim of this meta-analysis was to pool the current literature and ascertain the
recurrence control afforded by GTR of the cyst wall compared with subtotal resection
(STR).

Searches of seven electronic databases from inception to January 2019 were conducted
following PRISMA guidelines, resulting in 476 articles to be screened. Outcomes were
analyzed using meta-analysis of proportions.

A total of 10 retrospective cohort studies satisfied selection criteria, describing 655
surgically managed RCC cases, with 254 (39%) and 401 (61%) achieving GTR and STR of
the cyst wall, respectively. GTR was associated with significantly reduced overall RCC
recurrence by fixed-effects (FE) modeling (RR, 0.66; 95% Cl, 0.45-0.96), but not by random
effects (RE) modeling (RR, 0.75; 95% Cl, 0.51-1.12). Based on both models, GTR was
associated with significantly reduced

symptomatic recurrence (RE model, RR, 0.37, 95% Cl, 0.14-0.95) and significantly
increased postoperative diabetes insipidus (RE model, RR, 2.60; 95% Cl, 1.34-5.03). There
was insufficient data to evaluate other pituitary axes in this context.

The current evidence indicates that GTR of the RCC cyst wall has the potential to affect
the incidence of overall and symptomatic RCC recurrences, as well as drive postoperative
Dl incidence. However, expectations of clinical and pragmatic benefit following cyst wall
resection should be titrated carefully against the potential for postoperative and pituitary
morbidities which

currently remain poorly defined. Greater granularity is required to understand all factors
that can influence recurrence and quality of life when evaluating resection of RCC.
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YNODYZITIAA

1. Tiire U et al. Hypothalamitis: A Novel Autoimmune Endocrine Disease. A Literature
Review and Case Report. J Clin Endocrinol Metab. 2020 Oct 26:dgaa771. doi:
10.1210/clinem/dgaa771.

The relationship between the endocrine system and autoimmunity has been recognized
for a long time and one of the best examples of autoimmune endocrine disease is
autoimmune hypophysitis. A better understanding of autoimmune mechanisms and
radiological, biochemical, and immunological developments have given rise to the
definition of new autoimmune disorders including autoimmunity-related hypothalamic-
pituitary disorders. However, whether hypothalamitis may occur as a distinct entity, is
still matter of debate. Here we describe a 35-year-old woman with growing suprasellar
mass, partial empty sella, central diabetes insipidus, hypopituitarism, and
hyperprolactinemia. Histopathologic examination of surgically removed suprasellar mass
revealed lymphocytic infiltrate suggestive of an autoimmune disease with hypothalamic
involvement. The presence of anti-hypothalamus antibodies to AVP-secreting cells
(AVPcAb) at high titers and the absence of anti-pituitary antibodies suggested the
diagnosis of isolated hypothalamitis. Some similar conditions have sometimes been
reported in the literature but the simultaneous double finding of lymphocytic infiltrate
and the presence of AVPcAb so far has never been reported. We think that the
hypothalamitis can be considered a new isolated autoimmune disease affecting the
hypothalamus while the Ilymphocytic infundibulo-neurohypophysitis can be a
consequence of hypothalamitis with subsequent autoimmune involvement of the
pituitary. To our knowledge this is the first observation of autoimmune hypothalamic
involvement with central diabetes insipidus, partial empty sella, anti-hypothalamic
antibodies and hypopituitarism.
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YNOOYZIAKH ANENAPKEIA

1. Sdvendahl L et al. Long-term mortality after childhood growth hormone treatment:
the SAGhE cohort study. Lancet Diabetes Endocrinol. 2020;8(8):683-92. doi:
10.1016/52213-8587(20)30163-7.

BACKGROUND: Recombinant human growth hormone has been used for more than 30
years and its indications have increased worldwide. There is concern that this treatment
might increase mortality, but published data are scarce. We present data from the entire
dataset of all eight countries of the Safety and Appropriateness of Growth hormone
treatments in Europe (SAGhE) consortium, with the aim of studying long-term overall and
cause-specific mortality in young adult patients treated with recombinant human growth
hormone during childhood and relating this to the underlying diagnosis.

METHODS: This cohort study was done in eight European countries (Belgium, France,
Germany, Italy, The Netherlands, Sweden, Switzerland, and the UK). Patients were
classified a priori based on pre-treatment perceived mortality risk from their underlying
disease and followed up for cause-specific mortality. Person-years at risk of mortality and
expected rates from general population data were used to calculate standardised
mortality ratios (SMRs).

FINDINGS: The cohort comprised 24 232 patients treated with recombinant human
growth hormone during childhood, with more than 400 000 patient-years of follow-up. In
low-risk patients with isolated growth hormone deficiency or idiopathic short stature, all-
cause mortality was not significantly increased (SMR 1:1, 95% CI 0-9-1-3). In children born
small for gestational age, all-cause mortality was significantly increased when analysed
for all countries (SMR 1:5, Cl 1:1-1:9), but this result was driven by the French subcohort.
In patients at moderate or high risk, mortality was increased (SMR 3-8, 3:3-4-4; and 17-1,
15-6-18-7, respectively). Mortality was not associated with mean daily or cumulative
doses of recombinant human growth hormone for any of the risk groups. Cause-specific
mortality from diseases of the circulatory and haematological systems was increased in
all risk groups.

INTERPRETATION: In this cohort, the largest, to our knowledge, with long-term follow-up
of patients treated with recombinant human growth hormone during childhood, all-cause
mortality was associated with underlying diagnosis. In patients with isolated growth
hormone deficiency or idiopathic short stature, recombinant human growth hormone
treatment was not associated with increased all-cause mortality. However, mortality from
certain causes was increased, emphasising the need for further long-term surveillance.
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2. Johannsson G et al. Once-weekly Somapacitan is Effective and Well Tolerated in
Adults with GH Deficiency: A Randomized Phase 3 Trial. J Clin Endocrinol Metab.
2020;105(4):e1358-76. doi: 10.1210/clinem/dgaa049.

CONTEXT: Growth hormone (GH) replacement requires daily GH injections, which is
burdensome for some adult patients with GH deficiency (AGHD).

OBJECTIVE: To demonstrate efficacy and safety of somapacitan, a once-weekly reversible
albumin-binding GH derivative, versus placebo in AGHD.

DESIGN: Randomized, parallel-group, placebo-controlled (double-blind) and active-
controlled (open-label) phase 3 trial, REAL 1 (NCT02229851).

SETTING: Clinics in 17 countries.

PATIENTS: Treatment-naive patients with AGHD (n = 301 main study period, 272
extension period); 257 patients completed the trial.

INTERVENTIONS: Patients were randomized 2:2:1 to once-weekly somapacitan, daily GH,
or once-weekly placebo for 34 weeks (main period). During the 52-week extension period,
patients continued treatment with somapacitan or daily GH.

MAIN OUTCOME MEASURES: Body composition measured using dual-energy x-ray
absorptiometry (DXA). The primary endpoint was change in truncal fat percentage to
week 34. Insulin-like growth factor 1 (IGF-I) standard deviation score (SDS) values were
used to dose titrate.

RESULTS: At 34 weeks, somapacitan significantly reduced truncal fat percentage
(estimated difference: -1.53% [-2.68; -0.38]; P = 0.0090), demonstrating superiority
compared with placebo, and it improved other body composition parameters (including
visceral fat and lean body mass) and IGF-I SDS. At 86 weeks, improvements were
maintained with both somapacitan and daily GH.

Somapacitan was well tolerated, with similar adverse events (including injection-site
reactions) compared with daily GH.

CONCLUSIONS: In AGHD patients, somapacitan administered once weekly demonstrated
superiority over placebo, and the overall treatment effects and safety of somapacitan
were in accordance with known effects and safety of GH replacement for up to 86 weeks
of treatment. Somapacitan may provide an effective alternative to daily GH in AGHD.
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3. Ebrahimi F et al. Excess Mortality Among Hospitalized Patients With Hypopituitarism-
A Population-Based, Matched-Cohort Study. J Clin Endocrinol Metab. 2020;105(11):
€3910-8. doi: 10.1210/clinem/dgaa517.

CONTEXT: Patients with hypopituitarism face excess mortality in the long-term outpatient
setting. However, associations of pituitary dysfunction with outcomes in acutely
hospitalized patients are lacking.

OBJECTIVE: The objective of this work is to assess clinical outcomes of hospitalized
patients with hypopituitarism with or without diabetes insipidus (Dl).

DESIGN, SETTING, AND PATIENTS: In this population-based, matched-cohort study from
2012 to 2017, hospitalized adult patients with a history of hypopituitarism were 1:1
propensity score-matched with a general medical inpatient cohort.

MAIN OUTCOME MEASURES: The primary outcome was in-hospital mortality. Secondary
outcomes included all-cause readmission rates within 30 days and 1 year, intensive care
unit (ICU) admission rates, and length of hospital stay.

RESULTS: After matching, 6764 cases were included in the study. In total, 3382 patients
had hypopituitarism and of those 807 (24%) suffered from DI. All-cause in-hospital
mortality occurred in 198 (5.9%) of patients with hypopituitarism and in 164 (4.9%) of
matched controls (odds ratio [OR] 1.32, [95% Cl, 1.06-1.65], P =.013). Increased mortality
was primarily observed in patients with DI (OR 3.69 [95% ClI, 2.44-5.58], P < .001). Patients
with hypopituitarism had higher ICU admissions (OR 1.50 [95% Cl, 1.30-1.74], P < .001),
and faced a 2.4-day prolonged length of hospitalization (95% Cl, 1.94-2.95, P < .001)
compared to matched controls. Risk of 30-day (OR 1.31 [95% Cl, 1.13-1.51], P <.001) and
1-year readmission (OR 1.29 [95% Cl, 1.17-1.42], P <.001) was higher among patients with
hypopituitarism as compared with medical controls.

CONCLUSIONS: Patients with hypopituitarism are highly vulnerable once hospitalized for
acute medical conditions with increased risk of mortality and adverse clinical outcomes.
This was most pronounced among those with DI.
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4. Jullien N et al. Clinical lessons learned in constitutional hypopituitarism from two
decades of experience in a large international cohort. Clin Endocrinol (Oxf). 2020 Oct
24. doi: 10.1111/cen.14355.

CONTEXT: The international GENHYPOPIT network collects phenotypical data and screens
genetic causes of non-acquired hypopituitarism.

AIMS: To describe main phenotype patterns and their evolution through life.

DESIGN: Patients were screened according to their phenotype for coding sequence
variations in 8 genes: HESX1, LHX3, LHX4, PROP1, POU1F1, TBX19, OTX2 and PROKR?2.
RESULTS: Among 1213 patients (1143 index cases), the age of diagnosis of
hypopituitarism was congenital (24%), in childhood (28%), at puberty (32%), in adulthood
(7.2%) or not available (8.8%). Noteworthy, pituitary hormonal deficiencies kept on
evolving during adulthood in 49 of patients. Growth Hormone deficiency (GHD) affected
85.8% of patients and was often the first diagnosed deficiency. AdrenoCorticoTropic
Hormone deficiency rarely preceded GHD, but usually followed it by over 10 years.
Pituitary Magnetic Resonance Imaging (MRI) abnormalities were common (79.7%), with
39.4% pituitary stalk interruption syndrome (PSIS). The most frequently associated
extrapituitary malformations were ophthalmological abnormalities (16.1%). Prevalence
of identified mutations was 7.3% of index cases (84/1143) and 29.5% in familial cases (n
= 146). Genetic analysis in 449 patients without extrapituitary phenotype revealed 36
PROP1, 2 POU1F1 and 17 TBX19 mutations.

CONCLUSION: This large international cohort highlights atypical phenotypic presentation
of constitutional hypopituitarism, such as post pubertal presentation or adult progression
of hormonal deficiencies. These results justify long-term follow-up, and the need for
systematic evaluation of associated abnormalities. Genetic defects were rarely identified,
mainly PROP1 mutations in pure endocrine phenotypes.
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ANOIOZ AIABHTHZ

1. Devuyst F et al. Central diabetes insipidus and pituitary stalk thickening in adults:
distinction of neoplastic from non-neoplastic lesions. Eur J Endocrinol. 2020;181(3):95-
105. doi: 10.1530/EJE-20-0058.

CONTEXT: Association of central diabetes insipidus (CDI) and pituitary stalk thickening
(PST) may have several etiologies (including malignancies) and differential diagnosis
remains often difficult.

OBJECTIVE: The purpose of this study was to identify which clinical, biochemical or
radiological features could help clinicians to make an etiological diagnosis, especially
distinguishing neoplastic from non-neoplastic pituitary stalk lesions.

DESIGNS AND METHODS: We retrospectively analyzed clinical, biochemical, radiological
and histological data of 38 adult patients diagnosed with CDI and PST of proven etiology.
RESULTS: Of the 38 pituitary stalk lesions included, 11 (29%) were neoplastic. A
histopathological diagnosis was obtained in 22/38 (58%) patients. The three most
frequently observed etiologies of PST were neuroinfundibulitis (34%), germinoma (21%)
and histiocytosis (18%). Pituitary stalk thickness was larger for neoplastic lesions,
particularly germinomas. Male gender and a very young age were statistically associated
with a risk of germinoma. At least one anterior pituitary deficit was observed in nearly
60% of patients. Patients with neoplastic PST were more affected by multiple anterior
pituitary dysfunction than patients with benign PST. A high serum prolactin level was
individually the best predictor of a neoplastic origin (90% sensitivity and 60% specificity
for a serum prolactin level 1.27-fold above the normal upper limit (ULN)).

CONCLUSION: We confirm a relatively high risk of malignancy in adult patients presenting
with the association of CDI and PST. Young age, male gender, a very large thickening of
the stalk, multiple anterior pituitary deficits and prolactin above 1.3x ULN increase the
likelihood of a neoplastic origin.
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2. Bologna K et al. Effect of Arginine on the Hypothalamic-Pituitary-Adrenal Axis in
Individuals With and Without Vasopressin Deficiency. J Clin Endocrinol Metab.
2020;105(7): €2327-36. doi: 10.1210/clinem/dgaal57.

CONTEXT: Arginine stimulates pituitary hormones, like growth hormone and vasopressin,
but its effect on the hypothalamic-pituitary-adrenal (HPA) axis is unknown. Arginine may
also stimulate the HPA axis, possibly through a mechanism involving vasopressin.
OBJECTIVE: To investigate the effect of arginine on adrenocorticotropic hormone (ACTH)
and cortisol in subjects with and without vasopressin deficiency.

DESIGN: Prospective study, University Hospital Basel.

PARTICIPANTS: 38 patients with central diabetes insipidus, 58 patients with primary
polydipsia, and 50 healthy controls.

INTERVENTION: Arginine infusion with measurement of ACTH, cortisol and copeptin at
baseline and 30, 45, 60, 90, and 120 minutes.

RESULTS: We found different response patterns to arginine: in patients with diabetes
insipidus (and low stimulated copeptin levels) median (interquartile range [IQR]) ACTH
and cortisol increased from 22.9 (16.8, 38.7) to 36.6 (26.2, 52.1) ng/L and from 385 (266,
463) to 467 (349, 533) nmol/L, respectively. In contrast, median (IQR) ACTH and cortisol
levels decreased in patients with primary polydipsia (despite high stimulated copeptin
levels): ACTH from 17.3 (12.3, 23) to 14.8 (10.9, 19.8) ng/L and cortisol from 343 (262,
429) to 272 (220.8, 360.3) nmol/L; likewise, in healthy controls: ACTH from 26.5 (17.6,
35.7) to 14.8 (12.1, 22.7) ng/L and cortisol from 471 (393.3, 581.8) to 301.5 (206.5, 377.8)
nmol/L.

CONCLUSION: Diabetes insipidus is associated with increased responsiveness of
ACTH/cortisol to arginine. In contrast, arginine does not stimulate the HPA axis in healthy
controls or in primary polydipsia.
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COVID-19 KAI YITO®YZIAKH NOzOZ

1. Fleseriu M et al. Pituitary society guidance: pituitary disease management and
patient care recommendations during the COVID-19 pandemic-an international
perspective. Pituitary. 2020;23(4):327-37. doi: 10.1007/s11102-020-01059-7.

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), the viral strain that has
caused the coronavirus disease 2019 (COVID-19) pandemic, has presented healthcare
systems around the world with an unprecedented challenge. In locations with significant
rates of viral transmission, social distancing measures and enforced 'lockdowns' are the
new 'norm' as governments try to prevent healthcare services from being overwhelmed.
However, with these measures have come important challenges for the delivery of
existing services for other diseases and conditions. The clinical care of patients with
pituitary disorders typically involves a multidisciplinary team, working in concert to
deliver timely, often complex, disease investigation and management, including pituitary
surgery. COVID-19 has brought about major disruption to such services, limiting access to
care and opportunities for testing (both laboratory and radiological), and dramatically
reducing the ability to safely undertake transsphenoidal surgery. In the absence of clinical
trials to guide management of patients with pituitary disease during the COVID-19
pandemic, herein the Professional Education Committee of the Pituitary Society proposes
guidance for continued safe management and care of this population.
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2. Newell-Price J et al. ENDOCRINOLOGY IN THE TIME OF COVID-19: Management of
Cushing's syndrome. Eur J Endocrinol. 2020;183(1):G1-7. doi: 10.1530/EJE-20-0352.

Clinical evaluation should guide those needing immediate investigation. Strict adherence
to COVID-19 protection measures is necessary. Alternative ways of consultations
(telephone, video) should be used. Early discussion with regional/national experts about
investigation and management of potential and existing patients is strongly encouraged.
Patients with moderate or severe clinical features need urgent investigation and
management. Patients with active Cushing's syndrome, especially when severe, are
immunocompromised and vigorous adherence to the principles of social isolation is
recommended. In patients with mild features or in whom a diagnosis is less likely, clinical
re-evaluation should be repeated at 3 and 6 months or deferred until the prevalence of
SARS-CoV-2 has significantly decreased; however, those individuals should be encouraged
to maintain social distancing. Diagnostic pathways may need to be very different from
usual recommendations in order to reduce possible exposure to SARS-CoV-2. When
extensive differential diagnostic testing and/or surgery is not feasible, it should be
deferred and medical treatment should be initiated. Transsphenoidal pituitary surgery
should be delayed during high SARS-CoV-2 viral prevalence. Medical management rather
than surgery will be the used for most patients, since the short- to mid-term prognosis
depends in most cases on hypercortisolism rather than its cause; it should be initiated
promptly to minimize the risk of infection in these immunosuppressed patients. The
risk/benefit ratio of these recommendations will need re-evaluation every 2-3 months
from April 2020 in each country (and possibly local areas) and will depend on the local
health care structure and phase of pandemic.
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3. Christ-Crain M et al. ENDOCRINOLOGY IN THE TIME OF COVID-19: Management of
diabetes insipidus and hyponatraemia. Eur J Endocrinol. 2020;183(1):G9-15. doi:
10.1530/EJE-20-0338.

COVID-19 has changed the nature of medical consultations, emphasizing virtual patient
counseling, with relevance for patients with diabetes insipidus (DI) or hyponatraemia. The
main complication of desmopressin treatment in DI is dilutional hyponatraemia. Since
plasma sodium monitoring is not always possible in times of COVID-19, we recommend
to delay the desmopressin dose once a week until aquaresis occurs allowing excess
retained water to be excreted. Patients

should measure their body weight daily. Patients with DI admitted to the hospital with
COVID-19 have a high risk for mortality due to volume depletion. Specialists must
supervise fluid replacement and dosing of desmopressin. Patients after pituitary surgery
should drink to thirst and measure their body weight daily to early recognize the
development of the postoperative syndrome of inappropriate antidiuresis (SIAD). They
should know hyponatraemia symptoms. The

prevalence of hyponatraemia in patients with pneumonia due to COVID-19 is not yet
known, but seems to be low. In contrast, hypernatraemia may develop in COVID-19
patients in ICU, from different multifactorial reasons, for example, due to insensible water
losses from pyrexia, increased respiration rate and use of diuretics. Hypernatraemic
dehydration may contribute to the high risk of acute kidney injury in COVID-19. IV fluid
replacement should be administered with caution in severe cases of COVID-19 because
of the risk of pulmonary oedema.
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1. NON-INSULIN ADJUNCTS IN T1D

Trends in Endocrinology & Metabolism

Review

Review
Reducing Type 1 Diabetes Mortality: Role for

Adjunctive Therapies?
Jennifer R. Snaith,’-%345 Deborah J. Holmes-Walker,%* and Jerry R. Greenfield'*4*

Individuals with type 1 diabetes (T1D) frequently fail to achieve glycemic goals and have excess
cardiovascuar risk and premature death. Adjunctive agents may play a role in reducing
morbidity, mortality, and the adverse sequelae of insulin treatment. A surge intype 2 diabetes
drug development has revealed agents with benefits beyond glucose lowering, including cardio-
vascular risk reduction. Could these benefits transate to T1D? Specific trials for T1D demon-
strate substantial hemoglobin (Hb)A1c reductions with sodium ghicose cotransporter inhibitors
(SGLTis) and glucagondike peptide (GLP) 1 agonists, and modest impro vements with metformin,
dipeptidyl peptidase-4 inhibitor (DPP4i), and pramlintide. Studies exploring cardiovasaular risk
reduction are warranted. This review synthesizes the emerging literature for researchers and cli-
nicians treating people with T1D. Challenges in T1D research are discussed.

Type 1 Diabetes in Context

Type 1 diabetes (T1D; see Glossary) s characterized by insulin deficiency due to autoimmune
destruction of pancreatic beta cells and globally constitutes 5-10% of the overzll dizbetes burden
andthe incidence isrising [1]. T1D is complicated by microvascular {retinopathy, neuropathy, and ne-
phropathy) and macrovascular (coronary artery, cerebrovascular, and peripheral vascular) complica-
tions. Of all complications, cardiovascular{CV) disease is the chief contributor to the threefold higher
mortality risk relative to the general population [2,3].
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Highlights

Therapies developed for useinT2D
have cardiovascular and renal pro-
tective properties.

Clinical trials testing these agents
in TID assess their ability to miti-
gate side effects of insulin (weight
gain  and hypoglycemia) and
improve achievement of glycemic
goals. There is little focus on car-
diovascular endpoints in current
dlinical trials.

Conducting dinical trials in T1D has
unique challenges.

Adjunctive agentsin T1D have po-
tential to deose morbidity and
mortality gaps, but this &= yet to be
verified by the current evidence
base.
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Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy Dovepress
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REVIEW

Empagliflozin in type | diabetes

Chantal Mathieu
Laura Van Den Mooter
Bert Eeckhout

Endocrinology, UZ Gasthuisberg Leuven
3000, Belgium

This article was published in the following Dove Press journal:
Digbetes, Metabolic Syndrome and Obesty: Targets and Therapy

Abstract: There is a clear unmet need in people living with type 1 diabetes (T1D). Although
the quality of life of people with T1D has improved, issues like hypoglycemia, weight gain
and variability in ghicose profiles remain. In this review, the clinical efficacy and safety of
empaglifiozin, a sodium-glucose cotransporter type 2 (SGLT2) inhibitor in T1D, is described
based on a review of phase 2 and 3 studies to date. Empaglifiozin and SGLT2 inhibitors, in
general, are effective ghicose-lowering drugs, which also work in people with T1D. Recent
phase II and IIl studies, including the EASE trials for empaglifiozin, showed a clear
beneficial effect on HbAlc, body weight, glucose variability and total daily insulin use in
people with T1D. No increase in hypoglycemia risk, in particular severe hypoglycemia, was
observed, but genital infections were more prevalent. The use of SGLT2 inhibitors comes
with a decrease in insulin doses, making individuals more prone to diabetic ketoacidosis
(DKA). The uniqueness of the EASE program is that here, a very low dose of empaglifiozin
was used, with less, but still present, effects on metabolic outcomes, but interestingly a lower
risk of DKA. Importantly, even in the higher doses of empaglifiozin, it is clear that the
overall risk for DKA remains low, most likely by educating patients and caretakers inten-
sively on this subject. In conclusion, evidence is building on the potential of using empagli-
flozin, like other SGLT2 inhibitors, in T1D. However, to date, the use of empaglifiozin is not
approved in people with T1D. Clinicians will have to weigh the potential short- and long-
term benefits of these adjunct therapies versus the potential acute side effects, in particular,
the small but real risk of DKA in the individual T1D patient.

Keywords: type 1 diabetes, SGLT2 inhibitor, empaglifiozin, EASE trials

3ubmit your mamu fipt

Dovel’ res n’inn

Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy 2019:12 15551561 I555
omu-'-uni-nis.-lu d licmaed by Dove Medicd Press Limiced. The il cems o chis canse ave svailoble 3¢ hepecl www dovepress o/ cams.
E [T php and inorporae the (eive (ommons Acrbesion — Moo Commerdal (wnparted, v30) Ganse (hep/ Ao méveconmons onperses/byac/3.0). By xasing the
work you hareby acepe the Tons. Non-aommencd ws o the work are pormicted withoet any futhe prmission fom Dove Medicl Press Emiced, provided the wark & properly atribecad For

prmeson b ommendl we of ths work, please see paragrphe &2 and § of oor Tems (hogpe/ Avww. dovegr e com/ tamesphp).

ENAOPAMA  EvSokpivohoyia | Atapntohoyia | MetoBohiopog 163



2560

Ivooulwvo-e€aptwpevog Zakxopwdng Stapritng / Baothiky MmpdBn

Diabetes Care Volume 41, December 2018

Oa

Empaglifiozin as Adjunctive to
Insulin Therapy in T'ype 1 Diabetes:
The EASE Trials

Diabetes Care 2018/41:2560-2569 | https://doi.org/10.2337/dc18-1749

OBJECTIVE

To evaluate the safety and efficacy of empagliflozin 10- and 25-mg doses plus a
unique lower dose (2.5 mg) as adjunct to intensified insulin in patients with type 1
diabetes (T1D).

RESEARCH DESIGN AND METHODS

The EASE (Empagliflozin as Adjunctive to inSulin thErapy) program (N = 1,707)
induded two double-blind, placebo-controlled phase 3 trials: EASE-2 with empagli-
flozin 10 mg (n = 243), 25 mg (n =244), and placebo (n = 243), 52-week treatment;
and EASE-3 with empagliflozin 2.5 mg (n = 241), 10 mg (n = 248), 25 mg (n = 245),
and placebo (n =241), 26-week treatment. Together they evaluated empaglifliozin
10 mg and 25 mg, doses currently approved in treatment of type 2 diabetes,
and additionally 2.5 mg on 26-week change in glycated hemoglobin (primary
end point) and weight, glucose time-in-range (>70 to <180 mg/dL), insulin dose,
blood pressure, and hypoglycemia.

RESULTS

The observed largest mean placebo-subtracted glycated hemoglobin reductions
were —0.28% (95% Cl —0.42, —0.15) for 2.5 mg, —0.54% (—0.65, —0.42) for 10 mg,
and —0.53% (—0.65, —0.42) for 25 mg (all P <0.0001). Empaglifiozin 2.5/10/25 mg
doses, respectively, reduced mean weight by —1.8/—3.0/—3.4 kg (all P < 0.0001);
increased glucose time-in-range by +1.0/+2.9/+3.1 h/day (P < 0.0001 for 10 and
25 mg); lowered total daily insulin dose by — 6.4/ —13.3/—12.7%(all P < 0.0001); and
decreased systolic blood pressure by —2.1/—3.9/—3.7 mmHg (all P <0.05). Genital
infections occurred more frequently on empagliflozin. Adjudicated diabetic keto-
addosis occurred more with empagliflozin 10 mg (4.3%) and 25 mg (3.3%) but was
comparable between empagliflozin 2.5 mg (0.8%) and placebo (1.2%). Severe
hypoglycemia was rare and frequency was similar between empagliflozin and
placebo.

CONCLUSIONS

Empagliflozin improved glycemic control and weight in T1D without increasing
hypoglycemia. Ketoacidosis rate was comparable between empaglifiozin 2.5 mg
and placebo but increased with 10 mg and 25 mg. Ketone monitoring for early
ketoacidosis detection and intervention and lower empagliflozin doses may help
to reduce this risk.
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ADIS DRUG EVALUATION

Sotagliflozin: A Review in Type 1 Diabetes
Emma D. Deeks'

Published online: 25 November 2019
© Springer Nature Switzerland AG 2019

Abstract

Sotagliflozin (Zynquista™) is the first dual inhibitor of sodium-glucose co-transporter-1 and -2 (SGLT1 and 2). In the phase
3, inTANDEM 1-3 trials, adjunctive use of oral sotagliflozin (200 mg or 400 mg once daily) improved glycaemic control
and reduced bodyweight and insulin requirements relative to placebo over 24 weeks of treatment in adults whose type 1
diabetes (T1D) was inadequately controlled by insulin therapy. Similar benefits were seen with the drug in patients who were
overweight/obese [i.e. body mass index (BMI) > 27 kgmzl in inTANDEM 1 and 2 (pooled). The benefits of sotagliflozin
were largely maintained over 52 weeks of treatment. Overall, use of sotagliflozin in this setting is generally well tolerated
and reduces, or at least does not increase, the likelihood of hypoglycaemia; however, as with other SGLT inhibitors, sotag-
liflozin carries a risk of diabetic ketoacidosis (DKA). On the basis of its risk/benefit profile, sotagliflozin is indicated in
the EU as an adjunct to insulin in adults with T1D with a BMI > 27 kg/m? who have failed to achieve adequate glycaemic
control despite optimal insulin therapy, thus expanding the currently limited adjunctive oral treatment options available for

use in this population.

Effect of dapagliflozin as an adjunct to insulin over 52 weeks
in individuals with type 1 diabetes: post-hoc renal analysis of
the DEPICT randomised controlled trials

Per-Henrik Groop, Paresh Dandona, Moshe Phillip, Pieter Gillard, Steven Edelman, Johan Jendle, John Xu, Markus F Scheerer, Fredrik Thoren,
Nayyar Igbal, Enrico Repetto, Chantal Mathieu

Summary

Background The DEPICT-1 and DEPICT-2 studies showed that dapaglifiozin as an adjunct to insulin in individuals
with inadequately controlled type 1 diabetes improved glycaemic control and bodyweight, without increase in risk of
hypoglycaemia. We aimed to determine the effect of dapaglifiozin on urinary albumin-to-creatinine ratio (UACR) and
estimated glomerular filtration rate (eGFR) using pooled data from the DEPICT studies.

Methods In this post-hoc analysis, we used data pooled from both DEPICT studies (DEPICT-1 ran from Nov 11, 2014,
to Aug 25, 2017; DEPICT-2 ran from July 8, 2015, to April 18, 2018), in which participants were aged 18-75 years, with
inadequately controlled type 1 diabetes and with a baseline UACR of at least 30 mg/g. In the DEPICT studies,
participants were randomly assigned (1:1:1) to receive dapaglifiozin (5 mg or 10 mg) or placebo all plus insulin, for
24 weeks, with a 28-week long-term extension (ie, 52 weeks in total). In this post-hoc analysis, we assessed the
percentage change from baseline in UACR and in eGFR, up to 52 weeks. UACR, eGFR, and safety were assessed in
all eligible participants who had received at least one dose of study drug. HbA,, bodyweight, and systolic blood
pressure were assessed in all participants who received at least one dose of study drug during the first 24week
period, and who had a baseline and any postbaseline assessment for that parameter. The DEPICT trials were
registered with ClinicalTrials.gov, NCT02268214 (DEPICT-1), NCT02460978 (DEPICT-2), and are now complete.

Results 251 participants with albuminuria at baseline were included in this post-hoc analysis; of whom 80 (32%) had
been randomly assigned to dapaglifiozin 5 mg, 84 (33%) to dapaglifiozin 10 mg, and 87 (35%) to placebo. Compared
with placebo, treatment with both dapaglifiozin doses improved UACR over 52 weeks. At week 52, mean difference in

from baseline versus placebo in UACR was —13-3% (95% CI-37-2 to 19-8) for dapaglifiozin 5 mg and -31-1%
(—49-9 to -5-2) for dapaglifiozin 10 mg. No notable change from baseline was seen in eGFR, with a mean difference
in change from baseline versus placebo of 3-27 mL/min per 173 m2 (95% CI -0-92 to 7-45) for dapaglifiozin 5 mg
and 2-12 mL/min per 1-73 m2 (-2-03 to 6-27) for dapaglifiozin 10 mg. Similar proportions of participants in each
treatment group had adverse events and serious adverse events, induding hypoglycaemia and diabetic ketoacidosis; no
new safety signals were identified in this population.

Interpretation Treatment with dapaglifiozin resulted in UACR reduction, which might provide renoprotective benefits
in individuals with type 1 diabetes and albuminuria. Dedicated prospective studies are needed to confirm these

findings as prespecified endpoints.
Funding AstraZeneca.

Copyright © 2020 Elsevier Ltd. All rights reserved.
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Abstract

Oral dapagliflozin (Edistride®, Forxiga®) is approved in the EU at a dosage of 5 mg/day as an adjunct to insulin in adults with
type 1 diabetes (T 1D) and a body mass index (BMI) of > 27 kg/m?, when insulin alone does not provide adequate glycaemic
control despite optimal insulin therapy. As a highly selective SGLT2 inhibitor, dapagliflozin decreases plasma glucose levels
independently of insulin action and enables glycaemic control improvement without increasing the risks associated with
intensive insulin therapy. In the phase IIl DEPICT-1 and -2 trials, dapagliflozin 5 mg/day as an adjunct to insulin improved
glycaemic control and reduced total daily insulin dose and bodyweight relative to placebo in adults with inadequately
controlled T1D, including in patients with a BMI of > 27 kg/mz, over 24 weeks of treatment. In extensions of these trials,
these improvements were maintained up to 52 weeks. Dapagliflozin was generally well tolerated with a manageable safety
profile and a hypoglycaemia profile generally similar to placebo. The incidence of diabetic ketoacidosis with dapagliflozin
in patients with a BMI > 27 kg/m® was less than half that of the overall population who received dapaglifiozin. Dapaglifiozin
is the first SGLT?2 inhibitor to be approved for use in T1D and, while further clinical experience in T1D is required to more
definitively establish its efficacy and safety profile, it provides a promising adjunctive treatment option for adults with T1D
and a BMI of > 27 kg/m’, when insulin alone does not provide adequate glycaemic control despite optimal insulin therapy.
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International Consensus on Risk
Management of Diabetic
Ketoacidosis in Patients With
Type 1 Diabetes Treated With

Sodium-Glucose Cotransporter
(SGLT) Inhibitors

Diabetes Care 2019;42:1147-1154 | https://doi.org/10.2337/dc18-2316

Sodium—glucose cotransporter (SGLT) inhibitors are new oral antidiabetes med-
ications shown to effectively reduce glycated hemoglobin (A1C) and glycemic
variability, blood pressure, and body weight without intrinsic properties to cause
hypoglycemia in people withtype 1 diabetes. However, recent studies, particularly
inindividuals with type 1 diabetes, have demonstrated increases in theabsoluterisk
of diabetic ketoacidosis (DKA). Some cases presented with near-normal blood
glucose levels or mild hyperglycemia, complicating the recognition/diagnosis of
DKA and potentially delaying treatment. Several SGLT inhibitors are currently under
review by the U.S. Food and Drug Administration and European regulatory agencies
as adjuncts to insulin therapy in people with type 1 diabetes. Strategies must be
developed and disseminated to the medical community to mitigate the associated
DKA risk. This Consensus Report reviews current data regarding SGLT inhibitor use
and provides recommendations to enhance the safety of SGLT inhibitors in people
with type 1 diabetes.
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Efficacy and safety of liraglutide for overweight adult patients
with type 1 diabetes and insufficient glycaemic control
(Lira-1): arandomised, double-blind, placebo-controlled trial

Thomas Fremming Dejgaard, Christian Seerup Frandsen, Tanja Stenbak Hansen, Thomas Almdal, Seren Urhammer, Ulrik Pedersen-Bjergaard,
Tonny Jensen, Andreas Kryger Jensen, Jens Juul Hdst, Lise Tarnow, Filip Krag Knop, Sten Madsbad, Henrik Ullits Andersen

Summary

Background The combination of insulin and glucagon-like peptide-1 (GLP-1) receptor agonist therapy improves glycaemic
control, induces weight loss, and reduces insulin dose needed in type 2 diabetes. We assessed the efficacy and safety of
the GLP-1 receptor agonist liraglutide as an add-on therapy to insulin for overweight adult patients with type 1 diabetes.

Methods We did a randomised, double-blind, placebo-controlled trial at Steno Diabetes Center (Gentofte, Denmark).
Patients aged 18 years or older with type 1 diabetes, insufficient glycaemic control (HbA, >8% [64 mmol/mol]), and
overweight (BMI >25 kg/m2) were randomly assigned (1:1) to receive insulin treatment plus either liraglutide or placebo
(saline solution) by subcutaneous injection once per day. Randomisation was done in blocks of four. Treatment

was masked to investigators and patients. Treatment lasted 24 weeks and liraglutide was started at a dose of
0-6 mg per day, escalated to 1-2 mg per day after 1 week, and then again to 1-8 mg per day after another week. Intervals
between dose increments could be extended at the discretion of the investigator. The primary endpoint was change in
HbA,, from baseline to week 24. Secondary endpoints were changes in hypoglycaemic events, glycaemic variability,
glycaemic excursions, insulin dose, bodyweight, postprandial plasma concentrations of glucagon and GLP-1, gastric
emptying, blood pressure, heart rate, patient-reported outcome measures, time spent in hypoglycaemia, near
normoglycaemia, and hyperglycaemia, plasma fasting glucose, mean glucose, and cholesterol. Efficacy analyses were
calculated by use of a mixed model, whereby a patient’s data are used as long as the patient is in the study. The safety
analyses were done in the intention-to-treat population, which consisted of all patients who received at least one dose of
their randomly assigned study drug. This study is registered with ClinicalTrials.gov, number NCT01612468.

Findings Between July 10, 2012, and May 30, 2014, we enrolled 100 patients with type 1 diabetes, with 50 patients allocated
liraglutide and 50 to placebo. Four patients from the liraglutide group and six patients from the placebo group
discontinued treatment before 24 weeks. At the end of treatment, change in HbA, from baseline did not differ between
groups (-0-5%, 95% CI ~0-8 to0 —0-4 [-6.0 mmol/mol, 95% CI -8.7 to —4.4] with liraglutide vs —0-3%, —0.6 to —0.2
[-4-0 mmol/mol, —6- 6 to -2- 3] with placebo; between-group difference —0-2% [-0-5 t0 0-1; 2.2 mmol/mol, -5-5t0 1-1],
p=0-1833). The number of hypoglycaemic events was reduced with liraglutide, with an incident rate ratio of 0-82 (95%
CI0-74 to 0-90). However, we detected no changes in glyaemic variability (continuous overall net glycaemic action per
60 min from 10-3 [95% CI 9-8 to 10-8] t0 9-9 [9-2 to 10-6] in the liraglutide treated patients vs 10-2[9-7 t010-7] t0 9-7
[9-1to 10-3] in the placebo treated patients). Both bolus insulin (difference -5-8 IU, 95% CI 107 to —0-8, p=0-0227)
and bodyweight (difference —6-8 kg, 95% CI —12-2 to —1-4, p=0.0145) decreased with liraglutide treatment compared
with placebo. Heart rate increased with liraglutide, with a difference between groups of 7.5 bpm (95% CI
2.8-12.2, p=0-0019). Postprandial plasma glucagon and GLP-1 concentrations did not differ between groups (difference
between groups at end of treatment: —408 mmol/L per 240 min [95% CI -941 to 125, p=0-1309] for glucagon and
~266 mmol/L per 240 min [-1034 to 501, p=0-4899] for GLP-1). Gastric emptying was delayed afier 3 weeks of treatment
with liraglutide (19-9 min, 95% CI 0-8 to 39-0, p=0-0412), but we detected no difference after 24 weeks of treatment
(-1-5 min, -20-5 to 17-6, p=0-8793). Patient-reported outcome measures differed between groups only with respect to
perceived frequency of hypoglycaemia, which was higher with placebo, with a difference between groups of —0-6 (95%
CI-1-1t0-0-07, p=0-0257). Liraglutide was assodated with more frequent nausea (29 [58%)] patients with liraglutide vs
five [109%] with placebo), dyspepsia (11 [22%] patients with liraglutide vs one [2%] with placebo), diarrhoea (ten [20%]
patients with liraglutide vs one [2%6] with placebo), decreased appetite (seven patients [14%] with liraglutide vs none with
placebo), and vomiting (seven [14%)] patients with liraglutide vs one [2%] with placebo).

Interpretation In patients with type 1 diabetes, overweight, and insufficient glycaemic control, the reduction in
HbA_did not differ between insulin plus placebo and insulin plus liraglutide treatment. Liraglutide was associated
with reductions in hypoglycaemic events, bolus and total insulin dose, and bodyweight, and increased heart rate.

Funding Novo Nordisk.
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LI g,

Efficacy and Safety of Liraglutide
Added to Insulin Treatment in
Type 1 Diabetes: The ADJUNCT
ONE Treat-To-Target
Randomized Trial

Diabetes Care 2016;39:1702-1710 | DOI: 10.2337/dc16-0691

OBJECTIVE
To investigate whether liraglutide added to treat-to-target insulin improves gly-

cemic control and reduces insulin requirements and body weight in subjects with
type 1 diabetes.

RESEARCH DESIGN AND METHODS

A 52-week, double-blind, treat-to-target trial involving 1,398 adults randomized
3:1toreceive once-daily subcutaneous injections of liraglutide (1.8,1.2,0r 0.6 mg)
or placebo added to insulin.

RESULTS

HbA,. level was reduced 0.34-0.54% (3.7-5.9 mmol/mol) from a mean baseline
of 8.2% (66 mmol/mol), and significantly more for liraglutide 1.8 and 1.2 mg com-
pared with placebo (estimated treatment differences [ETDs]: 1.8 mg liraglutide
—0.20% [95% Cl —0.32; —0.07]; 1.2 mg liraglutide —0.15% [95% CI —0.27; —0.03];
0.6 mg liraglutide —0.09% [95% CI —0.21; 0.03]). Insulin doses were reduced by the
addition of liraglutide 1.8 and 1.2 mg versus placebo (estimated treatment ratios:
1.8 mg liraglutide 0.92 [95% Cl 0.88; 0.96]; 1.2 mg liraglutide 0.95 [95% CI 0.91;
0.99]; 0.6 mg liraglutide 1.00 [95% Cl 0.96; 1.04]). Mean body weight was signifi-
cantly reduced in all liraglutide groups compared with placebo ETDs (1.8 mg
liraglutide —4.9 kg [95% Cl —5.7; —4.2]; 1.2 mg liraglutide —3.6 kg [95% Cl —4.3;
—2.8]; 0.6 mg liraglutide —2.2 kg [95% Cl —2.9; —1.5]). The rate of symptomatic
hypoglycemia increased in all liraglutide groups (estimated rate ratios: 1.8 mg
liraglutide 1.31 [95% Cl 1.07; 1.59]; 1.2 mg liraglutide 1.27 [95% CI 1.03; 1.55);
0.6 mg liraglutide 1.17 [95% ClI 0.97; 1.43]), and hyperglycemia with ketosis in-
creased significantly for liraglutide 1.8 mg only (event rate ratio 2.22 [95% CI
1.13; 4.34)).
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Efficacy and safety of meal-time administration of
short-acting exenatide for glycaemic control in

type 1 diabetes (MAG1C): a randomised, double-blind,
placebo-controlled trial

Nidklas | Johansen, Thomas F Dejgaard, Asger Lund, Camilla Schliintz, Christian S Frandsen, Julie L Farman, Nicolai | Wewer Albrechtsen,
Jens] Holst, Ulrik Pedersen-Bjergaard, Sten Madsbad, Tina Vilsbell, Henrik U Andersen, FilipK Knop

Summary

Background In type 2 diabetes, long-acting GLP-1 receptor agonists lower fasting plasma glucose and improve
glycaemic control via their insulinotropic and glucagonostatic effects. In type 1 diabetes, their efficacy as an add-on
treatment to insulin therapy is modest. Shortacting GLP-1 receptor agonists also lower postprandial glucose
excursions in type 2 diabetes by decelerating gastric emptying rate. We aimed to test the efficacy of a short-acting
GLP-1 receptor agonist in type 1 diabetes.

Methods In the single centre, parallel-group, randomised, double-blind, placebo-controlled MAGIC trial, patients with
type 1 diabetes on multiple daily injection therapy aged 18 years and older with HbA, 59-88 mmol/mol (7-5-10-0%)
and a BMI of more than 220 kg/m2 were randomly assigned (1:1) through a computer-generated randomisation list to
preprandial subcutaneous injection of 10 pg exenatide (Byetta) or placebo three times daily for 26 weeks as an add-on
treatment to usual insulin therapy. Clinically assessed insulin titration was done by study staff. Participants and
investigators were masked to treatment allocation. The primary endpoint was between-group difference in HbA,, after
26 weeks. Data were analysed with a baseline-adjusted linear mixed model in the intention-to-treat population. This
study is registered with ClinicalTrials.gov, NCT03017352, and is completed.

Findings Between Jan 4, 2017, and Jan 16, 2019, 108 participants were randomly assigned, 54 to exenatide and 54 to
placebo; 23 participants discontinued treatment (17 in the exenatide group and six in the placebo group). From a
baseline-adjusted mean of 66 - 4 mmol/ mol (95% CI 64.9-67 -8 [8-2%, 8-1-8- 4]), HbA,, changed by —3-2 mmol/mol
(~5-0 to—1-4 [-0-3%, —0-5 to —0-1]) with exenatide and —2-1 mmol/mol (-3-7 to 06 [-0-2%, —0-3 to —0-1]) with
placebo after 26 weeks (estimated treatment difference of —1.-1 mmol/mol (-3-4 to 1.2 [-0-1%, —0-3 to 0-1J;
p=0-36). Exenatide increased the number of self-reported gastrointestinal adverse events (primarily nausea
[48 events among 37 patients with exenatide, nine with placebo among 9 patients]). Two serious adverse events
occurred in the exenatide group, and six occurred in the placebo group (none were considered to be related to the

study drug).

Interpretation Short-acting exenatide does not seem to have a future as a standard add-on treatment to insulin therapy
in type 1 diabetes.

Funding AstraZeneca.

Copyright © 2020 Elsevier Ltd. All rights reserved.

ENAOPAMA  EvSokptvoloyia | AtaBntodoyia | MetaBoiiopog 171

CramMark

Lancet Diabetes Endoarinol
2020; 8:313-24

Published Online

March 2, 2020
https{/doi.org/10.1016/
$2213-8587(20)30030-9
See Comment page 262
Center for Clinical Metabolic

T FDejgaard MD A LundMD,

C Schionez BMSc,
ProfTVisbell MD,

Prof F K Knop MD); Steno
Diabetes Center Copenhagen,
Gentofte, Denmark

(N} jobarsen TF Dejgaard
ProfTVisbell, HUAndersen MD,
Prof F K Knop); Department of
Endocrinology, Hvidovre
Hospital, University of

Coper Hvid
Denmark (T F Dejgaard,

C S Frandsen MD,

Prof S Madsbad MD); Section of
Biostatistics, Department of
Public Health, Facuity of Health
and Medical Sciences

(J L Forman PhD), Novo Nordisk
Foundation Center for Basic

M etabolic Research

(N ) WewerAlbrechtsen MD,
Prof | | Holst M D, Prof F K Knop),
Department of Biomedical
Sciences, Faculty of Health and
Medical Sdences



Ivooulwvo-e€aptwpevog Zakxopwdng Stapritng / Baothiky MmpdBn

2. T1D AND TECHNOLOGY

Gabbay et al. Diabetol Metab Syndr ~ (2020) 12:22 .
https://doi.org/10.1186/s13098-020-00529- Dia bEtOIOgy &

Metabolic Syndrome

REVIEW Open Access

Time in range: a new parameter to evaluate |°g.1’:='
blood glucose control in patients with diabetes

Monica Andrade Lima Gabbay'", Melanie Rodacki?, Luis Eduardo Calliari®, Andre Gustavo Daher Vianna®,
Marcio Krakauer®, Mauro Scharf Pinto*, Janice Septlveda Reis®, Marcia Pufales’, Leonardo Garcia Miranda®,
Ana Claudia Ramalho?, Denise Reis Franco'™ and Hermelinda Pedrosa Cordeiro Pedrosa'!

Abstract

The International Consensus in Time in Range (TIR) was recently released and defined the concept of the time spent
in the target range between 70 and 180 mg/dL while reducing time in hypoglycemia, for patients using Continuous
Glucose Monitoring (CGM). TIR was validated as an outcome measures for clinical Trials complementing other com-
ponents of glycemic control like Blood glucose and HbA1c. The challenge is to implement this practice more widely
in countries with a limited health public and private budget as it occurs in Brazil. Could CGM be used intermittently?
Could self-monitoring blood glucose obtained at different times of the day, with the amount of data high enough be
used? More studies should be done, espedially cost-effective studies to help understand the possibility of having sen-
sors and include TIR evaluation in clinical practice nationwide.

Keywords: Time in range, Glycated hemoglobin, Continuous glucose monitoring, Hypoglycemia

Review

Type 1 Diabetes

Diabetes Metab J 2020;44:828-839

https://doi.org/10.4093/dmj.2020.0257
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Time in Range from Continuous Glucose Monitoring:
A Novel Metric for Glycemic Control

Jee Hee Yoo', Jae Hyeon Kim?

'Division of Endocrinology and Mctabolism, Department of Medicine, Yonsci University Wonju College of Medicine, Wonju,
2Division of Endocrinology and Mectabolism, Department of Medicine, Samsung Medical Center, Sungkyunkwan University School of Medicine, Seoul, Korea

Glycosylated hemoglobin (HbA 1c) has been the sole surrogate marker for assessing diabetic complications. However, consistent-
ly reported limitations of HbA 1c are that it lacks detailed information on short-term glycemic control and can be easily interfered
with by various clinical conditions such as anemia, pregnancy, or liver disease. Thus, HbA1c alone may not represent the real gly-
cemic status of a patient. The advancement of continuous glucose monitoring (CGM) has enabled both patients and healthcare
providers to monitor glucose trends for a whole single day, which is not possible with HbAlc. This has allowed for the develop-
ment of core metrics such as time spent in time in range (TIR), hyperglycemia, or hypoglycemia, and glycemic variability. Among
the 10 core metrics, TIR is reported to represent overall glycemic control better than HbA 1c alone. Moreover, various evidence
supports TIR as a predictive marker of diabetes complications as well as HbAlc, as the inverse relationship between HbAlc and
TIR reveals. However, there are more complex relationships between HbA1c, TIR, and other CGM metrics. This article provides
information about 10 core metrics with particular focus on TIR and the relationships between the CGM metrics for comprehen-
sive understanding of glycemic status using CGM.

Keywords: Blood glucose; Blood glucose self-monitoring; Diabetes complications; Glycated hemoglobin A
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Evolution of Diabetes ®
Technology

§

Klemen Dovc, mp, pho™®, Tadej Battelino, mp, php®-*

KEYWORDS

¢ Artificial pancreas ® Type 1 diabetes ® Continuous glucose monitoring
® Insulin pump ® Technology ® Closed loop ® Self-monitoring of blood glucose
¢ Multiple daily injections

KEY POINTS

o Diabetes technology is rapidly changing traditional care; safety, efficacy, and cost-
effectiveness are driving reimbursement and adoption.

e Insulin pump use is associated with improved metabolic control, less glucose variability,
less hypoglycemia, and improved quality of life.

¢ Continuous glucose monitoring is strongly associated with improved metabolic control,
more time in range, less time in hypoglycemia, reduced anxiety, and improved quality
of life; insulin-dosing advisors improve decision making.

o Glucose-responsive automated insulin delivery, currently at the hybrid closed-loop stage,
achieves the highest time in range, lowest hypoglycemia, and favorable quality of life.

¢ Achievable targets for time in range and standard visualization of the continuous glucose
monitoring data will help professionals and individuals with diabetes improve long-term
outcomes with less disease burden; integrated decision support systems will further
improve routine diabetes care.

® Department of Paediatric Endocrinology, Diabetes and Metabolic Diseases, UMC - University
Children’s Hospital, University Medical Centre Ljubljana, Bohoriceva 20, Ljubljana SI-1000,
Slovenia; ® Faculty of Medicine, University of Ljubljana, Ljubljana, Slovenia

* Corresponding author. Department of Paediatric Endocrinology, Diabetes and Metabolic Dis-
eases, UMC - University Children’s Hospital, University Medical Centre Ljubljana, Bohoriceva 20,
Ljubljana S1000, Slovenia.

E-mail address: tadej.battelino@mf.uni-lj.si

Endocrinol Metab Clin N Am 49 (2020) 1-18

https:/doi.org/10.1016/j.ecl.2019.10.009 endo.thedinics.com
0889-8529/20/© 2019 The Authors. Published by Elsevier Inc. This is an open access article under
the CC BY-NC-ND license (http:/creativecommons.orgflicenses/by-nc-nd/4.0/).
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Automated Insulin Delivery ®
in Children with Type 1 o
Diabetes

Eda Cengiz, Mp, MHs>®*

KEYWORDS
¢ Diabetes e Insulin e Children e Insulin pump

KEY POINTS

e The advent of insulin pump therapy marked an important milestone in diabetes treatment
and has become the tipping point for automated insulin delivery (AID).

e Continuous glucose monitor (CGM)-integrated insulin pump treatment made the real-time
optimization of diabetes mellitus control possible and introduced us to the smart insulin
pump systems with a dynamic treatment response.

e The aim of this review is to summarize evidence from AID studies conducted in children
with type 1 diabetes and discuss the outlook for future generation AID systems from a pe-
diatric treatment perspective.

® Yale School of Medicine, 333 Cedar Street, PO Box 208064, New Haven, CT 06520, USA;
® Bahgesehir Universitesi, Istanbul, Turkey

* 333 Cedar Street, PO Box 208064, New Haven, CT 06520.

E-mail address: Eda.Cengiz@yale.edu

Endocrinol Metab Clin N Am 49 (2020) 157-166
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0889-8529/20/@ 2019 Elsevier Inc. All rights reserved.
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COMMENTARY

A Clinical Guide to Advanced Diabetes Devices
and Closed-Loop Systems Using the CARES Paradigm

Laurel H. Messer, RN, MPH, CDE, Cari Berget, RN, MPH, CDE, and Gregory P. Forlenza, MD

Keywords: Type 1 diabetes, CSII pump, CGM, Artificial pancreas, Hybrid closed-loop, PLGS.
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Diabetes Care Volume 42, August 2019

80

Clinical Targets for Continuous
Glucose Monitoring Data
Interpretation: Recommendations
From the International Consensus
on Time in Range

Diabetes Care 2019;42:1593-1603 | https://doi.org/10.2337/dci19-0028

Improvements in sensor accuracy, greater convenience and ease of use, and
expanding reimbursement have led to growing adoption of continuous glucose
monitoring (CGM). However, successful utilization of CGM technology in routine
clinical practice remains relatively low. This may be due in part to the lack of clear
and agreed-upon glycemic targets that both diabetes teams and people with
diabetes can work toward. Although unified recommendations for use of key CGM
metrics have been established in three separate peer-reviewed articles, formal
adoption by diabetes professional organizations and guidance in the practical
application of these metrics in clinical practice have been lacking. In February 2019,
the Advanced Technologies & Treatments for Diabetes (ATTD) Congress convened
an international panel of physicians, researchers, and individuals with diabetes
who are expertin CGM technologies to address this issue. This artide summarizes
the ATTD consensus recommendations for relevant aspects of CGM data utilization
and reporting among the various diabetes populations.
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Context: Cardiovascular disease (CVD) is a major cause of mortality in adults with type 1
diabetes.

Objective: We prospectively evaluated CVD risk factors in a large, contemporary cohort of
adults with type 1 diabetes living in the United States.

Design: Observational study of CVD and CVD risk factors over a median of 5.3 years.
Setting: The T1D Exchange clinic network.

Patients: Adults (age = 18 years) with type 1 diabetes and without known CVD diagnosed
before or at enroliment.

Main Outcome Measure: Associations between CVD risk factors and incident CVD were assessed
by multivariable logistic regression.

Results: The study included 8,727 participants (53% female, 88% non-Hispanic white, median
age 33 years [interquartile ratio {IQR} = 21, 48], type 1 diabetes duration 16 years [IQR = 9, 26]).
At enrollment, median HbA1c was 7.6% (66 mmol/mol) (IQR = 6.9 [52], 8.6 [70]), 33% used a
statin, and 37% used blood pressure medication. Over a mean follow-up of 4.6 years, 325 (3.7%)
participants developed incident CVD. Ischemic heart disease was the most common CVD event.
Increasing age, body mass index, HbA1c, presence of hypertension and dyslipidemia, increasing
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ABSTRACT

Type 1 diabetes mellitus (T1DM) is associated
with premature cardiovascular disease (CVD),
but the underlying mechanisms remain poorly
understood. The American Diabetes Association
and the European Association for the Study of
Diabetes recently updated their position state-
ment on the management of type 2 diabetes
mellitus (T2DM) to include additional focus on
cardiovascular risk; improved management of
risk factors in TIDM is also needed. There are
important differences in the pathophysiology of
CVD in TIDM and T2DM. Hyperglycaemia

ENAOPAMA

appears to have a more profound effect on car-
diovascular risk in TIDM than T2DM, and other
risk factors appear to cause a synergistic rather
than additive effect, so achievement of treat-
ment targets for all recognized risk factors is
crudial to reducing cardiovascular risk. Here we
discuss the evidence for addressing established
cardiovascular risk factors, candidate biomark-
ers and surrogate measurements, and possible
interventions.

Keywords: Cardiovascular disease; Cardiovas-
cular risk; Type 1 diabetes mellitus
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Lipid management for cardiovascular risk reduction in type 1

diabetes

Shoshana Tell®, Kristen J. Nadeau®, Robert H. Eckel®

2Division of Pediatric Endocrinology, Department of Pediatrics, University of Colorado Anschutz
Medical Campus, Aurora, Colorado, USA

®Division of Endocrinology and Metabolism, Department of Medicine, University of Colorado
Anschutz Medical Campus, Aurora, Colorado, USA

Abstract

Purpose of review —To review the recent evidence for lipid management in type 1 diabetes
(T1D) for cardiovascular nsk reduction.

Recent findings —Individuals with T1D are at increased nisk for cardiovascular morbidity and
mortality, with atherosclerosis beginning as early as adolescence. Elevated low-density lipoprotein
cholesterol (LDL-C), tnglycendes, and hpoprotein (a) are associated with increased
cardiovascular nsk in T1D. Although high-density lipoprotein cholesterol (HDL-C) in T1D is
often normal or higher than in nondiabetic controls, HDL in T1D has structural alterations, which
make 1t proatherogenic rather than cardioprotective. Similarly, although L DL-C is not particularly
elevated in T1D, LDL still contnibutes to cardiovascular nsk. Studies in individuals with diabetes
have pnmanly included T2D participants, with a much smaller number of T1D participants; such
studies have shown that lipid-lowenng therapies, such as statins, ezetimibe, and proprotem
convertase subtilisin/kexin type 9 (PCSK9) inhibitors reduce LDL-C levels and cardiovascular
events in both those with and without diabetes. Individuals with T1D have increased cholesterol
absorption, suggesting that ezetimibe may be particularly effective in T1D. Results of the
REDUCE-IT tnal show cardiovascular nisk reduction from high-dose omega-3 fatty acid
(Icosapent Ethyl) therapy in patients with diabetes (primanly type 2 diabetes), independent of
triglycenide lowering, but similar data in T1D are currently lacking.

Summary —Individuals with T1D are at high nsk of cardiovascular disease, necessitating close
lipid monitoring and management from adolescence through adulthood.

Keywords
cardiovascular disease; lipid; low-density lipoprotein cholesterol; type 1 diabetes
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Young adult patients with type 1 diabetes have a higher risk of

mortality than those of similar age with type 2 diabetes: A
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Abstract

BACKGROUND: There are few papers comparing complications of type 1 diabetes
with those of a similarly young age with type 2 diabetes. The aim of our nationwide
study was to compare the risks of mortality and morbidities between the two types of
diabetes (age < 40).

METHODS: We identified all young adult patients with type 1 diabetes who were
recorded in the database of the Hungarian National Health Insurance Fund between
2001 and 2014 (n = 11 863) and compared them with a population of similar age with
young adult type 2 diabetes (n = 47 931). The incidence of all-cause mortality, myo-
cardial infarction, stroke, any type of cancer, diabetic ketoacidosis, and hypoglycemia
was followed from the onset of diabetes to the date of death or end of study period.
RESULTS: The risks of all-cause mortality were significantly higher in patients with
type 1 compared with patients with type 2 diabetes (hazard ratio, 95%Cl; 2.17,
1.95-2.41; P < .0001). The risks of myocardial infarction (0.90, 0.71-1.13; P = 0.36)
and stroke (1.06, 0.87-1.29; P = .582) were not significantly different in type 1 com-
pared with type 2. In contrast, the risk of cancer (1.35, 1.15-1.59; P = .0003), dialysis
(220, 1.76-2.75; P < .0001), hypoglycemia (7.70, 6.45-9.18; P < .0001), and
ketoacidosis (22.12, 19.60-25.00; P < .0001) was higher among patients with type 1
compared with those with type 2 diabetes.

CONCLUSIONS: A comparatively higher incidence of diabetic ketoacidosis and
hypoglycemia and higher risk of cancer and dialysis in patients with type 1 diabetes
than in those with type 2 may play a role in the higher risk of mortality.

KEYWORDS

all-cause mortality, cardiovascular morbidity, diabetic ketoacidosis, hypoglycemia, type 1 diabetes,
type 2 diabetes
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Standard mortality rates and years of life lost for @
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Article history:

Received 23 August 2019

Received in revised form

8 November 2019

Accepted 19 November 2019
Available online 22 November 2019

Keywords:
Mortality

SMR

Years of life lost
Islet antibodies
C-peptide
Classification

Aims: The Diabetes Incidence in Kronoberg (DIK) study of adult-onset diabetes used sero-
logical classification. Standard Mortzlity Rates (SMR) and Years of Life Lost (YLL) 15 years
after adult-onset (18-100 years) of diabetes were compared to the population of Kronoberg.
Methods: Of 1609/1660 (97%) patients, 112 (7%) had type 1 (T1D) (GADA* and/or ICA*, and/ar
C-peptide < 0.25 nmol/1), and 1497 (93%) had type 2 diabetes (T2D) (antibody™ and C-pepti
de > 025 nmol/l). The National Swedish Mortality Register provided time of death.
Results: For TAID SMRdid not differ from the Kronoberg population in any age group. In T2D
SMR was 1.20 (1.12-1.29). After 15 years 26% (29/112) T1D and 52% (785/1497) T2D patients
had died, p <0.0001. In T2D SMR was 5.6 (30-39 years), 2 (40-59 years), 1.4 (60-69 years), and
thereafter no difference. There were no significant sex differences in mortality, and no YLL
to adult-onset T1D, but five YLL to T2D for onset at ages 20-60 years.
Conclusions: For adult-onset TID SMR did not differ from the general population, in con-
trast to previous findings in childhood-onset (<30 years of age) T1D. The difference in mor-
tality between persons with disbetes and the general population was due to higher
mortality in T2D.
© 2019 The Authars. Published by Elsevier B.V. This is an open access article under the CC BY-
NC-ND license (http//creativecommons. orglicenses/by-nc-nd/4.0v).
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Abstract

Pupom of Review The aims of this mview are 1 summarze recent data om mosta lity and cadiovascular dissase (CVD) imtype 1
and type 2 diabetes and 10 detemmine the interveations that cauld hawe contribaged © a reduction in mortality.

Recent Andings R ecent studies fund a dowarward ead in mortality and CVD among both dishe tics and non-diabetics world-
wide oner the last few dacades. The dec line among dishetics is stecper han Sat among non-dnbetics. Despite a pumlled tseadof
dec line, an appecocimage ly teofold dif femce in mortality and CVD between the two popalations remaing

Summxy A grageremphasis oo gycemic contol, mana gement of cardiovascalar nis k factoss, guality impeovement poogmms,
ad advances in teatment of cond tins amocixed diabetss ax $he factom that potentially contrbuted © $he impoovemeat
Alhaugh e tend i encouraging, a rising peevalence of disbetes will continge the abaokute disense harden 1o the society. Putae
imterventions shoud d fooss on peevention of diabetes.

Keywosds Dicbetes mellites, type 1 - Diabetes mellitus, type 2 - Martality - Casdiovascd ar mortality - Casdiovascudar disease -
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4. T1D AND COMPLICATIONS

Chronic complications versus glycaemic variability, time in range and HbAuc in people with
type 1 diabetes: sub study of the RESCUE-trial

Author Block A. El Malahil, M. Van Elsen’, 5. Charleer?, F. De Ridder’?, K. Ledeganck?, B.
Keymeulen?, L. Crenier®, R. Radermecker®, B. Lapauw?, C. Vercammen®, F. Nobels?, C. Mathieu?, P.
Gillard?, C. De Block™?;
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Brussels, Brussels, Belgium, "Endocrinology, Université Libre de Bruxelles — Hapital Erasme,
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Belgium, ‘Endocrinology, Ghent University Hospital, Ghent, Belgium, ®Endocrinology, Imelda
Hospital, Bonheiden, Belgium, YEndocrinology, OLV Hospital Aalst, Aalst, Belgium.

Abstract:

Background and aims: So far, HbALc is the only metric of glucose control showing a strong
association with chronic complications. However, it does not reflect short-term glycemic
variability nor provides guidance in decreasing risk of hypoglycemia. More widespread use of
continuous glucose Mmonitoring (CGM) has changed the way people with type 1 diabetes (T1D)
manage their glycemia by providing information about glycemic variability and time spent in
different glucose ranges.

Materials and methods: Parameters that could have a link with diabetes complications were
analyzed of 515 adults with T1D who entered the Belgian reimbursement system for real-time
CGM (NCGM): HbALG, standard deviation (SD), coefficient of variation (26CV), time in range (TIR,
70-180 mg/dl), age, diabetes duration, BMI, and gender. Association between glucometrics from
the first 2 weeks of rtCGM use and presence of the following diabetes complications at start were
investigated with multiple logistic regression: composite microvascular complications (defined as
presence of at least 1 of the following: peripheral or autonomic neuropathy, retinopathy,

nephropathy), macrovascular complications, and hospitalization for hypoglycemia and
ketoacidosis.

Results: Diabetes duration (OR=1.12, P<0.001) and TIR (OR=0.97, P=0.005) were independently
correlated with composite microvascular complications. For nephropathy, diabetes duration
(OR=1.08, P<0.001) and HbAlc (OR=1.65, P=0.012) were independently associated. For
retinopathy it were diabetes duration (OR=1.14, P<0.001) and TIR (OR=0.96, P=0.001). For
peripheral and autonomic neuropathy it were diabetes duration (OR=1.09, P<=0,001; OR=1.08,
P<=0.001) and SD (OR«1.03, P=0.026; OR=1.035, P=0.015). Age (OR=1.08, P=0.003) and HbAlc
(OR=1.80, P=0.044) were independently correlated with macrovascular complications. Only TIR

(OR=0.97, P=0.021) was independently associated with hospitalization for hypoglycemia or
ketoacidosis.

Conclusion: Shorter TIR was associated with the presence of composite microvascular
complications, and with retinopathy in particular. A higher SD was linked to peripheral and

autonomic neuropathy. For hospitalization due to hypoglycemia or ketoacidosis,

TIR was the most
important factor.
prevalence of at laast
one microvascular
complication (34) $0.0%

CAO (A=10)  ADAWM (ne4d) DO (SAD)  SO.69W (NTI00) <70 (n-00)

e in range (%6 70-180 m/dl)
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Microvascular complications burden ‘:’.%
(nephropathy, retinopathy and peripheral
polyneuropathy) affects risk of major vascular
events and all-cause mortality in type 1
diabetes: a 10-year follow-up study

Monia Garofolo', Elisa Gualdani?, Rosa Giannarelli', Michele Aragona', Fabrizio Campi', Daniela Lucchesi’,
Giuseppe Daniele’, Roberto Miccoli’, Paolo Francesconi?, Stefano Del Prato!"® and Giuseppe Penno'

Abstract

Background: Microvascular complications (MC) have been claimed to increase the risk for cardiovascular disease in
diabetic subjects. However, the effect of MC burden on the risk of major vascular outcomes and all-cause mortality in
type 1 diabetes is still poorly explored. We evaluated the relationship between microvascular complications burden
and incidence of major cardiovascular events and all-cause mortality in subjects with type 1 diabetes.

Methods: We recruited 774 participants with type 1 diabetes in a single-center observational study over a follow-up
of 1084 2.5 years. Hazard ratios (HR) for cardiovascular outcomes and all-cause death associated with microvascular
complications were determined by unadjusted and adjusted Cox regression analysis.

Results: Out of 774 individuals, 54.9% had no-MC, 32.3% 1 MC, 9.7% 2 MC and 3.1% 3 MC. A total of 54 deaths (7.0%)
occurred. Death rate increased from no-MC 2.1% (Ref) to 1 MC 7.29 (HR 3.54 [95% O 1.59-7.87]), 2 MC 14.7% (HR 6.41
[95% C1 2.65-15.49)) and 3 MC 66.7% (HR 41.73 [95% (1 1842-94.57], p < 0.0001). After adjustments, HRs were: 1 MC
2.05 (95% Cl1 0.88-4.76), 2 MC 1.98 (95% Cl 0.75-5.21), 3 MC 7.02 (95% Cl 2.44-20.20, p =0.002). Forty-nine subjects
(6.7%) had at least one cardiovascular event, and cumulative incidence went from no-MC 2.2% (Ref) to 1 MC 5.0%; (HR
227 [95% Cl 0.96-5.38]), 2 MC 26.8% (HR 12.88 [05% CI 5.82-28.50]) and 3 MC 40.9% (HR 29.34 [95% Cl 11.59-74.25],

p <0.0001). Upon adjustments, HRs were: 1 MC 1.59 (95% Cl 0.65-3.88), 2 MC 4.33 (95% (1 1.75-10.74), 3 MC 931 (95%
C13.18-27.25, p <0.0001). Thirty-five individuals (4.8%) had at least one coronary event, which cumulative incidence
increased with MC burden (p <0.0001).

Conclusions: In type 1 diabetes, microvascular complications burden increases in an independent dose-dependent
manner the risk of major cardiovascular outcomes and all-cause mortality. The presence and number of microvascular
complications should be considered in stratifying overall cardiovascular risk in type 1 diabetes.

Keywords: Type 1 diabetes mellitus, Microvascular complications, Microvascular burden, Diabetic kidney disease,
Dizbetic retinopathy, Peripheral diabetic polyneuropathy, All-cause mortality, Cardiovascular disease
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5. T1D AND PREGNANCY

Late Breaking Poster Presentations: Clinical Diabetes/Therapeutics

172-LB: Risk of Major Congenital
Malformations, Perinatal or Neonatal
Death with Insulin Detemir Compared
with Other Basal Insulins in Pregnant

Women with Preexisting Diabetes: The
EVOLVE Study

ELISABETH R. MATHIESEN, AMRA CIRIC ALIBEGOVIC, LISE LOTTE N.
HUSEMOEN, PRANAV KELKAR, DAVID R. MCCANCE, HAROLD W. DE VALK,
PETER DAMM, and ON BEHALF OF THE EVOLVE STUDY GROUP

Copenhagen, Denmark, Seborg, Denmark, Bengaluru, India, Belfast, United Kingdom, Utrecht,
Netherlands

Diabetes 2020 Jun:; 69(Supplement 1): - https://do1.0org/10.2337/db20-172-LB

Abstract

Aim: The EVOLVE study examined the risk of major congenital malformations and peninatal or
neonatal deaths when using insulin detemir (IDet) versus other basal insulins 1n pregnant women
with pre-existing diabetes.

Matenals and Methods: A prospective, non-mnterventional, multinational study in pregnant women
with type 1 or type 2 diabetes treated with IDet or other insulin treatment. In the present analysis.
727 women using IDet during pregnancy were compared with 730 women using other basal
msulin, mainly insulin glargine. The primary endpoint was the number of women completing >22
weeks of gestation without any of the following events: major congenital malformations, perinatal
or neonatal deaths.

Results: At enrolment 86% of subjects had type 1 diabetes (mean age: 31 years; BMI: 26 kg/m?)
and mean A1C was 7.1%. There was no difference between treatment groups in crude or adjusted
nisk difference for pregnancies without major congenital malformations, perinatal or neonatal
deaths (Table).

Conclusion: In pregnant women with pre-existing diabetes, IDet was not associated with excess
risk of major congenital malformations, perinatal or neonatal deaths vs. other basal msulin.
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Modelling potential cost savings from use of real-time
continuous glucose monitoring in pregnant women with
Type 1 diabetes
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Abstract

Alm To investgate potenoa cost savings associated with the use of red ¢ime continuons ghocase monitaring (RT-
CGM) dhraughow pregnancy in women with Type 1 dabews.

Methods A budgerimpactmode] was developed ro estmate, fram the perspecove of National Health Service England,
the totd coss of managing pregnancy and delivery in women with Type 1 diabews using self monitaring of blood
ghucose (SMBG) with and widhouwr RTCOGM. It was assumed that the entire modelled cohart (4= 1441) would use RT-
CGM fram 10 to 38 weeks' gesmtion (7 monghs). Dam on pregnancy and neonatal complicaion rates and relaed costs
were derived fram published lieramre, national tanfl, and device manufacmrers.

Results The costofgloonse monioring was £588 with SMBG alone and £1820 widh RT.CGM. The total annual costs
of managing pregnancy and delivery in women with Type 1 diabetes were £23 725 648 with SMBG alone, and
£14 165 187 wigh SMBG and RT-CGM; indicating potensial cost savings of approxd mately £9 $60 461 from using RT-
CGM. The princpal drivers of cost savings were the dailly cost of neonaml intensive care unit (NIQU) admissions
(£374 3) and the sharter duragon of NIQU stay (mean 6.6 vs. 9.1 days respecavely). Sensitiviry analyses showed shatRT-
CGM remained cost saving, alheir 1o lesser exeens, across 2 range of NIQU costs and durations of haspiral say, and
with varying numbers of daily SMBG measarements.

Condusglons Routne use of RT-CGM by pregnant women wigh Type 1 diabews, would result in substansal cost
savings, mainly through redoctions in NICU admissions and sharter daration of NICU care.

Diaber. Med. 36, 16521658 (2019)
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Type 1 Diabetes in Pregnancy ®

"
David R. McCance, mp*, Claire Casey, phD

KEYWORDS
¢ Type 1 diabetes ¢ Pregnancy ¢ Glycemic control ¢ Maternal/fetal outcomes

KEY POINTS

o Adverse maternal/fetal outcomes in type 1 diabetic pregnancy remain severalfold higher
than in the background population.

o The benéefits of pregnancy planning in improving outcomes are clear, but still only a minor-
ity of women plan their pregnancy, and education must remain a key priority.

e Recent advances in insulin delivery and glucose sensing offer promise, but elucidation of
their relative roles and precise indication for use is urgently needed.
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Diabetes Care Volume 43, Supplement 1, January 2020 $183

14. Management of Diabetes in American Diabetes Association
Pregnancy: Standards of Medical
Care in Diabetes—2020

Diabetes Care 2020;43(Suppl. 1):5183-5192 | https://doi.org/10.2337/dc20-5014

The American Diabetes Assodiation (ADA) “Standards of Medical Care in Diabetes”
indudes the ADA’s current clinical practice recommendations and is intended to provide
the components of diabetes care, general treatment goals and guidelines, and took to
evaluate quality of care. Members of the ADA Professional Practice Committee, a
multidisciplinary expert committee (https://doLorg/10.2337/dc20-SPPC), are responsble
for updating the Standards of Care annually, or more frequently as warranted. For a
detailed description of ADA standards, statements, and reports, as well as the evidence-
grading system for ADA’s clinical practice recommendations, please refer to the Standards
of Care Introduction (https: //doi.org/10.2337/dc20-SINT). Readers who wish to comment
on the Standards of Care are invited to do so at professional.diabetes.org/SOC.
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6. T1D PREVENTION
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An Anti-CD3 Antibody, Teplizumab, in Relatives at Risk

for Type 1 Diabetes
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ABSTRACT

BACKGROUND
Type 1 diabetes is a chronic autoimmune disease that leads to destruction of insulin-
producing beta cells and dependence on exogenous insulin for survival. Some interven-
tions have delayed the loss of insulin production in patients with type 1 diabetes, but
interventions that might affect clinical progression before diagnosis are needed.

METHODS

We conducted a phase 2, randomized, placebo-controlled, double-blind trial of teplizu-
mab (an Fc receptor-nonbinding anti-CD3 monoclonal antibody) involving relatives of
patients with type 1 diabetes who did not have diabetes but were at high risk for develop-
ment of clinical disease. Patients were randomly assigned to a single 14-day course of
teplizumab or placebo, and follow-up for progression to clinical type 1 diabetes was
performed with the use of oral glucose-tolerance tests at 6-month intervals.

RESULTS

A total of 76 participants (55 [72%] of whom were <18 years of age) underwent ran-
domization — 44 to the teplizumab group and 32 to the placebo group. The median
time to the diagnosis of type 1 diabetes was 48.4 months in the teplizumab group and
24.4 months in the placebo group; the disease was diagnosed in 19 (43%) of the par-
ticipants who received teplizumab and in 23 (72%) of those who received placebo. The
hazard ratio for the diagnosis of type 1 diabetes (teplizumab vs. placebo) was 0.41 (95%
confidence interval, 0.22 to 0.78; P=0.006 by adjusted Cox proportional-hazards
model). The annualized rates of diagnosis of diabetes were 14.9% per year in the teplizu-
mab group and 35.9% per year in the placebo group. There were expected adverse
events of rash and transient lymphopenia. KLRG1+TIGIT+CD8+ T cells were more com-
mon in the teplizumab group than in the placebo group. Among the participants who
were HLA-DR 3-negative, HLA-DR4—positive, or anti-zinc transporter 8 antibody-nega-
tive, fewer participants in the teplizumab group than in the placebo group had diabetes
diagnosed.

CONCLUSIONS

Teplizumab delayed progression to clinical type 1 diabetes in high-risk participants.
(Funded by the National Institutes of Health and others; ClinicalTrials.gov number,
NCTO01030861.)
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7. T1D + RISK OF PROGRESSION
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The risk of progression to type 1 diabetes is highly variable in
individuals with multiple autoantibodies following screening

Laura M. Jacobsen', Laura Bocchino2, Carmella Evans-Molina®, Linda DiMeglio®, Robin
Goland4, Darrell M. Wilsons, Mark A. Atkinsons, Tandy Ayes, William E. Russell7, John M.
Wentworth®9, David Boulware2, Susan Geyer2, Jay M. Sosenko'?

'Division of Pediatric Endocrinology, Department of Pediatrics, College of Medicine, University of
Florida, 1275 Center Drive, Gainesville, FL 32610, USA

2Health Informatics Institute, University of South Florida, Tampa, FL, USA

3Center for Diabetes and Metabolic Diseases, Indiana University School of Medicine,
Indianapolis, IN, USA

“Division of Pediatric Endocrinology, Diabetes, and Metabolism, Columbia University Medical
Center, New York, NY, USA

SDepartment of Pediatrics, Stanford University School of Medicine, Stanford, CA, USA

8Department of Pathology, Immunology and Laboratory Medicine, University of Florida College of
Medicine, Gainesville, FL, USA

"Department of Pediatrics, Vanderbilt University Medical Center, Nashville, TN, USA
8Walter and Eliza Hall Institute, Parkville, VIC, Australia
°Department of Diabetes and Endocrinology, Royal Melbourne Hospital, Parkville, VIC, Australia

10Division of Endocrinology, University of Miami, Miami, FL, USA

Abstract

Aims/hypothesis — Young children who develop multiple autoantibodies (mAbs) are at very
high nisk for type 1 diabetes. We assessed whether a population with mAbs detected by screening
1s also at very high nisk, and how nisk varies according to age, type of autoantibodies and
metabolic status.
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8. T1D + COVID-19

Risk factors for COVID-19-related mortality in people with
type 1 and type 2 diabetes in England: a population-based
cohort study

Naomi Holman, Peter Knighton, Partha Kar, Jackie O'Keefe, Matt Curley, AndyWeaver, Emma Baron, Chirag Bakhai Kamlesh Khunti,
Nicholas] Wareham, Naveed Sattar, Bob Young, JonathanValabhji

Summary

Background Diabetes has been associated with increased COVID-19-related mortality, but the association between
modifiable risk factors, including hyperglycaemia and obesity, and COVID-19-related mortality among people with
diabetes is unclear. We assessed associations between risk factors and COVID-19-related montality in people with
type 1 and type 2 diabetes.

Methods We did a population-based cohort study of people with diagnosed diabetes who were registered with a
general practice in England. National population data on people with type 1and type 2 diabetes collated by the National
Diabetes Audit were linked to mortality records collated by the Office for National Statistics from Jan 2, 2017, to
May 11, 2020. We identified the weekly number of deaths in people with type 1 and type 2 diabetes during the first
19 weeks of 2020 and calculated the percentage change from the mean number of deaths for the corresponding weeks
in 2017, 2018, and 2019. The associations between risk factors (including sex, age, ethnicity, socioeconomic deprivation,
HbA,, renal impairment [from estimated glomerular filtration rate (eGFR)], BMI, tobacco smoking status, and

o

r ®

Lancet Diabetes Endoarinol
2020; 8: 82333

Pubiished Online

August 13, 2020

httpsy/dol.ong/10.1016/

52213-8587(2030271-0
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cardiovascular comorbidities) and COVID-19-related mortality (defined as International Classification of Diseases,
version 10, code U07.1 or U07.2 as a primary or secondary cause of death) between Feb 16 and May 11, 2020, were
investigated by use of Cox proportional hazards models.

Findings Weekly death registrations in the first 19 weeks of 2020 exceeded the corresponding 3-year weekly averages
for 2017-19 by 672 (50-9%) in people with type 1 diabetes and 16071 (64 -3%) in people with type 2 diabetes. Between
Feb 16 and May 11, 2020, among 264390 people with type 1 diabetes and 2874020 people with type 2 diabetes,
1604 people with type 1 diabetes and 36291 people with type 2 diabetes died from all causes. Of these total deaths,
464 in people with type 1 diabetes and 10525 in people with type 2 diabetes were defined as COVID-19 related, of
which 289 (62-3%) and 5833 (55-49%), respectively, occurred in people with a history of cardiovascular disease or with
renal impairment (eGFR <60 mL/min per 1.73 m2). Male sex, older age, renal impairment, non-white ethnicity,
socioeconomic deprivation, and previous stroke and heart failure were assodated with increased COVID-19-related
mortality in both type 1 and type 2 diabetes. Compared with people with an HbA,, of 48-53 mmol/mol (6-5-7-0%),
people with an HbA,, of 86 mmol/mol (10-0%) or higher had increased COVID-19-related mortality (hazard ratio
[HR] 2-23 [95% CI 1.50-3.30, p<0-0001] in type 1 diabetes and 161 [1.47-1.77, p<0-0001] in type 2 diabetes). In
addition, in people with type 2 diabetes, COVID-19-related mortality was significantly higher in those with an HbA
of 59 mmol/mol (7-6%) or higher than in those with an HbA,, of 48-53 mmol/mol (HR 122 [95% CI 1-15-1-30,
p<0-0001] for 59-74 mmol/mol [7-6-8-9%] and 1-36 [1-24-1-50, p<0-0001] for 75-85 mmol/mol [9-0-9-9%]). The
association between BMI and COVID-19-related mortality was U-shaped: in type 1 diabetes, compared with a BMI of
25.0-29.9 kg/m2, a BMI of less than 20-0 kg/m2 had an HR of 2.45 (95% CI 1.60-3-75, p<0-0001) and a BMI of
40-0 kg/m?2 or higher had an HR of 2.33 (1.53-3-56, p<0-0001); the corresponding HRs for type 2 diabetes were
2.33 (2-11-2.56, p<0-0001) and 1.60 (1-47-1.75, p<0-0001).

Interpretation Deaths in people with type 1and type 2 diabetes rose sharply during the initial COVID-19 pandemic in
England. Increased COVID-19-related mortality was associated not only with cardiovascular and renal complications
of diabetes but, independently, also with glycaemic control and BMI.

Funding None.

Copyright © 2020 Elsevier Ltd. All rights reserved.
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Associations of type 1 and type 2 diabetes with COVID-19-

related mortality in England: a whole-population study

Emma Barron, Chirag Bakhai, Partha Kar, Andy Weaver, Dominique Brad ey, Hassan Ismail, Peter Knighton, Naomi Holman, Kamlesh Khunti,

Naveed Sattar, Nicholas ] Wareham, Bob Young, Jonat hanValabhji

Summary

Background Although diabetes has been associated with COVID-19-related mortality, the absolute and relative risks  Lancer Diaveres endoaina
for type 1 and type 2 diabetes are unknown. We assessed the independent effects of diabetes status, by type, on in- 2020:8:813-22
hospital death in England in patients with COVID-19 during the period from March 1 to May 11, 2020. otesonie

Methods We did a whole-population study assessing risks of in-hospital death with COVID-19 between March 1 and
May 11, 2020. We included all individuals registered with a general practice in England who were alive on Feb 16, 2020.
We used multivariable logistic regression to examine the effect of diabetes status, by type, on in-hospital death with
COVID-19, adjusting for demographic factors and cardiovascular comorbidities. Because of the absence of data on
total numbers of people infected with COVID-19 during the observation period, we calculated mortality rates for the
population as a whole, rather than the population who were infected.

Findings Of the 61414470 individuals who were alive and registered with a general practice on Feb 16, 2020,
263830 (0-4%) had a recorded diagnosis of type 1 diabetes, 2864 670 (4-7%) had a diagnosis of type 2 diabetes,
41750 (0-1%) had other types of diabetes, and 58244220 (94.8%) had no diabetes. 23698 in-hospital COVID-19-
related deaths occurred during the study period. A third occurred in people with diabetes: 7434 (31-4%) in people
with type 2 diabetes, 364 (1-5%) in those with type 1 diabetes, and 69 (0-3%) in people with other types of diabetes.
Unadjusted mortality rates per 100000 people over the 72-day period were 27 (95% CI 27-28) for those without
diabetes, 138 (124-153) for those with type 1 diabetes, and 260 (254-265) for those with type 2 diabetes. Adjusted for
age, sex, deprivation, ethnicity, and geographical region, compared with people without diabetes, the odds ratios
(ORs) for in-hospital COVID-19-related death were 3-51 (95% CI 3-.16-3-90) in people with type 1 diabetes and
2.03 (1-97-2-09) in people with type 2 diabetes. These effects were attenuated to ORs of 2-86 (2-58-3-18) for type 1
diabetes and 1-80 (1-75-1-86) for type 2 diabetes when also adjusted for previous hospital admissions with coronary
heart disease, cerebrovascular disease, or heart failure.

Interpretation The results of this nationwide analysis in England show that type 1 and type 2 diabetes were both
independently associated with a significant increased odds of in-hospital death with COVID-19.

Funding None.

Copyright © 2020 Elsevier Ltd. All rights reserved.
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Diabetes, infection risk and COVID-19
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Background: Individuals with diabetes are at a greater risk of hospitalization and mortality resulting from viral, bacterial, and fungal infections.
The coronavirus disease-2019 (COVID-19), caused by severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2), has spread quickly to
more than 213 countries and claimed 395,779 lives as of June 7, 2020. Notably, in several studies, diabetes is one of the most reported
comorbidities in patients with severe COVID-19.

Scope of review: In this review, | summarize the clinical data on the risk for infectious diseases in individuals with diabetes while highlighting
the mechanisms for altered immune regulation. The focus is on coronaviruses. Based on the new clinical data obtained from COVID-19 patients, a
discussion of mechanisms, such as cytokine storm, pulmonary and endothelial dysfunction, and hypercoagulation, that may render individuals
with diabetes more vulnerable to COVID-19 is provided.

Major conclusions: Epidemiological studies show that poorly controlled diabetes is a risk factor for various infectious diseases. Given the global
burden of diabetes and the pandemic nature of coronaviruses, understanding how diabetes affects COVID-19 sewerity is critical to designing

tailored treatments and clinical management of individuals affected by diabetes.
Crown Copyripht & 2020 Rublshed by Elsavier Gmbi. This is an cpen aoess ik under e CC BY-NC-ND llomee (Mo comSvec ommons ompcenses by oo-ndd ).

Keywords Diabetes; Infection; Coronavirug; COVID-19; SARS-CoV-2
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COVID-19 and Type 1 Diabetes: Concerns and Challenges

Viola Trevisant', Patrizia Bruzzi®, Simona Filomena Maded?, Umberto Cattini', Laura
Lucaccion?’, Barbara Predier?’, Lorenzo Tughetts’
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versity of Modena and Reggio Emilia, Modena, Italy; ? Pediatric Unit, Department of Medical and Surgical Sciences of the
Mother, Children and Adults. University of Modena and Reggio Emilia, Modena, Italy

Summary: Due to the current COVID-19 pandemic, worldwide population’s lifestyle has changed dra-
matically, causing psychosocial consequences. Patients presenting a preexisting chronic condition, as Type 1
Diabetes (T'1D), are the ones suffering the most from this situation. Moreover, people affected by diabetes are
the ones with the worst prognosis, if infected by SARS-CoV-2. We analyzed why patients with T1D were
poorly represented between the subjects hospitalized for COVID-19 and why the cases of diabetic ketoaci-
dosis (DKA) were fewer and more severe compared with the past years. Furthermore, literature has showed
how patients of all ages with T1D did not experience a deterioration in their glucose control throughout the
lockdown. Among other causes, this is also due to the surging use of telemedicine. Finally, we tried to un-
derstand how the coronavirus tropism for endocrine tissues could influence the future epidemiology of T1D,
focusing on the effects they have on pancreatic f-cells.

Key words: COVID19, Type 1 Diabetes, Children, Telemedicine

Intemationa Joumnal of Diabetes in Developing Countries
https2//doi.org/10.1007/513410-020-00846-2
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COVID-19 and type 1 diabetes: dealing with the difficult duo o
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Abstract

Background Coronavirus disease 2019 (COVID-19) has aroused global health concems, particularly in relation to diabetes
where it has been associated with poorer outcomes. The bulk of the evolving evidence in diabetes and COVID-19 relates to
type 2 diabetes (T2D). Since there are a significant number of patients with type 1 diabetes (T1D) with unique concemns and
challenges during the ongoing COVID-19 pandemic, we reviewed existing literature, relevant websites, and related guidelines to
form this narrative review to help address key questions in this area.

Methods We systematically searched the PubMed database up to May 3 1, 2020, and retrieved all the articles published on T1D
and COVID-19.

Results We found 18 relevantarticles, each of which carried a partofthe evidence regarding the risk of contracting COVID-19 in
patients with T1D, effect of COVID-19 on development of T1D, ocutcomes in T1D with COVID-19, and special management
issues in T1D in the light of COVID-19. These have been documented in the present review.

Conclusion COVID-19 with T1D presents special challenges. While the available evidence does shed some light, we need more
evidence to deal with this difficult duo.

Keywords COVID-19 -SARS-CoV-2 - Type diabetes - Diabetic ketoacidosis
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Precision medicine in diabetes: a Consensus Report
from the American Diabetes Association (ADA) and the European
Association for the Study of Diabetes (EASD)
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Abstract

The convergence of advances in medical science, human biology, data science and technology has enabled the generation
of new insights into the phenotype known as ‘diabetes’. Increased knowledge of this condition has emerged from popu-
lations around the world, illuminating the differences in how diabetes presents, its variable prevalence and how best
practice in treatment varies between populations. In parallel, focus has been placed on the development of tools for the
application of precision medicine to numerous conditions. This Consensus Report presents the American Diabetes
Association (ADA) Precision Medicine in Diabetes Initiative in partnership with the European Association for the
Study of Diabetes (EASD), including its mission, the current state of the field and prospects for the future. Expert opinions
are presented on areas of precision diagnostics and precision therapeutics (including prevention and treatment) and key
barriers to and opportunities for implementation of precision diabetes medicine, with better care and outcomes around the
globe, are highlighted. Cases where precision diagnosis is already feasible and effective (i.e. monogenic forms of diabetes)
are presented, while the major hurdles to the global implementation of precision diagnosis of complex forms of diabetes
are discussed. The situation is similar for precision therapeutics, in which the appropriate therapy will often change over
time owing to the manner in which diabetes evolves within individual patients. This Consensus Report describes a
foundation for precision diabetes medicine, while highlighting what remains to be done to realise its potential. This,
combined with a subsequent, detailed evidence-based review (due 2022), will provide a roadmap for precision medicine
in diabetes that helps improve the quality of life for all those with diabetes.

Keywords Diabetes - Precision diagnostics - Precision medicine - Precision prevention - Precision therapeutics - Precision
treatment - Prediction - Prognosis

Abbreviations ADOPT A Diabetes Outcome Progression Trial
ADME Absorption, distribution, metabolism, excretion DPP Diabetes Prevention Program
DPP4i Dipeptidyl peptidase 4 inhibitor
Stephen S. Rich and Paul W. Franks contributed equally to this Consensus FDA Food :fnd Dnllg Admlmst‘mtlon
Report and are co-chairs of the Precision Medicine in Diabetes Initiative. GDM Gestational diabetes mellitus
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and Regulation of Glycaemia in Diabetes
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Subtypes of Type 2 Diabetes Determined From Clinical

Parameters

Emma Ahlgvist,! Rashmi B. Prasad,! and Leif Groopl-2

https://doi.org/10.2337/dbi20-0001

Type 2 diabetes (T2D) is defined by a single metabolite,
glucose, but is increasingly recognized as a highly hetero-
geneous disease, including individuals with varying clinical
characteristics, disease progression, drug response, and
risk of complications. Identification of subtypes with differing
risk profiles and disease etiologies at diagnosis could open
up avenues for personalized medicine and allow clinical
resources to be focused to the patients who would be most
likely to develop diabetic complications, thereby both im-
proving patient health and reducing costs for the health
sector. More homogeneous populations also offer increased
power in experimental, genetic, and clinical studies. Clinical
parameters are easily available and reflect relevant disease
pathways, including the effects of both genetic and environ-
mental exposures. We used six clinical parameters (GAD
autoantibodies, age at diabetes onset, HbA,,, BMI, and
measures of insulin resistance and insulin secretion) to cluster
adult-onset diabetes patients into five subtypes. These sub-
types have been robustly reproduced in several populations
and associated with different risks of complications, comor-
bidities, genetics, and response to treatment. Importantly, the
group with severe insulin-deficient diabetes (SIDD) had in-
creased risk of retinopathy and neuropathy, whereas the
severe insulin-resistant diabetes (SIRD) group had the highest
risk for diabetic kidney disease (DKD) and fatty liver, empha-
sizing the importance of insulin resistance for DKD and
hepatosteatosis in T2D. In conclusion, we believe that sub-
classification using these highly relevant parameters could
provide a framework for personalized medicine in diabetes.

Heterogeneity of Diabetes

Current Classifications for Diabetes
Diabetes is a heterogeneous disease with varying mani-
festation and risk of complications (1). While diabetes is

diagnosed on the basis of a single metabolite, glucose,
hyperglycemia can arise due to multiple complex etiological
processes that can vary between individuals (2). These
processes influence the clinical characteristics, progression,
drug response, and development of complications. Diabetes
is therefore traditionally divided into different types (Fig.
14). Type 1 diabetes (T1D) and latent autoimmune diabetes
of the adult (LADA) both result from autoimmune destruc-
tion of B-cells, often, but not always, reflected by presence
of pancreatic autoantibodies in the blood that can be used as
a diagnostic marker (3). Identification of such antibodies is
a strong indicator that the patient will eventually need
insulin treatment to maintain glucose homeostasis (4). Rare
monogenic diabetes types, such as maturity-onset diabetes
of the young (MODY) and neonatal diabetes, account for
about 3% of diabetes diagnosed in individuals <30 years of
age. Diagnosis requires sequencing of known monogenic
diabetes genes, and the consequences for those affected are
life changing, since a correct diagnosis has major implica-
tions on choice of treatment (5).

After exclusion of these and a few other subtypes, such
as diabetes secondary to steroid use, cystic fibrosis, and
hemochromatosis, the remaining patients, 75-85%, are
considered to have type 2 diabetes (T2D). Because auto-
antibodies are not always measured and genetic diagnos-
tics are often not available, the T2D group may include
patients with undiagnosed autoimmune or monogenic di-
abetes. While the two main types of diabetes have been
recognized for thousands of years, the names and defini-
tions have changed and there is still no clear-cut definition
that will allow all patients to be classified as either T1D or
T2D (2). Some patients show signs of both autoimmune
destruction of B-cells and profound insulin resistance with
features of the “insulin resistance syndrome.” The large
remaining group of true T2D is still highly heterogeneous
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Time-varying risk of microvascular complications in latent
autoimmune diabetes of adulthood compared with type 2
diabetes in adults: a post-hoc analysis of the UK Prospective
Diabetes Study 30-year follow-up data (UKPDS 86)

Ernesto Maddaloni, Ruth L Coleman, Olorunsola Agbaje, Raffaella Buzzetti, Rury R Holman

Summary

Background Latent autoimmune diabetes of adulthood (LADA) differs in clinical features from type 2 diabetes.
Whether this difference translates into different risks of complications remains controversial. We examined the long-
term risk of microvascular complications in people enrolled in the UK Prospective Diabetes Study (UKPDS),
according to their diabetes autoimmunity status.

Methods We did a post-hoc analysis of 30-year follow-up data from UKPDS (UKPDS 86). UKPDS participants with
diabetes autoantibody measurements available and without previous microvascular events were included.
Participants with at least one detectable autoantibody were identified as having latent autoimmune diabetes, and
those who tested negative for all autoantibodies were identified as having type 2 diabetes. The incidence of the
primary composite microvascular outcome (first occurrence of renal failure, renal death, blindness, vitreous
haemorrhage, or retinal photocoagulation) was compared between adults with latent autoimmune diabetes and
those with type 2 diabetes. The follow-up ended on Sept 30, 2007. Baseline and updated 9-year mean values of
potential confounders were tested in Cox models to adjust hazard ratios (HRs). UKPDS is registered at the ISRCTN
registry, 75451837,

Findings Among the 5028 participants included, 564 had latent autoimmune diabetes and 4464 had type 2 diabetes.
After median 17-3 years (IQR 12-6-20-7) of follow-up, the composite microvascular outcome occurred in 1041 (21%)
participants. The incidence for the composite microvascular outcome was 15-8 (95% CI 13-4-18-7) per 1000 person-
years in latent autoimmune diabetes and 142 (13-3-15.2) per 1000 person-years in type 2 diabetes. Adults with latent
autoimmune diabetes had a lower risk of the composite outcome during the first 9 years of follow-up than those with
type 2 diabetes (adjusted HR 0-45 [95% CI 0-30-0-68], p<0-0001), whereas in subsequent years their risk was higher
than for those with type 2 diabetes (1-25 [1-01-1-54], p=0-047). Correcting for the higher updated 9-year mean HbA,,
seen in adults with latent autoimmune diabetes than in those with type 2 diabetes explained entirely their subsequent
increased risk for the composite microvascular outcome (adjusted HR 0-99 [95% CI 0.80-1-23], p=0-93).

Interpretation At diabetes onset, adults with latent autoimmune diabetes have a lower risk of microvascular
complications followed by a later higher risk of complications than do adults with type 2 diabetes, secondary to worse
glycaemic control. Implementing strict glycaemic control from the time of diagnosis could reduce the later risk of
microvascular complications in adults with latent autoimmune diabetes.

Funding European Foundation for the Study of Diabetes Mentorship Programme (AstraZeneca).
Copyright © 2020 Elsevier Ltd. All rights reserved.
Introduction

Diabetes-related autoantibodies are detectable in 2-12%
of adults with a clinical diagnosis of type 2 diabetes.”?

diabetes and type 2 diabetes.” However, the prevalence of
microvascular complications might differ among
diabetes types because of different pathogenesis and

These people are affected by a mild form of autoimmune
diabetes known as latent autoimmune diabetes of
adulthood (LADA). An overlap in the pathogenesis and
clinical features of type 2 diabetes and type 1 diabetes has
been hypothesised in latent autoimmune diabetes.*
Diabetic microvascular complications are a major
cause of end-stage renal disease and blindness
worldwide.** We have previously shown a similar risk of
major cardiovascular events in latent autoimmune
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prevalence of risk factors, but data in this regard are
scarce. The comparative evaluation of vascular compli-
cations between different forms of diabetes could aid in
risk stratification, which is essential to help promote
individualised prevention of complications and treat-
ment strategies. Furthermore, it might show crucial
differences in risk factors, which could have an impact
on the understanding of the pathogenesis of compli-
cations in the different forms of diabetes. In this regard,

www.thelancet.com/diabetes-endocrinology Vol 8 March 2020
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Management of Latent Autoimmune Diabetes in Adults: A
Consensus Statement From an International Expert Panel

Raffaella Buzzetti,! Tiinamaija Tuomi, %3 Didac Mauricio,* Massimo Pietropaolo,® Zhiguang Zhou,®

Paolo Pozzilli, 78 and Richard David Leslie8

https://doi.org/10.2337/dbi20-0017

A substantial proportion of patients with adult-onset
diabetes share features of both type 1 diabetes (T1D)
and type 2 diabetes (T2D). These individuals, at diagno-
sis, clinically resemble T2D patients by not requiring
insulin treatment, yet they have immunogenetic markers
associated with T1D. Such a slowly evolving form of
autoimmune diabetes, described as latent autoimmune
diabetes of adults (LADA), accounts for 2-12% of all patients
with adult-onset diabetes, though they show consider-
able variability according to their demographics and
mode of ascertainment. While therapeutic strategies
aim for metabolic control and preservation of residual
insulin secretory capacity, endotype heterogeneity within
LADA implies a personalized approach to treatment.
Faced with a paucity of large-scale clinical trials in LADA,
an expert panel reviewed data and delineated one ther-
apeutic approach. Building on the 2020 American Diabetes
Association (ADA)/European Association for the Study of
Diabetes (EASD) consensus for T2D and heterogeneity
within autoimmune diabetes, we propose “deviations”
for LADA from those guidelines. Within LADA, C-peptide
values, proxy for 3-cell function, drive therapeutic deci-
sions. Three broad categories of random C-peptide levels
were introduced by the panel: 1) C-peptide levels <0.3
nmol/L: a multiple-insulin regimen recommended as for
T1D; 2) C-peptide values 20.3 and <0.7 nmol/L: defined by
the panel as a “gray area” in which a modified ADAJEASD

algorithm for T2D is recommended; consider insulin in
combination with other therapies to modulate B-cell
failure and limit diabetic complications; 3) C-peptide
values >0.7 nmol/L: suggests a modified ADA/EASD
algorithm as for T2D but allowing for the potentially
progressive nature of LADA by monitoring C-peptide
to adjust treatment. The panel concluded by advising
general screening for LADA in newly diagnosed non-
insulin-requiring diabetes and, importantly, that large
randomized clinical trials are warranted.

Both type 1 diabetes (T1D) and type 2 diabetes (T2D) are
complex heterogeneous diseases with a highly variable
clinical course given that not all patients fit into the
current binary classification. A substantial subgroup of
patients, mostly with onset in adulthood, share several
characteristics of both T1D and T2D as described over
30 years ago (1-3). These patients are considered to have
a slowly progressive form of autoimmune diabetes with
serum immune markers of T1D but not requiring insulin at
diagnosis. Such patients identified as having latent auto-
immune diabetes of adults (LADA) account for 2-12% of
all patients with diabetes, with considerable variability
according to ethnicity, type of autoantibody used for
screening (most often autoantibody against glutamic acid
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ABSTRACT

BACKGROUND
Sodium—glucose cotransporter 2 (SGLT2) inhibitors reduce the risk of hospitaliza-
tion for heart failure in patients regardless of the presence or absence of diabetes.
More evidence is needed regarding the effects of these drmgs in patients across the
broad spectrum of heart failure, including those with a markedly reduced ejection
fraction.

METHODS
In this double-blind trial, we randomly assigned 3730 patients with class II, III, or
IV heart failure and an ejection fraction of 40°k or less to receive empagliflozin
(10 mg once daily) or placebo, in addition to recommended therapy. The primary
outcome was a composite of cardiovascular death or hospitalization for worsening
heart failure.

RESULTS
During a median of 16 months, a primary outcome event occurred in 361 of 1863
patients (19.4%) in the empagliflozin group and in 462 of 1867 patients (24.7%)
in the placebo group (hazard ratio for cardiovascular death or hospitalization for
heart failure, 0.75; 95% confidence interval [CI], 0.65 to 0.86; P<0.001). The effect
of empagliflozin on the primary outcome was consistent in patients regardless of
the presence or absence of diabetes. The total number of hospitalizations for heart
failure was lower in the empagliflozin group than in the placebo group (hazard
ratio, 0.70; 95% CI, 0.58 to 0.85; P<0.001). The annual rate of decline in the esti-
mated glomerular filtration rate was slower in the empagliflozin group than in
the placebo group (—0.55 vs. —2.28 ml per minute per 1.73 m? of body-surface area
per year, P<0.001), and empag!liflozin-treated patients had a lower risk of serious
renal outcomes. Uncomplicated genital tract infection was reported more frequently
with empagliflozin.

CONCLUSIONS
Among patients receiving recommended therapy for heart failure, those in the em-
pagliflozin group had a lower risk of cardiovascular death or hospitalization for
heart failure than those in the placebo group, regardless of the presence or absence
of diabetes. (Funded by Boehringer Ingelheim and Eli Lilly; EMPEROR-Reduced
ClinicalTrials.gov number, NCT03057977.)
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Cardiovascular Benefit of Empagliflozin Across the
Spectrum of Cardiovascular Risk Factor Control in the
EMPA-REG OUTCOME Trial
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ORCiD numbers: 0000-0003-1254-6636 (S. E. Inzucchi).

Context: Control of multiple cardiovascular (CV) risk factors reduces CV events in individuals
with type 2 diabetes.

Objective: To investigate this association in a contemporary clinical trial population, including
how CV risk factor control affects the CV benefits of empagliflozin, a sodium-glucose
cotransporter-2 inhibitor.

Design: Post hoc analysis.

Setting: Randomized CV outcome trial (EMPA-REG OUTCOMIE).
Participants: Type 2 diabetes patients with established CV disease.
Intervention: Empagliflozin or placebo.

Main Outcome Measures: Risk of CV outcomes—including the treatment effect of
empagliflozin—by achieving 7 goals for CV risk factor control at baseline: (1) glycated
hemoglobin <7.5%, (2) low-density lipoprotein cholesterol <100 mg/dL or statin use, (3) systolic
blood pressure <140 mmHg and diastolic blood pressure <90 mmHg, (4) pharmacological
renin-angiotensin-aldosterone system blockade, (5) normoalbuminuria, (6) aspirin use, (7)
nonsmoking.

Results: In the placebo group, the hazard ratio (HR) for CV death was 4.00 (95% Cl, 2.26-7.11)
and 2.48 (95% Cl, 1.52-4.06) for patients achieving only 0-3 or 4-5 risk factor goals at baseline,
respectively, compared with those achieving 6-7 goals. Participants achieving 0-3 or 4-5 goals
also had increased risk for the composite outcome of hospitalization for heart failure or CV
death (excluding fatal stroke) (HR 2.89 [1.82-4.57] and 1.90 [1.31-2.78], respectively) and 3-point
major adverse CV events (HR 2.21 [1.53-3.19] and 1.42 [1.06-1.89]). Empagliflozin significantly
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Glucose-lowering drugs or strategies, atherosclerotic
cardiovascular events, and heart failure in people with or at
risk of type 2 diabetes: an updated systematic review and
meta-analysis of randomised cardiovascular outcome trials
Olivia R Ghosh-Swaby, Shaun G Goodman, Lawrence A Leiter, Alice Cheng, Kim A Connelly, David Fitchett, Peter Jiini, Michael E Farkouh, Jacob A Udell

Summary

Background In our 2015 systematic review and meta-analysis of cardiovascular outcome trials for glucose-lowering
drugs or strategies in people with or at risk of type 2 diabetes, we reported a modest reduction in atherosclerotic
cardiovascular events and an increased risk of heart failure, but with heterogeneous effects by drug or intervention
type. In view of the completion of many large cardiovascular outcome trials since our previous analysis, including
trials of novel drugs that have shown beneficial effects on cardiovascular outcomes, we aimed to update our analysis
to incorporate these findings.

Methods We did an updated systematic review and meta-analysis of large cardiovascular outcome trials of glucose-
lowering drugs or strategies in people with or at risk of type 2 diabetes. We searched Ovid MEDLINE, PubMed, and the
Cochrane Central Register of Controlled Trials databases for reports of trials published from Nov 15, 2013 to Nov 20, 2019.
We included randomised controlled trials with a minimum of 1000 adults (aged =19 years) with or at risk of type 2
diabetes, with major adverse cardiovascular events (MACE) as an outcome, and with follow-up of at least 12 months. We
excluded trials with patients enrolled with an acute cardiovascular event. The main outcomes of interest were MACE
(generally defined as a composite of cardiovascular death, myocardial infarction, or stroke) and heart failure. We
calculated pooled risk ratios (RRs) and 95% Cls with inverse-variance random-effects models, did meta-regression to
analyse treatment effects per difference in bodyweight achieved, and explored resulis stratified by baseline subgroups.

Findings Our updated search yielded 30 eligible trials (n=225305). The mean age of participants was 63-0 years (SD 8-4)
and mean duration of diabetes was 9-4 years (6-6). After a mean follow-up of 3-8 years (1-8), 23016 (10.2%) participants
had MACE and 8169 (3-6%) had a heart failure event. Glucose-lowering drugs or strategies lowered the risk of MACE
compared with standard care or placebo (RR 0-92, 95% CI 0-89-0-95, p<0-0001), with no overall effect on the risk of
heart failure (0-98, 0-90-1-08, p=0-71). However, across drug classes or strategies, the magnitude and directionality of
RR for heart failure varied (p,,.uq.<0-0001), with meta-regression showing that a decrease in bodyweight of 1 kg was
associated with a 5-9% (3-9-8- 0) relative decrease in the risk of heart failure (p<0-0001). Among trials that assessed drug
classes or strategies associated with weight loss (intensive lifestyle changes, GLP-1receptor agonists, or SGLT2 inhibitors),
the risk reduction for MACE was consistent among participants with (0-87, 0-83-0-92) and without (0-92, 0-83-1-02)
established cardiovascular disease at baseline (pP,u.ue=0-33). For heart failure, the RR for drug classes or strategies
associated with weight loss was consistent among participants with (0-80, 0.73-0-89) and without (0-84, 0.74-0.95)
cardiovascular disease at baseline (P, ..c..=0-63).

Interpretation Glucose-lowering drugs or strategies overall reduced the risk of fatal and non-fatal atherosclerotic events.
The effect on heart failure was neutral overall but varied substantially by intervention type, with interventions associated
with weight loss showing a beneficial effect. The cardiovascular and heart failure benefits of interventions associated with
weight loss might extend to patients without established cardiovascular disease.

Funding None.

Copyright © 2020 Elsevier Ltd. All rights reserved.

Introduction

Two classes of diabetes drugs, GLP-1 receptor agonists
and SGIT?2 inhibitors, have shown efficacy in reducing
cardiovascular risk among patients with type 2 diabetes.
Broadly considered to have varying effects, GLP-1
receptor agonists have mainly been shown to reduce
atherosclerotic cardiovascular events, whereas SGILT2
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inhibitors seem to affect the cardiorenal axis, reducing
hospital admission for heart failure and showing
renoprotection, with both drug classes having varying
effects on cardiovascular death.”” The mechanisms
driving cardiovascular risk reduction for either drug
class remain elusive without a clear understanding of
whether the heterogeneity in observed effects is due to
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Diabetes Care

O

Prescribing Paradigm Shift?
Applying the 2019 European
Society of Cardiology-Led
Guidelines on Diabetes,
Prediabetes, and Cardiovascular
Disease to Assess Eligibility for
Sodium-Glucose Cotransporter
2 Inhibitors or Glucagon-Like
Peptide 1 Receptor Agonists as
First-Line Monotherapy (or
Add-on to Metformin Monotherapy)
in Type 2 Diabetes in Scotland

https.//doi.org/10.2337/dc20-0120

OBJECTIVE

In 2019, the European Society of Cardiology led and released new guidelines for
diabetes cardiovascular (CV) risk management, reflecting recent evidence of CV disease
(CVD) reduction with sodium—glucose cotransporter 2 inhibitors (SGLT-2is) and some
glucagon-like peptide 1 receptor agonists (GLP-1RAs) in type 2 diabetes (T2D). A key
recommendation is that all those with T2D who are (antihyperglycemic) drug naive or
on metformin monotherapy should be CVD risk stratified and an SGLT-2i or a GLP-1RA
initiated in all those at high or very-high risk, irrespective of glycated hemoglobin. We
assessed the impact of these guidelines in Scotland were they introduced as is.

RESEARCH DESIGN AND METHODS

Using a nationwide diabetes register in Scotland, we did a cross-sectional analysis,
using variables in our register for risk stratification at 1 January 2019. We were
conservative in our definitions, assuming the absence of a risk factor where data
were not available. The risk classifications were applied to people who were drug naive
or on metformin monotherapy and the anticipated prescribing change calculated.

RESULTS

Of the 265,774 people with T2D in Scotland, 53,194 (20.0% of T2D) were drug naive,
and 56,906 (21.4%) were on metformin monotherapy. Of these, 74.5% and 72.4%,
respectively, were estimated as at least high risk given the guideline risk definitions.

CONCLUSIONS

Thus, 80,830 (30.4%) of all those with T2D (n = 265,774) would start one of these
drug classes according to table 7 and figure 3 of the guideline. The sizeableimpact on
drug budgets, enhanced clinical monitoring, and the trade-off with reduced CVD-
related health care costs will need careful consideration.
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Abstract

Aims/hypothesis Few studies examine the association between age at diagnosis and subsequent complications from type 2
diabetes. This paper aims to summarise the risk of mortality, macrovascular complications and microvascular complications
associated with age at diagnosis of type 2 diabetes.

Methods Data were sourced from MEDLINE and All EBM (Evidence Based Medicine) databases from inception to July 2018.
Observational studies, investigating the effect of age at diabetes diagnosis on macrovascular and microvascular diabetes compli-
cations in adults with type 2 diabetes were selected according to pre-specified criteria. Two investigators independently extracted
data and evaluated all studies. If data were not reported in a comparable format, data were obtained from authors, presented as
minimally adjusted ORs (and 95% CIs) per | year increase in age at diabetes diagnosis, adjusted for current age for each outcome
of interest. The study protocol was recorded with PROSPERO International Prospective Register of Systematic Reviews
(CRD42016043593).

Results Data from 26 observational studies comprising 1,325,493 individuals from 30 countries were included. Random-effects
meta-analyses with inverse variance weighting were used to obtain the pooled ORs. Age at diabetes diagnosis was inversely
associated with risk of all-cause mortality and macrovascular and microvascular disease (all p < 0.001). Each 1 year increase in

Diabetologia (2020) 63:2305-2314
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Abstract

Aims/hypothesis The increasing incidence of diabetes among young adults 1s a disease burden: however, the effects of early-
onset diabetes, prediabetes and glycaemic recovery on CVD or mortality remain unclear. We aimed to investigate the association
of these factors with 10 year all-cause mortality, CVD mortality and CVD incidence in Korean young adults.

Methods This large and longitudinal cohort study included data from the Korean National Health Insurance Service-National
Health Information Database; 2,502,375 young adults aged 2039 years without diabetes mellitus and CVD at baseline were
included. Glycaemic status was measured twice, first in 2002-2003 and second in 2004-2005. Changes in fasting glucose levels
were evaluated according to fasting glucose status: normal fasting glucose (NFG: <5.5 mmol/l). impaired fasting glucose (IFG:
5.5-6.9 mmol/l), and diabetic fasting glucose (DFG; >7.0 mmol/l). Primary outcomes were all-cause and CVD mortality risk.
The secondary outcome was incidence of CVD, including acute myocardial infarction and stroke. All outcomes arose from the
10 year follow-up period 1 Jan 2006 to 31 December 2015.

Results Individuals with NFG at baseline, who were subsequently newly diagnosed with diabetes and prediabetes (IFG), had
increased all-cause mortality (HR [95% CI] 1.60 [1.44, 1.78]and 1.13[1.09, 1.18], respectively) and CVD incidence (1.13 [1.05,
1.23] and 1.04 [1.01, 1.07], respectively). In those with DFG at baseline, early recovery to NFG and IFG was associated with
decreased all-cause mortality (0.57 [0.46, 0.70] and 0.65 [0.53, 0.81], respectively) and CVD incidence (0.70 [0.60, 0.81] and
0.78 [0.66,0.91], respectively). Among patients with IFG at baseline, early recovery to NFG was associated with decreased CVD
mortality (0.74 [0.59, 0.93]).

Conclusions/interpretation Early-onset diabetes or prediabetes increased CVD risks and all-cause mortality after the 10 year
follow-up. Furthermore, recovery of hyperglycaemia could reduce the subsequent 10 year risk for CVD incidence and all-cause
mortality.
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Association of the Mediterranean Diet With Onset of Diabetes

in the Women's Health Study
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Abstract

IMPORTANCE Higher Mediterranean diet (MED] intake has been associated with reduced risk of
type 2 diabetes, but underlying biclogical mechanisms are undlear.

OBJECTIVE To characterize the relative contribution of comentional and novel biomarkers in
MED-associated type 2 diabetes risk reduction in a US population.

DESIGN, SETTING, AND PARTICIPANTS This cohort study was conductad amaong 25 317 apparently
healthy women. The participants with missing information regarding all traditionzl and nowel
metzbolic biomarkers or those with baseline dizbetes were excluded. Participants were invited for
baseline assessment between September 1992 and May 1995. Data were collected from Movember
1992 to December 2017 and analyzed from December 2018 to December 2019,

EXPOSURES MED intake score (range, 0 to 9) was computed from self-reported distary intake,
representing adherance to Mediterranean diet intake.

MAIN OUTODMES AND MEASURES Incident cases of type 2 diabetes, identified through annual
guestionnaires; reported cases were confirmed by either telephone interview or supplemental
guestionnaire. Proportion of reduced risk of type 2 diabetes explained by dinical risk factors and a
panel of 40 biomarkers that represent different physiological pathways was estimated.

RESULTS The mean (S0} age of the 25 317 famale participants was 52.9 (9.9) years, and they were
followed up for 2 mean (SO) of 19.8 (5.8) years. Higher baseline MED intake (score =6 vs =3) was
associated with as much as a 30% lower type 2 dizbetes risk (age-adjusted and energy-adjusted
hazard ratio, 0.70; 95% Cl, 0.52-079; when regression models were additionally adjusted with body
miass index [BMI]: hazard ratio, QLBS; 95% O, 0.76-0.96). Biomarkers of insulin resistance made the
largest contribution to lower risk (accounting for 85.5% of the MED-type 2 diabetes assodation),
followed by BMI (55.5%), high-density lipoprotein measures (53.0%), and inflammation (52 .5%).
with lesser contributions from branched-chain amino acids {34. 5%, very low-density lipoprotein
measures (32 0%, low-density lipoprotein measures (31.0%), blood pressure {20.0%), and
apolipoproteins (23.5%]), and minimal contribution (=29 from hemoglobin A_. In post hoc
subgroup analyses, the inverse association of MED diet with type 2 diabetes was seen only amaong
women who had BMI of at least 25 at baseline but not those who had BMI of kess than 25 (eg, women
with BMI <25, age- and energy-adjusted HR for MED score =6 vs =3, 1.01; 95% CI, O.77-133; Pfor
trend = 92; women with BMI =25: HR, 0.76; 95% Cl, 0.67-0.87; Pfor trend < 007).

CONCLUSIONS AND RELEVANCE In this cohart study, higher MED intake scores were associatad
with a 30% relative risk reduction in type 2 diabetes during 2 20-year period, which could be

fovatinued}
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Key Points

Question |5 the Meditarranaan (MEL)
diiet associated with reduced risk of
diabetas in a US population, and if so,
what are possible underlying biological
mechanistic pathways?

Findings Among 25 317 women
fiolliowed up for 20 years in a prospective
epidemiological cohort study, 2307
devaloped type 2 diabetes. Higher
bassaline MED intake was associatad
with a 30% reduction in futwre risk of
diabetas; biomarkers of insulin
resistance, adiposity, high-density
lipoprotein, and inflammation
contributed most to explaining this
Meaning These findings suggest that
the MED diet may be protective against
diabetas by improving insulin resistance,
lipoprotein metabolism, and
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Effect of intensive lifestyle intervention on bodyweight and
glycaemia in early type 2 diabetes (DIADEM-I): an open-label,
parallel-group, randomised controlled trial

Shahrad Taheri, Hadeel Zaghloul*, Odette Chagoury*, Sara Elhadad, Salma Hayder Ahmed, Neda EI Khatib, Rasha Abou Amona, Katie El Nahas,
Noor Suleiman, Abdulla Alnaama, Abdulla Al-Hamag, Mary Charlson, Martin T Wells, Samya Al-Abdulla, Abdul Badi Abou-Samra

Summary

Background Type 2 diabetes is affecting people at an increasingly younger age, particularly in the Middle East and in
north Africa. We aimed to assess whether an intensive lifestyle intervention would lead to significant weight loss and
improved glycaemia in young individuals with early diabetes.

Methods This open-label, parallel-group, randomised controlled trial (DIADEM-I), done in primary care and
community settings in Qatar, compared the effects of an intensive lifestyle intervention with usual medical care on
weight loss and glycaemic outcomes in individuals with type 2 diabetes, aged 18-50 years, with a short diabetes
duration (<3 years), had a BMI of 270 kg/m?2 or more, and who were from the Middle East and north Africa region.
Participants were randomly allocated (1:1) either to the intensive lifestyle intervention group or the usual medical care
control group by a computer-generated sequence and an online randomisation service. The intensive lifestyle
intervention comprised a total diet replacement phase, in which participants were given formula low-energy diet meal
replacement products followed by gradual food reintroduction combined with physical activity support, and a weight-
loss maintenance phase, involving structured lifestyle support. Participants in the control group received usual
diabetes care, which was based on clinical guidelines. The primary outcome was weight loss at 12 months after
receiving the assigned intervention. Our analysis was based on the intention-to-treat principle. Key secondary
outcomes included diabetes control and remission. The trial was registered with the ISRCTN registry,
ISRCTN20754766, and ClinicalTrials.gov, NCT03225339.

Findings Between July 16, 2017, and Sept 30, 2018, we enrolled and randomly assigned 158 participants (n=79 in each
group) to the study. 147 participants (70 in the intervention group and 77 in the control group) were included in the
final intention-to-treat analysis population. Between baseline and 12 months, the mean bodyweight of participants in
the intervention group reduced by 11.98 kg (95% CI 9-72 to 14.23) compared with 3.98 kg (2-78 to 5-18) in the
control group (adjusted mean difference -6-08 kg [95% CI -8-37 to —3-79], p<0-0001). In the intervention group,
21% of participants achieved more than 15% weight loss between baseline and 12 months compared with 1% of
participants in the control group (p<0-0001). Diabetes remission occurred in 61% of participants in the intervention
group compared with 12% of those in the control group (odds ratio [OR] 12-03 [95% CI 5-17 to 28.03], p<0-0001).
33% of participants in the intervention group had normoglycaemia compared with 4% of participants in the control
group (OR 12-07 [3-43 to 42-45], p<0-0001). Five serious adverse events were reported in four participants in the
control group; four admissions to hospital because of unanticipated events (supraventricular tachycardia, abdominal
pain, pneumonia, and epididymo-orchitis), and one admission to hospital for an anticipanted event (hyperglycaemia).

Interpretation Our findings show that the intensive lifestyle intervention led to significant weight loss at 12 months,
and was associated with diabetes remission in over 60% of participants and normoglycaemia in over 30% of
participants. The provision of this lifestyle intervention could allow a large proportion of young individuals with early
diabetes to achieve improvements in key cardiometabolic outcomes, with potential long-term benefits for health and
wellbeing.

Funding Qatar National Research Fund.
Copyright © 2020 Elsevier Ltd. All rights reserved.

Introduction

The prevalence of type 2 diabetes is increasing worldwide,
creating a major global health challenge.' Type 2 diabetes
is associated with serious complications that contribute
to reduced quality of life and increased mortality. Over
time, an increasing number of young individuals

(ie, those aged 18-50 years) are being affected by type 2
diabetes, and these individuals have earlier and more
severe diabetes-related complications and reduced
longevity Current recommendations for diabetes
management focus strongly on the use of medications to
control blood glucose, blood lipids, and blood pressure.’

www.thelancet.com/diabetes-endocrinology Vol 8 June 2020
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Weight Loss Improves B-Cell Function in People With
Severe Obesity and Impaired Fasting Glucose: A Window of
Opportunity

Amy E. Rothberg, ' William H. Herman,' Chunyi Wu," Heidi B. IglayReger,’
Jeffrey F Horowitz,4 Charles F. Burant,1'2 Andrzej T. Gak—:‘cki,]'5 and Jeffrey B. Halter'®

'Department of Internal Medicine, University of Michigan, Ann Arbor, Michigan 48106; “Department of
Nutritional Sciences, University of Michigan, Ann Arbor, Michigan 48109; *Department of Epidemiology,
University of Michigan, Ann Arbor, Michigan 48109; “Department of Kinesiology, University of Michigan,
Ann Arbor, Michigan 48109; *Department of Biostatistics, University of Michigan, Ann Arbor, Michigan
48109; and CInstitute of Gerontology, University of Michigan, Ann Arbor, Michigan 48109

ORCiD numbers: 0000-0002-0243-9135 (Amy E. Rothberg); 0000-0002-0502-674X
(William H. Herman).

Background: In people with obesity, f-cell function may adapt to insulin resistance. We describe
B-cell function in people with severe obesity and normal fasting glucose (NFG), impaired fasting
glucose (IFG), and type 2 diabetes (T2DM), as assessed before, 3 to 6 months after, and 2 years
after medical weight loss to describe its effects on insulin sensitivity, insulin secretion, and B-cell
function.

Methods: Fifty-eight participants with body mass index (BMI) = 35 kg/m? (14 with NFG, 24 with
IFG, and 20 with T2DM) and 13 normal weight participants with NFG underwent mixed meal
tolerance tests to estimate insulin sensitivity (S[l]), insulin secretion (@), and B-cell function
assessed as model-based ® adjusted for 5(1). All 58 obese participants were restudied at 3 to

6 months and 27 were restudied at 2 years.

Results: At 3 to 6 months, after a 20-kg weight loss and a decrease in BMI of 6 kg/mz, S(I)
improved in all obese participants, ® decreased in obese participants with NFG and IFG and
tended to decrease in obese participants with T2DM, and B-cell function improved in obese
participants with NFG and tended to improve in obese participants with IFG. At 2 years, B-cell
function deteriorated in participants with NFG and T2DM but remained significantly better in
participants with IFG compared to baseline.

Conclusions: Short-term weight loss improves B-cell function in participants with NFG and

IFG, but B-cell function tends to deteriorate over 2 years. In participants with IFG, weight loss
improves longer-term B-cell function relative to baseline and likely relative to no intervention,
suggesting that obese people with IFG are a subpopulation whose B-cell function is most likely
to benefit from weight loss. (J Clin Endocrinol Metab 105: e1621-e1630, 2020)

Key Words: type 2 diabetes, insulin sensitivity, insulin secretion, weight loss
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nsulin resistance is a hallmark of obesity (1, 2).
Pancreatic p-cells normally adapt to the insulin re-
sistance of obesity by increasing insulin secretion in

Abbreviations: ANCOVA, analysis of covariance; AUC, area under the curve; BMI, body
mass index; FPG, fasting plasma glucose; IFG, impaired fasting glucose;NFG, normal
fasting glucose; T2DM, type 2 diabetes;VLED, very-low-energy diet; WMP, Weight Man-
agement Program.

ENAOPAMA  EvSokplvoloyia | AtaBntoloyia | MetaBoAiopog 211

0Z0Z 4equadaq g1, uo 1senb Aq 9/0¥295/12918/F/50L/eloE/Waolwoo dno dlwepese//:sdjy woly pepeojumoq



Mn Ivooulwo-g€aptwpevog Zakxapwdng Staprtng / Mapaokeur MevilehomovAou

Diabetologia (2020) 63:2359-2371
https://doi.org/10.1007/500125-020-05253-x

ARTICLE [ @

Check for
updates

An atlas on risk factors for type 2 diabetes: a wide-angled Mendelian
randomisation study

Shuai Yuan'( - Susanna C. Larsson 2

Received: 27 April 2020 /Accepted: 10 July 2020 / Published online: § September 2020
© The Author(s) 2020

Abstract

Aims/hypothesis The aim of this study was to use Mendelian randomisation (MR) to identify the causal risk factors for type 2
diabetes.

Methods We first conducted a review of meta-analyses and review articles to pinpoint possible risk factors for type 2 diabetes.
Around 170 possible risk factors were identified of which 97 risk factors with available genetic instrumental variables were
included in MR analyses. To reveal more risk factors that were not included in our MR analyses, we conducted a review of
published MR studies of type 2 diabetes. For our MR analyses, we used summary-level data from the DIAbetes Genetics
Replication And Meta-analysis consortium (74,124 type 2 diabetes cases and 824,006 controls of European ancestry).
Potential causal associations were replicated using the FinnGen consortium (11,006 type 2 diabetes cases and 82,655 controls
of European ancestry). The inverse-variance weighted method was used as the main analysis. Multivariable MR analysis was
used to assess whether the observed associations with type 2 diabetes were mediated by BMI. We used the Benjamini-Hochberg
method that controls false discovery rate for multiple testing.

Results We found evidence of causal associations between 34 exposures (19 risk factors and 15 protective factors) and type 2
diabetes. Insomnia was identified as a novel risk factor (OR 1.17[95% CI 1.11, 1.23]). The other 18 risk factors were depression,
systolic BP, smoking initiation, lifetime smoking, coffee (caffeine) consumption, plasma isoleucine, valine and leucine, liver
alanine aminotransferase, childhood and adulthood BMI, body fat percentage, visceral fat mass. resting heart rate, and four
plasma fatty acids. The 15 exposures associated with a decreased risk of type 2 diabetes were plasma alanine, HDL- and total
cholesterol, age at menarche, testosterone levels, sex hormone binding globulin levels (adjusted for BMI), birthweight, adulthood
height, lean body mass (for women), four plasma fatty acids, circulating 25-hydroxyvitamin D and education years. Eight
assoclations remained after adjustment for adulthood BMI. We additionally identified 21 suggestive risk factors (p < 0.05), such
as alcohol consumption, breakfast skipping, daytime napping, short sleep, urinary sodium, and certain amino acids and inflam-
matory factors.

Conclusions/interpretation The present study verified several previously reported risk factors and identified novel potential risk
factors for type 2 diabetes. Prevention strategies for type 2 diabetes should be considered from multiple perspectives on obesity,
mental health, sleep quality, education level, birthweight and smoking.

Electronic supplementary material The online version of this article
(https://doi.org/10.1007/s00125-020-05253-x) contains supplementary
material, which is available to authorised users.

4 Susanna C. Larsson 2 Department of Surgical Sciences, Uppsala University, Dag

susanna.larsson @ surgsci.u.se Hammarskjolds Vig 14B, 75185 Uppsala, Sweden
Unit of Cardiovascular and Nutritional Epidemiology, Institute of

Environmental Medicine, Karolinska Institutet, Nobelsvig 13,
17177 Stockholm, Sweden
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Obesity, unfavourable lifestyle and genetic risk of type 2 diabetes:
a case-cohort study
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Abstract

Aims/hypothesis We aimed to investigate whether the impact of obesity and unfavourable lifestyle on type 2 diabetes risk is
accentuated by genetic predisposition.

Methods We examined the joint association of genetic predisposition, obesity and unfavourable lifestyle with incident type 2
diabetes using a case-cohort study nested within the Diet, Cancer and Health cohort in Denmark. The study sample included 4729
individuals who developed type 2 diabetes during a median 14.7 years of follow-up, and a randomly selected cohort sample of
5402 individuals. Genetic predisposition was quantified using a genetic risk score (GRS) comprising 193 known type 2 diabetes-
associated loci (excluding known BMI loci) and stratified into low (quintile 1), intermediate and high (quintile 5) genetic risk
groups. Lifestyle was assessed by a lifestyle score composed of smoking, alcohol consumption, physical activity and diet. We
used Prentice-weighted Cox proportional-hazards models to test the associations of the GRS, obesity and lifestyle score with
incident type 2 diabetes, as well as the interactions of the GRS with obesity and unfavourable lifestyle in relation to incident type
2 diabetes.

Results Obesity (BMI> 30 kg/m®) and unfavourable lifestyle were associated with higher risk for incident type 2 diabetes
regardless of genetic predisposition (p> 0.05 for GRS—obesity and GRSlifestyle interaction). The effect of obesity on type 2
diabetes risk (HR 5.81[95% CI 5.16, 6.55]) was high, whereas the effects of high genetic risk (HR 2.00[95% C11.76,2.27]) and
unfavourable lifestyle (HR 1.18 [95% CI 1.06, 1.30]) were relatively modest. Even among individuals with low GRS and
favourable lifestyle, obesity was associated with a >8-fold risk of type 2 diabetes compared with normal-weight individuals in
the same GRS and lifestyle stratum.

Conclusions/interpretation Having normal body weight is crucial in the prevention of type 2 diabetes, regardless of genetic
predisposition.
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Intrauterine exposure to diabetes and risk
of cardiovascular disease in adolescence
and early adulthood: a population-based
birth cohort study

Laetitia Guillemette PhD, Brandy Wicklow MD, Elizabeth A.C. Sellers MD, Allison Dart MD, Garry X. Shen MD,
Vernon W. Dolinsky PhD, Joseph W. Gordon PhD, Davinder S. Jassal MD, Nathan Nickel PhD,
Todd A. Duhamel PhD, Dan Chateau PhD, Heather J. Prior MSc, Jonathan McGavock PhD

M Cite as: CMAJ 2020 September 28;192:E1104-13. doi: 10.1503/cmaj.190797

ABSTRACT

BACKGROUND: It is unclear whether intra-
uterine exposure to maternal diabetes is
associated with risk factors for cardiovas-
cular disease and related end points in
adulthood. We examined this potential
association in a population-based birth
cohort followed up to age 35 years.

METHODS: We performed a cohort study
of offspring born between 1979 and 2005
(n =293 546) and followed until March
2015 in Manitoba, Canada, using
registry-based administrative data. The
primary exposures were intrauterine
exposure to gestational diabetes and
type 2 diabetes mellitus. The primary

214 ENAOPAMA

outcome was a composite measure of
incident cardiovascular disease events,
and the secondary outcome was a com-
posite of risk factors for cardiovascular
disease in offspring followed up to age
35 years.

RESULTS: The cohort provided 2 628 576
person-years of data (mean age at latest
follow-up 20.5 [standard deviation 6.4]
years, 49.3% female); 2765 (0.9%) of the
offspring experienced a cardiovascular
disease end point, and 12 673 (4.3%)
experienced a cardiovascular disease risk
factor. After propensity score matching,
the hazard for cardiovascular disease end

points was elevated in offspring exposed
to gestational diabetes (adjusted hazard
ratio [HR] 1.42, 95% confidence interval
[CI] 1.12-1.79) but not type 2 diabetes
(adjusted HR 1.40, 95% Cl 0.98-2.01). A
similar association was observed for car-
diovascular disease risk factors (gesta-
tional diabetes: adjusted HR 1.92, 95% Cl
1.75-2.11; type 2 diabetes: adjusted HR
3.40, 95% Cl 3.00-3.85).

INTERPRETATION: Intrauterine exposure
to maternal diabetes was associated
with higher morbidity and risk related to
cardiovascular disease among offspring
up to 35 years of age.
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Purpose: Physical activity (PA) has been linked to a reduced risk of type 2 diabetes by reducing weight
and improving insulin sensitivity. We investigated whether PA is associated with a lower incidence of
latent autoimmune diabetes in adults (LADA) and whether the association is modified by genotypes of
human leukocyte antigen (HLA), transcription factor 7-like 2 (TCF/L2)-rs7903146, or the fat mass and
obesity-associated gene, FTO-rs9939609.

Methods: We combined data from a Swedish case-control study and a Norwegian prospective study
including 621 incident cases of LADA and 3596 cases of type 2 diabetes. We estimated adjusted pooled
relative risks (RRs) and 95% CI of diabetes in relation to high (= 30 minutes of moderate activity 3 times/
week) self-reported leisure time PA, compared to sedentariness.
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Printed in USA

® Endocrine Society 2020. This is an Open Access article distributed under the terms of the Creative Commons Attribution
License {http://creativecommons.org/licenses/by/4.0/), which permits unrestricted reuse, distribution, and reproduction in any
medium, provided the original work is properly cited.
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2-year remission of type 2 diabetes and pancreas
morphology: a post-hoc analysis of the DIRECT open-label,
cluster-randomised trial

Ahmad Al-Mrabeh, Kieren G Hollingsworth, James AM Shaw, Alex McConnachie, Naveed Sattar, Michael E | Lean, Roy Taylor*

Summary

Background The pancreas is small and irregular in shape in people with type 2 diabetes. If these abnormalities are
caused by the disease state itself rather than being a predisposing factor, remission of type 2 diabetes should restore
normal pancreas morphology. The objective of this study was to determine whether changes in pancreas volume and
shape occurred during 2 years of remission.

Methods For this post-hoc analysis, we included a subset of adult participants of the Diabetes Remission Clinical Trial
(DiRECT), who had type 2 diabetes and were randomly assigned to a weight management intervention or routine
diabetes management. Intervention group participants were categorised as responders (HbA, <6-5% [48 mmol/mol]
and fasting blood glucose <7-0 mmol/L, off all anti-diabetes medication) and non-responders, who were classified as
remaining diabetic. Data on pancreas volume and irregularity of pancreas border at baseline, 5 months, 12 months,
and 24 months after intervention were compared between responders and non-responders; additional comparisons
were made between control group participants with type 2 diabetes and a non-diabetic comparator (NDC) group, who
were matched to the intervention group by age, sex, and post-weight-loss weight, to determine the extent of any
normalisation. We used a mixed-effects regression model based on repeated measures ANOVA with correction for
potential confounding. Magnetic resonance techniques were employed to quantify pancreas volume, the irregularity
of the pancreas borders, and intrapancreatic fat content. -cell function and biomarkers of tissue growth were also
measured.

Findings Between July 25, 2015, and Aug 5, 2016, 90 participants with type 2 diabetes in the DiRECT subset were
randomly assigned to intervention (n=64) or control (n=26) and were assessed at baseline; a further 25 non-diabetic
participants were enrolled into the NDC group. At baseline, mean pancreas volume was 61-7 cm3 (SD 16-0) in all
participants with type 2 diabetes and 798 cm3 (14-3) in the NDC group (p<0-0001). At 24 months, pancreas volume
had increased by 9-4 cm3 (95% CI 6-1to 12-8) in responders compared with 6-4 cm3 (2-5 to 10-3) in non-responders
(p=0-0008). Pancreas borders at baseline were more irregular in participants with type 2 diabetes than in the NDC
group (fractal dimension 1-138 [SD 0-027] vs 1-097 [0-025]; p<0-0001) and had normalised by 24 months in
responders only (1-099 [0-028]). Intrapancreatic fat declined by 1.02 percentage points (95% CI 0.53 to 1-51) in
32 responders and 0-51% (-0-17 to 1-19) in 13 non-responders (p=0-23).

Interpretation These data show for the first time, to our knowledge, reversibility of the abnormal pancreas morphology
of type 2 diabetes by weight loss-induced remission.

Funding Diabetes UK.

Copyright © 2020 Elsevier Ltd. All rights reserved.
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Replacement of Red and Processed

Meat With Other Food Sources of
Protein and the Risk of Type 2
Diabetes in European Populations:

The EPIC-InterAct Study

Diabetes Care 2020;43:2660-2667 | https://doi.org/10.2337/dc20-1038

OBJECTIVE

There is sparse evidence for the association of suitable food substitutions for red
and processed meat on the risk of type 2 diabetes. We modeled the association
between replacing red and processed meat with other protein sources and the risk
of type 2 diabetes and estimated its population impact.

RESEARCH DESIGN AND METHODS

The European Prospective Investigation into Cancer (EPIC)-InterAct case cohort
included 11,741 individuals with type 2 diabetes and a subcohort of 15,450 partic-
ipants in eight countries. We modeled the replacement of self-reported red and
processed meat with poultry, fish, eggs, legumes, cheese, cereals, yogurt, milk, and
nuts. Country-specific hazard ratios (HRs) for incident type 2 diabetes were estimated
by Prentice-weighted Cox regression and pooled using random-effects meta-analysis.

RESULTS

There was a lower hazard for type 2 diabetes for the modeled replacement of red
and processed meat (50 g/day) with cheese (HR 0.90, 95% CI 0.83-0.97) (30 g/day),
yogurt (0.90, 0.86-0.95) (70 g/day), nuts (0.90, 0.84-0.96) (10 g/day), or cereals
(0.92, 0.88-0.96) (30 g/day) but not for replacements with poultry, fish, eggs,
legumes, or milk. If a causal association is assumed, replacing red and processed
meat with cheese, yogurt, or nuts could prevent 8.8%, 8.3%, or 7.5%, respectively, of
new cases of type 2 diabetes.

CONCLUSIONS

Replacement of red and processed meat with cheese, yogurt, nuts, or cereals was
associated with alower rate of type 2 diabetes. Substitutingred and processed meat
by other protein sources may contribute to the prevention of incident type 2
diabetes in European populations.
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Pregnancy loss is associated with type 2 diabetes: a nationwide L
case—control study

Pia Egerup 2 - Anders P. Mikkelsen® - Astrid Marie Kolte ™ - David Westergaard '® « Steen Rasmussen? -
Filip K. Knop™*”®* . @jvind Lidegaard® - Henriette S. Nielsen'**
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(© Springer-Verlag GmbH Germany, part of Springer Nature 2020

Abstract

Aims/hypothesis Type 2 diabetes is killing more people than ever, and early-life predictors remain critical for the development of
effective preventive strategies. Pregnancy loss is a common event associated with later atherosclerotic disease and ischaemic
heart failure and might constitute a predictor for type 2 diabetes. The objective of this study was to investigate whether pregnancy
loss 1s associated with later development of type 2 diabetes.

Methods Using a Danish nationwide cohort, we identified all women born from 1957 through to 1997 and who had a diagnosis
of type 2 diabetes during the period 1977 to 2017. The women were matched 1:10 on year of birth and educational level to
women without diabetes in the general Danish population. Conditional logistic regression models provided odds ratios for type 2
diabetes with different numbers of pregnancy losses.

Results We identified 24,774 women with type 2 diabetes and selected 247,740 controls without diabetes. Women who had ever
been pregnant (ever-pregnant women) with 1, 2 and >3 pregnancy losses had ORs of type 2 diabetes of 1.18 (95% CI 1.13, 1.23),
1.38 (95% CI1 1.27, 1.49) and 1.71 (95% CI 1.53, 1.92) compared with ever-pregnant women with no pregnancy losses, respec-
tively. Women who never achieved a pregnancy had an OR of'type 2 diabetes of 1.56 (95% CI 1.51, 1.61) compared with ever-
pregnant women with any number of losses. Similar results were found after adjustment for obesity and gestational diabetes.
Conclusions/interpretation We found a significant and consistent association between pregnancy loss and later type 2 diabetes
that increased with increasing number of losses. Thus, pregnancy loss and recurrent pregnancy loss are significant risk factors for
later type 2 diabetes. Future studies should explore whether this association is due to common background factors or whether
prediabetic metabolic conditions are responsible for this association.

Keywords Miscarriage - Pregnancy loss - Recurrent pregnancy loss - Reproduction - Type 2 diabetes
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Regular use of proton pump inhibitors and risk of
type 2 diabetes: results from three prospective

cohort studies

Jingiu Yuan, “*? Qiangsheng He, " Long H Nguyen
% Yuanyuan Yu,” Bin Xia,"” Yan Tang," Yulong He @,

Junjie Huang

Changhua Zhang ©°

ABSTRACT

Objective The association between the regular use

of proton pump inhibitors (PPls) and the risk of type 2
diabetes remains unclear, although a recent randomised
controlled trial showed a trend towards increased risk.
This study was undertaken to evaluate the regular use of
PPIs and risk of type 2 diabetes.

Method This is a prospective analysis of 204 689
participants free of diabetes in the Nurses’ Health Study
(NHS), NHS Il and Health Professionals Follow-up Study
(HPFS). Type 2 diabetes was confirmed using American
Diabetes Association (ADA) diagnostic criteria. We
evaluated hazard ratios (HRs) adjusting for demographic
factors, lifestyle habits, the presence of comorbidities, use
of other medications and clinical indications.

Results We documented 10 105 incident cases of
diabetes over 2 127 471 person-years of follow-up.
Regular PPI users had a 24% higher risk of diabetes
than non-users (HR 1.24, 95% CI 1.17 to 1.31). The

risk of diabetes increased with duration of PPl use.

Fully adjusted HRs were 1.05 (95% Cl 0.93 to 1.19)

for participants who used PPIs for >0-2 years and 1.26
(95% Cl 1.18 to 1.35) for participants who used PPIs for
>2 years compared with non-users.

Conclusions Regular use of PPls was associated with
a higher risk of type 2 diabetes and the risk increased
with longer duration of use. Physicians should therefore
exercise caution when prescribing PPIs, particularly for
long-term use.

INTRODUCTION

Proton pump inhibitors (PPIs) are among the top
10 most commonly used medications worldwide.
PPIs are routinely recommended tor acid-related
disorders such as gastro-oesophageal retlux disease,
peptic ulcer disease and non-ulcer dyspepsia.” It is
generally accepted that short-term use of PPIs for
valid indications 1s safe. However, long-term use of
PPIs has been linked to various adverse etfects such
as bone fractures, chronic kidney disease, enteric
infections and gastric cancer.”™ Recent studies have
shown that PPIs can atfect gut microbial commu-
nities by shifting the native gastrointestinal tract
milien.®” At a population level, PPIs may have an
even more pronounced effect on gut microbiome
than other commonly used drugs such as antibiotics,

%> Martin C SWong @ ,°
3

Significance of this study

What is already known about this subject?

» Despite the irreplaceable role of proton pump
inhibitors (PPIs) in clinical practice, long-term
use of PPIs has been linked to a series of health
problems such as bone fracture and enteric
infections.

» PPIs have a major impact on gut microbiome
which, in turn, may increase the risk of type 2
diabetes, but epidemiological evidence remains
unclear.

What are the new findings?

» In this prospective analysis of 204 689
participants free of diabetes from three ongoing
US cohorts, regular use of PPls was associated
with a 24% increased risk of diabetes even
after adjusting for putative risk factors and
indications for use, with a higher risk observed
in individuals with a longer duration of PPl use.

How might it impact on clinical practice in the
foreseeable future?
» Physicians should be aware of the potential
risk of type 2 diabetes when prescribing PPIs,
particularly for long-term treatment.
» Screening for abnormal blood glucose and
type 2 diabetes may be required for regular PPI
users, particularly for high-risk populations.

leading to warnings of overuse of PPIs and calls for
further investigation into the sequelae of long-term
PPI consumption.®

Type 2 diabetes has become a global epidemic
with a worldwide prevalence of 8.5% in 2014.% The
actiology of type 2 diabetes is complex, involving
multiple genetic, behavioural and environmental
factors.” In recent years, researchers have turned
their attention to the role of human gut microbiota,
which is essential for expanding the repertoire of
host metabolic processes, in the development of
diabetes.'® '* Accumulating studies support a causal
role for alterations in the gut microbiota in the
pathogenesis of metabolic diseases.'?

Given the pronounced etfect of PPIs on the gut
microbiome, its use may be associated with an

BM)
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O

Combination Therapy With
Canagliflozin Plus Liraglutide
Exerts Additive Effect on Weight
Loss, but Not on HbA;., in Patients
With Type 2 Diabetes

https://doi.org/10.2337/dc18-2460

OBJECTIVE

To examine the effect of combination therapy with canagliflozin plus liraglutide on
HbA,;, endogenous glucose production (EGP), and body weight versus each therapy
alone.

RESEARCH DESIGN AND METHODS

Forty-five patients with poorly controlled (HbA;. 7-11%) type 2 diabetes mellitus
(T2DM) on metformin with or without sulfonylurea received a 9-h measurement of
EGP with E3—3H}glucose infusion, after which they were randomized to receive 1)
liraglutide 1.2 mg/day (LIRA); 2) canagliflozin 100 mg/day (CANA); or 3) liraglutide
1.2 mg plus canagliflozin 100 mg (CANA/LIRA) for 16 weeks. At 16 weeks, the EGP
measurement was repeated.

RESULTS

The mean decrease from baseline to 16 weeks in HbA;. was —1.67 = 0.29% (P =
0.0001), —0.89 % 0.24% (P = 0.002), and —1.44 % 0.39% (P = 0.004) in patients
receiving CANA/LIRA, CANA, and LIRA, respectively. The decrease in body weight
was —6.0 = 0.8 kg (P < 0.0001), —3.5 = 0.5 kg (P < 0.0001),and —1.9 = 0.8 kg (P =
0.03), respectively. CANA monotherapy caused a 9% increase in basal rate of EGP
(P < 0.05), which was accompanied by a 50% increase (P< 0.05) in plasma glucagon-
to-insulin ratio. LIRA monotherapy reduced plasma glucagon concentration and
inhibited EGP. In CANA/LIRA-treated patients, EGP increased by 15% (P < 0.05), even
though the plasma insulin response was maintained at baseline and the CANA-
induced rise in plasma glucagon concentration was blocked.

CONCLUSIONS

Theseresults demonstrate that liraglutide failed to block the increase in EGP caused
by canagliflozin despite blocking the rise in plasma glucagon and preventing the
decrease in plasma insulin concentration caused by canagliflozin. The failure of
liraglutide to prevent the increase in EGP caused by canagliflozin explains the lack of
additive effect of these two agents on HbA;..
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ORIGINAL ARTICLE

Dapagliflozin in Patients
with Chronic Kidney Disease

Hiddo J.L. Heerspink, Ph.D., Bergur V. Stefdnsson, M.D.,

Ricardo Correa-Rotter, M.D., Glenn M. Chertow, M.D., Tom Greene, Ph.D.,
Fan-Fan Hou, M.D., Johannes F.E. Mann, M.D., John J.V. McMurray, M.D.,
Magnus Lindberg, M.Sc., Peter Rossing, M.D., C. David Sjéstrém, M.D.,
Roberto D. Toto, M.D., Anna-Maria Langkilde, M.D., and David C. Wheeler, M.D.,
for the DAPA-CKD Trial Committees and Investigators*

ABSTRACT

BACKGROUND
Patients with chronic kidney disease have a high risk of adverse kidney and cardio-
vascular outcomes. The effect of dapagliflozin in patients with chronic kidney
disease, with or without type 2 diabetes, is not known.

METHODS
We randomly assigned 4304 participants with an estimated glomerular filtration
rate (GFR) of 25 to 75 ml per minute per 1.73 m? of body-surface area and a uri-
nary albumin-to-creatinine ratio (with albumin measured in milligrams and cre-
atinine measured in grams) of 200 to 5000 to receive dapagliflozin (10 mg once
daily) or placebo. The primary outcome was a composite of a sustained decline in
the estimated GFR of at least 50%, end-stage kidney disease, or death from renal
or cardiovascular causes.

RESULTS

The independent data monitoring committee recommended stopping the trial
because of efficacy. Over a median of 2.4 years, a primary outcome event occutred
in 197 of 2152 participants (9.2%) in the dapagliflozin group and 312 of 2152 par-
ticipants (14.5%) in the placebo group (hazard ratio, 0.61; 95% confidence interval
[CI], 0.51 to 0.72; P<0.001; number needed to treat to prevent one primary outcome
event, 19 [95% CI, 15 to 27]). The hazard ratio for the composite of a sustained
decline in the estimated GFR of at least 50%, end-stage kidney disease, or death
from renal causes was 0.56 (95% CI, 0.45 to 0.68; P<0.001), and the hazard ratio
for the composite of death from cardiovascular causes or hospitalization for heart
failure was 0.71 (95% CI, 0.55 to 0.92; P=0.009). Death occurred in 101 participants
(4.7%) in the dapagliflozin group and 146 participants (6.8%) in the placebo group
(hazard ratio, 0.69; 95% CI, 0.53 to 0.88; P=0.004). The effects of dapagliflozin
were similar in participants with type 2 diabetes and in those without type 2 dia-
betes. The known safety profile of dapagliflozin was confirmed.

CONCLUSIONS

Among patients with chronic kidney disease, regardless of the presence or absence
of diabetes, the risk of a composite of a sustained decline in the estimated GFR of
at least 50%, end-stage kidney disease, or death from renal or cardiovascular causes
was significantly lower with dapagliflozin than with placebo. (Funded by Astra-
Zeneca; DAPA-CKD ClinicalTrials.gov number, NCT03036150.)

The authors' affiliations are listed in the
Appendix. Address reprint requests to
Dr. Heerspink at the Department of Clini-
cal Pharmacy and Pharmacology, Univer-
sity of Groningen, P.O. Box 30.001, 9700
RB Groningen, the Netherlands, or at
h.j.lambers.heerspink@umeg.nl.

*A complete list of DAPA-CKD committee
members and investigators is provided
in the Supplementary Appendix, available
at NEJM.org.

This article was published on September
24, 2020, at NEJM.org.

DOI: 10.1056/NEJMoa2024816
Copyright © 2020 Massachusetts Medical Society.
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Kidney outcomes associated with use of SGLT2 inhibitors in
real-world clinical practice (CVD-REAL 3): a multinational
observational cohort study

Hiddo J L Heerspink, Avraham Karasik, Marcus Thuresson, Cheli Melzer-Cohen, Gabriel Chodick, Kamlesh Khunti, John P HWilding,
Luis Alberto Garcia Rodriguez, Lucia Cea-Soriano, Shun Kehsaka, Antenio Nicolucci, Giuseppe Lucisano, Fang-Ju Lin, Chih-YuanWang,
Eric Wittbrodt, Peter Fenici, Mikhail Kosiborod

Summa

Backgrourrm}c,l Cardiovascular and kidney outcome trials have shown that sodium-glucose co-transporter-2 (SGIT2)
inhibitors slow progression of chronic kidney disease in patients with type 2 diabetes with or without chronic kidney
disease. The aim of this study was to assess whether these benefits extend to patients with type 2 diabetes treated in
routine clinical practice.

Methods CVD-REAL 3 was a multinational observational cohort study in which new users of SGLT2 inhibitors and
other glucose-lowering drugs with measurements of estimated glomerular filtration rate (eGFR) before and after
(within 180 days) initiation were identified via claims, medical records, and national registries in Israel, Italy, Japan,
Taiwan, and the UK. Propensity scores for SGLT2 inhibitor initiation were developed in each country, with 1:1 matching
with initiators of other glucose-lowering drugs. Propensity score included (in addition to other clinical and
demographic variables) baseline eGFR and eGFR slope before SGLT2 inhibitor or other glucose-lowering drug
initiation. The main outcome measure was rate of eGFR decline (slope) calculated with a linear mixed regression
model. Differences in eGFR slope between SGLT2 inhibitors and other glucose-lowering drugs were calculated and
pooled. We also assessed a composite outcome of 50% eGFR decline or end-stage kidney disease.

Findings After propensity matching, there were 35561 episodes of treatment initiation in each group, from
65 231 individual patients. Dapagliflozin, empagliflozin, canagliflozin, ipragliflozin, tofogliflozin, and luseogliflozin
accounted for 57-9%, 34-1%, 5-7%, 1-4%, 0.5%, and 0-4% of SGLT2 inhibitor initiation episodes, respectively. At
baseline, 29363 (41-3%) of 71122 initiations were in women, mean age was 61-3 years, mean HbA  was 72 mmol/mol
(8-71%), and mean eGFR was 90-7 mL/min per 1-73 m2. During follow-up, SGLT2 inhibitor initiation was associated
with reduced eGFR decline (difference in slope for SGLT2 inhibitors vs other glucose-lowering drugs 1-53 mL/min
per 1-73 m2 per year, 95% CI 1-34-1-72, p<0-0001). During a mean follow-up of 14-9 months, 351 composite kidney
outcomes occurred: 114 (3 -0 events per 10 000 patient-years) among initiators of SGLT2 inhibitors and 237 (6-3 events
per 10000 patient-years) among initiators of other glucose-lowering drugs (hazard ratio 0-49, 95% CI 0-35-0-67;
p<0-0001). These findings were consistent across countries (Pp.pgemay 0+ 10) and prespecitied subgroups.

Interpretation In this large, international, real-world study of patients with type 2 diabetes, initiation of SGLT2
inhibitor therapy was associated with a slower rate of kidney function decline and lower risk of major kidney events
compared with initiation of other glucose-lowering drugs. These data suggest that the benefits of SGLT2 inhibitors on
kidney function identified in clinical trials seem to be largely generalisable to clinical practice.

Funding AstraZeneca.

Copyright © 2019 Elsevier Ltd. All rights reserved.

Introduction

Since the introduction of the regulatory requirement to
test the cardiovascular safety of new glucose-lowering
drugs for marketing authorisation, many large clinical
trials in patients with type 2 diabetes have been
completed. These trials showed that sodium-glucose
co-transporter-2 (SGLT2) inhibitors substantially reduced
the risk of hospital admission for heart failure and
slowed the progression of kidney function decline in
patients with type 2 diabetes with or without chronic
kidney disease.™

www.thelancet.com/diabetes-endocrinology Vol 8 January 2020
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Assessing whether the results of these clinical trials are
applicable to the broader range of patient populations
treated in clinical practice is of importance to determine
the magnitude of effectiveness of SGLT2 inhibitor use.
The CVD-REAL (Comparative Effectiveness of Cardio-
vascular Outcomes in New Users of SGLT2 Inhibitors)
study showed that the benefits of SGIT2 inhibitors in
reducing the risk of cardiovascular events and heart
failure extend to a large, broad patient population with
type 2 diabetes treated in clinical practice, with findings
consistent in various parts of the world.”” However,

223

"®

CrossMark

Lancet Diabetes Endocrinol
2020; 8: 27-35

See Comment page 4

The George Institute for Global
Health, University of New South
Wales, Sydney, NSW, Australia
(Prof H) L Heerspink PhD,

M Kosiborod MD); Department
of Clinical Pharmacy and
Pharmacology, University of
Groningen, University Medical
Center, Groningen, Netherlands
(Prof H) L Heerspink);

Maccabi Institute for Research
and Innovation, Maccabi
Healthcare Services, Tel Aviv,
Israel (Prof A Karasik MD,

C Melzer-CohenM5Sc,

Prof G Chodick PhD); Tel Aviv
University, Tel Aviv, Israel
(Prof A Karasik, Prof G Chodick);
Statisticon, Uppsala, Sweden
(M Thuresson PhD); Diabetes
Research Centre, University

of Leicester, Leicester, UK

(K Khunti FMedSci); Institute

of Ageing and Chronic Disease,
University of Liverpool,
Liverpool, UK () P HWilding MD);
Centro Espanol de Investigacion
Farmacoepidemioldgica,
Madrid, Spain

(LA Garcia Rodriguez MD,

L Cea-Soriano PhD); Department
of Public Health and Maternal
and Child Health, Faculty of
Medicine, Complutense
University of Madrid, Madrid,
Spain (L Cea-Soriano);
Department of Cardiology,
Keio University School of
Medicine, Tokyo, Japan

(S KohsakaMD); Clinical
Epidemiology Department,
CORESEARCH, Centre for
Outcomes Research and Clinical
Epidemiology, Pescara, Italy

(A Nicolucci MD,

G Lucisano MScStat); National
Taiwan University, Taipei,
Taiwan (F- Lin PhD,

Prof C-YWang MD); National
Taiwan University Hospital,
Taipei, Taiwan (F-) Lin,

Prof C-YWang); AstraZeneca,
Gaithersburg, MD, USA
(EWittbrodt PharmD);



Mn Ivooulwo-g€aptwpevog Zakxapwdng Staprtng / Mapaokeur MevilehomovAou

The NEW ENGLAND JOURNAL of MEDICINE

ORIGINAL ARTICLE

Effect of Finerenone on Chronic Kidney
Disease Outcomes in Type 2 Diabetes

George L. Bakris, M.D., Rajiv Agarwal, M.D., Stefan D. Anker, M.D., Ph.D.,
Bertram Pitt, M.D., Luis M. Ruilope, M.D., Peter Rossing, M.D., Peter Kolkhof, Ph.D.,
Christina Nowack, M.D., Patrick Schloemer, Ph.D., Amer Joseph, M.B., B.S.,
and Gerasimos Filippatos, M.D., for the FIDELIO-DKD Investigators*

ABSTRACT

BACKGROUND
Finerenone, a nonsteroidal, selective mineralocorticoid receptor antagonist, re- The authors' affiliations are listed in the
duced albuminuria in short-term trials involving patients with chronic kidney Appendix. Address reprint requests to
di CKD dt 5 diabet H its 1 " £ Kid d Dr. Bakris at the Department of Medi-
isease ( ) and type 2 diabetes. However, its long-term effects on kidney and . " iyersity of Chicago, 5841 5. Mary-
cardiovascular outcomes are unknown. land Ave., MC 1027, Chicago, IL 60637, or
at gbakris@gmail.com.

METHODS B . )
. . . . . . *A complete list of the FIDELIO-DKD in-
In this double-blind trial, we randomly assigned 5734 patients with CKD and type 2 vestigators is provided in the Supplemen-

diabetes in a 1:1 ratio to receive finerenone or placebo. Eligible patients had a  tary Appendi, available at NEJM.org.
urinary albumin-to-creatinine ratio (with albumin measured in milligrams and  This article was published on October 23,
creatinine measured in grams) of 30 to less than 300, an estimated glomerular 2020, at NEJM.org.

filtration rate (€GFR) of 25 to less than 60 ml per minute per 1.73 m? of body- pol: 10.1056/NE]Moaz025845
surface area, and diabetic retinopathy, or they had a urinary albumin-to-creatinine  Copwright © 2020 Massachusetts Medical Society.
ratio of 300 to 5000 and an eGFR of 25 to less than 75 ml per minute per 1.73 m2

All the patients were treated with renin-angiotensin system blockade that had

been adjusted before randomization to the maximum dose on the manufacturer’s

label that did not cause unacceptable side effects. The primary composite outcome,

assessed in a time-to-event analysis, was kidney failure, a sustained decrease of at

least 40% in the eGFR from baseline, or death from renal causes. The key second-

ary composite outcome, also assessed in a time-to-event analysis, was death from

cardiovascular causes, nonfatal myocardial infarction, nonfatal stroke, or hospi-

talization for heart failure.

RESULTS
During a median follow-up of 2.6 years, a primary outcome event occurred in 504
of 2833 patients (17.8%) in the finerenone group and 600 of 2841 patients (21.1%)
in the placebo group (hazard ratio, 0.82; 95% confidence interval [CI], 0.73 to 0.93;
P=0.001). A key secondary outcome event occurred in 367 patients (13.0%) and
420 patients (14.8%) in the respective groups (hazard ratio, 0.86; 95% CI, 0.75 to
0.99; P=0.03). Overall, the frequency of adverse events was similar in the two
groups. The incidence of hyperkalemia-related discontinuation of the trial regimen
was higher with finerenone than with placebo (2.3% and 0.9%, respectively).

CONCLUSIONS

In patients with CKD and type 2 diabetes, treatment with finerenone resulted in
lower risks of CKD progression and cardiovascular events than placebo. (Funded
by Bayer; FIDELIO-DKD ClinicalTrials.gov number, NCT02540993.)
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Metformin in women with type 2 diabetes in pregnancy
(MiTy): a multicentre, international, randomised, placebo-
controlled trial

Denice S Feig, Lois E Donovan, Bernard Zinman, | Johanna Sanchez, Elizabeth Asztales, Edmond A Ryan, | George Fantus, Eileen Hutton,
Anthony B Armsen, Lorraine L Lipscombe, David Simmons, Jon F R Barrett, Paul ] Karanicolas, Siobhan Tebin, H David Mcintyre, Simon Yu Tian,
George Tomlinson, KellieE Murphy, on behalf of the MiTy Collaborative Group*

Summary

Background Although metformin is increasingly being used in women with type 2 diabetes during pregnancy, little
data exist on the benefits and harms of metformin use on pregnancy outcomes in these women. We aimed to
investigate the effects of the addition of metformin to a standard regimen of insulin on neonatal morbidity and
mortality in pregnant women with type 2 diabetes.

Methods In this prospective, multicentre, international, randomised, parallel, double-masked, placebo-controlled trial,
women with type 2 diabetes during pregnancy were randomly assigned from 25 centres in Canada and four in Australia
to receive either metformin 1000 mg twice daily or placebo, added to insulin. Randomisation was done via a web-based
computerised randomisation service and stratified by centre and pre-pregnancy BMI (<30 kg/m2 or =30 kg/m2) in a
ratio of 1:1 using random block sizes of 4 and 6. Women were eligible if they had type 2 diabetes, were on insulin, had
a singleton viable pregnancy, and were between 6 and 22weeks plus 6 days’ gestation. Participants were asked to check
their fasting blood glucose level before the first meal of the day, before the last meal of the day, and 2 h after each meal.
Insulin doses were adjusted aiming for identical glucose targets (fasting glucose <5.3 mmol/L [95 mg/dL], 2-h
postprandial glucose <6-7 mmol/L [120 mg/dL]). Study visits were done monthly and patients were seen every
1-4 weeks as was needed for standard clinical care. At study visits blood pressure and bodyweight were measured;
patients were asked about tolerance to their pills, any hospitalisations, insulin doses, and severe hypoglycaemia events;
and glucometer readings were downloaded to the central coordinating centre. Participants, caregivers, and outcome
assessors were masked to the intervention. The primary outcome was a composite of fetal and neonatal outcomes, for
which we calculated the relative risk and 95% CI between groups, stratifying by site and BMI using a log-binomial
regression model with an intention-to-treat analysis. Secondary outcomes included several relevant maternal and
neonatal outcomes. The trial was registered with ClinicalTrials.gov, NCT01353391.

Findings Between May 25, 2011, and Oct 11, 2018, we randomly assigned 502 women, 253 (50%) to metformin and
249 (50%) to placebo. Complete data were available for 233 (92%) participants in the metformin group and 240 (96%) in
the placebo group for the primary outcome. We found no significant difference in the primary composite neonatal
outcome between the two groups (40% vs 40%; p=0-86; relative risk [RR] 1-02 [0- 83 to 1.26]). Compared with women in
the placebo group, metformin-treated women achieved better glycaemic control (HDbA, at 34 weeks' gestation
41-0 mmol/mol [SD 8-5] vs 43-2 mmol/mol [-10]; 5-90% vs 6-10%; p=0-015; mean glucose 6-05 [0-93] mmol/L vs
6-27 [0-90] mmol/L; difference —0-2 [-0-4 to 0-0]), required less insulin (1.1 units per kg per day vs 1.5 units per kg per
day; difference -0-4[95% CI-0-5 to—0- 2]; p<0-0001), gained less weight (7- 2 kg vs 9-0 kg; difference -1-8 [-2-7 to-0-9];
p<0-0001) and had fewer caesarean births (125 [53%] of 234 in the metformin group vs 148 [63%] of 236 in the placebo
group; relative risk [RR] 0-85 [95% CI 0-73 to 0-99]; p=0-031). We found no significant difference between the groups in
hypertensive disorders (55 [23%] in the metformin group vs 56 [23%] in the placebo group; p=0-93; RR0-99[0-72 to 1-35]).
Compared with those in the placebo group, metformin-exposed infants weighed less (mean birthweight 3156 g [SD 742]
vs 3375 g [742]; difference —218 [-353 to —82]; p=0-002), fewer were above the 97th centile for birthweight (20 [9%)] in the
metformin group vs 34 [15%] in the placebo group; RR 0-58 [0-34 to 0-97]; p=0-041), fewer weighed 4000 g or more at
birth (28 [12%)] in the metformin group vs 44 [19%] in the placebo group; RR 0-65 [0-43 to 0-99]; p=0-046), and
metformin-exposed infants had reduced adiposity measures (mean sum of skinfolds 16-0 mm [SD 5-0] vs 17-4 [6-2]
mm; difference —1-41 [-2.6 to —0-2]; p=0-024; mean neonatal fat mass 13-2 [SD 6-2] vs 14-6 [5-0]; p=0-017). 30 (13%)
infants in the metformin group and 15 (7%) in the placebo group were small for gestational age (RR 1-96 [1.10 to 3-64];
p=0-026). We found no significant difference in the cord c-peptide between groups (673 pmol/L [435] in the metformin
group vs 758 pmol/L [595] in the placebo group; p=0-10; ratio of means 0-88 [0-72 to 1-02]). The most common adverse
event reported was gastrointestinal (38 [27%] events in the metformin group and 38 [22%] events in the placebo group).

Interpretation We found several maternal glycaemic and neonatal adiposity benefits in the metformin group. Along
with reduced maternal weight gain, insulin dosage, and rate of caesarean sections, and improved glyacaemic

ENAOPAMA  EvSokplvoloyia | Atafntoloyia | MetaBoAiopog 225



Mn Ivooulwo-g€aptwpevog Zakxapwdng Staprtng / Mapaokeur MevilehomovAou

The NEW ENGLAND JOURNAL of MEDICINE

ORIGINAL ARTICLE

Once-Weekly Insulin for Type 2 Diabetes
without Previous Insulin Treatment

Julio Rosenstock, M.D., Harpreet S. Bajaj, M.D., M.P.H.,
Andrej Janez, M.D., Ph.D., Robert Silver, M.D., Kamilla Begtrup, M.Sc.,
Melissa V. Hansen, M.D., Ph.D., Ting Jia, M.D., Ph.D., and
Ronald Goldenberg, M.D., for the NN1436-4383 Investigators*

ABSTRACT

BACKGROUND
It is thought that a reduction in the frequency of basal insulin injections might
facilitate treatment acceptance and adherence among patients with type 2 diabetes.
Insulin icodec is a basal insulin analogue designed for once-weekly administration
that is in development for the treatment of diabetes.

METHODS
We conducted a 26-week, randomized, double-blind, double-dummy, phase 2 trial
to investigate the efficacy and safety of once-weekly insulin icodec as compared
with once-daily insulin glargine U100 in patients who had not previously received
long-term insulin treatment and whose type 2 diabetes was inadequately controlled
(glycated hemoglobin level, 7.0 to 9.5%) while taking metformin with or without
a dipeptidyl peptidase 4 inhibitor. The primary end point was the change in gly-
cated hemoglobin level from baseline to week 26. Safety end points, including
episodes of hypoglycemia and insulin-related adverse events, were also evaluated.

RESULTS
A total of 247 participants were randomly assigned (1:1) to receive icodec or
glargine. Baseline characteristics were similar in the two groups; the mean base-
line glycated hemoglobin level was 8.09% in the icodec group and 7.96% in the
glargine group. The estimated mean change from baseline in the glycated hemo-
globin level was —1.33 percentage points in the icodec group and —1.15 percentage
points in the glargine group, to estimated means of 6.69% and 6.87%, respec-
tively, at week 26; the estimated between-group difference in the change from
baseline was —0.18 percentage points (95% CI, —0.38 to 0.02, P=0.08). The ob-
served rates of hypoglycemia with severity of level 2 (blood glucose level, <54 mg
per deciliter) or level 3 (severe cognitive impairment) were low (icodec group, 0.53
events per patient-year; glargine group, 0.46 events per patient-year; estimated rate
ratio, 1.09; 95% CI, 0.45 to 2.65). There was no between-group difference in insu-
lin-related key adverse events, and rates of hypersensitivity and injection-site reac-
tions were low. Most adverse events were mild, and no serious events were deemed
to be related to the trial medications.

CONCLUSIONS
Once-weekly treatment with insulin icodec had glucose-lowering efficacy and a
safety profile similar to those of once-daily insulin glargine U100 in patients with
type 2 diabetes. (Funded by Novo Nordisk; NN1436-4383 ClinicalTrials.gov number,
NCT03751657.)
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FROM RESEARCH TO PRACTICE

Diabetes, Therapeutic Inertia, and Patients’

Medication Experience

Andrew S. Bzowyckyj and John E. Begert
School of Pharmacy, Pacific University Oregon, Hillsboro, OR

Factors contributing to therapeutic inertia related to patients’ medication experiences include concerns about side
effects and out-of-pocket costs, stigmatization for having diabetes, confusion about frequent changes in evidence-
based guidelines, low health literacy, and social determinants of health. A variety of solutions to this multifactorial
problem may be necessary, including integrating pharmacists into interprofessional care teams, using medication refill
synchronization programs, maximizing time with patients to discuss fears and concerns, being cognizant of language
used to discuss diabetes-related topics, and avoiding stigmatizing patients. Managing diabetes successfully is a team
effort, and the full commitment of all team members (including patients) is required to achieve desired outcomes

through an individualized approach.

Despite decades of research investigating the importance of
achieving diabetes-related goals and countless innovations
introduced in the field of diabetes, slightly less than half of
adults living with diabetes in the United States met rec-
ommended goals for comprehensive diabetes care in 2010
(1). A subsequent analysis looking at individualized A1C
targets noted a slight decline in patients achieving their
glycemic goals from 2003 to 2014, with only 64% of adults
with diabetes achieving their individualized AIC goal (2).
The factors contributing to this phenomenon are various,
ranging from patient-level decisions to the current land-
scape of the U.S. health care delivery system (3). Regardless,
therapeutic inertia is one of the most significant reasons for
this phenomenon. To complement the perspectives of other
articles in this Diabetes Spectrum From Research to Practice
section, this article focuses on therapeutic inertia directly
related to patients’ medication experiences.

Relevant Definitions

“Clinical inertia” has been defined previously as “the failure
of health care providers to initiate or intensify therapy
when indicated, caused by overestimation of care provided,
use of ‘soft’ reasons to avoid intensification of therapy,
and/or lack of education, training, and practice organi-
zation aimed at achieving therapeutic goals” (4). Unfor-
tunately, this definition only speaks to the actions of health
care providers, and multiple other factors also contribute to

Corresponding author: Andrew S. Bzowyckyj, bzowyckyj@pacificu.edu

https:/doi.org/10.2337/ds19-0019

delays in helping patients achieve their diabetes-related
goals, including patient- and health system-related factors
(5,6). Therefore, the term “therapeutic inertia” will be used
in this article to encompass this broader range of factors (7).

Another important term to introduce is the “medication
experience,” a practice concept that refers to seeking to
understand patients’ experiences with medications and
medication-taking behaviors to meet their medication-
related needs (8). This concept has four general con-
structs: a meaningful encounter, bodily effects, unremitting
nature, and exerting control. A meaningful encounter is any
initial exposure to the medication, ranging from a dis-
cussion with a provider or friend about a new medication
to administering the first dose of a new medication. The
construct of bodily effects encompasses the gamut of
outcomes patients experience after initiating a medication,
from the positive (e.g., improved glucose levels) to the
negative (e.g., adverse effects). The unremitting nature
construct speaks to the nature of living with a chronic
condition, the importance of medications to help manage
that condition, and the psychological toll that having a
chronic condition can have on a person. Finally, the con-
struct of exerting control describes how patients may begin
to self-adjust their medications to better suit their symp-
toms or daily routine, mostly for the better (e.g,, timing
medications around daily activities), but sometimes for the
worse (e.g., intentionally omitting doses).

©2020 by the American Diabetes Association. Readers may use this article as long as the work is properly cited, the use is educational and not
for profit, and the work is not altered. More information is available at https:/www.diabetesjournals.org/content/license.
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Low carbohydrate diet and all cause and cause-specific mortality
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SUMMARY

Background: Evidence is limited regarding the association between low-carbohydrate diet (LCD) score
and mortality among Asians, a population that consumes a large amount of carbohydrates.
Objective: The present study examined the association between low-carbohydrate diet (LCD) score
(based on percentage of energy as carbohydrate, fat, and protein) and the risk of total and cause-specific
mortality among Asians.
Design: This study was a prospective cohort study in Japan with follow-up for a median of 16.9 years
involving 43008 men and 50646 women aged 45—75 years. Association of LCD score, LCD score based on
animal sources of protein and fat, and LCD score based on plant sources of protein and fat with risk of
mortality was assessed using Cox proportional hazards model.
Results: A U-shaped association was observed between LCD score and total mortality: the multivariable-
adjusted hazard ratios (HRs) (95% CI) of total mortality for lowest through highest scores were 1.00, 0.95
(0,91, 1.01), 0.93 (0.88, 0.98), 0.93 (0.88, 0.98), and 1.01 (0.95, 1.07) (P-non-linearity <0.01), A similar as-
sociation was found for mortality from cardiovascular disease (CVD) and heart disease. LCD score based on
carbohydrate, animal protein, and animal fat also showed a U-shaped association for total mortality (P-non-
linearity <0.01). In contrast, LCD score based on carbohydrate, plant protein, and plant fat was linearly
associated with lower total (HR, 0.89; 95% CI: 0.83, 0.94 for highest versus lowest quintile), CVD [0.82 (0.7 3,
0.92)], heart disease [0.83 (0.71, 0.98)], and cerebrovascular disease [0.75 (0.62, 0.91) mortality.
Conclusions: Both LCD with high animal protein and fat and high-carbohydrate diet with low animal
protein and fat were associated with higher risk of mortality. Meanwhile, LCD high in plant-based
sources of protein and fat was associated with a lower risk of total and CVD mortality.

© 2020 The Authors, Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND

Results

As shown in Table 1, participants with higher scores of all LCD were less likely to be male but more likely
to have higher BMI and a history of diabetes and consumed higher amount of green tea. Participants
with higher score of total and animal-based protein and fat scores were more likely to be alcohol
drinkers. In addition, participants with higher plant-based protein and fat score were less likely to be
alcohol drinker and smoker. With respect to specific nutrients, all LCD scores were positively associated
with animal fat, plant fat, and animal protein intake but inversely associated with plant protein intake
(except LCD score based on plant protein and plant fat). During the median follow-up of 16.9 years, the
number of deaths from all-causes, cancer, CVD, heart disease, and cerebrovascular disease were 13179,
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5246, 3450, 1811, and 1358, respectively. LCD score was nonlinearly associated with the risk of total
mortality (Table 2). After adjustment for age, sex, study area, BMI, smoking status, alcohol consumption,
physical activity, history of hypertension, history of diabetes, history of dyslipidemia, occupation, energy
intake, coffee, and green tea consumption, the HRs (95% Cl) of mortality for the lowest through highest
quintiles of the score were 1.00 (reference), 0.95 (0.91e1.01), 0.93 (0.88e0.98), 0.93 (0.88e0.98), and
1.01 (0.95e1.07) (P for trend % 0.52 and P for nonlinearity

Table 1
Age- and sex-adjusted baseline characteristics of the study participants by quintile categories of low-carbohydrate diet score.
Low-carbohydrate diet score Low-carbohydrate score based Low-carbohydrate diet score based on plant
on animal sources of protein and fat sources of protein and fat
Q1(Low) Q3 Q5(High) Q1{Low) Q3 Q5(High) Q1({Low) 3 Q5(High)
N 22204 18823 16480 20796 21203 18134 21651 17522 15952
Median score 5 15 26 4 15 27 8 15 23
Age (years) 57.1 + 005" 56.0+0.06 567+ 006 573005 56.0 + 0.05 56.4 + 0.06 56.8 + 0.05 56.2 + 0.06 56.7 + 0.06
Sex (men, %) 546 46.8 33.0 47.4 47.0 40.0 61.8 44.7 29.1
BMI (kg/m?) 2341002 235+002 236+002 234+002 235 + 0,02 23.6 + 0.02 234 + 0,02 235 + 0.02 236 + 002
Current smoker (%) 18.0 16.8 15.4 16.8 169 16.8 204 163 14.0
Alcohol drinker (=1 dfweek, 31.7 40.0 339 274 40.6 384 38.7 36.7 333
%)
Total physical activity (MET- 33.1 £+ 0.05 33.05+005 33.1+005 3324+005 33.1 £ 005 33.1 £ 0.05 33.0 £ 0.05 331 1005 332+ 005
h/day)
History of hypertension (%)  16.2 173 16.4 16.6 174 16.4 15.7 16.7 173
History of diabetes (%) 36 47 5.5 37 46 5.2 39 43 59
History of dyslipidaemia (%) 44 5.1 4.1 4.6 5.0 39 39 4.6 5.0
Occupation (agriculture, 19.0 16.2 17.6 19.4 16.3 17.6 18.1 169 16.8
forestry, or fishery, %)
Nutrient intake
Energy (kcal/day) 17152 £ 45 20138 + 48 24406 +52 17498 +47 20103 +46 24066 +50 18004 +47 20505+52 22382155
Carbuhydrdie (% energyf 652+ 004 5421004 428005 654004 53.7 £ 0.04 43.0 + 0.04 59.6 + 0.06 54.1 + 0.07 49.2 + 0.07
day)
Fat (% energy/day) 176 £+ 003 254003 354+003 181+003 254 + 0,03 34.8 £ 0.03 20.1 £ 0.04 26.0 £ 0.05 30.8 + 005

Animal fat (% energy/day) 8.4 + 0.03 137 +0.03 220003 7.7 +002 13.7 £ 0.02 22.7 + 0.02 125 + 0.04 14.7 + 0.04 14,6 + 0.05
Plant fat (% energy/day) 9.2 + 0.02 1.7 £002 134+002 104+002 11.7 + 0.02 12.1 £ 0.03 7.5+ 0.01 11.3 £ 0.01 16.2 + 0.02

Protein (% energy/day) 11.9+0.01 143+001 176+001 12.1+001 14.3 + 0,01 17.0 £ 0.01 12.6 + 0.02 14.5 + 0.02 16.0 + 0.02
Animal protein (% 47 +0.01 7.6 £0.01 11.6 £ 0.01 4.5+ 001 7.6 £ 0.01 11.5 + 0.01 6.6 + 0.02 7.9+ 0.02 8.2 + 0.02
energy/day)
Plant protein (% energy/ 7.2 + 0.01 6.7 + 0.01 6.0 + 0.01 7.6 + 0.01 6.6 + 0.01 55 +0.01 6.0 + 0.01 6.6 + 0.01 7.8 £ 0.01
day)
Green tea (1 cup/d, %) 75.5 81.1 819 76.6 80.7 80.0 726 812 83.6
Coffee consumption (=1 cup/ 31.7 363 358 304 36.8 36.9 35.2 348 34.5
d, %)

Abbreviation: MET, metabolic equivalent; BMI, body mass index.
# Mean + S.E. (all such values).
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Multivariate-adjusted hazard ratios (95% Cl) for mortality across quintiles of low-carbohydrate diet score.

Q1 Q2 Q3 Q4 Q5 P trend”® P for nnn—linearity"

N 22204 15625 18823 20522 16480
Median score (range) 5(0-8) 10 (9-12) 15(13-17) 20 (18-23) 26 (24-30)
Person years 355495 250601 304448 334542 268123
Total mortality

No of deaths 3626 2309 2481 2550 2213

Rate /1000 person years 10.2 92 8.1 7.6 8.2

Model 1° 1.00 0.97 (0.92-1.03) 0.91 (0.86 to 0.96) 0.88 (0.83 to 0.92) 0.96 (0.91-1.01) 0.001 <0.001

Model 2¢ 1.00 0.95 (0.91-1.01) 0.93 (0.88 to 0.98) 0.93 (0.88 to 0.98) 1.01 (0.95-1.07) 0.52 <0.001
Cancer mortality

No of deaths 1369 930 1019 1063 865

Rate/1000 person years 38 3:7 33 32 32

Model 1° 1.00 1.02 (0.94-1.11) 0.98 (0.90—-1.06) 0.97 (0.89-1.05) 1.00 (0.92-1.09) 0.61 0.56

Model 2° 1.00 0.98 (0.90-1.07) 0.98 (0.90-1.07) 0.99 (0.91-1.08) 1.04 (0.95-1.14) 0353 021
Cardiovascular disease mortality

No of deaths 983 599 631 660 577

Rate/1000 person years 28 24 21 2.0 21

Model 1° 1.00 0.95 (0.85-1.05) 0.86 (0.77 to 0.95) 0.84 (0.76 to 0.92) 0.90 (0.81-1.00) 0.003 0.01

Model 2¢ 1.00 0.94 (0.85-1.04) 0.90 (0.81 to 0.99) 0.90 (0.81-1.00) 0.96 (0.86—1.08) 0.24 0.03
Heart disease mortality

No of deaths 539 294 320 355 303

Rate/1000 person years 1.3 1.2 1.0 1.1 1.1

Model 1° 1.00 0.84 (0.73 to 0.97) 0.79 (0.69 to 0.91) 0.82 (0.72 to 0.94) 0.86 (0.74 to 0.99) 0.01 0.01

Model 2° 1.00 0.85 (0.73 to 0.98) 0.84 (0.73 to 0.97) 0.89 (0.78-1.03) 0.92 (0.79-1.07) 0.27 0.03
Cerebrovascular disease mortality

No of deaths 369 254 255 260 220

Rate/1000 person years 1.04 1.01 0.84 0.78 0.82

Model 1° 1.00 1.07 (0.91-1.26) 0.92 (0.78—-1.08) 0.88 (0.75-1.03) 0.92 (0.78—-1.09) 0.068 0.68

Model 2° 1.00 1.05 (0.89-1.23) 0.95 (0.80-1.12) 094 (0.79-1.11) 0.97 (0.81-1.17) 045 0.69

# Linear trend across quintiles of low-carbohydrate score was tested by entering the median values of each quintile into the Cox proportional hazards model.

" P [u yuadiatic trend acioss quintiles of low-caiboliydiate, high total protein, and total fat scote was tested by using urthogonal polynoiial contiasts,

© Adjusted for age, sex, and public health center area.

4 Additionally adjusted for BMI, smoking status, alcohol consumption, total physical activity levels, history of hypertension, history of diabetes, history of hyperlipidemia,
occupation, energy intake, coffee, and green tea consumption.

Discussion

In this large population-based prospective cohort study in Japan, we observed a U-shaped association
between LCD score and risk of total mortality. A similar association was evident for mortality from CVD.
When the score was separated for animal and for plant sources of protein and fat, a U-shaped
association was found for LCD score based on carbohydrate and animal sources of protein and fat and
risk of mortality. In contrast, LCD score based on carbohydrate and plant sources of protein and fat was
inversely associated with risk of total mortality and cause-specific mortality including CVD mortality,
heart disease mortality, and cerebrovascular disease mortality. Our study suggests that both LCD with
high animal protein and fat and high-carbohydrate diet with low animal protein and fat can increase the
risk of mortality, whereas an LCD with mostly plant sources of protein and fat can decrease the risk of
mortality. To our best knowledge, the present study is one of the few to investigate the association
between LCD score and mortality.

Carbohydrate intake was relatively higher in the present study compared to the US studies. The mean
carbohydrate intake in the lowest and highest quintile of LCD score based on animal sources of protein
and fat were 65.4 and 43.0% energy, respectively in the present study. In contrast, the corresponding
values were approximately 60e61 and 35e38% in the US studies [11,13]. In addition, the major sources
of carbohydrate in Japan are rice and processed rice [22], while they are soft drinks and soda, yeast
bread and rolls, and cake, cookies, pastry, and pie in the US rice and cooked grains contributed only
3.1% of total carbohydrate intake [23]. Moreover, the main sources of animal fat and protein was red
meat in the US, whereas it is fish in Japan. Total meat intake (excluding fish) is much higher in the US
than in Japan (per capita meat intake: 122.8 kg/year in US vs 55.9 kg/year in Japan) [24] and, of total per
capita consumption of total meat (including fish), the percentage of red meat (beef and pork) and
fish/sea food consumption was 53% and 15%, respectively in US versus 26% and 60% in Japan [24]. The
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meat intake mortality association appears to vary by region. In a meta-analyses by study region, high
intake of red and processed meat was associated with an increased risk of all-cause and CVD mortality in
the US populations but not in Asian populations [25,26]. Several studies from US and Europe reported
that moderate red meat or total meat consumption (up to 100 g/d) was not associated with increased
risk of stroke [27,28] and ischemic heart disease [29], but large consumption was [27,29]. Meanwhile,
two cohort studies from Japan and Korea reported that moderate red meat consumption (up to 100 g/d)
was associated with decreased risk of CVD.

in line with our finding, a recent multi-country study suggested that very low intake of saturated fat (less
than 7% of energy) might have an adverse effect on mortality [32]. In addition, animal proteins are rich
iniron, and low iron intake is associated with anemia [33], which is a risk factor for CVD [34]. In contrast,
excessive dietary iron intake is associated with increased risk of coronary heart disease [35]. Along with
these findings, the present study suggests that moderate consumption of carbohydrate with animal
protein and fat is beneficial for long-term health than extremely low or high consumption. The clear
inverse association of LCD score based on plant protein and plant fat score with total mortality and CVD
mortality including heart disease and cerebrovascular disease mortality in the present study is
consistent with the findings from the US study [11]. It is also in line with our previous report from the
JPHC cohort study showing a clear inverse association between plant protein intake and risk of total and
CVD-related mortality [36]. High plant protein intake has been associated with favorable
cardiometabolic profile: waist circumference [37], body weight [37], blood pressure [38,39], low-density
lipoproteins [40,41], triglycerides [41], insulin resistance [42], and type 2 diabetes [42,43]. Intakes of
nuts and grains/ legumes, a rich source of plant protein and fat, was associated with lower risk of all-
cause and cardiovascular disease mortality [44,45]. Plant-based mono-unsaturated fatty acids were also
associated with lower risk of mortality [46] and individual polyunsaturated fatty acids from plant-based
sources such as alpha-linolenic acids are associated with decreased risk of CVD [47]. Collectively, the
available data suggest that diets lower in carbohydrate and higher in plant-based protein and fat is
associated with a lower risk of total and CVD mortality.
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Table 3
Multivariate-adjusted hazard ratios (95% Cl) for mortality across quintiles of low-carbohydrate diet score based on carbohydrate and animal sources of protein and fat.
Q1 Q2 Q3 Q4 Q5 P trend® P for non-linearity”
N 20796 17147 21203 16374 18134
Median score (range) 4(0-7) 10(8-12) 15(13-18) 21(19-23) 27 (24-30)
Person years 334908 276285 342098 264992 294925
Total mortality
No of deaths 3303 2422 2824 2124 2506
Rate/1000 person years 9.9 8.8 8.2 8.0 8.5
Model 1° 1.00 0.94 (0.90 to 0.99) 0.93 (0.89 to 0.98) 0.93 (0.89 to 0.98) 0.98 (0.93-1.03) 020 <0.01
Model 2 1.00 0.93 (0.89 to 0.99) 0.95 (0.90-1.00) 0.96 (0.91-1.01) 1.01 (0.95-1.06) 0.74 <0.01
Cancer mortality
No of deaths 1233 994 1143 860 1016
Rate/1000 person years 36 3.6 33 32 34
Model 17 1.00 1.02 (0.94-1.11) 0.99 (0.92-1.08) 0.99 (0.91-1.08) 1.06 (0.97-1.15) 039 033
Model 2 1.00 0.99 (0.91-1.08) 0.98 (0.90-1.06) 0.99 (0.90-1.08) 1.06 (0.97-1.16) 025 0.10
Cardiovascular disease mortality
No of deaths 907 603 743 553 644
Rate/1000 person years 27 22 22 21 2
Model 1° 1.00 0.87 (0.79 to 0.97) 0.91 (0.82-1.00) 0.89 (0.80 to 0.99) 0.92 (0.83-1.02) 0.13 0.05
Model 29 1.00 0.87 (0.78 to 0.97) 0.94 (0.85-1.04) 0.94 (0.84-1.05) 0.95 (0.86-1.06) 0.66 0.10
Heart disease mortality
No of deaths 486 316 381 292 336
Rate /1000 person years 15 1.1 1.1 1.1 1.1
Model 1° 1.00 0.85 (0.74 to 0.98) 0.87 (0.76 to 0.99) 0.87 (0.76—1.01) 0.88 (0.77-1.01) 0.10 0.09
Model 2° 1.00 0.86 (0.75—1.00) 0.92 (0.80—1.05) 0.94 (0.81-1.09) 0.93 (0.80-1.08)  0.54 022
Cerebrovascular disease mortality
No of deaths 355 3 295 232 245
Rate/1000 person years 1.1 0.8 09 0.9 0.8
Model 1° 1.00 0.86 (0.72-1.01) 0.93 (0.79-1.08) 097 (0.82-1.14) 091 (0.77-1.07) 0.54 0.09
Model 2 1.00 0.83 (0.70 to 0.99) 0.93 (0.79-1.09) 099 (0.83-1.17) 092 (0.77-1.09) 0.82 022

@ Linear trend across quintiles of low-carbohydrate score based on carbohydrate and animal sources of protein and fat was tested by entering the median values of each
quintile into the Cox proportional hazards model.
P P for quadratic trend across quintiles of low-carbohydrate, high animal protein, and animal fat score was tested by using orthogonal polynomial contrasts.
© Adjusted for age, sex, and public health center area.
4 Additionally adjusted for BMI, smoking status, alcohol consumption, total physical activity levels, history of hypertension, history of diabetes, history of hyperlipidemia,
occupation, energy intake, coffee, and green tea consumption.
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Fig. 1. Hazard ratios (HR, solid line) and 95% confidence interval (Cl, dashed lines) for total mortality associated with (A) low-carbohydrate diet score, (B) low-carbohydrate diet
score based on carbohydrate and animal sources of protein and fat, and (C) low-carbohydrate diet score based on carbohydrate and plant sources of protein and fat. The scores were
modelled using restricted cubic spline with three knots placed at the 10th, 50th, and 90th percentiles. The reference value was 0. The model was adjusted for age, sex, public health
center area, BMI, smoking status, alcohol consumption, total physical activity levels, history of hypertension, history of diabetes mellitus, history of dyslipidemia, occupation, energy

intake, coffee, and green tea consumption.
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Abstract

Purpose: Foor nutrition is highly implicated in the pathogenesis of cancer and affects the survival of patients during and after
completion of definitive therapies. Mechanistic evidence accumulated over the last century now firmly places dysregulated cellular
energetics within the emerging hallmarks of cancer. Nutritional intervention studies often aim to either enhance treatment effect or treat
nutritional deficiencies that ponend poor prognoses. Patients living within food priority areas have a high risk of nutritional need and are
more likely o develop comorbidities, including diabetes, hypertension, renal disease, and cardiovascular risk factors. Unfortunately,
there is currently a paucity of data analyzing the impact of food priority areas on cancer oulcomes.

Methods: Therefore, we performed a review of the literature focusing on the molecular and clinical interplay of cancer and nutrition, the
importance of clinical trials in elucidating how o intervene in this setting and the significance of including citizens who live in food
priority areas in these future prospective studies.

Conclusions: Given the importance of nutrition as an emerging hallmark of cancer, further research must be aimed at directing the
optimal nutrition strategy throughout oncologic treatments, including the supplementation of nutritious foods to those that are otherwise
unable o attain them

& 2020 University of Maryland, School of Medicine. Published by Elsevier Inc. on behalf of American Society for Radiation Oncology.
This is an open access article under the CC BY-NC-ND license (hup:/creativecomimons. orgflicenses/by-ne-nd/ 4. 00).

Sources of support: This research was funded by an interdepartmental grant to Dr. Melissa A. L. Vyfhuis
at the University of Maryland Department of Radiation Oncology (ACS IRG-18-160-16) for disparities
research. Disclosures: Dr. Colin E. Champ receives compensation for healthrelated books, is on the
scientific advisory board at Virta Health, and is a director and grant reviewer for the nonprofit
organization Advancing Ketogenic Therapeutics. Dr. Robert Miller reports personal fees from the
American Society for Radiation Oncology outside of the submitted work. Dr. Melissa A. L. Vyfhuis reports
grants from the University of Maryland during the conduct of the study.

According to recent estimates, 80,000 cancer cases per year could be prevented with an adequate diet
alone.3 The importance of nutrition is broadly implicated in cancer incidence, outcomes, and mitigation
of long-term comorbidities after treatment.3-5 Unfortunately, nutrition recommendations in oncology
remain vague and often contradictory.6 Epidemiologic studies throughout the 20th and 21st centuries
associate high-calorie diets and obesity with the incidence of many types of cancer. Indeed, morbidities
of obesity, including insulin resistance and diabetes mellitus type 2, are both independently recognized
to increase cancer risk.
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Mechanistically, studies have revealed that the chronic consumption of excess calories promotes an
increase in the insulin-like growth factor-1 (IGF-1) mammalian target of rapamycin (mTOR) signaling
pathway, which is paramount to nutrient sensing and subsequent cell growth. Various methods of
dietary interventions to mitigate this pathway are under active exploration, including caloric restriction,
intermittentfasting, and specific macronutrient restriction.

Most nutrition data are gathered using food surveys aimed at analyzing adherence to specific diets or
eating within different macronutrient or micronutrient profiles. Owing to the intrinsic heterogeneity
encountered within such studies, results are often mixed and generally considered fundamentally
biased, resulting in inconsistent findings.24 Furthermore, intervention bias plagues many of these
analyses. A recent meta-analysis including 31 studies reported that patients who followed diets that
scored high on the Dietary Approaches to Stop Hypertension, the Alternative Healthy Eating Index, and
the Healthy Eating Index had significantly decreased cancer incidence, mortality, and allcause
mortality.25 Adherence to a Mediterranean diet was also inversely associated with cancer mortality,
including significant risk reductions in colorectal, breast, gastric, liver, head and neck, and prostate
cancers, which the authors attributed to higher intakes of fruit, vegetables, and whole grains.26
However, data evaluating vegetarian diets on cancer incidence and mortality are inconsistent. A large
analysis of 96 vegetarian and vegan studies showed a significant decrease in the incidence of cancer
(relative risk: 0.92; confidence interval, 0.87-0.98), but not cancer mortality.27 Yet another meta-
analysis that included 9 studies of vegetarian diets and evaluated the subsequent risk of breast,
colorectal, and prostate cancers found no significant association between diet and cancer risk.

Many studies show that patients who lose significant weight during cancer treatment have poorer
outcomes and a reduced quality of life.4,13,58 These effects are multifactorial. The development of
cachexia, defined as skeletal muscle loss with or without anorexia and not reversible with nutritional
intervention, portends a poor prognosis.59 Cachexia is poorly understood, likely resulting from a
mixture of systemic inflammation, increased resting energy expenditure, and decreased protein
synthesis.58-60 Therefore, the potential benefits of caloric restriction while preventing the incidence of
cachexia are difficult to glean. In addition, long-term caloric restriction was shown to decrease immune
function in animal models.37 Given these challenges, time-restricted feeding, which includes short-term
fasting, intermittent fasting, and shortterm extreme caloric restriction, have been studied. Cellular
adaptions to starvation, conserved from yeast to mammals, repeatedly show increases in stress
resistance by reducing nutrients and growth signals, such as IGF-1, and thus downregulating the
PI13k/AKT/mTOR pathway.61,62 Reductions in IGF-1 signaling have been shown to induce cell cycle
arrest as normal cells partition cellular processes toward survival while tumor cells are largely immune
to this regulation.55,63 This difference, termed differential stress resistance,63 allows normal but not
tumor cell survival in response to high doses of chemotherapeutic agents.55,64 Indeed, short-term
fasting in just 48 to 72 hours induced a 70% reduction in circulating IGF-1 levels and protected mice to
lethal doses of chemotherapeutic agents.55 Cycles of fasting proved effective at delaying cancer
progression in multiple tumor mouse models, reducing toxicities to chemotherapy and promoting long-
term survival, particularly when combined with chemotherapy.65,66 In humans, short-term fasts have
been shown to be safe and may decrease chemotherapeutic side effects.67,68 Additional studies are
ongoing and promising. Finally, other dietary interventions under active investigation in oncology aim to
restrict specific nutrients. The ketogenic diet (KD), defined by the presence of ketone bodies in systemic
circulation, aims to restrict both carbohydrates and protein. The KD was originally developed in the
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1920s as a treatment for intractable pediatric epilepsy.69 At very low carbohydrate intakes, such as
those with fasting, the liver produces betahydroxybutyrate from fatty acids, which is a ketone body that
is able to cross the blood-brain barrier and provide an additional energy source for the brain. The KD
may provide a selective advantage against cancer cells because beta-hydroxybutyrate bypasses the
Warburg metabolism while providing adequate energy via the tricarboxylic acid cycle in normal tissues.
In addition, the KD induces significant reductions in both insulin and IGF-1,70,71 and acts as signaling
molecules to inhibit histone deacetylase and gene expression.72 Preclinical studies show that the KD
significantly slowed tumor growth, sensitized tumor cells to both chemotherapy and radiation therapy,
decreased cachexia, and increased survival.73-78 Preliminary clinical studies show the safety and
feasibility of the KD in the clinic,64,70,79-82 and current clinical trials are ongoing.

long-term side effects in cancer survivors, lead to reduced physical activity and loss of muscle mass,
promoting sarcopenic obesity.88 Cancer survivors with sarcopenic obesity, which is the replacement of
muscle mass with fat, are at a high risk for posttreatment mortality.89 Therefore, maintaining a healthy,
nutritious diet at all timepoints during cancer care is critical, especially in cancer survivors who received
curative treatment. As such, 1 in 3 patients with cancer inquire about dietary intake. Unfortunately,
current recommendations from National Comprehensive Cancer Networke designated cancer
institutions remain vague.6 From the aforementioned investigational interventions, the preferred diet
from an oncologic perspective is uncertain. Yet, there is a role for nutritional intercession as can be
deduced from the data discussed. Despite the potential benefits of dietary changes in all patients with
cancer, the greatest advantage would most likely be observed in those who have little access to healthy,
nutritious foods. One in 10 Americans live within a food priority area (FPA), defined as an area
encompassing low quantity and quality of grocers, and adequate transportation to get there.21,90 In
some inner cities, the proportion increases to 1 in 4 Americans.91 Although the effects of residence
within a FPA on various health issues, such as diabetes,92 hypertension,93 renal disease,94 and
cardiovascular risks,95 have been well-characterized in the literature, data reporting the effects of
residing in FPAs on cancer treatment and outcomes is nonexistent.
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Abstract: The American Cancer Society (ACS) publishes the Diet and Physical Activity Guideline to serve
as a foundation for its communication, policy, and community strategies and, ultimately, to affect
dietary and physical activity patterns among Americans. This guideline is developed by a national panel
of experts in cancer research, prevention, epidemiology, public health, and policy, and they reflect the

most current scientific evidence related to dietary and activity patterns and cancer risk. The ACS
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guideline focus on recommendations for individual choices regarding diet and physical activity patterns,
but those choices occur within a community context that either facilitates or creates barriers to healthy
behaviors. Therefore, this committee presents recommendations for community action to accompany
the 4 recommendations for individual choices to reduce cancer risk. These recommendations for
community action recognize that a supportive social and physical environment is indispensable if
individuals at all levels of society are to have genuine opportunities to choose healthy behaviors. This
2020 ACS guideline is consistent with guidelines from the American Heart Association and the American
Diabetes Association for the prevention of coronary heart disease and diabetes as well as for general
health promotion, as defined by the 2015 to 2020 Dietary Guidelines for Americans and the 2018
Physical Activity Guidelines for Americans. CA Cancer J Clin 2020;0:1-27. © 2020 American Cancer
Society.

TABLE 1. 2020 American Cancer Society Guideline on Diet and Physical Activity for Cancer Prevention

Recommendations for individuals

1. Achieve and maintain a healthy body weight throughout lite.
¢ Keep body weight within the healthy range and avoid weight gain in adult ife.
2. Be physically active.

* Adults should engage in 150-300 min of moderate-intensity physical activity per wk, or 75-150 min of vigorous-intensity physical activity, or an equivalent
combination; achieving or exceeding the upper limit of 300 min is optimal.

Children and adolescents should engage in at least 1 hr of moderate- or vigorous-intensity activity each day.

= Limit sedentary behavior, such as sitting, lying down, and watching television, and other forms of screen-based entertainment.

3. Follow a healthy eating pattern at all ages.

* A healthy eating pattern includes:
o Foods that are high in nutrients in amounts that help achieve and maintain a healthy body weight;
o A variety of vegetables—dark green, red, and orange, fiber-rich legumes (beans and peas), and others;
o Fruits, especially whaole fruits with a variety of colors; and
o Whole grains.
* Ahealthy eating pattern limits or does not include:
o Red and processed meats;
o Sugar-sweetened beverages; or
o Highly processed foods and refined grain products.

4. Itis best not to drink alcohol.
* People who do choose to drink alcohol should limit their consumption to no more than 1 drink per day for women and 2 drinks per day for men.
Recommendation for Community Action

e Public, private, and community organizations should work colfaboratively at national, state, and local levels to develop, advocate for, and implement policy and
environmental changes that increase access to affordable, nutritious foods; provide safe, enjoyable, and accessible opportunities for physical activity; and limit
alcohol for all individuals.
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Low-carbohydrate diets: Effects on metabolism and exercise — A
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summary Background & aims: Low-carbohydrate diets (LCD) have gained substantial attention in recent
years for their potential in health promotion and treatment of diseases, but they remain controversial in
nutrition guidelines and exercise performance. Herein, through a literature review, we discuss the
current evidence base by considering management of LCD and potential coupling of these dietary
regiments with physical exercise. Methods: We performed a comprehensive literature review with no
date limits as a means of including seminal to current studies. Results: Reduction of CHO intake
decreases muscle glycogen, yielding greater fat oxidation and associated metabolic benefits. LCD may
promote fat mass loss and regulation of biochemical parameters, such as lipid and glycemic biomarkers.
The therapeutic potential of LCD towards noncommunicable diseases, particularly obesity and its
comorbidities, is therefore reasonable as a dietary candidate in this context. Potential benefits to this
approach are linked to enhancement of mitochondrial gene expression and mitochondrial biogenesis. As
such, LCD may be a feasible tool in a ‘periodized nutrition’ for athletes and within clinical scenarios.
Long-term observational follow-up studies have demonstrated increased mortality and cardiovascular
implications of LCD. However, harmful associations may depend on the food source (e.g., animal-based
vs. plant-based foods). Conclusion: LCD may decrease body mass, waist circumference, and improve fat
and carbohydrate metabolism. When combined with exercise, LCD seems to be an effective strategy in
regulating metabolic factors of cardiovascular diseases. Conversely, LCD may be associated with higher
mortality and metabolic dysregulations if it contains large amounts of animal-based foods, particularly
saturated fat. © 2020 European Society for Clinical Nutrition and Metabolism. Published by Elsevier Ltd.
All rights reserved
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ARTICLE INFO ABSTRACT
Article history: Background: Obesity is common in patients with coronavirus disease 2019 (COVID-19). The effects of obesity on
Received 5 August 2020 clinical outcomes of COVID-19 warrant systematical investigation.
Received in revised form 15 September 2020 Objective: This study explores the effects of obesity with the risk of severe disease among patients with COVID-19.
Accepted 19 September 2020 Methods: Body mass index (BMI) and degree of visceral adipose tissue (VAT) accumulation were used as indica-
Xe > tors for obesity status. Publication databases including preprints were searched up to August 10, 2020. Clinical
ywords: z R 3 g 2 5 :
Obesity outcomes of severe COVID-19 included hospitalization, a requirement for treatment in an intensive care unit
Coronavirus disease 2019 (ICU), invasive mechanical ventilation (IMV), and mortality. Risks for severe COVID-19 outcomes are presented
Visceral adipose tissue as odds ratios (OR) and 95% confidence interval (95%Cl) for cohort studies with BMI-defined obesity, and stan-
Intensive care dardized mean difference (SMD) and 95%Cl for controlled studies with VAT-defined excessive adiposity.
Invasive mechanical ventilation Results: A total of 45, 650 participants from 30 studies with BMI-defined obesity and 3 controlled studies with
Mortality VAT-defined adiposity were included for assessing the risk of severe COVID-19. Univariate analyses showed sig-

nificantly higher ORs of severe COVID-19 with higher BMI: 1.76 (95%: 121, 2.56, P = 0.003) for hospitalization,
1.67 (95%Cl: 1.26, 2.21, P<0.001) for ICU admission, 2.19 (95%Cl: 1.56, 3.07, P<0.001) for IMV requirement, and
1.37 (95%CI: 1.06, 1.75, P = 0.014) for death, giving an overall OR for severe COVID-19 of 1.67 (95%Cl: 1.43, 1.96;
P<0.001). Multivariate analyses revealed increased ORs of severe COVID-19 associated with higher BMI: 2.36
(95%CI: 1.37,4.07, P = 0.002) for hospitalization, 2.32 (95%Cl: 1.38, 3.90, P = 0.001) for requiring ICU admission,
2.63 (95%C1: 1.32,5.25, P = 0.006) for IMV support, and 1.49 (95%Cl: 120, 1.85, P<0.001) for mortality, giving an
overall OR for severe COVID-19 of 2.09 (95%Cl: 1.67,2.62; P<0.001). Compared to non-severe COVID-19 patients,
severe COVID-19 cases showed significantly higher VAT accumulation with a SMD of 0.49 for hospitalization
(95% CI: 0.11, 0.87; P = 0.011), 0.57 (95% CI: 0.33, 0.81; P<0.001) for requiring ICU admission and 0.37 (95%
Cl: 0.03,0.71; P = 0.035) for IMV support. The overall SMD for severe COVID-19 was 0.50 (95% CI: 0.33, 0.68;
P<0.001).
Conclusions: Obesity increases risk for hospitalization, ICU admission, IMV requirement and death among patients
with COVID-19. Further, excessive visceral adiposity appears to be associated with severe COVID-19 outcomes.
These findings emphasize the need for effective actions by individuals, the public and governments to increase
awareness of the risks resulting from obesity and how these are heightened in the current global pandemic.

© 2020 Elsevier Inc. All rights reserved.

The included studies involved 9 countries over the world including USA, ltaly, China, Spain, The state of
Kuwait, Mexico, France, Switzerland and Greece. A total of 45, 650 participants were finally included
into analysis. Nearly two third of the studies (18/33) were from USA, the current epicenter of the
coronavirus pandemic.

Patients mainly participated in these studies between February to May. The participants in 20 studies
were all adults, over 18 years of age, while 11 studies did not report the age range of their participants
in detail. Only one study included exclusively children with a median age of 13.1 (0.4-19.3) [21]. Except
for this study, the median age of participants ranges from 40.5 (31.5-52.1) to 72 (60-80) years, with
fourteen studies reporting a mean age or no statistical description for their age range. Obesity criteria
among 24 studies were defined as a level of BMI of 30 kg/m2 or more. One study from China defined a
BMI of 28 kg/m2 or more as obesity in accordance to obesity criteria of Chinese adults [9], another study
from Italy defined a BMI of over 29 kg/m2 as obesity [22]. It should be noted that one study emphasized
that the World Health Organization defined obesity as abnormal or excessive fat accumulation that
presents a risk to health condition issues .

Compared to younger patients, older COVID-19 patients with BMI > 30 kg/m2 appeared to develop a
less severe condition. Nevertheless, it's worth noting that the gradient of risk of severe COVID-19 in
relation to BMI might be more gradual among older patients when compared to younger individuals .
This may be attributed to the fact that BMl is a less accurate predictor of excess fat in older adults with
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lower muscle mass, together with a shift from subcutaneous fat to VAT and increased relative fat mass
among them [14]. A more precise measurement of excess fat may help predict more reliable health risks
in this group with obesity. The positive relationship between VAT and severe COVID-19 in our meta-
analysis may provide an important insight. The underlying mechanism by which obesity increases the
risk of severe covid-19 remains unknown. Previous research has shown that obesity was related to a
worse outcome as a result of infection and disease progression for certain kinds of infectious virus
diseases, such as influenza in the 1918 “Spanish” influenza pandemic [42,43], the 1957 pandemic, the
1968 pandemic and the 2009 Influenza A virus (IAV) HIN1 pandemic [44,45]. People with obesity tend
to have respiratory dysfunction at various levels [46] and may be mildly hypoxaemic [47]. A greater
oxygen cost of breathing was needed for patients with obesity when compared to those without
obesity, even at rest [47]. In a recently published meta-analysis, dyspnea rather than fever was shown to
be significantly associated with the risk of mortality among COVID-19 patients [48]. One study we
included found that BMI > 30 kg/m2 were associated with the risk of hypoxemia upon hospital
admission among patients with COVID-19 (OR: 1.7, 95%Cl: 1.3, 2.1; P < 0.0005) [35]. A BMI > 35 kg/m2
was even a significant predictor for increasing oxygenation requirement in a cohort of COVID-19
patients in the Bronx borough of New York City [12].

Obesity also increases the risk of many common non-communicable diseases such as diabetes mellitus,
cardiovascular disorders, cancers and non-alcoholic fatty liver disease, and often co-exists with them in a
single individual. These co-existing co-morbidities are considered to increase the likelihood of severe
illness from COVID-19 for people with obesity [50-52]. Excessive adipose tissue including ectopic fat
may serve as reservoirs for angiotensin-converting enzyme 2 (ACE2) and microbes such as coronavirus,
influenza A virus and Mycobacterium tuberculosis [53]. Beyond disease severity, obesity increased the
duration of influenza A virus shedding to hasten virus spreading mainly for person-to-person
transmission

To the best of our knowledge, this is the first meta-analysis to identify a positive relationship between
high VAT accumulation and severe COVID-19

Above all, combined adipose tissue-mediated immune and metabolic dysfunctions might play a key role
in the pathophysiological pathways that lead obesity to influence COVID-19 prognosis [46,56,57]. Low-
grade systemic inflammation and increasing insulin resistance commonly exists in people with obesity
[58,59]. and this immune and metabolic phenomena is strongly associated with presence of excess VAT
[60]. Excess VAT is believed to be the main culprit in the inflammatory diseases of obesity [60], which in
turn might induce severe complications on top of the viral infection itself, such as development of
thrombosis [56]. Visceral obesity-related impaired immune response can also lead to systemic metabolic
dysfunction [43,56] and increase risks of metabolic disorders and cardiovascular diseases, as well as
their complications [61—63]. Furthermore, while BMI on its own does not reflects any particular
distribution of body fat, VAT is a marker of increased ectopic fat that might contribute to increased
atherosclerosis and cardiometabolic risk [64]. Excessive visceral adiposity may provide additional
important information about COVID-19 risk, which is not captured in BMI. Evidence of value from two
recent studies, which were not included in our analysis due to our study design and eligibility criteria,
suggests that visceral adiposity increases the likelihood of severe COVID-19 [15,65]. Central obesity is
defined as a state of excessive VAT accumulation [66]. Patients with central obesity evidenced by waist
circumference or waist-to-hip ratio were also found to be more likely to develop severe COVID-19 (P
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Association between dietary fat intake and mortality from all-causes,
cardiovascular disease, and cancer: A systematic review and meta-
analysis of prospective cohort studies
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summary Background & aims: Low-carbohydrate diets (LCD) have gained substantial attention in recent
years for their potential in health promotion and treatment of diseases, but they remain controversial in
nutrition guidelines and exercise performance. Herein, through a literature review, we discuss the
current evidence base by considering management of LCD and potential coupling of these dietary
regiments with physical exercise. Methods: We performed a comprehensive literature review with no
date limits as a means of including seminal to current studies. Results: Reduction of CHO intake
decreases muscle glycogen, yielding greater fat oxidation and associated metabolic benefits. LCD may
promote fat mass loss and regulation of biochemical parameters, such as lipid and glycemic biomarkers.
The therapeutic potential of LCD towards noncommunicable diseases, particularly obesity and its
comorbidities, is therefore reasonable as a dietary candidate in this context. Potential benefits to this
approach are linked to enhancement of mitochondrial gene expression and mitochondrial biogenesis. As
such, LCD may be a feasible tool in a ‘periodized nutrition’ for athletes and within clinical scenarios.
Long-term observational follow-up studies have demonstrated increased mortality and cardiovascular
implications of LCD. However, harmful associations may depend on the food source (e.g., animal-based
vs. plant-based foods). Conclusion: LCD may decrease body mass, waist circumference, and improve fat
and carbohydrate metabolism. When combined with exercise, LCD seems to be an effective strategy in
regulating metabolic factors of cardiovascular diseases. Conversely, LCD may be associated with higher
mortality and metabolic dysregulations if it contains large amounts of animal-based foods, particularly
saturated fat.
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summary Background & aim: Based on previous studies, Sugar-Sweetened beverages (SSB) can increase
the risk of obesity and obesity-related disorders. However, findings are conflicting. The aim of the
present study was to summarize the association between the intake of SSB and waist circumference
(WC) in adult populations. Methods: Four electronic databases including PubMed/Medline, Web of
Knowledge, Scopus, and EMBASE were considered to collect eligible papers until 31 January 2019 with
English language. Results: Finally, we reached 7 eligible cohort studies for both qualitative and
quantitative synthesis. Based on the pooled 10 effect sizes, we found that the consumption of SSB can
increase WC by 14%. However, it was not statistically significant and the between-study heterogeneity
was high (95%Cl: 0.86, 1.51; 12 : 90.8%). We also observed that soda drink can increase WC by 31%
(95%CI: 1.03, 1.66; 12 :0%). Conclusion: The current systematic review and meta-analysis revealed that
the consumption of SSB can increase WC by 14% in adult populations. However, this value was not
statistically significant. However, more prospective studies are necessary to make a decision on the link
between the consumption of SSB and abdominal obesity. © 2020 European Society for Clinical Nutrition
and Metabolism. Published by Elsevier Ltd. All rights reserved.

To the best of our knowledge, it is the first systematic review and meta-analysis in which the link
between the consumption of various SSBs and adiposity in both children and adults were examined. In
the recent meta-analysis on food groups and obesity, conducted by Schlesinger et al., only 3 studies on
SSB and overweight were included. They reported that the intake of SSB can increase the risk of
overweight/obesity by 20% [18]. In this study, due to limited studies classifications by age groups were
not performed. In our study, although the effect of SSB on adiposity in younger individuals were greater
than older, its effects were significant in no categories. In our meta-analysis, WC was considered as a
measure of adiposity. Although we extracted the information related to fat mass, as a measure of
adiposity, only limited studies examined this variable and we could not pool and perform a meta-
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analysis on fat mass. Stern and colleagues reported that in overweight/obese women the impact of
changes in sugar sweetened soda on body weight was stronger compared to those with normal weight
[26]. However, in the present meta-analysis due to limited studies we could not do a subgroup analysis
based on BMI to evaluate this issue. It is notable that some cohort studies assessed a particular
sweetened beverage including soda, juice with added sugar or diet beverages, not sugar-sweetened
beverages as a whole. Due to limited studies in each category, we only could report findings on soft
drink, separately. We found that soft drink can increase the risk of adiposity by 31%. However, pooling
studies on all SSBs showed odd ratio of 1.18 with adiposity. Therefore, types of SSB can affect the
association. However based on current cohort studies, this issue remained unanswered. All the included
cohort studies obtained minimum score of 5 for methodological quality. Accordingly, there is no bias on
findings regarding high risk of bias. However, various categories were considered for comparisons the
effects of high SSB intake verses low consumption and this point made it difficult to define a cut-off
point and provide nutritional recommendations on this regard. On the other hands, sensitivity analysis
showed that our findings were stable and two studies had decisive effect. Thus, findings must be
interpreted by great caution.

SSBs can stimulate intake of other high glycemic foods that lead to the intake of greater total calorie.
Furthermore, due to high glycemic loads of SSBs, repeated high insulin is demanded. An increase in
insulin secretion can lead to fat accumulation and weight gain [29]. Based on evidence, high-fructose
maize syrup that is used for some types of SSBs can also stimulate hepatic de novo lipogenesis and
substantially increase the serum levels of triglyceride [19]. Although the association between SSBs and
adiposity were not statistically significant, due to an increase of 14% in adiposity following SSBs intake
and no robustness of findings, recommendation regarding limiting the consumption of SSBs by health
providers seems reasonable. Among the weakness of the present meta-analysis we can point to the lack
of dose-response analysis due to variation in cut-off points and comparison groups. In addition, only
papers with English language were included. The strength points of the current systematic review and
meta-analysis are as follows: i) examining the quality of studies based on a standard tool; and ii)
including only cohort studies that can clarify the cause and effect relationships between SSB and
adiposity. It is suggested to compare various types of SSB with different sweeteners including fructose
and sucrose as well as beverages with various kinds of artificial sugar in the future prospective studies.

In our meta-analysis, WC was considered as a measure of adiposity. Although we extracted the
information related to fat mass, as a measure of adiposity, only limited studies examined this variable
and we could not pool and perform a meta-analysis on fat mass. Stern and colleagues reported that in
overweight/obese women the impact of changes in sugar sweetened soda on body weight was stronger
compared to those with normal weight [26]. However, in the present meta-analysis due to limited
studies we could not do a subgroup analysis based on BMI to evaluate this issue. It is notable that some
cohort studies assessed a particular sweetened beverage including soda, juice with added sugar or diet
beverages, not sugar-sweetened beverages as a whole. Due to limited studies in each category, we only
could report findings on soft drink, separately. We found that soft drink can increase the risk of adiposity
by 31%
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ABSTRACT 33 Background & Aims: Diet may play an important role in the etiology of ovarian 34 cancer
(OC). We aimed to evaluate the strength and credibility of evidence pertaining 35 to dietary risk factors
for OC. 36 Methods: We comprehensively searched PubMed, Web of Science, Cochrane, 37 CINAHL, JBI
Database of Systematic Reviews and Implementation Reports, 38 PROSPERO and EMBASE databases to
identify related systematic reviews and 39 meta-analyses of prospective cohort studies. This study had
been registered at 40 PROSPERO. The registration number is CRD42020187651. For each association, we
41 estimated the summary effect size using fixed and random effects models, the 95% 42 confidence
interval and the 95% prediction interval. We assessed heterogeneity, 43 evidence of small-study effects,
and excess significance bias. 44 Results: A total of 22 systematic reviews and meta-analyses were
included in the 45 present study. These previous reports evaluated 184 individual studies, which 46
proposed a total of 36 associations between dietary factors and OC risk. Out of the 36 47 associations,
there were no strong, highly suggestive and suggestive evidence, only 48 four (black tea, skim/low-fat

244 ENAOPAMA EvSokplvoloyia | AaBntoloyia | MetaBoAlopog



Awatpodn) / Avva Mamayswpyiou

milk, lactose, and calcium) were determined to be 49 supported by weak evidence. OC risk was inversely
associated with intake of black 50 tea or calcium, and positively associated with intake of skim/low-fat
milk or lactose. 51 Conclusions: Our studies revealed that four associations between OC risk and dietary
52 factors (black tea, skim/low-fat milk, lactose, and calcium) were supported by weak 53 evidence. The
remaining 32 associations were not confirmed. Additional studies are 54 needed to carefully evaluate
the relationship between dietary factors and OC risk.
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Hamed Kord Varkaneh, Grant M. Tinsley, Heitor O. Santos, Hamid Zand, Ali Nazary,
Somaye Fatahi, Zeinab Mokhtari, Ammar Salehi-sahlabadi, Shing Cheng Tan, Jamal
Rahmani, Mihnea-Alexandru Gaman, Brijesh Sathian, Amir Sadeghi, Behzad Hatami,
Samira Soltanieh, Shahin Aghamiri, Hiba Bawadi, Azita Hekmatdoost

PIl: S0261-5614(20)30577-X
DOI: https://doi.org/10.1016/j.cinu.2020.10.034
Reference: YCLNU 4531

To appear in:  Clinical Nutrition

Received Date: 12 March 2020
Revised Date: 5 October 2020
Accepted Date: 17 October 2020

Abstract Background and & aims: Fasting and energy-restricted diets have been evaluated in several
studies as a means of improving cardiometabolic biomarkers related to body fat loss. However, further
investigation is required to understand potential alterations of leptin and adiponectin concentrations.
Thus, we performed a systematic review and meta-analysis to derive a more precise estimate of the
influence of fasting and energy-restricted diets on leptin and adiponectin levels in humans, as well as to
detect potential sources of heterogeneity in the available literature. Journal Pre-proof 3 Methods: A
comprehensive systematic search was performed in Web of Science, PubMed/MEDLINE, Cochrane,
SCOPUS and Embase from inception until June 2019. All clinical trials investigating the effects of fasting
and energy-restricted diets on leptin and adiponectin in adults were included. Results: Twelve studies
containing 17 arms and a total of 495 individuals (intervention = 249, control = 246) reported changes in
serum leptin concentrations, and 10 studies containing 12 arms with a total of 438 individuals
(intervention = 222, control = 216) reported changes in serum adiponectin concentrations. The
combined effect sizes suggested a significant effect of fasting and energy-restricted diets on leptin
concentrations (WMD: -3.690 ng/ml, 95% Cl: - 5.190, -2.190, p < 0.001; 12 = 84.9%). However, no
significant effect of fasting and energyrestricted diets on adiponectin concentrations was found (WMD: -
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159.520 ng/ml, 95% Cl: - 689.491, 370.451, p = 0.555; 12 = 74.2%). Stratified analyses showed that
energy-restricted regimens significantly increased adiponectin (WMD: 554.129 ng/ml, 95% Cl: 150.295,
957.964; 1 2 =0.0%). In addition, subsequent subgroup analyses revealed that energy restriction, to
<50% normal required daily energy intake, resulted in significantly reduced concentrations of leptin
(WMD: -4.199 ng/ml, 95%Cl: -7.279, -1.118; 12 = 83.9%) and significantly increased concentrations of
adiponectin (WMD: 524.04 ng/ml, 95%Cl: 115.618, 932.469: 12 = 0.0%). Conclusion: Fasting and energy-
restricted diets elicit significant reductions in serum leptin concentrations. Increases in adiponectin may
also be observed when energy intake is <50% of normal requirements, although limited data preclude
definitive conclusions on this point.

Research

JAMA Internal Medicine | Original Investigation

Lifestyle Intervention With or Without Lay Volunteers
to Prevent Type 2 Diabetes in People With Impaired
Fasting Glucose and/or Nondiabetic Hyperglycemia

A Randomized Clinical Trial

Michael Sampson, MD; Allan Clark, PhD; Max Bachmann, PhD; Nikki Garner, MPhil; Lisa Irvine, PhD; Amanda Howe, MD;
Colin Greaves, PhD; Sara Auckland, PhD; Jane Smith, PhD; Jeremy Turner, DPhil; Dave Rea; Gerry Rayman, MD;

Ketan Dhatariya, PhD; W. Garry John, PhD; Garry Barton, PhD; Rebecca Usher, MSc; Clare Ferns;

Melanie Pascale, PhD; for the Norfolk Diabetes Prevention Study (NDPS) Group

IMPORTANCE Nearly half of the older adult population has diabetes or a high-risk intermediate glycemic
category, but we still lack trial evidence for effective type 2 diabetes prevention interventions in most of
the current high-risk glycemic categories. OBJECTIVE To determine whether a group-based lifestyle
intervention (with or without trained volunteers with type 2 diabetes) reduced the risk of progression to
type 2 diabetes in populations with a high-risk glycemic category. DESIGN, SETTING, AND PARTICIPANTS
The Norfolk Diabetes Prevention Study was a parallel, 3-arm, group-based, randomized clinical trial
conducted with up to 46 months of follow-up from August 2011 to January 2019 at 135 primary care
practices and 8 intervention sites in the East of England. We identified 141 973 people at increased risk
of type 2 diabetes, screened 12 778 (9.0%), and randomized those with a high-risk glycemic category.

RESULTS In this study, 1028 participants were randomized (INT, 424 [41.2%] [166 women (39.2%)]; INT-
DPM, 426 [41.4%] [147 women (34.5%)]; CON, 178 [17.3%] [70 women (%39.3)]) between January 1,
2011, and February 24, 2017. The mean (SD) age was 65.3 (10.0) years, mean (SD) body mass index 31.2
(5) (calculated as weight in kilograms divided by height in meters squared), and mean (SD) follow-up
24.7 (13.4) months. A total of 156 participants progressed to type 2 diabetes, which comprised 39 of 171
receiving CON (22.8%), 55 of 403 receiving INT (13.7%), and 62 of 414 receiving INT-DPM (15.0%). There
was no significant difference between the intervention arms in the primary outcome (odds ratio [OR],
1.14; 95% Cl, 0.77-1.7; P = .51), but each intervention arm had significantly lower odds of type 2
diabetes (INT: OR, 0.54; 95% Cl, 0.34-0.85; P =.01; INT-DPM: OR, 0.61; 95% Cl, 0.39-0.96; P = .033;
combined: OR, 0.57; 95% Cl, 0.38-0.87; P = .01). The effect size was similar in all glycemic, age, and social
deprivation groups, and intervention costs per participant were low at $153 (£122).
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CONCLUSIONS AND RELEVANCE The Norfolk Diabetes Prevention lifestyle intervention reduced the risk
of type 2 diabetes in current high-risk glycemic categories. Enhancing the intervention with DPM did not
further reduce diabetes risk. These translatable results are relevant for current diabetes prevention
efforts.

Study Design The NDPS was a 7-year research program (UK National Institute for Health Research RP PG
0109-10013). The NDPS protocol35 (Supplement 1) and baseline publications35-38 summarize NDPS
sample sizes, recruitment plans, training materials, and screening data. The NDPS identified people with
high risk intermediate glycemic categories in the East of England and eligible participants entered a
randomized clinical 3-arm parallel group trial with up to 46 months of follow-up that tested a group-
delivered, theory-based lifestyle intervention with or without the support of trained lay volunteers
(diabetes prevention mentors [DPM]) with type 2 diabetes. Screening Potential participants were
screened with FPG levels, venous HbA1c levels, and biometric and clinical data collection. Participants
with an eligible glycemic high-risk category on initial testing results had repeated testing a median of 40
days (interquartile range, 27-69 days) later. Trial randomization was offered if paired baseline tests
were concordant for a high-risk intermediate glycemic category. The first screening appointment was
August 22, 2011, and the last March 24, 2017. Protocol-driven screening was undertaken by NDPS
program staff in 8 screening sites across the East of England.

Interventions :The intervention was delivered by trained health care professionals alone (diabetes
prevention facilitators [DPF]) or delivered jointly by DPFs and DPMs. The intervention theory aimed to
support maintenance of changes in physical activity and diet using patient-centered counseling
techniques to encourage decision-making about behavior changes; increase motivation to change;
engage social support; aid individually tailored goal setting, action planning, and self-monitoring; and
support problem solving. Behavior change targets were set by participants, who were encouraged to
think about (and were presented with the health benefits of) a 7% weight loss if their BMI was greater
than 30, achieving 150 minutes per week of moderate intensity physical activity over 5 days or more, 2
to 3 sessions of muscle-strengthening exercise per week, and reducing intake of total and saturated fat.
The intervention comprised 6 2-hour educational group sessions of varying content for 12 weeks,
followed by up to 15 maintenance sessions 8 weeks apart from month 4. Maintenance sessions were
discussion based and followed the same format, including a 50-minute supervised physical
activity/muscle strengthening exercise session. Sessions contained no more than 15 participants. The
maximum contact time per participant was 49.5 hours. Participants randomized to the INTDPM arm
received additional individual motivational telephone calls between sessions. The DPMs were assigned
up to 7 participants, and telephone contacts were monthly for the first 3 months and then every 2
months. During these contacts, the DPM and participants discussed progress, goal achievement, action
planning, and barriers to coping. The INT-DPM participants therefore received a contact from the study
at least once every 4 weeks. The CON group received written information and discussion about the risk
of diabetes and the effect of lifestyle modification on reducing this risk in line with then current local
National Health Service (NHS) clinical policy. This was delivered in a single 2-hour session delivered by a
DPF.

Results
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We invited 141 973 people at increased risk of developing type 2 diabetes to participate, and 12 778
(9.0%) were screened. Between October 1, 2011, and June 1, 2017, we randomized 424 eligible
participants into the standard INT arm, 426 into the INT-DPM arm, and 178 into the CON arm.

Baseline characteristics and flow through the trial are shown inTable 130,38-44 and Figure 1.Mean (SD)
follow-upwas 742 (403) days (24.7months), and by arm was 727 (383) (CON), 744 (415) (INT), and 746
(402) days (INT-DPM). Between 75% and 78% were followed for at least 12months (CON, n = 135; INT, n
=304; INT-DPM, n = 305) in a rolling recruitment until the end of the recruitment period (Figure 1).
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Figure 1. Trial Consolidated Standards of Reporting Trials Profile
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Time not reached refers to the
number of participants randomized
as planned but not at a point during
rolling recruitment that provided
planned data collection at that later
time. DPM indicates diabetes
prevention mentors; IFG, impaired
fasting glucose; NOH, nondiabetic
hyperghycemia; T2DM, type 2
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To our knowledge, NDPS is the largest type 2 diabetes prevention trial since the US Diabetes Prevention
Program more than 20 years ago19-22 and now extends the prevention evidence base to contemporary
high-risk glycemic categories. Nearly all of the earlier landmark trial evidence on diabetes prevention is
drawn from people categorized as having IGT using an oral glucose tolerance test. The assumption that
this earlier evidence can simply be translated with similar expected benefit to IFG or NDH populations
with a different phenotype may not be valid. The NDPS affirms that a low-cost group-based lifestyle
intervention in these high risk groups does have a substantial effect in preventing type 2 diabetes. The
glycemic criteria we used are those now recognized as identifying individuals with a high risk of diabetes
in UK prevention policy, in the NHS England diabetes prevention program, and in US prevention
programs. Our results are therefore translatable to the current clinical and policy context. A meta-
analysis of 11 similar trials with a diet and physical activity intervention of more than 2 years in high-risk
glycemic categories20 described a similar composite effect size of a risk ratio of 0.57 (95% Cl, 0.5-.64; P >
.001). In that analysis of 9 trials20 exclusively randomized based on oral glucose tolerance test data, 1
included IFG or IGT, and 1 included people with a fasting glucose level of 95-124 mg/dL.

Discussion In this trial, people with a current high-risk intermediate glycemic category of IFG and/or
NDH were 40% to 47% less likely to develop type 2 diabetes in the intervention groups compared with
controls over an average 24 months. Broadly, 1 person was prevented from developing type 2 diabetes
for every 11 who received the intervention. The enhanced intervention with trained DPMs did not
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further reduce the risk of type 2 diabetes

Table 1. Baseline Characteristics of CON, INT, and INT-DPM Abbreviations: BMI, body mass index
(calculated as weight in kilograms

Characteristic CON INT INT-DPM divided by height in meters squared);

No. 178 424 426 CON, control arm;: HbA,.. hemoglobin
Age, mean (SD), y 65.3 (10.0) 66.5 (8.6) 66.7 (3.5) Aqc; HDL, high-density lipaprotein;

HOMA, homeostasis model

Ethnicity, % assessment; IFG, impaired fasting
White 96.0 573 971 glucose; INT, standard intervention
South Asian 1.7 1.7 12 arm: INT-DPM, intervention arm with

diabetes prevention mentors;
Black 0.6 o 0 LDL. low-density lipoprotein;
Other 1.7 1.2 1.7 MET, metabolic equivalent of task;

Sex, No. (%) MDH, nondiabetic hyperglycemia.

Women 70(38.3) 166 (39.2) 147 (34.5) 51 conversion factors: To convert
total, HDL and LDL cholesterol to
Men 108 (60.7) 258 (60.8) 279 (65.5) mmol/L. multiply by 0.0259: plasma
Family history glucose to mmaol /L, multiply by
Type 2 diabetes, No. (%) 67 (37.6) 173 (40.8) 167 (39.2) 0.0555.
. s
Cardiovascular disease, No. (%) 22(12.4) 63 (14.9) 57 (13.4) DF'?"“'E D:'“"I"“”“‘-
- = m Indices of multiple deprivation

Pretru:lus gttsla rfmnal diabetes, No. {ié}' 4(5.7) 12(7.2) 18(12.2) stieial deprivabion sonie

Social deprivation score, mean (SD) 15.5 (10.6) 15.4 (10.2) 16.2 (10.7) < Bady fat by Tanita body

Weight, mean (5D), kg 90.5 (17.8) 90.2 (18.2) 89.8 (17 4) composition analyzer.®

BMI, mean (50) 31.2 (5.0) 31.1(5.6) 30.9 (5.6) 9 Impaired fasting glucose-paired

Waist circumference, mean (SD), cm 105.1(13.1) 105.1(13.5) 105.2 (13.0) b-"*""': fasting plasma B':JEOSE

levels of 110 or greater to less than

Body fat mass, mean (SD), kg® 35.2 (8.8) 34.0(9.0) 33.6 (8.9) 126 mg/dL. Nondiabetic

IFG, No. (%)" 114 (64.0) 261 (61.6) 256 (60.1) hyperglycemia-paired baseline

NDH, No. (%)" 64 (36.0) 163 (38.4) 170(39.9) HbAlc levels of 6.0% or greater to

less than 6.5% with an IFG fasting

HbA,,, mean (SD), % 6.1(0.3) 6.1(0.3) 6.1(0.3) el gyt il 46V

Fasting, mean (SD) greater to less than 110 mg/dL.
Plasma glucose, mg/fdL 112(7.2) 112(7.2) 113(7.2) * Homeostasis model assessment of
HOL cholesterol, mg/dL 495 (13) 387 (13) 387 (13) baseline insulin sensitivity and j cell

function expressed as percentage of
LDL cholesterol, mg/dL 1159.1(35) 117 (34) 118(35) standard reference range, from
Plasma insulin, pmol/L 108.3 (72.5) 95.7 (54.4) 91.0(57.1) fasting plasma insulin and glucose
HOMA, mean (D) data.®
f : iy

Insulin sensitivity, (%)° 68.5 (41.9) 73.2(515) 77.6(47.2) Physical activity scales, energy

- - expenditure during physical activity
B cell function, (%) 98.1 (44.0) 90.6 (35.6) 88.2 (36.3) (MET minutes per week), low

Physical activity, mean (5D} physical activity category, and

MET miin per wk' 2507 (2761) 2701 (2640) 2660 (2748) sedentary time derived from the
international physical activity
Min sitting per wik' 442 (269) 463 (263) 431(241) questionnaire 3540
Low physical activity category, No. (%)" 42(32.3) 91(29.4) 98 (32.3) 8 Djgtary fat and fiber scores based
Dietary fat intake scale, mean (SD)? 2.3(0.3) 2.3(0.3) 2.3(0.3) on selff-reported Diet Behavior
0 H 41

W-BQ12, mean (50)" 2458 (6.1) 251 (6.5) 25.0(6.1) (Ouestanrare.

- . .

EQ-5D, mean (5D)" 0.8(02) 0.8(D.2) 0.8(D.2) Wol Luing schreigan oredin

EQ-5D questionnaire.

The combined intervention group at 12 months had a significantly lower mean weight (-1.76 kg), waist
circumference (-2.48 cm), and BMI. Despite relatively low levels of weight loss, compared with the
landmark studies in the field, the maintenance of behavior changes or area under the curve generated
may be partly responsible for the marked effect on diabetes incidence. For the subgroup who attained a
high intervention dose, weight loss was significant even at 2 years into the program (-3.47 kg) compared
with those attaining a low dose. These weight changes are similar to that seen in a systematic analysis of
weight loss in intervention arms in translational and controlled trial prevention studies.28 It is also
similar to the observed mean weight loss in high attenders in the NHS England diabetes prevention
program.12 The longer-term legacy effect of the NDPS intervention on type 2 diabetes incidence and
maintained weight loss is unknown, but some short-term regain of lost weight after an intensive lifestyle
intervention is a common observation in people with obesity, type 2 diabetes, or high-risk glycemic
categories, particularly in those with the least initial weight loss.49-52 We also observed a significant
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increase in energy expenditure in the intervention groups (eTables 3-7 in Supplement 2). There is a
direct consistent association between reduced type 2 diabetes risk and an increase in almost all type of
physical activity and energy expenditure that is only partially mediated through changes in adiposity.53
The DPM-supplemented intervention group (INT- DPM) did not differ significantly from the INT group in
the risk of type 2 diabetes, any secondary outcome, or in participant adherence to the intervention. The
use of lay volunteer health workers to deliver lifestyle modification interventions for people at high risk
of type 2 diabetes, or with established type 2 diabetes, is well recognized 30-32 but this study’s model
did not add value.30-32,37 To our knowledge, only 1 other study has used people with type 2 diabetes
in this role to prevent diabetes,53 with significant improvement in risk markers, although it is unknown
if this translated into a lower type 2 diabetes incidence. The effect of lay or peer volunteers on type 2
diabetes prevention in high-risk groups has been reviewed, with 30 studies (including 10 randomized
clinical trials) largely delivered in high-income countries to largely minority populations of color and
studies of between 20 and 2369 participants.30 None of these reported a diabetes prevention benefit
with diabetes as an end point or were powered to detect such an outcome, although there were
commonly improvements in surrogate markers for diabetes risk.30 Cluster randomized clinical trials in
high-risk groups using generic lay trainer programs to support or deliver the intervention have also
shown no significant effect in diabetes prevention in community or primary care settings.

The NEW ENGLAND JOURNAL of MEDICINE

DECEMBER 3, 2020

A HALF-CENTURY OF PROGRESS IN HEALTH: THE NATIONAL ACADEMY OF MEDICINE AT SO

Solving Population-wide Obesity — Progress and Future Prospects

Shiriki Kumanyika, Ph.D., M.P.H., and William H. Dietz, M.D., Ph.D.

124 million children and adolescents have obesity. Globally, obesity is responsible for 41% of uterine
cancers; more than 10% of gallbladder, kidney, liver, and colon cancers; 40% of cases of cardiovascular
diseasel ; and most cases of type 2 diabetes. SARSCoV-2 infection is more likely to cause serious illness
or death in people with obesity than in those with a healthier body-mass index (BMlI).2 The prevalence
of obesity is higher in the United States than in other member countries of the Organization for
Economic Cooperation and Development: nationwide, about 42% of adults, 14% of children 2 to 5 years
of age, and 20% of children 6 to 19 years of age have obesity. Obesity disproportionately affects racial
and ethnic minority groups and rural and low-income populations in the United States. Obesity rates
have increased during the past two decades in all age groups except the youngest children.
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The Lancet Commission on Obesity has suggested confronting obesity globally within a syndemic
framework that views obesity, undernutrition, and climate change as pandemics that interact with and
have adverse effects on each other.5 The overproduction and overconsumption that drive obesity also
increase the release of greenhouse gases that exacerbate global warming, increase the risk of
catastrophic weather events, and reduce crop yields and the micronutrient content of crops, thereby
leading to food insecurity and undernutrition, particularly in low- and middle-income countries.
Powerful societal, political, socioeconomic, and commercial drivers underpin and sustain these
pandemics, and all three of them disproportionately affect less advantaged populations.

Efforts to curb the obesity epidemic must include strengthening and scaling up the most effective
strategies, combining complementary interventions, and giving these strategies time to work. This
approach assumes that the fundamental drivers of obesity can be allowed to remain in place — that we
can work around them. But experts emphasize that obesity on a global scale is embedded in societal
structures driven by the forces of globalization, urbanization, and technology. Moreover, disparities will
be exacerbated if strategies don’t reach racial and ethnic minority, low-income, and other high-risk
communities, and there is some evidence that gaps are already widening. The Healthy Communities
Study found that implementation of the CDC’s recommended obesity-prevention strategies was
associated with favorable BMI trajectories among White children and in higher-income communities in
the Northeast, but not in other regions or among Black or Hispanic children or lower-income
communities. Reducing obesity disparities will require strategies that address the underlying societal
structures that lead to health disparities more broadly. Reports from the IOM and the U.K. Government
Office for Science have called for systems-level transformation to address the structures that foster and
sustain population-wide obesity. It will be necessary to reimagine and reengineer systems that define
modern life and to move away from the contexts that people often take for granted: an overabundance
and the normative overconsumption of highly palatable processed and high-calorie convenience foods,
motorized transportation, sedentary work and learning environments and entertainment, and
companies whose profits depend on perpetuating these circumstances in both the general and highest-
risk populations.
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World Health Organization 2020 guidelines on
physical activity and sedentary behaviour
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ABSTRACT Objectives To describe new WHO 2020 guidelines on physical activity and sedentary
behaviour. Methods The guidelines were developed in accordance with WHO protocols. An expert
Guideline Development Group reviewed evidence to assess associations between physical activity and
sedentary behaviour for an agreed set of health outcomes and population groups. The assessment used
and systematically updated recent relevant systematic reviews; new primary reviews addressed
additional health outcomes or subpopulations. Results The new guidelines address children,
adolescents, adults, older adults and include new specific recommendations for pregnant and
postpartum women and people living with chronic conditions or disability. All adults should undertake
150-300min of moderateintensity, or 75—150min of vigorous-intensity physical activity, or some
equivalent combination of moderateintensity and vigorous-intensity aerobic physical activity, per week.
Among children and adolescents, an average of 60min/day of moderate-to-vigorous intensity aerobic
physical activity across the week provides health benefits. The guidelines recommend regular muscle-
strengthening activity for all age groups. Additionally, reducing sedentary behaviours is recommended
across all age groups and abilities, although evidence was insufficient to quantify a sedentary behaviour
threshold. Conclusion These 2020 WHO guidelines update previous WHO recommendations released in
2010. They reaffirm messages that some physical activity is better than none, that more physical activity
is better for optimal health outcomes and provide a new recommendation on reducing sedentary
behaviours. These guidelines highlight the importance of regularly undertaking both aerobic and muscle
strengthening activities and for the first time, there are specific recommendations for specific
populations including for pregnant and postpartum women and people living with chronic conditions or
disability. These guidelines should be used to inform national health policies aligned with the WHO
Global Action Plan on Physical Activity 2018— 2030 and to strengthen surveillance systems that track
progress towards national and global targets.

This paper reports on the development of new WHO guidelines on physical activity and sedentary
behaviour.5 These guidelines provide evidencebased public health recommendations concerning the
amount (frequency, intensity, duration) and types of physical activity that offer significant health
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This paper reports on the development of new WHO guidelines on physical activity and sedentary
behaviour.5 These guidelines provide evidencebased public health recommendations concerning the
amount (frequency, intensity, duration) and types of physical activity that offer significant health
benefits and mitigate health risks (for definitions see table 1). These guidelines have been developed for
children, adolescents, adults, older adults and, for the first time, include specific recommendations on
physical activity for pregnant and postpartum women and people living with chronic conditions or
disability. In addition, for the first time, these WHO guidelines address the health impact of sedentary
behaviour. The new WHO guidelines update previous WHO recommendations on physical activity for
health released in 20102 with the most recent advances in the evidence base for these behaviours and
associated selected health consequences. These new guidelines, together with the Guidelines on
Physical Activity, Sedentary Behaviour and Sleep for Children Under 5 Years of Age, 6 provide evidence-
updated recommendations for physical activity and sedentary behavior across the life course.
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# 2

Children and adolescents In children and adolescents, physical activity confers benefits for the following In children and adolescents, higher amounts of sedentary

(aged 5-17 years), Including  health outcomes: physical fitness (cardiorespiratory and muscular fitness), behaviour are associated with detrimental effects on the

those living with disability  cardiometabolic health (blood pressure, dyslipidaemia, glucose and insulin following health outcomes: fitness and cardiometabalic
resistance), bone health, cognitive outcomes (academic performance, executive  health, adiposity, behavicural conductipro-social behaviour
function) and mental health {reduced symptoms of depression) and reduced and sleep duration.

adiposity. It is recommended that:
It is recommended that: »  Children and adolescents should limit the amount of
»  Children and adolescents should do at least an average of 60 min/day of time spent being sedentary, particularly the amount of
moderate-to-vigarows intensity, mostly aerobic, physical activity, across the racreational screen time.
week; Strong recommendation

= Vigorous-intensity asrobic activities, a¢ well as those that strengthen muscle
and bone should be incorporated at least 3 days a week.
Strong recommendation
Adults In adults, physical activity confers benefits for the following health cutcomes: all-  In adults, higher amounts of sedentary behaviour are
(aged 18-64 years) including  cause mortality, cardiovascular disease mortality, incident hypertension, incident  associated with detrimental effects on the following
those with chronic conditions type 2 diabetes, incident site-specific cancers,mental health {reduced symploms of health outcomes: all-cause mortality, cardiovaseular

and those lving with anwiety and depression), cognitive health and sleep ; measures of adiposity may  disease mortality and cancer mortality and incidence of
disahility also improve. cardiovascular disease, type 2 diabetes and cancer,

It i& recommended that It is recommended that:

» Al adults shoubd undertake reqular physical activity; = Adults should limit the amount of time spent being

» Adults should do at beast 150=300 min of moderate-intensity aerobic physical sedentary. Replacing sedentary time with physical
activity, or at least 75-150min of vigorous-intansity aerabic physical activity, activity of any intensity {including light intensity)

or an equivalent combination of moderate-intensity and vigorous-intensity provides health banefits;
activity throwghout the week for substantial health benefits; > To help reduce the detrimental effects of high levels of
* Adults should also do muscle-strengthening activities at moderate or greater sedentary behaviour on health, adults should aim to
intensity that invalve all major musche groups on 2 or more days a weelk, as do more than the recommended levels of moderate-to-
these provide additional health benefits. vigorows physical activity.
Strong recommendation Strong recommendation

* Adults may increase moderate-intensity aerobic physical activity to =300 min,
or do =150 min of wigorous-intensity aerobic physical activity, or an
equivalent combination of moderate-intensity and vigorous-intensity activity
throughout the week for additional health benefits {when not contraindicated
for those with chronic condithons).

Conditional recommendation
Older adults In older adults, physical activity also belps prevent falls and falls-related injuries  As for adults
(aged 65 years and older) and declines in bone health and functional ability. Strong recommendation

including those with chronic It is recommended that:

condftions and those lfving  As for adults, plus

with disability > As part of their weekly physical activity, older adults should do varied
multicomponent physical activity that emphasises functional balance and
strength training at moderate or greater intensity on 3 or more days a week,
to enhance functional capacity and to prevent falls.

Strong recommendation
Pregnant and postpartum In women, physical activity during pregnancy and the postpartum period confers  ® Pragnant and postpartum women should limit the
Women benefits for the following matemal and letal health outeomes: reduced risk of pre- amount of time spent being sedentary. Replacing
eclampsia, gestational hypertensi | diabetes, excessive gestational sadentary time with physical activity of any intensity
weight gain, delivery complications and postpartum depresshon and no increasa in {including light intensity) provides health benefits,
rick of stillbirth, newbomn complications or adverse effects on birth webght. Strong recommendation
It is recommended that all pregnant and postpartum women withaout
cantraindication shaubd:

* undertake reqular physical activity throughout pregnancy and post partunm;
® do at least 150 min of moderate-intensity aerobic physical activity throughout
the week for substantial health benefits;
B incorporate a varety of asrobic and muscle-strengthaning activities. Adding
gentle stretching may also be beneficial
In addition:
Women who, before pregnancy, habitually engaged in
vigorous-intensity aerobic activity or who were physically
active can continue these activities during pregnancy and
the postparmum period.
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Effect of a Low-Fat Vegan Diet on Body Weight, Insulin Sensitivity,
Postprandial Metabolism, and Intramyocellular and Hepatocellular Lipid Levels
in Overweight Adults

A Randomized Clinical Trial

Hana Kahleova, MD, PhD; Kitt Falk Petersen, MD; Gerald I. Shulman, MD, PhD; Jihad Alwarith, BS; Emilie Rembert, BS; Andrea Tura, PhD; Martin Hill, PhD;
Richard Holubkov, PhD; Neal D. Barnard, MD

Abstract IMPORTANCE Excess body weight and insulin resistance lead to type 2 diabetes and other
major health problems. There is an urgent need for dietary interventions to address these conditions.
OBJECTIVE To measure the effects of a low-fat vegan diet on body weight, insulin resistance,
postprandial metabolism, and intramyocellular and hepatocellular lipid levels in overweight adults.
DESIGN, SETTING, AND PARTICIPANTS This 16-week randomized clinical trial was conducted between
January 2017 and February 2019 in Washington, DC. Of 3115 people who responded to flyers in medical
offices and newspaper and radio advertisements, 244 met the participation criteria (age 25 to 75 years;
body mass index of 28 to 40) after having been screened by telephone. INTERVENTIONS Participants
were randomized in a 1:1 ratio. The intervention group (n = 122) was asked to follow a low-fat vegan
diet and the control group (n = 122) to make no diet changes for 16 weeks. MAIN OUTCOMES AND
MEASURES At weeks 0 and 16, body weight was assessed using a calibrated scale. Body composition and
visceral fat were measured by dual x-ray absorptiometry. Insulin resistance was assessed with the
homeostasis model assessment index and the predicted insulin sensitivity index (PREDIM). Thermic
effect of food was measured by indirect calorimetry over 3 hours after a standard liquid breakfast (720
kcal). In a subset of participants (n = 44), hepatocellular and intramyocellular lipids were quantified by
proton magnetic resonance spectroscopy. Repeated measure analysis of variance was used for statistical
analysis.

RESULTS

Dietary Intake and Physical Activity Self-reported energy intake decreased in both groups but more so in
the intervention group (treatment effect, -354.9 kcal/d; 95% Cl, -519.0 to -190.8 kcal/d; P <.001)
(Table 2). In the intervention group, mean intakes of carbohydrate and fiber increased, whereas mean
fat, protein, and cholesterol intake decreased. These values did not change significantly in the control
group. Physical activity decreased slightly in both groups (-709.8 metabolic equivalents [95% CI, -1346
to -73.9 metabolic equivalents] in the control group and -604.8 metabolic equivalents [95% Cl, -1388 to
-178.6 metabolic equivalents] in the intervention group; between-group P = .84).

Body Weight, Body Composition, and Blood Lipid Levels Mean body weight decreased by 6.4 kg in the
intervention group compared with 0.5 kg in the control group (treatment effect, -5.9 kg; 95% Cl, 6.7 to
-5.0; interaction between group and time, P <.001). This difference was largely attributable to a
reduction in body fat, as noted by significant decreases in fat mass and visceral fat volume in the
intervention group participants. Total and low-density lipoprotein cholesterol levels decreased by 0.5
mmol/L and 0.4 mmol/L (to convert to milligrams per deciliter, divide by 0.0259), respectively, in the
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intervention group, with no significant changes in the control group (0.1 mmol/L and 0.07 mmol/L,
respectively) (P < .001 for both)

Insulin Sensitivity Fasting plasma insulin concentration decreased by 21.6 pmol/L (to convert to micro-1U
per milliliter, divide by 6.945) in the intervention group, with no significant change in the control group
(23.6 pmol/L; 95% Cl, -5.0 to 54.3; between-group P =.006). The homeostasis model assessment index
(a measure of insulin resistance) decreased significantly (-1.3; 95% Cl, -2.2 to -0.3; P <.001), and
PREDIM (a measure of insulin sensitivity) increased significantly in the intervention group (0.9; 95% Cl,
0.5-1.2; P <.001); neither changed significantly in the control group (Table 2). Within the intervention
group, the change in PREDIM correlated negatively with the change in body weight (r = -0.43; P < .001).
Postprandial Metabolism Postprandial energy expenditure (the thermic effect of food) increased by
18.7% (95% Cl, 4.4%-22.3%) in the intervention group from baseline to 16 weeks and did not change
significantly in the control group (14.1%; 95% Cl, 6.5%-20.4%) (interaction between group and time, P <
.001) (Figure 2A). The F values were as follows: group, F=1.7 (P =.19); week, F=15.4 (P <.001); time, in
thermic effect of food correlated negatively with changes in fat mass (r = -0.30; P < .05) and positively
with changes in PREDIM (r = 0.36; P <.05). That is, as fat mass decreased and insulin sensitivity
improved, postprandial metabolism increased (Table 2). A linear regression model for changes in
reported energy intake and body weight showed that every 100 kcal/d change in energy intake was
associated with a 0.15 kg change in body weight (eFigure 3 in Supplement 2). The mean (SD) reported
energy reduction of 355 (617) kcal in the intervention group compared with the control group would
therefore be associated with a mean (SD) weight loss of 0.53 (4.4) kg. For changes in postprandial
energy expenditure and body weight, every change in postprandial energy expenditure of 10 000 U in
area under the curve was associated with a change in body weight of 0.48 kg (eFigure 3 in Supplement
2). The mean (SD) decrease in postprandial energy expenditure of 8588 (34 020) U of area under the
curve was associated with an mean (SD) weight loss of 0.41 (2.8) kg. Hepatocellular and Intramyocellular
Lipid Levels In the 44 participants for whom hepatocellular and intramyocellular lipid levels were
quantified, baseline hepatocellular lipid content was generally in the normal range.29,30 Nonetheless,
hepatocellular lipid content decreased in the intervention group by 34.4% (from a mean [SD] of 3.2%
[2.9%] to 2.4% [2.2%]; P = .03) and remained unchanged in the control group (from a mean [SD] of 3.3%
[4.3%] to 3.6% [4.7%)]) (group, F =3.1 [P =.09]; week, F =1.27 [P =.27]; group x week, F=10.8 [P =
.002]) (Figure 2B). Results were similar in models adjusted for age and race/ethnicity (eFigure 1 in
Supplement 2) and for baseline BMI (eFigure 2 in Supplement 2). Within the intervention group, the
decrease in hepatocellular lipid levels was significantly associated with change in body weight (r = 0.42;
P =.04) but not with changes in reported energy intake (r = 0.24; P = .27) or fiber consumption (r = 0.07;
P =.76). In both groups combined, changes in hepatocellular lipid levels correlated negatively with
changes in PREDIM (r =-0.47; P < .05). That is, as hepatocellular lipid level decreased, insulin sensitivity
increased.
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Perioperative Glucocorticoid Therapy for Patients
with Adrenal Insufficiency: Dosing Based on
Pharmacokinetic Data

Baha M Arafah'

'Division of Clinical and Molecular Endocrinology, Cleveland Medical Center and Case Western Reserve

University, Cleveland, Ohio 44106

ORCiD number: 0000-0002-0445-9092 (B. M. Arafah).

Background: Perioperative glucocorticoid therapy for patients with adrenal insufficiency (Al) is
currently based on anecdotal reports, without supporting pharmacokinetic data.

Methods: We determined the half-life, clearance, and volume of distribution of 2 consecutive
intravenously (IV)-administered doses of hydrocortisone (15 or 25 mg every 6 hours) to 22
dexamethasone-suppressed healthy individuals and used the data to develop a novel protocol
to treat 68 patients with Al who required surgical procedures. Patients received 20 mg

of hydrocortisone orally 2 to 4 hours before intubation and were started on 25 mg of IV
hydrocortisone every 6 hours for 24 hours and 15 mg every 6 hours during the second day. Nadir
cortisol concentrations were repeatedly measured during that period.

Results: In healthy individuals, cortisol half-life was longer when the higher hydrocortisone
dose was administered (2.02 = 0.15 vs 1.81 + 0.11 hours; P < 0.01), and in patients with Al,

the half-life was longer than in healthy individuals given the same hydrocortisone dose. In

both populations, the cortisol half-life increased further with the second hormone injection.
Prolongation of cortisol half-life was due to decreased hydrocortisone clearance and an increase
in its volume of distribution. Nadir cortisol levels determined throughout the 48 postoperative
hours were within the range of values and often exceeded those observed perioperatively in
patients without adrenal dysfunction.

Conclusions: Cortisol pharmacokinetics are altered in the postoperative period and indicate
that lower doses of hydrocortisone can be safely administered to patients with Al undergoing
major surgery. The findings of this investigation call into question the current practice of
administering excessive glucocorticoid supplementation during stress. (J Clin Endocrinol Metab

105: e753-e761, 2020)

Key Words: HPA function, adrenal insufficiency, stress doses of glucocorticoids

ctivation of the hypothalamic-pituitary-adrenal
A (HPA) function is one of several characteristic fea-
tures of the physiologic response to psychological or
physical stressors such as trauma, infections, and sur-
gery. The intensity of the stress stimulus often dictates the
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degree and duration of HPA activation (1, 2). While the
importance of having adequate glucocorticoid secretion
during and after major surgery has been well recognized
for decades, the magnitude of perioperative HPA acti-
vation required during that period has been debated for

Abbreviations: Al, adrenal insufficiency; AUC, area under the curve; BMI, body mass
index; HC, hydrocortisone; HPA, hypothalamic-pituitary-adrenal; IV, intravenous.

https://academic.oup.com/jcem
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Original Article

Comprehensive Analysis of Steroid Biomarkers for
Guiding Primary Aldosteronism Subtyping

Adina F. Turcu, Taweesak Wannachalee, Alexander Tsodikov, Aya T. Nanba, Jianwei Ren,
James J. Shields, Patrick J. O’Day, Donald Giacherio, William E. Rainey, Richard J. Auchus

Abstract—Adrenal vein sampling (AVS) is required to distinguish unilateral from bilateral aldosterone sources in primary
aldosteronism (PA), and cortisol is used for AVS data interpretation, but cortisol has several pitfalls. In this study, we
present the utility of several other steroids in PA subtyping, both during AVS, as well as in peripheral serum. We included
patients with PA who underwent AVS at University of Michigan between 2012 and 2018. We used mass spectrometry
to simultaneously quantify 17 steroids in adrenal veins (AV) and periphery, both at baseline and after cosyntropin
administration. PA was classified as unilateral or bilateral based on a lateralization index = or <4, respectively, separately
for baseline and post-cosyntropin administration. Of 131 participants, AV catheterizations was deemed failed in 28
(21 %) patients (36 AVs) at baseline. Eight steroids demonstrated higher AV/periphery ratios than cortisol (P<0.01 for
all); 11B-hydroxyandrostenedione, 11-deoxycortisol, and corticosterone rescued most failed baseline catheterizations.
Lateralization was generally consistent when using these alternative steroids. Based on pre- and post-cosyntropin data,
the remaining 103 patients were classified as: U/U, 37; B/B, 32; U/B, 20; B/U, 14. Discriminant analysis of multi-steroid
panels from peripheral serum showed distinct profiles across the 4 groups, with highest aldosterone, 18-oxocortisol and
11-deoxycorticosterone in U/U patients. In conclusion, 11p3-hydroxyandrostenedione and 11-deoxycortisol are superior
to cortisol for AVS data interpretation. Single assay multi-steroid panels measured in peripheral serum are helpful
in stratified PA subtyping and have the potential to circumvent AVS in a subset of patients with PA. (Hypertension.
2020;75:00-00. DOI: 10.1161/HYPERTENSIONAHA.119.13866.) ® Online Data SupplemeITt —

Key Words: adrenal gland B aldosterone B hypertension M renin
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Primary aldosteronism (PA) is-traditionally- subtyped into
unilateral forms, most commonly aldosterone-producing
adenoma (APA), or bilateral hyperaldosteronism . (BHA).!
Accurate PA subtyping is essential for guiding clinical man-
agement. Unilateral PA can be cured or improved by unilat-
eral adrenalectomy, while BHA requires life-long medical
therapy.! Adrenal vein sampling (AVS) is recommended by
expert guidelines for PA subtyping.'? AVS protocols and crite-
ria for data interpretation have varied between referral centers,
leading to heterogeneity in selecting PA surgical candidates.>*

Cortisol is used in all steps of AVS results interpretation.
Disadvantages of using cortisol include longer half-life rela-
tive to aldosterone and fluctuations during the procedure, par-
ticularly important in the absence of cosyntropin stimulation.
Furthermore, mild autonomous cortisol excess is relatively
common in patients with PA,*¢ which can lead to cortisol sup-
pression in the contralateral adrenal gland and alter AV S results.
Recent studies have proposed alternative biomarkers for AVS
data interpretation, including metanephrines, androstenedione
(A4), dehydroepiandrosterone, 17a-hydroxyprogesterone

(170HP), and- 11-deoxycortisol~(11dF).”:!1. A4, dehydroep-
iandrosterone and 170HP, however, are also produced by
the gonads, and the latter has cyclical variations in reproduc-
tive age women. In contrast, 11pB-hydroxyandrostenedione
(110HAA4) is produced primarily and abundantly in the ad-
renal glands,'>3 and we, therefore, hypothesized that | IOHA4
could be a valuable biomarker for adrenal vein catheterization.

Beyond the variability in protocols and data interpretation
among expert centers, additional AVS drawbacks, including
its high cost, scarce availability and technical challenges, have
recently driven efforts to develop noninvasive PA subtyping
methods, such as steroid biomarkers measured in peripheral
serum.®!* Peripheral 18-oxocortisol (180xoF) and 18-hydroxy-
cortisol (180OHF) have been shown to perform well in identi-
fying APAs in Asian patients, who have a high prevalence of
KCNJS5 mutations.' The utility of these hybrid steroids was,
however, poor when used alone in Europeans,® who display
a variety of somatic aldosterone-driver mutations."> In such
populations, multi-steroid panels hold more promise in PA
subtyping based on peripheral blood tests.® Herein, we present

Received August 16, 2019; first decision August 29, 2019; revision accepted October 18, 2019.
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Context: Adrenal venous sampling (AVS) is the key test for subtyping primary aldosteronism
(PA), but its interpretation varies widely across referral centers and this can adversely affect the
management of PA patients.

Objectives: To investigate in a real-life study the rate of bilateral success and identification of
unilateral aldosteronism and their impact on blood pressure outcomes in PA subtyped by AVS.

Design and settings: In a retrospective analysis of the largest international registry of individual
AVS data (AVIS-2 study), we investigated how different cut-off values of the selectivity index
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Abbreviations: APA, aldosterone-producing adenoma; AV, adrenal vein; AVIS, Adrenal
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cava; LI, lateralization index; MRA, mineralocorticoid receptor antagonist; PA, primary
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J Clin Endocrinol Metab, June 2020, 2044(6):2042-2052 https://academic.oup.com/jcem doi:10.1210/clinem/dgz017

262 ENAOPAMA EvSokplvoloyia | AaBntoloyia | MetaBoAlopog

020z Jaquisoa( |0 Uo Jasn A19100g sunoopug olus|ieH Aq 9681 /SS/202/9/S0 | /aone/waol/woo dno-olwapeoe)/:sdiy Wol) papeojumoc]



Emwvedpidia / Mdvvng HAlag

doi:10.1210/clinem/dgz017

https://academic.oup.com/jcem

(SI) and lateralization index (LI) affected rate of bilateral success, identification of unilateral
aldosteronism, and blood pressure outcomes.

Results: AVIS-2 recruited 1625 individual AVS studies performed between 2000 and 2015 in 19
tertiary referral centers. Under unstimulated conditions, the rate of biochemically confirmed
bilateral AVS success progressively decreased with increasing SI cut-offs; furthermore, with
currently used LI cut-offs, the rate of identified unilateral PA leading to adrenalectomy was

as low as <25%. A within-patient pairwise comparison of 402 AVS performed both under
unstimulated and cosyntropin-stimulated conditions showed that cosyntropin increased the
confirmed rate of bilateral selectivity for SI cut-offs > 2.0, but reduced lateralization rates

(P < 0.001). Post-adrenalectomy outcomes were not improved by use of cosyntropin or more

restrictive diagnostic criteria.

Conclusion: Commonly used Sl and LI cut-offs are associated with disappointingly low rates

of biochemically defined AVS success and identified unilateral PA. Evidence-based protocols
entailing less restrictive interpretative cut-offs might optimize the clinical use of this costly and
invasive test. (J Clin Endocrinol Metab 105: 2042-2052, 2020)

Key Words: aldosterone, aldosteronism, diagnosis, adrenal vein sampling, registry

rimary aldosteronism (PA) is incorrectly regarded
Pas a rare condition, despite evidence showing that
it is the most common cause of endocrine hypertension
(1-4). Failure to identify and subtype PA at an early
stage leaves a multitude of patients exposed to life-long
hyperaldosteronism, and thus to a high risk of cardio-
vascular events, particularly atrial fibrillation, as shown
in both retrospective and prospective studies (5-8).

In the work-up of PA patients, the subtyping is a fun-
damental step, because patients with a unilateral form,
mostly aldosterone-producing adenoma (APA) and uni-
lateral adrenal hyperplasia (9, 10), benefit from laparo-
scopic adrenalectomy to obtain definitive correction of
the hyperaldosteronism and often cure of arterial hyper-
tension. Conversely, patients with bilateral PA, predom-
inantly bilateral adrenal hyperplasia (also known as
idiopathic hyperaldosteronism), require life-long med-
ical treatment with a mineralocorticoid receptor antag-
onist (MRA), often in combination with multiple other
antihypertensive agents.

To distinguish between unilateral and bilateral PA,
all current guidelines advocate use of adrenal vein sam-
pling (AVS) (11, 12), a technically demanding test where
success is defined as bilateral selectivity, ie, adequate
sampling of both adrenal veins. Confirmation of select-
ivity also serves to minimize the impact of two potential
confounders when ascertaining lateralization of aldos-
terone excess: the degree of proximity of the catheter’s
tip to the adrenal cortex, and dilution effect from blood
in accessory veins or inferior vena cava.

The criteria to define selectivity and lateralization
remain variable, even at major tertiary centers where
AVS is performed on a regular basis, as shown by data
from a large international survey (AVIS-1) (13) and ex-
pert consensus reports (14, 15). This heterogeneity in

ENAOPAMA

interpretation can have a profound effect on the clinical
decision-making, and thus on the usefulness of AVS.
The Adrenal Vein sampling International Study
(AVIS)-2 was planned after completion of AVIS-1(13)
with the aim of creating a large international registry of
individual AVS data. The results of this study regarding
patient outcomes, ie, correction of aldosteronism and
rate of cured/improvement of arterial hypertension
are reported elsewhere (16): not only did they provide
a snapshot of what occurs in real-life and highlight
the general outcome benefit of AVS-guided surgical
decision-making but also demonstrated the inconsist-
encies in AVS use and their profound clinical implica-
tions (16). Based on those findings, in this study we
explored the potential impact and usefulness of more
standardized AVS interpretation criteria on manage-
ment of PA patients. Hence, we herein report on: (i) the
potential rate of selective (confirmed successful) AVS
studies, (ii) the potential rate of unilateral PA suitable
for adrenalectomy; (iii) the post adrenalectomy blood
pressure outcomes as a function of the AVS protocol
and of commonly advocated diagnostic cut-offs for the
indexes defining selectivity (SI) and lateralization (LI).

Methods

The study rationale, design, center recruitment, inclusion/
exclusion criteria, population characteristics, and outcome
analysis of AVIS-2 were reported in a separate paper (16) and
are recapitulated in the Supplementary Methods; all supple-
mentary material and figures are located in a digital research
material repository (17). All procedures were carried out
according to the Helsinki Declaration. The protocol of the
study was approved by the Ethics Committee of both the co-
ordinating center and the participating centers.

In brief, de-identified biochemical data from individual
AVS studies were entered in a dedicated web-based platform
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Abstract

Background Primary aldosteronism (PA) is the most common cause of secondary hypertension. Surgery is the
mainstay of treatment for unilateral dominant PA, but reported cure rates varies. The aim of the present study was to
investigate contemporary follow-up practices and cure rates after surgery for PA in Sweden.

Methods Patients operated for PA and registered in the Scandinavian Quality Register for Thyroid, Parathyroid and
Adrenal Surgery (SQRTPA) 2009-2015 were identified. Patient data were extracted, and follow-up data
(1-24 months) was recorded. Doses of antihypertensive medication and potassium supplementation were calculated
using defined daily doses (DDD), and the Primary Aldosteronism Surgical Outcome (PASO) criteria were used to
evaluate outcomes.

Results Of 190 registered patients, 171 (47% female, mean age 53 years, median follow-up 3.7 months) were
available for analysis. In 75 patients (44%), missing data precluded evaluation of biochemical cure according to the
PASO criteria. Minimal invasive approach was used in 168/171 patients (98%). Complication rate (Clavien-Dindo
>3a) was 3%. No mortality was registered. Pre/postoperatively 98/66% used antihypertensives (mean DDD 3.7/1.5).
89/2% had potassium supplementation (mean DDD 2.0/0) before/after surgery. Complete/partial biochemical and
clinical success according to the PASO criteria were achieved in 92/7% and 34/60%, respectively.

Conclusion In this study, reflecting contemporary clinical practice in Sweden complete/partial biochemical and
clinical success after surgery for PA was 92/7% and 34/60%. Evaluation of biochemical cure was hampered by lack
of uniform reporting of relevant outcome measures. We suggest mandatory reporting of surgical outcomes using the
PASO criteria for all units performing surgery for PA.

This paper was presented as an oral presentation at the IAES meeting/
48th World Congress of Surgery August 11-15, 2019 in Krakéw,
Poland.
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Summary Purpose: To perform a systematic review and pooled meta-analysis of adrenal metas-

A systematic review and
pooled meta-analysis of
studies reporting outcomes
of stereotactic body radiation
therapy for adrenal metasta-
ses was performed. Stereo-
tactic body radiation therapy
provided good 1-year local
control with an excellent
safety profile, and dose
escalation was found to
correlate with improved local
control.

Corresponding author: David R. Raleigh, MD, PhD and William C.
Chen, MD; E-mail: david.raleigh@ucsf.edu and William.Chen @ucsf.edu
Steve Braunstein and David Raleigh made equal contributions to this
study.

tasis stereotactic body radiation therapy (SBRT) outcomes, treatment characteristics,
and toxicity to define the efficacy and propose guidelines for intervention.

Methods and Materials: We performed a comprehensive literature search of the Embase
and PubMed databases of studies reporting outcome or toxicity data for photon-based
SBRT of adrenal metastases in accordance with Preferred Reporting Items for Systematic
Reviews and Meta-Analyses guidelines. We then conducted a meta-analysis to estimate
pooled overall response, local control (LC), and overall survival and analyzed these out-
comes in the context of dosimetric parameters and toxicity using metaregression.
Results: Thirty-nine studies published between 2009 and 2019 reporting outcomes on
1006 patients were included. The median follow-up was 12 months, and the median bio-
logical equivalent dose (BED10, alpha/beta = 10) was 67 Gy. The pooled overall response
was 54.6% (95% confidence interval [CI], 46.5%-62.5%). The pooled 1- and 2-year rates
of LC were 82% (95% CI, 74%-88%) and 63% (95% CI, 50%-74%), respectively, and the
pooled 1- and 2-year overall survival rates were 66% (95% CI, 57%-74%) and 42% (95%
CI, 31%-53%), respectively. There was a strong positive association between SBRT dose

Research data are stored in an institutional repository and will be
shared upon request to the corresponding author.

Disclosures: none.

Supplementary material for this article can be found at https://doi.org/
10.1016/j.ijrobp.2020.01.017.

Int J Radiation Oncol Biol Phys, Vol. 107, No. 1, pp. 48—61, 2020
0360-3016/$ - see front matter Published by Elsevier Inc.
https://doi.org/10.1016/j.ijrobp.2020.01.017
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Meta-analysis of SBRT to adrenal metastases

and 1- and 2-year LC (P <.0001, P = .0002) and an association with 2-year OS (P = .03).
Based on a metaregression of dose and LC, BED10 of 60 Gy, 80 Gy, and 100 Gy predicted
1-year LC of 70.5%, 84.8%, and 92.9% and 2-year LC of 47.8%, 70.1%, and 85.6%,
respectively. The overall rate of grade 3 or higher toxicity was 1.8%.

Conclusions: SBRT of adrenal metastases provides good 1-year LC with an excellent
safety profile, and dose escalation may be associated with improved LC. Prospective
studies are needed to validate these findings and determine whether there are subsets of pa-
tients for whom adrenal metastasis—directed SBRT may confer a survival advantage. Pub-

lished by Elsevier Inc.

Introduction

In recent years, there has been growing interest in
oligometastasis-directed local therapy based on the hypothesis
that cytoreductive and ablative treatments may improve the
outcomes of patients with a limited burden of systemic dis-
ease.'™ The adrenal glands are a common site of metastasis
from lung cancer, renal cell carcinoma, and melanoma, and
previous studies have reported good outcomes after surgical
adrenalectomy or other invasive approaches such as radio-
frequency ablation for the treatment of adrenal metastases.”°

Stereotactic body radiation therapy (SBRT) has emerged as
an important treatment modality that allows conformal de-
livery of ablative doses of radiation therapy in a limited
number of fractions. In the last decade, a growing number of
small retrospective series have been published on SBRT
treatment of adrenal metastases.”** However, because cases of
adrenal metastasis that are amenable to SBRT and in an
appropriate clinical setting are relatively uncommon, these
retrospective reports have been limited in sample size, which
has hindered robust estimates of treatment efficacy and iden-
tification of optimal dosimetric parameters. In light of these
limited data, there are also concerns regarding the safety of
SBRT for adrenal metastases, particularly with regard to renal
toxicity, adrenal insufficiency,” and damage to regional
gastrointestinal viscera.”® To our knowledge, no comprehen-
sive meta-analysis has been performed on this topic. A prior
qualitative systematic review including 10 studies was pub-
lished in 201547; however, a significant number of additional
studies have been published since then, but no quantitative
pooled meta-analysis has been performed to date. Thus, the
aim of this study was to identify and pool the collective
experience in the English-language literature, with a focus on
response rate, local control (LC), overall survival (OS),
dosimetry, SBRT technique, and toxicity, to define the efficacy
and propose guidelines for adrenal metastasis—directed SBRT.

Methods and Materials

Literature search and inclusion and exclusion
criteria

A comprehensive search of the English-language literature was
conducted in September 2019 using the Embase and PubMed
electronic databases with the following query: (sbrt OR
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stereotactic OR radiosurgery OR sabr OR knife) AND (adre-
nal/exp OR adrenal) AND (metastasis/exp OR metastasis OR
metastases/exp OR metastases OR metastatic). Studies from
any period were included. Duplicate and non-English results
were removed, and the subsequent list of studies was system-
atically screened for relevance first by title and then by
assessment of the abstract and full text. Studies were excluded
from the meta-analysis if (1) there were no outcome or toxicity
data specific to stereotactic radiation therapy of adrenal me-
tastases; (2) the study contained technical or dosimetric data
only and no patient outcome or toxicity data; (3) the study was a
review, editorial, or commentary; (4) the study reported
redundant data already reported in another study; (5) the study
reported results of proton therapy; or (6) there were fewer than
5 patients in the study. Thus, studies reporting clinical outcome
or toxicity data for photon-based stereotactic radiation therapy
of adrenal metastases in 5 or more patients were included in this
meta-analysis and systematic review.

SBRT was defined as the delivery of higher fractional
doses of radiation than conventional fractionation (>1.8-2.5
Gy) in a relatively small number of fractions, using external
beam radiation therapy to a well-defined target and using
image guidance or motion management to deliver greater
conformality because of sensitive organs at risk. Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
guidelines were followed."

Data extraction

The literature search and study screening were performed
by a single investigator (W.C.C.). Studies meeting all in-
clusion and exclusion criteria were then divided, and data
extraction was performed by 4 investigators (W.C.C., J.P,,
J.D.B., and U.B.). A single investigator (W.C.C.) subse-
quently re-reviewed extracted data from all included studies
and discussed discrepancies with other investors to achieve
a consensus. No attempt was made to contact study authors
for additional data.

Clinical and dosimetric characteristics were extracted
from each study. If median or mean biological equivalent
dose using alpha/beta of 10 (BED10) to the target was re-
ported, this was extracted. Otherwise, the study’s repre-
sentative BED10 was calculated from the reported mean/
median prescribed dose and fractionation by applying the
standard linear quadratic formula, BED10 = nd x (1 + d/
[a/b]), where a/b = 10 and n and d represent the number of
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Highlights

o Metabolic health in patients with congenital adrenal hyperplasia (CAH) is good

e CAH men are prone to increased relative body fat mass

e Hydrocortisone use is superior in terms of body composition in comparison to synthetic
glucocorticoids

e Arterial hypertension is rare, but 54 % of patients have an impaired systolic drop at night

e Impaired dipping is independently mediated by higher sodium levels

e |nsulin resistance is more common in CAH women and in those with poor androgen control

Abstract

Data on cardiovascular morbidity in adults with congenital adrenal hyperplasia (CAH) is sparse. We
therefore aimed to determine the role of androgen control and glucocorticoid therapy on metabolic
health. For that purpose, we included 90 patients (N = 39 men, N = 51 women) with classic CAH due
to 21-hydroxylase deficiency (N = 61 salt wasting, N = 29 simple virilizing) and an equal number of
controls matched for age, sex, BMI and smoking-habits. We could show that there was no difference
in intima-media-thickness between patients and controls and only one patient fulfilled all criteria of the
metabolic syndrome. CAH men presented with an increased relative body fat mass in comparison to
controls (25.6% vs. 22.1%; p = 0.011) while this was not true for CAH women. Body fat was lower in
those taking hydrocortisone instead of synthetic glucocorticoids (B = -3.27; p = 0.048). While arterial
hypertension was rare, 54 % of patients had an impaired systolic drop at night or were classified as
non-dippers (17%). Impaired dipping was not associated with evening glucocorticoid and
fludrocortisone intake but mediated by sodium levels. Insulin resistance was more common in CAH
women (B = 1.689; p = 0.036) and in those with poor androgen control (B = 0.823; p = 0.046). In
summary, we could show that good cardiovascular health outcome in adult CAH patients can be
achieved. Hydrocortisone is superior in terms of body composition. It is yet unclear how non-dipping

will translate into cardiovascular morbidity in the long-term.
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Abbreviations

17-OHP 17-hydroxyprogesterone

ACTH adrenocorticotrophic hormone
CAH congenital adrenal hyperplasia
DHEAS dehydroepiandrosterone sulfate
GC glucocorticoid(s)

HC hydrocortisone

HOMA-IR homeostasis model assessment of insulin resistance
IMT intima media thickness

MS metabolic syndrome

SHBG sex hormone binding globuline
SV simply virilizing

sSw salt-wasting

WHR waist-to-hip-ratio
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Efficacy and safety of prenatal dexamethasone treatment
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Abstract

Obijective: To assess the efficacy and safety of prenatal dexamethasone treatment in
offspring at risk for congenital adrenal hyperplasia.

Methods: MEDLINE, EMBASE, the Cochrane Library, the clinicaltrials.gov website
databases were systematically searched from inception through March 2019. WMD
and SMD with 95%Cls were calculated using random or fixed effects models.
Results: There was a significant reduction in virilization in the DEX-treated group
(WMD: -2.39, 95%Cl: -3.31,-1.47). No significant differences were found in newborn
physical outcomes for birth weight (WMD: 0.09, 95%Cl: -0.09, 0.27) and birth length
(WMD = 0.27, 95%Cl: -0.68, 1.21). Concerning cognitive functions, no significant
differences in the domains of psychometric intelligence (SMD: 0.05, 95%Cl: -0.74,
0.83), verbal memory (SMD: -0.17, 95%Cl: -0.58, 0.23), visual memory (SMD: 0.10,
95%Cl: -0.14, 0.34), learning (SMD: -0.02, 95%Cl: -0.27, 0.22) and verbal processing
(SMD: -0.38, 95%Cl: -0.93, 0.17). Regarding behavioural problems, no significant
differences in the domains of internalizing problems (SMD: 0.16, 95%Cl: -0.49, 0.81),
externalizing problems (SMD: 0.07, 95%Cl: -0.30, 0.43) and total problems (SMD:
0.14, 95%Cl: -0.23, 0.51). With respect to temperament, no significant differences
in the domains of emotionality (SMD: 0.13, 95%Cl: -0.79, 1.05), activity (SMD: 0.04,
95%Cl: -0.32, 0.39), shyness (SMD: 0.25, 95%Cl: -0.70, 1.20) and sociability (SMD:
-0.23, 95%Cl: -0.90, 0.44).

Conclusions: Prenatal DEX treatment reduced virilization with no significant differ-
ences in newborn physical outcomes, cognitive functions, behavioural problems and
temperament. The results need to be interpreted cautiously due to the existence of
limitations.

KEYWORDS

21-hydroxylase deficiency, cognition, congenital adrenal hyperplasia, dexamethasone,
problem behaviour, temperament, virilization
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Context: Signs and symptoms of Cushing’s syndrome (CS) overlap with common diseases, such
as the metabolic syndrome, obesity, osteoporosis, and depression. Therefore, it can take years to
finally diagnose CS, although early diagnosis is important for prevention of complications.

Objective: The aim of this study was to assess the time span between first symptoms and
diagnosis of CS in different populations to identify factors associated with an early diagnosis.

Data Sources: A systematic literature search via PubMed was performed to identify studies
reporting on time to diagnosis in CS. In addition, unpublished data from patients of our tertiary
care center and 4 other centers were included.
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Study Selection: Clinical studies reporting on the time to diagnosis of CS were eligible.
Corresponding authors were contacted to obtain additional information relevant to the

research question.

Data Extraction: Data were extracted from the text of the retrieved articles and from additional
information provided by authors contacted successfully. From initially 3326 screened studies 44

were included.

Data Synthesis: Mean time to diagnosis for patients with CS was 34 months (ectopic CS:
14 months; adrenal CS: 30 months; and pituitary CS: 38 months; P < .001). No difference
was found for gender, age (<18 and >18 years), and year of diagnosis (before and

after 2000). Patients with pituitary CS had a longer time to diagnosis in Germany than

elsewhere.

Conclusions: Time to diagnosis differs for subtypes of CS but not for gender and age. Time to
diagnosis remains to be long and requires to be improved. (J Clin Endocrinol Metab 105: e12-e23,

2020)

Key Words: hypercortisolism, ACTH, cortisol, symptoms, meta-analysis

Outline

Cushing’s syndrome (CS) is a rare, potentially
life-threatening endocrine disease causing, among
others, metabolic, psychiatric, musculoskeletal, and
cardiovascular comorbidities (1). If left untreated, it
is associated with increased mortality, mainly due to
cardiovascular and infectious complications, but even
in appropriately treated CS, mortality remains ele-
vated (2). CS is mostly adrenocorticotropin (ACTH)
dependent, the consequence of corticotroph pituitary
adenoma or ectopic ACTH secretion from neuro-
endocrine tumors. Approximately 20% of cases are
ACTH independent due to autonomous cortisol pro-
duction from adrenal sources. Chronically elevated
glucocorticoid concentrations cause the characteristic
phenotype, such as weight gain, moon face, buffalo
hump, muscle weakness, bruisability, skin atrophy,
striae rubrae, menstrual irregularities, hirsutism,
acne, and co-morbidities like diabetes mellitus, hyper-
tension, hypercholesterolemia, and osteoporosis (3).
Due to the rareness of CS and because these symp-
toms overlap with other non-CS conditions, it can
take many years to diagnose CS in a given patient
(4). The recent obesity “epidemic” causes additional
challenges to distinguish the few patients with true
CS from those with a metabolic syndrome. As the
duration of hypercortisolism appears to be the most
relevant determinant for the degree of morbidity
and preterm mortality, it is important to establish
the diagnosis as early as possible (5). Also, there is
increasing evidence that restitution of symptoms and
body changes after surgery depends on the duration
of CS (6). Duration of CS is an important factor
influencing patient’s recovery after successful surgery,

ENAOPAMA

especially regarding psychiatric morbidity (7), which
coincides with changes in brain structure and func-
tion sustained during exposure to glucocorticoid ex-
cess (8). We hypothesized that the time span from
first symptoms to final diagnosis of CS could have
changed to the better over time. This could be due
to either improved biochemical screening tools for
CS or also increasing awareness for rare diseases (9).
The aim of this study was to assess the time between
first symptoms and diagnosis of CS in different popu-
lations and geographic backgrounds and from dif-
ferent decades by performing a systematic literature
review and meta-analysis including additional results
from the German Cushing’s Registry. We wanted to
identify factors that are associated with early or late
diagnosis.

Methods and Patients

Study selection

We performed a systematic literature search in
PubMed database and Cochrane library according
to the Meta-analyses of Observational Studies in
Epidemiology (MOOSE) guidelines (10). We used the
terms “Cushing’s syndrome,” “Cushing syndrome,”
“Cushing’s disease,” “Cushing disease,” and “pituitary
ACTH hypersecretion” in the title or abstract to iden-
tify published articles reporting on Cushing’s syndrome/
disease in general. The literature search was performed
in the last week of July 2018.

Inclusion and exclusion criteria
Studies were eligible for analysis when data re-
porting on time to diagnosis were available as mean

Ev&okpivoloyia | Atapntoloyia | MetaBoAopdg 273

020z Jaquieoa( | uo Jasn A18100S auloopud o1us|idH Aq 600609S/2 18/S/S0 L/l e/wadl/wod dno olwspeoe//:sdyy Wwolj papeojumo



Eruvedpidia / MNavvng HAlag

Journal of Endocrinological Investigation
https://doi.org/10.1007/540618-020-01198-5

ORIGINAL ARTICLE t‘)

Check for
updates

Radiologically defined lipid-poor adrenal adenomas: histopathological
characteristics
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Abstract

Background Adrenal lipid-poor adenomas (LPA) are defined by high unenhanced density (> 10 HU), and absolute and
relative contrast medium washout > 60% and > 40%, respectively, at computerized tomography (CT). To date, no thorough
histopathological characterization has been performed in those frequent lesions (one-third of adrenal adenomas). Our aim
was to analyze the histopathological characteristics of adrenal LPA.

Methods Patients with LPA (n=57) were selected among consecutive subjects referred for an adrenal incidentaloma or
ACTH-independent Cushing syndrome. FluoroDeoxyGlucose-Positron Emission Tomography (FDG-PET) was performed in
37 patients. In patients treated by adrenalectomy (n=17), Weiss score and Lin—Weiss—Bisceglia score (in tumors composed
entirely or predominantly of oncocytes) were calculated.

Results Radiological parameters did not differ among patients with ACTH-independent Cushing syndrome (n=6) and those
with adrenal incidentalomas associated with primary aldosteronism (n =2), autonomous cortisol secretion (n = 14), or non-
functioning (n=35). Patients treated by adrenalectomy had larger tumors (28.9+11.2 vs 17.3 +8.4 mm, P <0.001), higher
CT unenhanced density (29.1 +£11.0 vs 23.1+9.0 HU, P=0.043), and FDG-PET adrenal uptake (9.0+6.4 vs 4.4+2.3 SUV,
P=0.003) than non-operated ones. Oncocytic features > 75% of the tumor were detected in 12/17 cases (70.6%). Five of
those showed borderline-malignant histopathological characteristics by Lin—Weiss—Bisceglia score. Among remaining non-
oncocytic tumors, 1/5 had a Weiss score > 3. Overall, 6/17 tumors (35.3%) had borderline-malignant potential. Radiological
parameters were similar between patients with benign and borderline-malignant tumors.

Conclusions Adrenal LPA are a heterogeneous group of tumors, mostly composed of oncocytomas. Up to 1/3 of those tumors
may have a borderline-malignant potential at histopathology.

Keywords Lipid-poor adenoma - Adrenal tumor - Adrenal oncocytoma - Borderline-malignant
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Context: The frequency of adrenal incidentalomas and their association with comorbid
conditions have been assessed mostly in retrospective studies that may be prone to
ascertainment bias.

Objective: The objective of this work is to evaluate the frequency of adrenal incidentalomas
and their associated comorbid conditions.

Design: A prospective cohort study was conducted.
Setting: This study took place at a radiology department at a public hospital.

Participants: Unselected outpatients who underwent an abdominal computed tomography
(CT) from January 2017 to June 2018. Patients with known or suspected adrenal disease or
malignancy were excluded.

Exposure: All abdominal CT scans were evaluated by an experienced radiologist. Hormonal
workup including a 1-mg dexamethasone suppression test was performed in patients bearing
adrenal incidentalomas.

Main Outcome and Measure: Frequency of adrenal incidentalomas in abdominal CT of
unselected patients; frequency of comorbid conditions, and hormonal workup in patients
bearing adrenal incidentalomas.

Results: We recruited 601 patients, and in 7.3% of them an adrenal tumor was found
serendipitously. The patients bearing an adrenal incidentaloma had higher body mass index
(P =.009) and waist circumference (P =.004) and were more frequently diabetic (P =.0038).
At multivariable regression analysis, diabetes was significantly associated with the presence
of adrenal incidentalomas (P = .003). Autonomous cortisol secretion was observed in 50% of
patients who did not suppress cortisol less than 50 nmol/L after 1 mg dexamethasone.

Conclusions: The frequency of adrenal incidentalomas is higher than previously reported.
Moreover, adrenal incidentalomas are tied to increased risk of type 2 diabetes. This finding is
free from ascertainment bias because patients with adrenal incidentalomas were drawn from
a prospective cohort with the same risk of diabetes as the background population. (J Clin
Endocrinol Metab 105: e973-e981, 2020)

Key words: adrenal tumor, incidentaloma, prevalence, Cushing, diabetes
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OBJECTIVE. Adrenal incidentalomas occur in 5% of adults and can produce autono-
mous cortisol secretion that increases the risk of metabolic syndrome and cardiovascular dis-
ease. The objective of our study was to evaluate the relationship between adrenal nodule size
measured on CT and autonomous cortisol secretion.

SUBJECTS AND METHODS. In a prospective study of 73 patients 22—87 years old
with incidentalomas, unilateral in 52 patients and bilateral in 21 patients, we measured maxi-
mum nodule diameter on CT and serum cortisol levels at 8:00 am, 60 minutes after the adre-
nocorticotropic hormone stimulation test, and after the dexamethasone suppression test. We
also studied 34 age-, sex-, and body mass index—matched control subjects. Statistics used were
Spearman correlation coefficients, 7 tests, ANOVA test, and multivariate analysis.

RESULTS. The mean maximum diameter of unilateral nodules measured on CT was
larger on the right (2.47 £ 0.98 [SD] cm) than on the left (2.04 + 0.86 cm) (p = 0.01). In the bi-
lateral cases, the mean diameter of the right nodules was 2.69 + 0.93 cm compared with 2.13 +
0.89 cm on the left (p = 0.06). Mean baseline serum cortisol level was significantly higher in
the patients with incidentalomas (bilateral, 13.1 + 4.5 mcg/dL [p < 0.001]; unilateral, 9.7 + 3.2
mcg/dL [p = 0.019]) than in the control subjects (7.5 + 3.6 mcg/dL). After dexamethasone sup-
pression test, serum cortisol levels were suppressed to less than 1.8 mcg/dL in 100% of control
subjects, 33% of patients with bilateral incidentalomas, and 62% of patients with unilateral
incidentalomas (p < 0.001). There were significant correlations between maximum nodule di-
ameter on CT and serum cortisol levels after the dexamethasone suppression test (p = 0.500;
p <0.001) and at baseline (p = 0.373; p = 0.003).

CONCLUSION. Increasing size of adrenal nodules is associated with more severe hyper-
cortisolism and less dexamethasone suppression; these cases need further evaluation and pos-
sibly surgery because of increased risks of metabolic syndrome and cardiovascular mortality.

he widespread use of abdominal  pathology results after adrenalectomy showed
imaging procedures led to the in-  that imaging characteristics are better for
creased discovery of incidental predicting malignancy than nodule size and
adrenal masses. The frequency that 45% of adrenal malignancies would have

of adrenal incidentalomas varies between
4% and 8% of the adult population and is as
high as 10% in the elderly population; ap-
proximately 20% of adrenocortical nodules
are bilateral [1-4]. Abdominal imaging is
also used to search for metastasis and deter-
mine staging of primary nonadrenal neopla-
sia. Careful screening is necessary to exclude
primary carcinoma or metastasis to the adre-
nal glands and clinically functional endo-
crine tumors that produce aldosterone [5],
cortisol [6], and catecholamines [7].
Although adrenal nodule size of 4 cm or
larger is an important predictor of malignan-
¢y, a study that compared imaging with histo-

been missed if prediction had been based on
anodule size of 4 cm or larger [8].

Specific adrenal protocols use CT and
MRI to evaluate the morphology of adre-
nal masses based on size, shape, texture, and
lipid content (density). Most adenomas are
small, between 1.5 and 4 c¢m, well-defined,
and homogeneous lesions that usually have a
high lipid content (i.e., low density) in com-
parison with other adrenal lesions [9, 10];
however, adenomas can be larger than 4 cm
in diameter and somewhat heterogeneous,
and the 30% of adenomas that are lipid-poor
need additional radiologic evaluation and
management [11].
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Background: Current recommendations using Hounsfield units (HU) < 10 to identify adrenal adenomas
on unenhanced computed tomography (CT) miss 10—40% of benign adenomas. We sought to determine if
changing HU threshold and adding absolute percent contrast washout (APW) criteria would identify
adrenal adenomas better than current recommendations.

Methods: Imaging characteristics were compared between patients with adenomas (n = 128) and those
with non-adenomas (n = 54) after unilateral adrenalectomy. Sensitivity, specificity, positive and negative
predictive values (PPV, NPV) were calculated.

Results: Using HU < 10 to identify adenomas had a sensitivity of 47.6%, specificity of 93.3% (AUC = 0.71,
p <0.001), PPV of 95.3%, and NPV of 58.1% for identifying adrenal adenomas. Applying HU < 16 improved
sensitivity (65.4%) without reducing specificity (93.3%) (AUC = 0.79, p < 0.001), PPV increased to 96.3%,
and NPV decreased to 47.6%. Applying HU < 16 as the initial criterion followed by APW > 60% for lesions
exceeding 16 HU, sensitivity increased to 93.4%, specificity was 93.3% and PPV 96.6%, and NPV improved
to 85.7% (AUC = 0.96, p < 0.001).

Conclusions: Criteria of initial threshold of HU < 16 followed by APW > 60% for lesions exceeding 16 HU

yielded improved sensitivity and specificity in identification of adrenal adenomas.

© 2020 Published by Elsevier Inc.

Introduction

Incidental adrenal lesions are detected on approximately 5% of
abdominal CT scans in patients with no known endocrine abnor-
malities or malignancy and have been reported in up to 8.7% of
autopsies."? The most important consideration in the evaluation of
adrenal incidentalomas is differentiating benign lesions from ma-
lignancy. Correct identification of adrenal masses as adenomas or
non-adenomas assists in appropriate surgical resection of malig-
nancies while preventing unnecessary resection of benign lesions.

The majority of adenomas have low attenuation and low
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Hounsfield units (HU) on unenhanced computed tomography
(CT).>* The American Association of Clinical Endocrinologists
(AACE) and the American Association of Endocrine Surgeons
(AAES) guidelines suggest using HU < 10 to identify adrenal ade-
nomas.” However, between 10 and 40% of adenomas are lipid-poor,
and will thus attenuate to HU > 10.° Indeed, using HU < 10 to
identify adrenal adenomas has a sensitivity of 71% and a specificity
of 98%.”° Previous studies have demonstrated that decreasing HU
threshold improved specificity but reduced sensitivity whereas
increasing HU threshold improved sensitivity but reduced
specificity.’

Venous phase post-contrast enhanced CT can identify lipid-poor
adenomas because adenomas have absolute percent contrast
washout (APW) greater than 60% — the difference between the
contrast-enhanced attenuation and the delayed-enhanced attenu-
ation normalized to the unenhanced attenuation.'’~'> To our
knowledge, applying HU threshold in conjunction with APW to

Please cite this article as: Kirsch M] et al., Utility of the 10 Hounsfield unit threshold for identifying adrenal adenomas: Can we improve?, The
American Journal of Surgery, https://doi.org/10.1016/j.amjsurg.2020.04.021
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Abstract

The development of pheochromocytomas and paragangliomas is strongly linked to the presence of germline mutations in
more than 15 predisposing genes. Among them, germline and somatic VHL mutations account for ~10% of all cases. In
contrast with SDHA and SDHB immunohistochemistries that are routinely used to validate SDHx gene mutations, there is no
such tool available for VHL mutations. The aim of this study was to evaluate whether CA9 immunostaining could be used as
a tool to predict the presence or validate the pathogenicity of VHL gene mutations in paraganglioma. Immunohistochemistry
for CA9 was performed on 207 tumors. A retrospective series of 100 paragangliomas with known mutation status for
paraganglioma susceptibility genes was first investigated. Then, a prospective series of 107 paragangliomas was investigated
for CA9 immunostaining followed by germline and/or somatic genetic testing of all paraganglioma susceptibility genes by
next-generation sequencing. Cytosolic CA9 protein expression was heterogeneous in the different samples. However, we
observed that a membranous CA9 staining was almost exclusively observed in VHL-related cases. Forty two of 48 (88%)
VHL-mutated samples showed a CA9 membranous immunostaining. Positive cells were either isolated, varying from 1 or 2
cells (5% of cases) to 10-20 cells per tumor block (35% of cases), grouped in areas of focal positivity representing between 1
and 20% of the tissue section (35% of cases), or widely distributed on 80-100% of the tumor sections (25% of samples). In
contrast, 142/159 (91%) of non-VHL-mutated tumors presented no membrane CA9 localization. Our results demonstrate
that VHL gene mutations can be predicted or validated reliably by an easy-to-perform and low-cost immunohistochemical
procedure. CA9 immunohistochemistry on paragangliomas will improve the diagnosis of VHL-related disease, which is
important for the surveillance and therapeutic management of paraganglioma patients, and in case of germline mutation,
their family members.

Introduction

Paragangliomas are rare neuroendocrine tumors that arise in the
sympathetic or parasympathetic nervous systems, from the
head and neck, to the pelvic region. Pheochromocytomas are

Supplementary information The online version of this article (https://
doi.org/10.1038/s41379-019-0343-4) contains supplementary
material, which is available to authorized users.
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ARTICLE INFO ABSTRACT

Keywords: Objective: Pheochromocytoma/Paraganglioma (PPGL) is a rare tumor with non-specific presentations over-
Pheochromocytoma lapping common entities like anxiety, hypertension, acute illness and episodic “spells.” Assessment of urine
Normetanephrine normetanephrine or metanephrine (UNM-UMN) in real-life, where PPGL is very rare and PPGL mimics extremely
Metanephrine

common, may show overlap in results with loss of specificity depending on the reference range. We determined
the extent to which UNM-UMN are high in people undergoing screening for PPGL.

Design and methods: Retrospective review of all UNM-UMN performed in a central lab serving Southern Alberta
over 8 years.

Results: After excluding pediatric ages and patients with CKD, there were 12,572 unique patients with 14,383
measures of UNM-UMN. 85 patients (0.7%) had markedly high UNM-UMN compatible with likely PPGL.
Depending on the age category (in decades), 10-22% of all UNM results were above the upper reference limit
(URL), particularly between ages of 40-60. Less than 3% had elevations in both UNM and UMN. Of those with
high UNM, 99% were less than 3-fold the URL. Based on the population data, a potential new reference range for
UNM is suggested, which may be more appropriate to the types of patient who undergo this form of testing.
Conclusions: There is an extraordinarily high prevalence of high UNM seen in real-life use of the test. However,
the vast majority of high UNM are unlikely to be PPGL given the disease rarity and the massive number of tests
ordered. This suggests the current laboratory URL may be too low (poor specificity) and/or the reference range
may not be appropriate to the type of patient being screened for PPGL. Depending on the frequency of use of any
screening test in a population, if the disease is rare and the specificity of the test is poor, a high rate of false
positive results will be expected.

Adrenal mass
Endocrine hypertension

1. Introduction

Pheochromocytoma/paraganglioma (PPGL) is a very rare disease
with an estimated population prevalence of 2-8 per million population
[1] and population incidence of 0.8-2 per 100,000 patient years [2,3].
It has been traditionally associated with a classic constellation of
symptoms, including paroxysmal hypertension, palpitations, headache
and episodic “spells” [4,5]. Owing to the variety of possible clinical
presentations and sometimes dramatic complications of acute cardio-
vascular or cerebrovascular compromise [6,7] with PPGL, there are
many types of physicians who might consider PPGL in a differential
diagnosis relevant to their specialty. In addition to discrete tumors
arising from the adrenal glands, there has been a growing recognition

that PPGL also can manifest as extra-adrenal and malignant disease [8]
and may be associated with certain germline mutations. Therefore
PPGL has become the subject of broader surveillance and screening
strategies [9].

One of the great difficulties in PPGL diagnosis relates to the tre-
mendous overlap in clinical presentation with other very common
disorders including anxiety [10,11], hypertension [12] and neurolo-
gical disorders [13,14]; comprehensive clinical reviews list up to 40
different entities that should be considered in any patient presenting
with paroxysmal symptoms or “spells” [15]. PPGL screening is re-
commended and commonly practiced for the investigation of resistant
hypertension, a condition that likely affects up to 7-9% of the popu-
lation [16,17]. Outside of classic paroxysmal “spells”, it is recognized
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Abstract

The available data on the natural history of pheochromocytomas and paragangliomas after radical surgery are heterogeneous
and discordant. The aim of our retrospective multicenter study was to find predictors of recurrence in patients with
pheochromocytomas and sympathetic paragangliomas submitted to radical surgery in Piedmont (a region in northwest Italy).
We collected data from 242 patients diagnosed between 1990 and 2016. Forty-two patients (17.4%) had disease recurrence.
Multivariate analysis showed that genetic mutation (HR =3.62; 95% CI 1.44—9.13; p = 0.006), younger age (HR =0.97;
95% CI 0.95—0.99; p=0.031) and larger tumor size (HR =1.01; 95% CI 1.00—1.02; p =0.015) were independently
associated with a higher recurrence risk of pheochromocytoma and paraganglioma; in pheochromocytomas, genetic
mutation (HR = 3.4; 95% CI 1.00—11.48; p = 0.049), younger age (HR = 0.97; 95% CI 0.94—0.99; p = 0.02), higher tumor
size (HR =1.01; 95% CI 1.00—1.03; p=0.043) and PASS value (HR =1.16; 95% CI 1.03—1.3; p=0.011) were
associated with recurrence. Moreover, tumor size was the only predictor of metastatic pheochromocytoma and
paraganglioma (HR =4.6; 95% CI 1.4—15.0; p=0.012); tumor size (HR =3.93; 95% CI 1.2—16.4; p=0.026) and
PASS value (HR = 1.27; 95% CI 1.06—1.53; p = 0.007) were predictors of metastatic pheochromocytoma. In conclusion,
our findings suggest that the recurrence of pheochromocytoma and sympathetic paraganglioma develops more frequently in
younger subjects, patients with a family history of chromaffin tissue neoplasms, mutations in susceptibility genes, larger
tumors and higher values of PASS. We recommend genetic testing in all patients with PPGL and strict follow-up at least on
an annual basis.

Keywords Endocrine hypertension * Chromaffin system * Pheochromocytoma * Paraganglioma * Genetic testing

Introduction

Pheochromocytoma (PCC) and paraganglioma (PGL) are
rare tumors arising from adrenomedullary cells and from
sympathetic or parasympathetic ganglia, respectively.
Approximately 80—85% of chromaffin-cell tumors are
PCCs, whereas 15—20% are PGLs. The prevalence of
pheochromocytoma and paraganglioma (PPGL) in hyper-
tensive patients varies between 0.2 and 0.6%, while PCC
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is observed in 5% of patients with adrenal incidentaloma.
PCCs and sympathetic PGLs commonly produce cate-
cholamines: epinephrine, norepinephrine and dopamine,
while parasympathetic PGLs are often silent [1]. Metane-
phrines and CT attenuation values are useful parameters to
distinguish PPGL from other tumors [2]. It is important to
recognize these tumors early to reduce related cardiovas-
cular morbidity/mortality, prevent growth and extension
into adjacent tissues, development of metastases and
address syndromic forms.

The rule that 10% of chromaffin tumors are para-
gangliomas, malignant, associated with genetic mutations,
affect patients without arterial hypertension, have bilateral
adrenal involvement and pediatric onset [3] is no longer
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Abstract

Background Because of the small numbers of cases in single centers, the indications for and survival benefits of adrenal-
ectomy for adrenal metastasis remain unclear. We evaluated the outcomes of laparoscopic adrenalectomy for patients with
adrenal metastasis.

Methods We retrospectively analyzed the records of 67 patients who underwent laparoscopic adrenalectomy for metastatic
disease from 2003 to 2017 at 11 hospitals. Associations of clinical, surgical, and pathologic features with overall survival
(OS) and positive surgical margins were evaluated using univariate and multivariate Cox regression analyses and univariate
logistic regression analysis.

Results Lung cancer (30%) and renal cell carcinoma (30%) were the most common primary tumor types. Intraoperative
complications were observed in seven patients (10%) and postoperative complications in seven (10%). The surgical margin
was positive in 10 patients (15%). The median OS was 3.8 years. Univariate analysis showed that the tumor size, episodes of
extra-adrenal metastasis before adrenalectomy, extra-adrenal metastasis at the time of adrenalectomy, and positive surgical
margins were significantly associated with shorter OS (p=0.022, p=0.005, p <0.001, and p =0.022, respectively). Multi-
variate analysis showed that extra-adrenal metastasis at the time of adrenalectomy and positive surgical margins remained
statistically significant (p =0.022 and p=0.049, respectively). In the univariate analysis, the tumor size was significantly
associated with positive surgical margins (p =0.039).

Conclusions Laparoscopic adrenalectomy for adrenal metastasis can be safely performed in selected patients, and patients
with isolated adrenal metastasis and negative surgical margins seem to have more favorable outcomes.

Keywords Neoplasm metastasis - Adrenalectomy - Laparoscopy
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ABSTRACT

Osteoporosis is a chronic condition that reflects reduced bone strength and an associated increased risk for fracture. As a chronic con-
dition, osteoporosis generally requires sustained medical intervention(s) to limit the risks for additional bone loss, compromise of
skeletal integrity, and fracture occurrence. Further complicating this issue is the fact that the abrupt cessation of some therapies
can be associated with an increased risk for harm. It is in this context that the COVID-19 pandemic has brought unprecedented dis-
ruption to the provision of health care globally, including near universal requirements for social distancing. In this Perspective, we
provide evidence, where available, regarding the general care of patients with osteoporosis in the COVID-19 era and provide clinical
recommendations based primarily on expert opinion when data are absent. Particular emphasis is placed on the transition from par-
enteral osteoporosis therapies. It is hoped that these recommendations can be used to safely guide care for patients with osteopo-

rosis until a return to routine clinical care standards is available. © 2020 American Society for Bone and Mineral Research.

KEY WORDS: ABALOPARATIDE; BISPHOSPHONAT; COVID-19; DENOSUMAB; FRACTURES; OSTEOPOROSIS; ROMOSOZUMAB; TERIPARATIDE

Introduction

evere acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) initially caused clusters of severe respiratory illness
in Wuhan, China, in late 2019 and has since rapidly spread in
Europe and the United States. As of May 5, 2020, a total of
3,517,345 persons were reported to be infected by SARS-
CoV-2 and 243,401 persons to have died of coronavirus dis-
ease (COVID-19). COVID-19 was characterized as a pandemic
by the World Health Organization on March 11, 2020.? In
response, many countries have implemented a series of
unprecedented measures to mitigate the spread of the virus,
including large-scale social isolation, travel bans, restriction
of public gatherings, and nationwide lockdowns. Although
these social distancing strategies have been necessary from
a public health standpoint, they have understandably intro-
duced challenges in the management of many chronic medi-
cal conditions.®
Because osteoporosis is a chronic disease, continued treat-
ment is a prerequisite in many patients in order to sustain
therapeutic benefits, as is the case with other chronic condi-
tions. With the exception of bisphosphonates, which have a
long biologic half-life, other anti-osteoporosis drugs need to

be provided in a regularly scheduled manner. Delaying the
administration of certain categories of osteoporosis drugs
can have ominous consequences for patients, ranging from
loss of bone mass to increases in bone turnover and fracture
risk. Hip fractures, the most devastating type of fracture, sig-
nificantly impair mobility and independence and lead to an
approximately 25% 1-year mortality rate.”) Recognizing the
potential detrimental effects of abruptly terminating anti-
osteoporosis therapy, the American Society of Bone and Min-
eral Research (ASBMR) formed a Steering Committee of bone
specialists to address this issue.”” Here we review available
evidence and provide clinical guidance for the management
of patients with osteoporosis during the COVID-19 pandemic.
We acknowledge both that there is a paucity of data to pro-
vide evidence-based clinical recommendations and that treat-
ment modalities are likely to vary according to the status of
local and national facilities, such as phlebotomy and infusion
therapy centers, as well as outpatient clinics. Thus, these rec-
ommendations are based primarily on expert opinion and will
require reassessment as the worldwide response to COVID-19
evolves.
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Bone mineral density scans

Although bone mineral density (BMD) testing is a helpful tool to
assist in the identification and management of patients at high
risk of fractures,’® these scans should be considered as elective.
Thus, BMD examinations may need to be postponed when pub-
lic health guidance recommends the halting of elective imaging
procedures. In the absence of BMD testing, fracture risk stratifica-
tion can still be performed for treatment-naive adults with the
use of the Fracture Risk Assessment Tool (FRAX).”

Laboratory monitoring

Standard pretreatment laboratory studies, including serum cal-
cium, creatinine, and/or 25-hydroxyvitamin D, are often obtained
before the administration of potent antiresorptive agents, such
as intravenous (iv) bisphosphonates and denosumab, in order
to minimize risk of inducing hypocalcemia. In patients who are
initiating new osteoporosis treatment with a potent antiresorp-
tive agent, we recommend obtaining relevant laboratory studies
before first administration. However, the absolute risk of induc-
ing clinically significant hypocalcemia after treatment with either
zoledronic acid® or denosumab® is very low in the absence of
significant renal insufficiency. Both to facilitate social distancing
guidelines and to minimize patient exposure at phlebotomy cen-
ters, we suggest that pretreatment laboratory studies before
retreatment with iv bisphosphonates and/or denosumab need
not be performed if laboratory values obtained within the pre-
ceding year were normal and it is the clinical judgment of the
medical provider that the patient’s health has been stable. How-
ever, we do recommend obtaining laboratory studies for
patients with fluctuating renal function and for those who are
at higher risk of developing hypocalcemia, such as those with
malabsorptive disorders, hypoparathyroidism, or advanced renal
dysfunction (chronic kidney disease stages 4 or 5) or those main-
tained on loop diuretics.

Pharmacologic osteoporosis treatment

The initiation of osteoporosis therapy can be done as an outpa-
tient via a non-face-to-face (ie, telephone or video) visit and
should not be delayed in patients at high risk for fracture (eg,
patients who have recently sustained an osteoporotic fragility
fracture or patients taking chronic high-dose glucocorticoids).
In particular, oral osteoporosis regimens can be easily initiated
during a telemedicine visit; teriparatide and abaloparatide initia-
tion may also be considered but require additional patient train-
ing for subcutaneous self-injections that may be more difficult to
arrange. Patients who have fractures requiring hospital admis-
sion should be considered for osteoporosis medication initiation
while hospitalized to minimize the risk of being lost to follow-up
in the post-discharge period, which may be further fragmented
during the COVID-19 pandemic. Specifically, there is no evidence
for impaired fracture healing in patients who receive early initia-
tion of osteoporosis treatment, including bisphosphonates."? It
should be acknowledged, however, that the administration of iv
bisphosphonates may cause a post-infusion inflammatory reac-
tion, particularly in treatment-naive patients. Symptoms of the
inflammatory reaction, including fever and myalgias, have the
potential to complicate the care of hospitalized patients by trig-
gering a COVID-19 evaluation and may prolong hospitalization.

When possible to do safely, patients who are already treated
with osteoporosis medications should continue to receive ongo-
ing therapies including oral and iv bisphosphonates, denosu-
mab, estrogen, raloxifene, teriparatide, abaloparatide, and
romosozumab. There is no evidence that any osteoporosis ther-
apy increases the risk or severity of COVID-19 infection or alters
the disease course (in either a positive or negative way). How-
ever, there are early signals that COVID-19 may be accompanied
by an increased risk for hypercoagulable complications,""'? in
which case caution may be warranted for estrogen and raloxi-
fene use, both of which may modestly increase thrombotic
risk.1314 1t may therefore be prudent to instruct patients to tem-
porarily discontinue these hormonal agents if they develop viral
respiratory symptoms. Denosumab also bears particular consid-
eration because it is a monoclonal antibody that inhibits recep-
tor activator of NF-«xB ligand (RANKL), and RANKL plays a role in
T-cell activation. Studies of denosumab in postmenopausal oste-
oporosis indicate an increased risk of skin and soft tissue infec-
tions."™ However, no infection safety signals have been found
in studies of denosumab in patients receiving concurrent immu-
nomodulatory treatment for rheumatoid arthritis"®'® and
among patients receiving concomitant chemotherapy for solid-
organ tumors.%2%

Depending on the severity of the local COVID-19 outbreak, we
acknowledge that there may be disruptions in the administra-
tion of osteoporosis treatments. We thus aim to provide guid-
ance about (i) alternative methods of delivering parenteral
osteoporosis treatments that are not self-administered (eg, iv
bisphosphonates, denosumab, and romosozumab); and
(i) how to handle temporary disruptions in the pharmacologic
management of osteoporosis patients.

Alternative methods of delivering parenteral osteoporosis
treatments

« Off-site clinics: The administration of treatments at locations
geographically isolated from COVID-19 “hot spots” should be
considered whenever possible. However, it should be recog-
nized that this may disadvantage socioeconomically chal-
lenged communities if public transportation options are not
available.

+ Home delivery and administration: This is an option if available
but may be logistically difficult to arrange due to reliance on
home-visiting medical staff. Self-injection of denosumab
(and/or romosozumab) has been proposed and is reportedly
available in some locales. However, there are important
medico-legal issues to consider surrounding the proper prod-
uct handling and administration, including the small risk of
drug-related hypersensitivity reactions that could occur in
the absence of a medical provider, although steps to mitigate
such potential risks may be in place in some communities.

« Drive-through administration of denosumab and/or romoso-
zumab: This may also be logistically difficult to arrange. Fur-
ther, it is recommended that patients be monitored by a
medical provider for 15 minutes after injection in the unlikely
event of a hypersensitivity reaction.

Temporary disruptions of pharmacologic osteoporosis
treatment

In the event that temporary disruption of osteoporosis treatment
is necessitated due to COVID-19, we have reviewed evidence
about treatment discontinuation effects and have provided
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Abstract

Romosozumab (Evenity™), a humanized monoclonal antibody, promotes bone formation and inhibits bone resorption by
inhibiting sclerostin, a protein involved in the regulation of bone formation. Subcutaneous romosozumab is approved in
several countries, including those of the EU for treating severe osteoporosis as well as in the USA for osteoporosis in posi-
menopausal women at high risk of fracture. In pivotal phase I trals (FRAME and ARCH), 12 months” once-monthly
romosozumab 210 mg significantly reduced vertebral and clinical fracture risk versus placebo and oral alendronate in post-
menopausal women with osteoporosis. After patients transitioned from romosozumab o 12-24 months of subcutaneous
denosumab or oral alendronate, fracture risks were significantly improved versus placebo-to-denosumab and alendronate-only
treatment. In these trials and a phase I1Ib trial, romosozumab significantly increased bone mineral density (BMD) relative to
placebo, alendronate and subcutancous teriparatide at 12 months, with these benefits maintained 12-24 months afier patients
transitioned from romosozumab 1o alendronate or denosumab in pivotal trials, Romosozumab had a generally manageahble
tolerability profile. While further clinical experience is needed to more definitively establish its efficacy and safety, including
its CV safety, romosozumab extends the treatment options in postmenopausal women with osteoporosis who have a high
risk of fracture and in those who have failed or are intolerant to other available osteoporosis therapy.

1 Introduction

Romosozumab: clinical considerations in

Bone remodelling is a key component of the structural main- postmenopausal osteoporosis

tenance of bone and involves balanced coordination between

bone resorption and formation [1]. In the context of osteo- Promotes bone formation and inhibits bone resorption by
porosis, the rate of bone resorption surpasses that of bone binding to and inhibiting sclerostin

formation and results in net bone loss. Osteoporosis is there- Improves vertebral and clinical fracture risk and

fore characterized by low bone mineral density (BMD) and increases BMD

increased bone porosity, Affected individuals, particularly
those with impaired motor function {e.g. the elderly), are
more susceptible to fractures, most commonly at the hip,
wrist and spine [1].

Provides therapeutic benefits that are maintained after
switching to subcutaneous denosumab or oral alen-
dronate therapy

Generally manageable tolerability profile; CV safety
profile remains to be fully elucidated

Enhanced material for this Adis Drog Evaluation can be found at
hupszifdon,orgd 10,6084/ m9. figshare, 12805619,

The manuscript was reviewed by: J. . Devogelaer, Department Postmenopausal women are at risk of developing ostecopo-
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N ’ . . rosis d4s their levels of estrosen, which 1s known to limit bone
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of Internal Medicine, Maastricht University Medical Centre, resorption, rapidly decrease [2]. As such, with a phase of
Maastricht, Netherlands; £ Reid, Faculty of Medical and Health rapid menopausal bone loss typically occurring earlier than
Sciences, University of Auckland, Auckland, New Zealand. age-related bone loss, postmenopausal women are likely to

experience osteoporotic fractures earlier than men of the
same age [2] and have a greater lifetime fraciure risk |3].
Estrogens have been shown to inhibit the production of
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osteocytes and limits bone formation (by inhibiting the Wnt
signalling pathway, a key component in bone homeostasis,
in osteoblasts [4]). Sclerostin also promotes bone resorp-
tion through increased production of receptor activator of
nuclear factor kappa-p-ligand osteocytes [5]. Accordingly,
individuals with sclerostin deficiency have high BMD and
bone growth, as well as a low risk of fractures [6]. Scle-
rostin has therefore been identified as a therapeutic target
in osteoporosis [5]. The current mainstay of treatment for
postmenopausal osteoporosis is antiresorptive therapy; how-
ever, low BMD in the context of severe osteoporosis is better
restored and maintained by preceding antiresorptive therapy
with bone-building therapy [7, 8].

Romosozumab (Evenity®) is a sclerostin-targeting
humanized monoclonal antibody that is approved in multiple
countries for the treatment of postmenopausal osteoporosis
in patients with a high risk of fracture. Specific indications
may vary between countries; it is approved in the EU [9]
for the treatment of severe osteoporosis, and in the USA
[10] for the treatment of osteoporosis in postmenopausal
women at high risk of fracture (defined as a history of osteo-
porotic fracture or multiple risk factors for fracture) and
patients who have failed or are intolerant to other available
osteoporosis therapy. This article reviews pharmacological,
therapeutic efficacy and tolerability data relevant to the use
of romosozumab in these indications; discussions of other
indications are beyond the scope of this review.

2 Pharmacodynamic Properties
of Romosozumab

The binding and inhibition of sclerostin by romosozumab
promotes bone formation through the activation of bone-lin-
ing cells and increased bone matrix production and osteopro-
genitor cell recruitment [9]; bone resorption is also reduced
with sclerostin inhibition, though to a lesser degree [10].
These mechanisms allows rapid bone formation on the tra-
becular and cortical bone surfaces, thereby increasing bone
density and strength [9, 10].

In phase III clinical trials (FRAME [11], ARCH [12] and
STRUCTURE [13]) (Sect. 4), the overall effect of romo-
sozumab on bone formation was supported by changes in the
concentrations of bone formation and resorption biomarkers
(procollagen type 1 N propeptide (P1NP) and C-telopeptide
of type 1 collagen (CTX), respectively; CTX was specified
as the p-isomer in FRAME [11] and ARCH [12]) in post-
menopausal women with osteoporosis treated with once-
monthly romosozumab 210 mg. For instance, in a FRAME
subgroup analysis (n=129) [11] and in the STRUCTURE
study (n=436) [13], romosozumab significantly increased
PINP concentrations and significantly reduced CTX con-
centrations as early as 14 days following the first dose (data
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not reported for both studies; p <0.001 vs placebo [11] and
p <0.0001 vs baseline levels and teriparatide, a recombinant
form of parathyroid hormone) [13]). In FRAME [11] and
ARCH subgroup analyses (n=266 in ARCH [12]) and in
the STRUCTURE [13] study, PINP levels peaked in the first
month with romosozumab before falling below baseline lev-
els after 6-12 months; at months 1 and 12 (and at month 13
in FRAME [11]), PINP levels in the romosozumab group
were significantly increased compared with baseline levels
(p <£0.006) [11, 13] and with other treatments (alendronate,
an antiresorptive agent [12] and teriparatide [13]; p <0.001
for both comparisons). CTX levels remained below [11, 12],
or close to [13], baseline levels following 12 months’ treat-
ment with romosozumab. In FRAME [11], CTX levels were
significantly lower than baseline levels at: 14 days; 1 month;
3 months and 14 days; 6 months and 14 days; 9 months;
12 months; and 24 months (p =0.04 for month 24; p <0.005
for other timepoints). CTX levels were significantly lower
with romosozumab than with teriparatide at: 3 months;
3 months and 14 days; 6 months; 6 months and 14 days;
9 months; and 12 months (p <0.0001) [13]. However, they
were significantly higher with romosozumab than with alen-
dronate at months 1, 3, 6,9 and 12 (»p <0.001) [12].

These findings were further supported by bone histomor-
phometry data in FRAME participants who had bone biop-
sies [at month 2 (overall evaluable population n=34) and
month 12 (n=70)] [14]. For instance, the mineralizing sur-
face to bone surface ratio (MS/BS) and bone formation rate
per unit of bone surface (BFR/BS) in the cancellous bone
were significantly higher (p <0.004) with romosozumab
relative to placebo at month 2 (MS/BS 5.6% vs 2.3%; BFR/
BS 12.1 um*/um?/year vs 5.2 um>/um?*/year), but signifi-
cantly lower (p <0.014) at month 12 (MS/BS 0.6% vs 3.0%;
BFR/BS 1.6 um*/um?/year vs 6.8 um*/um?/year). Parameters
relevant to static bone formation showed similar changes
over time; for instance, osteoid volume in the cancellous
bone was significantly greater at month 2 with romosozumab
compared with placebo (median osteoid volume per unit
of bone volume 3.0% vs 1.3%, p=0.007) but significantly
lower at month 12 (0.8% vs 1.7%, p=0.016) [14].

3 Pharmacokinetic Properties
of Romosozumab

Subcutaneous romosozumab displayed nonlinear pharma-
cokinetics due to sclerostin binding in healthy individuals
across doses of 70-210 mg [9, 10], with exposure [area
under the concentration—time curve (AUC)] increasing at
a greater rate relative to the given dose [10]. Following a
210 mg dose in healthy individuals, the mean maximum
serum concentration (C,,,) and AUC of romosozumab were
22.2 pg/mL and 389 ug-day/mL [10], and the median time
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Abstract

We provide an evidence base and guidance for the use of menopausal hormone therapy (MHT) for the maintenance of skeletal
health and prevention of future fractures in recently menopausal women. Despite controversy over associated side effects, which
has limited its use in recent decades, the potential role for MHT soon after menopause in the management of postmenopausal
osteoporosis is increasingly recognized. We present a narrative review of the benefits versus risks of using MHT in the
management of postmenopausal osteoporosis. Current literature suggests robust anti-fracture efficacy of MHT in patients
unselected for low BMD, regardless of concomitant use with progestogens, but with limited evidence of persisting skeletal
benefits following cessation of therapy. Side effects include cardiovascular events, thromboembolic disease, stroke and breast
cancer, but the benefit-risk profile differs according to the use of opposed versus unopposed oestrogens, type of oestrogen/
progestogen, dose and route of delivery and, for cardiovascular events, timing of MHT use. Overall, the benefit-risk profile
supports MHT treatment in women who have recently (< 10 years) become menopausal, who have menopausal symptoms and
who are less than 60 years old, with a low baseline risk for adverse events. MHT should be considered as an option for the
maintenance of skeletal health in women, specifically as an additional benefit in the context of treatment of menopausal
symptoms, when commenced at the menopause, or shortly thereafter, in the context of a personalized benefit-risk evaluation.

Key messages ¢ Overall the benefit-risk balance for MHT use is more
favourable at the age of menopause or in the years thereafter, for example
before the age of 60 years and/or within 10 years after menopause, and for
unopposed oestrogen (used in hysterectomized women) compared with
combined oestrogen plus progestogen in women with an intact uterus.

* There is some evidence that the risk of cardiovascular outcomes depends
upon age/time from menopause, such that, particularly for oestrogen only
therapy, the risk of such outcomes may be lower when hormone therapy
is commenced early postmenopause compared with in older age. This
temporal relationship is less well-defined for combined oestrogen-
progestogen therapy.

* Transdermal preparations are associated with lower risk of thromboem-
bolic outcomes and are as effective as oral preparations for maintenance
of BMD, but their effect on fracture risk reduction is unproven.

* Overall, MHT may be considered as an option for the maintenance of
bone health in menopausal women, as an additional benefit in the context
of treatment of menopausal symptoms, amongst women who are at low
risk of breast cancer and of cardiovascular, cerebrovascular and venous
thromboembolic events and who do not warrant a specific skeletal ther-
apy such as a bisphosphonate.

< N.C. Harvey
nch@mrec.soton.ac.uk
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Introduction

Over the last three decades, osteoporosis has progressed from
being viewed as an inevitable consequence of ageing to being
understood as a major non-communicable chronic disease,
with an associated diagnostic definition and effective methods
of detection, risk stratification and treatment [1, 2]. We are
fortunate now to have a wide range of therapeutic strategies
for managing osteoporosis, targeted at improving or maintain-
ing bone mineral density [3, 4]. Across the various pharma-
ceutical interventions available, it is possible to view particu-
lar therapies as most appropriately targeted to particular stages
of the risk spectrum. For example, oral bisphosphonate thera-
py may be appropriate where there is established osteoporosis
and high risk of fracture [3]. In a recent position paper from
the European Society for the Clinical and Economic Aspects
of Osteoporosis, Osteoarthritis and Musculoskeletal Diseases
(ESCEO) and the International Osteoporosis Foundation
(IOF), we described how this appreciation of stratification
according to efficacy, costs and side effects, in relation to
low, high and very high fracture risk, might be implemented
in clinical practice [5]. A key consideration in this work was
the approach to women who were currently at low risk but
who might well become at high risk in older age and whether
interventions based on the high lifetime risk of fracture, rather
than the immediate low risk of fracture, might be advised. One
class of medication that is highly relevant here is menopausal
hormone therapy (MHT), given the clear evidence for its anti-
fracture efficacy, regardless of baseline bone mineral density,
and also for the relevant ameliorative effects on menopausal
symptoms [6].

MHT was widely used in the 1980s and 1990s for the
prevention of symptoms associated with the menopause, such
as hot flushes, night sweats and sleep disturbance, with the
widely prevailing view that prevention of cardiovascular dis-
ease and osteoporosis were additional benefits [7, 8]. The
rationale for such an approach was an evidence-base
consisting principally of observational studies, in which the
use of hormone replacement therapy (as it was known at that
time) was associated with generally improved health out-
comes, particularly in relation to cardiovascular disease. This
whole thesis was challenged by results from the large US
Women’s Health Initiative (WHI) Hormone Therapy trials,
the first of which compared a fixed composition of conjugated
equine oestrogens (CEE) and medroxyprogesterone acetate
(MPA) to placebo and was published in 2002 [7, 9]. This trial
reported that, whilst this hormone therapy regimen did indeed
lead to a decreased risk of fractures, it was associated with
increased risks of cardiovascular and cerebrovascular events,
as well as with increased risks of breast cancer and other

@ Springer
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adverse health outcomes [10]. Subsequently, the limitations
of inadequately analysed, confounded observational studies
and the potential for converse findings from well conducted
randomized controlled trials have found a key exemplum in
the MHT story [11]. Interestingly, when the original observa-
tional studies were re-analysed using state-of-the-art
pharmacoepidemiology techniques, which much more effec-
tively control problems such as confounding by indication,
then findings more in line with the results from randomized
trials were observed [11]. However, these remain analyses of
observational studies and therefore should be viewed as less
robust evidence than those derived from randomized trials.
Subsequent re-analyses of the WHI trials, together with evi-
dence from other trials, have suggested that the benefit-risk
profiles of MHT differ according to the timing of use in rela-
tion to the menopause and chronological age and by MHT
regimen (addition or not of progestogen, type of oestrogen
and progestogen, dose of oestrogen and route of administra-
tion) [7-9].

There is clearly a complex evidential landscape in which to
assess the role of MHT in the prevention/treatment of osteo-
porosis. In this position paper, based on a narrative literature
review, we will use randomized controlled trial evidence and
meta-analyses thereof, in order to use the best quality data.
Additionally, we focus on the scenario of normal menopause,
rather than premature ovarian insufficiency, for which MHT,
to replace the hormone deficit, is generally appropriate [12].
We firstly describe the natural history of the menopause in
terms of hormonal changes and consequent health outcomes;
subsequently, we set out the evidence that MHT is effective in
reducing the risk of incident fracture, the independence of this
effect from baseline BMD and age. Thereafter, we aim to
examine the overall benefit-risk profile of MHT, particularly
with regard to cardiovascular outcomes, and to investigate the
potential effects of timing in relation to menopausal transition,
dose and route of administration as approaches to mitigate
adverse effects. We conclude by assessing the potential health
economic aspects of the use of MHT for fracture prevention
and outline a potential clinical approach.

Natural history of hormonal changes
at the menopause and associated health
outcomes

Menopausal physiology
The menopause is defined as the permanent cessation of men-

struation that results from loss of ovarian follicular activity.
Clinically, in women in their 40s or 50s, it is recognized to
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Abstract

This article provides an overview of the current knowledge on hypophosphatasia—a rare genetic disease of very variable
presentation and severity—with a special focus on adolescents and adults. It summarizes the available information on the many
known mutations of tissue-nonspecific alkaline phosphatase (TNSALP), the epidemiology and clinical presentation of the
disease in adolescents and adults, and the essential diagnostic clues. The last section reviews the therapeutic approaches,
including recent reports on enzyme replacement therapy (EnzRT).

Keywords Alkaline phosphatase - Bone - Fractures - Hypomineralization - Hypophosphatasia - Teeth

Introduction

Hypophosphatasia (HPP) was first described in 1948 by
Rathbun [1], who reported a novel skeletal pathology charac-
terized by unusual clinical findings, including extremely low
levels of alkaline phosphatase (ALP) and seizures.

HPP is now recognized as a rare and heterogeneous
inherited disorder of bone and mineral metabolism, caused
by a number of loss-of-function mutations in the ALPL gene,
encoding the tissue-nonspecific isoenzyme of ALP

292 ENAOPAMA

(TNSALP), with generalized reduction of ALP activity (see
https://www.ncbi.nlm.nih.gov/gene/249). The clinical
expression is highly variable, depending on the type of
mutation and the inheritance mechanism, and there are
several forms of the disease ranging from lethal to mild. The
most severe forms are those affecting infants and young
children, with manifestations already appearing in utero [2—5].

The main clinical signs are related to defective bone and
tooth mineralization (rickets, osteomalacia, fractures, tooth
loss), but other systemic manifestations (seizures, respiratory
and kidney problems, chronic pain, weakness, etc.) may be
present in the most severe forms. Such systemic manifesta-
tions might be connected to the role of TNSALP in purinergic
signaling (via dephosphorylation of ATP), which is extremely
relevant in the CNS, bone, and other organs [6, 7].

The leading diagnostic clues are low serum ALP and
TNSALP activity (hypophosphatasaemia) and increased
levels of ALP substrates, i.e., inorganic pyrophosphate (PPi),
pyridoxal-5'-phosphate (PLP, the active metabolite of vitamin
B6), and phosphoethanolamine (PEA) [2, 3, 8-11].

The aim of this article, written by a group of experts on behalf
of the ECTS, is to provide a state-of-the-art review of HPP in
adolescents and adults, essentially addressed to bone specialists.

Still now, physicians and even bone specialists, not specif-
ically dealing with rare bone diseases, only pay attention to the
presence of high levels of serum ALP, and not to low levels, so
that a diagnosis of HPP is often missed or delayed. This article
is written to increase the clinicians’ awareness of HPP in
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ABSTRACT

Tumor-induced osteomalacia (TIO) is caused by phosphaturic mesenchymal tumors producing fibroblast growth factor 23 (FGF23)
and is characterized by impaired phosphate metabolism, skeletal health, and quality of life. UX023T-CL201 is an ongoing, open-label,
phase 2 study investigating the safety and efficacy of burosumab, a fully human monoclonal antibody that inhibits FGF23, in adults
with TIO or cutaneous skeletal hypophosphatemia syndrome (CSHS). Key endpoints were changes in serum phosphorus and osteo-
malacia assessed by transiliac bone biopsies at week 48. This report focuses on 14 patients with TIO, excluding two diagnosed with
X-linked hypophosphatemia post-enroliment and one with CSHS. Serum phosphorus increased from baseline (0.52 mmol/L) and was
maintained after dose titration from week 22 (0.91 mmol/L) to week 144 (0.82 mmol/L, p < 0.0001). Most measures of osteomalacia
were improved at week 48: osteoid volume/bone, osteoid thickness, and mineralization lag time decreased; osteoid surface/bone
surface showed no change. Of 249 fractures/pseudofractures detected across 14 patients at baseline, 33% were fully healed and
13% were partially healed at week 144. Patients reported a reduction in pain and fatigue and an increase in physical health. Two
patients discontinued: one to treat an adverse event (AE) of neoplasm progression and one failed to meet dosing criteria (receiving
minimal burosumab). Sixteen serious AEs occurred in seven patients, and there was one death; all serious AEs were considered unre-
lated to treatment. Nine patients had 16 treatment-related AEs; all were mild to moderate in severity. In adults with TIO, burosumab
exhibited an acceptable safety profile and was associated with improvements in phosphate metabolism and osteomalacia. © 2020
The Authors. Journal of Bone and Mineral Research published by American Society for Bone and Mineral Research..

KEY WORDS: BONE HISTOMORPHOMETRY; TUMOR-INDUCED BONE DISEASE; CLINICAL TRIALS; OSTEOMALACIA AND RICKETS; PTH/VIT D/FGF23

Introduction fractures, musculoskeletal pain, fatigue, severe myopathy, and

reduced health-related quality of life, which typically result in

Tumor—induced osteomalacia (TIO) is an ultrarare disease
caused by tumors secreting fibroblast growth factor
23 (FGF23).") Most patients have phosphaturic mesenchymal
tumors, which are often small and occur in soft tissue or bone,
making localization difficult and delaying diagnosis. The excess
levels of FGF23 in TIO lead to impaired renal phosphate reab-
sorption, reduced active vitamin D synthesis, and chronic hypo-
phosphatemia. Clinical manifestations include osteomalacia,

rapid clinical deterioration of the patient.

Complete surgical resection of the causative tumor is cura-
tive and the established treatment for TIO."" Incomplete re-
section often results in tumor recurrence with symptoms.
Roughly 35% to 40% of tumors cannot be localized.** When
the tumor cannot be localized and completely resected, sup-
plementation with multiple daily doses of oral phosphate and
active vitamin D analogues is required. However, efficacy of
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Abstract

The Bone Section of the Hellenic Endocrine Society has issued the recommendations herein presented with the aim of providing
guidance on optimal management of patients with parathyroid disorders in everyday clinical practice within the Greek health care
setting. Although the methodology followed to formulate these recommendations was not strictly based on the Grading of
Recommendations Assessment, Development, and Evaluation (GRADE) principles, they were drawn up after an extensive
review of the literature and of the currently available guidelines for the management of parathyroid disorders worldwide.
Specifically for primary hyperparathyroidism (PHPT), the 2011 guidelines of the Greek National Organization of Medicines
were updated accordingly. In particular, definitions, etiologies, and recommended and optional laboratory and imaging exami-
nations are provided both for PHPT and chronic hypoparathyroidism (HypoPT). Finally, treatment algorithms are provided for
the management of both PHPT and HypoPT. Specifically for HypoPT, the treatment algorithm describes the recommended steps
that should be followed to achieve optimal management of chronic hypocalcemia and the complications of HypoPT through the
conventional treatment available in Greece and the use of recombinant human PTH(1-84).

Keywords Hyperparathyroidism - Hypoparathyroidism - Calcium - Phosphate - Parathyroid hormone (PTH) -
Recommendations - Greece
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Society, the recommendations herein presented were drawn
up with the aim of issuing guidance on optimal management
of patients with parathyroid disorders applicable to all diag-
nostic and therapeutic medical procedures of parathyroid dis-
orders in Greece. The working group, consisting of six endo-
crinologists specialized in bone metabolism, met to discuss
and construct the initial draft. Although these recommenda-
tions were not methodologically based on the Grading of
Recommendations Assessment, Development, and
Evaluation (GRADE) principles, they were formulated after
an extensive literature review as well as a review of the current
global guidelines for the management of parathyroid disor-
ders. Specifically for primary hyperparathyroidism (PHPT),
the 2011 guidelines of the Greek National Organization of
Medicines were updated accordingly.

Following review and approval by the Board of Trustees of
the Hellenic Endocrine Society, the expert panel endorsed the
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revised guidelines, and the English version of the final manu-
script is herein presented.

Overall, these recommendations aim to define the optimal
management of patients with parathyroid disorders in every-
day clinical practice within the Greek health care setting ac-
cording to the existing scientific evidence and based on the
personal experiences of the authors.

Primary hyperparathyroidism
Definitions

PHPT is a primary disorder of the parathyroid glands charac-
terized by hypercalcemia with increased or inappropriately
normal/high-normal parathyroid hormone (PTH) levels
[1-4]. In contrast, secondary hyperparathyroidism (SHPT) is
defined as the compensatory increase of PTH, mainly in re-
sponse to hypocalcemia. Finally, tertiary hyperparathyroidism
(THPT) is defined as the autonomous secretion of PTH fol-
lowing long-term SHPT, most frequently in the setting of
chronic kidney disease (CKD), as well as in other conditions
causing hypocalcemia, and in hypophosphatemic disorders.

Recommended and optional laboratory testing
for the differential diagnosis of hyperparathyroidism

Recommended testing includes serum measurements of calci-
um (Ca), albumin (Alb), phosphate (P), PTH, and creatinine
(Cr) and 24-h urinary Ca and Cr excretion [1-4]. Total calci-
um concentration (mg/dl) should be corrected for albumin
concentration (gr/dl) using the formula: Cacorrected =
Capeasured + 0.8 X (4 — albumin). This correction should be
used for albumin concentrations both lower and higher than
4 g/dL

Optional testing includes estimation of glomerular filtration
rate (¢GFR) and measurement of serum 25(OH)D levels.
eGFR (ml/min) can be estimated using the formulas:

eGFR (males) = [140—age (years)]
x weight (kg)/[72 x serum creatinine (mg/dl)].

eGFR (females) = 0.85 x [140—age (years)]
x weight (kg)/[72 x serum creatinine (mg/dl)].

Common biochemical patterns in the different types
of hyperparathyroidism

When investigating excessive PTH secretion, the following
biochemical patterns may be expected, which lead to the di-
agnosis of the different types of hyperparathyroidism.
Primary hyperparathyroidism: Elevated or high-normal se-
rum Ca levels, decreased serum P levels or within the low-

@ Springer

ENAOPAMA

normal range, normal or elevated 24-h urinary Ca, and normal
serum Cr levels [2].

Secondary hyperparathyroidism: Decreased or normal se-
rum Ca, variable serum P levels depending on the underling
etiology, normal or decreased 24-h urinary Ca, and normal or
elevated serum Cr.

Tertiary hyperparathyroidism (end-stage CKD): Elevated
serum Ca and P levels and frankly elevated serum Cr levels.

Etiology of PHPT

Autonomous PTH production in PHPT is attributed to the
following pathological conditions of the parathyroid glands,
listed below according to their incidence [4—6]:

*  75-85%: Single or multiple parathyroid adenomas
15-20%: Diffuse parathyroid hyperplasia
e <0.5%: Parathyroid carcinoma

Symptoms and signs of PHPT

The clinical presentation of PHPT has evolved over the past
few decades in the Western world, from a severe symptomatic
skeletal disease with renal complications and moderate or se-
vere hypercalcemia to a usually asymptomatic condition de-
tected during routine laboratory testing [3—5, 7]. However, as
symptomatic PHPT has clear treatment indications, recogni-
tion of the PHPT-induced symptoms and signs is of critical
importance for the overall management of the disease.
Symptoms and signs of the most frequently involved systems
are:

Cardiovascular system: arterial hypertension, left ventricu-
lar hypertrophy, cardiac valve calcifications, and shortening of
QT interval

Musculoskeletal system: osteopenia-osteoporosis, muscu-
loskeletal pains, arthralgias, low-trauma fractures, “brown tu-
mors,” osteitis fibrosa cystica, proximal muscle weakness,
hyperactive tendon reflexes, and muscle atrophy

Digestive system: nausea, vomiting, constipation, peptic
ulcer, and pancreatitis

Central nervous system: fatigue, weakness, mood and sleep
disturbances, depression, difficulty in concentration, changes
in cognition, and memory loss

Kidneys: nephrolithiasis, renal colic, nephrocalcinosis,
metabolic acidosis, chronic kidney disease, renal insufficien-
cy, and nephrogenic diabetes insipidus

In the absence of symptoms and/or signs that could defi-
nitely be attributed to hypercalcemia or to high PTH, PHPT is
defined as asymptomatic [1, 7]. Normocalcemic PHPT is di-
agnosed in the presence of consistently elevated PTH levels
with normal, albumin-corrected, and ionized calcium levels,
together with preserved renal function (eGFR > 60 ml/min),
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Abstract

Importance: The long-term health effects of radioactive iodine (RAIl) and antithyroid drug (ATD)
treatments compared with surgery for hyperthyroidism remain uncertain.

Objective: To compare solid cancer mortality rates associated with RAl and ATD treatments vs
surgical management for hyperthyroidism.

Design, setting, and participants: This multicenter cohort study assessed patients treated for
hyperthyroidism from January 1, 1946, to December 31, 1964, with follow-up through December
31, 2014. Data analysis was performed from August 1, 2019, to April 23, 2020.

Exposures: Management with RAI, ATDs, surgical intervention, or combinations of these
treatments.

Main outcomes and measures: Comparisons of solid cancer mortality rates in each treatment
group with expected rates from the general population were assessed using standardized
mortality ratios (SMRs), and internal comparisons were assessed using hazard ratios (HRs)
adjusted for age, sex, and underlying diagnosis (Graves disease or toxic nodular goiter).

Results: Of 31 363 patients (24 894 [79.4%] female; mean [SD] age, 46.9 [14.8] years)
included in the study, 28 523 (90.9%) had Graves disease. The median follow-up time was 26.0
years (interquartile range, 12.3-41.9 years). Important differences in patient characteristics
existed across treatment groups at study entry. Notably, the drug-only group (3.6% of the
cohort) included a higher proportion of patients with prior cancers (7.3% vs 1.9%-4.0%),
contributing to an elevated SMR for solid cancer mortality. After excluding prior cancers, solid
cancer SMRs were not elevated in any of the treatment groups (SMR for surgery only, 0.82
[95% CI, 0.66-1.00]; SMR for drugs only, 0.90 [95% CI, 0.74-1.09]; SMR for drugs and surgery,
0.88 [95% ClI, 0.84-0.94]; SMR for RAI only, 0.90 [95% CI, 0.84-0.96]; SMR for surgery and RAI,
0.66 [95% CI, 0.52-0.85]; SMR for drugs and RAI, 0.94 [95% CI, 0.89-1.00]; and SMR for drugs,
surgery, and RAI, 0.85 [95% CI, 0.75-0.96]), and no significant HRs for solid cancer death were
observed across treatment groups. Among RAl-treated patients, HRs for solid cancer mortality
increased significantly across levels of total administered activity (1.08 per 370 MBq; 95% ClI,
1.03-1.13 per 370 MBQ); this association was stronger among patients treated with only RAI
(HR, 1.19 per 370 MBq; 95% CI, 1.09-1.30 per 370 MBq).

Conclusions and relevance: After controlling for known sources of confounding, the study
found no significant differences in the risk of solid cancer mortality by treatment group.
However, among RAl-treated patients, a modest positive association was observed between
total administered activity and solid cancer mortality, providing further evidence in support of a
dose-dependent association between RAI and solid cancer mortality.
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Abstract

Background: This study aimed to compare the effectiveness and safety of radioiodine (RAI)
and long-term methimazole (MMI) in the treatment of subclinical hyperthyroidism (SH) in the
elderly.

Methods: From 306 patients, aged 265 years, with SH, 83 patients with thyrotropin <0.1 mU/L
entered the study. In this randomized parallel-group trial, 41 and 42 patients were randomized
to either RAI or long-term MMI treatment, respectively.

Results: In the RAI and MMI groups, 3 and 4 patients were excluded due to side effects,
choosing other modes of treatment, and not returning for follow-up; 35 and 36 patients
completed 60 months of follow-up, respectively. In the RAI group, 23 (66%) became
hypothyroid, and 12 (34%) remained euthyroid 60 months after a fixed dose of 15 mCi RAI. In
the MMI group, the starting dose was 10 mg daily and decreasedt04.9+1.0,4.3+1.0,44 +
14,43 +£1.8,and 3.7 + 1.3 mg after 1, 2, 3, 4, and 5 years of continuous MMI treatment,
employing titration method. By the end of study, 34 (94%) patients were euthyroid and 2
patients with diffuse goiter developed spontaneous hypothyroidism with MMI treatment. Minor
adverse events occurred in both groups in the first four months of treatment. No death or
serious side effects were observed during 60 months of follow-up.

Conclusions: Both RAI and long-term low-dose MMI therapies are effective and safe for
treatment of SH in the elderly.
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Folkestad L, Brandt F, Lillevag-Johansen M, Brix TH, Hegediis L 2020 Graves’ disease
and toxic nodular goiter, aggravated by duration of hyperthyroidism, are associated with
Alzheimer’s and vascular dementia: A registry-based long-term follow-up of two large
cohorts. Thyroid 30:672—-680. PMID: 31984866.

Abstract

Background: Dementia is an increasing burden to the health care system. It is currently
debated whether hyperthyroidism is associated with a risk of dementia. Our aim was to
determine the risk of dementia in hyperthyroid individuals and whether this was associated with
duration of hyperthyroidism.

Methods: Risk of dementia in hyperthyroid individuals was evaluated in two cohorts and
matched reference populations. The Danish National Patient Registry (DNPR) cohort is a
registry-based Danish nationwide cohort followed for a median of 7.2 years (from 1995 to 2013),
whereas the OPENTHYRO registry cohort comprises 235,547 individuals who had at least one
serum thyrotropin (TSH) measurement in the period from 1995 to 2011 and was followed for a
median of 7.3 years. Each hyperthyroid case was matched with four controls according to age
and sex using density sampling. Hyperthyroidism was defined as either an International
Classification of Diseases Version 10 (ICD-10) diagnosis of toxic nodular goiter (TNG) or
Graves' disease (GD), or two measurements of a TSH below 0.3 mU/L in the DNPR and
OPENTHYRO registry cohort, respectively. The primary outcome was all-cause dementia,
defined as either an ICD-10 code of dementia or prescription of medicine for dementia, with
subgroup analyses of vascular dementia and Alzheimer's disease.

Results: The DNPR cohort had 56,128 patients with hyperthyroidism, 2689 of whom were
registered with dementia. The reference population had 224,512 individuals, of whom 10,199
had dementia (hazard ratio 1.17; 95% confidence interval [Cl]: 1.12-1.23). Risk of dementia,
whether Alzheimer's or vascular, was higher in both GD and TNG. The OPENTHYRO registry
cohort constituted 2688 hyperthyroid individuals and 10,752 euthyroid control individuals of
whom 190 and 473 individuals, respectively, were subsequently diagnosed with dementia (HR
1.06; 95% CI: 0.89-1.26). For each 6 months of decreased TSH, the risk of all-cause dementia
was significantly higher (HR 1.16; 95% CI: 1.12-1.22).

Conclusions: Using large-scale registry-based data, we found increased risk of dementia in
hyperthyroid individuals. Every 6 months of decreased TSH was associated with increased risk
of dementia by 16%, compared with individuals with normal TSH. Our data support early
diagnosis and intervention in patients with hyperthyroidism.
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Douglas RS, Kahaly GJ, Patel A, Sile S, Thompson EHZ, Perdok R, Fleming JC, Fowler
BT, Marcocci C, Mariné M, Antonelli A, Dailey R, Harris GJ, Eckstein A, Schiffman J, Tang
R, Nelson C, Salvi M, Wester S, Sherman JW, Vescio T, Holt RJ, Smith TJ 2020
Teprotumumab for the treatment of active thyroid eye disease. N Engl J Med 382:341-
352. PMID: 31971679.

Abstract

Background: Thyroid eye disease is a debilitating, disfiguring, and potentially blinding
periocular condition for which no Food and Drug Administration-approved medical therapy is
available. Strong evidence has implicated the insulin-like growth factor | receptor (IGF-IR) in the
pathogenesis of this disease.

Methods: In a randomized, double-masked, placebo-controlled, phase 3 multicenter trial, we
assigned patients with active thyroid eye disease in a 1:1 ratio to receive intravenous infusions
of the IGF-IR inhibitor teprotumumab (10 mg per kilogram of body weight for the first infusion
and 20 mg per kilogram for subsequent infusions) or placebo once every 3 weeks for 21 weeks;
the last trial visit for this analysis was at week 24. The primary outcome was a proptosis
response (a reduction in proptosis of 22 mm) at week 24. Prespecified secondary outcomes at
week 24 were an overall response (a reduction of 22 points in the Clinical Activity Score plus a
reduction in proptosis of 22 mm), a Clinical Activity Score of 0 or 1 (indicating no or minimal
inflammation), the mean change in proptosis across trial visits (from baseline through week 24),
a diplopia response (a reduction in diplopia of 21 grade), and the mean change in overall score
on the Graves' ophthalmopathy-specific quality-of-life (GO-QOL) questionnaire across trial visits
(from baseline through week 24; a mean change of 26 points is considered clinically
meaningful).

Results: A total of 41 patients were assigned to the teprotumumab group and 42 to the placebo
group. At week 24, the percentage of patients with a proptosis response was higher with
teprotumumab than with placebo (83% [34 patients] vs. 10% [4 patients], P<0.001), with a
number needed to treat of 1.36. All secondary outcomes were significantly better with
teprotumumab than with placebo, including overall response (78% of patients [32] vs. 7% [3]),
Clinical Activity Score of 0 or 1 (59% [24] vs. 21% [9]), the mean change in proptosis (-2.82 mm
vs. -0.54 mm), diplopia response (68% [19 of 28] vs. 29% [8 of 28]), and the mean change in
GO-QOL overall score (13.79 points vs. 4.43 points) (P<0.001 for all). Reductions in extraocular
muscle, orbital fat volume, or both were observed in 6 patients in the teprotumumab group who
underwent orbital imaging. Most adverse events were mild or moderate in severity; two serious
events occurred in the teprotumumab group, of which one (an infusion reaction) led to treatment
discontinuation.

Conclusions: Among patients with active thyroid eye disease, teprotumumab resulted in better
outcomes with respect to proptosis, Clinical Activity Score, diplopia, and quality of life than
placebo; serious adverse events were uncommon. (Funded by Horizon Therapeutics; OPTIC
ClinicalTrials.gov number, NCT03298867, and EudraCT number, 2017-002763-18.).
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Jonklaas J, Bianco AC, Cappola A, Celi FS, Fliers E, Heuer H, McAninch EA, Moeller LC,
Nygaard B, Sawka AM, Watt T, Dayan C 2020 Evidence Based Use of LT4/LT3
Combinations in Treating Hypothyroidism: A Consensus Document. Thyroid doi:
10.1089/thy.2020.0720. Online ahead of print.

Abstract

Background: Fourteen clinical trials have not shown a consistent benefit of combination
therapy with levothyroxine (LT4) and liothyronine (LT3). Despite the publication of these trials,
combination therapy is widely used and patients reporting benefit continue to generate patient
and physician interest in this area. Recent scientific developments may provide insight into this
inconsistency and guide future studies.

Methods: The ATA, BTA and ETA held a joint conference on November 3rd 2019 (live-
streamed between Chicago and London) to review new basic science and clinical evidence
regarding combination therapy with presentations and input from twelve content experts.
Following the presentations, the material was synthesized and used to develop Summary
Statements of the current state of knowledge. After review and revision of the material and
Summary Statements, there was agreement that there was equipoise for a new clinical trial of
combination therapy. Consensus Statements encapsulating the implications of the material
discussed with respect to the design of future clinical trials of LT4/LT3 combination therapy were
generated. Authors voted upon the Consensus Statements. Iterative changes were made in
several rounds of voting and following comments from ATA/BTA/ETA members.

Results: Of 34 Consensus Statements available for voting 28 received at least 75% agreement,
with 13 receiving 100% agreement. Those with 100% agreement included studies being
powered to study the effect of deiodinase and thyroid hormone transporter polymorphisms on
study outcomes, inclusion of patients dissatisfied with their current therapy and requiring at least
1.2 mcg/kg of levothyroxine daily, use of twice daily liothyronine or preferably a slow-release
preparation if available, use of patient-reported outcomes as a primary outcome (measured by a
tool with both relevant content validity and responsiveness) and patient preference as a
secondary outcome, and utilization of a randomized, placebo-controlled, adequately powered
double-blinded parallel design. The remaining statements are presented as potential additional
considerations.

Discussion: This manuscript summarizes the areas discussed and presents Consensus
Statements to guide development of future clinical trials of LT4/LT3 combination therapy. The
results of such redesigned trials are expected to be of benefit to patients and of value to inform
future thyroid hormone replacement clinical practice guidelines treatment recommendations.

ENAOPAMA  Evdokpwvoloyia | Atapntoloyio | MetaBoAiopog 307



VID_ADV_01/2021

ENAEIYN BiTapivng D;

s OPA TIA APAXH-

25.0001U/2,5ml & 50.0001U/2,5ml

VIDOILE

cholecalciferol

Euepystuikd amoteAéopata
OTIG XaUNA€G OUYKEVTPpWOEI§ Bitapivng D

1. Mepiinyn Xapaktnptotikwv Mpoiévrog

Tomkdg Avtimpéowrog: ®APAN A.B.E.E.
Axaiag 5 & Tpotgnviag 145 64 N. Knglotd, Attikr
TnA.: +30 210 6254175, Fax: +30 210 6254190
E-mail: faran@faran.gr

Kdroxog adeiag kukhogopiag: OP PHARMA

IARMA



Qupos1dng / Mapia Namaleovtiou

Brito JP, Ross JS, Sangaralingham L, Dutcher SK, Graham DJ, Wang Z, Wu Y, Yao X,
Smaliridge RC, Bernet V, Shah ND, Lipska KJ 2020 Comparative effectiveness of generic
vs brand-name levothyroxine in achieving normal thyrotropin levels. JAMA Netw Open
3(9):€2017645. PMID: 32997127.

Abstract

Importance: Whether the use of generic vs brand levothyroxine affects thyrotropin levels
remains unclear.

Objective: To compare the effectiveness of generic vs brand levothyroxine in achieving and
maintaining normal thyrotropin levels among new users.

Design, setting, and participants: This retrospective, 1:1 propensity score-matched
longitudinal cohort study used the OptumLabs Data Warehouse administrative claims database
linked to laboratory results from commercially insured and Medicare Advantage enrollees
throughout the United States. Eligible patients were adults (aged 218 years) with thyrotropin
levels ranging from 4.5 to 19.9 mIU/L who initiated use of generic or brand-name levothyroxine
from January 1, 2008, to October 1, 2017. Data were analyzed from August 13, 2018, to
October 25, 2019.

Exposure: Patients received generic or brand-name levothyroxine.

Main outcomes and measures: Proportion of patients with normal vs markedly abnormal
thyrotropin levels (<0.1 or >10 mIU/L) within 3 months and with stable thyrotropin levels within 3
months after the thyrotropin value fell into the normal range.

Results: A total of 17 598 patients were included (69.0% female; 74.0% White; mean [SD] age,
55.1 [16.0] years), of whom 15 299 filled generic and 2299 filled brand-name levothyroxine
prescriptions during the study period. Among 4570 propensity score-matched patients (mean
[SD] age, 50.3 [13.8] years; 3457 [75.6%] female; 3510 [76.8%] White), the proportion with
normal thyrotropin levels within 3 months of filling levothyroxine prescriptions was similar for
patients who received generic vs brand-name levothyroxine (1722 [75.4%; 95% ClI, 71.9%-
79.0%] vs 1757 [76.9%; 95% ClI, 73.4%-80.6%]; P = .23), as was the proportion with markedly
abnormal levels (94 [4.1%; 95% CI, 3.4%-5.0%] vs 88 [3.9%; 95% ClI, 3.1%-4.7%)]; P = .65).
Among 1034 propensity score-matched patients who achieved a normal thyrotropin value within
3 months of initiation of levothyroxine, the proportion maintaining subsequent normal thyrotropin
levels during the next 3 months was similar for patients receiving generic vs brand-name
levothyroxine (427 [82.6%] vs 433 [83.8%]; P = .62).

Conclusions and relevance: Initiation of generic vs brand-name levothyroxine formulations
was associated with similar rates of normal and stable thyrotropin levels. These results suggest
that generic levothyroxine as initial therapy for mild thyroid dysfunction is as effective as brand-
name levothyroxine.
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Inoue K, Ritz B, Brent GA, Ebrahimi R, Rhee CM, Leung AM 2020 Association of
subclinical hypothyroidism and cardiovascular disease with mortality. JAMA Netw Open
3(2):e1920745. PMID: 32031647.

Abstract

Importance: Subclinical hypothyroidism is a common clinical entity among US adults
associated in some studies with an increase in the risk of cardiovascular disease (CVD) and
mortality. However, the extent to which CVD mediates the association between elevated serum
thyrotropin (TSH) and mortality has not yet been well established or sufficiently quantified.

Objective: To elucidate the extent to which subclinical hypothyroidism, elevated serum TSH
and normal serum free thyroxine, or high-normal TSH concentrations (ie, upper normative-range
TSH concentrations) are associated with mortality through CVD among US adults.

Design, setting, and participants: This cohort study relied on representative samples of US
adults enrolled in the National Health and Nutrition Examination Survey in 2001 to 2002, 2007 to
2008, 2009 to 2010, and 2011 to 2012 and their mortality data through 2015. Data were
analyzed from January to August 2019.

Main outcomes and measures: Cox proportional hazards regression models were used to
investigate associations between the TSH concentration category (subclinical hypothyroidism or
tertiles of serum TSH concentrations within the reference range; low-normal TSH, 0.34-1.19
mIU/L; middle-normal TSH, 1.20-1.95 mIU/L; and high-normal TSH, 1.96-5.60 mIU/L) and all-
cause mortality. Mediation analysis was used within the counterfactual framework to estimate
natural direct associations (not through CVD) and indirect associations (through CVD).

Results: Of 9020 participants, 4658 (51.6%) were men; the mean (SD) age was 49.4 (17.8)
years. Throughout follow-up (median [interquartile range], 7.3 [5.4-8.3] years), serum thyroid
function test results consistent with subclinical hypothyroidism and high-normal TSH
concentrations were both associated with increased all-cause mortality (subclinical
hypothyroidism: hazard ratio, 1.90; 95% ClI, 1.14-3.19; high-normal TSH: hazard ratio, 1.36;
95% ClI, 1.07-1.73) compared with the middle-normal TSH group. Cardiovascular disease
mediated 14.3% and 5.9% of the associations of subclinical hypothyroidism and high-normal
TSH with all-cause mortality, respectively, with the CVD mediation being most pronounced in
women (7.5%-13.7% of the association) and participants aged 60 years and older (6.0%-14.8%
of the association).

Conclusions and relevance: In this study, CVD mediated the associations of subclinical
hypothyroidism and high-normal TSH concentrations with all-cause mortality in the US general
population. Further studies are needed to examine the clinical benefit of thyroid hormone
replacement therapy targeted to a middle-normal TSH concentration or active CVD screening
for people with elevated TSH concentrations.
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Jabbar A, Ingoe L, Junejo S, Carey P, Addison C, Thomas H, Parikh JD, Austin D,
Hollingsworth KG, Stocken DD, Pearce SHS, Greenwood JP, Zaman A, Razvi S 2020
Effect of levothyroxine on left ventricular ejection fraction in patients with subclinical
hypothyroidism and acute myocardial infarction: a randomized clinical trial. JAMA
324:249-258. PMID: 32692386.

Abstract

Importance: Thyroid hormones play a key role in modulating myocardial contractility.
Subclinical hypothyroidism in patients with acute myocardial infarction is associated with poor
prognosis.

Objective: To evaluate the effect of levothyroxine treatment on left ventricular function in
patients with acute myocardial infarction and subclinical hypothyroidism.

Design, setting, and participants: A double-blind, randomized clinical trial conducted in 6
hospitals in the United Kingdom. Patients with acute myocardial infarction including ST-segment
elevation and non-ST-segment elevation were recruited between February 2015 and December
2016, with the last participant being followed up in December 2017.

Interventions: Levothyroxine treatment (n = 46) commencing at 25 g titrated to aim for serum
thyrotropin levels between 0.4 and 2.5 mU/L or identical placebo (n = 49), both provided in
capsule form, once daily for 52 weeks.

Main outcomes and measures: The primary outcome measure was left ventricular ejection
fraction at 52 weeks, assessed by magnetic resonance imaging, adjusted for age, sex, type of
acute myocardial infarction, affected coronary artery territory, and baseline left ventricular
ejection fraction. Secondary measures were left ventricular volumes, infarct size (assessed in a
subgroup [n = 60]), adverse events, and patient-reported outcome measures of health status,
health-related quality of life, and depression.

Results: Among the 95 participants randomized, the mean (SD) age was 63.5 (9.5) years, 72
(76.6%) were men, and 65 (69.1%) had ST-segment elevation myocardial infarction. The
median serum thyrotropin level was 5.7 mU/L (interquartile range, 4.8-7.3 mU/L) and the mean
(SD) free thyroxine level was 1.14 (0.16) ng/dL. The primary outcome measurements at 52
weeks were available in 85 patients (89.5%). The mean left ventricular ejection fraction at
baseline and at 52 weeks was 51.3% and 53.8%, respectively, in the levothyroxine group
compared with 54.0% and 56.1%, respectively, in the placebo group (adjusted difference in
groups, 0.76% [95% ClI, -0.93% to 2.46%]; P = .37). None of the 6 secondary outcomes showed
a significant difference between the levothyroxine and placebo treatment groups. There were 15
(33.3%) and 18 (36.7%) cardiovascular adverse events in the levothyroxine and placebo
groups, respectively.

Conclusions and relevance: In this preliminary study involving patients with subclinical
hypothyroidism and acute myocardial infarction, treatment with levothyroxine, compared with
placebo, did not significantly improve left ventricular ejection fraction after 52 weeks. These
findings do not support treatment of subclinical hypothyroidism in patients with acute myocardial
infarction.

Trial registration: isrctn.org Identifier: http://www.isrctn.com/ISRCTN52505169.
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Gencer B, Moutzouri E, Blum MR, Feller M, Collet TH, Delgiovane C, da Costa BR, Buffle
E, Monney P, Gabus V, Miiller H, Sykiotis GP, Kearney P, Gussekloo J, Westendorp R,
Stott DJ, Bauer DC, Rodondi N 2020 The impact of levothyroxine on cardiac function in
older adults with mild subclinical hypothyroidism: A randomized clinical trial. Am J Med
133:848-846.e5. PMID: 32171774.

Abstract

Background: Subclinical hypothyroidism has been associated with heart failure, but only small
trials assessed whether treatment with levothyroxine has an impact on cardiac function.

Methods: In a randomized, double-blind, placebo-controlled, trial nested within the TRUST trial,
Swiss participants ages 265 years with subclinical hypothyroidism (thyroid-stimulating hormone
[TSH] 4.60-19.99 mIU/L; free thyroxine level within reference range) were randomized to
levothyroxine (starting dose of 50 ug daily) to achieve TSH normalization or placebo. The
primary outcomes were the left ventricular ejection fraction for systolic function and the ratio
between mitral peak velocity of early filling to early diastolic mitral annular velocity (E/e' ratio) for
diastolic function. Secondary outcomes included e' lateral/septal, left atrial volume index, and
systolic pulmonary artery pressure.

Results: A total of 185 participants (mean age 74.1 years, 47% women) underwent
echocardiography at the end of the trial. After a median treatment duration of 18.4 months, the
mean TSH decreased from 6.35 mIU/L to 3.55 mIU/L with levothyroxine (n = 96), and it
remained elevated at 5.29 mlU/L with placebo (n = 89). The adjusted between-group difference
was not significant for the mean left ventricular ejection fraction (62.7% vs 62.5%, difference =
0.4%, 95% confidence interval -1.8% to 2.5%, P = 0.72) and the E/e' ratio (10.6 vs 10.1,
difference 0.4, 95% confidence interval -0.7 to 1.4, P = 0.47). No differences were found for the
secondary diastolic function parameters or for interaction according to sex, baseline TSH,
preexisting heart failure, and treatment duration (P value >0.05).

Conclusion: Systolic and diastolic heart function did not differ after treatment with levothyroxine
compared with placebo in older adults with mild subclinical hypothyroidism.
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Lui DTW, Lee CH, Chow WS, Lee ACH, Tam AR, Fong CHY, Law CY, Leung EKH, To KKW,
Tan KCB, Woo YC, Lam CW, Hung IFN, Lam KSL 2020 Thyroid dysfunction in relation to
immune profile, disease status and outcome in 191 patients with COVID-19. J Clin
Endocrinol Metab 2020 Nov 3;dgaa813. doi: 10.1210/clinem/dgaa813. Online ahead of
print.

Abstract

Objective: SARS-CoV-2-related thyroiditis is increasingly recognized. The role of thyroid
autoimmunity and SARS-CoV-2 viral load in SARS-CoV-2-related thyroid dysfunction is unclear.
We evaluated the thyroid function of a cohort of COVID-19 patients, in relation to their clinical
features, biochemical, immunological and inflammatory markers.

Methods: Consecutive adult patients, without known thyroid disorders, admitted to Queen Mary
Hospital for COVID-19 from 21 July to 21 August, 2020 were included. Serum levels of thyroid-
stimulating hormone (TSH), free thyroxine, free triiodothyronine (fT3) and anti-thyroid antibodies
were measured on admission.

Results: Among 191 patients with COVID-19 (mean age 53.5 + 17.2 years; 51.8% male),
84.3% were mild, 12.6% were moderate, and 3.1% were severe. 13.1% had abnormal thyroid
function. Ten patients had isolated low TSH, suggestive of subclinical thyrotoxicosis due to
thyroiditis, although the contribution of autoimmunity was likely in two of them. Autoimmune
thyroiditis probably also contributed to subclinical hypothyroidism in another patient. Ten
patients had isolated low fT3, likely representing non-thyroidal illness syndrome. Lower SARS-
Cov-2 PCR cycle threshold values and elevated C-reactive protein were independently
associated with occurrence of low TSH (p=0.030) and low fT3 (p=0.007) respectively. A
decreasing trend of fT3 with increasing COVID-19 severity (p=0.032) was found. Patients with
low fT3 had more adverse COVID-19-related outcomes.

Conclusion: Around 15% of patients with mild to moderate COVID-19 had thyroid dysfunction.
There may be a direct effect of SARS-CoV-2 on thyroid function, potentially leading to
exacerbation of pre-existing autoimmune thyroid disease. Low fT3, associated with systemic
inflammation, may have a prognostic significance.
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Lania A, Sandri MT, Cellini M, Mirani M, Lavezzi E, Mazziotti G 2020 Thyrotoxicosis in
patients with COVID 19: The THYRCOV Study. Eur J Endocrinol 183(4):381-387. PMID:
32698147.

Abstract

Objective: This study assessed thyroid function in patients affected by the coronavirus disease-
19 (COVID-19), based on the hypothesis that the cytokine storm associated with COVID-19
may influence thyroid function and/or the severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) may directly act on thyroid cells, such as previously demonstrated for SARS-
CoV-1 infection.

Design and methods: This single-center study was retrospective and consisted in evaluating
thyroid function tests and serum interleukin-6 (IL-6) values in 287 consecutive patients (193
males, median age: 66 years, range: 27-92) hospitalized for COVID-19 in non-intensive care
units.

Results: Fifty-eight patients (20.2%) were found with thyrotoxicosis (overt in 31 cases), 15
(5.2%) with hypothyroidism (overt in only 2 cases), and 214 (74.6%) with normal thyroid
function. Serum thyrotropin (TSH) values were inversely correlated with age of patients (rho -
0.27; P <0.001) and IL-6 (rho -0.41; P < 0.001). In the multivariate analysis, thyrotoxicosis
resulted to be significantly associated with higher IL-6 (odds ratio: 3.25, 95% confidence
interval: 1.97-5.36; P < 0.001), whereas the association with age of patients was lost (P = 0.09).

Conclusions: This study provides first evidence that COVID-19 may be associated with high

risk of thyrotoxicosis in relationship with systemic immune activation induced by the SARS-CoV-
2 infection.
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A, Arosio M, Salvi M 2020 SARS-CoV-2-related atypical thyroiditis. Lancet Diabetes
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No abstract available.
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Rahman S, Pandeya N, Neale RE, McLeod DSA, Bain C, Baade PD, Youl P, Allison R,
Leonard S, Jordan SJ 2020 Obesity is associated with BRAFV600E-mutated thyroid
cancer. Thyroid 30:1518-1527. PMID: 32228152.

Abstract

Background: Thyroid cancer incidence has increased in many parts of the world since the
1980s, as has the prevalence of obesity. Evidence suggests that people with greater body size
have higher thyroid cancer risk. However, it is unclear whether this association is causal or is
driven by over-diagnosis of indolent cancers, because overweight/obese people use health
services more frequently than those of normal weight, thus conferring greater opportunity for
incidental diagnosis. Assessing whether obesity is associated with higher-risk thyroid cancers
might help clarify this issue.

Methods: We recruited 1013 people diagnosed with thyroid cancer between 2013 and 2016
and 1057 population controls, frequency matched by sex and age group. We used logistic
regression to assess the association between body mass index (BMI) and overall thyroid cancer
risk as well as by tumor BRAF mutational status as a marker of potentially higher-risk cancer.

Results: Overall, obesity was associated with greater risk of thyroid cancer (odds ratio [OR] =
1.72; 95% confidence interval [Cl 1.37-2.16] for obese vs. normal BMI). The association with
obesity was significantly stronger for BRAF-mutation positive than BRAF-negative papillary
thyroid cancers (PTCs; OR = 1.71 [CI 1.17-2.50] for BRAF-positive vs. BRAF-negative cancers).
The increased risks associated with overweight/obesity did not vary by histological subtypes or
presence/absence of adverse tumor histologic features.

Conclusions: Greater risk of BRAF-mutated PTCs among those with high BMI suggests that

the association may not merely reflect greater health care service use and indicates an
independent relationship between obesity and clinically important thyroid cancer.
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Jensen CB, Saucke MC, Francis DO, Voils ClI, Pitt SC 2020 From overdiagnosis to
overtreatment of low-risk thyroid cancer: A thematic analysis of attitudes and beliefs of
endocrinologists, surgeons, and patients. Thyroid 30:696-703. PMID: 31910092.

Abstract

Introduction: The optimal management for patients with small, low-risk thyroid cancer is often
debated. We aimed to characterize the attitudes and beliefs of providers and patients about
management of small, low-risk thyroid cancer and how they relate to overtreatment.

Methods: We conducted 34 semi-structured interviews with surgeons (n = 12), endocrinologists
(n =12), and patients with <1.5 cm papillary thyroid cancer (n = 10). Interviews probed about
diagnosis and treatment decision-making, including nonoperative options. We used thematic
analysis to identify themes related to overtreatment and created concept diagrams to map
observed relationships between themes.

Results: When providers discussed management of small, low-risk thyroid cancer, most felt
that overtreatment was a problem, and some brought it up without prompting. Providers often
believed that overtreatment results from overdiagnosis and relayed how the process commonly
starts with incidental discovery of a thyroid nodule on imaging. Providers viewed biopsy of the
nodule as a reflexive or habitual action. They ascribed inappropriate biopsy to lack of adherence
to or knowledge of guidelines, radiologist recommendations, and the desire of patients and
physicians to minimize diagnostic uncertainty. Providers described subsequent cancer
diagnosis as an event that "opens Pandora's box" and often provokes a strong instinctive,
culturally rooted need to proceed with surgery-specifically total thyroidectomy. Consequently,
most providers felt that it is easier to prevent overdiagnosis than overtreatment and
recommended strategies such as improving guideline adherence, resetting patients'
expectations, and engaging the media. In contrast, patients did not bring up or openly discuss
overtreatment or overdiagnosis. Some patients described the seemingly automatic process from
an incidental finding to surgery. Their statements confirmed that the "need to know" was a major
motivation for biopsying their nodule. Patients felt that once they had a cancer diagnosis,
surgery was a foregone conclusion. Patients admitted their knowledge about thyroid nodules
and cancer was low, leaving room for education about the need for biopsy and less extensive
treatment options.

Conclusions: Surgeons' and endocrinologists' attitudes and beliefs about overtreatment focus

on the automaticity of overdiagnosis. Both patients and providers are cognizant of the cascade
of clinical events that propel patients from incidental discovery of a thyroid nodule to surgery.
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Papaleontiou M, Evron JM, Esfandiari NH, Reyes-Gastelum D, Ward KC, Hamilton AS,
Worden F, Haymart MR 2020 Patient report of recurrent and persistent thyroid cancer.
Thyroid. 2020 Sep;30(9):1297-1305. PMID: 32183609.

Abstract

Background: Despite the excellent survival of most patients with differentiated thyroid cancer
(DTC), recurrent and persistent disease remain major concerns for physicians and patients.
However, studies on patient report of recurrent and persistent disease are lacking.

Methods: Between February 1, 2017, and October 31, 2018, we surveyed eligible patients who
were diagnosed with DTC between 2014 and 2015 from the Georgia and Los Angeles
Surveillance, Epidemiology, and End Results cancer registries (N = 2632; response rate, 63%).
Patients who reported current disease status were included in this study (n = 2454). Patient-
reported data were linked to registry data. A multivariable, multinomial logistic regression
analysis was conducted to determine patient and tumor characteristics associated with recurrent
and persistent thyroid cancer. Quality of life was evaluated using the Patient-Reported
Outcomes Measurement Information System-Global Health v1.2 questionnaire. Meaningful
change in global health was defined as a minimal difference of a half standard deviation or 5
points compared with the mean (T score = 50) of a sample population matching the United
States 2000 General Census.

Results: Of the 2454 patients completing the survey, 95 (4.1%) reported recurrent disease and
137 (5.8%) reported persistent disease. In multinomial analyses, T3/T4 classification and
cervical lymph node involvement (N1) were associated with both report of recurrent (adjusted
relative risk ratio [RRR] 1.99, 95% confidence interval [Cl 1.16-3.42]; adjusted RRR 2.03 [CI
1.29-3.21], respectively) and persistent disease (adjusted RRR 3.48 [Cl 1.96-6.20]; adjusted
RRR 3.56 [Cl 2.41-5.24], respectively). Additionally, Hispanic ethnicity was associated with
report of recurrent disease (adjusted RRR 1.99 [CI 1.23-3.24]). Regarding quality of life, the
median scores in patients with persistent disease met criteria for meaningful change in global
physical health (T-score = 44.9) and global mental health (T-score = 43.5) when compared with
the general population norms. Median scores in patients with cured or recurrent disease did not
meet criteria for meaningful change.

Conclusions: Patient report is a reasonable method of assessing recurrent and persistent

disease. Impact on quality of life is more marked for patients with reported persistent disease.
Our findings will help personalize treatment and long-term follow-up in these patients.
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Wirth LJ, Sherman E, Robinson B, Solomon B, Kang H, Lorch J, Worden F, Brose M,
Patel J, Leboulleux S, Godbert Y, Barlesi F, Morris JC, Owonikoko TK, Tan DSW,
Gautschi O, Weiss J, de la Fouchardiére C, Burkard ME, Laskin J, Taylor MH, Kroiss M,
Medioni J, Goldman JW, Bauer TM, Levy B, Zhu VW, Lakhani N, Moreno V, Ebata K,
Nguyen M, Heirich D, Zhu EY, Huang X, Yang L, Kherani J, Rothenberg SM, Drilon A,
Subbiah V, Shah MH, Cabanillas ME 2020 Efficacy of selpercatinib in RET-altered thyroid
cancers. N Engl J Med 383(9):825-835. PMID: 32846061.

Abstract

Background: RET mutations occur in 70% of medullary thyroid cancers, and RET fusions
occur rarely in other thyroid cancers. In patients with RET-altered thyroid cancers, the efficacy
and safety of selective RET inhibition are unknown.

Methods: We enrolled patients with RET-mutant medullary thyroid cancer with or without
previous vandetanib or cabozantinib treatment, as well as those with previously treated RET
fusion-positive thyroid cancer, in a phase 1-2 trial of selpercatinib. The primary end point was an
objective response (a complete or partial response), as determined by an independent review
committee. Secondary end points included the duration of response, progression-free survival,
and safety.

Results: In the first 55 consecutively enrolled patients with RET-mutant medullary thyroid
cancer who had previously received vandetanib, cabozantinib, or both, the percentage who had
a response was 69% (95% confidence interval [Cl], 55 to 81), and 1-year progression-free
survival was 82% (95% CI, 69 to 90). In 88 patients with RET-mutant medullary thyroid cancer
who had not previously received vandetanib or cabozantinib, the percentage who had a
response was 73% (95% ClI, 62 to 82), and 1-year progression-free survival was 92% (95% Cl,
82 to 97). In 19 patients with previously treated RET fusion-positive thyroid cancer, the
percentage who had a response was 79% (95% Cl, 54 to 94), and 1-year progression-free
survival was 64% (95% CI, 37 to 82). The most common adverse events of grade 3 or higher
were hypertension (in 21% of the patients), increased alanine aminotransferase level (in 11%),
increased aspartate aminotransferase level (in 9%), hyponatremia (in 8%), and diarrhea (in 6%).
Of all 531 patients treated, 12 (2%) discontinued selpercatinib owing to drug-related adverse
events.

Conclusions: In this phase 1-2 trial, selpercatinib showed durable efficacy with mainly low-
grade toxic effects in patients with medullary thyroid cancer with and without previous
vandetanib or cabozantinib treatment. (Funded by Loxo Oncology and others; LIBRETTO-001
ClinicalTrials.gov number, NCT03157128.).
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Maniakas A, Dadu R, Busaidy NL, Wang JR, Ferrarotto R, Lu C, Williams MD, Gunn GB,
Hofmann M-C, Cote G, Sperling J, Gross ND, Sturgis EM, Goepfert RP, Lai SY, Cabanillas
ME, Zafereo M 2020 Evaluation of overall survival in patients with anaplastic thyroid
carcinoma, 2000-2019. JAMA Oncol Aug 6;203362. PMID: 32761153.

Abstract

Importance: Anaplastic thyroid carcinoma (ATC) historically has a 4-month median overall
survival (OS) from time of diagnosis, with disease-specific mortality approaching 100%. The
association between recent major advancements in treatment and OS has yet to be evaluated.

Objective: To evaluate rates of OS in patients with ATC over the last 2 decades.

Design, setting, and participants: Retrospective cohort study in a single tertiary care
institution. Patients with histopathological confirmation of ATC from January 2000 to October
2019 were included and divided into 3 groups according to date of presentation: 2000-2013,
2014-2016, and 2017-2019.

Main outcomes and measures: Overall survival compared among different treatment eras and
differing therapies, including targeted therapy, immunotherapy, and surgery.

Results: Of 479 patients (246 men [51%]; median age, 65.0 [range, 21.1-92.6] years) with ATC
evaluated, 52 (11%) were stage IVA, 172 (36%) stage IVB, and 255 (53%) stage IVC at
presentation. The median OS of the entire cohort was 0.79 years (9.5 months), ranging from
0.01 to 16.63. The OS at 1 and 2 years was 35% (95% CI, 29%-42%) and 18% (95% CI, 13%-
23%) in the 2000-2013 group (n = 227), 47% (95% CI, 36%-56%) and 25% (95% ClI, 17%-34%)
in the 2014-2016 group (n = 100), and 59% (95% CI, 49%-67%) and 42% (95% CI, 30%-53%)
in the 2017-2019 group (n = 152), respectively (P <.001). The hazard ratio was 0.50 (95% ClI,
0.38-0.67) for the 2017-2019 group compared with the 2000-2013 patients (P < .001). Factors
associated with improved OS included targeted therapy (hazard ratio, 0.49; 95% ClI, 0.39-0.63;
P <.001), the addition of immunotherapy to targeted therapy (hazard ratio, 0.58; 95% ClI, 0.36-
0.94; P = .03), and surgery following neoadjuvant BRAF-directed therapy (hazard ratio, 0.29;
95% CI, 0.10-0.78; P = .02). Patients undergoing surgery following neoadjuvant BRAF-directed
therapy (n = 20) had a 94% 1-year survival with a median follow-up of 1.21 years.

Conclusion and relevance: In this large single-institution cohort study spanning nearly 20
years, changes in patient management appear to be associated with significant increase in
survival. The era of untreatable ATC is progressively being replaced by molecular-based
personalized therapies, with integration of multidisciplinary therapies including surgery and
radiation therapy.
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Zhang B, Tian J, Pei S, Chen Y, He X, Dong Y, Lu Z, Mo X, Huang W, Cong S, Zhang S
2019 Machine learning—assisted system for thyroid nodule diagnosis. Thyroid 29:858—
867. PMID: 30929637.

Abstract

Background: Ultrasound (US) examination is helpful in the differential diagnosis of thyroid
nodules (malignant vs. benign), but its accuracy relies heavily on examiner experience.
Therefore, the aim of this study was to develop a less subjective diagnostic model aided by
machine learning.

Methods: A total of 2064 thyroid nodules (2032 patients, 695 male; Mage = 45.25 + 13.49 years)
met all of the following inclusion criteria: (i) hemi- or total thyroidectomy, (ii) maximum nodule
diameter 2.5 cm, (iii) examination by conventional US and real-time elastography within one
month before surgery, and (iv) no previous thyroid surgery or percutaneous thermotherapy.
Models were developed using 60% of randomly selected samples based on nine commonly
used algorithms, and validated using the remaining 40% of cases. All models function with a
validation data set that has a pretest probability of malignancy of 10%. The models were refined
with machine learning that consisted of 1000 repetitions of derivatization and validation, and
compared to diagnosis by an experienced radiologist. Sensitivity, specificity, accuracy, and area
under the curve (AUC) were calculated.

Results: A random forest algorithm led to the best diagnostic model, which performed better
than radiologist diagnosis based on conventional US only (AUC = 0.924 [confidence interval
(Cl) 0.895-0.953] vs. 0.834 [CI 0.815-0.853]) and based on both conventional US and real-time
elastography (AUC = 0.938 [Cl 0.914-0.961] vs. 0.843 [Cl 0.829-0.857]).

Conclusions: Machine-learning algorithms based on US examinations, particularly the random
forest classifier, may diagnose malignant thyroid nodules better than radiologists.
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Thomas J, Haertling T 2020 AIBx, Artificial intelligence model to risk stratify thyroid
nodules. Thyroid 30:878-884. PMID: 32013775.

Abstract

Background: Current classification systems for thyroid nodules are very subjective. Artificial
intelligence (Al) algorithms have been used to decrease subjectivity in medical image
interpretation. One out of 2 women over the age of 50 years may have a thyroid nodule and at
present the only way to exclude malignancy is through invasive procedures for those that are
suspicious on ultrasonography. Hence, there exists a need for noninvasive objective
classification of thyroid nodules. Some cancers have benign appearance on ultrasonogram.
Hence, we decided to create an image similarity algorithm rather than image classification
algorithm.

Materials and Methods: Ultrasound images of thyroid nodules from patients who underwent
either biopsy or thyroid surgery from February 2012 to February 2017 in our institution were
used to create Al models. Nodules were excluded if there was no definitive diagnosis of it being
benign or malignant. A total of 482 nodules met the inclusion criteria and all available images
from these nodules were used to create the Al models. Later, these Al models were used to test
103 thyroid nodules that underwent biopsy or surgery from March 2017 to July 2018.

Results: Negative predictive value (NPV) of the image similarity model was 93.2%. Sensitivity,
specificity, positive predictive value (PPV), and accuracy of the model were 87.8%, 78.5%,
65.9%, and 81.5%, respectively.

Conclusions: When compared with published results of ultrasound thyroid cancer risk
stratification systems, our image similarity model had comparable NPV with better sensitivity,
specificity, and PPV. By using image similarity Al models, we can decrease subijectivity and
decrease the number of unnecessary biopsies. Using image similarity Al model, we were able to
create an explainable Al model that increases physician's confidence in the predictions.
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Cesareo R, Pacella CM, Pasqualini V, Campagna G, lozzino M, Gallo A, Lauria Pantano A,
Cianni R, Pedone C, Pozzilli P, Taffon C, Crescenzi A, Manfrini S, Palermo A 2020 Laser
ablation versus radiofrequency ablation for benign non-functioning thyroid nodules: Six-
month results of a randomized, parallel, open-label, trial (LARA trial). Thyroid 30:847-856.
PMID: 32056501.

Abstract

Background: No direct prospective studies comparing laser ablation (LA) and radiofrequency
ablation (RFA) for debulking benign non-functioning thyroid nodules (BNTNs) exist. We aimed
at comparing the efficacy and safety of both techniques in patients with solid or predominantly
solid BNTN.

Methods: This six-month, single-use, randomized, open-label, parallel trial compared the
following primary endpoints between the RFA and LA groups six months after treatment: (i)
nodule volume reduction expressed as a percentage of nodule volume at baseline; (ii)
proportion of nodules with more than 50% reduction (successful rate). We enrolled subjects with
a solitary BNTN or dominant nodule characterized by pressure symptoms/cosmetic problems or
patients without symptoms who experienced a volume increase >20% in one year. Nodules
underwent core needle biopsy for diagnosis. Patients were randomly assigned (1:1) to receive
LA or RFA. Safety was assessed in all randomly assigned participants.

Results: Sixty patients were randomly assigned to receive either RFA or LA (1:1) between
January 2016 and November 2018. Both groups were similar in basal nodule volume, thyroid
function, histology, symptoms/cosmetic score, and procedure time. At six months, the nodule
volume reduction was 64.3% (95% confidence interval, Cl 57.5-71.2) in the RFA group and
53.2% ([C1 47.2-95.2]; p = 0.02) in the LA group. This effect was also confirmed in the linear
regression model adjusted for age, baseline volume, and proportion of cellular component (LA
vs. RFA percent change Delta = -12.8, p = 0.02). No significant difference was observed in
success rate six months after treatment (RFA vs. LA: 86.7% vs. 66.7%, p = 0.13) or in
thyrotropin level between the groups. Although improved, no significant difference was observed
between RFA and LA for compressive symptoms (RFA: 2.13 vs. 3.9, p <0 - 001; LA: 2.4 vs.
3.87, p <0.001) and cosmetic score (RFA: 1.65 vs. 2.2, p <0.001; LA: 1.85vs. 2.2, p < 0.001).
The adverse event rates (local pain, dysphonia, thyrotoxicosis, fever, hematoma) were 37% (n =
11) and 43% (n = 13) for RFA and LA, respectively, with no requirement for hospitalization.

Conclusion: Although the success rate was similar in the RFA and LA groups, RFA achieved a
significantly larger nodule volume reduction at six months.
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Williams M, Cruz F, Loyola S, Solar A, Roa JC, Leén A, Droppelman N, Lobos M, Arias T,
Kong CS, Busaidy N, Grubbs EG, Graham P, Stewart J, Tang A, Wang J, Orloff L,
Henriquez M, Lagos M, Osorio M, Schachter D, Franco C, Medina F, Wohllk N, Diaz RE,
Veliz J, Horvath E, Tala H, Pineda P, Arroyo P, Vasquez F, Traipe E, Marin L, Miranda G,
Bruce E, Bracamonte M, Mena N, Gonzalez HE 2020 A Thyroid Genetic Classifier
correctly predicts benign nodules with indeterminate cytology: Two independent,
multicenter, prospective validation trials. Thyroid;30(5):704-712.

Abstract

Background: Although most thyroid nodules with indeterminate cytology are benign, in most of
the world, surgery remains as the most frequent diagnostic approach. We have previously
reported a 10-gene thyroid genetic classifier, which accurately predicts benign thyroid nodules.
The assay is a prototype diagnostic kit suitable for reference laboratory testing and could
potentially avoid unnecessary diagnostic surgery in patients with indeterminate thyroid cytology.

Methods: Classifier performance was tested in two independent, ethnically diverse, prospective
multicenter trials (TGCT-1/Chile and TGCT-2/USA). A total of 4061 fine-needle aspirations were
collected from 15 institutions, of which 897 (22%) were called indeterminate. The clinical site
was blind to the classifier score and the clinical laboratory blind to the pathology report. A
matched surgical pathology and valid classifier score was available for 270 samples.

Results: Cohorts showed significant differences, including (i) clinical site patient source
(academic, 43% and 97% for TGCT-1 and -2, respectively); (ii) ethnic diversity, with a greater
proportion of the Hispanic population (40% vs. 3%) for TGCT-1 and a greater proportion of
African American (11% vs. 0%) and Asian (10% vs. 1%) populations for TGCT-2; and (iii) tumor
size (mean of 1.7 and 2.5 cm for TGCT-1 and -2, respectively). Overall, there were no
differences in the histopathological profile between cohorts. Forty-one of 155 and 45 of 115
nodules were malignant (cancer prevalence of 26% and 39% for TGCT-1 and -2, respectively).
The classifier predicted 37 of 41 and 41 of 45 malignant nodules, yielding a sensitivity of 90%
[95% confidence interval; Cl 77-97] and 91% [95% CI 79-98] for TGCT-1 and -2, respectively.
One hundred one of 114 and 61 of 70 nodules were correctly predicted as benign, yielding a
specificity of 89% [95% CI 82-94] and 87% [95% CI 77-94], respectively. The negative
predictive values for TGCT-1 and TGCT-2 were 96% and 94%, respectively, whereas the
positive predictive values were 74% and 82%, respectively. The overall accuracy for both
cohorts was 89%.

Conclusions: Clinical validation of the classifier demonstrates equivalent performance in two

independent and ethnically diverse cohorts, accurately predicting benign thyroid nodules that
can undergo surveillance as an alternative to diagnostic surgery.
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Abstract

COVID-19 infection has tremendously impacted our daily clinical practice as well as our social living organization.
Virtually all organs and biological systems suffer from this new coronavirus infection, either because the virus targets
directly specific tissues or because of indirect effects. Endocrine diseases are not an exception and some of endocrine
organs are at risk of direct or indirect lesion by COVID-19. Although there is still no evidence of higher predisposition
to contract the infection in patients with diabetes and/or obesity, the coexistence of these conditions contributes to a
worse prognosis because both conditions confer an impaired immunologic system. Cytokines storm can be amplified by
these two latter conditions thereby leading to multisystemic failure and death. Glycaemic control has been demonstrated
to be crucial to avoiding long hospital stays, ICU requirement and also prevention of excessive mortality. Endocrine
treatment modifications as a consequence of COVID-19 infection are required in a proactive manner, in order to avoid
decompensation and eventual hospital admission. This is the case of diabetes and adrenal insufficiency in which prompt
increase of insulin dosage and substitutive adrenal steroids through adoption of the sick day’s rules should be warranted,
as well as easy contact with the health care provider through telematic different modalities. New possible endocrino-
logical targets of COVID-19 have been recently described and warrant a full study in the next future.

Keywords Covid-19 - Diabetes mellitus - Obesity - Malnourishment - Pituitary - Thyroid - Calcium - Vitamin D -
Hypoadrenalism

Abbreviations SARS Severe acute respiratory syndrome
ACE Angiotensin-converting enzyme SARS-CoV- Severe acute respiratory syndrome
ACTH Adrenocorticotropic hormone 2 coronavirus 2
BMI Body mass index TMPRSS2  Transmembrane protease serine 2
COVID-19  Coronavirus disease 2019
DPP4 Human dipeptidyl peptidase 4
HINI1 Influenza A
ICUs Intensive care units
MERS Middle East respiratory syndrome 1 Introduction

Coronavirus disease 2019 (COVID-19) or severe acute respi-
ratory syndrome coronavirus 2 (SARS-CoV-2) outbreak re-
quires that endocrinologists move forward, even more, to the
first line of care of our patients, in collaboration with other
physicians such as those in internal medicine and emergency
Department of Endocrinology, Hospital Universitario de la Princesa,  ypjts. This will preserve the health condition and prevent the
EZ%:;O f;agisg§Zf;0n de la Princesa, Universidad Auténoma de adverse COVID-19-related outcomes in people affected by

different endocrine diseases. People with diabetes in particu-
lar, are among those in high-risk categories for developing
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Hospital, Milan, Italy serious illness modality of COVID-19 infection if they get
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Germans Trias i Pujol Research Institute and Hospital, Universitat nutrition and adrenal insufficiency may also be strongly im-
Autonoma de Barcelona, Badalona, Spain pacted by COVID-19 [1, 2] (Fig. 1).
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Fig. 1 Different endocrine glands/organs that can be affected by COVID-
19: 1) Pituitary: possible hypothalamic-pituitary disfunction and alter-
ations in antidiuretic hormone metabolism. 2) Thyroid: sick euthyroid
syndrome; 3) Adrenal: probable higher susceptibility to COVID-19 in
adrenal insufficiency and Cushing’s syndrome; 4) Bone. Low vitamin

2 COVID-19 infection and diabetes mellitus

Individuals with diabetes may be at increased risk of infections,
especially influenza and pneumonia. This is why all people with
diabetes are recommended pneumococcal and annual influenza
vaccinations [3]. In general, it is assumed that this risk can be
reduced, though not completely eliminated, through good gly-
cemic control. Data about the incidence of COVID-19 in pa-
tients with diabetes are limited at present, but are increasing
steadily every week; early reports have identified diabetes and
obesity as predictors of higher incidence [4-7]. However, as
population testing is still limited, and only in a few countries
massive COVID-19 screening has been performed, whether or
not diabetes is associated to a higher risk to contract COVID-19
is still unknown. The data currently available come mostly from
hospital consultation cohorts (Fig. 2).

In this setting, the series by Petrilli et al. [8], in which 4103
patients were attended and 1999 were admitted to hospital, 15%
of the overall cohort was found to have diabetes, which is not
far from the prevalence of diabetes in the general population in
their age range in the US. Thus, confirming what was found
with Influenza A (HIN1) pandemic, Severe Acute Respiratory
Syndrome coronavirus (SARS-CoV) and Middle East

@ Springer
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D may be linked to more severe disease Increased risk of hypocalcemia.
5) Testicle: Higher susceptibility and worse outcomes have been reported
in men; 6) Diabetes. Worse outcomes in diabetic patients; 7) Obesity.
Worse prognosis in obese patients

Respiratory Syndrome coronavirus (MERS-CoV) outbreaks,
the present coronavirus epidemics does not seem to account
for a much higher capacity to infect people with diabetes [9].

2.1 Increased risk of morbidity and mortality in
patients with diabetes regarding COVID-19 infection

Virtually all reports coincide that morbidity and mortality due to
COVID-19 infection are increased by the presence of diabetes.
In the series published by New York city hospitals, diabetes was
more prevalent in those patients requiring admission (31.8%)
than in those not requiring admission (5.4%) [8] (Fig. 2).
Indeed, diabetes was also reported as an important risk factor
for worse disease modality and excessive mortality while the
occurrence of the Influenza A (HIN1) pandemic, SARS-CoV
and MERSCoV outbreaks [4]. Influenza A (HIN1) pandemic,
tripled the risk of hospitalization and quadrupled the risk of
intensive care unit (ICU) admission when diabetes was present
[3]. Consistent with that, data from China found that diabetes
accounted for 8%—16% of hospitalized patients [10, 11], being
diabetes prevalence across China around 5% [12].

A large report of the Centers for Disease Control and
Prevention of the United States showed that 78% of COVID-
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Fig. 2 Prevalence of diabetes Hospitalized patients [l
mellitus in hospitalized COVID
19+ versus general population in
different countries The prevalence
of diabetes is higher in
hospitalized patients in USA and

Spain, but not in China or Italy

General population ]

China

19 patients in ICUs had diabetes, cardiovascular diseases in-
cluding hypertension or chronic lung disease [13]. A study
performed by the Chinese Centre for Disease Control and
Prevention including 72,314 cases (hospital admitted and am-
bulatory controlled) reported an overall mortality of 2.3%
(1023 deaths among 44,672 confirmed cases) and in those hav-
ing diabetes it reached 7.3% [1]. An additional report from
China including 1590 hospitalized cases analyzed a composite
endpoint including admission to ICU, intensive ventilation, or
death, and after adjusting for smoking status and age. It was
found that diabetes significantly increased the risk of severity
according to the composite endpoint (hazard ratio 1.59, 95% CI
1.03-2.45); in this series, 34.6% of severe cases had diabetes
compared to 14.3% in non-severe cases [14].

General mortality rates are difficult to evaluate due to the
lack of data on non-symptomatic cases, as in most countries
universal microbiological screening for COVID-19 has not
been implemented, thus leading to an overestimation of the
prevalence of case fatality. As indicated, in China the overall
fatality rate was 2.3% and in people with diabetes it was 7.3%
[1]. Data published in Italy, indicate that more than 70% of
patients who died due to COVID-19 had either diabetes, car-
diovascular disease or cancer as comorbidities [7].

In summary, according to current accumulated data, persons
with diabetes are at increased risk for COVID-19 infection
medical complications including death. Accordingly, an in-
creased vigilance and testing of people with diabetes in special-
ized outpatient and general medicine clinics for COVID-19 is
required, as well as a proactive hospitalization policy [15].

2.2 Importance of glycemic control in those with
coexistence of COVID-19 infection and diabetes

To date, only a limited number of studies have addressed the

role of hyperglycemia in the pathogenesis and prognosis of
viral respiratory diseases [1, 16]. However, it has been shown
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that elevated blood glucose levels can directly rise glucose
concentrations in airway secretion [17]. In vitro glucose expo-
sure of pulmonary epithelial cells significantly increases influ-
enza virus infection and replication. In addition, elevated glu-
cose levels impair the antiviral immune response. As a conse-
quence, patients with diabetes use to have a higher viral
charge as well as a much severe disease when infected with
respiratory viruses. These findings are consistent with the re-
ports of patients infected with the highly pathogenic avian
influenza, in which hyperglycemia was associated with in-
creased fatal outcome. Hyperglycemia may also affect pulmo-
nary function, and therefore, respiratory dysfunction induced
by influenza virus is exacerbated in patients with diabetes [18,
19]. In viral disease animal models, diabetes is associated with
numerous lung structural changes, including augmented per-
meability of the alveolo-capillary membrane and a collapsed
alveolar epithelium [20]. It is anticipated that glycemic control
can have beneficial effects in patients with coexistent diabetes
and viral respiratory diseases such as COVID-19. However, in
the clinical setting, optimal metabolic control has been diffi-
cult to achieve mostly because of practical limitations encoun-
tered during the treatment of this patients’ group [21].
Interleukin 6 and D-dimer levels are more elevated in hyper-
glycemic patients compared to normoglycemic ones. Both,
patients with hyperglycemia not previously known as having
diabetes and patients with known diabetes had a higher risk of
severe disease than those without diabetes [22]. This empha-
sizes the importance of early detection of hyperglycemia at the
hospital setting and the necessity of its prompt and effective
treatment with insulin [23-25].

2.3 Treatment for people with diabetes infected by
COVID-19

People with diabetes who are infected with COVID-19 may
probably experience a deterioration of glycemic control, like

@ Springer

EvSokpivoloyia | AtaBntohoyia | MetaBoAlopdg



H evSokpwvoloyla otnv enoyr tou Covid-19 / Eutuyia KoUkkou

Rev Endocr Metab Disord

in any other infectious episode. Proactive basal insulin dosage
increase and correctional bolus may be required to maintain
normoglycemia and prevent deterioration of metabolic control
in those under insulin treatment [15].

Diabetic ketoacidosis coexisting with COVID-19 is partic-
ularly hazardous to treat, because of the risk of pulmonary
fluid accumulation [26]. A report from a Chinese cohort
consisting of 658 patients suggests that COVID-19 infection
can cause ketosis per se in non-diabetic persons and may
increase the risk of ketoacidosis in those with diabetes [27,
28].

In general, mild COVID-19 illness in people with type 2
diabetes on oral agents may be allowed to keep their usual
treatment, provided that the patient stays under well con-
trol, but treatment modification must be indicated immedi-
ately upon clinical judgement, if development of severe
COVID-19-related symptoms appear, especially high fever
and potential dehydration. Oral agents, particularly metfor-
min and sodium glucose cotransporter-2 inhibitors need to
be stopped also, if serious illness condition develops [26].
Insulin is the preferred agent to control hyperglycemia in
hospitalized patients, as it the most efficacious for any in-
tercurrent situation, including infections [4]. Although sodi-
um glucose cotransporter-2 inhibitors may predispose to
ketoacidosis, a controversial clinical trial with dapaglifozin
has been approved in COVID-19 patients with moderate
illness including respiratory failure, the DARE-19 study
(NCT04350593), aiming to evaluate the reduction of dis-
ease progression and death.

2.4 Role of DPP-4 in COVID-19 as virus target

Remarkably, human dipeptidyl peptidase 4 (DPP-4) has
also been identified as a functional receptor of the S-
protein of MERS-Co-V [29]. MERS-CoV binds to the
DPP-4 receptor-binding domain and interacts with T cells
and nuclear factors, such as nuclear factor kappa b (NF-
kB), a key factor in the pathogenesis of inflammatory
disorders. DPP-4 plays an important role in the regulation
of the immune system by activating T cell repertoire and
upregulating nuclear factor kappa b pathway [30].
Transgenic mouse models expressing human DPP-4 ex-
posed to MERS-CoV had impaired inflammatory
monocyte/macrophage phenotype, CD4+ T cells and low-
er expression of tumor necrosis factor alpha, interleukin 6
and Argl [31]. Remarkably, it has been recently demon-
strated that human DPP-4/CD26 may interact with the S1
domain of the viral spike glycoprotein of SARS-CoV-2,
thus allowing an additional way for the virus to enter the
cell, beside the main one, which is angiotensin-converting
enzyme (ACE)2 [32].

Thus, the question is whether DPP-4 inhibitors used cur-
rently for treatment of type 2 diabetes play a role not just
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regarding metabolic control, but also contributing to modify
COVID-19 attack in these patients, either inducing protection
or progression of infection (Fig. 3). It is tempting to postulate
that inhibition of DDP-4 with the current antidiabetic drugs
such as sitagliptin, vildagliptin or linagliptin may impair the
virus/DPP-4 interaction, thereby protecting the cell from virus
entrance. However, the binding of SARS-CoV-2 and MERS-
CoV takes place at residues not located nearby the DPP-4i
binding pocket of current gliptin drugs, thus requiring more
studies in order to clarify this question [33].

It is known that DDP-4 inhibition modulates inflammation
and has anti-fibrotic effects; depending on the potency of
these properties, DPP-4 inhibitors may eventually have some
protective effects in case of severe COVID-19 infection. The
potential decrease of the magnitude COVID-19 cytokines
storm under DPP-4 inhibitors action sounds attractive but, so
far, no data are available to provide a consistent answer.

3 COVID-19 and obesity

3.1 Increased risk of morbidity and mortality in
patients with obesity regarding COVID-19 infection

Until recently, there were no specific data in the literature
reporting that subjects with obesity have a higher risk of de-
veloping severe forms of COVID-19, as first studies from
China [1] and Italy [34] did not provide data on body weight
and height. However, last reports have found a strong link
between obesity and admission to critical care as well as the
use of invasive mechanical ventilation [35]. In a study from
Shenzhen (China), obesity was associated with a 142% higher
risk of developing severe pneumonia [36]. The Intensive Care
National Audit & Research Centre in United Kingdom ob-
served that 72.1% of patients with confirmed COVID-19 were
overweight or obese and that among patients with body mass
index (BMI) >30 who had undergone intensive care, 60.9% of
them died [37]. Among 4103 patients in New York City, BMI
>40 kg/m2 was the second strongest independent predictor of
hospitalization, after old age [8]. In a retrospective single
French center evaluating 124 consecutive patients, obesity
(BMI >30 kg/m2) and severe obesity (BMI >35 kg/m2) were
present in 47.6% and 28.2% of cases admitted to intensive
care unit. The need for invasive mechanical ventilation was
associated with a BMI >35 kg/m2 [38]. Several reports from
around the world have previously identified obesity and se-
vere obesity as risk factors for hospitalization and mechanical
ventilation in the HIN1 influenza virus [39]. Together, these
data raise the question of whether there is a mechanistic link
between obesity and COVID-19 and whether obesity might
independently contribute to COVID-19 risk or at least to more
severe forms of the disease.
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3.2 How can obesity impact COVID-19 infection?

The high impact of HIN1 Influenza and now COVID-19 in
patients with obesity and severe obesity is probably related to
the deleterious effects of obesity on pulmonary function
(Fig. 4). Obesity is associated with decreased expiratory reserve
volume, functional capacity and respiratory system compliance.
Severe obesity causes sleep apnea syndrome and in those with
increased abdominal obesity, pulmonary function is further im-
paired by decreased diaphragmatic excursion.

In addition, obesity contributes to increase the risk of dif-
ferent comorbidities including diabetes, cardiovascular risk
and thrombosis, which may have a great impact in COVID-
19 infected patients outcomes, thus confirming that obesity
rises the severity of COVID-19 infection [10, 40].

In addition, obesity could increase per se, the risk of differ-
ent comorbidities including diabetes, cardiovascular risk and
thrombosis in COVID-19, which can intensify the severity of
COVID infection.

When it comes to the immune response, there is a clear
association between obesity and chronic inflammation that
can modify innate and adaptive immune responses, making
the immune system more vulnerable to infections [41].
Obesity is related to low-grade inflammation that is associated
to adipocyte hypoxia and dysfunction. This results in an exu-
berant secretion of pro-inflammatory cytokines such as tumor
necrosis factor o (TNF- ), interleukin (IL) 13 and interleukin
6 and adipokines that lead to the recruitment of immune cells
macrophage, T cell and B-cells, creating an auto-regenerating
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inflammation loop [42]. In this scenario, inflammatory macro-
phage and innate lymphoid subsets replace tissue regulatory
M2 phenotypic cells. In addition, there are alterations of lym-
phocyte phenotype with a decrease in T regulatory and Th2
cells and an increase in Th1 an Th17. Viral infection may am-
plify the already primed organ cytokine response in adipose
tissue [42]. In parallel, one of the most important mechanisms
underlying the severity of lung disease in COVID-19 is repre-
sented by the so called “cytokine storm”, which can lead to
acute respiratory distress syndrome or even multiple organ fail-
ure in the worst case. The cytokine storm identified in multiple
respiratory viral infections including COVID-19 exhibits an
overproduction of interferon, tumor necrosis factor «, interleu-
kins, and different chemokines. Thus, considering that subjects
with obesity have also a pre-set proinflammatory milieu, it is
expected that COVID-19 could further exacerbate inflamma-
tion exposing them to higher levels of circulating inflammatory
molecules compared to lean human subjects. This seems a fea-
sible mechanistic explanation of the increased risk of severe
complications of COVID-19 in subjects with obesity [43].
Obese individuals may exhibit greater viral shedding sug-
gesting potential for enhanced viral exposure, especially if
several family members are overweight. This may be aggra-
vated in overcrowded multigenerational households, which
are more common in the socioeconomically deprived commu-
nities in which obesity is prevalent [44]. In addition, in influ-
enza infection obesity not only increases the severity but also
enhances viral diversity. The altered microenvironment asso-
ciated with obesity supports the emergence of more virulent
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Fig. 4 Potential mechanisms that link obesity to worse outcomes in
COVID-19. Obese patients have 1) a impaired respiratory function; 2)
associated cardiovascular, metabolic and thrombotic comorbidities which
reduce the capability to cope with COVID-19. In addition, obese patients
have 3) increased viral shedding and viral load and 4) an amplified

influenza virus population capable of inducing greater disease
severity. This could be related to an impaired interferon re-
sponse, which is seen in experimental models, both in obese
mice and obesity-derived human bronchial epithelial cells
[45]. The same could happen in COVID-19 infection.
Finally, subjects with obesity have also mechanical issues
related to excessive weight that make difficult an early diag-
nosis with pulmonary ultrasound and other imaging tech-
niques, thus leading to a diagnosis of COVID-19 in the ad-
vanced stage which is most associated to highest mortality.
The lack of medical or intensive care units not designed to
accommodate optimally patients with severe obesity, the dif-
ficulty of intubation and insertion of catheters related to excess
of weight may lead to a slowdown in therapeutic steps, wors-
ening prognosis in patients with obesity and COVID-19 [46].

3.3 Recommendations for people with obesity
regarding COVID-19 infection

There is a need for increased vigilance, priority on detection
and testing, as well as a proactive therapy policy for patients
with obesity and COVID-19 infections. The assessment of
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immune response due to altered balance between inflammatory and
regulatory cells. During COVID-19 infection there is also an altered im-
mune response that is amplified by the dysregulated immune system of
the obese patients

metabolic phenotype is crucial. This includes body mass in-
dex, waist and hip circumferences and levels of glucose. Such
measurements might not be forgotten to be done, both, in the
primary care setting as well as in the hospital setting to accu-
rately assess the risk of these persons.

It is critical that patients with body mass index greater than
40, which has been reported as a critical cut-off for mortality
risk [8], take all the possible precautions to avoid infection.
Losing weight, lowering blood pressure and controlling blood
sugar have always been important to prevent severe health con-
sequences, but the risk of severe COVID-19 infection might
now be another important reason to focus on these issues.

Persons with obesity who become COVID-19 ill and re-
quire treatment in intensive care units present very important
challenges in their therapeutic management, as it is more dif-
ficult to intubate them. It can also be more difficult to obtain
diagnostic imaging (as there are weight limits on imaging
machines) and patients are more difficult to position and trans-
port by nursing staff. Also, the decision to extubate those
patients is more challenging when it comes to these patients.
Healthcare systems in general are not yet well set up enough to
manage an increasing number of patients with obesity in ICUs
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and the current crisis could probably highlight their limitations
even more.

4 Nutrition & vitamin D and COVID-19

Regarding undernourished subjects, COVID-19 infection is
associated to a high risk of malnutrition development, mostly
related to augmenting requirements and the presence of a se-
vere acute inflammatory status. These patients show also a
hyporexic state, thus contributing to an acute negative nutri-
tional balance. Estimated nutritional requirements for these
patients are 25-30 kcal/kg of weight and 1.5 g protein/kg/
day [47]. A nutrient dense diet is recommended in hospital-
ized cases including high protein supplements, administered
in 2-3 intakes per day and containing at least 18 g of protein
per intake. If nutritional requirements are not met during hos-
pital stay, complementary or complete enteral feeding may be
required and, in case that enteral feeding may not be possible
due to inadequate gastrointestinal tolerance, the patient should
be put on parenteral nutrition. COVID-19 patients’ outcome is
expected to improve with an adequate nutritional support.

Vitamin D deficiency is widespread in Southern Europe
where vitamin D fortified food is not widely used [48].
Vitamin D insufficiency has been reported to increase predis-
position to systemic infections and to impair immune response
or even to enhance the development of autoimmune diseases
[49]. Moreover, it has been shown that vitamin D supplemen-
tation can prevent respiratory infections [50] and poor vitamin
D status may aggravate the health outcome of ICU patients
while its correction could decrease morbidity and mortality in
this clinical setting [51]. Therefore, besides the hypothesis that
hypovitaminosis D may be a predisposing factor to COVID-
19 infection and aggressiveness in some European countries
[52], we strongly recommend to maintain vitamin D treatment
in those already diagnosed with hypovitaminosis D [53] and
suggest considering the supplementation with vitamin D of
elderly comorbid persons at home confinement if they are
no yet under supplementation [54, 55]. Studies on levels of
25 OH Vitamin D and their prognostic role in COVID-19 as
well as on potential benefits of vitamin D intervention in this
clinical setting are underway [56].

5 Lipids and COVID-19

Hypertrygliceridemia has been described as a side effect dur-
ing COVID-19 infection, with four cases reported up to date.
In two of them hypertrygliceridemia was related with
lopinavir/ritonavir treatment [57] and in two others, patients
were receiving a combination of this therapy with tocilizumab
[58]. Lopinavir/ritonavir has been previously associated with
lipid abnormalities, including elevations of total cholesterol
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and triglycerides [59]. Chronic use of tocilizumab in rtheuma-
toid arthritis has also been shown to increase lipid parameters,
in particular triglycerides [60].

Statins have been postulated as a possible add-on treatment
for COVID-19 patients, based on their known immunomodu-
latory properties [61]. Statins exert pleiotropic effects on in-
flammation and oxidative stress and modulate the immune
response at different levels, including immune cell adhesion
and migration, antigen presentation, and cytokine production
[62]. Observational studies have reported the effectiveness of
statin treatment in some viral infections including reducing
influenza-related hospitalizations and deaths [63]. As statins
are low-cost, extensively tested, well-tolerated drugs in a
health crisis such as the current COVID-19 pandemic, they
could be an option when treatment with more expensive drugs
may not be implemented. Continuation of preexisting statin
therapy must be recommended.

6 The pituitary and COVID-19

Evidence of altered pituitary function in SARS was first re-
ported by Leow et al. [64]. Sixty-one survivors of the SARS
outbreak were evaluated after recovery: 40% had evidence of
central mild hypocortisolism and 5% also had central hypo-
thyroidism [64]. Edema and neuronal degeneration along with
SARS-CoV genome have been identified in the hypothalamus
on autopsy studies [64]. In the case of COVID-19 both the
hypothalamic and pituitary tissues express ACE2 and could
also be viral targets [65]. Currently, we do not have any such
data in COVID-19; however, considering the high frequency
of neurological symptoms, one can assume that SARS-CoV-2
may affect the hypothalamus—pituitary as well, directly or via
immune-mediated hypophysitis [66].

6.1 Recommendations for people with pituitary
disorders regarding COVID-19 infection

Management of pituitary tumors without mass effects and
without hormonal hypersecretion can be deferred for several
months and if possible, all patients should receive medical
therapy [67]. In the case of pituitary tumors (except
prolactinomas) with severe visual deterioration, surgery is
the treatment of choice, with previous assessment of
COVID-19 status [68].

Patients with pre-existing endocrine conditions may be vul-
nerable to perturbations in plasma sodium in more severe
cases of COVID-19. None of the published reports so far have
reported a higher prevalence of dysnatremia in COVID-19
[69]. Regarding management of diabetes insipidus, since pa-
tients have limited accessibility to blood testing, the priority
should be to avoid hyponatremia [70]. This can be performed
delaying desmopressin to allow regular periods of free water
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clearance to prevent dilutional hyponatremia. It is also useful
to measure body weight daily. In addition, patients with dia-
betes insipidus who develop respiratory complications of
COVID-19 are at significantly increased risk of dysnatremia
and should have a close monitorization [70].

7 The thyroid and COVID-19

Data on thyroid involvement by coronavirus are most
scarce. A study conducted during the SARS outbreak in
2003 had reported that serum Triiodothyronine and thyrox-
ine levels were lower in patients with SARS as compared
to controls, both during the acute and convalescent phases.
This could simply imply an underlying euthyroid sick syn-
drome. However, a study of the autopsy in five patients
with SARS has shown marked destruction of the follicular
and parafollicular thyroid cells [71] and not a reduction in
thyroid follicular size associated with euthyroid sick syn-
drome [72]. Destruction of follicular cells may also be
identified as a low triiodothyronine and thyroxine profile.
Data on thyroid function or thyroid pathology are yet not
available in COVID-19 [65].

Regarding Graves’ disease, COVID-19 can be a precipitat-
ing factor for initiation or relapse of the disease (M.
Marazuela, personal experience). Several medical societies
have recommended to take special care to patients with hy-
perthyroidism receiving antithyroid drugs, because symptoms
of the rare side effect of agranulocytosis can overlap with
COVID-19. In this scenario, if symptoms of COVID-19,
agranulocytosis should be ruled out immediately with a full
blood count.

Diagnostic work-up of thyroid nodules as well as thyroid
surgery for either benign or malignant thyroid nodules for
differentiated thyroid cancers have been generally postponed
during COVID-19 pandemic [73] -although individualized
choices based on accurate risk profile analysis were recom-
mended. Interestingly, 1 out of 12 patients who received
radioiodine for differentiated thyroid carcinoma also showed
interstitial pneumonia on single photon emission computed
tomography [74].

8 The adrenal and COVID-19

8.1 Adrenal insufficiency

Life-long replacement treatment aiming to mimic physiologic
plasma cortisol concentrations is not easy to be achieved in
adrenal insufficiency patients. Many circumstances, either or-
ganic and/or psychological, might unbalance the physiologic

cortisol requirements. COVID-19 pandemic may be a new
reason for patient and physician concern.
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Adrenal insufficiency may confer a potentially increased
risk of acquiring COVID-19 infection, as this condition is
associated to an impaired natural immunity function, with a
defective action of neutrophils and natural killer-cells [75].
This may explain, in part, the slightly increased rate of infec-
tious diseases in these patients, as well as an overall higher
mortality. Although patients with adrenal insufficiency may
have a greater risk of complications due to the potential for an
adrenal crisis to be triggered by the infection, there is still no
evidence that those patients have a more severe course of
COVID-19 [76].

Regarding cortisol dynamics, autopsy studies performed
on patients who died from SARS-CoV showed degeneration
and necrosis of the adrenal cortical cells, pointing to a direct
cytopathic effect of the virus. Hence, it is likely that cortisol
dynamics may be altered in patients with SARS (and also with
SARS-CoV-2) [65]. In addition, there is an interesting hy-
pothesis that certain amino acid sequences in the SARS-
CoV are molecular mimics of the host adrenocorticotropic
hormone (ACTH). This could blunt the stress-induced cortisol
rise, as antibodies produced against the viral particles will
inadvertently destroy the circulating ACTH [77]. However,
itis not yet known whether SARS-CoV-2 might be employing
this same strategy.

The increase in morbidity and mortality in adrenal insuffi-
ciency could also be accounted by an insufficient compensa-
tory self-adjusted rise of the hydrocortisone dosage at the time
of the beginning of an episode of the infection. In this regard,
in the case of suspicion of COVID-19, the “sick days” rule
should be established as soon as minor symptoms appear [78].
Additionally, patients are also recommended to have suffi-
cient stock at home of steroid pills and hydrocortisone injec-
tions if social confinement is required during the COVID-19
outbreak. In addition, until there is enough information, pa-
tients with Al should observe stringent social distancing.

8.2 Cushing’s syndrome

Patients with Cushing’s disease, but particularly those under
supraphysiologic doses of steroids [79] may be also at a higher
risk of COVID-19 infection because of the steroids potential
immunosuppressive action. This issue is important, as around
5% of the world’s population is taking chronic corticosteroids
and there is a high prevalence of Al among these patients [80].
In these cases, under empiric principles, it might be recom-
mendable to follow the same rules as patients with adrenal
insufficiency.

Regarding diagnosis and therapy of patients with endoge-
nous Cushing’s when extensive differential diagnostic testing
is not feasible, it should be deferred. Salivary cortisol/
cortisone tests should be avoided due to the potential of viral
contamination and infection of laboratory staff. Treatment of
potential co-morbidities (such as hypertension and diabetes)
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should be optimized and medical treatment must be initiated.
Any form of treatment can be considered to switch to a block
and replace regime (metyrapone or ketoconazole plus gluco-
corticoid) in order to ease the monitoring [81].

9 Calcium & Hypoparathyroidism
and COVID-19

Several studies showed a key role of calcium in viral fusion
for many enveloped viruses such as SARS-CoV, MERS-CoV
and Ebolavirus. Moreover, calcium promoted their replication
directly interacting with fusion peptides of these viruses
[82—84]. Hypocalcemia had already shown to be common in
patients with SARS (60% of patients at hospital admission),
although generally mild [85], and in patients with Ebola virus
disease (62%) [86]. A case of COVID-19 infection has been
recently reported as possible precipitating cause of subclinical
postsurgical hypoparathyroidism presenting with severe hy-
pocalcemia [87]. This case suggested that hypocalcemia may
occur also in COVID-19 infection. In fact, very recently we
found in a retrospective single Institution study including 531
patients with COVID-19 a high prevalence of hypocalcemia
(in about 80% of cases) on initial hospital evaluation.
Hypocalcemic patients were more frequently elderly males
with linear correlation between calcium levels and LDH and
PCR levels. In multivariate analyses, hypocalcemia was an
independent risk factor associated with hospitalization where-
as it predicted ICU admission and mortality only in univariate
analysis. [88].Therefore, all patients with postsurgical hypo-
parathyroidism should continue their treatment to avoid se-
vere acute hypocalcemia, which can be life-threatening, and
eventually should be adequately treated [89]. Moreover, mild
hypoparathyroid patients not requiring chronic treatment
should undergo careful surveillance in areas hit by outbreak
of COVID-19 outbreaks, particularly if overweight/obese
[90]. Finally, since hypocalcemia may have negative impact
on cardiac outcomes [87], calcium evaluation, monitoring and
adequate supplementation if needed in all hospitalized patients
with COVID-19 infection is recommended.

10 Androgens and COVID-19

Evaluation of the gender-related distribution has revealed that
men had a higher susceptibility to the virus infection and
worse clinical outcomes and COVID-19 deaths compared
with women. These gender differences were observed among
all age groups of adult patients [10, 91].

A possible mechanism that may drive clinical outcomes is
a compromised antiviral immune response to SARS-CoV-2 in
men. Generally, androgens have an immune suppressive ef-
fect and women are disproportionately affected with
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inflammatory disease. Regarding SARS-CoV infected mice
in males, gonadectomy or treatment with an antiandrogen
compound did not affect the morbidity and mortality; con-
versely, estrogen depletion by ovariectomy or treatment with
an estrogen receptor antagonist dramatically increased both
morbidity and mortality suggesting a protective effect for the
estrogen receptor signaling pathway [92]. In addition, in ani-
mal experiments, estrogen treatment upregulated estrogen re-
ceptor signaling, silenced the cytokine storm and lead to an
improved survival rate.

SARS-CoV-2 viral entry requires two host proteins [93]:
the angiotensin converting enzyme-2 (ACE2) and the trans-
membrane protease, serine 2 (TMPRSS2) Androgen receptor
activity has been considered a requirement for the transcrip-
tion of TMPRSS2 gene [94] and TMPRSS?2 is the most fre-
quently altered gene in primary prostate cancer [95]. The mod-
ulation of TMPRSS2 expression by testosterone has been pos-
tulated to contribute to male predominance of COVID-19 in-
fection [96]. Since TMPRSS?2 is expressed also at pulmonary
level, the use of TMPRSS2 inhibitors, currently being used for
prostate cancer, represents an appealing target for prevention
or treatment for COVID-19 pneumonia [93].

Adverse outcomes of COVID-19 in men could also be
associated to a higher prevalence of comorbidities, including
hypertension, cardiovascular disease, and lung disease.

11 Ongoing COVID-19 research involving
endocrine targets

11.1 Role of ACE2 and inhibitors of the renin-
angiotensin system

The SARS-CoV binds to the zinc peptidase ACE2, a surface
molecule that is localized in the endothelial cells of arteries
and veins, arterial smooth muscle, respiratory tract epitheli-
um, epithelia of the small intestine, and immune cells, to enter
the host cell [97]. With SARS-CoV, it was shown that ACE2
overexpression facilitated viral entry and replication in cells
[98]. SARS-CoV-2 probably targets the same spectrum of
cells targeted by SARS-CoV, which in the lungs are primarily
localized in pneumocytes and macrophages [93]. Acute respi-
ratory distress syndrome (ARDS), which is the most serious
complication of both SARS and COVID-19, is likely ex-
plained by this lung tropism. Moreover, extrapulmonary
manifestations of COVID-19 may also be related to the sys-
temic distribution of ACE2 in the gastrointestinal tract and
the heart [15,99].  There is evidence that ACE2 expression
increases on the cell membrane with the use of ACE inhibi-
tors and angiotensin-receptor blockers [100]. There is a the-
oretical concern that by increasing ACE2 expression they
could facilitate the entry of virus into the host cell and in-
crease the chances of infection or its severity [101].
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Unfortunately, data if ACE inhibitors or angiotensin-receptor
blockers modify ACE2 levels or activity (or both) are lacking
in experimental animal models or in humans [102]. SARS-
CoV-2 appears not only to gain initial entry through ACE2
but also to subsequently downregulate ACE2 expression in
order that the enzyme is unable to exert protective effects in
organs and this may be in part responsible for organ injury in
Covid-19 [102]. At present, we cannot rule out that long-term
intake of ACE inhibitors and/or angiotensin-receptor blockers
may facilitate SARS-CoV-2 entry and virus replication.
Conversely, it is yet unknown whether intake of ACE inhib-
itors and/or angiotensin-receptor blockers, when infected, is
beneficial with regard to pulmonary outcome. Possibly, we
are dealing here with a double-edged sword, depending on
the phase of the disease: increased baseline ACE2 expression
could potentially rise infectivity and ACE inhibitors/
angiotensin-receptor blockers use would be an addressable
risk factor. Conversely, once infected, downregulation of
ACE2 may be the hallmark of COVID-19 progression.
Consequently, upregulation by preferentially using renin-
angiotensin system blockade and ACE2 replacement in the
acute respiratory syndrome phase may turn out to be benefi-
cial [103, 104]. At present, to our knowledge, there are no
peer reviewed experimental or clinical data demonstrating a
specific benefit or risk of using ACE inhibitors, angiotensin-
receptor blockers, or renin angiotensin aldosterone antago-
nists in COVID-19 patients. Moreover, abrupt withdrawal
of renin angiotensin aldosterone antagonists in high-risk pa-
tients, including those who have heart failure or have had
myocardial infarction, may result in clinical instability and
adverse health outcomes. In this regard, the European
Society of Cardiology, Council on Hypertension; American
College of Cardiology, the American Heart Association and
the Heart Failure Society of America and the American
Society of hypertension have released policy statements
strongly recommending that patients should continue treat-
ment with their usual antihypertensive therapy because there
is no clinical or empirical scientific evidence to suggest that
treatment with ACE inhibitors or angiotensin receptor
blockers should be discontinued because of the COVID-19
infection [103, 105].

11.2 Use of oxytocin in COVID [106]

Oxytocin exerts a dual effect by mobilizing the immune de-
fenses, and by suppressing pathogenic responses due to over-
reactions of the innate immunity. In humans, in the early
phases of infectious disease, oxytocin can limit the excessive
proinflammatory and oxidative stress reactions, by decreasing
interleukins levels [106]. Of particular interest to Covid-19, is
the nitric oxide, which is a key signaling molecule acting as a
host response modulator in viral infections. In humans, acti-
vation of the oxytocin receptor, which is expressed in the
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pulmonary artery, can produce a vasolidatory effect [107].
Oxytocin has been postulated as a prospective therapeutic
agent for Covid-19.

11.3 Use of melatonin in COVID 19

Viruses induce an explosion of inflammatory cytokines and
reactive oxygen species, and melatonin, a well-known anti-
inflammatory and anti-oxidative molecule, protects against
acute respiratory distress syndrome caused by viral and other
pathogens. Melatonin is effective in critical care patients by
reducing vessel permeability, anxiety, sedation use, and im-
proving sleeping quality, which might also be beneficial for
COVID-19 patients. In addition, melatonin could be an adju-
vant to prevent pulmonary fibrosis [108]. Notably, melatonin
has a high safety profile [109]. There are no reports on the use
of melatonin in COVID-19 to date [108].
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ABSTRACT

COVID-19 was declared a global pandemic by the WHO and has
affected millions of patients around the world. COVID-19 dis-
proportionately affects persons with endocrine conditions,
thus putting them at an increased risk for severe disease. We
discuss the mechanisms that place persons with endocrine
conditions at an additional risk for severe COVID-19 and review
the evidence. We also suggest precautions and management
of endocrine conditions in the setting of global curfews being
imposed and offer practical tips for uninterrupted endocrine
care.

Introduction

Coronavirus disease 2019 (COVID-19) was declared a pandemic by
the World Health Organization (WHO) on March 11, 2020 with over
3,059,642 cases and 211,028 deaths being reported from 213
countries and territories at the time of writing this review [1, 2].
There is increasing evidence to suggest that patients with endo-
crinopathies such as diabetes mellitus (DM), hypertension (HTN),
obesity and cardiovascular disease are at higher risk for COVID-19
related complications [3]. Reports from the UK and US have indi-
cated a high prevalence of DM and obesity in COVID-19 non-sur-
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vivors and severe cases [4, 5]. In the US, the most commonly re-
ported cardiometabolic comorbidities associated with COVID-19
are HTN (49.7 %), obesity (48.3 %), DM (28.3 %), and cardiovascular
disease (27.8 %) (> Fig. 1) [6]. Furthermore, DM is the most com-
mon comorbidity in COVID-19 deaths according to one report [4].
Given these data, both the WHO and the US Centers for Disease
Control and Prevention (CDC) list DM, HTN and obesity as risk fac-
tors for development of more severe COVID-19 outcomes [6-8].
In this review, we summarize common endocrinopathies associat-
ed with COVID-19.
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Overview of the Novel Coronavirus-Cell Interaction

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is
a betacoronavirus that was identified as the causative pathogen of
COVID-19 [9]. This virus enters the intracellular environment by
binding of the spike protein on its receptor binding domain (RBD)
to angiotensin converting enzyme 2 (ACE2) which is present on the
epithelial surface of human cells (> Fig. 2) [9]. Notably, ACE2 is a
distinct molecule from the well-known angiotensin converting en-
zyme 1 (ACE1), which is a therapeutic target. After attachment to
ACE2, the SARS-CoV-2 recruits a serine protease TMPRSS2, which
facilitates viral protein priming and cytoplasmic entry (> Fig. 2)
[10]. ACE2 is cleaved by a protease ADAMTS17, which in turn re-
duces its surface expression. After entering the cytoplasm, the virus
enters the nucleus via an endosomal pathway and viral replication
ensues [10].

Diabetes mellitus
Pathophysiology and risk

There are several reasons why DM may aggravate the risk of severe
COVID-19. First, DM may facilitate cell entry of SARS-CoV-2 by aug-
menting the surface expression of ACE2 through hyperinsuline-
mia-mediated reduction in ADAMTS17 activity [11-13]. In humans,
higher expression of ACE2 protein in the pancreatic islets was as-
sociated with hyperglycemia and diabetes caused by SARS-coro-
navirus (SARS-CoV) another coronavirus that uses ACE2 for cell
entry, suggesting that SARS-CoV-2 may act through a similar mech-
anism [14]. Second, ACE2 modulators such as ACE1 inhibitors
(ACEi), angiotensin receptor blockers (ARBs), and thiazolidenedi-
ones, which are used frequently in DM may upregulate ACE2 ex-
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pression [9, 15]. Third, DM is associated with complement defects
and reduced antigen stimulated IL-6, IL-8 and TNF-a [16, 17]; and
impairment of T-requlator cells (Tregs) and antigen presenting cells
(APCs) that may exacerbate the immunodeficiency [18]. Fourth,
co-existing HTN and obesity, acting via HIF-1a and toll-like recep-
tors, may contribute to the pre-existing chronic inflammation lead-
ing to impaired immune-mediated clearance of SARS-CoV-2
[18,19]. Lastly, dipeptidyl peptidase-4 (DPP-4), a surface glycopro-
tein, which degrades glucagon like peptide 1 ("GLP-1’, an incretin
hormone), is known to be elevated in DM and obesity [20-22], and
also functions as a surface receptor for coronaviruses [23, 24]. Al-
though the latter is yet to be shown for SARS-CoV-2, the unique
role of DPP-4 in coronavirus infections makes DPP-4 inhibition a
possible therapeutic target, which may work both by reducing
DPP-4 expression and offsetting the cytokine mediated end organ
damage [19, 25]. This assessment is further strengthened by evi-
dence that DPP-4 inhibition showed anti-inflammatory effects in
pre-clinical human studies [19, 26, 27]. Taken together, patients
with DM may be predisposed to cytokine storms resulting in end
organ injury and mortality (> Fig. 2) [28].

Areview of sixteen clinical studies with a total of 9,011 patients
with COVID-19 revealed a prevalence of DM between 2.0 % and
56.6 % [median (IQR) %: 13.2 (9.10-23.70)], highlighting the high
risk that patients with DM face in the wake of the global COVID-19
pandemic (> Table 1) [3, 6,29-43]. Additionally, hyperglycemia
has been seen in 35-58 % of inpatients with COVID-19 suggesting
the burden of impaired glucose metabolism [29, 34]. Other stud-
ies have reported a higher DM prevalence in severe cases of COVID-
19 when compared to mild cases (14.3 vs. 5.0%, p= 0-009) [39],
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as well as an increased mortality risk and an increased case fatality
rate in patients with DM (~3x, » Fig. 1) [3], in comparison to per-
sons without DM (7.3 vs. 2.3 %, respectively), indicating the ampli-
fied risk to patients with DM [44]. In a different study DM was high-
lighted as the most common comorbidity occurring in 41 % of all
COVID-19 deaths [4]. Additionally, one study noted that COV-
ID-19-affected patients with DM as a sole comorbidity had a 16.5%
mortality rate compared to 0% in comorbidity free COVID-19 pa-
tients, whereas another reported poor outcomes in COVID-19 in-
patients with uncontrolled hyperglycemia compared to their eug-
lycemic counterparts [45,46]. The US CDC included DM as a risk
factor for severe COVID-19 in their clinical guidance [8].

Evidence of an increased risk of long term metabolic complica-
tions in patients that have recovered from SARS, caused by SARS-
CoV, raises concern for a possible increased risk for similar compli-
cations in COVID-19. This was demonstrated in a follow-up study
of thirty one recovered SARS patients in comparison to healthy vol-
unteers at 12 years that revealed abnormal glucose metabolism in
60% (vs. 16 %), hyperlipidemia in 68 % (vs. 40 %), and cardiovascu-
lar abnormality in 44 % (vs. 0 %) of study participants [47]. It was
speculated that the use of pulse dose glucocorticoids may have
contributed to these long-term metabolic derangements [47]. Glu-
cocorticoid use in hospitalized COVID-19 patients may also play a
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role in acute inpatient hyperglycemia. However, glucocorticoid use
has fallen out of favor in the routine management of COVID-19 ac-
cording to CDC and WHO guidelines [48,49] and evidence points
to glucocorticoids attenuating anti-inflammatory angiotensin 1-7
levels and delaying viral clearance (> Fig. 3), providing a molecular
basis for avoiding their universal use [50, 51]. A clinical trial is cur-
rently underway to determine the efficacy of systemic glucocorti-
coid therapy in COVID-19 [52].

Clinical approach

Recently, the American Diabetes Association (ADA) issued patient
recommendations regarding preparedness and precautions for
COVID-19 (> Table 2) including keeping updated contact informa-
tion; ensuring adequate stocks of simple carbohydrates, medica-
tions and insulin; and ensuring availability of supplies such as rub-
bing alcohol, glucagon kits, ketone strips, soap and household
items [53]. The American Association of Clinical Endocrinologists
also emphasizes adequate emergency preparedness and provided
a checklist of emergency plan action items to ensure the uninter-
rupted care of DM (> Table 2) [54, 55].

From a clinical practice standpoint patient counseling should
include discussing glycemic goals and sick day insulin dosing regi-
mens, as well as adequate hydration and maintaining access to food
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» Table 1 Prevalence of diabetes mellitus (DM) and hypertension (HTN) in patients with COVID-19.
Title Author Sample Diabetes Hypertension Obesity
prevalence prevalence prevalence
Clinical Course and Outcomes of Critically Ill Patients With Yang et al. [29] 52 critically sick ~ 17% NR NR
SARS-CoV-2 Pneumonia in Wuhan, China: A Single-Centered, patients
Retrospective, Observational Study
Clinical Characteristics of Coronavirus Disease 2019 in China Guan et al. [82] 1099 patients 7.40% 15% NR
Clinical characteristics of 140 patients infected with Zhangetal.[31] 140 patients 12.10% 30% NR
SARS-CoV-2 in Wuhan, China
Clinical Characteristics of 138 Hospitalized Patients With 2019 ~ Wang et al. [32] 138 patients 10.10% 31.20% NR
Novel Coronavirus-Infected Pneumonia in Wuhan, China
Clinical findings in a group of patients infected with the 2019 Xu et al. [33] 62 patients 2% 8% NR
novel coronavirus (SARS-Cov-2) outside of Wuhan, China:
retrospective case series
Epidemiological and clinical characteristics of 99 cases of Chen et al. [34] 99 patients 13% NR NR
2019 novel coronavirus pneumonia in Wuhan, China: a
descriptive study
A familial cluster of pneumonia associated with the 2019 Chan et al. [41] Family of 6 16% 32% NR
novel coronavirus indicating person-to-person transmission: a patients
study of a family cluster
Clinical course and risk factors for mortality of adult inpatients ~ Zhou et al. [3] 191 patients 19% 30% NR
with COVID-19 in Wuhan, China: a retrospective cohort study
Analysis of Myocardial Injury and Cardiovascular Diseases in Chen et al. [83] 150 patients 13.3% 32.6% NR
Critical Patients with New Coronavirus Pneumonia
A Trial of Lopinavir-Ritonavir in Adults Hospitalized with Cao et al. [36] 199 patients 11.16% NR NR
Severe Covid-19
Characteristics and Outcomes of 21 Critically Ill Patients With ~ Arentzetal. [38] 21 critically sick  33.3% NR NR
COVID-19 in Washington State patients
Epidemiologic and Clinical Characteristics of 91 Hospitalized Qian et al. [40] 91 patients 8.79% 16.48% NR
Patients with COVID-19 in Zhejiang, China: A retrospective,
multi-centre case series.
Host susceptibility to severe COVID-19 and establishment ofa ~ Shi et al. [39] 487 patients 6% 20.3% NR
host risk score: findings of 487 cases outside Wuhan.
Clinical Characteristics of Covid-19 in New York City Goyal et al. [42] 393 patients 25.2% 50.1% 35.8%
Hospitalization Rates and Characteristics of Patients Garg et al. [6] 178 patients 28.3% 49.7% 48.3%
Hospitalized with Laboratory-Confirmed Coronavirus Disease
2019 — COVID-NET, 14 States, March 1-30, 2020
Presenting Characteristics, Comorbidities, and Outcomes Richardson etal. 5700 patients 56.6% 33.8% 41.7%

Among 5700 Patients Hospitalized With COVID-19 in the
New York City Area

NR: Not reported.

[43]

(including nonperishable items, glucose and electrolyte tablets).
Furthermore, adoption and continuation of a healthy diet and rec-
ommended 150 minutes of weekly exercise such as indoor walking
and other physical distancing compatible exercises should be en-
couraged [56]. Recommended vaccinations for influenza, pneumo-
coccal and other infections should be emphasized (based on CDC
or equivalent local authority guidelines). The latter is of majorim-
portance since viral co-infection has been frequent in COVID-19
[57-59]. Furthermore, patients should be notified of insulin avail-
ability without a prescription in many countries as a contingency
measure (US, Canada, India, Mexico, etc.) [60-63].

344 ENAOPAMA

For inpatient hyperglycemia management, the blood glucose
target recommended by the ADA Standards of Medical Care in Dia-
betes is 140-180 mg/dL for most critically-ill and non-critically ill
patients, with more stringent glycemic goals (blood glucose 110-
140 mg/dL) recommended for selected patients if hypoglycemia
can be avoided [64]. However, specific glycemic targets for patients
with COVID-19 have not been released by the ADA to date. In the
aforementioned guidelines, the ADA recommends the considera-
tion of more liberal glycemic goals (blood glucose >180 mg/dL) for
patients that have severe comorbidities, are terminally ill, or where
frequent glucose monitoring or close nursing supervision is not
possible. In these patients less aggressive insulin regimens with the
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aim of minimizing glycosuria, dehydration, and electrolyte distur-
bances may be more appropriate, however clinical judgment com-
bined with continuing assessment of clinical status that includes
changes in the trajectory of glucose measures, illness severity, nu-
tritional status, or concomitant medications that might affect glu-
cose levels, should be incorporated into medical decision making.
Furthermore, it is reasonable to discontinue sodium-glucose
co-transporter-2 inhibitors (SGLT-2i) that have been associated
with intravascular volume depletion and increased risk of euglyce-
mic ketosis [56]. Discontinuation of sulfonylureas is also advisable,
particularly in critical patients, where drug renal clearance may be
compromised [56]. Chloroquine and hydroxochloroquine, which
are under investigation for efficacy in the treatment of COVID-19,
may cause hypoglycemia [65, 66]. In contrast, antiviral drugs such
as ritonavir and lopinavir, which were used for COVID-19 previous-
ly, are associated with hyperglycemia [67]. Use of these drugs
should also be accompanied by adjustments in diabetes regimens.

Because of the need for flexible management, insulin remains
the safest drug for the management of hyperglycemia in DM pa-
tients and has an added anti-inflammatory effect in the critical
illness setting [68]. Importantly, DPP-4 inhibitors and GLP-1 recep-
tor analogues may not only attenuate the chronic inflammatory
state in DM but also have independent lung-protective and immu-
nomodulatory effects (in pre-clinical studies) and may prove ben-
eficial (> Fig. 3) [19,69-71].

Panic-buying is a major threat in this crisis. Fortunately, to date,
there is no report of a major household or medical supply shortage
and clinicians should counsel patients against this practice to en-
sure adequate availability for others [72-74].
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Resources and future directions

The Endocrine Society has established a dedicated COVID-19 web-
page with resources for clinicians and researchers with many other
societies such as the European Society of Endocrinology and the
Society for Endocrinology (> Table 2) [75].

This pandemic has led to a fast-tracking of telemedicine. Au-
thorities in the US, Canada and France announced wider coverage
of telemedicine visits, which is likely to directly benefit patients
with DM [76, 77]. However, it is not known whether the telemedi-
cine visits will suffice for insulin pump follow-up, which currently
mandate inperson visits.

There are still many areas of uncertainty that warrant further
investigation with respect to DM and COVID-19. Some of these in-
clude the differences between type 1 and type 2 DM, optimal vs.
poor glycemic control, and the effect of age and other co-existing
conditions in patients with DM among others.

Hypertension
Pathophysiology and risk

A high prevalence of HTN has been noted among patients with
COVID-19, with HTN possibly predisposing to an elevated risk for
more severe disease. The risk could stem from a variety of reasons.
Foremost, HTN is associated with immune dysregulation, which
manifests as higher IL-17 levels, abnormal natural killer cell func-
tion and cytotoxic T-cell anomalies partly reversible with mineralo-
corticoid receptor antagonists [78, 79]. Other contributors include
overactive sympathetic drive, dysregulated NFkB and elevations in
the pro-inflammatory peptide, angiotensin Il (> Fig. 2) [80,81].

Areview of twelve studies, which included data from 8,635 pa-
tients with COVID-19, revealed the prevalence of HTN to be between
8.0and 50.1% [median (IQR) %: 30.6 (17.43-33.50)] (> Table 1) 3,6,
30-33,35,37,39-43, 82, 83]. AUS-based study reported a 50.1 %
prevalence of HTN [42]. Moreover, one study [34] of 191 patients
found a 3-fold higher risk of mortality in patients with HTN while
other studies reveled a 1.57-2.71-fold risk of severe COVID-19
illness [39, 84] (> Fig. 1). Shiet al. also included HTN as one of three
indices in a COVID-19 risk assessment score [39]. This risk may be
further enhanced by the co-existence of DM, which is present in
60.2-85.8 % of persons with HTN (depending on the diagnostic
threshold used) [85].

However, it should be noted that HTN is highly prevalent among
the elderly, and the elderly are over-represented among COVID-19
patients requiring hospital admission and critical care. Thus, the
risk attributed to HTN might be the result of reverse causality. The
prevalence of HTN or DM may be greater in severe patients, but
studies have failed to report if these comorbidities co-exist with
others, hence increasing the risk for severity. Moreover, the asso-
ciated risks currently remain associations. A comprehensive isola-
tion of the exposure of HTN or DM has not been reported. There-
fore the causal risk carried by these comorbidities individually, or
together, has not been established and remains unclear.

Renin-angiotensin-aldosterone system and COVID-19

SARS-CoV-2 enters the human body through attachment to the
ACE2 receptors that are present on the cell surface of type 2 alve-
olar epithelial cells in the lungs (> Fig. 2) [9, 86, 87]. These recep-
tors are also present in other tissues, with tissue ACE2 levels not al-
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> Table 2 Endocrinology and COVID-19: Resources and Links.

Society

American Association of Clinical
Endocrinologists

Endocrine Society

European Society of
Endocrinology

Society for Endocrinology

Society for Endocrinology

American Diabetes Association

American Thyroid Association
National Osteoporosis Foundation

National Center for Transgender
Equality

The National Institute of Diabetes
and Digestive and Kidney Diseases

Centers for Disease Control and
Prevention

World Health Organization

Resource

Diabetes emergency plan
(for patients)

General resources for
endocrinologists

General resources for
endocrinologists

General resources for
endocrinologists

Adrenal insufficiency position
statement

Inpatient blood glucose
management

Frequently asked questions
Patients and Providers Fact Sheet

Plan of Action

General guidelines

General guidelines

General guidelines

Web Link

http://mydiabetesemergencyplan.com

https://www.endocrine.org

https://www.ese-hormones.org

https://www.endocrinology.org/clinical-practice/covid-19-resources-for-
managing-endocrine-conditions

https://www.endocrinology.org/news/item/14050/Coronavirus-advice-
statement-for-patients-with-adrenal %2fpituitary-insufficiency

https://care.diabetesjournals.org/content/43/Supplement_1/S193

https://www.thyroid.org/covid-19/coronavirus-frequently-asked-questions
https://cdn.nof.org/wp-content/uploads/NOF-COVID-Factsheet_.pdf
https://transequality.org/covid19/plan

https://www.niddk.nih.gov/health-information/endocrine-diseases/adrenal-
insufficiency-addisons-disease

https://www.cdc.gov/coronavirus/2019-ncov/index.html

https://www.who.int/emergencies/diseases/novel-coronavirus-2019

ways correlating with plasma ACE2 activity [88]. Although ACEi/
ARBs do not directly affect ACE2 activity, some studies in experi-
mental animal models have shown that ACEi/ARBs can upregulate
the expression and activity of ACE2 in certain tissues including the
heart and kidney, but studies regarding their effects on ACE2 ex-
pression and activity in the lungs are lacking [89, 90]. One study
demonstrated increased intestinal messenger RNA levels of ACE2
in patients previously treated with ACEi but not in those treated
with ARBs [91]. Equally, there are reports of higher ACE2 urinary
levelsin type 1 and 2 DM but the clinical implications of these find-
ings remains unclear in the context of COVID-19 [70,92,93]. In
light of these findings, it has been proposed that ACEi/ARBs could
enhance the risk for severe COVID-19 and re-evaluating their use
has been suggested [94-96]. On the contrary, higher plasma ACE2
may bind SARS-CoV-2 and protect against lung and other tissue in-
jury (shown in animal models) and this is proposed as a therapeu-
tictarget [97]. Furthermore, angiotensin 1-7 uptitrated by the use
of ACEi/ARBs may offer immunoprotection and attenuate the se-
verity of COVID-19 by acting via the Mas receptor pathway (> Fig.
2) [98-101]. Similarly, ACEi may reduce angiotensin Il levels and
attenuate immunodysregulation [102]. This position is further sup-
ported by other recent reviews that point to the confusing nature
of these unproven assertions regarding greater risk to COVID-19
patients taking ACEi/ARBs [98, 103-105]. No direct evidence to
support the theoretical risk of ACEi/ARBs use with regards to
COVID-19 severity has been published as of April 22, 2020. One
clinical study reported milder COVID-19, improved immune func-
tion and lower viral loads in patients with HTN who were treated
with ACEi/ARBs compared to those who were not [106] and better

clinical outcomes in another study [107]. These findings refute the
theoretical concerns about these agents and support their contin-
ued use (> Table 2) [106, 107].

Various societies have endorsed the continued use of ACEi/ARBs
based on the lack of evidence of harm (> Table 2). The European
Society of Cardiology released a statement strongly recommend-
ing “that patients and physicians continue their usual anti-hyperten-
sive therapy because there is no clinical or scientific evidence to suggest
that treatment with ACEi or ARBs should be discontinued because of
the Covid-19 infection” [108]. Many others followed suit (> Table 2)
[108-112]. The American Heart Association recently published a
white paper reporting the lack of studies investigating and demon-
strating evidence of harm [103]. A clinical trial, 'Recombinant
Human Angiotensin Converting Enzyme 2 (rhACE2) as a Treatment
for Patients With COVID-19 ’ (ClinicalTrials.gov Identifier:
NCT04287686), is currently examining the role of ACE2 receptor
modulation in COVID-19 and may provide conclusive evidence on
this matter [113, 114].

Obesity
Pathophysiology and risk

Obesity is a state of chronic adipose tissue hypoxia leading to a
pro-inflammatory state with increased levels of IL-1, IL-6, and TNF-a
(> Figs. 2and » 3)[18,115, 116]. Theimmunological dysfunction
in obesity could also stem from T-cell insulin resistance and exhaus-
tion [18]. We speculate that this would presumably lead to an al-
tered immune response, not only to the virus but also to a future
vaccine. One review raised the possibility of adipose tissue repre-
senting a SARS-CoV-2 target and reservoir, albeit no study reflect-
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ing this has been published to date [117]. Another study demon-
strated prolonged influenza viral shedding in obese persons [118].
Likewise, the alteration of myeloid and lymphoid responses within
the adipose tissue consequently leads to an aberration of adipokine
profiles [117, 119]. Similarly, obesity is linearly associated with
raised C-reactive protein (CRP) levels, which is proximately trig-
gered by adipocytic derived IL-6 [115, 120]. Not surprisingly, CRP
has been correlated with severe disease, providing a pathophysiolog-
ical link between obesity and poor COVID-19 outcomes [121,122].
There s also evidence to suggest attenuated Mas receptor signaling
(of angiotensin 1-7) within the renin-angiotensin-aldosterone sys-
tem may further aggravate the pre-existing immune dysregulation
[123, 124]. In addition, higher levels of pro-inflammatory DPP-4
levels seen in obesity and the consequent hyperinsulinemia may
both independently exacerbate COVID-19 risks (> Figs. 2 and » 3)
[21]. While the benefits of DPP-4 inhibition are unproven, there is
a clear anti-inflammatory and lung-protective effect of GLP-1 re-
ceptor analogues in obesity that may prove useful in mitigating
risks for severe disease [71, 125]. Furthermore, co-existing obesity
hypoventilation syndrome and obstructive sleep apnea, both com-
plications of obesity, may compromise respiratory function that
could also account for the observed effects. Moreover, obesity is
independently linked with a higher thrombosis risk that is especial-
ly relevant as COVID-19 has an increased predilection for microa-
ngiopathy and venous thrombosis [126-128]. The latter, in con-
junction with compromised cardiorespiratory reserve, may acute-
ly impede mechanical ventilation of critically-ill obese persons.
Furthermore, it is vital for future investigations to analyze the link
between patients’ anthropometric characteristics and severe
COVID-19 since visceral adiposity is likely to represent a higher risk
for COVID-19illness [129]. On a more chronic basis, obesity poses
an additional challenge both from a nursing and a rehabilitation
standpoint [130].

Recently, the Louisana Department of Health reported obesity
as the third most common comorbidity (after DM and chronic kid-
ney disease) associated with mortality, with a prevalence of 28 % in
COVID-19 non-survivors (> Fig. 1) [4]. Moreover, the CDC report-
ed obesity being present in 48.3 % of all COVID-19 hospitalized pa-
tients [6]. A review of three clinical studies, comprising of a total
of 6,271 patients showed that obesity was prevalentin 35.8-48.3%
[median (IQR) %: 41.7 (35.80-48.30)] of hospitalized COVID-19 pa-
tients (> Table 1) [6,42,43]. Another study noted obesity as an in-
dependent risk for COVID-19 hospitalization [131]. The National
Health Service in the UK also reported obesity as a risk factor for
severe disease and mortality in COVID-19 [5]. In light of these data,
the CDC updated their guidance to include a BMI>40 kg/m? as a
risk factor for severe COVID-19 [8].

Common ’Bad’ actors in metabolic disease related
cytokine storm

Itisimportant to consider the cumulative pathophysiology of com-
monly described endocrinopathies and COVID-19 severity. In this
section, we discuss plausible underlying mechanisms for severe
COVID-19in hosts with these conditions.

Betacoronaviruses, including SARS-CoV-2, enter human cells by
binding to ACE2 in various tissues. However, betacoronaviruses
such as MERS-CoV and SARS-CoV also directly infectimmune cells.
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Specifically, MERS-CoV binds to monocytes and dendritic cells and
SARS-CoV affects T-cells through DPP-4 receptors [132]. After
being exposed to a betacoronavirus, monocytes, macrophages and
dendritic cells release the proinflammatory cytokine IL-6. IL-6 has
two major modes of pleiotropic signaling (cis and trans) [133].
Cis-signaling occurs when IL-6 attaches to its membrane bound re-
ceptors (mIL-6R) present on immune cells, triggering activation of
otherimmune pathway cells such as T-cells, B-cells and natural kill-
er cells and leading to further IL-6 release and immune activation.
Pathological activation of this signaling leads to a cytokine release
syndrome (CRS). Trans-signaling occurs when IL-6 binds to its sol-
uble receptor (sIL-6R) that is present in vascular endothelium. This
triggers the release of vascular endothelial growth factor (VEGF)
and monocyte chemoattractant protein-1 (MCP-1). Together with
reduction of E-cadherin, the resultis increased vascular permeabil-
ity and leakage causing syndromes such as CRS, acute respiratory
distress syndrome (ARDS) and shock [134]. A third pathological
signaling mechanism is the trans-pathway (distinct from trans-sig-
naling), which is mediated by attachment of IL-6 on T-helper 17
cells, which leads to pathological consequences such as ARDS
[132].

The’bad’ actors of immune dysregulation are increased in obe-
sity, DM and HTN and may account for the severity of disease. For
instance, IL-6 levels are significantly higherin type 1 and 2 DM and
directly proportional to BMI in obese persons [115, 120, 135].1L-6
has a bidirectional relationship with DM as it is implicated in caus-
ing insulin resistance and disorders of glucose homeostasis [136].
T-cells in type 1 DM are more sensitive to IL-6 possibly leading to
immune dysregulation and CRS [137].In HTN, IL-6 levels are high-
er, likely mediated by the increased levels of angiotensin Il and al-
dosterone, which directly trigger IL-6 secretion by the vasculature
[138]. This effect is blocked by ARBs and mineralocorticoid recep-
tor antagonists [139]. Elevated CRP, another predictor of COVID-
19 severity, is a downstream effect of IL-6, and elevated in obesity,
DM and HTN [140]. DPP-4, a known co-receptor of beta-coronavi-
ruses is higher in persons with obesity and DM, and has independ-
ent pro-inflammatory effects [20]. Finally, the possibility of the
pathological trans-pathway signaling of IL-6 in obesity, DM and HTN
cannot be excluded given the pre-existing immune-dysregulatory
state, and may contribute to CRS and clinical consequences such
as ARDS. Taken together, the ’bad actors’ of immune dysregulation
linked with severe COVID-19 are highly prevalent in obesity, DM
and HTN, and may account for the higher severity noted in these
states. > Fig. 3 describes the immune-pharmacology of endocrine
conditions and COVID-19.

Other endocrinopathies

Hypothalamic-pituitary-adrenal axis

Glucocorticoids have both immune-stimulatory and -inhibitory ef-
fects [141]. During the initial phase of viral infection, glucocorti-
coids prime the immune response to counteract foreign antigens.
However, in the advanced phase of viral infection, blunting of the
hypothalamic-pituitary-adrenal axis activation may occur that may
lead to glucocorticoid insufficiency in the critical illness setting
[141]. Given the widespread use of glucocorticoids and the possi-
ble risk to patients with adrenal insufficiency (Al), the Society for
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Endocrinology released an advisory statement conveying the lack
of evidence to support a higher risk for contracting COVID-19 in
patients with Al (> Table 2). They also reinforced sick-day gluco-
corticoid dosing and physical distancing rules as these patients may
theoretically be at a higher risk for COVID-19 complications and
mortality due to adrenal crisis, although this has yet to be described
[142]. A recent opinion piece also highlighted the increased risks
faced by patients taking physiological and supraphysiological doses
of glucorticoids and encouraged identification of these patients
and counseling about possible risks and precautions [ 143]. Patients
with Al are at an elevated risk of infection, and patients with prima-
ry Al have been shown to have significantly decreased natural kill-
er cell cytotoxicity that may compromise early recognition and
elimination of virally infected cells and impair anti-viral immune
defenses, although COVID-19 specific infection risk has not been
reported to date [144]. Recently, COVID-19 specific guidance for
the management of Al was published that advised specific sick-day
rules in addition to reinforcing the importance of education and
physical distancing [145]. This guidance recommended that adults
with Al on physiological glucocorticoids and acute suspected or
confirmed COVID-19 should double their morning hydrocortisone
dose and then take 20mg hydrocortisone every 6 hours in order to
provide evenly spaced glucocorticoid coverage for the persistent
acute inflammation and often continuous fever experienced by pa-
tients with COVID-19. Those taking prendisonole 5-15 mg daily
should take 10mg every twelve hours while those on doses of pred-
nisolone>15 mg should continue to take their usual daily predni-
solone dose but should split this into a morning and afternoon dose
of at least 10mg each. Once the patient shows resolution of fever
and significant clinical improvement, the hydrocortisone dose can
be tapered to double the physiologic replacement dose and then
normal routine doses when fully recovered. If the clinical symptoms
and signs of COVID-19 worsen, it is recommend that patients con-
tact emergency medical services and administer a subcutaneous
or intramuscular injection of hydrocortisone 100 mg (or take 50—
100 mg hydrocortisone orally if this injection is not available) [ 145].
Those with Alwho contract COVID-19 and require mechanical ven-
tilation or are severely ill, should be dosed according to acute stress
dosing guidelines (> Table 2) [145]. Additionally, the use of venous
thromboembolism prophylaxis with heparin in patients receiving
glucocorticoids is recommended, given the increased risk of throm-
botic events in COVID-19 [141]. Furthermore, an increased risk to
those with posterior pituitary deficits and electrolyte abnormali-
ties has been logically speculated and the need to stock reasona-
ble supplies emphasized [143].

In another piece, addressing the management of Cushing syn-
drome during the COVID-19 pandemic, deferring biochemical
workup for mild Cushing syndrome, appropriate management of co-
morbidities, risk-benefit assessment of definitive treatment (phar-
macotherapy and surgery), and Pneumocystis jiroveci prophylaxis
were emphasized [146]. According to the authors, for those on main-
tenance pharmacotherapy, dose titration according to clinical fea-
tures or on the basis of the most recent biochemical values is reason-
able [146]. Authors also advised postponement of imaging and lo-
calization studies for suspected (mild) cases. Further, they
recommended urgent treatment only in sight- or life-threatening

situations and reinforcement of sick-day rules, highlighting the need
to re-evaluate the care of these patients once the current pandemic
abates oris under control in the local geographical region [146].

Hypothalamic-pituitary-thyroid axis

Itis known that ACE2 receptors are expressed in thyroid tissue and
play a critical role in physiological processes [147]. An overexpres-
sion of ACE2 has also been implicated in thyroid cancer progression
[147]. In hyperthyroid animals, cardiac angiotensin 1-7 activity
was augmented, suggesting a renin-angiotensin-aldosterone sys-
tem regulating effect of thyroid hormones [148]. In observational
studies, thyroid abnormalities, including sick euthyroid syndrome
and thyroiditis, were reported in 3.6 % of patients [108] and other
endocrine disorders (excluding DM and HTN) were presentin 13 %
of COVID-19 patients [34]. Direct damage to thyroid tissue from
COVID-19 has also been reported at autopsy [ 149]. Thyroid disor-
ders were also linked with a higher mortality risk in one report
[150]. From a clinical practice standpoint, structural thyroid dis-
ease management warrants careful consideration. In particular, we
agree with one opinion piece that suggested prioritization of sus-
pected anaplastic and aggressive medullary thyroid cancer (serum
calcitonin =10 pg/ml) while deferring the care of less aggressive
differentiated thyroid cancer [151].

Diabetes insipidus

Central and nephrogenic diabetes insipidus (DI) pose a particular
challenge due to reduced availability of laboratory (electrolyte)
testing. An opinion piece recently highlighted this challenge, en-
couraging the practice of once a week aquaresis by omitting one
dose of vasopressin in individuals with existing DI [152]. This would
primarily prevent retention of excess free water and consequently
maintain eunatremia. Further, they emphasized that the major risk
in these patients is that of hyponatremia, which could be mitigated by
daily bodyweight measurements, early self-recognition of clinical
features of hyponatremia and counseling patients about drinking
to thirst. In the inpatient setting, patients are vulnerable to hypon-
atremia both due to overtreatment of DI, and excess vasopressin
from COVID-19 pneumonia in the context of syndrome of inappro-
priate antidiuretic hormone secretion [153]. For that reason, 0.9%
saline should be used for volume resuscitation, and in the critical
illness setting where frequent shifts in volume distribution occurs.
Moreover, frequent clinical and biochemical assessment of sodium
status should occur, while hypotonic fluids should be employed in
hypernatremic patients [152]. Special caution should be exercised
in the care of adipsic DI patients and endocrinology consultants
should be involved early in their inpatient care [152].

Bone and mineral metabolism

While there is no evidence of increased risk of COVID-19 to patients
with bone-mineral metabolism disorders, the unprecedented glob-
allockdowns have significantly affected their care. Given that most
infusion centers, outpatient laboratories and bone scanning
centers are temporarily closed, the National Osteoporosis Founda-
tion released a guidance statement (> Table 2) [154]. It is advisa-
ble for those on medications such as Denosumab and Romosozum-
ab to receive timely infusions, however, infusions of bisphospho-
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nates such as Zolendronic acid may be deferred due to their long
half-life [154].

Hyperlipidemia

Hyperlipidemia was present in 5% of patients according to a review
of 190 patients hospitalized with COVID-19 [31]. The development
of metabolic/lipid abnormalities in patients who recover from
COVID-19 may also be anticipated based on data from the SARS
cohort population [47]. Endocrinologists may be healthcare pro-
viders for this group in the future and should be wary of the possi-
ble long-term metabolic complications that may exist following
COVID-19 infection.

Racial differences in COVID-19 outcomes

Several reports of higher mortality among Black and Hispanic peo-
ple have emerged [155, 156]. The CDC recently reported that 33 %
of COVID-19inpatients in the US were Black despite only constitut-
ing 13 % of the US population [6]. The state of Louisiana reported
that Black and Asian patients constituted 59 % and 0.83 % of COVID-
19 non-survivors [157]. New York City also reported a dispropor-
tionate mortality among Hispanics and Blacks [158]. While ACE2
expression is higher in Asian populations compared to Whites or
Blacks, our current knowledge of these differences does not justi-
fy the disproportionate mortality [159, 160]. This scourge is likely
multifactorial: 1. Higher genetic predisposition to endocrine dis-
orders, such as anincreased prevalence of HTN in Black and obesi-
ty among Latin/Hispanic patients and 2. Racial disparity in access
to healthcare and hospitals that may delay timely care, coupled
with suboptimally controlled underlying chronic disease. The CDC
surveillance data of the COVID-19-associated hospitalization rate
among patients for the 4-week period ending March 28, 2020, was
4.6 per 100 000 population, with the following race/ethnicity data:
261 (45.0 %) were non-Hispanic white (White), 192 (33.1 %) were
non-Hispanic Black (Black), 47 (8.1 %) were Hispanic, 32 (5.5 %)
were Asian, two (0.3 %) were American Indian/Alaskan Native, and
46 (7.9 %) were of other or unknown race [6]. These social barriers
for racial minorities amplify their vulnerability to endocrine disease
in general and to COVID-19 as a consequence.

Sex differences in COVID-19 outcomes

In the US, over half of COVID-19 related hospitalizations occurred
among men (5.1 vs. 4.1 per 100 000 population). Sex differences
for general infections are likely multifactorial, including robustness
of the immune responses (both innate and adaptive), sex-depend-
ent production of steroid hormones (including testosterone and
estrogens), immune response-related X-linked genes, and pres-
ence of disease susceptibility genes. The estrogen receptor signa-
ling pathway has been identified as critical for protection in females
infected with coronaviruses [151]. A plausible explanation for high-
er COVID-19 affection of men may be related to the downstream
steps after ACE2 binding of SARS-CoV-2. As described previously,
the SARS-CoV-2 viral capsid binds to surface ACE2 and subsequent-
ly engages a cellular serine protease TMPRSS2 for protein priming
(» Fig. 2) [10]. From oncological studies, it is known that TMPRSS2
is an androgen responsive gene, which is highly expressed in men
[161]. As suggested by one study, the higher TMPRSS2 expression
in men could account for their higher vulnerability to COVID-19
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[161]. Further studies are required to ascertain the sex differences
in COVID-19 related outcomes.

Care of transgender persons

Human immunodeficiency virus (HIV) infection and cancer are
more frequentin transgender persons when compared to the gen-
eral population [162, 163]. These conditions coupled with pre-ex-
isting endocrinopathies can compromise the immune function,
presumably leading to a higher COVID-19 risk in transgender per-
sons. However, there is currently no published evidence to support
this [162]. Transgender persons also frequently face social chal-
lenges such as poverty, homelessness and inadequate access to
healthcare, which diminishes their ability to observe COVID-19 pre-
cautions and seek timely care [164]. It is therefore advisable that
clinicians re-inforce and individualize guidance to this population
while ensuring sufficient prescription refills. A plan of action is avail-
able at https://transequality.org/covid19/plan (> Table 2) [164].
For elective procedures such as gender confirmation surgery, post-
ponement is appropriate in line with the CDC and WHO guidelines
[48,49].

General COVID-19 precautions for patients with
endocrine conditions

= All patients should maintain updated contact information for
their healthcare

= Adequate availability of prescription refills should be ensured

= Emergency precautions and sick-day rules should be ad-
dressed on all routine clinic visits

= Providers should remain up to date with evolving COVID-19
data and perform a careful critical appraisal of the available
and increasing literature to be able to identify high-quality
evidence to facilitate informed decisions to individualize care

= Elective endocrine clinic visits should be deferred and
alternative communication means such as telehealth visits
consistent with social distancing should be encouraged

= Mailing of prescriptions rather than inperson pickup should be
adopted wherever feasible

= Patients should be advised to stay updated with recommend-
ed vaccinations

= Smoking (including hookah/waterpipe) cessation should be
advised [165]

= Panic buying and stockpiling of medical supplies should be
strongly discouraged

= Patients should be informed of COVID-19 resources (CDC,
WHO websites etc.) to obtain accurate information and follow
best practices with respect to COVID-19 (> Table 2)

Conclusion

In conclusion, endocrinologists routinely care for a high proportion
of COVID-19 vulnerable patients who are at increased risk for
life-threatening complications. Clinicians should counsel patients
on emergency preparedness, contingency plans, maintaining ad-
equate but not excessive supplies, social distancing and accessing
reliable information resources. Further, care should only be based
on available evidence and caution should be exercised against bas-
ing decisions on incomplete orinconclusive evidence. These meas-
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ures may mitigate some of the risks faced by our vulnerable patient
population in this unprecedented crisis.
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Abstract

Currently, the world is in the seventh month of the COVID-19 pandemic. Globally, infections with novel SARS-CoV-2
virus are continuously rising with mounting numbers of deaths. International and local public health responses,
almost in synchrony, imposed restrictions to minimize spread of the virus, overload of health system capacity, and
deficit of personal protective equipment (PPE). Although in most cases the symptoms are mild or absent, SARS-
CoV-2 infection can lead to serious acute respiratory disease and multisystem failure. The research community
responded to this new disease with a high level of transparency and data sharing; with the aim to better
understand the origin, pathophysiology, epidemiology and clinical manifestations. The ultimate goal of this research
is to develop vaccines for prevention, mitigation strategies, as well as potential therapeutics.

The aim of this review is to summarize current knowledge regarding the novel SARS CoV-2, including its
pathophysiology and epidemiology, as well as, what is known about the potential impact of COVID-19 on
reproduction, fertility care, pregnancy and neonatal outcome. This summary also evaluates the effects of this
pandemic on reproductive care and research, from Canadian perspective, and discusses future implications.

In summary, reported data on pregnant women is limited, suggesting that COVID-19 symptoms and severity of the
disease during pregnancy are similar to those in non-pregnant women, with pregnancy outcomes closely related to
severity of maternal disease. Evidence of SARS-CoV-2 effects on gametes is limited. Human reproduction societies
have issued guidelines for practice during COVID-19 pandemic that include implementation of mitigation practices
and infection control protocols in fertility care units. In Canada, imposed restrictions at the beginning of the
pandemic were successful in containing spread of the infection, allowing for eventual resumption of assisted
reproductive treatments under new guidelines for practice. Canada dedicated funds to support COVID-19 research
including a surveillance study to monitor outcomes of COVID-19 during pregnancy and assisted reproduction.
Continuous evaluation of new evidence must be in place to carefully adjust recommendations on patient
management during assisted reproductive technologies (ART) and in pregnancy.

Keywords: SARS-CoV-2, COVID-19, ART-assisted reproductive technologies, Pregnancy, Reproduction
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COVID-19 and diabetes mellitus:
from pathophysiology to clinical

Soo Lim®'*™, Jae Hyun Bae

mellitus is warranted.

Severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2), the novel coronavirus that causes coro-
navirus disease 2019 (COVID-19), was first reported
in Wuhan, China, in December 2019 and has spread
worldwide. As of 29 October 2020, 44,351,506 glob-
ally confirmed cases of COVID-19 have been reported
on the World Health Organization COVID-19 dash-
board, including 1,171,255 deaths. The fatality rate for
COVID-19 has been estimated to be 0.5-1.0%'~. From
1 March to 30 May 2020, 122,300 excess all-cause deaths
occurred in the USA, of which 95,235 (79%) were offi-
cially attributed to COVID-19 (REF*. Of note, mortality
from COVID-19 and seasonal influenza is not equiv-
alent, as deaths associated with these diseases do not
reflect frontline clinical conditions in the same way. For
example, COVID-19 pandemic-hit areas have been fac-
ing critical shortages in terms of access to supplies such
as ventilators and intensive care unit (ICU) facilities’.
SARS-CoV-2 is a positive-stranded RNA virus that
is enclosed by a protein-decorated lipid bilayer con-
taining a single-stranded RNA genome; SARS-CoV-2
has 82% homology with human SARS-CoV, which
causes severe acute respiratory syndrome (SARS)®. In

25, Hyuk-Sang Kwon

5 and Michael A. Nauck@®4®

Abstract | Initial studies found increased severity of coronavirus disease 2019 (COVID-19),
caused by infection with severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2),

in patients with diabetes mellitus. Furthermore, COVID-19 might also predispose infected
individuals to hyperglycaemia. Interacting with other risk factors, hyperglycaemia might
modulate immune and inflammatory responses, thus predisposing patients to severe COVID-19
and possible lethal outcomes. Angiotensin-converting enzyme 2 (ACE2), which is part of the
renin—angiotensin—aldosterone system (RAAS), is the main entry receptor for SARS-CoV-2;
although dipeptidyl peptidase 4 (DPP4) might also act as a binding target. Preliminary data,
however, do not suggest a notable effect of glucose-lowering DPP4 inhibitors on SARS-CoV-2
susceptibility. Owing to their pharmacological characteristics, sodium—glucose cotransporter 2
(SGLT2) inhibitors might cause adverse effects in patients with COVID-19 and so cannot be
recommended. Currently, insulin should be the main approach to the control of acute glycaemia.
Most available evidence does not distinguish between the major types of diabetes mellitus

and is related to type 2 diabetes mellitus owing to its high prevalence. However, some limited
evidence is now available on type 1 diabetes mellitus and COVID-19. Most of these conclusions
are preliminary, and further investigation of the optimal management in patients with diabetes

human cells, the main entry receptor for SARS-CoV-2
is angiotensin-converting enzyme 2 (ACE2)’, which is
highly expressed in lung alveolar cells, cardiac myocytes,
vascular endothelium and various other cell types®. In
humans, the main route of SARS-CoV-2 transmission is
through virus-bearing respiratory droplets’. Generally,
patients with COVID-19 develop symptoms at 5-6 days
after infection. Similar to SARS-CoV and the related
Middle Eastern respiratory syndrome (MERS)-CoV,
SARS-CoV-2 infection induces mild symptoms in the
initial stage for 2 weeks on average but has the poten-
tial to develop into severe illness, including a systemic
inflammatory response syndrome, acute respiratory
distress syndrome (ARDS), multi-organ involvement
and shock'’. Patients at high risk of severe COVID-19
or death have several characteristics, including advanced
age and male sex, and have underlying health issues,
such as cardiovascular disease (CVD), obesity and/or
type 1 diabetes mellitus (T1DM) or type 2 diabetes
mellitus (T2DM)"'-"*. A few early studies have shown
that underlying CVD and diabetes mellitus are com-
mon among patients with COVID-19 admitted to
ICUs'">. T2DM is typically a disease of advanced age,
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¢ Underlying diabetes mellitus and cardiovascular diseases are considered risk factors
for increased coronavirus disease 2019 (COVID-19) disease severity and worse
outcomes, including higher mortality.

¢ Potential pathogenetic links between COVID-19 and diabetes mellitus include effects
on glucose homeostasis, inflammation, altered immune status and activation of the
renin—angiotensin—aldosterone system (RAAS).

¢ During the COVID-19 pandemic, tight control of glucose levels and prevention of
diabetes complications might be crucial in patients with diabetes mellitus to keep
susceptibility low and to prevent severe courses of COVID-19.

e Evidence suggests that insulin and dipeptidyl peptidase 4 inhibitors can be used
safely in patients with diabetes mellitus and COVID-19; metformin and sodium-—
glucose cotransporter 2 inhibitors might need to be withdrawn in patients at high risk

of severe disease.

* Pharmacological agents under investigation for the treatment of COVID-19 can
affect glucose metabolism, particularly in patients with diabetes mellitus; therefore,
frequent blood glucose monitoring and personalized adjustment of medications are

required.

* As COVID-19 lacks definitive treatment so far, patients with diabetes mellitus should
follow general preventive rules strictly and monitor glucose levels more frequently,
engage in physical activity, eat healthily and control other risk factors.

Cytokine storm

An uncontrolled excessive
production of markers of
inflammation, followed by an
abnormal inflammatory
response, which results from
the effects of a combination
of pro-inflammatory
immunoactive molecules, such
as interleukins, interferons,
chemokines and tumour
necrosis factor.

and, therefore, whether diabetes mellitus is a COVID-
19 risk factor over and above advanced age is currently
unknown.

The basic and clinical science of the potential
inter-relationships between diabetes mellitus and
COVID-19 has been reviewed'®. However, knowledge
in this field is emerging rapidly, with numerous publica-
tions appearing frequently. This Review summarizes the
new advances in diabetes mellitus and COVID-19 and
extends the focus towards clinical recommendations for
patients with diabetes mellitus at risk of or affected by
COVID-19. Most available research does not distinguish
between diabetes mellitus type and is mainly focused
on T2DM, owing to its high prevalence. However, some
limited research is available on COVID-19 and T1DM,
which we highlight in this Review.

Potential mechanisms

The presence of diabetes mellitus and the individual
degree of hyperglycaemia seem to be independently
associated with COVID-19 severity and increased
mortality'"'>'7!, Furthermore, the presence of typical
complications of diabetes mellitus (CVD, heart fail-
ure and chronic kidney disease) increases COVID-19
mortality'"'?. We propose some pathophysiological
mechanisms leading to increased cardiovascular and
all-cause mortality after infection with SARS-CoV-2 in
patients with diabetes mellitus (FIG. 1).
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COVID-19 and glucose metabolism. In human
monocytes, elevated glucose levels directly increase
SARS-CoV-2 replication, and glycolysis sustains
SARS-CoV-2 replication via the production of mito-
chondrial reactive oxygen species and activation of
hypoxia-inducible factor 1a*. Therefore, hypergly-
caemia might support viral proliferation. In accord
with this assumption, hyperglycaemia or a history
of T1IDM and T2DM were found to be independent
predictors of morbidity and mortality in patients with
SARS”. Furthermore, comorbid T2DM in mice infected
with MERS-CoV resulted in a dysregulated immune
response, leading to severe and extensive lung pathol-
ogy”. Patients with diabetes mellitus typically fall into
higher categories of SARS-CoV-2 infection severity than
those without***, and poor glycaemic control predicts
an increased need for medications and hospitalizations,
and increased mortality'®* (TABLE 1; Supplementary
Table 1).

Of note, glycaemic deterioration is a typical compli-
cation of COVID-19 in patients with impaired glucose
regulation or diabetes mellitus. For example, in patients
requiring insulin, SARS-CoV infection was associated
with a rapidly increasing need for high doses of insu-
lin (often approaching or exceeding 100IU per day)*.
Changes in insulin needs are seemingly associated with
the levels of inflammatory cytokines*>””. Although
ketoacidosis is typically a problem closely associated
with T1DM, in patients with COVID-19, ketoacidosis
can also occur in those with T2DM. For example, in a
systematic review, 77% of patients with COVID-19 who
developed ketoacidosis had T2DM?*.

Inflammation and insulin resistance. The most com-
mon post-mortem findings in the lungs of people
with fatal COVID-19 are diffuse alveolar damage and
inflammatory cell infiltration with prominent hyaline
membranes”. Other critical findings include myocar-
dial inflammation, lymphocyte infiltration in the liver,
macrophage clustering in the brain, axonal injuries,
microthrombi in glomeruli and focal pancreatitis®.
These findings indicate an inflammatory pathology in
COVID-19 (FIC. 1). In addition, an integrated analy-
sis showed that patients with severe COVID-19 have
a highly impaired interferon type I response with low
IFNa activity in the blood, indicating high blood viral
load, and an impaired inflammatory response®. It has
also been reported that the inborn errors of type I
interferon immunity related to TLR3 and IRF7 (REF."),
or B cell immunity*, underlie fatal COVID-19 pneu-
monia in 12.5% of men and 2.6% of women. The afore-
mentioned findings indicate considerable variations in
immune phenotypes among patients with COVID-19.
Some patients with severe COVID-19 experience
a cytokine storm, which is a dangerous and potentially
life-threatening event’?**. A retrospective study of
317 patients with laboratory-confirmed COVID-19
showed the presence of active inflammatory responses
(IL-6 and lactate dehydrogenase) within 24 h of hos-
pital admission, which were correlated with disease
severity”. Furthermore, blood levels of IL-6 and lactate
dehydrogenase are independent predictors of COVID-19
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Abstract

The pandemic of coronavirus disease (COVID-19), a disease caused by severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2), is causing high and rapid morbidity and mortality. Immune system response plays a crucial role in controlling and
resolving the viral infection. Exogenous or endogenous glucocorticoid excess is characterized by increased susceptibility to
infections, due to impairment of the innate and adaptive immune system. In addition, diabetes, hypertension, obesity and
thromboembolism are conditions overrepresented in patients with hypercortisolism. Thus patients with chronic glucocorticoid
(GC) excess may be at high risk of developing COVID-19 infection with a severe clinical course. Care and control of all
comorbidities should be one of the primary goals in patients with hypercortisolism requiring immediate and aggressive treatment.
The European Society of Endocrinology (ESE), has recently commissioned an urgent clinical guidance document on manage-
ment of Cushing’s syndrome in a COVID-19 period. In this review, we aim to discuss and expand some clinical points related to
GC excess that may have an impact on COVID-19 infection, in terms of both contagion risk and clinical outcome. This document

is addressed to all specialists who approach patients with endogenous or exogenous GC excess and COVID-19 infection.

Keywords Cushing’s syndrome - SarsCoV2 - Glucocorticoid - Infections - Cortisol - Immune system

1 Introduction

Severe acute respiratory syndrome due to coronavirus SARS-
CoV2, or COVID-19, has recently been identified to be a
cause of severe pneumonia, with potential evolution to acute
respiratory distress syndrome (ARDS), further complicated by
cardiovascular and renal injury, particularly in older patients
with metabolic comorbidities, such as obesity, hypertension
and diabetes, in which higher morbidity and mortality have
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been observed [1, 2]. Metabolic alterations are common clin-
ical features of Cushing’s syndrome (CS), a complex and
challenging disease characterized by chronic glucocorticoid
(GC) excess [3-5]. CS can be exogenous, resulting from
chronic administration of corticosteroids, or endogenous,
due to adrenal overproduction of cortisol. In around 80% of
cases, endogenous CS is caused by excessive adrenal stimu-
lation from abnormally elevated ACTH levels, due to an
ACTH-secreting pituitary tumour (Cushing’s Disease, CD)
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Introduction

Coronavirus disease 2019 (COVID-19) outbreak requires
that endocrinologists from all over Europe move on, even
more, to the first line of care of our patients, also in colla-
boration with other physicians such as those in internal
medicine and emergency units. This will preserve the health
status and prevent the adverse COVID-19-related outcomes
in people affected by different endocrine diseases. People
with diabetes in particular are among those in high-risk
categories who can have serious illness if they get the virus,
according to the data published so far from the Chinese
researchers, but other endocrine diseases such as obesity,
malnutrition, and adrenal insufficiency may also be
impacted by COVID-19. Therefore, since the responsi-
bilities of endocrinologists worldwide due to the current
COVID-19 outbreak are not minor we have been appointed
by the European Society of Endocrinology (ESE) to write
the current statement in order to support the ESE members
and the whole endocrine community in this critical
situation.

In addition, endocrinologists, as any other healthcare
worker under the current COVID-19 outbreak, will need to
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self-protect from this viral disease, which is demonstrating
to have a very high disseminating and devastating capacity.
We urge Health Authorities to provide adequate protection
to the whole workforce of health professionals and to
consistently test for COVID-19 the exposed personnel. A
decrease in the number of healthcare professionals available
for active medical practice in case they contract the disease
as it is happening in certain countries, is itself, a threat for
the healthcare system and the well-being of our patients.
The virus seems to have spread from infected animals
and human-to-human transmission is now more than evi-
dent, with a high suspicion that non-symptomatic indivi-
duals act as the major vectors. It spreads like any other
respiratory infectious disease, through contaminated air-
droplets that come out of the mouth of infected persons
when talking, coughing, or sneezing. The virus can survive
in the environment from a few hours to a few days,
depending on surfaces and environmental conditions, and
touching affected surfaces. The mouth, nose, and ocular
mucosa appears to be the major way of transmission.

Symptoms of COVID-19 infection

General symptoms are relatively nonspecific and similar to
other common viral infections targeting the respiratory
system, and include fever, cough, myalgia, and shortness of
breath. The clinical spectrum of the virus ranges from mild
disease with nonspecific signs and symptoms of acute
respiratory illness, to severe pneumonia with respiratory
failure and septic shock. Possibly, an overreaction of the
immune system leading to an autoimmune aggression of the
lungs could be involved in the most severe cases of acute
distress respiratory syndrome. There have also been reports
of asymptomatic infection and research in this matter is
currently ongoing worldwide to elucidate the real pre-
valence of the disease and the true relative mortality ratio.

@ Springer
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Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) virus has spread across the globe rap-
idly causing an unprecedented pandemic. Because of the novelty of the disease, the possible impact on
the endocrine system is not clear. To compile a mini-review describing possible endocrine consequences
of SARS-CoV-2 infection, we performed a literature survey using the key words Covid-19, Coronavirus,
SARS CoV-1, SARS Cov-2, Endocrine, and related terms in medical databases including PubMed, Google
Scholar, and MedARXiv from the year 2000. Additional references were identified through manual
screening of bibliographies and via citations in the selected articles. The literature review is current until
April 28, 2020. In light of the literature, we discuss SARS-CoV-2 and explore the endocrine consequences
based on the experience with structurally-similar SARS-CoV-1. Studies from the SARS -CoV-1 epidemic
have reported variable changes in the endocrine organs. SARS-CoV-2 attaches to the ACE2 system in
the pancreas causing perturbation of insulin production resulting in hyperglycemic emergencies. In
patients with preexisting endocrine disorders who develop COVID-19, several factors warrant manage-
ment decisions. Hydrocortisone dose adjustments are required in patients with adrenal insufficiency.
Identification and management of critical illness-related corticosteroid insufficiency is crucial. Patients
with Cushing syndrome may have poorer outcomes because of the associated immunodeficiency and
coagulopathy. Vitamin D deficiency appears to be associated with increased susceptibility or severity to
SARS-CoV-2 infection, and replacement may improve outcomes. Robust strategies required for the op-
timal management of endocrinopathies in COVID-19 are discussed extensively in this mini-review.

© Endocrine Society 2020.

Thisis an Open Access article distributed under the terms of the Creative Commons Attribution-
NonCommercial-NoDerivs licence (http://creativecommons.org/licenses/by-nc-nd/4.0/), which
permits non-commercial reproduction and distribution of the work, in any medium, provided
the original work is not altered or transformed in any way, and that the work is properly cited.
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Coronavirus disease 2019 (COVID-19), which was first reported in Wuhan, Hubei prov-
ince, China, toward the end of 2019, swiftly spread around the globe and became a major

Abbreviations: ACE2, angiotensin-converting enzyme 2; ARDS, acute respiratory distress syndrome; CIRCI, critical illness-
related corticosteroid insufficiency; COVID-19, coronavirus-19; CS, Cushing syndrome; DRA, dopamine receptor agonist; FGF2,
fibroblast growth factor 2; HPA, hypothalamo-pituitary-adrenal axis; IFN-v, interferon y; MCP1, monocyte chemoattractant
protein 1; MERS-CoV, Middle East respiratory syndrome-coronavirus; RAAS, renin-angiotensin-aldosterone system; S protein,
Spike protein; SARS-CoV-1, severe acute respiratory syndrome-coronavirus-1; SARS-CoV-2, severe acute respiratory syndrome-
coronavirus-2; TMPRSS2, transmembrane protease serine 2
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65 eTWV Kal dvw Kal dev uTTapyouv dedopéva yia aoBeveig nAikiag 75 eTwv kal dvw. Ne@pikn kal NITaTiki SuoAeiroupyia: Aev amraiTeiTal TPOGAPPOYR TNG 860oNG Pe BAan Tn VEPPIKH Kal TRV
nmaTikA Aeitoupyia. MoudiaTpikdg TANBUoAG: O - < 4 eTwv. H ao@dAeia kal n ammoteAegpaTikdTnTa Tou Bagsimi og Bpépn kai Traidid nAikiag 0 éwg < 4 £TWV OeV £X0UV OKOUA TEKUNPIWOET. Agv
utapxouv diaBéoipa dedopéva. TpdTTog xopriynong. MNa pivikn xprion pévo. H pivikA kOvig yAukayovng xopnyeital oTov éva pwbwva. H yAukaydvn atroppo@drtal TadnTikd péow Tou pIvikou
BAevvoyovou. Aev gival atrapaitntn n €il0Tvon ) n Babid avatrvor) petd Tn xopriynon. Avrevaeigelg: Ymepeuaiobnaoia atn dpacTikr) oucia fj o€ KATToIo aTTé Ta €kdoXa. PAIOXPWHOKUTTWHA.
Ei81kég TTpog15oTroInoeig Kal TPo@UAGSeIg KaTd Tn Xpron: PaloXpwHOKUTTWHA: Z€ TTEPITITWON TTAPOUTCIAG QPAIOXPWHOKUTTWHATOG, N YAUKaydvn UTTopEi va dIyeipel TNV atTeAeuBépwan
KaTeXOAaUIVWV atrd Tov dyko. Edv o aaBevig TTapoucidoel onuavTikh algnon TG aptnpIakng Trieong, n XpAon evog pn eKAEKTIKOU a-adpevePYIKOU OTTOKAEIOTH EXEl KOTAdEIXOEi OTI gival
ATTOTEAECUATIKA OTN PEIWON TNG apTNPIaKAG TTieang. To Bagsimi avrevdeikvuTtal o€ aoBeVEiG Pe QAIOXPWHOKUTTWHA. IvoouAivwpa Ze aoBeveig Pe IVGOUAivwpua, N Xopriynan YAUKayovng UTTopEi
va odnynAoel apxikd o€ algnaon Twv emmmédwy YAUKOZNG aipatog. Qatéoo, N xoprAynon YAukayovng ptropei va dieyeipel dueoa i EUPEca (MEow Miag apyIKAg alénaong Twv emITTESWV YAUKOING
aipaTog) utrepPBOoAIKA atTEAEUBEPWON IVGOUAIVNG OTTO £va IVGOUAIVWHA Kal va TTpokaAéoel uttoyAukaipia. ‘Evag aoBevig Tou avamtiooel CUPTITWHATA UTTOYAUKaIYiag META Tn Afwn piag déong
yAukayovng Ba Trpétrel va AGBel YAUKOZNn atrd Tou aTéPaTog 1 evOopAeBiwg. YrepeuaioOnoia kal aAAepyikég avTidpdoeig: MTmopei va ekdnAwBoUv aAAepyIKEG avTIOPAOEIG, Ol OTTOIEG £XOUV
avapepOei Pe TN Xoprynon evéCIUNG YAUKAyOvNG Kal TTEPIAANBAVOUV YEVIKEUPEVO EAVONPA KA, OE KATTOIEG TTEPITITWOEIG, OVAQPUAAKTIKO OOK JE QVATTVEUCTIKEG DUOKOAIEG, KOBWG KAl UTTOTAGT.
Edv 0 aoBeviig avTiueTwTiogl SUGKOAIa oTnVv avatrvor, {nThaTe dueon 1aTpikA Borbeia. ATroBnkeg yAukoyovou kai utroyAukaipia: H yAukayovn gival aTToTEAEOHATIKA GTNV QVTIMETWTTION
TNG UTTOYAUKQIPiag pévo gdv ugioTaTtal ETTAPKAG TTapouaia yAukoyovou ato Attap. ETreidA n yAukaydvn rapéxel Aiyn r) kaBoAou Borbeia og KATAOTACEIG AOITIOG, ETTIVEQPPISIOKAG AVETTAPKEING,
Xpoviag Katdxpnong aAkooA ) xpdviag utroyAukaidiag, autég ol TTaBAoEIG Ba TTPETTEN va avTIPeTwTTIdovTal he Xoprynon YAukddng. MNa tnv TpdAnyn Tng eTTaveu@aviong Tng utroyAukaipiag,
Ba péTrel va xopnyouvTal udaTdvBpakeg aTré Tou OTOPATOG YIa TNV ATTOKATAOTACN TOU YAUKOYOVOU OTo ATTap, 6Tav 0 aoBevig £xel aviatrokplBei otn Bepatreia. AAAnAemdpdoeig pe GAAa
POPHUAKEUTIKA TTPOIOVTa Kal AAAEG HOPPEG aAANAETTiIdpaong: Aev £xouv TTpaypaToTroinBei HEAETEG aAANAemdpdocwy. IvaouAivn Apa aviaywvioTikd Tpog Tn yAukaydvn. IvdopgBakivn:
Otav xpnoipotolgital padi ue Ivdouedakivn, N yAukayovn Ptropei va aTTwAEoEl TNV IKavOTNTa algnong Twv emITEdwY YAUKOZNG aipaTog 1) UTTOPET aKOMN Kal va TTPOKaAETEl UTToyAuKalpia.
B-amokAeioTég: O1 aoBeveig TTou AapBdavouv B-aTTOKAEIOTEG avapEéVETal va €XOUV PEYOAUTEPN aUgnaon TG00 TwV OPUYHWY GO0 Kal TG aPTNPICKAG TTiEang, yia adgnon n otoia Ba eival
Tapodikr) Adyw Tou pIkpou Xpdvou nuiceiag {wng TnG YAukayévng. Bap@apivn: H yAukayévn ptropei va augrioel Tnv avriinkTikr dpdaon Tng Bapeapivng. MovipéTnTa, KUnon kal yaAouyia:
Kunon: MeAéteg avatrapaywyng Kal yoviuotnTag Pe pIvIKr KOvIv YAukayovng dev diegrxBnoav o€ dwa. To Bagsimi ytropei va xpnaoiyotroieital katd Tn didpKeia TnG eykupoouvng. H yAukayoévn
Oev dIaTTEPVA TOV avBpwWTTIVO TTAAKOUVTIOKS @payud. H xprion yAukayovng éxel avapepBei oe €yKueg yuvaikeg pe diaBATN Kal dev UTTAPXOUV yVwoTEG eTIRBACBEIG EMOPACEIG OE OXEON HE TNV
TTopEia TNG €yKUPoaUvNG Kal TNV uyeia Tou euRpuou Kal Tou veoyvou. OnAaouog: To Bagsimi ptropei va xpnaoipotrolgital katd 1n didpkeia Tou Onhacpou. H yAukaydvn oTTopakpUveTal aTrd
TNV KUKAOQOpIa TOU aipaTog TTOAU YPriyopa Kal KATG GUVETTEIA, N TTOOOTNTO TTOU ATTEKKPIVETAI OTO YAAQ PnTépwv TTou BnAddouv peTd Tn BepaTreia coBapwy UTTOYAUKAIUIKWY avTIdpdoewy
avapéveral va gival eEaIpeTIKG pIKpA. Kabwg n yAukaydvn atmodoueital oTnv TTETITIKA 000 Kal dev PTTOPEi va atmoppo®nei oTnv oAIkA pop®r TnG, dev Ba ekAUel otroladnTTOTE PETABOAIKA
emidpaon oto Taidi. FovipoTnTa: Agv £xouv die§axOei HEAETEG yOVINOTNTAG PE TN PIVIKA KOVIV YAUKayOvng. MeAéTeg o€ apoupaioug £xouv katadeigel 0TI N yAukayovn dev TTPOKaAEi diaTtapaxn
NG yovipétntag. Emdpdoeig oTnv IkavoTnTa 0drynong Kai XeIpIogou unxavnudtwy To Bagsimi £xel acrjpavtn €midpacn oTnv IKavoTnTa 0dAynong Kal XEIPIoPoU pnxavnudtwy. AVETTIBUuNTES
evépyeieg: O1 o ouyvd avaepBeioeg avetmBUUNTEG evEPYEIES gival N augnuévn dakpuppola (36 %), 0 EpeBIOUAS TNG AVWTEPNG AVATTVEUOTIKAG 000U (34 %), n vauTia (27 %), n kepaAaAyia
(21 %) kai 0 €PeTOG (16 %). H avagopd tmBavoAoyoUuEVWY aVETTIBUNNTWY EVEPYEILV PETE aTTO TN XOPrYyNon G3EI0G KUKAOPOPIOG TOU QAPHAKEUTIKOU TTPOIOVTOG gival onuavTikr. ETiTpémel Tn
guveyr TTapakoAouBbnon Tng ox£ong 0PEAOUG-KIVOUVOU TOU PAPPAKEUTIKOU TTPOIOVTOG. ZNTEiTal aTTd TOUG ETTAYYEAUATIEG UYEIAG VO ava@EéPouv OTToIEOOATTOTE TTIBAVOAOYOUNEVEG AVETTIBUUNTEG
eVEPYEIEG HEOW TOU £BVIKOU oUOTAPOTOG avagopds. KATOXOZ THE AAEIAZ KYKAO®OPIAZ: Eli Lilly Nederland B.V., Papendorpseweg 83, 3528 BJ Utrecht, OAavdia. APIOMOZ AAEIAZ
KYKAO®OPIAZ: EU/1/19/1406/001. HMEPOMHNIA NPQTHZ EFKPIZHZ: 16 AEKEMBPIOY 2019. TPOMOX AIAGEZHEZ: Mg iatpikr) ouvTayr). Mn amodnuioUuevo okevaoua. AIAOEZIMH
ZYZIKEYAZIA KAI TIMEZ: Bagsimi® Pivikij kdvig o€ Tepiéktn piag déang 3mg, N.T.: 87€ X.T.: 100€, A.T.: 127,20€.
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