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13:00-13:30	 Εγγραφές

13:30-16:30	 Νέες Τεχνολογίες

16:30-17:30	 Λιπίδια
	 ΠΡΟΕΔΡΟΣ: Γιώργος Ιωαννίδης
	 ΟΜΙΛΗΤΗΣ: Γενοβέφα Κολοβού

17:30-18:30	 Γυναικεία Αναπαραγωγή
	 ΠΡΟΕΔΡΟΣ: Βασιλική Συρίου
	 ΟΜΙΛΗΤΗΣ: Νεκταρία Ξήτα

18:30-19:45	 Ανδρική Αναπαραγωγή
	 ΠΡΟΕΔΡΟΣ: Ευτυχία Κούκκου
	 ΟΜΙΛΗΤΗΣ: Ευαγγελία Μπίλλα

19:45-21:00	 Διάλεξη: «Γονιδιακή θεραπεία: παρόν και μέλλον»
	 ΠΡΟΕΔΡΟΣ: Δημήτρης Παπαχρήστου
	 & Περικλής Δουζδαμπάνης
	 ΟΜΙΛΗΤΗΣ: Κωνσταντίνος Στρατάκης

21:00-21:30	 Πολιτιστικό Ενδόραμα
	 Το «22 και οι πρόσφυγες από υγιεινής απόψεως»
	 ΕΙΣΗΓΗΤΗΣ: Αντώνης Λιάκος

09:00-10:00	 Παιδιατρική Ενδοκρινολογία
	 ΠΡΟΕΔΡΟΣ: Κωνσταντίνος Στρατάκης
	 ΟΜΙΛΗΤΗΣ: Μαρία Καράντζα - Χαρώνη

10:00-11:30	 Υπόφυση
	 ΠΡΟΕΔΡΟΣ: Γεώργιος Πιαδίτης
	 ΟΜΙΛΗΤΗΣ: Γεωργία Ντάλη

11:30-12:30	 Ινσουλινο-εξαρτώμενος Σαχαρώδης Διαβήτης
	 ΠΡΟΕΔΡΟΣ: Ζαδάλλα Μούσλεχ
	 ΟΜΙΛΗΤΗΣ: Βάια Λαμπαδιάρη

ΠΡΟΓΡΑΜΜΑ

Παρασκευή 18/02/2022

Σάββατο 19/02/2022
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ΠΡΟΓΡΑΜΜΑ

12:30-13:30	 Μη Ινσουλινο-εξαρτώμενος Σαχαρώδης Διαβήτης
	 ΠΡΟΕΔΡΟΣ: Θεόδωρος Αλεξανδρίδης
	 ΟΜΙΛΗΤΗΣ: Νικόλαος Τεντολούρης

13:30-14:30	 Διατροφή
	 ΠΡΟΕΔΡΟΣ: Μιχάλης Κουτσιλιέρης
	 ΟΜΙΛΗΤΗΣ: Dan Benardot

14:30-16:00	 Ομάδες Εκπαίδευσης Διαβητικού Ελέγχου

16:00-17:00	 Επινεφρίδια
	 ΠΡΟΕΔΡΟΣ: Δήμητρα Βασιλειάδη
	 ΟΜΙΛΗΤΗΣ: Κρυσταλλένια Αλεξανδράκη

17:00-18:00	 Νέα Φάρμακα Ι
	 ΠΡΟΕΔΡΟΣ: Ιωάννης Αναστάσιος Βατάλας
	 ΟΜΙΛΗΤΗΣ: Εύα Κασσή

18:00-19:00	 Νέα Φάρμακα ΙΙ
	 ΠΡΟΕΔΡΟΣ: Νικόλαος Καλογερής
	 ΟΜΙΛΗΤΗΣ: Εμμανουήλ Σουβατζόγλου

19:00-20:00	 Μεταβολισμός Οστών
	 ΠΡΟΕΔΡΟΣ: Χρήστος Κοσμίδης
	 ΟΜΙΛΗΤΗΣ: Αθανάσιος Αναστασιλάκης

20:00-21:00	 Θυροειδής
	 ΠΡΟΕΔΡΟΣ: Γρηγόρης Ευφραιμίδης
	 ΟΜΙΛΗΤΗΣ: Γεώργιος Σημαιάκης

09:00-11:30	 Κλινικό Φροντιστήριο Φοιτητών Ι

11:30-14:00	 Κλινικό Φροντιστήριο Φοιτητών ΙΙ

Κυριακή 20/02/2022

Κρυσταλλένια Αλεξανδράκη
Ενδοκρινολόγος Ακαδημαϊκός Υπότροφος, Ιατρική Σχολή, ΕΚΠΑ.

Θεόδωρος Αλεξανδρίδης
Καθηγητής Παθολογίας Ενδοκρινολογίας Διευθυντής Ενδοκρινολογικού Τμήματος Πανεπιστημίου Πατρών

Αθανάσιος Αναστασιλάκης
Ενδοκρινολόγος Επιμελητής του Ενδοκρινολογικού Τμήματος του 424 ΓΣΝΕ

Δήμητρα Α. Βασιλειάδη
Ενδοκρινολόγος-Διευθύντρια Ε.Σ.Υ., Τμήμα Ενδοκρινολογίας και Μεταβολισμού, Διαβητολογικό Κέντρο, Κέντρο 
Εμπειρογνωμοσύνης Σπανίων Ενδοκρινικών Νοσημάτων, Νοσοκομείο Ευαγγελισμός, Αθήνα

Ιωάννης – Αναστάσιος Βατάλας
Ενδοκρινολόγος-Διαβητολόγος Διδάκτωρ Ιατρικής Σχολής Εθνικού και Καποδιστριακού Πανεπιστημίου Αθηνών

Περικλής Δουσδαμπάνης
Διδάκτωρ Ιατρικής Σχολής Πατρών, Νεφρολόγος , Διευθυντής Μονάδα Χρόνιας Αιμοκάθαρσης ‘’Κυανούς Σταυ-
ρός Πατρών’’, Πρόεδρος Ιατρικής Εταιρείας Δυτικής Ελλάδας & Πελοποννήσου

Γρηγόρης Ευφραιμίδης
Consultant endocrinologist, Senior Researcher, PhD Department of Endocrinology/Medicinsk Endokrinologisk 
Klinik PE. Copenhagen University Hospital Rigshospitalet Amager og Hvidovre Hospital

Γιώργος Ιωαννίδης
Ενδοκρινολόγος τ. Διευθυντής του Τμήμα Ενδοκρινολογίας - Διαβητολογικού Κέντρου του ΓΝΑ «Ο ΕΥΑΓΓΕΛΙ-
ΣΜΟΣ»

Νίκος Καλογερής
Ενδοκρινολόγος

Μαρία Καράντζα - Χαρώνη
Ενδοκρινολόγος Παίδων, Διευθύντρια, Κλινική Παιδιατρικής – Εφηβικής Ενδοκρινολογίας, «ΜΗΤΕΡΑ»

Εύα Κασσή
Ενδοκρινολόγος, Αναπληρώτρια Καθηγήτρια της Ιατρικής Σχολής του Πανεπιστημίου Αθηνών

Γενοβέφα Κολοβού
Καρδιολόγος, Διευθύντρια Προληπτικής Καρδιολογίας στο Metropolitan Hospital

Χρήστος Κοσμίδης
Ορθοπεδικός, Διδάκτωρ ΕΚΠΑ

Ευτυχία Κούκκου
Ενδοκρινολόγος, Διδάκτωρ Ιατρικής του ΕΚΠΑ, Συντονίστρια Διευθύντρια Τμήματος Ενδοκρινολογίας, Διαβήτη 
& Μεταβολισμού, Περιφερειακού Γενικού Νοσοκομείου- Μαιευτηρίου «Έλενα Βενιζέλου»

Μιχάλης Κουτσουλίερης
Ενδοκρινολόγος, Καθηγητής Πειραματικής Φυσιολογίας, Εθνικού Καποδιστριακού Πανεπιστημίου Αθηνών, Πρό-
εδρος του Ιδρύματος Κρατικών Υποτροφιών

Βάια Λαμπαδιάρη
MD, PhD Ενδοκρινολόγος-Παθολόγος, Αναπλ. Καθηγήτρια Παθολογίας - Σακχαρώδη Διαβήτη, ΕΚΠΑ

ΟΜΙΛΗΤΕΣ - ΠΡΟΕΔΡΟΙ
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ΟΜΙΛΗΤΕΣ - ΠΡΟΕΔΡΟΙ

Dan Benardot
PhD, RD, LD, FACSM, Professor of Practice, Center for the Study of Human Health, Emory University, Professor 
Emeritus, Nutrition, Georgia State University

Ευαγγελία Μπίλλα
Ενδοκρινολόγος

Ζαδάλλα Μούσλεχ
Ενδοκρινολόγος, Διδάκτωρ Ιατρικής Σχολής ΑΠΘ, Επιστημονικός Υπότροφος Α’ Πανεπιστημιακής Προπαιδευ-
τικής Παθολογικής Κλινικής, Π.Γ.Ν. ΑΧΕΠΑ, Θεσσαλονίκης. Ενδοκρινολογικό Τμήμα και Διαβητολογικό Κέντρο 
Euromedica Γενική Κλινική, Θεσσαλονίκης

Γεωργία Ντάλη
Ενδοκρινολόγος Επιμελήτρια Α, Ενδοκρινολογικό Τμήμα, Διαβητολογικό Κέντρο, Κέντρο Εμπειρογνωμοσύνης 
Σπάνιων Ενδοκρινολογικών Νοσημάτων ΓΝΑ «Ο Ευαγγελισμός Οφθαλμιατρείο-Πολυκλινική»

Νεκταρία Ξήτα
Ενδοκρινολόγος, Διδάκτωρ Πανεπιστημίου Ιωαννίνων

Δημήτρης Παπαχρήστου
Ενδοκρινολόγος & Παθολόγος Διαβητολόγος Αναπληρωτής Καθηγητής ΔΠΘ

Γεώργιος Πιαδίτης
Διευθυντής τμήματος Ενδοκρινολογίας, Διαβητολογίας & Μεταβολισμού στο νοσοκομείο Ερρίκος Ντυνάν»

Γεώργιος Σημαιάκης
Ενδοκρινολόγος – Διαβητολόγος, Επιμελητής Ενδοκρινολογικού Τμ., 401 ΓΣΝΑΙατρείο Ca Θυρεοειδούς, 401 
ΓΣΝΑ

Εμμανουήλ Σουβατζόγλου
Ενδοκρινολόγος-Διαβητολόγος διδάκτωρ Παν/μίου Aachen Γερμανίας

Κώστας Στρατάκης
MD, D(med)Sci, PhD, Ομότιμος Επιστημονικός Δ/ντής Εθνικό Ινστ. Υγείας του Παιδιού κ’ Ανάπτυξης, USA, Διευ-
θύνων Επιστημονικός Σύμβουλος ELPEN, S.A., Δ/ντής Ινστιτούτου Ερευνας & Εκπαίδευσης, Αθήνα, GR, Δ/ντής 
Ερευνών, Γενετική του Ανθρώπου & Ιατρική Ακριβείας, ΙΜΜΒ, ΙΤΕ, Ηράκλειο

Βασιλική Συρίου
Ενδοκρινολόγος, Διευθύντρια ΕΣΥ. ΓΝΑ « ΕΛΠΙΣ «

Νικόλαος Τεντολούρης
Καθηγητής Παθολογίας Α’ Προπαιδευτικής Παθολογικής Κλινικής Πανεπιστημίου Αθηνών, Γενικό Νοσοκομείο 
Αθηνών «Λαϊκό»

ΧΟΡΗΓΟΙ
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ΠΑΙΔΙΑΤΡΙΚΉ ΕΝΔΟΚΡΙΝΟΛΟΓΊΑ

ΜΑΡΊΑ ΚΑΡΑΝΤΖΆ

ΕΝΔΟΚΡΙΝΟΛΌΓΟΣ ΠΑΊΔΩΝ,

ΔΙΕΥΘΎΝΤΡΙΑ, ΚΛΙΝΙΚΉ ΠΑΙΔΙΑΤΡΙΚΉΣ – ΕΦΗΒΙΚΉΣ ΕΝΔΟΚΡΙΝΟΛΟΓΊΑΣ, «ΜΗΤΕΡΑ»
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COVID-19 and pediatric endocrinology

1. Precocious Puberty and Covid-19 into Perspective: Potential 
Increased Frequency, Possible Causes, and a Potential Emergency to 
Be Addressed

Maria E. Street1*, Chiara Sartori1, Cecilia Catellani1,2 and Beatrice Righi1
Division of Pediatric Endocrinology and Diabetology, Unit of Pediatrics, Department of Mother and Child, 
Azienda USL-IRCCS di Reggio Emilia, Reggio Emilia, Italy

PhD Program in Clinical and Experimental Medicine, University of Modena and Reggio Emilia, Modena, 

Italy Front. Pediatr., 20 September 2021 | https://doi.org/10.3389/fped.2021.734899

A significant increase in precocious puberty, rapidly progressive puberty and precocious menarche has 

been reported in Italy since the initial lockdown because of the pandemic, and this could represent a 

new emergency to be addressed during this pandemic. There is a need, therefore, for further 

understanding and research. Many causes could account for this. Initially, it was thought that the 

changes in life-style, in screen time, and sleeping habits could be the cause but if considered 

individually these are insufficient to explain this phenomenon. Likely, changes in central nervous 

mediators, and an increase in catecholamines could contribute as a trigger, however, these aspects are 

poorly studied and understood as well as the real perceptions of these children. Finally, staying more 

indoors has certainly exposed these children to specific contaminants working as endocrine disruptors 

which could also have had an effect. It would be of utmost importance to compare this phenomenon 

worldwide with appropriate studies in order to verify what is happening, and gain a new insight into the 

consequences of the covid-19 pandemic and into precocious puberty and for future prevention.

2. Characteristics of hospitalized children with SARS-CoV-2 in the New 
York City metropolitan area

Verma S, Lumba R, Dapul HM, Gold-von Simson G, Phoon CK, Lighter JL, Farkas JS, Vinci A, Noor A, 

Raabe VN, Rhee D, Rigaud M, Mally PV, Randis TM, Dreyer B, Ratner AJ, Manno CS, Chopra A

Department of Pediatrics, Bellevue Hospital Center, New York, New York, USA.

sourabh.verma@nyulangone.org.

Hosp Pediatr. 2021 Jan;11(1):71–78.doi: 10.1542/hpeds.2020-001917.

https://pubmed.ncbi.nlm.nih.gov/33033078/

In a cohort of 82 children (0–21 years) who were hospitalized for severe SARS-CoV-2 associated 

respiratory illness, obesity was the strongest risk factor for the outcome of critical care. Already during 

the first COVID-19 wave, it was shown that obesity is a major risk factor for severe COVID-19 infection 

ΠΑΙΔΙΑΤΡΙΚΉ ΕΝΔΟΚΡΙΝΟΛΟΓΊΑ | ΜΑΡΊΑ ΚΑΡΑΝΤΖΆ

in adults and caused the age at disease manifestation to shift towards younger ages . Recent findings 

give insights into the underlying mechanism that links obesity to severe COVID-19 infection:

1. Obesity leads to respiratory dysfunction, characterised by increased airway resistance, reduced gas

exchange and lung volume and muscle strength, and decreased diaphragmatic excursions .

Transdifferentiation of pulmonary lipofibroblasts into myofibroblasts may contribute to the development

of pulmonary fibrosis and thus aggravate the severity of COVID-19 associated lung disease .

2. Insulin resistance and chronic subclinical inflammation associated with obesity lead to an increased

vulnerability to infection-related lung failure .

3. The expression of angiotensin converting enzyme 2 (the functional receptor of SARS-CoV-2) is 

upregulated in adipocytes from patients with obesity, making adipose tissue a potential target organ and 

viral reservoir .

4. Leptin links metabolism to the immune response by signaling via the Jak/STATand Akt pathways. 

Increased circulating leptin levels seen in obesity lead to compromised systemic immune response. 

Leptin is also an important mediator of pulmonary immunity and elevated leptin levels worsen the 

pulmonary defense against infection (5). Leptin may also increase systemic inflammation via paracrine 

effects on T cells (6). In a mouse model, administration of antileptin antibody decreased pro-

inflammatory events and improved lung pathology and survival .

Based on clinical observations and pathophysiological findings, specific recommendations for prevention 

and care of patients with obesity and COVID-19 disease have recently been published

ΠΑΙΔΙΑΤΡΙΚΉ ΕΝΔΟΚΡΙΝΟΛΟΓΊΑ | ΜΑΡΊΑ ΚΑΡΑΝΤΖΆ
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Congenital Hypothyroidism

3. Congenital hypothyroidism: A 2020-2021 consensus 
guidelines update-An ENDO-European Reference Network 
initiative endorsed by the European Society for Pediatric 
Endocrinology and the European Society for Endocrinology
van Trotsenburg P, Stoupa A, Le´ger J, Rohrer T, Peters C, Fugazzola L, Cassio A, Heinrichs C, 
Beauloye V, Pohlenz J, Rodien P, Coutant R, Szinnai G, Murray P, Barte´s B, Luton D, Salerno M, de 
Sanctis L, Vigone M, Krude H, Persani L, Polak M Thyroid. 2021:387–419.
doi:10.1089/thy.2020.0333.

These updated ENDO-European Reference Network (ENDO-ERN), European Society for 
Paediatric Endocrinology (ESPE) and European Society for Endocrinology (ESE) guidelines 
for congenital hypothyroidism will serve as comprehensive review of the literature providing 
recommendations to all aspects of the disease.

The first Consensus Guidelines for congenital hypothyroidism of ESPE were published in 
2014 [1]. This revised version of the guidelines was realized by a panel of paediatric and 
adult endocrinologists, obstetricians, and a representative of patient organisations. They 
give an update on all recommendations in the light of new evidence and knowledge from the 
literature between 2013 and 2020 according to the GRADE (grading of recommendations, 
assessment, development, and evaluation) system. The evidence section for each 
recommendation provides detailed discussion of the current available literature and 
questions that remain and need further clinical research. The main chapters comprise 
neonatal screening, diagnostic criteria, substitutive treatment, outcome, genetics, and 
antenatal diagnosis and cover all aspects of primary congenital hypothyroidism. Major 
innovations are the integration of recommendations for central congenital hypothyroidism 
and a comprehensive update on known and new genetic forms of congenital 
hypothyroidism.

4. Newborn screening TSH values less than 15 mIU/L are not 
associated with long-term hypothyroidism or cognitive impairment

West R, Hong J, Derraik JGB, Webster D, Heather NL, Hofman PL
J Clin Endocrinol Metab. 2020; 105:dgaa415. doi:10.1210/clinem/dgaa415.

The optimal cut-off for neonatal screening has long been a matter of debate. The optimal 
balance between optimal detection of cases and increase of false positive patients is difficult 
to define. Also, in the most recent guidelines for congenital hypothyroidism (see previous 
paper in this chapter 3.7), no precise cut-off was recommended, as screening approaches 
differ considerably [1].

West et al. addressed this open question by a retrospective study. They analysed the long-
term neurodevelopmental outcome of 96 healthy individuals who passed routine neonatal 
screening according to the 15 mU/l TSH cut-off. They had a neonatal screening TSH of 8–
14 mU/l. At age 6–12 years, these individuals and 76 siblings were investigated by 
Wechsler Intelligence Scale for Children. The study was powered to detect differences of 5 
IQ points or more between cases and siblings.
Lower mid-childhood IQ showed a mild correlation with increasing TSH levels !15 mU/l. 
However, if IQ was compared between cases and siblings, no difference was detected over 
the whole TSH-range of 8–14 mU/l. The authors conclude that there was no clinically 
relevant long-term negative effect when screening cut-off is 15 mU/l. They argue against 
lowering the neonatal screening cut-off to below15 mU/l.

This study is of importance in a field where long-term data are scarce. The study was well 
designed and limitations discussed in detail. As also discussed by the authors, it is 
noteworthy that 80% (53/67) of cases with available siblings included had a TSH of 8–11 
mU/l, while only 20% (13/67) of cases with siblings had a TSH value between 12–14 mU/l 
rendering the data more robust in the lower range of TSH values below %11 mU/l, where 
12-14 case-sibling pairs could be compared for each additional unit of TSH. Nevertheless, 
these data add information on a TSH range, where also previous studies included only few 
cases. [2]. Ultimately, only prospective studies of treated versus untreated patients will 
provide robust evidence for the optimal TSH screening cut-off.
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5. Cognitive and motor outcome in patients with early-
detected central congenital hypothyroidism compared with 
siblings
Naafs JC, Marchal JP, Fliers E, Verkerk PH, Luijten MAJ, Boelen A, van 
Trotsenburg ASP, Zwaveling-Soonawala N J Clin Endocrinol Metab. 
2021;106:e1231–e1239.
doi:10.1210/clinem/dgaa901.

The results of this study are a robust argument to implement neonatal screening for central 
congenital hypothyroidism (CCH) worldwide. Only few countries, such as the Netherlands, 
screen for CCH. Neurodevelopmental outcome data are scarce for CCH compared to 
primary congenital hypothyroidism (PCH) not only because of the lack of widely established 
screening but also due to lower incidence (CCH 1:16,000 vs. PCH 1:2500-1:3000) .

Naafs et al. present a large cohort of well phenotyped patients with CCH, all detected by 
neonatal screening and treated early [2]. They compared full scale intelligence quotient 
(FSIQ) in patients with isolated CCH (iCCH, nZ35), CCH in the context of multiple pituitary 
hormone deficiencies (MPHD, nZ52) and patient siblings (nZ52). They found no significant 
difference in FSIQ between iCCH patients and siblings. However, patients with CCH in the 
context of MPHD, compared to iCCH and siblings, showed a significantly lower mean FSIQ 
(-7.5, and -7.9 points, respectively), most pronounced in the subgroup of performance 
IQ. So far, data on neurodevelopmental outcome in clinically detected and late treated CCH 
and MPHD patients are lacking for comparison. But the cost-effectiveness of neonatal 
screening for CCH has already been shown more than a decade ago also in the 
Netherlands.

Thyroid clinical studies

6. Randomised trial of block and replace vs. dose titration 
thionamide in young people with thyrotoxicosis
Wood CL, Cole M, Donaldson M, Dunger DB, Wood R, Morrison N, Matthews 
JNS, Pearce SHS, Cheetham TD Eur J Endocrinol. 2020;183:637–645.
doi:10.1530/EJE-20-0617.

This study provides for the first time clear evidence that the block and replace (BR) strategy 
(combination of carbimazole plus levothyroxine) is not superior to the carbimazole dose 
titration (DT) strategy for treatment of paediatric Graves’ disease.

Wood et al. present the first randomized controlled multicentre trial of patients with Graves’ 
diseases in the paediatric age group comparing treatment stability of DT vs. BR. Each 
patient (nZ82) was randomized shortly after diagnosis and treated for three years. The 
authors found no difference between DT and BR in percentage of TSH or FT4 levels in or 
outside the reference range during the study period. However, 3/40 patients on BR vs. 0/41 
on DT developed neutropenia.

These data are important, providing for the first-time clear evidence that BR therapy has no 
advantage on long term biochemical stability compared to DT, although BR is still widely 
used by paediatric endocrinologists [1]. These data strengthen the current guidelines of the 
American Thyroid Association and European Thyroid Association (ATA and ETA) [2,3] 
which do not recommend BR because of its higher carbimazole dose and therefore 
increased risk of drug-related side effects, as shown by a meta-analysis in adult patients 
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Growth Hormone Therapy: Safety

7. Long-term safety of growth hormone treatment in 
childhood: two Large observational studies: nordiNet IOS and 
ANSWER
Sa¨vendahl L, Polak M, Backeljauw P, Blair JC, Miller BS, Rohrer TR, Hokken-Koelega A, 
Pietropoli A, Kelepouris N, Ross J Karolinska Institutet, Karolinska University Hospital, 
Solna, Sweden.
lars.savendahl@ki.se
J Clin Endocrinol Metab. 2021 May 13;106(6):1728–1741.
doi:10.1210/clinem/dgab080. PMID: 33571362

This report gathered data from two large observational studies (NordiNet International 
Outcome Study and ANSWER Program) aimed at assessing the incidence of adverse drug 
reactions (ADRs), serious adverse events (SAEs), and their relation with rhGH dose. The 
whole study cohort included 37,702 subjects, with O130,000 patient-years follow-up. As in 
previous studies, subjects were stratified into different risk groups according to underlying 
diagnosis: low-risk (68.4%; comprising isolated GHD, SGA children, and ISS); intermediate-
risk (27.5%; multiple pituitary hormone deficiencies, Turner and other syndromes), and high-
risk (4.1%, malignancies and syndromes with high risk of malignancy).

As expected, the incidence of adverse events was lowest in the low-risk group. The most 
frequent ADRs and SAEs included “nervous system disorders” (such as headache) and 
“musculoskeletal and connective tissue disorders” (such as arthralgia and scoliosis). Among 
the low-risk group, the incidence of SAEs was significantly higher in SGA children. Perhaps 
counter-intuitively, GH dose was inversely associated with AE incidence rates. This finding 
is likely explained by the practice to prescribe lower GH doses to patients considered at 
higher risk of AEs. No case of cerebral hemorrhage and no increase in mortality risk was 
observed.

It has to be pointed out that this study reports with events occurring during GH treatment, 
whereas SAGhE analyzed events occurring in young adults who had received GH treatment 
during childhood. The lack of long-term follow-up limits the potential of this study to capture 
the risk of developing non communicable diseases (eg, diabetes, cardio-vascular morbidity, 
neoplasms or neurodegenerative diseases).

8. Long-term mortality after childhood growth hormone 
treatment: the SAGhE cohort study
Sa¨vendahl L, Cooke R, Tidblad A, Beckers D, Butler G, Cianfarani S, Clayton P, Coste J, 
Hokken-Koelega ACS, Kiess W, Kuehni CE, Albertsson-Wikland K, Deodati A, Ecosse E, 
Gausche R, Giacomozzi C, Konrad D, Landier F, Pfaeffle R, Sommer G, Thomas M, 
Tollerfield S, Zandwijken GRJ, Carel JC, Swerdlow AJ
Department of Women’s and Children’s Health, Karolinska Institutet, Stockholm, Sweden; 
Pediatric Endocrinology Unit, Karolinska University Hospital, Solna, Sweden.
lars.savendahl@ki.se.
Lancet Diabetes Endocrinol. 2020;8(8):683–692.
doi:10.1016/S2213-8587(20)30163-7. PMID: 32707116

SAGhE is a large independent European consortium including eight different countries 
(Belgium, France, Germany, Italy, The Netherlands, Sweden, Switzerland, and the UK) 
which was set up to evaluate the long-term safety of rhGH in a large cohort (O24 000) of 
young adult patients treated during childhood (1). In this report, overall and cause-specific 
mortality was assessed by comparison to general population data to calculate standardized 
mortality ratios (SMR). Patients were subdivided into different risk groups: 1) low-risk, 
further subdivided in group 1a (isolated GHD, idiopathic short stature (ISS) or mild skeletal 
dysplasia) and group 1b (small for gestational age (SGA); 2) intermediate-risk, including 
multiple pituitary hormone deficiencies and specific syndromes (Turner, Noonan, Down, 
etc.), and 3), high-risk, history of malignancies or chronic renal failure. The follow-up was 
O400 000 patient-years (to age 25 years).
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In group 1a, all-cause mortality was not significantly increased. In group 1b, mortality risk 
was significantly increased (SMR 1.5, 95%CI 1.1–1.9) although this result was mainly driven 
by the French sub-cohort. Mortality risk was also significantly increased in the intermediate 
and high-risk groups. Notably, mortality from diseases of the circulatory and hematological 
systems was increased in all risk groups.

This large long-term independent study confirms earlier data from post-marketing 
surveillance studies indicating no significant effect of childhood rhGH therapy on overall 
mortality in patients with isolated growth hormone deficiency or idiopathic short stature. 
Whether the increased mortality observed in subjects born SGA should be attributed to 
rhGH treatment during childhood is open to debate, as it may be due to their inherent 
cardiometabolic risk or to the genetic cause underlying small size at birth (4). Consistent 
with this, mortality was not associated with mean daily or cumulative doses of rhGH for any 
of the risk groups.

Overall, these data are reassuring, however prolonged long-term surveillance of patients 
treated with rhGH in childhood is still needed as mortality from cardiovascular and 
hematological diseases in all treated groups was higher than the general population.

9. Association of childhood growth hormone treatment 
with long-term cardiovascular morbidity
Tidblad A, Bottai M, Kieler H, Albertsson-Wikland K, Sa¨vendahl L
Division of Pediatric Endocrinology, Department of Women’s and Children’s Health, 
Karolinska Institutet, Karolinska University Hospital, Stockholm, Sweden.
anders.tidblad@ki.se
JAMA Pediatr. 2021;175(2):e205199.
doi:10.1001/jamapediatrics.2020.5199. PMID: 33346824

This nationwide population-based study assessed the long-term risk of cardiovascular 
events in patients who had received rhGH therapy during childhood and adolescence. The 
study cohort comprised 3.408 subjects treated under the GHD, SGA or ISS indications, and 
50 036 age-, sex-, and region-based matched controls. Median follow-up was 14.9 years (to 
age 25 years) with a total of 795 125 person-years. Patients in each diagnostic group had a 
significant higher risk for cardiovascular events than controls (hazard ratio 1.69; 95% CI, 
1.30–2.19), especially women (HR, 2.95; 95%CI, 1.31–3.20) and those treated for SGA 
(HR, 1.97, %CI, 1.28- 3.04). The increased risk was found in all treated groups and was 
associated with longer therapy duration and cumulative rhGH dose. The most common 
severe cardiovascular events were ischemic heart disease, cardiomyopathy and stroke.

GH has pleiotropic effects on the cardiovascular system. Acromegaly, a pathological model 
of exposure to high GH concentrations, is characterized by an increased cardiovascular 
mortality (2). The results of this study are consistent with previous data from French SAGhE 
cohort showing higher cerebrovascular mortality (3) and a higher risk of hemorrhagic stroke 
in subjects receiving rhGH for GHD, SGA and ISS indications during childhood (4). The 
authors wondered whether the observed increased cardiovascular risk might have been 
caused by discontinuation of rhGH treatment in adulthood in GHD patients rather than 
treatment during childhood. However, a further analysis of data from patients who continued 
therapy after completion of growth confirmed the increased cardiovascular morbidity.

These results are consistent with those reported by the SAGHE consortium. It should be 
noted that neither of these study designs can separate effects of rhGH therapy from risks 
related to the underlying condition. However, they further suggest the need of a long-term 
close cardiovascular monitoring in children treated with rhGH, especially in women and 
those treated for the SGA indication.

10. Longitudinal study on metabolic health in adults SGA during 
5 years after GH with or without 2 years of GnRHa treatment
Wesley J. Goedegebuure, Manouk van der Steen, Gerthe F Kerkhof, Anita CS Hokken-
Koelega Department of Paediatrics, Subdivision Endocrinology, Erasmus University 
Medical Centre, Rotterdam, The Netherlands. w.goedegebuure@erasmusmc.nl
J Clin Endocrinol Metab, August 2020, 105(8):e2796–e2806.
doi:10.1210/clinem/dgaa287. PMID: 32436961
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The aim of this longitudinal study was to investigate the potential long-term adverse effects 
of combined GnRHa/GH treatment on metabolic and bone health in short SGA children. 
Reassuring data are found at 5 years after cessation of GH therapy.

Children born small for gestational age (SGA) have weight and/or length at birth less than -2
SDS for gestational age. Approximately 10% of SGA children do not catch-up their growth 
retardation and have permanent short stature. Growth Hormone (GH) treatment is effective 
in improving the growth outcome of SGA children especially when therapy is started well 
before the onset of puberty. In children born SGA with predicted adult height less than -2.5 
S.D., the combined therapy with GH plus 2-years gonadotropin releasing hormone 
analogues (GnRHa) has been suggested to postpone puberty and eventually increase adult 
height (3). Therapy with GnRH analogues may affect fat deposition, BMI and bone density 
as shown in retrospective studies conducted in children with central precocious puberty.

In this study, insulin sensitivity and b-cell function (by frequently sampled intravenous 
glucose tolerance tests, FSIGT), blood pressure, serum lipid levels, body composition and 
bone mineral density (by dual-energy x-ray absorptiometry (DXA) scans), were assessed 
during the 5 years after cessation of GH therapy in SGA young adults who were treated 
during childhood with the combination of GHCGnRHa (nZ112) compared to those treated 
with GH alone (nZ251) and 145 age-matched adults born appropriate for gestational age 
(AGA). In the GH treated group, a subgroup (nZ95) was randomly assigned to treatment 
with either GH 1 or 2 mg/m2/day (w 0.033 or 0.067 mg/kg/d).

At 5 years after discontinuation of GH therapy, the three groups showed no significant 
differences in fat mass, FSIGT results, blood pressure, serum lipid levels and bone mineral 
density. Total fat mass and trunk fat were lower, and lean body mass was higher in those 
treated with 2 mg GH/m2/day, compared to 1 mg GH/m2/day, whereas FSIGT results, limb 
fat, blood pressure, serum lipid levels, and bone density were similar in both GH-dose 
groups.

This further elegant study from the Rotterdam team shows that combined GnRHa/GH 
therapy is not associated with long-term adverse effects on metabolism, body composition 
and bone mineralization markers. However, the efficacy of the combined GH/GnRHa 
therapy has to be tested in a larger group of short SGA children before being transferred to 
clinical practice. Moreover, it has to be pointed out that the available metabolic markers are 
a surrogate of the real cardiometabolic status. In this regard, two recent studies reporting an 
increased long-term cardiovascular morbidity  and mortality in SGA young adults treated 
with GH during childhood raises concern about a potential, likely IGF1-mediated, adverse 
effect on endothelial function, whose detection may elude the standard metabolic 
assessment .
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Novel Treatments for Rare Skeletal Disorders

11. Once-daily, subcutaneous vosoritide therapy in 
children with achondroplasia: a randomised, double-
blind, phase 3, placebo-controlled, multicentre trial
Savarirayan R, Tofts L, Irving M, Wilcox W, Bacino CA, Hoover-Fong J, Ullot Font R, 
Harmatz P, Rutsch F, Bober MB, Polgreen LE, Ginebreda I, Mohnike K, Charrow J, 
Hoernschemeyer D, Ozono K, Alanay Y, Arundel P, Kagami S, Yasui N, White KK, Saal 
HM, Leiva-Gea A, Luna-Gonza´lez F, Mochizuki H, Basel D, Porco DM, Jayaram K, 
Fisheleva E, Huntsman Labed A, Day J
Murdoch Children’s Research Institute, Royal Children’s Hospital, and University of 
Melbourne, Parkville, VIC, Australia Lancet. 2020 Sep 5;396(10252):684–692.
Abstract: https://pubmed.ncbi.nlm.nih.gov/32891212/

In brief: Activating mutations in FGFR3 inhibit endochondral ossification in achondroplasia 
resulting in disproportionate extreme short stature. In this randomised, double-blind, phase 
3, placebo-controlled trial, once-daily subcutaneous treatment with vosoritide, a C-type 
natriuretic peptide-analogue, was found to increase the rate of linear growth in children with 
achondroplasia.

Comment: Achondroplasia is characterised by extreme, disproportionate short stature with 
macrocephaly and several complications including foramen magnum stenosis with cervico-
medullary compression, hydrocepha lus, obstructive sleep apnea. There is an increased risk 
of sudden death in infancy. Mortality is increased from birth to 4 years of age as well as in 
the fourth and fifth decades of life.

The condition is caused by an autosomal dominant mutation in the fibroblast growth factor 
receptor 3 gene (FGFR3) that constitutively activates the mitogen-activated protein kinase 
(MAPK)–extracellular signal regulated kinase pathway in chondrocytes. C-type natriuretic 
peptide (CNP) acts on the natriuretic peptide receptor 2 (NPR2) and is a potent stimulator of 
endochondral ossification at the level of the growth plate. CNP stimulates growth, at least in 
part, by inhibiting FGFR3-mediated MAPK signalling. Vosoritide is a recombinant C-type 
natriuretic peptide analogue with an extended half-life.

A previous phase 2 and dose-finding study of daily subcutaneous vosoritide treatment in 
children (5 to 14 years of age) with achondroplasia demonstrated that the dose-dependent 
increase in growth rate appeared to level off at a positive effect of approximately 1.5 
cm/year that was maintained up to 42 months of treatment.

In this phase 3, randomized, double-blind, placebo-controlled, 52-week trial 
(NCT03197766), the efficacy and safety of daily subcutaneous injections of vosoritide (15.0 
mg/kg) was compared to placebo in 121 children (age range, 5 to !18 years) with 
achondroplasia. Two patients in the vosoritide group discontinued their participation after 2 
and 6 days due to pain from injection and fear of needles, respectively. The remaining 119 
participants completed the study and enrolled in the extension study. All 121 randomized 
patients were included in the efficacy analyses.

After 52 weeks of treatment, the annualized growth velocity was 1.57 cm/year higher in the 
vosoritide compared to the placebo group (95% CI 1.22–1.93; P!0.0001) and slightly better 
at 1.71 cm/year (95% CI 1.40–2.01) if adjusted for baseline growth velocity. In addition, all 
subgroup analyses (sex, age, tanner stage, height z-score, baseline growth velocity) 
indicated a positive effect of vosoritide. This study demonstrates that vosoritide is 
efficacious in increasing the growth velocity in children with achondroplasia and supports 
previous studies indicating that is safe. Further studies with earlier start and longer duration 
of treatment are needed to determine the total amount of height gain that can be 
accomplished with this treatment and possible effects on other important complications of 
the condition.
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Bone- Translational highlights

12. Hormonal regulation of biomineralization
Andrew Arnold, Elaine Dennison, Christopher S Kovacs, Michael Mannstadt, Rene´ Rizzoli, Maria 
Luisa Brandi, Bart Clarke, Rajesh V Thakker
Division of Endocrinology & Metabolism and Center for Molecular Oncology, University of Connecticut
School of Medicine, Farmington, CT, USA; Academic Endocrine Unit, Radcliffe Department of 
Medicine, University of Oxford, Oxford, UK

Nat Rev Endocrinol. 2021 May;17(5):261–275
Abstract: https://pubmed.ncbi.nlm.nih.gov/33727709/

In brief: This article systematically reviews the current advances in the understanding of 
mineral metabolism with focus on the regulation of mineralization in skeletal tissue and 
inhibition of mineralization in non-skeletal tissue. This is mandatory reading for any aspiring 
endocrinologist.

Comment: Mineralization of the skeleton and teeth are critically important to allow 
ambulation and feeding. Inhibition of this process is equally important to prevent ectopic 
mineralization of soft tissues and organs, which is disabling and potentially lethal. The 
review is well-structured as it presents the current understanding of the complex regulation 
of the physiological and pathological aspects of the mineralization process. The roles and 
regulation of calcium and inorganic phosphate, dietary intake of minerals as well as the 
balance between activators and inhibitors of mineralization are discussed. The major 
regulators of biomineralization include parathyroid hormone (PTH), the vitamin D system, 
vitamin K, fibroblast growth factor 23 (FGF23) and phosphatase enzymes, and their 
respective roles in the mineralization process are discussed in detail. In addition, alternative 
regulatory mechanisms that control mineral delivery, skeletal metabolism and 
biomineralization in the fetus, the neonate, and in the mother during pregnancy and 
lactation are also discussed.

Puberty

13. Phase 3 trial of a small-volume subcutaneous 6-month 
duration leuprolide acetate treatment for central precocious 
puberty
Klein KO, Freire A, Gryngarten MG, Kletter GB, Benson M, Miller BS, Dajani TS, Eugster 
EA, Mauras N

J Clin Endocrinol Metab. 2020 Oct 1;105(10):e3660–71.doi:10.1210/clinem/dgaa479.

https://academic.oup.com/jcem/article/105/10/e3660/5879679

In brief: This phase 3 multi-centre, open-label, single-arm study explores the efficacy, 
pharmacokinetics and safety of 6-monthly 45-mg subcutaneous leuprolide acetate in 59 
patients with central precocious puberty (CPP). Six-monthly leuprolide acetate appears to be 
a promising treatment to suppress pubertal hormones and

progression of secondary sexual features. Comment: CPP is classically treated with GnRH 
agonists. Available treatments include intramuscular leuprolide acetate injections, 
intramuscular triptorelin injections and subcutaneous histrelin acetate implants .

This phase 3 study evaluated the pharmacokinetics, safety and efficacy of 6-monthly 45-mg 
subcutaneous leuprolide acetate. Fifty-nine patients (57 girls and 2 boys) received 2 
injections of leuprolide acetate and were evaluated at weeks 0, 24 and 48. Post-stimulation 
LH was suppressed (!4 IU/L) in 87% and 88% of children at weeks 24 and 48, respectively. 
Growth velocity regressed in O50% of patients at weeks 24 and 48, and average bone age 
advancement slightly but significantly regressed. Breast development regressed in almost all 
girls (55/57) and genital development regressed from G3 to G2 after 2 injections in both
treated boys. An initial burst release of leuprolide was reported between 1 and 6 hours post-
injection, followed by stable levels from weeks 12 to 44. Injections were well tolerated and 
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no withdrawal was reported. Two serious adverse effects were documented (wheezing and 
rash) but considered unrelated.

Although short in duration, this first phase 3 study indicates that a 6-monthly leuprolide 
acetate treatment represents a promising treatment to suppress pubertal hormones and 
progression of secondary signs of sexual maturation. Such a convenient administration 
might improve feasibility and adherence.

Gender Dysphoria- Basic Research

14. Behavioral and neurobiological effects of GnRH agonist 
treatment in mice - potential implications for puberty 
suppression in transgender individuals
Anacker C, Sydnor E, Chen BK, LaGamma CC, McGowan JC, Mastrodonato A, Hunsberger HC, 
Shores R, Dixon RS, McEwen BS, Byne W, Meyer-Bahlburg HFL, Bockting W, Ehrhardt AA, Denny 
CA
Neuropsychopharmacology. 2021 Apr;46(5):882–890.
doi:10.1038/s41386-020-00826-1. PMID: 32919399.

This mouse study addresses the question of the psychological effects of treatment with the 
GnRH analogue (GnRHa) leuprolide. Six-week-old, i.e. early-pubertal, male and female 
mice were injected daily with leuprolide (20 mg) or saline for 6 weeks. The mice were 
subjected to a number of behavioral tests, and hormonal stress response was assessed. 
The effects on reproductive function, social and affective behaviour, cognition, and brain 
activity were studied.

A main focus has previously been the effects of GnRHa on bone mineral density in 
adolescents receiving GnRHa in the context of gender dysphoria. Neuropsychiatric and 
neurobiological effects, other than halting puberty and possibly alleviating the stress of 
gender dysphoria and allowing for thorough psychological assessment, have been 
increasingly discussed, as GnRH receptors are particularly abundant in the hippocampus 
and the limbic system.

These data show for the first time that GnRH agonist treatment after puberty onset has sex-
specific effects on social and affective behavior, stress regulation, and neural activity in 
mice. More specifically, increased hyperlocomotion, changes in social preference, and 
increased neuroendocrine stress responses were seen in male mice, while increased 
hyponeophagia and despair-like behaviour (reactions responsive to antidepressant 
treatment) were noted in females. In addition, corticosterone response was increased in 
male but not female mice on exposure to a new situation.

The authors discuss the possibility that increased signs of depression in adolescents with 
gender dysphoria who are treated with GnRHa may not be readily detectable due to a 
decrease in depressive symptoms related to the physical changes of the treatment. 
Although mice and humans differ particularly with regards to hormonal effects in the brain, 
this study raises further questions about the eventual neuropsychological off-target effects of 
GnRH agonists as used in adolescents with gender dysphoria.
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Obesity and Weight regulation

15. Maternal obesity interrupts the coordination of the unfolded 
protein response and heat shock response in the postnatal 
developing hypothalamus of male offspring in mice
Chen N, Zhang Y, Wang M, Lin X, Li J, Li J, Xiao X
Mol Cell Endocrinol. 2021 May 1;527:111218.
doi:10.1016/j.mce.2021.111218. PMID: 33636254

This study used a high fat and high sucrose diet to generate obese mice. The offspring of 
these mice showed activation of the unfolding protein response and the heat-shock 
response in the hypothalamus as early as weaning. This was associated with malformed 
paraventricular nucleus axonal projections and defective leptin signaling. Intriguingly early 
inhibition of hypothalamic ER stress in the offspring failed to improve the metabolic outcome 
but worsened it. A key molecule (called heat shock protein 70 (HSP70)) was altered in the 
early postnatal developing hypothalamus which might lead to permanent unfolded protein 
response activation later in life.

Maternal overnutrition and obesity are risk factors for later development of childhood obesity 
and type 2 diabetes mellitus. The underlying mechanisms involved in the development of 
childhood obesity following maternal obesity are unknown but might involve changes in the
feeding center of the hypothalamus. In the hypothalamus, there are two key neuronal 
subtypes (anorexigenic and orexigenic) which impinge on the paraventricular nucleus which 
regulates feeding behavior. Leptin plays a key role in regulating this whole circuit. In mice 
models of obesity, endoplasmic recticulum (ER) stress is noted in the hypothalamus early in 
the neonatal period with defective changes in the paraventricular neuronal projections. ER 
stress is controlled by the unfolding protein response and the heat-shock response which is 
a cellular protective mechanism activated by different stressors where chaperon proteins 
prevent cellular stress response by protein folding and re-folding and by activating 
autophagy.

These observations suggest that developmental exposure to a maternal obesogenic 
environment may lead to an imbalance in the unfolded protein and heat shock responses in 
the postnatal developing hypothalamus. This imbalance might lead to defects in obesity 
programming of the offspring.

16. Structure reveals the activation mechanism of the MC4 receptor to 
initiate satiation signalling

Israeli H, Degtjarik O, Fierro F, Chunilal V, Gill AK, Roth NJ, Botta J, Prabahar V, Peleg Y, Chan LF, 
Ben-Zvi D, McCormick PJ, Niv Y, Shalev-Benami M Weizmann Institute of Science, Rehovot, 
Israel.danny.ben-zvi@mail.huji.ac.il.Science 2021;372(6544): 808–
814https://doi.org/10.1126/science.abf7958

Isreali et al. describe the molecular structure of the melanocortin 4 receptor (MC4R) complexed with its 
effector G protein (Gs alpha) and setmelanotide, a pharmacological agonist of MC4R. MC4R is a known 
key element in body weight regulation, connecting response to leptin with inhibition of hunger and food 
intake. Targeted deletion of Mc4r in mice induces weight gain (1), and heterozygous loss- of-function 
mutations in MC4R are frequently found in obese children as well as adults (2, 3). Thus, targeting MC4R 
pharmacologically is a major focus in the development of weight loss therapies. Setmelanotide is the 
first US FDA-approved MC4R agonist for treatment of obesity due to genetically based deficiencies of 
pro-opiomelanocortin (POMC), proprotein subtilisin/kexin type 1 (PCSK1), and leptin receptor LEPR. 
The current study contributes important data to our understanding of MC4R signalling. Although a recent 
publication describes the crystal structure of MC4R bound to an antagonist, and thus provides data 
about the structure of the inactive receptor , the architecture of active MC4R had not been described so 
far. Using single-particle cryogenic electron microscopy, the authors were able to analyse
conformational changes and to display crucial amino acids mediating activation of the receptor. This 
information may be helpful in modelling of pathogenic MC4R mutations and to identify those patients 
with MC4R defects that would potentially benefit from setmelanotide treatment.
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17. Efficacy and safety of setmelanotide, an MC4R agonist, in 
individuals with severe obesity due to LEPR or POMC 
deficiency: single-arm, open-label, multicentre, phase 3 trials
Cle ́ment K, van den Akker E, Argente J, Bahm A, Chung WK, Connors H, De Waele K, 
Farooqi IS, Gonneau-Lejeune J, Gordon G, Kohlsdorf K, Poitou C, Puder L, Swain J, 
Stewart M, Yuan G,Wabitsch M, Ku ̈hnen P; Setmelanotide POMC and LEPR

Phase 3 Trial Investigators Lancet Diabetes Endocrinol. 2020 Dec;8(12):960–970.

https://pubmed.ncbi.nlm.nih.gov/33137293/

This article reports the results of two single-arm, open-label, multicentre, phase 3 trials of 
the MC4R agonist, setmelanotide, in patients with severe obesity due to pro-
opiomelanocortin (POMC) deficiency or leptin receptor (LEPR) deficiency.

Mean % change in bodyweight after ᷉1 year was -25 % 6﮲ in patients with POMC deficiency 
and .in those with LEPR deficiency %5﮲12-

Melanocortin 4 receptor (MC4R) is a key component of the leptin-melanocortin pathway and 
plays an important role in the regulation of appetite and body weight. Severe early-onset 
obesity can be caused by biallelic variants in genes that affect MC4R signalling. These trials 
were conducted in 10 hospitals in North America (Canada and the USA) and Europe 
(Belgium, France, Germany, the Netherlands, and UK). The POMC trial (NCT02896192) 
Included individuals aged 6 + years with obesity caused by POMC deficiency, defined as 
homozygous or compound heterozygous variants in POMC or PCSK1. The LEPR trial 
(NCT03287960) included individuals aged 6+ years with obesity caused by LEPR 
deficiency, defined as homozygous or compound heterozygous variants in LEPR. In both
trials, setmelanotide produced significant weight loss and reduction in hunger scores in after 
w1 year of treatment. Setmelanotide was well tolerated in all individuals, and no new safety 
concerns were observed. Patients in both groups reported injection site reactions.

Effectiveness was greater in POMC patients than in LEPR patients. The primary outcome, 
weight loss of 10+ %, was observed in 80% of POMC and 45% of LEPR patients, and this 
was also reflected in mean % changes in bodyweight (-256﮲% vs -125﮲%, respectively). 
Furthermore, all POMC patients reported skin hyperpigmentation compared to 36% of LEPR 
patients. The authors comment on the potentially different aspects of POMC and LEPR 
deficiency. They posit that setmelanotide as an MC4R agonist is potentially able to 
completely restore signalling in POMC obesity. By contrast, in LEPR, setmelanotide might 
only partially restore signalling, given that apart from POMC neurons LEPR is also 
expressed on agouti-related peptide-positive neurons.

In the POMC trial, nausea was reported in 5 participants and vomiting in 3 participants. Five 
serious adverse events (depression, major depression, acute adrenocortical insufficiency,
pneumonia, and pleurisy) were reported in 4 participants but none was considered to be
related to setmelanotide. No treatment emergent adverse events led to study drug 
withdrawal or death. In addition, 1 participant reported suicidal ideation at baseline but not at 
w1 year. Another participant developed suicidal ideation at w1 year. In the LEPR trial, 
nausea and vomiting were reported in 4 participants that both resolved without sequelae. 
Four serious adverse events (cholecystitis, suicidal ideation, gastric banding reversal, and
road traffic accident leading to death) were reported in 3 participants; none was considered 
to be related to setmelanotide. One participant discontinued the trial because of grade 1 
hypereosinophilia, which was considered to be possibly related to setmelanotide and 
resolved following discontinuation. In both studied groups, no treatment-related 
cardiovascular adverse events were reported, and there was no evidence that setmelanotide 
was associated with changes in blood pressure or heart rate. No cases of suicidal ideation 
and behaviour were reported at either baseline or at ᷉ 1 year.
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18. Human MC4R variants affect endocytosis, trafficking and 
dimerization revealing multiple cellular mechanisms involved in weight 
regulation

Brouwers B, de Oliveira EM, Marti-Solano M, Monteiro FBF, Laurin SA, Keogh JM, Henning E, Bounds 
R, Daly CA, Houston S Ayinampudi V, Wasiluk N, Clarke D, Plouffe B, Bouvier M, Babu MM, Farooqi IS, 
Mokrosin ́ski J University of Cambridge Metabolic Research Laboratories and NIHR Cambridge 
Biomedical Research Centre,Wellcome-MRC Institute of Metabolic Science, Cambridge CB2 0QQ, UK. 
isf20@cam.ac.uk. J Cell Rep. 2021 Mar 23;34(12):108862. doi:
10.1016/j.celrep.2021.108862.https://pubmed.ncbi.nlm.nih.gov/33761344/

This study demonstrates that MC4R variants found in humans affect receptor endocytosis, trafficking 
and dimerization and thus reveal multiple cellular mechanisms involved in weight regulation. The 
findings contribute to our understanding of the complex mechanisms that lie behind the melanocortin 4 
receptor’s (MC4R) pivotal role in weight regulation. Stimulation of MC4R, a G-protein coupled receptor, 
is considered to be one of the key factors that reduces appetite and regulates energy homeostasis and 
body weight. It was previously shown that the binding of pro-opiomelanocortin (POMC) derived
melanocyte-stimulating hormone (MSH) to the MC4R leads to increased production of cyclic AMP 
(cAMP) . We are aware of several G-protein related pathways that can be ‘drugged’ and meanwhile 
MC4R is a prime target for anti-obesity drugs . Informed by the recently published 3D structure of the 
MC4R novel therapeutic methods to target MC4R can be more efficiently investigated and developed. 
These authors aimed to investigate the cellular functioning and trafficking of MC4R by looking at effects 
of several naturally occurring MC4R variants when experimentally expressed in HEK293 cells, which do 
not endogenously express MC4R. 48 rare MC4R variants from previously published large cohorts 
(minor allele frequency [MAF], <1%) and 2 more common variants (MAF 1-2%) that have previously 
been associated with obesity protection were studied. To quantitatively assess and monitor the 
intracellular and extracellular interaction/signalization of different MC4R pathways, such as plasma 
membrane (PM) expression, b- arrestin recruitment, G-a interaction, MAPK mitogen activated protein 
kinases)/ERK (extracellular signal-regulated kinases) phosphorylation, homodimerization and early 
(recycling) or late (degradation) endocytosis, enhanced bystander bioluminescence resonance energy
transfer (ebBRET) sensors  were applied. The effects of these 50 MC4R variants were functionally 
categorized as either gain of function (GOF) and/or loss of function (LOF) for each of their respective 
cellular interaction pathways. Interestingly, some pathways might be able to regulate MC4R activity 
independent of cAMP production. 19 MC4R variants previously shown to be similar to WT or to have 
none/or limited effects on cAMP production (O85% of WT cAMP production) are shown here to impair 
one or more pathways. Based on these results, there are obviously novel ways to target MC4R. As an 
example, targeting the homodimerization process with an allosteric modulator might be an option similar 
to several experimental therapies that are currently under investigation for central nervous system 
disorders. By dissecting mechanisms that regulate MC4R with naturally occurring human variants, this 
study expands our knowledge of MC4R functionality. We believe that further human as well as 
transgenic animal and cell model studies are needed to further examine the relevance of these new 
mechanisms. A recent study has shown the interaction between setmelanotide and several naturally
occurring human MC4R variants by using cryogenic electron microscopy and thereby helps to better 
understand the core functioning of MC4R

19. Loss-of-function mutations in the melanocortin 4 receptor in a UK 
birth cohort

Wade KH, Lam BYH, Melvin A, Pan W, Corbin LJ, Hughes DA, Rainbow K, Chen JH, Duckett K, Liu X, 
Mokrosin ́ski J, Mo ̈rseburg A, Neaves S, Williamson A, Zhang C, Farooqi IS, Yeo GSH, Timpson NJ, 
O’Rahilly S Medical Research Council (MRC) Integrative Epidemiology Unit (IEU), University of Bristol, 
Bristol, UK.n.j.timpson@bristol.ac.uk.Nat Med, 2021 Jun;27(6):1088–1096.doi: 10.1038/s41591-021-
01349-y.https://pubmed.ncbi.nlm.nih.gov/34045736/

This paper reports the high prevalence of MC4R loss-of-function (LoF) variants in a normal population 
and their large impact on longitudinally assessed anthropometric traits from birth to young adult life.
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This is the first study to examine the prevalence of all non-synonymous MC4R variants in a large 
sample (5724 persons) of a representative birth cohort, the Avon Longitudinal Study of Parents and
Children (ALSPAC). ALSPAC examined over 75% of all children born in the larger Bristol area between 
1990-1992, thus these data provide an accurate estimate of true prevalence in a (mainly white) 
European population. Obesity is one of the most important non-communicable diseases and has finally 
now been acknowledged by EU commission as a disease in its own right. In contrast to polygenic 
obesity, monogenic obesity is much rarer. However, the prevalence reported here, 1 in 337, means that 
LoF MC4R variants can no longer be termed a rare disease. The longitudinal characterization of 
participants in ALSPAC, provides a unique possibility to compare the development of anthropometric 
traits between MC4R LoF variant carriers (nZ17) to non-LoF variant carriers (nZ5707). They identify a 
large and stable influence of LoF MC4R variants on BMI, weight and body fat from 5 years onwards. 
Interestingly, in contrast to previous studies by the same authors, no evidence for reduced systolic blood 
pressure or increased adult height was found after adjusting for age, sex and BMI. Rare, non-
synonymous wild-type like variant carriers (nZ21) did not differ from wildtype or synonymous, common 
variant carriers. However, there is no individual analysis for wild-type like carriers offered and LoF was 
primarily defined as reduced cAMP generation upon MC4R stimulation in a heterologous cell system 
expressing the MC4R variant, although other MC4R signalling pathways have been described. As for 
some of the here listed wild-type like variants, debates exist on their possible pathogenetic effects. A 
more detailed analysis would have been welcomed. In conclusion, LoF MC4R variants conferring a 
reproducible risk for increased adiposity seem to be more frequent than previously assumed; hence a 
generous screening approach should be advocated, especially since some variants seem to be 
rescuable by synthetic MC4R activators, such as Setmelanotide.

20. Obesity treatment effect in Danish children and adolescents 
carrying melanocortin-4 receptor mutations

Trier C, Hollensted M, Schnurr TM, Lund MAV, Nielsen TRH, Rui G, Andersson EA, Svendstrup M, Bille 
DS, Gjesing AP, Fonvig CE, Frithioff-Bøjsøe C, Balslev-Harder M, Quan S, Gamborg M, Pedersen O, 
A ̈ngquist L, Holm JC, Hansen T Novo Nordisk Foundation Center for Basic Metabolic Research, 
Faculty of Health and Medical Sciences, University of Copenhagen, Copenhagen, Denmark. 
torben.hansen@sund.ku.dk. Int J Obes (Lond). 2021;45(1):66–76. https://doi.org/10.1038/s41366-020-
00673-6

This study investigated the influence of MC4R variants on treatment effectiveness in a large cohort 
undergoing an outpatient treatment program. Carriers of MC4R loss-of-function (LoF) variants showed a 
lack of improvement in BMI, in contrast to non LoF carriers. As we learn that MC4R LoF variants are 
more common than expected (their impact gains importance, not only on the natural course of BMI, but 
also on treatment success. The validated treatment program of the Children’s Obesity Clinic (TCOC) in 
Denmark shows on average a sustained BMI SDS reduction by 0.2-0.3 , which is comparable to other
European outpatient programs, such as Obeldicks light . Remarkably, in this large study (nZ1209), of 
the roughly 80% of patients who could be evaluated after a treatment period of on average 1 year (0.5–
4.0 years), the 2.5% carriers of MC4R LoF variants (nZ24) did not reduce their BMI-SDS – in contrast to 
non LoF carriers (nZ982). Other treatment approaches, including Obeldicks, had actually found that 
wildtype MC4R variant carriers show the same BMI SDS reduction as LoF variant carriers, but are
unable to uphold treatment success. One possible explanation for these divergent observations may be 
a more extensive treatment approach in former studies. One challenge of this study was the definition 
LoF in MC4R variants. While some variants show consistently reduced ability to generate cAMP upon 
MC4R stimulation in a heterologous cell system expressing the MC4R variant, for others, results vary 
both on cAMP generation and other measures such as activation of extracellular signal-regulated kinase 
(ERK) 1/2 or receptor cell surface expression. Hence variants considered here to be functionally 
relevant have been viewed in other studies as wild-type like (1). Nonetheless, this study shows that 
knowledge on the genetic background can give both treatment centres and families more realistic 
expectation about treatment outcomes and may also pave the way for patient-tailored treatment 
approaches.
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N ENGL J Med 2021 Oct 21;385(17):1581-1592. 

 doi: 10.1056/NEJMoa2103329. Epub 2021 Oct 6. 

Obesity-
Associated GNAS Mutations and 
the Melanocortin Pathway
Edson Mendes de Oliveira 1, Julia M Keogh 1, Fleur Talbot 1, Elana Henning 1, Rachel 
Ahmed 1, Aliki Perdikari 1, Rebecca Bounds 1, Natalia Wasiluk 1, Vikram Ayinampudi 1, Inês 
Barroso 1, Jacek Mokrosiński 1, Deepthi Jyothish 1, Sharon Lim 1, Sanjay Gupta 1, Melanie 
Kershaw 1, Cristina Matei 1, Praveen Partha 1, Tabitha Randell 1, Antoinette 
McAulay 1, Louise C Wilson 1, Tim Cheetham 1, Elizabeth C Crowne 1, Peter Clayton 1, I Sadaf 
Farooqi

  

•  DOI: 10.1056/NEJMoa2103329 

Background: GNAS encodes the Gαs (stimulatory G-protein alpha subunit) 
protein, which mediates G protein-coupled receptor (GPCR) 
signaling. GNAS mutations cause developmental delay, short stature, and 
skeletal abnormalities in a syndrome called Albright's hereditary 
osteodystrophy. Because of imprinting, mutations on the maternal allele also 
cause obesity and hormone resistance (pseudohypoparathyroidism). 

Methods: We performed exome sequencing and targeted resequencing in 
2548 children who presented with severe obesity, and we unexpectedly 
identified 22 GNAS mutation carriers. We investigated whether the effect 
of GNAS mutations on melanocortin 4 receptor (MC4R) signaling explains the 
obesity and whether the variable clinical spectrum in patients might be 
explained by the results of molecular assays. 

Results: Almost all GNAS mutations impaired MC4R signaling. A total of 6 of 
11 patients who were 12 to 18 years of age had reduced growth. In these 
patients, mutations disrupted growth hormone-releasing hormone receptor 
signaling, but growth was unaffected in carriers of mutations that did not 
affect this signaling pathway (mean standard-deviation score for height, -0.90 
vs. 0.75, respectively; P = 0.02). Only 1 of 10 patients who reached final height 
before or during the study had short stature. GNAS mutations that impaired 
thyrotropin receptor signaling were associated with developmental delay and 
with higher thyrotropin levels (mean [±SD], 8.4±4.7 mIU per liter) than those 

ΠΑΙΔΙΑΤΡΙΚΉ ΕΝΔΟΚΡΙΝΟΛΟΓΊΑ | ΜΑΡΊΑ ΚΑΡΑΝΤΖΆ

in 340 severely obese children who did not have GNAS mutations (3.9±2.6 
mIU per liter; P = 0.004). 

Conclusions: Because pathogenic mutations may manifest with obesity alone, 
screening of children with severe obesity for GNAS deficiency may allow early 
diagnosis, improving clinical outcomes, and melanocortin agonists may aid in 
weight loss. GNAS mutations that are identified by means of unbiased genetic 
testing differentially affect GPCR signaling pathways that contribute to clinical 
heterogeneity. Monogenic diseases are clinically more variable than their 
classic descriptions suggest. (Funded by Wellcome and others.) 

Adrenals
21. GWAS for autoimmune Addison’s disease identifies multiple 
risk loci and highlights AIRE in disease susceptibility
Eriksson D, Røyrvik EC, Aranda-Guille ́n M, Berger AH, Landegren N, Artaza H, Hallgren 
A ̊, Grytaas MA, Stro ̈m S, Bratland E, Botusan IR, Oftedal BE, Breivik L, Vaudel M, 
Helgeland Ø, Falorni A, Jørgensen AP, Hulting AL, Svartberg J, Ekwall O, Fougner 
KJ,Wahlberg J, Nedrebø BG, Dahlqvist P; Norwegian Addison Registry Study Group;
Swedish Addison Registry Study Group, Knappskog PM, Wolff ASB, Bensing S, Johansson 
S, Ka ̈mpe O, Husebye ES Nat Commun. 2021 Feb 11; 12(1):959.
https://pubmed.ncbi.nlm.nih.gov/33574239/

The authors report a genome-wide association study (GWAS) of autoimmune Addison’s 
disease (AAD) in 1223 cases (defined as autoimmune adrenal failure plus positive serum 
autoantibodies against 21-hydroxylase) and 4097 healthy controls. Patients with APS-1
were identified and excluded. They identified 9 genome-wide significant genomic loci and 
explained 35–41% of the additive genetic heritability of AAD. Autoimmune Addison’s 
disease (AAD) is the most common cause of primary adrenal failure in the Western world. It 
requires lifelong steroid hormone replacement therapy and is fatal if untreated. 
Autoimmunity is often apparent from the presence of other associated autoimmune 
diseases, and is confirmed by the presence of autoantibodies against the adrenal enzyme, 
21-hydroxylase. Besides the major risk locus at the HLA region, they identified risk variants 
in or near: PTPN22, CTLA4, LPP, BACH2, SH2B3, SIGLEC5, UBASH3A, and AIRE. Of 
these, in 5 loci an association has previously been described (PTPN22, CTLA4, HLA, AIRE, 
and BACH2), while 4 loci were novel (LPP, SH2B3, SIGLEC5, and UBASH3A). Of note, 
they found AAD associations with two LD-independent protein-coding variants in AIRE: one
novel (rs74203920) and one previously reported (rs2075876) . These associations underline 
the importance of AIRE expression to maintain immune tolerance. The authors offer the 
interesting example of Down syndrome, where AIRE gene duplication potentially leads to 
altered expression in the thymus (affecting homeostasis and function of thymic epithelial 
cells that affect thymic selection processes), impaired central tolerance and increased risks 
of autoimmune diseases. This study also identified risk loci in genes involved in antigen 
presentation and recognition, and hence in thymocyte maturation. The authors hypothesize 
that AAD with positive 21-hydroxylase antibodies has a rather homogenous disease etiology 
with relatively low polygenicity compared to other diseases, explaining at least in part the 
high heritability estimates. The study highlights the importance of the complex network of 
antigen presentation and immunomodulation that underlie autoimmune disease 
development. These findings underscore the importance of future studies in identifying and 
developing preventive treatment strategies.
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Oncology 

22. Health outcomes in offspring born to survivors of childhood 
cancers following assisted reproductive technologies.
Sommerha ̈user G, Borgmann-Staudt A, Astrahantseff K, Baust K, Calaminus G, Dittrich R, 
Ferna ́ndez-Gonza ́lez MJ, Ho ̈lling H, Ko ̈nig CJ, Schilling R, Schuster T, Lotz L, Balcerek 
M.anja.borgmann@charite.de J Cancer Surviv. 2021; 15: 259–272. 
https://pubmed.ncbi.nlm.nih.gov/32844376/

Long-term treatment effects are possible reasons for reduced fertility and adverse 
pregnancy outcomes in childhood cancer survivors (CCS) . This observational study reports 
perinatal and health outcomes of offspring born to CCS using assisted reproductive 
technologies (ART). CCS were almost 2-fold more likely to use ART compared to the 
general population (4.6% vs. 2.6%). Among offspring born to CCS, multiple sibling births 
and low birth weight were significantly more common following ART than after spontaneous 
conception. The high prevalence of multiple sibling births after ART in CCS was similar to 
the 34% reported in the general population. ART did not increase the prevalence of 
childhood cancer or congenital malformations in offspring born to CCS. A mildly increased 
prevalence of moderate preterm births (32 to 37 gestational weeks) in the offspring of CCS 
was detected. The differences in perinatal outcomes were completely explained by 
differences in multiple sibling birth and other known confounders. Patients included in this 
study were treated between 1980 and 1999, before the implementation of the guidelines for 
fertility preservation. Only few patients cryopreserved oocytes/sperm prior to cancer 
treatment. Most CCS (58.7%) were treated in the 1980s, with higher doses of radiation and 
alkylating agents than used now. These findings appear particularly reassuring for current 
patients treated with less toxic protocols. The results are also reassuring because only a 
mild increase of moderate preterm birth was demonstrated in survivor offspring and most 
medical consequences occur in severely preterm infants. In this study, the prevalence of 
childhood cancer and congenital malformations, whether conceived by ART or spontaneous 
conception, was not higher in CCS offspring than in the general population. A meta-analysis 
published in 2013, had reported a slightly elevated overall cancer risk in children born after 
ART. Fertility impairment and potential epigenetic defects in the gametes, rather than the 
ART procedure itself, were supposed to be the main predisposing factors (2). The study has 
some limitations. The recruitment based on previous surveys identifying CCS with biological 
children (required by the German Society for Pediatric Oncology and Hematology to reduce 
the study burden for survivors) potentially caused a selection bias. The questionnaire-based 
setting reduces data accuracy by recall bias. Moreover, factors as maternal age, body mass 
index, infections or other maternal diseases, which clearly influence pregnancy outcome 
and perinatal events, were not analyzed.

Diabetes

23. Analysis of overlapping genetic association in type 1 and type 2 
diabetes

Jamie RJ Inshaw, Carlo Sidore, Francesco Cucca, M Irina Stefana, Daniel JM Crouch, Mark I McCarthy, 
Anubha Mahajan, John A Todd Diabetologia. 2021 Jun;64(6):1342–1347. doi: 10.1007/s00125-021-
05428-0. https://pubmed.ncbi.nlm.nih.gov/33830302/

By studying data from very large-scale genome-wide association studies (GWAS) in European ancestry 
individuals, the authors compared genetic signals that confer risk of type 1 (T1DM) and type 2 diabetes 
(T2DM). Only 5 signals were associated with both T1DM and T2DM (‘colocalised signals’). At 4 of these 
signals, variants that increased risk of T1DM decreased the risk of T2DM: (1) chromosome 16q23.1, 
near the CTRB1/BCAR1 genes; (2) 11p15.5, near Insulin and IGF2; (3) 4p16.3, near TMEM129 and (4) 
1p31.3, near PGM1. Only one signal showed directionally concordant effects, increasing the risks of 
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both T1DM and T2DM: 9p24.2, near GLIS3. It is remarkable that, despite the knowledge of w60 
genomic regions associated with T1DM and O200 associated with T2DM, there is so little overlap in the 
genetic risk factors for these two forms of diabetes. Some have hoped that established treatments for 
T2DM (e.g. metformin) might also have obvious benefits for patients with T1DM. It was even 
hypothesised that both forms of diabetes shared a common genetic make-up but were exposed to 
different in utero and postnatal environments. With that in mind, it seems even more striking that, of the 
handful of cases of genetic overlap identified, most of the risk variants have directionally opposing 
effects on T1DM and T2DM. These findings suggest that biological studies of one condition could still 
shed some insights onto the other. However and unfortunately, the findings cast doubt on the 
effectiveness of developing common treatments that would benefit both diseases.
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Abstract 

Context: The effects of polycystic ovary syndrome (PCOS) on cardiovascular morbidity 
and mortality are unclear.
Objective: This work aims to establish the relative risk of myocardial infarction (MI), 
stroke, angina, revascularization, and cardiovascular mortality for women with PCOS.
Methods: Data were extracted from the Clinical Practice Research Datalink Aurum 
database. Patients with PCOS were matched to controls (1:1) by age, body mass index 
(BMI) category, and primary care practice. The primary outcome was the time to major 
adverse cardiovascular event (MACE); a composite end point incorporating MI, stroke, 
angina, revascularization and cardiovascular mortality. Secondary outcomes were the 
individual MACE end points.
Results: Of 219 034 individuals with a diagnosis of PCOS, 174 660 (79.7%) met the 
eligibility criteria and were matched. Crude rates of the composite end point, MI, stroke, 
angina, revascularization, and cardiovascular mortality were respectively 82.7, 22.7, 27.4, 
32.8, 10.5, and 6.97 per 100 000 patient-years for cases, and 64.3, 15.9, 25.7, 19.8, 7.13, 
and 7.75 per 100 000 patient-years for controls. In adjusted Cox proportional hazard 
models (CPHMs), the hazard ratios (HRs) were 1.26 (95% CI, 1.13-1.41), 1.38 (95% CI, 1.11-
1.72), 1.60 (95% CI, 1.32-1.94), and 1.50 (95% CI, 1.08-2.07) for the composite outcome, 
MI, angina, and revascularization, respectively. In a time-dependent CPHM, weight gain 
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(HR 1.01; 1.00-1.01), prior type 2 diabetes mellitus (T2DM) (HR 2.40; 1.76-3.30), and social 
deprivation (HR 1.53; 1.11-2.11) increased risk of progression to the composite end point.
Conclusion: The risk of incident MI, angina, and revascularization is increased in young 
women with PCOS. Weight and T2DM are potentially modifiable risk factors amenable to 
intervention.

Key Words: polycystic ovary syndrome, cardiovascular diseases, mortality, angina, myocardial infarction, stroke

Polycystic ovary syndrome (PCOS), the most common 
endocrine condition affecting young women, is charac-
terized by hyperandrogenism, menstrual disturbance, and 
subfertility. In addition to its well-recognized reproductive 
sequelae, PCOS is now established as a metabolic disorder 
underpinned by defects in insulin secretion and action. We 
and others have confirmed that these lead to an increased 
risk of type 2 diabetes mellitus (T2DM) (1).

In addition to insulin resistance, women with PCOS dis-
play a range of metabolic and vascular risk factors, including 
central obesity (2), hypertension (3), and dyslipidemia (4), 
which are commonly present at a young age. Studies have 
shown that surrogate markers of cardiovascular risk are 
increased in patients with PCOS, including carotid intima 
media thickness (5), endothelial dysfunction (6), coronary 
artery calcification (7), and arterial stiffness (8). However, 
whether these disturbances lead to an increased risk of vas-
cular events and mortality is still unknown. A substudy of 
the Women’s Ischemia Evaluation Study demonstrated that 
women with PCOS had a higher prevalence of multivessel 
cardiovascular disease (CVD), and significantly lower car-
diovascular event-free survival, than controls (9), results 
that were later retracted because of a failure to replicate 
these findings (10) but that have been included in previous 
meta-analyses (11, 12). Other population-based studies 
have been limited by comparatively small sample sizes 
and/or a failure to adjust for important confounders such 
as obesity (13-20). We (1) and others (21, 22) have pre-
viously failed to show an increased risk of cardiovascular 
events in women with PCOS, although these studies were 
likely underpowered because the crude incidence of cardio-
vascular and cerebrovascular events in this young female 
population is low. Longer-term population-based studies 
with a large sample size are therefore needed to clarify 
these risks further.

To address these uncertainties, we reexplored vascular 
outcomes in women with PCOS in a large primary care 
research database in the United Kingdom, with a view to 
exploiting the greater power offered by recent extension 
of this data set to provide coverage of the population on a 
much larger scale.

Materials and Methods

This was a retrospective cohort study using primary care 
data from the Clinical Practice Research Datalink (CPRD) 
Aurum database, a longitudinal, anonymized research data-
base derived from 883 primary care practices in England. 
CPRD Aurum contains records for more than 28 million 
patients and is representative of the English population 
in terms of age, sex, and deprivation (23). Approximately 
70% of practices participate in a linkage scheme, by which 
their patient records are linked to other data sources, 
including the Hospital Episode Statistics (HES) data set, 
which provides data on all inpatient and outpatient con-
tacts occurring within National Health Service hospitals in 
the United Kingdom, and the Office for National Statistics 
(ONS) mortality data set. HES and ONS data are available 
for patients participating in the linkage scheme outside the 
period of primary care registration.

Diagnostic information in CPRD Aurum is recorded 
using a combination of SNOMED CT (UK Edition) and 
Read code classification, a UK primary-care practice 
standard. Diagnoses in HES and ONS data are recorded 
using the 10th revision of the International Statistical 
Classification of Diseases and Related Health Problems 
classification (ICD-10). Surgical procedures in HES are re-
corded using the OPCS Classification of Interventions and 
Procedures version 4 (OPCS-4) classification.

Patient Selection and Matching of Controls

The study was undertaken using data from CPRD Aurum 
and linked HES and ONS mortality data sets. This study 
included patients identified by CPRD as being of an accept-
able research quality (23), who were identified by diagnosis 
codes both from CPRD Aurum and HES, and who were 
eligible for linkage to the secondary care data. Patients 
with a diagnosis of PCOS, recorded in the primary-care 
data set using SNOMED codes and from HES by ICD-
10 code E0.28.2, from 1998 to 2017 were selected. The 
earliest diagnosis date was selected as the index date and 
only women aged 18 years or older were included.
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Abstract 

Context: Glucagon-like peptide-1 receptor agonists and sodium-glucose cotransporter-2 
inhibitors reduce weight and improve insulin sensitivity via different mechanisms.
Objective: The efficacy of once-weekly exenatide (EQW) and dapagliflozin (DAPA) alone 
and coadministered (EQW/DAPA), DAPA/extended-release (ER) metformin (DAPA/MET), 
and phentermine topiramate extended release (PHEN/TPM) on metabolic parameters, 
body composition, and sex hormones were examined in obese women with PCOS.
Methods: Nondiabetic women (n = 119; aged 18-45 years) with a body mass index (BMI) 
greater than 30 and less than 45 and polycystic ovary syndrome (National Institutes 
of Health criteria) were randomly assigned in a single-blinded fashion to EQW (2 mg 
weekly); DAPA (10 mg daily), EQW/DAPA (2 mg weekly/10 mg daily), DAPA (10 mg)/MET 
(2000 mg XR daily), or PHEN (7.5 mg)/TPM (46 mg ER daily) treatment for 24 weeks. 
Study visits at baseline and 24 weeks included weight, blood pressure (BP), waist (WC) 
measures, and body composition evaluated by dual-energy x-ray absorptiometry (DXA). 
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Oral glucose tolerance tests were conducted to assess glycemia and mean blood glucose 
(MBG), and compute insulin sensitivity (SI) and secretion (IS) measures. Sex steroids, 
free androgen index (FAI), and lipid profiles were measured in the fasting sample.
Results: EQW/DAPA and PHEN/TPM resulted in the most loss of weight and total body 
fat by DXA, and WC. Despite equivalent reductions in BMI and WC with PHEN/TPM, only 
EQW/DAPA and EQW resulted in significant improvements in MBG, SI, and IS. Reductions 
in fasting glucose, testosterone, FAI, and BP were seen with all drugs.
Conclusion: Dual therapy with EQW/DAPA was superior to either alone, DAPA/MET and 
PHEN/TPM in terms of clinical and metabolic benefits in this patient population.

Key Words: SGLT2 inhibitor, GLP1 agonist, obesity, weight loss, insulin resistance, PCOS

Polycystic ovary syndrome (PCOS) is one of the most 
common gynecological disorders, and it arises from multi-
factorial contributions including genetic, epigenetic, and 
environmental factors (1-3). The growing body of evi-
dence linking PCOS to an inherited resistance to insulin 
action, aggravated by lifestyle problems such as obesity, 
poor diet, and physical inactivity has led to trials of dia-
betic therapies in patients with PCOS (4-6). Currently, a 
number of antidiabetes medications have been approved 
that facilitate weight loss and improve the underlying in-
sulin resistance. Glucagon-like peptide-1 (GLP-1) agonists 
(GLP-1RAs) comprise a novel class of antidiabetic medica-
tions with multiple beneficial metabolic effects, including 
glucose-dependent stimulation of insulin secretion (IS), 
suppression of postprandial glucagon, inhibition of glu-
cose production, enhanced glucose disposal, and slowing 
of gastric emptying in patients with type 2 diabetes mel-
litus (T2DM) (7). In addition to improving glucose toler-
ance, this class of drugs enhances satiety and weight loss. 
There are a limited number of studies that have evaluated 
the effect of GLP-1RAs in individuals without diabetes. In 
a 160-week study, 2254 prediabetic participants were ran-
domly assigned to receive the GLP-1RA liraglutide vs pla-
cebo; liraglutide induced greater weight loss than placebo at 
week 160 (–6% vs −1.9%) in individuals with prediabetes 
(8). Clinical trials of GLP-1RA therapy in the treatment of 
excess body weight (BW) in women with PCOS showed 
that both liraglutide and exenatide were effective in weight 
reduction either as monotherapy or in combination with 
metformin (MET) (9, 10). Elkind-Hirsch et al further dem-
onstrated that exenatide treatment significantly improved 
first-phase insulin responses to oral glucose administration 
in obese PCOS women (10). However, while GLP-1RAs 
have been associated with moderate weight loss, their use 
is limited by the need for administration by injection and 
gastrointestinal side effects.

Another newly approved class of glucose-lowering 
medications, sodium–glucose cotransporter 2 inhibitors 

(SGLT2i) afford modest weight loss. These agents can be 
administered orally and increase glycosuria, which also 
produces an osmotic diuresis that, in part, contributes to 
blood pressure (BP) reduction and calorie loss leading to 
weight loss. These drugs have been shown to be effective 
when used as monotherapy and as add-on therapy to 
other diabetes medications (12). Studies of these agents 
in the prediabetic population have been quite limited. 
A  12-week, randomized, controlled trial was performed 
with dapagliflozin (DAPA) at a dose of 10 mg daily in 24 
individuals with metabolic syndrome that demonstrated 
significant decreases in BW, body mass index (BMI), waist 
circumference (WC), fasting glucose, and uric acid (13). In 
another study of obese adults without diabetes, DAPA plus 
once-weekly exenatide (EQW) dual therapy produced sus-
tained reductions in BW, prediabetes, and systolic blood 
pressure (SBP) over 52 weeks (14). Studies of these drugs 
in PCOS patients are also limited. In a recent trial there 
was improvement in anthropometric parameters and body 
composition in overweight and obese women with PCOS 
after 12 weeks of treatment with the SGLT2i empagliflozin 
compared to MET, although no changes were seen in hor-
monal or metabolic parameters (15). An advantage of the 
SGLT2i over existing treatments is the weight loss seen 
with SGLT2i is similar to that seen with GLP-1RAs, and 
may be more acceptable because they are oral agents.

In the present study we measured the effects of 24 weeks 
of treatment with EQW once-weekly and DAPA (dual 
therapy or each alone), combination DAPA/MET extended 
release (XR) (DAPA/MET), and phentermine topiramate 
XR (PHEN/TPM) on metabolic profiles and body compos-
ition in obese, nondiabetic women with PCOS. The poten-
tial therapeutic effects of EQW/DAPA, EQW, DAPA, and 
DAPA/MET have never been evaluated in the subpopulation 
of obese nondiabetic women with PCOS. This is the first re-
port comparing the efficacy of a GLP-1RA and SGLT2i, in 
combination and alone, SGLT2i plus MET vs a comparator 
weight loss medication in this patient population.
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Polycystic Ovary Syndrome and Risk of Type 2 Diabetes,
Coronary Heart Disease, and Stroke
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Polycystic ovary syndrome (PCOS) has been associated
with diabetes and cardiovascular disease; however,
whether the relationship is causal is uncertain. We con-
ducted a two-sample Mendelian randomization study to
investigate the associations of PCOS with type 2 diabe-
tes, coronary heart disease (CHD), and stroke. Associ-
ation between PCOS and diabetes risk was examined in
European and Asian cohorts, both sex specific and sex
combined. Causal effects of PCOS on risks of CHD and
stroke were evaluated in European cohorts. Stroke was
analyzed as any stroke as well as four subtypes of stroke
(ischemic, large artery, cardioembolic, small vessel). We
found no association of genetically predicted PCOS with
risk of diabetes, CHD, or stroke. This suggests that PCOS
in and of itself does not increase the risk of these out-
comes. Other features of PCOS (obesity, elevated tes-
tosterone, low sex hormone binding globulin) may
explain the association between PCOS and cardiometa-
bolic diseases. In light of these results, efforts to prevent
cardiometabolic complications in PCOS should focus on
women with high-risk features rather than all women
with PCOS.

Polycystic ovary syndrome (PCOS) is one of the most
common endocrinopathies in women of reproductive age.
PCOS has been associated with significant adverse health
conditions including obesity, diabetes, dyslipidemia, car-
diovascular disease (CVD), sleep apnea, depression, and
nonalcoholic fatty liver disease. A key question is whether
these associations represent causal relationships. Such
knowledge is critical to efforts to prevent morbidity in
women with PCOS. The fact that PCOS is a syndrome
with multiple features complicates efforts to establish
causality between PCOS and adverse outcomes because

individual features may contribute differentially to
outcomes.

Observational epidemiologic studies do not establish
causality because the relationship between two conditions
may be driven by confounding factors or reverse causality.
To avoid these pitfalls, investigators have used genetics to
address questions of causality. In Mendelian randomiza-
tion (MR), a risk factor or exposure is represented by
genetic variants for that factor, which are then used in
instrument variable analysis to yield unconfounded evi-
dence to support causality of the exposure with an out-
come of interest. Completion of genome-wide association
studies (GWAS) of PCOS in Asian and European origin
cohorts (1–5) has made MR possible for analysis of the
relationship between PCOS and various traits and diseases.
Recent MR studies suggested that obesity, age of meno-
pause, insulin resistance/hyperinsulinemia, sex hormone
binding globulin (SHBG) levels, and depression may be
causal risk factors for PCOS (2,3).

A major focus in PCOS concerns its relationship with
cardiometabolic diseases. Experts in the field generally
agree that PCOS is a risk factor for type 2 diabetes, largely
based on a substantial literature documenting that insulin
resistance is frequent in women with PCOS. While obese
women with PCOS consistently have greater insulin re-
sistance than BMI-matched control subjects, some studies
but not others find that this is also the case for nonobese
PCOS (6,7). Ameta-analysis of euglycemic-hyperinsulinemic
clamp studies concluded that women with PCOS are nearly
30% less insulin sensitive than control subjects, indepen-
dent of BMI but exacerbated by higher BMI and lower
SHBG (8). Several observational studies have found higher
rates of diabetes in women with PCOS versus unaffected
control subjects. A meta-analysis of these studies found
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increased prevalent impaired glucose tolerance (odds ratio
[OR] 3.26, 95% CI 2.17–4.90) and diabetes (OR 2.87, 95%
CI 1.44–5.72) in women with PCOS (9). Whether PCOS
also predisposes to coronary heart disease (CHD) and
stroke is less certain, given the lack of large long-term
studies following women with PCOS into older age, during
which CVD events mainly occur. Meta-analyses of available
case-control and cohort studies suggest that PCOS may
increase the risk of CHD (OR 1.44, 95% CI 1.13–1.84) and
stroke (OR 1.36, 95% CI 1.09–1.70), though risk estimates
decrease with adjustment for BMI (10,11). Given the high
clinical relevance of these questions, we carried out two-
sample MR analyses to determine whether genetically
increased risk of PCOS leads to an increased risk of type
2 diabetes, CHD, or stroke.

RESEARCH DESIGN AND METHODS

Instrumental Variables (Genetic Variants Associated
With PCOS)
In a GWAS meta-analysis of PCOS consisting of 10,074
PCOS case and 103,164 control subjects of European
ancestry, 14 independent single nucleotide polymorphisms
(SNPs) were reported to be associated with PCOS risk at
the genome-wide significance level (P, 5 3 1028) (2). Of
the 14 SNPs, all were included to construct the genetic
instrument for PCOS except SNP rs853854, because it is
a palindromic SNP (A/T) with an effect allele frequency
close to 50% (12). We included another independent SNP
(rs2349415), which was initially identified in Chinese
PCOS GWAS (4) and was significantly associated with
PCOS in the European PCOS meta-analysis (2). There-
fore, 14 SNPs in total were included in our instrument
for PCOS in Europeans (Table 1).

SNPs associated with PCOS in Asians were selected
from two PCOS GWAS conducted in cohorts of Han
Chinese ancestry (1,4). The GWAS by Chen et al. (1)
consisted of 4,082 PCOS case and 6,687 control subjects
and identified three independent SNPs strongly associ-
ated with PCOS. The GWAS of Shi et al. (4) including
10,480 case and 10,579 control subjects discovered 10
novel PCOS–associated SNPs. In total, 13 independent
SNPs were used as instrumental variables for PCOS in
Asians (Table 2).

We applied the F statistic to measure the strength of
the instrument variables, with values .10 reflecting
strong instruments (13). The 14-SNP instrument for
PCOS in Europeans had an F statistic of 39.5, and the
13-SNP instrument for PCOS in Asians had an F statistic
of 66.6.

Outcome Data Sources (GWAS of Diabetes, CHD, and
Stroke)
Summary-level data, both sex combined and sex stratified,
for type 2 diabetes GWAS in Europeans were obtained
from the DIAbetes Meta-ANalysis of Trans-Ethnic associ-
ation studies (DIAMANTE) consortium, which included
74,124 case and 824,006 control subjects of European

ancestry (14). We obtained GWAS summary data on type
2 diabetes in Asians from the Asian Genetic Epidemiol-
ogy Network (AGEN) consortium with 77,418 case and
356,122 control subjects of East Asian ancestry (15).

Genetic association data on CHD were acquired from
the CHD GWAS meta-analysis of the UK Biobank (UKBB)
with the Coronary ARtery DIsease Genome wide Replica-
tion and Meta-analysis (CARDIoGRAM) plus the Coronary
Artery Disease (C4D) Genetics (CARDIoGRAMplusC4D)
consortium, which encompassed 34,541 CHD case and
261,984 control subjects from UKBB and 88,192 case and
162,544 control subjects from CARDIoGRAMplusC4D, of
whom ;90% were of European origin (16).

Summary statistics on stroke and stroke subtypes used
in the current study were from the MEGASTROKE con-
sortium including 40,585 case and 406,111 control sub-
jects of European ancestry (17). We evaluated five sets of
stroke subtypes, including any stroke, any ischemic stroke,
large artery stroke, cardioembolic stroke, and small vessel
stroke. Details of the studies included in our analysis are
shown in Table 3.

Statistical Analysis
Associations of PCOS with risks of CHD and stroke were
examined in European cohorts only. Association of PCOS
with diabetes risk was evaluated in both European and
Asian cohorts, both sex stratified and sex combined. MR
analyses in Europeans were conducted with the 14-SNP
instrument for PCOS in Europeans, while MR analyses in
Asians were carried out with the 13-SNP instrument for
PCOS in Asians.

Primary MR analyses were conducted with the inverse
variance weighted (IVW) method with random effects
(18). For each SNP, the ratio estimate of the causal effect
of an exposure (herein, PCOS) on an outcome is the ratio
of the effect of the SNP on the outcome over the effect of
the SNP on the exposure. In IVW, the overall estimate is
generated via IVW meta-analysis of the ratio estimates
of all variants in the set of instrument variables. Given
that the IVW method may be affected by directional
pleiotropy (where a genetic variant affects the outcome
through a pathway other than the exposure), we per-
formed sensitivity analyses using MR-Egger (19) and
weighted median methods (20) to check for robustness
of the estimates from the IVW method. MR-Egger can
detect and correct for the bias due to directional pleio-
tropy because it allows a nonzero intercept and pro-
vides a consistent estimate of the causal effect under
the InSIDE (Instrument Strength Independent of Direct
Effect) assumption (the genetic associations with the
exposure are independent of the direct effects of the
genetic variants on the outcome) (19). The weighted
median approach can provide a consistent causal effect
estimate as long as at least 50% of the information
contributing to the analysis comes from valid instru-
mental variables (20). Furthermore, we tested the het-
erogeneity of the causal estimates using Cochran Q test
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Anti-Müllerian Hormone in PCOS: A Review
Informing International Guidelines

Helena Teede,1,* Marie Misso,1 Eliza C. Tassone,1 Didier Dewailly,2 Ernest Hy Ng,3 Ricardo Azziz,4

Robert J. Norman,5 Marianne Andersen,6 Stephen Franks,7 Kathleen Hoeger,8 Samantha Hutchison,9

Sharon Oberfield,10 Duru Shah,11 Femke Hohmann,12 Sasha Ottey,13 Preeti Dabadghao,14 and
Joop S.E. Laven15

Polycystic ovary syndrome (PCOS) affects 8–13% of women. The Rotterdam di-
agnostic criteria include polycystic ovarian morphology (PCOM) on ultrasound,
but given recognized challenges, serum anti-Müllerian hormone (AMH) is pro-
posed as an alternative. To inform international PCOS guidelines, a systematic
review was completed. Key identified gaps include large international studies
in well-defined populations across the lifespan, clustering of AMH with PCOS
features, relationships to long-term health outcomes, and improved quality,
assay standardization, and sample handling, all needed to determine cut offs.
Here we identify research priorities to address these gaps and enhance AMH
utility in PCOS. Once issues are addressed, AMH levels could replace more
costly and less accessible ultrasound in PCOS diagnosis.

Challenges in Ultrasound PCOM Detection
PCOS is the most common endocrine disorder affecting women of reproductive age, with a re-
ported prevalence of 8–13% [1–5]. The condition is heterogeneous [6] and women may present
with reproductive, endocrine, metabolic, and psychosocial symptoms, which vary across their
lifespan [7]. The Rotterdam criteria require that women fulfil two of the following three criteria to
be diagnosed with PCOS: oligo- or anovulation, clinical and/or biochemical signs of
hyperandrogenism, and/or polycystic ovaries on ultrasound [8–10], with the exclusion of other
relevant disorders.

Within the diagnostic criteria, PCOM on ultrasonography is defined by either total ovarian volume
or follicle number per ovary (FNPO). Original cut offs for PCOM were based on limited evidence
[11] and were recently revised in the new international PCOS guidelines, while also highlighting
the controversy and challenges with this criterion [1–4]. Determining FNPO is operator and equip-
ment dependent, limiting accuracy and reproducibility. Equipment advances increase sensitivity
and in turn FNPO counts [1–4]. Ultrasound involves expensive equipment and trained personnel,
leading to increasing costs and impacting accessibility. The ultrasound approach
(transabdominal or transvaginal) impacts accuracy, and in some women transvaginal ultrasound
is unacceptable or may be perceived as invasive. Multifollicular appearance on ultrasound over-
laps with PCOM diagnostic cut offs especially in adolescents, while in older women with PCOS
cut-off values might be considerably lower [11]. Recent international PCOS guidelines now rec-
ommend against using ultrasound in PCOS diagnosis within 8 years of menarche and call for
greater accuracy in PCOS diagnostic criteria worldwide [1–4].

AMH as a Potential Alternative to Ultrasound PCOM Detection
AMH is a polypeptide of the transforming growth factor beta (TGFβ) family, solely secreted by
granulosa cells of the pre-antral and small antral ovarian follicles [12]. AMH has been shown in
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Abstract: SARS-CoV-2, the causative agent of COVID-19, infects host cells using the angiotensin I
converting enzyme 2 (ACE2) as its receptor after priming by host proteases, including TMPRSS2.
COVID-19 affects multiple organ systems, and male patients suffer increased severity and mortality.
Polycystic Ovary Syndrome (PCOS) is the most common endocrine disorder in reproductive-age
women and is characterized by hyperandrogenism, ovulatory dysfunction, and polycystic ovarian
morphology. PCOS is associated with obesity and cardiometabolic comorbidities, both being risk
factors associated with severe COVID-19 pathology. We hypothesize that elevated androgens in
PCOS regulate SARS-CoV-2 entry proteins in multiple tissues increasing the risk for this population.
Female mice were treated with dihydrotestosterone (DHT) for 90 days. Body composition was
measured by EchoMRI. Fasting glucose was determined by an enzymatic method. mRNA and
protein levels of ACE2, Tmprss2, Cathepsin L, Furin, Tmprss4, and Adam17 were quantified by
RT-qPCR, Western-blot, or ELISA in tissues, serum, and urine. DHT treatment increased body weight,
fat and lean mass, and fasting glucose. Ace2 mRNA was upregulated in the lung, cecum, heart,
and kidney, while downregulated in the brain by DHT. ACE2 protein was upregulated by DHT in
the small intestine, heart, and kidney. The SARS-CoV-2 priming proteases Tmprss2, Cathepsin L,
and Furin mRNA were upregulated by DHT in the kidney. ACE2 sheddase Adam17 mRNA was
upregulated by DHT in the kidney, which corresponded with increased urinary ACE2 in DHT treated
mice. Our results highlight the potential for increased cardiac, renal, and gastrointestinal dysfunction
in PCOS women with COVID-19.

Keywords: SARS-CoV-2; COVID-19; Polycystic Ovary Syndrome; androgens; angiotensin I convert-
ing enzyme 2; androgen receptor

1. Introduction

The continuing COVID-2019 pandemic, caused by the Severe Acute Respiratory Syn-
drome Coronavirus 2 (SARS-CoV-2), was declared a public health emergency by the World
Health Organization in January 2020. The SARS-CoV-2 virus has caused a global pandemic
reaching over 215 countries and led to over 110 million cases. Until the most recent SARS-
CoV-2 emergence, only two human coronaviruses had emerged in recent years. The 2002
SARS-CoV, which shares a 76% amino acid sequence homology to SARS-CoV-2, had a
10% case fatality rate and originated in China. Secondly, 2012 Middle East Respiratory
Syndrome Coronavirus (MERS-CoV) had a case-fatality rate of 35% and originated from the
Middle East [1]. Most known human betacoronaviruses primarily infect the nasopharynx,
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PCOS and COVID-19 risk
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Abstract

Objective: Several recent observational studies have linked metabolic comorbidities to an increased risk from COVID-
19. Here we investigated whether women with PCOS are at an increased risk of COVID-19 infection.
Design: Population-based closed cohort study between 31 January 2020 and 22 July 2020 in the setting of a UK primary 
care database (The Health Improvement Network, THIN).
Methods: The main outcome was the incidence of COVID-19 coded as suspected or confirmed by the primary care 
provider. We used Cox proportional hazards regression model with stepwise inclusion of explanatory variables 
(age, BMI, impaired glucose regulation, androgen excess, anovulation, vitamin D deficiency, hypertension, and 
cardiovascular disease) to provide unadjusted and adjusted hazard risks (HR) of COVID-19 infection among women 
with PCOS compared to women without PCOS.
Results: We identified 21 292 women with a coded diagnosis of PCO/PCOS and randomly selected 78 310 aged and 
general practice matched control women. The crude COVID-19 incidence was 18.1 and 11.9 per 1000 person-years 
among women with and without PCOS, respectively. Age-adjusted Cox regression analysis suggested a 51% higher risk 
of COVID-19 among women with PCOS compared to women without PCOS (HR: 1.51 (95% CI: 1.27–1.80), P < 0.001). 
After adjusting for age and BMI, HR reduced to 1.36 (1.14–1.63)], P = 0.001. In the fully adjusted model, women with 
PCOS had a 28% increased risk of COVID-19 (aHR: 1.28 (1.05–1.56), P = 0.015).
Conclusion: Women with PCOS are at an increased risk of COVID-19 infection and should be specifically encouraged to 
adhere to infection control measures during the COVID-19 pandemic.
Significance statement: Women with polycystic ovary syndrome (PCOS) have an increased risk of cardio-metabolic 
disease, which have been identified as a risk factor for COVID-19. To investigate whether the increased metabolic 
risk in PCOS translates into an increased risk of COVID-19 infection, we carried out a population-based closed cohort 
study in the UK during its first wave of the SARS-CoV-2 pandemic (January to July 2020), including 21 292 women with 
PCOS and 78 310 controls matched for sex, age and general practice location. Results revealed a 52% increased risk of 
COVID-19 infection in women with PCOS, which remained increased at 28% above controls after adjustment for age, 
BMI, impaired glucose regulation and other explanatory variables.
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STUDY QUESTION: Are children of mothers with polycystic ovary syndrome (PCOS) or anovulatory infertility at increased risks of obe-
sity or diabetes?

SUMMARY ANSWER: Maternal PCOS/anovulatory infertility is associated with an increased risk of offspring obesity from early age and
diabetes in female offspring from late adolescence.

WHAT IS KNOWN ALREADY: Women with PCOS often have comorbid metabolic disorders such as obesity and diabetes, and chil-
dren of mothers with PCOS have an increased risk of subtle signs of cardiometabolic alterations.

STUDY DESIGN, SIZE, DURATION: This was a nationwide cohort study of all live births (n¼ 1 105 997) during 1996–2014 in
Finland, excluding those with maternal diagnoses sharing signs and symptoms with PCOS (n¼ 8244). A total of 1 097 753 births were in-
cluded and followed up until 31 December 2018.

PARTICIPANTS/MATERIALS, SETTING, METHODS: National registries were linked to identify births with maternal PCOS or
anovulatory infertility (n¼ 24 682). The primary outcomes were diagnoses of obesity (ICD-10: E65, E66) and diabetes (ICD-10: E10–E14)
in offspring recorded in the Finnish Care Register for Health Care. Cox proportional hazards regression was modeled to analyze the risk
of offspring obesity and diabetes in relation to prenatal exposure to maternal PCOS/anovulatory infertility. Differently adjusted models
and stratified analyses were used to assess whether the risk was modified by maternal obesity or diabetes diagnoses, pre-pregnancy BMI,
fertility treatment or perinatal problems.

MAIN RESULTS AND THE ROLE OF CHANCE: Exposure to maternal PCOS/anovulatory infertility was associated with a higher
cumulative incidence of obesity in the children (exposed: 1.83%; 95% CI 1.66–2.00% vs unexposed: 1.24%; 95% CI 1.22–1.26%).
Accounting for birth factors and maternal characteristics such as obesity and diabetes diagnoses, the hazard ratio (HR) for obesity was in-
creased in offspring below 9 years of age (HR 1.58; 95% CI 1.30–1.81), and in those 10–16 years of age (HR 1.37; 95% CI 1.19–1.57), but
not in those aged 17–22 years (HR 1.24; 95% CI 0.73–2.11). Sex-stratified analyses revealed similar risk estimates for boys (HR 1.48; 95%
CI 1.31–1.68) and girls (HR 1.45; 95% CI 1.26–1.68). Notably, the joint effect of PCOS/anovulatory infertility and BMI-based pre-preg-
nancy obesity on offspring obesity (HR 8.89; 95% CI 7.06–11.20) was larger than that of either PCOS/anovulatory infertility or obesity
alone. Furthermore, PCOS/anovulatory infertility was associated with offspring obesity in children without perinatal problems (HR 1.27;
95% CI 1.17–1.39), with larger effect size for maternal PCOS/anovulatory infertility and joint perinatal problems (HR 1.61; 95% CI 1.35–

VC The Author(s) 2021. Published by Oxford University Press on behalf of European Society of Human Reproduction and Embryology.
This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0/), which
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1.91). However, the risk estimates were comparable between maternal PCOS/anovulatory infertility with (HR 1.54; 95% CI 1.17–2.03)
and without fertility treatment (HR 1.46; 95% CI 1.32–1.61). For offspring diabetes, the HR was increased only between 17 and 22 years
of age (HR 2.06; 95% CI 1.23–3.46), and specifically for Type 1 diabetes in females (HR 3.23; 95% CI 1.41–7.40).

LIMITATIONS, REASONS FOR CAUTION: The prevalence of PCOS/anovulatory infertility in this study was 2.2%, lower than that
reported in previous studies. In addition, the incidence of obesity in offspring was lower than that reported in studies based on measured
or self-reported weight and height and may include mainly moderate and severe obesity cases who needed and/or actively sought medical
care. Moreover, mothers with PCOS/anovulatory infertility were identified based on ICD codes, with no information on PCOS
phenotypes. Furthermore, maternal pre-pregnancy BMI was available only from 2004. The PCOS/anovulatory infertility association with
female offspring diabetes was based on only a few cases. Mothers’ weight gain during pregnancy, use of fertility treatment other than
fresh or frozen IVF/ICSI, offspring lifestyle, as well as fathers’ age, medical disorders or medication prescriptions were not available for
this study.

WIDER IMPLICATIONS OF THE FINDINGS: These findings support that prenatal PCOS/anovulatory infertility exposure influences
metabolic health in the offspring from early age.

STUDY FUNDING/COMPETING INTEREST(S): This study was supported by Shandong Provincial Natural Science Foundation,
China [ZR2020MH064 to X.C.], Shandong Province Medical and Health Technology Development Plan [2018WS338 to X.C.], the joint
research funding of Shandong University and Karolinska Institute [SDU-KI-2019-08 to X.C. and C.L.], the Finnish Institute for Health and
Welfare: Drug and Pregnancy Project [M.G.], the Swedish Research Council [2014-10171 to C.L.], the regional agreement on medical
training and clinical research (ALF) between Stockholm County Council and Karolinska Institute Stockholm County Council [SLL20170292
and SLL20190589 to C.L.], the Swedish Brain Foundation [FO2018-0141 and FO2019-0201 to C.L.]. X.C. received grants from the China
Scholarship Council at the beginning of the study. The authors have no competing interests to disclose.
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Introduction
Polycystic ovary syndrome (PCOS) is a common endocrine-metabolic
disorder in reproductive-aged women, characterized by oligoovula-
tion/anovulation, clinical or biochemical hyperandrogenism, and poly-
cystic ovaries. Though women with PCOS have children as often as
women without PCOS (Joham et al., 2014), the affected women are
more likely to face fertility problems and to seek help from ART. In
addition, mothers with PCOS more often have pregnancy complica-
tions and less favorable pregnancy outcomes (Palomba et al., 2015;
Escobar-Morreale, 2018; Bahri Khomami et al., 2019). Furthermore,
PCOS is featured by a range of metabolic dysfunctions, such as obesity
and Type 2 diabetes (Teede et al., 2018).
PCOS status, associated comorbidities and pregnancy complications,

provide a suboptimal intrauterine environment for the fetus. Together
with genetic predisposition, and in consistence with the Barker hypoth-
esis (Hales and Barker, 2001), PCOS may have implications for meta-
bolic health in offspring. A meta-analysis observed subtle signs of
altered cardiometabolic health such as increased insulin resistance
and HDL-cholesterol concentrations in PCOS-exposed offspring aged
2–17 years old (Gunning et al., 2020). In addition, cohort studies have
revealed higher post-stimulated insulin levels or hyperinsulinism in
PCOS-exposed daughters, present around puberty and persisting dur-
ing postmenarchal period (Sir-Petermann et al., 2007; Kent et al.,
2008; Sir-Petermann et al., 2009; Crisosto et al., 2019). In male chil-
dren with PCOS exposure, heavier weight from infancy to adulthood,
and altered lipid metabolism during puberty have been reported
(Recabarren et al., 2008; Crisosto et al., 2017). Recently, a cohort
study found increased risks of PCOS diagnosis in daughters with ma-
ternal PCOS (Risal et al., 2019), but whether offspring with maternal
PCOS are more likely to develop metabolic diseases such as obesity

and diabetes remains unknown. In the general population, perinatal
problems including preterm birth, large or small for gestational age
(SGA) have been well established as risk factors for metabolic health
(Mericq et al., 2017). Also, it was recently reported that children born
after fertility treatment were at increased risk of metabolic dysfunc-
tions (Cui et al., 2020). Whether a putative association of maternal
PCOS with offspring obesity and/or diabetes would be modified by
perinatal problems and fertility treatment, or not, is unknown.
Based on the nationwide birth cohort in Finland, this study aimed to

examine the risks of offspring obesity and diabetes until 22 years of age
in relation to maternal PCOS. The risks were assessed in both male and
female children. Differently adjusted models and stratified analyses were
performed to investigate the effects of maternal diagnosis of obesity and
diabetes, pre-pregnancy BMI, fertility treatment, and perinatal problems.

Materials and methods

Ethical statement
Study approvals were obtained from the Finnish authorities providing
the data, as well as the data protection authority (THL/1662/
5.05.00/2015, THL/1853/5.05.00/2016 and THL/1496/5.05.00/
2019). Based on regulations in Finland, informed consent was not re-
quired for analysis of anonymous data from registers.

Study population and data source
The index cases were all live births in Finland between 1996 and
2014, identified from the Drugs and Pregnancy Database (Artama
et al., 2011), originally registered in the Medical Birth Register (MBR).
Clinical diagnoses were retrieved from the Finnish Care Registers for
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Abstract 

Polycystic ovary syndrome (PCOS) is one of the most common reproductive endocrine 
disorders in women and despite this, diagnostic challenges, delayed diagnosis, and 
less-than-optimal treatment regimens plague the condition. The International PCOS net-
work, consisting of geographically diverse international experts in PCOS as well as con-
sumers, engaged in a multi-year international evidence-based guideline development 
process that was jointly sponsored by the European Society for Human Reproduction 
and Embryology (ESHRE) and the American Society of Reproductive Medicine (ASRM). 
The guideline was published in 2018 and endorsed by more than 40 international soci-
eties involved in PCOS. Translation of this evidence-based guideline to medical practice 
and consumer groups remains a priority. However, there remain many challenges to 
both understanding the diagnosis and treatment of PCOS. Evidence suggests that both 
clinicians and consumers are not satisfied with the timeliness of diagnosis and treat-
ment options. This review summarizes the important findings for diagnosis and treat-
ment from the guidelines and expands on recent developments in the literature since its 
publication. Special attention to diagnosis at the ends of the reproductive spectrum are 
discussed and remaining areas of controversy are noted. Additionally, the review high-
lights some of the remaining challenges in the understanding and management of PCOS 
to help guide clinicians and investigators in this perplexing condition.

Key Words: PCOS, pathophysiology, diagnostic criteria, metabolic disease, lifestyle intervention

Polycystic ovary syndrome (PCOS) is the most common 
endocrinologic condition in women, affecting from 8% to 
13% of reproductive-aged women (1, 2). It is an enigmatic 

condition that, while extremely common, creates chal-
lenges in its diagnosis and management, as leading symp-
toms may vary with age, and treatment may be tailored 
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Review

Anti-Müllerian Hormone in PCOS: A Review
Informing International Guidelines

Helena Teede,1,* Marie Misso,1 Eliza C. Tassone,1 Didier Dewailly,2 Ernest Hy Ng,3 Ricardo Azziz,4

Robert J. Norman,5 Marianne Andersen,6 Stephen Franks,7 Kathleen Hoeger,8 Samantha Hutchison,9

Sharon Oberfield,10 Duru Shah,11 Femke Hohmann,12 Sasha Ottey,13 Preeti Dabadghao,14 and
Joop S.E. Laven15

Polycystic ovary syndrome (PCOS) affects 8–13% of women. The Rotterdam di-
agnostic criteria include polycystic ovarian morphology (PCOM) on ultrasound,
but given recognized challenges, serum anti-Müllerian hormone (AMH) is pro-
posed as an alternative. To inform international PCOS guidelines, a systematic
review was completed. Key identified gaps include large international studies
in well-defined populations across the lifespan, clustering of AMH with PCOS
features, relationships to long-term health outcomes, and improved quality,
assay standardization, and sample handling, all needed to determine cut offs.
Here we identify research priorities to address these gaps and enhance AMH
utility in PCOS. Once issues are addressed, AMH levels could replace more
costly and less accessible ultrasound in PCOS diagnosis.

Challenges in Ultrasound PCOM Detection
PCOS is the most common endocrine disorder affecting women of reproductive age, with a re-
ported prevalence of 8–13% [1–5]. The condition is heterogeneous [6] and women may present
with reproductive, endocrine, metabolic, and psychosocial symptoms, which vary across their
lifespan [7]. The Rotterdam criteria require that women fulfil two of the following three criteria to
be diagnosed with PCOS: oligo- or anovulation, clinical and/or biochemical signs of
hyperandrogenism, and/or polycystic ovaries on ultrasound [8–10], with the exclusion of other
relevant disorders.

Within the diagnostic criteria, PCOM on ultrasonography is defined by either total ovarian volume
or follicle number per ovary (FNPO). Original cut offs for PCOM were based on limited evidence
[11] and were recently revised in the new international PCOS guidelines, while also highlighting
the controversy and challenges with this criterion [1–4]. Determining FNPO is operator and equip-
ment dependent, limiting accuracy and reproducibility. Equipment advances increase sensitivity
and in turn FNPO counts [1–4]. Ultrasound involves expensive equipment and trained personnel,
leading to increasing costs and impacting accessibility. The ultrasound approach
(transabdominal or transvaginal) impacts accuracy, and in some women transvaginal ultrasound
is unacceptable or may be perceived as invasive. Multifollicular appearance on ultrasound over-
laps with PCOM diagnostic cut offs especially in adolescents, while in older women with PCOS
cut-off values might be considerably lower [11]. Recent international PCOS guidelines now rec-
ommend against using ultrasound in PCOS diagnosis within 8 years of menarche and call for
greater accuracy in PCOS diagnostic criteria worldwide [1–4].

AMH as a Potential Alternative to Ultrasound PCOM Detection
AMH is a polypeptide of the transforming growth factor beta (TGFβ) family, solely secreted by
granulosa cells of the pre-antral and small antral ovarian follicles [12]. AMH has been shown in
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Abstract 

Polycystic ovary syndrome (PCOS) is a prevalent endocrine condition characterized by 
a range of endocrine, reproductive, and metabolic abnormalities. At present, manage-
ment of women with PCOS is suboptimal as treatment is only symptomatic. Clinical and 
experimental advances in our understanding of PCOS etiology support a pivotal role 
for androgen neuroendocrine actions in PCOS pathogenesis. Hyperandrogenism is a 
key PCOS trait and androgen actions play a role in regulating the kisspeptin-/neurokinin 
B-/dynorphin (KNDy) system. This study aimed to investigate if targeted antagonism of 
neurokinin B signaling through the neurokinin 3 receptor (NK3R) would reverse PCOS 
traits in a dihydrotestosterone (DHT)-induced mouse model of PCOS. After 3 months, 
DHT exposure induced key reproductive PCOS traits of cycle irregularity and ovulatory 
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dysfunction, and PCOS-like metabolic traits including increased body weight; white and 
brown fat pad weights; fasting serum triglyceride and glucose levels, and blood glu-
cose incremental area under the curve. Treatment with a NK3R antagonist (MLE4901) did 
not impact the observed reproductive defects. In contrast, following NK3R antagonist 
treatment, PCOS-like females displayed decreased total body weight, adiposity, and adi-
pocyte hypertrophy, but increased respiratory exchange ratio, suggesting NK3R antag-
onism altered the metabolic status of the PCOS-like females. NK3R antagonism did not 
improve circulating serum triglyceride or fasted glucose levels. Collectively, these find-
ings demonstrate that NK3R antagonism may be beneficial in the treatment of adverse 
metabolic features associated with PCOS and support neuroendocrine targeting in the 
development of novel therapeutic strategies for PCOS.

Key Words: hyperandrogenism, polycystic ovary syndrome (PCOS), animal model, neuroendocrine

Polycystic ovary syndrome (PCOS) is a heterogenous endo-
crine condition that affects up to 20% of women of re-
productive age (1-3). Women with PCOS can suffer from 
a wide range of ill-health traits as PCOS is associated 
with adverse reproductive, endocrine, metabolic, and psy-
chological features (4, 5). Using the Rotterdam criteria, 
a woman is diagnosed with PCOS if she exhibits 2 of 3 
features (clinical and/or biochemical hyperandrogenism, 
oligo-ovulation or anovulation, and polycystic ovary 
morphology [PCOM]) on ultrasound after exclusion of all 
other differential diagnoses (5). PCOS is associated with 
obesity, metabolic syndrome, hyperinsulinemia, insulin re-
sistance, hepatic steatosis, and dyslipidemia, and heightens 
the risk of type 2 diabetes and cardiovascular disease (4, 
6-8). Despite the high prevalence and significant health im-
pact of PCOS, there is no specifically approved treatment 
for PCOS (9) and current treatment strategies for PCOS are 
suboptimal as they rely on treatment of symptoms (5). At 
present, mechanism-based treatments remain unavailable 
as the etiology of PCOS remains unclear. Hence, there is a 
real need for ongoing research to define the causative fac-
tors driving PCOS pathogenesis.

Hyperandrogenism represents a major feature of PCOS 
(5, 10). Numerous findings support a causative role for 
androgen excess acting via the androgen receptor (AR) in 
driving the pathogenesis of PCOS (11, 12). Exposure of 
nonhuman primates (13), sheep (14-16), and rodents (17) 
to androgen excess reliably induces the development of a 
range of key PCOS-like traits that closely resemble features 
of human PCOS. Blockade of androgen actions by the AR 
antagonist flutamide restores menstrual regularity and ovu-
lation in some women with PCOS (18), and rectifies repro-
ductive and/or metabolic traits in PCOS mouse and sheep 
models (19-22). Genetically modified mice that exhibit 
haplo- or complete AR insufficiency are protected against 
the development of PCOS traits (23, 24). Importantly, in-
activation of AR solely in the brain protects female mice 

from developing the majority of reproductive and meta-
bolic PCOS-like traits (24, 25). This highlights the brain 
as a key site at the core of PCOS pathogenesis and neuro-
endocrine AR-mediated pathways as potential targets for 
the development of novel therapeutic strategies.

The key neuroendocrine aberration in women with 
PCOS is increased luteinizing hormone (LH) pulse fre-
quency driven by an increase in activity of gonadotropin-
releasing hormone (GnRH) neurons in the hypothalamus 
(4). GnRH neuron activity and the pattern of pulsatile 
GnRH secretion are highly dependent upon homeostatic 
feedback from gonadal steroid hormone signaling in the 
brain. While GnRH neurons express estrogen receptor (ER) 
β, they do not express AR, ERα, or progesterone receptors 
(26). Hence, steroid-mediated negative feedback regula-
tion is largely facilitated through the neuronal network 
that lies upstream to the GnRH neurons. The kisspeptin-/
neurokinin B-/dynorphin-expressing “KNDy” neurons 
form a network that play a critical role in mediating go-
nadal steroid hormone feedback to GnRH neurons and 
control episodic GnRH/LH release (27-31). It is proposed 
that the colocalized KNDy peptides, in neurons of the ar-
cuate nucleus (ARC), work in concert to regulate GnRH/
LH pulse dynamics. Neurokinin B (NKB) activates local 
KNDy neurons through reciprocal connections within the 
ARC, promoting kisspeptin release and subsequent GnRH 
neuron activation and peptide secretion, while dynorphin 
plays a role in pulse termination (32). NKB can act through 
several tachykinin receptors (NK1R-NK3R); however, 
NK3R has the highest affinity for NKB (33). In humans, 
loss of function mutation in NK3R results in pubertal delay 
(34) and specific antagonism of NK3R decreases LH pulse 
frequency in women (35). KNDy neurons express AR (36) 
and AR-mediated actions have been shown to regulate the 
KNDy system (26). Moreover, KNDy neurons in ARC of 
rodents, sheep, and pigs appear to be targets for metabolic 
hormones such as leptin and insulin like growth factor 1 
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Abstract 

Polycystic ovary syndrome (PCOS) is a common reproductive disorder characterized by 
elevated androgens and antimüllerian hormone (AMH). These hormones remain ele-
vated throughout pregnancy, and potential effects of hormone exposure on offspring 
from women with PCOS remain largely unexplored. Expanding on recent reports of 
prenatal AMH exposure in mice, we have fully characterized the reproductive conse-
quences of prenatal AMH (pAMH) exposure throughout the lifespan of first- and second-
generation offspring of both sexes. We also sought to elucidate mechanisms underlying 
pAMH-induced reproductive effects. There is a known reciprocal relationship between 
AMH and androgens, and in PCOS and PCOS-like animal models, androgen feedback is 
dysregulated at the level of the hypothalamus. Kisspeptin neurons express androgen re-
ceptors and play a critical role in sexual development and function. We therefore hypothe-
sized that pAMH-induced reproductive phenotypes would be mediated by androgen 
signaling at the level of kisspeptin cells. We tested the pAMH model in kisspeptin-specific 
androgen receptor knockout (KARKO) mice and found that virtually all pAMH-induced 
phenotypes assayed are eliminated in KARKO offspring compared to littermate controls. 
By demonstrating the necessity of androgen receptor in kisspeptin cells to induce pAMH 
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phenotypes, we have advanced understanding of the interactions between AMH and an-
drogens in the context of prenatal exposure, which could have significant implications 
for children of women with PCOS.

Key Words: antimüllerian hormone, androgen receptor, kisspeptin, PCOS, prenatal hormone exposure

Polycystic ovary syndrome (PCOS) affects 1 in 10 
reproductive-age women and is the most common cause 
of anovulatory infertility (1). PCOS classically presents 
with disrupted ovulation, polycystic ovaries, and androgen 
excess. Hyperandrogenism persists throughout any preg-
nancies (2-5), with potential consequences for offspring. 
Daughters from women with PCOS have a 5-fold increased 
risk for developing PCOS themselves (6), and sons have 
been shown to have altered hormones during puberty (7, 
8). Since loci identified by PCOS genome-wide association 
studies account for less than 10% of disease heritability (9) 
and more than 20% of the variation observed in PCOS can 
be explained by environmental factors (10), nongenetic in-
fluences such as altered gestational hormones could confer 
risk to offspring.

In addition to the characteristic increase in androgens, 
antimüllerian hormone (AMH) levels have been found to cor-
relate with the severity of clinical manifestations of PCOS, 
including signs of hyperandrogenism (11-14), and genetic 
studies in PCOS women have identified associations between 
androgen levels and polymorphisms in the genes encoding 
AMH and its ligand-binding receptor, AMHR2 (15-17). In 
PCOS patients, ovarian follicles are arrested at a stage in fol-
licular development when AMH production is highest (18), 
and each individual follicle produces more AMH than follicles 
from healthy controls (19). AMH levels in follicular fluid and 
serum are at least 5- and 3-fold higher, respectively, in PCOS 
women (20-22). These increased AMH levels remain elevated 
into the second trimester of pregnancy and at term (23, 24). 
The effects of prenatal AMH exposure on offspring have yet 
to be fully examined.

Although AMH is clearly dysregulated in PCOS, only 
one group has explored the effects of prenatal AMH 
(pAMH) exposure thus far (23, 25). In mice, periph-
eral administration of AMH late in gestation resulted in 
marked reproductive disruptions in female offspring (23). 
pAMH females showed delayed puberty and disrupted 
early estrous cycling, as well as alteration at all levels of 
the hypothalamic-pituitary-gonadal (HPG) axis. pAMH-
induced reproductive phenotypes are transgenerational, 
with second- and third-generation females also affected 
(25). However, initial investigations did not examine time 
points beyond puberty and early adulthood. Assessments of 
late adulthood are especially relevant because in utero an-
drogen exposure results in altered reproductive senescence 

in mice (26). Further, possible consequences to pAMH male 
offspring have not been explored, and underlying patho-
physiological mechanisms have yet to be fully elucidated.

One proposed pathway for pAMH-induced reproductive 
effects is AMH action at the level of the hypothalamus to ac-
tivate the HPG axis and favor excess androgen production 
(23). Although peripherally administered AMH does not cross 
the placenta, it does alter maternal serum hormones and pla-
cental gene expression to create an androgenic environment 
in utero (23). Prenatal androgen excess in mice contributes 
to the development of PCOS-like reproductive features (26-
29). pAMH phenotypes can be reversed and prevented with 
a gonadotropin-releasing hormone (GnRH) antagonist (23), 
further suggesting a central, androgen-mediated mechanism. 
However, the contribution of androgens to pAMH-induced 
phenotypes has not been directly tested.

Because GnRH neurons do not express androgen re-
ceptors (ARs), androgens would act upstream, possibly on 
hypothalamic kisspeptin neurons. Kisspeptin neurons in 
the arcuate nucleus (ARC) of the hypothalamus are con-
sidered the pacemakers of pulsatile GnRH release (30) and 
are critical for normal sexual maturation and function (31). 
Normally, androgens negatively feed back to the hypo-
thalamus by binding to AR in ARC kisspeptin neurons, 
decreasing kisspeptin expression and suppressing lutein-
izing hormone (LH) pulses (32). In PCOS and PCOS-like 
mouse models, sex steroid feedback to the HPG axis is al-
tered, as LH pulsatility remains high despite the presence 
of elevated androgens (23, 33, 34). Together, this evidence 
led us to hypothesize that the pAMH-induced reproductive 
phenotype would be mediated by androgen signaling at the 
level of kisspeptin cells.

Here, we characterize a full profile throughout the life-
span of first- and second-generation pAMH offspring of 
both sexes. Using Cre-LoxP technology, we generated a 
kisspeptin-specific AR knockout (KARKO) mouse line 
and assessed the reproductive consequences of pAMH in 
KARKO offspring to determine whether androgens were 
mediating this phenotype and where they might be acting. 
We found that nearly every pAMH-induced deficit present 
in controls was eliminated in their KARKO littermates. By 
determining the necessity of AR in kisspeptin cells to in-
duce pAMH phenotypes, we have advanced understanding 
of the interactions between AMH and androgens in the 
context of prenatal exposure.
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A B S T R A C T

Objective: This systematic review and meta-analysis aimed to summarize the available evidence
regarding circulating kisspeptin and anti-müllerian hormone (AMH) and the homeostasis model
assessment of insulin resistance (HOMA-IR) index in adolescents and women with and without
polycystic ovary syndrome (PCOS).
Method: We performed a comprehensive literature search in Medline, Embase, Cochrane, Scopus, and
Web of Science for studies evaluating circulating kisspeptin levels in women with and without PCOS
published until September 24th, 2020. Co-primary outcomes were the HOMA-IR index and AMH. The
quality of included studies was assessed using the Newcastle-Ottawa Scale. Random-effects models were
used to estimate outcomes, and effects reported as mean difference (MD) or standardized MD (SMD) and
their 95 % confidence interval (CI). The systematic review and meta-analysis was registered in the
International Prospective Register of Systematic Reviews (PROSPERO) as number CRD42020205030.
Results: We evaluated 18 studies including, 1282 PCOS cases and 977 controls. Participants with PCOS
were younger (MD = �2.38 years, 95 %CI -4.32 to -0.44), with higher BMI (MD = 1.16, 95 % CI 0.54–1.78),
waist-to-hip ratio (MD = 0.04, 95 %CI 0.02 to 0.05), circulating kisspeptin (SMD = 1.15, 95 %CI 0.68–1.62),
luteinizing hormone (SMD = 1.29, 95 %CI 0.76–1.83), AMH (SMD = 0.97, 95 %CI 0.60–1,34), total
testosterone (SMD = 2.48, 95 %CI 1.73–3.23), free testosterone (SMD = 1.37, 95 %CI 0.56–2.17), and
dehydroepiandrosterone sulphate (SMD = 0.72, 95 %CI 0.32–1.13) levels, and Ferriman-Gallwey score
(SMD = 5.08, 95 %CI 2.76–7.39), and lower sex hormone-binding globulin level (SMD = �1.34, 95 %CI �2.15
to �0.52). Besides, participants with PCOS had higher HOMA-IR index (SMD = 0.76, 95 %CI 0.35–1.17), and
circulating insulin (SMD = 0.75, 95 %CI 0.30–1.19), leptin (SMD = 2.82, 95 %CI 1.35–4.29), and triglycerides
(SMD = 2.15, 95 %CI 1.08–3.23) levels than participants without the syndrome. The meta-regression did
not identify significant factors influencing circulating kisspeptin.
Conclusion: Patients with PCOS showed higher kisspeptin, LH, insulin, AMH, and androgen levels and
HOMA-IR index, and lower sex hormone-binding globulin levels than those without the syndrome.
© 2021 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY license

(http://creativecommons.org/licenses/by/4.0/).

Introduction

Kisspeptins are a group of brain neuropeptides initially
described as metastasis suppressors [1]. The kisspeptin precursor
has 145 amino acids that, by proteolysis, produce kisspeptin-54
(also know as metastin) that is considered the active product.
Kisspeptin 13 and kisspeptin-14 are products from the degradation
of kisspeptin-54 [2,3]. Kisspeptin (encoded by KISS1) influences
gonadotrophin-releasing hormone (GnRH) and luteinizing hor-
mone (LH) secretion and might contribute to the development of

Abbreviations: AMH, Anti-müllerian hormone; BMI, Body mass index; CI,
Confidence interval; DHEA-S, dehydroepiandrosterone sulphate; FSH, Follicle-
stimulating hormone; GnRH, gonadotrophin-releasing hormone; HDL, High density
lipoprotein; HOMA-IR, Homeostatic model assessment of insulin resistance; IQR,
Interquartile range; LDL, Low density lipoprotein; LH, Luteinizing hormone; MD,
Mean difference; NOS, Newcastle–Ottawa Scale; PCOS, polycystic ovary syndrome
(PCOS); SD, Standard deviation; SHBG, Sex hormone-binding globulin; SMD,
Standardized mean difference; VLDL, Very low density lipoprotein cholesterol.
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Abstract

Objective

Polycystic ovary syndrome (PCOS) is a common endocrine disorder, with potential effects

on offspring both genetically and through altered intrauterine environment. Metformin, which

ameliorate hormonal disturbances in non-pregnant women with PCOS is increasingly used

in pregnancy. It passes the placenta, and the evidence on potential consequences for off-

spring endocrine development is scarce. We explore the potential effects of maternal PCOS

status and intrauterine metformin exposure on offspring steroid hormone levels.

Design

This is a follow-up study of 5–10 years old children from the PregMet-study–a randomized

controlled trial comparing metformin (2000 mg/day) to placebo during PCOS pregnancies.

Of the 255 children invited, 117 (46%) were included.

Methods

There was no intervention in this follow-up study. Outcomes were serum levels of andro-

stenedione, testosterone, SHBG, cortisol, 17-hydroxyprogesterone, 11-deoxycortisol and

calculated free testosterone converted to gender-and age adjusted z-scores from a Norwe-

gian reference population. These were compared in i) placebo-exposed children versus
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Early initiation of anti-androgen
treatment is associated with increased
probability of spontaneous conception
leading to childbirth in women with
polycystic ovary syndrome: a
population-based multiregistry cohort
study in Sweden
E. Elenis1, E. Desroziers2, S. Persson1, I. Sundström Poromaa1, and
R.E. Campbell2,*
1Department of Women’s and Children’s Health, Uppsala University, Uppsala 751 85, Sweden 2Centre for Neuroendocrinology &
Department of Physiology, School of Biomedical Sciences, Otago University, Dunedin 9054, New Zealand

*Submitted on July 16, 2020; resubmitted on November 3, 2020; editorial decision on November 17, 2020

STUDY QUESTION: Is anti-androgen treatment during adolescence associated with an improved probability of spontaneous conception
leading to childbirth in women with polycystic ovary syndrome (PCOS)?

SUMMARY ANSWER: Early initiation of anti-androgen treatment is associated with an increased probability of childbirth after spontane-
ous conception among women with PCOS.

WHAT IS KNOWN ALREADY: PCOS is the most common endocrinopathy affecting women of reproductive age. Hyperandrogenism
and menstrual irregularities associated with PCOS typically emerge in early adolescence. Previous work indicates that diagnosis at an earlier
age (<25 years) is associated with higher fecundity compared to a later diagnosis.

STUDY DESIGN, SIZE, DURATION: This population-based study utilized five linked Swedish national registries. A total of 15 106
women with PCOS and 73 786 control women were included. Women were followed from when they turned 18 years of age until the
end of 2015, leading to a maximum follow-up of 10 years. First childbirth after spontaneous conception was the main outcome, as identi-
fied from the Medical Birth Registry.

PARTICIPANTS/MATERIALS, SETTING, METHODS: Participants included all women born between 1987 and 1996 with a diagno-
sis of PCOS in the Swedish Patient Registry and randomly selected non-PCOS controls (ratio 1:5). Information on anti-androgenic treat-
ment was retrieved from the Swedish Prescribed Drug Registry with the use of Anatomic Therapeutic Chemical (ATC) codes. Women
with PCOS who were not treated with any anti-androgenic medication were regarded as normo-androgenic, while those treated were
regarded as hyperandrogenic. Women were further classified as being mildly hyperandrogenic if they received anti-androgenic combined
oral contraceptive (aaCOC) monotherapy, or severely hyperandrogenic if they received other anti-androgens with or without aaCOCs.
Early and late users comprised women with PCOS who started anti-androgenic treatment initiated either during adolescence (� 18 years
of age) or after adolescence (>18 years), respectively. The probability of first childbirth after spontaneous conception was analyzed with
the use of Kaplan–Meier hazard curve. The fecundity rate (FR) and 95% confidence interval for the time to first childbirth that were con-
ceived spontaneously were calculated using Cox proportional hazards regression models, with adjustment for obesity, birth year, country
of birth and education level.

MAIN RESULTS AND THE ROLE OF CHANCE: The probability of childbirth after spontaneous conception in the PCOS group com-
pared to non-PCOS controls was 11% lower among normo-androgenic (adjusted FR 0.68 (95% CI 0.64–0.72)), and 40% lower among
hyperandrogenic women with PCOS (adjusted FR 0.53 (95% CI 0.50–0.57)). FR was lowest among severely hyperandrogenic women with

VC The Author(s) 2021. Published by Oxford University Press on behalf of European Society of Human Reproduction and Embryology. All rights reserved.
For permissions, please email: journals.permissions@oup.com
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PCOS compared to normo-androgenic women with PCOS (adjusted FR 0.60 (95% CI 0.52–0.69)), followed by mildly hyperandrogenic
women with PCOS (adjusted FR 0.84 (95% CI 0.77–0.93)). Compared to early anti-androgenic treatment users, late users exhibited a
lower probability of childbirth after spontaneous conception (adjusted FR 0.79 (95% CI 0.68–0.92)).

LIMITATIONS, REASONS FOR CAUTION: We lacked direct information on the intention to conceive and the androgenic biochemi-
cal status of the PCOS participants, applying instead the use of anti-androgenic medications as a proxy of hyperandrogenism. The duration
of anti-androgenic treatment utilized is not known, only the age at prescription. Results are not adjusted for BMI, but for obesity diagnosis.
The period of follow-up (10 years) was restricted by the need to include only those women for whom data were available on the dispens-
ing of medications during adolescence (born between 1987 and 1996). Women with PCOS who did not seek medical assistance might
have been incorrectly classified as not having the disease. Such misclassification would lead to an underestimation of the true association
between PCOS and outcomes.

WIDER IMPLICATIONS OF THE FINDINGS: Early initiation of anti-androgen treatment is associated with better spontaneous fertility
rate. These findings support the need for future interventional randomized prospective studies investigating critical windows of anti-
androgen treatment.

STUDY FUNDING/COMPETING INTEREST(S): This study was funded by the Health Research Council of New Zealand (18-671),
the Swedish Society of Medicine and the Uppsala University Hospital. Evangelia Elenis has, over the past year, received lecture fee from
Gedeon Richter outside the submitted work. Inger Sundström Poromaa has, over the past 3 years, received compensation as a consultant
and lecturer for Bayer Schering Pharma, MSD, Gedeon Richter, Peptonics and Lundbeck A/S. The other authors declare no competing
interests.

TRIAL REGISTRATION NUMBER: N/A

Key words: PCOS / fertility / childbirth / anti-androgen / adolescence

Introduction
Polycystic ovary syndrome (PCOS) is an endocrinopathy affecting
women of reproductive age with a reported prevalence ranging from 5
to 25% (March et al., 2010; Rosenfield and Ehrmann, 2016; Wolf
et al., 2018). PCOS is characterized by clinical or biochemical hyperan-
drogenism, menstrual irregularities and ultrasonographic polycystic
ovarian morphology (Rosenfield and Ehrmann, 2016). Symptoms typi-
cally emerge during early adolescence (Driscoll, 2003; Ryan et al.,
2018) and may persist into adulthood. The common denominator for
PCOS development appears to be ovarian and/or adrenal hyperan-
drogenism in synergy with tissue-selective insulin-resistant hyperinsulin-
ism (Ibá~nez et al., 2017; Witchel et al., 2019). The disorder is
multifactorial and heterogeneous, implicating both intrauterine and
postnatal environmental factors, as well as endocrinological, genetic
and epigenetic factors (Rosenfield and Ehrmann, 2016). PCOS patho-
genesis likely results from the combination of a prenatal predisposing
factor (referred to as a ‘first hit’) with an activating postnatal factor (re-
ferred to as the ‘second hit’) (Rosenfield, 2020). For example, geneti-
cally susceptible girls or those exposed to androgen excess in utero
develop hyperandrogenism prepubertally through hyperactivation of
their hypothalamic–pituitary–ovarian (HPO) axis; that, in addition to
the normal physiological or obesity-related hyperinsulinism during ado-
lescence, potentiates the hyperandrogenic state and accelerates the
syndrome’s clinical manifestations and/or aggravates the syndrome’s
clinical course (Bremer, 2010). A more recent evolution of this idea
suggests that a mismatch between prenatal and postnatal weight gain,
resulting in greater hepatovisceral fat, drives accelerated body growth
and maturation, which in turn establishes persistent PCOS features
(de Zegher et al., 2018).
In population-based studies (Koivunen et al., 2008; West et al., 2014;

Persson et al., 2019), we and others have previously demonstrated that
women with PCOS, especially those with obesity, need a longer time

to achieve childbirth and give birth to a lower number of children com-
pared to non-PCOS counterparts. A novel finding was the fact that
PCOS diagnosis at an earlier age (<25 years) was associated with higher
fecundity rate (FR) compared to a later diagnosis (Persson et al., 2019).
Since symptoms appear to be progressive in women with PCOS, timely
interventions that improve hyperandrogenism, either directly or indi-
rectly through lowering insulin levels, have been recommended
(Bremer, 2010). Therefore, whether specific interventions, such as phar-
macological treatment during a specific therapeutic window, i.e. during
adolescence, can decrease androgen actions and mitigate the future ad-
verse effects of PCOS remains unknown.
Clinical and animal-based evidence indicates that long-term anti-an-

drogen therapy can restore impaired reproductive function. Long-term
AR blockade is associated with improved testosterone levels and ovu-
latory function in adult women with PCOS (De Leo et al., 1998;
Paradisi et al., 2013), and a restoration of normal steroid hormone
feedback to the reproductive axis (Eagleson et al., 2000). In addition,
in prenatally androgenized mice that model PCOS in adulthood
(Sullivan and Moenter, 2004; Moore et al., 2013; Moore et al., 2015;
Silva et al., 2018), anti-androgen therapy restores estrous cyclicity
(Sullivan and Moenter, 2004; Silva et al., 2018). In addition, continuous
androgen blockade from an ‘adolescent’ period following puberty is as-
sociated with improved ovarian morphology and a reversal of brain
wiring changes induced by prenatal androgen exposure (Silva et al.,
2018).
Therefore, our study hypothesizes that the probability of childbirth

after spontaneous conception among PCOS women improves if pre-
ceded by anti-androgen therapy during adolescence. The aim of the
current study was therefore to explore whether treatment with anti-
androgen medications initiated during adolescence is associated with a
higher probability of childbirth after spontaneous conception in women
with PCOS.

1428 Elenis et al.
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Individual and combined effects of
5-year exposure to
hyperandrogenemia and
Western-style diet on metabolism
and reproduction in female rhesus
macaques
Cecily V. Bishop1,2,*, Diana Takahashi3, Emily Mishler1,
Ov D. Slayden1, Charles T. Roberts1,3, Jon Hennebold1,4, and
Cadence True1,3
1Division of Reproductive & Developmental Sciences, Oregon National Primate Research Center, Beaverton, OR, USA 2Department of
Animal and Rangeland Sciences, College of Agricultural Sciences, Oregon State University, Corvallis, OR, USA 3Division of
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Submitted on August 26, 2020; resubmitted on October 20, 2020; editorial decision on October 28, 2020

STUDY QUESTION: What is the impact of prolonged exposure to hyperandrogenemia (T), Western-style diet (WSD) and the
combination on metabolic and reproductive function in female rhesus macaques, particularly in the post-partum period?

SUMMARY ANSWER: Combined T þ WSD worsened measures of insulin sensitivity and parameters of cyclicity following prolonged
(5 years) exposure, but there was no effect on post-partum metabolic function.

WHAT IS KNOWN ALREADY: Women with hyperandrogenemia due to polycystic ovary syndrome are at higher risk for gestational
diabetes and Type 2 diabetes post-partum, but it is unknown if this is related to hyperandrogenemia. Hyperandrogenemia in the presence
of a WSD worsens metabolic function in female nonhuman primates.

STUDY DESIGN, SIZE, DURATION: Female rhesus macaques began treatment near menarche (roughly 2.5 years of age) consisting of
either cholesterol (control; C) or testosterone (T) implants (average serum levels 1.4 ng/ml) and exposure to standard monkey chow or a
WSD (15 vs 36% of calories from fat, respectively). The four groups were maintained on treatment for 3 years, underwent a fertility trial
in Year 4 and continued with treatments through Year 5.

PARTICIPANTS/MATERIALS, SETTING, METHODS: Metabolic measurements (glucose tolerance tests and double X-ray absorpti-
ometry scans) were performed yearly, and results from 5 years of treatment are reported for all animals. Animals were bled daily for
30 days at 5 years to capture changes in ovarian cycle hormones, and ultrasound measurements were performed during the early follicular
and luteal phase.

MAIN RESULTS AND THE ROLE OF CHANCE: After 5 years of treatment, WSD exposure moderately increased body weight
and body fat, although control animals also had a high body mass index due to ad libitum feeding. Animals in the T þ WSD group had
increased fasting insulin and insulin secretion during an intravenous glucose tolerance test. WSD exposure also altered ovarian cycles,
delaying the time to the E2 surge, decreasing progesterone and anti-Müllerian hormone levels and increasing the number of antral follicles
present by ultrasound. Longitudinal assessment of metabolic function for only those animals that became pregnant in Year 4 of treatment
revealed no differences in post-partum metabolism between groups, although WSD resulted in overall elevated weights, body fat and
measures of insulin resistance.

VC The Author(s) 2020. Published by Oxford University Press on behalf of European Society of Human Reproduction and Embryology. All rights reserved.
For permissions, please email: journals.permissions@oup.com
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LARGE SCALE DATA:None.

LIMITATIONS, REASONS FOR CAUTION: The small sample size and heterogeneity in metabolic effects observed in the T þ WSD
group are limitations of the current study, with only a subset of animals in this group showing impaired insulin resistance relative to
controls. In addition, obesity in the C group prevented comparisons to lean animals.

WIDER IMPLICATIONS OF THE FINDINGS: Hyperandrogenemia combined with WSD had a greater impact on insulin sensitivity
and ovarian function than either treatment alone.
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C.T. and P51 OD011092 for support of the Oregon National Primate Research Center. All authors declare no competing interests.
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Introduction
Polycystic ovary syndrome (PCOS) is a prevalent cause of subfertility,
affecting an estimated 5–10% of reproductive-age women in the USA
(Azziz et al., 2016). The most commonly used diagnostic criteria
require that women have at least two of the following symptoms:
oligo- or anovulation, polycystic ovaries upon ultrasound and hyperan-
drogenemia. In addition, patients with PCOS have higher rates of both
obesity and insulin resistance, which also have a negative impact on
fertility (Clark et al., 1995, 1998; Pasquali et al., 2003; Brewer and
Balen, 2010; Rubin et al., 2017; Yao et al., 2017). Consistent with
worsened measures of insulin sensitivity, PCOS women are at
increased risk of developing gestational diabetes during pregnancy
(Pan et al., 2015; Rubin et al., 2017; Yao et al., 2017). Gestational
diabetes further increases the risk for the development of Type 2
diabetes post-partum (Kim et al., 2002; Bellamy et al., 2009). It is
unclear from clinical data whether the risk for gestational diabetes
and post-partum Type 2 diabetes in PCOS patients is secondary to
PCOS-associated obesity, or if it may be inherent to the disease and
elevated levels of androgens.
Our group has developed a nonhuman primate model to explore

the independent and combined impact of elevated androgens and an
obesogenic Western-style diet (WSD) on metabolic and reproductive
health. Female macaques were exposed to elevated testosterone (T),
WSD or the combination (T þ WSD) beginning at puberty. The timing
of treatment initiation was chosen to mimic the emergence of hyperan-
drogenemia in obese adolescent females at this developmental period
(McCartney et al., 2006, 2007). Previous data have shown the most sig-
nificant metabolic and reproductive impairments were present in the
combination T þ WSD group, consistent with the hypothesis that both
factors may contribute to adverse health outcomes in PCOS patients
(True et al., 2017; Bishop et al., 2018a, b). The T þ WSD group had
the greatest insulin resistance and lowest fertility rate, although signifi-
cant heterogeneity in response to treatment was present in this group
as well. Animals that failed to achieve pregnancy after three timed mat-
ings during the window of fertility, or that had unviable pregnancies,
had higher levels of fasting insulin compared to those that conceived,
suggesting that hyperinsulinemia and insulin resistance are associated
with infertility. Because animals that became pregnant tended to have
better indices of insulin sensitivity, only modest group differences during
gestation were observed, including elevated fasting glucose levels and
reduced glucose clearance during a second-trimester intravenous glu-
cose tolerance test (ivGTT) in the T þ WSD group compared to con-
trols (Bishop et al., 2018a). It is unknown whether androgens, in

isolation or combination with a WSD, can contribute to a further meta-
bolic decline in the post-partum period, which is often observed in
women who experience gestational diabetes (Kim et al., 2002; Bellamy
et al., 2009). The current study sought to expand upon our previous
reporting in this model into 5 years of continuous T, WSD and T þ
WSD treatment on overall metabolic and reproductive health. In addi-
tion, we examined whether those animals that experienced a pregnancy
in Year 4 of treatment showed differential metabolic responses in the
acute and long-term post-partum period.

Materials and methods

Animals
All animal procedures were approved by the Oregon National
Primate Research Center (ONPRC) Institutional Animal Care and Use
Committee and comply with the Animal Welfare Act and the APA
Guidelines for Ethical Conduct in the Care and Use of Nonhuman
Animals in Research. The model and treatments have been described
previously (True et al., 2017). Female rhesus macaques, aged roughly
2.5 years at the time of treatment initiation, were in one of four treat-
ment groups: control animals receiving cholesterol implants and a con-
trol diet (C), animals receiving T implants and a control diet (T),
animals receiving cholesterol implants and a WSD and animals receiv-
ing T implants and a WSD (T þ WSD). Average serum T levels in the
T-treated group were 1.35 ng/ml compared to an average value of
0.27 ng/ml in cholesterol-treated animals (True et al., 2017). The
WSD (Purina 5LOP) has roughly 36% of calories from fat compared
to the 15% of calories from fat in standard monkey chow (Purina
5000/5052). Animals were typically pair-housed in the same treatment
group and maintained on a 0700–1900 light cycle with ad libitum ac-
cess to water. All animals underwent 3 years of treatment, and in the
fourth year, underwent a fertility trial where they were mated with a
proven male breeder over a maximum of three menstrual cycles
during the window of fertility. A large subset of the animals became
pregnant and had pregnancies terminated by C-section in the third
trimester, as reported previously (Bishop et al., 2018a). T and/or
WSD treatments were continued throughout and after the fertility trial
up to 5 years of treatment.

Metabolic measurements
Body composition and ivGTTs were not performed at a specific men-
strual cycle stage and have been described previously (True et al., 2017).
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Abstract
Aberration in microRNA expression or DNA methylation is a causal factor for polycystic ovarian syndrome. However, the
epigenetic interactions between miRNA and DNA methylation remain unexplored in PCOS. We conducted a novel
integrated analysis of RNA-seq, miRNA-seq, and methylated DNA-binding domain sequencing on ovarian granulosa cells
to reveal the epigenetic interactions involved in the pathogenesis of PCOS. We identified 830 genes and 30 miRNAs that
were expressed differently in PCOS, and seven miRNAs negatively regulated target mRNA expression. 130 miRNAs’
promoters were significantly differently methylated, while 13 were associated with miRNA expression. Furthermore, the
hypermethylation of miR-429, miR-141-3p, and miR-126-3p′ promoter was found related to miRNA expression suppression
and therefore their corresponding genes upregulation, including XIAP, BRD3, MAPK14, and SLC7A5. Our findings provide
a novel insight in PCOS. The consequential reversal of genes silencing may participate in PCOS pathogenesis and served as
potential molecular targets for PCOS.

Introduction

Polycystic ovarian syndrome (PCOS) is one of the most
prevalent endocrine disorders with the symptoms of
hyperandrogenism, chronic anovulation, and polycystic
ovaries [1]. It is also considered to be a common cause of
body malfunction in women, with symptoms including
hirsutism, acne, obesity, menstrual dysfunction, and infer-
tility. It also appears to be associated with an increased risk
of metabolic aberrations, including insulin resistance and
hyperinsulinism, type 2 diabetes mellitus, dyslipidemia,
cardiovascular disease, and endometrial carcinoma [2, 3].

Ovarian granulosa cells (GCs) have been demonstrated
to play a major role in deciding the fate of follicles. In the

early stage of follicle development, oocyte apoptosis results
in follicular atresia-induced ambient GC death, which
results in molecules that are essential for oocyte develop-
ment and maintenance as well as self-renewal by apoptotic
processes [4, 5]. Therefore, it is important to investigate the
role of GCs in the pathogenesis of PCOS.

Current research has shown that the influence of multiple
factors, including age, the environment/lifestyle, and the
disease state environment, can modify the clinical pre-
sentation of PCOS via epigenetic modifications [6]. DNA
methylation and microRNAs (miRNAs) are two main epi-
genetic modifications in the regulation of gene expression.
MiRNAs are small noncoding RNAs acting as post-
transcriptional negative regulators of gene expression,
which are involved in the regulation of various diseases
such as diabetes, insulin resistance, inflammatory disease,
and cancer. Meanwhile, aberrant DNA methylation man-
ifests in both global genome stability preservation and in
localized gene promoter changes, which influences the
transcription of disease-causing genes [7].

Recently, compelling evidence has indicated the roles of
DNA methylation and miRNAs in PCOS, respectively.
Previous studies detected significant alteration in genome-
wide DNA methylation and transcriptional patterns in
human ovaries, GCs, and the adipose tissue of PCOS
involved in metabolic disturbances [8–10]. These studies
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1  | INTRODUC TION

Nowadays, that 5%-20% of reproductive-age women are suffering 
from PCOS. However, PCOS is still an intractable problem in med-
ical society.

Hyperandrogenism is an important criterion for diagnosis to 
PCOS. In patients with PCOS, incidence rate of hyperandrogenism 
is as high as 60%-80%. Androgen hyperactivation leads to ovulation 
disorder, menstrual disorder, hairy and acne, suggesting that hyper-
androgenism is not only a clinical characteristic of PCOS, but also an 
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Abstract
Polycystic ovary syndrome (PCOS) is the most common endocrine disorder in 
women at reproductive age. However, the underlying pathogenic mechanisms have 
not been completely understood. Hyperandrogenism is an important clinic feature 
in patients with PCOS, suggesting its pathologic role in the development and pro-
gression of PCOS. However, the actual role of androgen and the related signals in 
PCOS and PCOS-related complications have not yet been clarified. In this review, 
we surveyed the origin and effects of androgen on PCOS and the related complica-
tions, highlighted the cellular signals affecting androgen synthesis and summarized 
the pathological processes caused by hyperandrogenism. Our review well reveals the 
important mechanisms referring the pathogenesis of PCOS and provides important 
clues to the clinic strategies in patients with PCOS.

K E Y W O R D S

androgen, cell signal, complication, hyperandrogenism, PCOS
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Abstract 

Context: Few studies have explored in vivo insulin action on substrate use in women 
with PCOS. In particular, no data are available in women with different PCOS phenotypes.
Objective: The aim of the study was to evaluate insulin action on glucose (Gox) and lipid 
(Lox) oxidation, nonoxidative glucose metabolism (Gnonox), and serum free fatty acids 
(FFAs) in different PCOS phenotypes.
Methods: Participants included 187 nondiabetic women with PCOS diagnosed according 
to the Rotterdam criteria. Data from a historical sample of 20 healthy women were used as 
reference values. Whole-body substrate use data were obtained by the hyperinsulinemic 
euglycemic clamp associated with indirect calorimetry. Serum androgens were assessed 
by liquid chromatography–mass spectrometry and equilibrium dialysis.
Results: During hyperinsulinemia, the increase of Gox (ΔGox), Gnonox, as well as the 
suppression of Lox (ΔLox) and serum FFA (Δ% FFA) were altered in each PCOS phenotype. 
Moreover, Gnonox and Δ% FFA were lower in women with the classic phenotype than 
in those with the ovulatory or the normoandrogenic phenotypes, and ΔGox was lower 
in women with the classic than in those with the ovulatory phenotype. In multivariable 
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analysis fat mass and free testosterone were independent predictors of ΔGox, Gnonox, 
and Δ% FFA, whereas only fat mass predicted ΔLox.
Conclusion: In women with PCOS, regardless of phenotype, insulin-mediated substrate 
use is impaired. This phenomenon is greater in individuals with the classic phenotype. 
Free testosterone plays an independent role in insulin action abnormalities in glucose 
and lipid metabolism.

Key Words: glucose oxidation, lipid oxidation, lipolysis, insulin sensitivity, PCOS phenotypes, androgens

Insulin resistance is a common finding in women with poly-
cystic ovary syndrome (PCOS). When evaluated by gold-
standard methodologies, this metabolic abnormality affects 
about 70% to 75% of patients, involving the large majority 
of overweight-obese women and more than half of normal-
weight women (1, 2).

By using the hyperinsulinemic euglycemic clamp, in-
sulin action on glucose metabolism is directly measured 
as the amount of glucose metabolized by the whole body, 
with skeletal muscle being the predominant tissue in 
hyperinsulinemic conditions (3). Interestingly, when the 
clamp is combined with calorimetry, it is possible to esti-
mate separately in vivo insulin action both on the oxidative 
(Gox) and nonoxidative (Gnonox) glucose metabolism, as 
well as on lipid oxidation (Lox) (4). Moreover, the assess-
ment of serum free fatty acid (FFA), at baseline and during 
hyperinsulinemia, gives information on insulin inhibition 
of lipolysis, that is, on adipose tissue insulin resistance.

Available data on substrate use in women with PCOS 
are limited, and they mainly refer to obese individuals 
with both hyperandrogenism and oligoanovulation (ie, the 
classic phenotype of PCOS) (5, 6). A reduced insulin action 
in Gox, Lox, and Gnonox was found in some studies that 
included obese women with PCOS, compared with obese 
controls. However, conflicting results have been reported 
when both obese and lean participants were investigated 
(7-9). In these studies, the impairment of insulin action has 
been attributed either to obesity (8) or to PCOS status (9). 
It is noteworthy that other major clinical characteristics of 
these women, such as hyperandrogenemia, were generally 
not taken into account when analyzing these parameters.

Interestingly, divergence in whole-body glucose metab-
olism between the different phenotypes of PCOS has been 
documented and suggests that not all women with PCOS 
are exposed to the same metabolic risk (10). In particular, 
women with both hyperandrogenism and oligoanovulation 
(ie, with the classic phenotype of PCOS) showed a more 
severe insulin resistance on whole-body glucose use than 
women without oligoanovulation (the ovulatory pheno-
type) or without hyperandrogenism (the normoandrogenic 
phenotype).

To better define the metabolic risk of women with PCOS, 
it would be useful to assess insulin action on substrate use 
in women with different PCOS phenotypes. To the best of 
our knowledge, no data on this issue are available yet.

The aim of this study was to evaluate insulin action on 
Gox, Gnonox, Lox, as well as on serum FFA concentra-
tion in a well-characterized cohort of women with PCOS, 
including individuals with different phenotypes of the syn-
drome, and to establish the potential role of excess body fat 
and excess androgen in these alterations.

Materials and Methods

Participants

A total of 187 White women with PCOS with normal 
glucose tolerance were included in the present retro-
spective study. All were individuals who had undergone 
a hyperinsulinemic euglycemic clamp procedure associ-
ated with indirect calorimetry, and all were among the 
women recruited to the Verona PCOS Pathophysiology 
and Phenotype (Verona 3P) Study (10). All these women 
were referred to the outpatient clinic of the Division of 
Endocrinology, Diabetes and Metabolism of the Verona 
Hospital (Italy), for hirsutism and/or menstrual abnor-
malities. PCOS was diagnosed according to the Rotterdam 
workshop criteria, that is, the presence of at least 2 of 
the 3 following features: clinical and/or biochemical 
hyperandrogenism, chronic oligoanovulation, and poly-
cystic ovarian morphology (PCOm), after exclusion of 
secondary causes (11). Clinical hyperandrogenism was 
defined by the presence of hirsutism (modified Ferriman-
Gallwey score ≥ 8), and biochemical hyperandrogenism 
by increased free testosterone levels, according to the 
Androgen Excess and PCOS Society consensus statement 
on PCOS (12). Chronic oligoanovulation was diagnosed 
by the presence of either oligomenorrhea (≤ 8 cycles/year) 
or, in women with regular menses, by luteal-phase serum 
progesterone of less than 12  nmol/L during 2 consecu-
tive menstrual cycles. PCOm was diagnosed according 
to the Rotterdam workshop recommendations (11), 
whenever possible by a transvaginal approach. To rule 
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A high-androgen microenvironment inhibits granulosa cell proliferation 
and alters cell identity 
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A B S T R A C T   

A naturally occurring bovine model with excess follicular fluid androstenedione (High A4), reduced fertility, and 
polycystic ovary syndrome (PCOS)-like characteristics has been identified. We hypothesized High A4 granulosa 
cells (GCs) would exhibit altered cell proliferation and/or steroidogenesis. Microarrays of Control and High A4 
GCs combined with Ingenuity Pathway Analysis indicated that High A4 GCs had cell cycle inhibition and 
increased expression of microRNAs that inhibit cell cycle genes. Granulosa cell culture confirmed that A4 
treatment decreased GC proliferation, increased anti-Müllerian hormone, and increased mRNA for CTNNBIP1. 
Increased CTNNBIP1 prevents CTNNB1 from interacting with members of the WNT signaling pathway thereby 
inhibiting the cell cycle. Expression of CYP17A1 was upregulated in High A4 GCs presumably due to reduced FOS 
mRNA expression compared to Control granulosa cells. Furthermore, comparisons of High A4 GC with thecal and 
luteal cell transcriptomes indicated an altered cellular identity and function contributing to a PCOS-like 
phenotype.   

1. Introduction 

It is well established that high androgen concentrations, both 
circulating and within the ovary, are associated with ovarian dysfunc-
tion and systemic metabolic issues. Ovarian hyperandrogenism as seen 
with polycystic ovary syndrome (PCOS) causes symptoms such as hir-
sutism, anovulation, and metabolic dysfunction (which also compounds 
fertility problems) (Azziz et al., 2009; Hayek et al., 2016; Padwal, 2020; 
Rosenfield and Ehrmann, 2016). Other causes of hyperandrogenism 

such as congenital adrenal hyperplasia also result in reproductive dis-
ruptions (e.g. precocious puberty), virilization, and metabolic syn-
dromes (Azziz et al., 2004; Hayek et al., 2016; Merke and Bornstein, 
2005; Rosenfield and Ehrmann, 2016). Androgens affect many systems, 
including the hypothalamic-pituitary-gonadal axis. Disrupted regulation 
of gonadotropin releasing hormone and gonadotropins are sufficient to 
substantially impact fertility (Bateman and Patisaul, 2008; Dierich et al., 
1998; Viau, 2002). There are also local effects of androgens on the 
follicular cells within the ovary. The theca cells of the follicle are 

Abbreviations: A4, androstenedione; GCs, granulosa cells; IPA, Ingenuity Pathway Analysis; LLCs, large luteal cells; PCA, Principal Component Analysis; PCOS, 
Polycystic Ovary Syndrome; SLCs, small luteal cells; TCs, theca cells; AMH, Anti-Mullerian Hormone; CTNNB1, beta-catenin; CTNNBIP1, catenin beta interacting 
protein 1; WNT, wingless-type mouse mammary tumor virus integration site. 
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Ολική επαναφορά...

Testosterone Enantate  inj.sol. 250mg/ml 

Υψηλή 
Ποιότητα 
Ελέγχου

1. ΟΝΟΜΑΣΙΑ TOY ΦΑΡΜΑΚΕΥΤΙΚΟΥ ΠΡΟΪΟΝΤΟΣ
Testosterone Enanthate/Norma® ενέσιμο διάλυμα 250 mg/ml
2. ΠΟΙΟΤΙΚΗ ΚΑΙ ΠΟΣΟΤΙΚΗ ΣΥΝΘΕΣΗ
Κάθε ml Testosterone Enanthate/Norma® (μία φύσιγγα) περιέχει 250 mg Ενανθικής Τεστοστερόνης (αντιστοιχεί 
περίπου σε 180 mg Τεστοστερόνης) σε ελαιώδες διάλυμα.
Για τον πλήρη κατάλογο των εκδόχων βλ. παράγραφο 6.1 «Κατάλογος εκδόχων».
3. ΦΑΡΜΑΚΟΤΕΧΝΙΚΗ ΜΟΡΦΗ
Ενέσιμο διάλυμα
4. ΚΛΙΝΙΚΕΣ ΠΛΗΡΟΦΟΡΙΕΣ
4.1. Θεραπευτικές ενδείξεις
Θεραπεία με υποκατάσταση τεστοστερόνης για ανδρικό υπογοναδισμό, όταν έχει επιβεβαιωθεί ανεπάρκεια 
τεστοστερόνης μέσω κλινικών χαρακτηριστικών και βιοχημικών εξετάσεων. 
4.2. Δοσολογία και τρόπος χορήγησης
Δοσολογία: Για την ανάπτυξη και διέγερση υποπλαστικών ανδρογονοεξαρτώμενων οργάνων-στόχων και για την 
αρχική θεραπεία συμπτωμάτων ανεπάρκειας: 250 mg ενδομυϊκά  ανά 2-3 εβδομάδες. Για τη διατήρηση επαρκούς 
ανδρογονικού αποτελέσματος 250 mg ενδομυϊκώς ανά 3-4 εβδομάδες. Ανάλογα με την εκάστοτε εξατομικευμένη 
διαφορετική ορμονική έλλειψη, ίσως να είναι αναγκαία συντομότερα χρονικά διαστήματα μεταξύ των ενέσεων. 
Σε πολλές περιπτώσεις επαρκούν και μεγαλύτερα μέχρι 6 εβδομάδων, χρονικά διαστήματα μεταξύ των ενέσεων.
Πριν την έναρξη της θεραπείας και περιστασιακά κατά τη διάρκεια της θεραπείας στο τέλος του μεσοδιαστήματος 
των ενέσεων, πρέπει να γίνεται μέτρηση των επιπέδων της τεστοστερόνης στον ορό. Τα επίπεδα ορού κάτω του 
φυσιολογικού ορίου δηλώνουν την ανάγκη για ένα πιο σύντομο μεσοδιάστημα ενέσεων. Σε περίπτωση υψηλών 
επιπέδων ορού μπορεί να ληφθεί υπόψη μια παράταση του μεσοδιαστήματος ενέσεων. 
Επιπρόσθετες πληροφορίες για τους ειδικούς πληθυσμούς
Ηλικιωμένοι Ασθενείς
Περιορισμένα βιβλιογραφικά δεδομένα δεν δείχνουν την ανάγκη για κάποια προσαρμογή της δόσης σε ηλικιω-
μένους ασθενείς (βλ. παράγραφο 4.4. «Ειδικές προειδοποιήσεις και προφυλάξεις κατά τη χρήση»). 
Ασθενείς με ηπατική δυσλειτουργία
Δεν έχουν διεξαχθεί μελέτες σε ασθενείς με ηπατική δυσλειτουργία. Η χρήση του Testosterone Enanthate/
Norma® αντενδείκνυται σε άνδρες που είχαν ή έχουν όγκους στο ήπαρ (βλ. παράγραφο 4.3. «Αντενδείξεις»). 
Ασθενείς με νεφρική δυσλειτουργία
Δεν έχουν διεξαχθεί μελέτες σε ασθενείς με νεφρική δυσλειτουργία.
Παιδιατρικός πληθυσμός
H χρήση του Testosterone Enanthate/Norma® δεν ενδείκνυται σε παιδιά και εφήβους (βλ. παράγραφο 4.4. 
«Ειδικές προειδοποιήσεις και προφυλάξεις κατά τη χρήση»). 
Τρόπος χορήγησης
Διάλυμα για ενδομυϊκή ένεση. 
Η ένεση πρέπει να χορηγείται εξαιρετικά αργά (βλ. παράγραφο 4.4. «Ειδικές προειδοποιήσεις και προφυλάξεις 
κατά τη χρήση» και 4.8. «Ανεπιθύμητες ενέργειες»). Το ελαιώδες διάλυμα εvίεται αμέσως μετά την αναρρόφησή 
του στη σύριγγα.
4.3. Αντενδείξεις  
– Εξαρτώμενος από ανδρογόνα καρκίνος του προστάτη ή των ανδρικών μαζικών αδένων (μαστός). 
– Υπερασβεστιαιμία που συνοδεύει κακοήθεις όγκους.
– Ιστορικό ή παρουσία ηπατικών όγκων.
– Υπερευαισθησία στην δραστική ουσία ή σε κάποιο από τα έκδοχα.
4.4. Ειδικές προειδοποιήσεις και προφυλάξεις κατά τη χρήση
Πριν από την έναρξη θεραπείας υποκατάστασης με τεστοστερόνη, όλοι οι ασθενείς πρέπει να υποβληθούν σε 
ενδελεχή εξέταση προκειμένου να αποκλειστεί ο κίνδυνος προϋπάρχοντος καρκίνου του προστάτη. Σε ασθενείς 
που λαμβάνουν θεραπεία με τεστοστερόνη πρέπει να διενεργείται προσεκτική και τακτική παρακολούθηση του 
προστατικού αδένα και του μαστού σύμφωνα με τις συνιστώμενες μεθόδους [δακτυλική διορθική εξέταση και 
προσδιορισμός του ειδικού προστατικού αντιγόνου ορού (PSA) τουλάχιστον μια φορά το χρόνο και δύο φορές 
το χρόνο σε ηλικιωμένους ασθενείς και ασθενείς υψηλού κινδύνου (εκείνους με κλινικούς ή οικογενείς παρά-
γοντες)]. Τα ανδρογόνα μπορεί να επιταχύνουν την ανάπτυξη του υποκλινικού καρκινώματος του προστάτη και 
της καλοήθους υπερτροφίας του προστάτη. Η αιμοσφαιρίνη και ο αιματοκρίτης πρέπει να ελέγχονται ανά τακτά 
χρονικά διαστήματα στους ασθενείς που λαμβάνουν μακροχρόνια θεραπεία με ανδρογόνα προκειμένου να 
ανιχνευθούν περιπτώσεις πολυκυτταραιμίας (βλέπε παράγραφο 4.8. «Ανεπιθύμητες ενέργειες»). Μετά τη χρήση 
ενανθικής τεστοστερόνης έχουν παρατηρηθεί περιπτώσεις με καλοήθεις και κακοήθεις όγκους στο ήπαρ που 
μπορεί να οδηγήσουν σε ενδοκοιλιακή αιμορραγία απειλητική για τη ζωή. Εάν υπάρχουν σοβαρές ενοχλήσεις 
στην άνω κοιλία, διόγκωση του ήπατος ή ενδείξεις ενδοκοιλιακής αιμορραγίας, πρέπει στη διαφορική διάγνωση 
να συμπεριληφθεί η πιθανότητα όγκου του ήπατος. Πρέπει να δίνεται προσοχή σε ασθενείς που έχουν προδιάθεση 
για ανάπτυξη οιδήματος, καθότι η θεραπεία με ανδρογόνα μπορεί να συνοδεύεται από αυξημένη κατακράτηση 
νατρίου ( βλ. παράγραφο 4.8. «Ανεπιθύμητες ενέργειες»).
Διαταραχές πήξης
Η τεστοστερόνη πρέπει να χρησιμοποιείται με προσοχή σε ασθενείς με θρομβοφιλία, καθώς υπήρξαν μελέτες 
μετά την κυκλοφορία και αναφορές θρομβωτικών επεισοδίων σε αυτούς τους ασθενείς κατά τη διάρκεια θε-
ραπείας με τεστοστερόνη.
Σε ασθενείς που πάσχουν από σοβαρή καρδιακή, ηπατική ή νεφρική ανεπάρκεια ή ισχαιμική καρδιακή νόσο, 
η θεραπεία με τεστοστερόνη μπορεί να προκαλέσει σοβαρές επιπλοκές που χαρακτηρίζονται από οίδημα με 
ή χωρίς συμφορητική καρδιακή ανεπάρκεια. Σε τέτοια περίπτωση, η θεραπεία πρέπει να διακοπεί αμέσως. Η 
τεστοστερόνη ενδέχεται να προκαλέσει αύξηση της αρτηριακής πίεσης και το Testosterone Enanthate/Norma® 

θα πρέπει να χρησιμοποιείται με προσοχή σε άνδρες με υπέρταση. Το επίπεδο τεστοστερόνης θα πρέπει να 
παρακολουθείται κατά την έναρξη και σε τακτά χρονικά διαστήματα κατά τη διάρκεια της θεραπείας. Οι κλινικοί 
ιατροί θα πρέπει να προσαρμόζουν τη δοσολογία σε ατομική βάση προκειμένου να διασφαλίζουν τη διατήρηση 
ευγοναδικών επιπέδων τεστοστερόνης. Σε ασθενείς που λαμβάνουν μακροχρόνια θεραπεία με ανδρογόνα, οι 
ακόλουθες εργαστηριακές παράμετροι θα πρέπει επίσης να παρακολουθούνται τακτικά: αιμοσφαιρίνη και αιμα-
τοκρίτης, δοκιμασίες ηπατικής λειτουργίας και λιπιδαιμικό προφίλ. Υπάρχει περιορισμένη εμπειρία σχετικά με την 
ασφάλεια και την αποτελεσματικότητα της χρήσης του Testosterone Enanthate/Norma® σε ασθενείς ηλικίας άνω 
των 65 ετών. Επί του παρόντος, δεν υπάρχει ομοφωνία σχετικά με τις ειδικές για την ηλικία τιμές αναφοράς για 
την τεστοστερόνη. Ωστόσο θα πρέπει να λαμβάνεται υπόψη ότι τα φυσιολογικά επίπεδα τεστοστερόνης στον ορό 
μειώνονται με την αυξανόμενη ηλικία. H χρήση ενέσιμης τεστοστερόνης δεν ενδείκνυται σε παιδιά και εφήβους 
(βλ. παράγραφο 4.2. «Δοσολογία και τρόπος χορήγησης»). 
Στα παιδιά η τεστοστερόνη, εκτός από την αρρενοποίηση, μπορεί να προκαλέσει επιτάχυνση της σωματικής ανά-
πτυξης και πρόωρη σύγκλειση των επιφύσεων των οστών, με συνέπεια μείωση του τελικού ύψους. H ενανθική 
τεστοστερόνη δεν πρέπει να χρησιμοποιείται σε γυναίκες διότι, ανάλογα με την ατομική ευαισθησία στη δράση 
των ανδρογόνων, οι γυναίκες μπορεί να εμφανίσουν σημεία αρρενοποίησης, π.χ. ακμή, δασυτριχισμός, αλλαγές 
στη χροιά της φωνής. Προϋπάρχουσα άπνοια στον ύπνο μπορεί να επιδεινωθεί. Τα ανδρογόνα δεν ενδείκνυνται 
για την προαγωγή της μυϊκής ανάπτυξης και την αύξηση της σωματικής ικανότητας (απόδοσης)  σε υγιή άτομα. 
Όπως με όλα τα ελαιώδη διαλύματα, το Testosterone Enanthate/Norma® πρέπει να ενίεται αυστηρώς ενδο-
μυϊκά και πολύ αργά. Πνευμονικός μικροεμβολισμός από ελαιώδη διαλύματα μπορεί να οδηγήσει σε σημεία 
και συμπτώματα όπως βήχας, δύσπνοια και πόνος στο θώρακα. Μπορεί να υπάρχουν και άλλα σημεία και 
συμπτώματα συμπεριλαμβανομένων βαγοτονικών αντιδράσεων όπως αδιαθεσία, υπεριδρωσία, ζάλη, παραι-
σθησία, ή συγκοπή. Αυτές οι αντιδράσεις μπορεί να προκύψουν κατά τη διάρκεια ή αμέσως μετά την ένεση και 
είναι αναστρέψιμες. Η θεραπεία είναι συνήθως υποστηρικτική π.χ. χορήγηση οξυγόνου.

4.5. Αλληλεπιδράσεις με άλλα φαρμακευτικά προϊόντα και άλλες μορφές αλληλεπίδρασης
Η φαινοβαρβιτάλη αυξάνει το μεταβολισμό των στεροειδών ορμονών στο ήπαρ (πιθανή μείωση αποτελεσμα-
τικότητας).
Η κατάσταση της πήξης του αίματος πρέπει να παρακολουθείται ιδιαίτερα στενά, όταν το Testosterone Enanthate/
Norma® χορηγείται ταυτόχρονα με αντιπηκτικά παράγωγα κουμαρίνης.
4.6. Γονιμότητα, Κύηση και γαλουχία
Η θεραπεία υποκατάστασης με τεστοστερόνη μπορεί αναστρέψιμα να μειώσει τη σπερματογένεση (βλ. παράγραφο 
4.8. «Ανεπιθύμητες ενέργειες» και 5.3. «Προκλινικά δεδομένα ασφάλειας»). 
Το Testosterone Enanthate/Norma® προορίζεται για χρήση μόνο από άνδρες. Το Testosterone Enanthate/
Norma® δεν ενδείκνυται σε εγκύους ή γυναίκες που θηλάζουν (βλ. παράγραφο 5.3. «Προκλινικά δεδομένα 
ασφάλειας»).
4.7. Επίδραση στην ικανότητα οδήγησης και χειρισμού μηχανημάτων
Δεν εφαρμόζεται.
4.8. Ανεπιθύμητες ενέργειες
Αναφορικά με τις ανεπιθύμητες ενέργειες σε σχέση με τη χρήση των ανδρογόνων παρακαλούμε δείτε επίσης 
την παράγραφο 4.4. «Ειδικές προειδοποιήσεις και προφυλάξεις κατά τη χρήση».  
Οι πιο συχνά αναφερόμενες ανεπιθύμητες ενέργειες με την ενέσιμη ενανθική τεστοστερόνη είναι ο πόνος στο 
σημείο ένεσης, ερύθημα στο σημείο ένεσης και βήχας και / ή δύσπνοια κατά τη διάρκεια ή αμέσως μετά την ένεση. 
Ο παρακάτω πίνακας περιλαμβάνει ανεπιθύμητες ενέργειες από αυθόρμητες αναφορές και από επιστημονική 
βιβλιογραφία για τις οποίες η συχνότητα δεν μπορεί να υπολογισθεί από τα διαθέσιμα δεδομένα. 

Κατηγορία Οργάνου Συστήματος σύμφωνα με τη βάση 
δεδομένων MedDRA Άγνωστη συχνότητα

Νεοπλάσματα καλοήθη και κακοήθη Καλοήθεις και κακοήθεις όγκοι του ήπατος

Διαταραχές του αιμοποιητικού και του λεμφικού συστήματος Πολυκυτταραιμία

Διαταραχές του ανοσοποιητικού συστήματος Υπερευαισθησία

Διαταραχές του ήπατος και χοληφόρων Παθολογικός έλεγχος ηπατικής λειτουργίας, Ίκτερος

Διαταραχές του δέρματος και του υποδόριου ιστού Ακμή, Αλωπεκία, Εξάνθημα, Κνίδωση, Κνησμός

Γενικές διαταραχές και καταστάσεις της οδού χορήγησης Ποικίλα είδη αντιδράσεων στο σημείο ένεσης*

Έρευνες Αυξημένο ειδικό προστατικό αντιγόνο 

Διαταραχές του αναπαραγωγικού συστήματος και του μαστού Αύξηση της λίμπιντο, Μείωση της λίμπιντο, Γυναικομαστία

*  Πόνος στο σημείο ένεσης, ερύθημα στο σημείο ένεσης, σκλήρυνση στο σημείο ένεσης, οίδημα στο σημείο 
ένεσης, φλεγμονή στο σημείο ένεσης. 

Ενέσεις ελαιωδών διαλυμάτων όπως το Testosterone Enanthate/Norma® έχουν συσχετισθεί με συστηματικές 
αντιδράσεις: βήχα, δύσπνοια, πόνο στο θώρακα. Μπορεί να υπάρχουν και άλλα σημεία και συμπτώματα συμπε-
ριλαμβανομένων βαγοτονικών αντιδράσεων όπως: αδιαθεσία, υπεριδρωσία, ζάλη, παραισθησία, ή συγκοπή. 
Συχνή συχνότητα παρουσιάζουν: αιματοκρίτης αυξημένος, αριθμός ερυθροκυττάρων αυξημένος, αιμοσφαιρίνη 
αυξημένη.
Υψηλή δοσολογία ή μακροχρόνια χορήγηση τεστοστερόνης, συμπεριλαμβανομένου του Testosterone Enanthate/
Norma®, αυξάνει την τάση για κατακράτηση ύδατος και δημιουργία οιδήματος. 
Η σπερματογένεση αναστέλλεται από τη μακροχρόνια χρήση και τη θεραπεία με υψηλή δόση του Testosterone 
Enanthate/Norma®.
Εάν, σε μεμονωμένες περιπτώσεις, εμφανισθούν συχνές ή επίμονες στύσεις, πρέπει να ελαττωθεί η δόση ή να 
διακοπεί η θεραπεία ώστε να αποφευχθεί βλάβη του πέους. 
Αναφορά πιθανολογούμενων ανεπιθύμητων ενεργειών
Η αναφορά πιθανολογούμενων ανεπιθύμητων ενεργειών μετά από τη χορήγηση άδειας κυκλοφορίας του φαρ-
μακευτικού προϊόντος είναι σημαντική. Επιτρέπει τη συνεχή παρακολούθηση της σχέσης οφέλους-κινδύνου 
του φαρμακευτικού προϊόντος. Ζητείται από τους επαγγελματίες του τομέα της υγειονομικής περίθαλψης να 
αναφέρουν οποιεσδήποτε πιθανολογούμενες ανεπιθύμητες ενέργειες μέσω του εθνικού συστήματος αναφοράς
Εθνικός Οργανισμός Φαρμάκων
Μεσογείων 284
GR-15562 Χολαργός, Αθήνα
Τηλ: + 30 21 32040380/337
Φαξ: + 30 21 06549585 
Ιστότοπος: http://www.eof.gr 
4.9. Υπερδοσολογία
Μετά από υπερδοσολογία δεν είναι απαραίτητη η λήψη ειδικών θεραπευτικών μέτρων εκτός από τη διακοπή 
της θεραπείας με το φάρμακο ή μείωση της δόσης.  
Τα δεδομένα οξείας τοξικότητας δείχνουν ότι η ενανθική τεστοστερόνη, ο εστέρας που περιέχεται στο Testosterone 
Enanthate/
Norma®, κατατάσσεται στις μη-τοξικές ουσίες, μετά από εφάπαξ χορήγηση. Ακόμη και μετά από εφάπαξ χορήγηση 
δόσης πολλαπλάσιας της θεραπευτικής, δεν αναμένεται κίνδυνος τοξικότητας. 
5. ΦΑΡΜΑΚΟΛΟΓΙΚΕΣ ΙΔΙΟΤΗΤΕΣ
5.1. Φαρμακοδυναμικές ιδιότητες
Φαρμακοθεραπευτική κατηγορία: Aνδρογόνα 
Κωδικός ΑΤC: G03BA03
Το Testosterone Enanthate/Norma® περιέχει ως δραστικό συστατικό ένα παράγωγο της φυσικής ανδρικής  
ορμόνης του φύλου, της τεστοστερόνης. Η ενανθική τεστοστερόνη  μπορεί να εξαλείψει τα συμπτώματα που 
παρουσιάζονται όταν υπάρχει ανεπάρκεια ανδρογόνων. Η ενεργός μορφή, τεστοστερόνη, δημιουργείται με 
διάσπαση του εστερικού δεσμού.
5.2. Φαρμακοκινητικές ιδιότητες
Ενανθική τεστοστερόνη
Απορρόφηση
Μετά από ενδομυϊκή χορήγηση, η ενανθική τεστοστερόνη γίνεται απόλυτα διαθέσιμη για συστηματική απορρό-
φηση.  Η ουσία απελευθερώνεται από την περιοχή αποθήκευσής της σταδιακά με χρόνο ημίσειας ζωής περίπου 
4,5 ημέρες και διασπάται σε τεστοστερόνη και ενανθικό οξύ. Με μία δόση 250 mg ενανθικής τεστοστερόνης, οι 
ασθενείς λαμβάνουν μια συνολική δόση 180 mg τεστοστερόνης. Κατά το χρόνο που επιτυγχάνονται οι μέγιστες 
τιμές στον ορό, οι κατά προσέγγιση ημερήσιες δόσεις μετά από 1 και 2 εβδομάδες αντιστοιχούν σε 12 και 4 mg 
τεστοστερόνης, αντίστοιχα.  Η τεστοστερόνη απελευθερώνεται πλήρως από την περιοχή αποθήκευσής της μέσα 
σε περίπου 4 εβδομάδες από τη χορήγηση του φαρμάκου.
Κατανομή
Μέγιστες συγκεντρώσεις, περίπου 20 ng/ml, τεστοστερόνης μετρήθηκαν 1,5 – 3 ημέρες μετά την ενδομυϊκή 
χορήγηση 250 mg ενανθικής τεστοστερόνης σε νέους άνδρες. Από εκεί και πέρα, τα επίπεδα τεστοστερόνης στο 
πλάσμα μειώθηκαν με χρόνο ημίσειας ζωής περίπου 4,5 ημέρες, που αντιστοιχεί στο ρυθμό απελευθέρωσης 
από την περιοχή αποθήκευσης. Οι συγκεντρώσεις τεστοστερόνης ≥ 2 ng/ml διατηρήθηκαν για 20 ημέρες  και 
εκείνες ≥1 ng/ml για 26 ημέρες. 
Η τεστοστερόνη είναι ισχυρά συνδεδεμένη με τις πρωτεΐνες του ορού, ιδιαίτερα με την αλβουμίνη και την SHBG.
Μεταβολισμός
Η τεστοστερόνη που προέρχεται από τη διάσπαση του εστέρα της ενανθικής τεστοστερόνης μεταβολίζεται και 
απεκκρίνεται όπως και η ενδογενής τεστοστερόνη.  
Η απόλυτη βιοδιαθεσιμότητα της τεστοστερόνης από τον εστέρα είναι σχεδόν πλήρης, καταδεικνύοντας με αυτό 

τον τρόπο μια γρήγορη και αποτελεσματική διάσπαση του εστέρα.
Το ενανθικό οξύ μεταβολίζεται μέσω β-οξείδωσης με τον ίδιο τρόπο όπως άλλα αλειφατικά καρβοξυλικά οξέα.  
Απέκκριση
Η μεταβολική κάθαρση της τεστοστερόνης υπολογίζεται σε 16±7 ml/min/kg και αναφέρεται στον  ηπατικό και 
εξωηπατικό μεταβολισμό της τεστοστερόνης.  Οι μεταβολίτες της τεστοστερόνης απεκκρίνονται με χρόνο ημί-
σειας ζωής 7,8 ημερών. Περίπου το 90% απεκκρίνεται μέσω της νεφρικής οδού και περίπου το 10% με τη χολή. 
Συνθήκες σταθεροποιημένης κατάστασης
Η ένεση 250 mg ενανθικής τεστοστερόνης κάθε 3-4 εβδομάδες δεν οδηγεί σε κλινικά σημαντική συσσώρευση 
τεστοστερόνης στον ορό.
5.3. Προκλινικά δεδομένα για την ασφάλεια
Εφόσον η ενανθική όπως και η προπιονική τεστοστερόνη διασπώνται πλήρως με τη βοήθεια εστερασών σε 
ελεύθερη τεστοστερόνη, η αξιολόγηση έχει γίνει λαμβάνοντας υπόψη τα αποτελέσματα και των δύο εστέρων.
Οξεία τοξικότητα
Όπως γενικά με τις στεροειδείς ορμόνες, η οξεία τοξικότητα της τεστοστερόνης είναι πολύ χαμηλή.
Χρόνια τοξικότητα
Μελέτες για συστηματική ανεκτικότητα, μετά από επανειλημμένη χορήγηση, δεν ανέδειξαν ευρήματα τα οποία 
να απαγορεύουν τη χρήση των δραστικών ουσιών, στις δόσεις που είναι απαραίτητες για τη θεραπεία.
Μεταλλαξιογόνο και ογκογόνο δυναμικό
In vitro μελέτες για μεταλλαξιογόνο δράση χρησιμοποιώντας την τεστοστερόνη που απελευθερώνεται από 
τους εστέρες δεν έδωσαν κάποια ένδειξη για μεταλλαξιογόνο δυναμικό. Επιπροσθέτως, με βάση τα αρνητικά 
αποτελέσματα μελετών μεταλλαξιογένεσης με άλλες στεροειδείς ορμόνες, δεν αναμένεται τέτοιο δυναμικό στην 
περίπτωση της ενανθικής τεστοστερόνης.  
Δεν έχουν διεξαχθεί με την ενανθική τεστοστερόνη μελέτες με στόχο την αξιολόγηση μιας πιθανής ογκογεννητικής 
δράσης μετά από επανειλημμένη χορήγηση.  Αυτού του είδους οι μελέτες δεν θεωρήθηκαν απαραίτητες, εφόσον, 
σε μελέτες συστηματικής ανεκτικότητας μετά από επανειλημμένη χορήγηση, σε αρουραίους και σκύλους για 
χρονικό διάστημα 6 μηνών, δεν παρουσιάστηκαν ενδείξεις ογκογεννητικής δράσης.  Επιπλέον, πολλά χρόνια 
κλινικής εμπειρίας με την ενανθική τεστοστερόνη δεν έχουν δώσει ενδείξεις ογκογεννητικής δράσης στον άν-
θρωπο. Ωστόσο, πρέπει να υπενθυμιστεί γενικότερα ότι τόσο οι στεροειδείς ορμόνες του φύλου που απαντώνται 
στη φύση όσο και οι συνθετικές στεροειδείς ορμόνες του φύλου μπορούν να προάγουν την αύξηση ορισμένων 
ορμονοεξαρτώμενων  ιστών και όγκων.
Αναπαραγωγική τοξικότητα
Μελέτες γονιμότητας σχετικά με την πιθανή πρόκληση βλάβης στα γεννητικά  κύτταρα δεν έχουν διεξαχθεί με την 
ενανθική τεστοστερόνη. Δεν θεωρήθηκε απαραίτητο να διεξαχθούν τέτοιου είδους μελέτες, εφόσον οι μελέτες 
μακροχρόνιας συστηματικής ανεκτικότητας δεν έδωσαν ενδείξεις τοξικής βλάβης στους όρχεις, αλλά μόνο μία 
κεντρικά-σχετιζόμενη  αναστολή της  σπερματογένεσης και της ωογένεσης. Επίσης, η προσωρινή αναστολή της 
σπερματογένεσης μετά από τη θεραπεία με την ενέσιμη ενανθική τεστοστερόνη 250 mg/ml στους ανθρώπους 
δεν έδωσε ενδείξεις ότι τα σπερματοζωάρια υφίστανται οποιαδήποτε βλάβη, η οποία μπορεί να οδηγήσει σε 
διαμαρτίες ή μείωση της γονιμότητας στους απογόνους. Η ενέσιμη ενανθική τεστοστερόνη δεν πρέπει να χο-
ρηγείται κατά τη διάρκεια της κύησης, λόγω της  πιθανότητας αρρενοποίησης των θηλυκών εμβρύων. Ωστόσο, 
έρευνες εμβρυοτοξικότητας, ιδιαίτερα τερατογένεσης, δεν έδωσαν ενδείξεις ότι πρέπει να αναμένονται άλλες 
βλάβες στην ανάπτυξη των οργάνων.
Τοπική ανεκτικότητα
Μελέτες τοπικής ανεκτικότητας, μετά από ενδομυική χορήγηση, έδειξαν ότι η προπιονική και η ενανθική τεστο-
στερόνη δεν αυξάνουν τον ερεθισμό που προκαλεί από μόνος του ο διαλύτης. Ο διαλύτης που περιέχεται στο 
Testosterone Enanthate/Norma® έχει χρησιμοποιηθεί επί πολλά χρόνια σε πολυάριθμες φαρμακοτεχνικές 
μορφές που προορίζονται για ανθρώπινη χρήση. Σε αυτό το διάστημα δεν παρουσιάστηκαν φαινόμενα τοπικού 
ερεθισμού, που να αντιτίθενται στην περαιτέρω χρήση του.
Οι έρευνες που διεξήχθησαν με τον ελαιώδη διαλύτη που περιέχεται στο Testosterone Enanthate/Norma® 
δεν έδωσαν ενδείξεις ευαισθητοποίησης. Δεν έχουν διεξαχθεί επιπρόσθετες έρευνες ευαισθητοποίησης για την 
προπιονική και την ενανθική τεστοστερόνη. Αρκετά έτη κλινικής εμπειρίας έδειξαν μόνο σποραδικές περιπτώσεις, 
στις οποίες υπήρξε υποψία αλλεργικών αντιδράσεων. Δεν έχει, ωστόσο αποδειχτεί ξεκάθαρη δραστηριότητα 
ευαισθητοποίησης.
Συνολικά, τα διαθέσιμα τοξικολογικά ευρήματα δεν φανερώνουν αντιρρήσεις ως προς τη συνταγογραφημένη 
χρήση του Testosterone Enanthate/Norma® στον άνθρωπο, στις προτεινόμενες ενδείξεις και δοσολογίες.
6. ΦΑΡΜΑΚΕΥΤΙΚΕΣ ΠΛΗΡΟΦΟΡΙΕΣ
6.1. Κατάλογος των εκδόχων
Βενζυλεστέρας βενζοϊκός/Benzyl benzoate
Κικέλαιο/Oleum Ricine
6.2. Ασυμβατότητες
Με υδατικά διαλύματα.
6.3. Διάρκεια ζωής
24 μήνες για προϊόν διατηρημένο σύμφωνα με τις οδηγίες. 
6.4. Ιδιαίτερες προφυλάξεις κατά τη φύλαξη του προϊόντος
Να μη φυλάσσεται σε θερμοκρασία μεγαλύτερη των 250 C. Να προφυλάσσεται από το φως.
Κάθε αχρησιμοποίητο φαρμακευτικό προϊόν ή υπόλειμμα πρέπει να απορρίπτεται σύμφωνα με τις κατά τόπους 
ισχύουσες σχετικές διατάξεις.
6.5. Φύση και συστατικά του περιέκτη
Χάρτινο κουτί που περιέχει καφέ γυάλινη φύσιγγα και φύλλο οδηγιών χρήσης.
7. ΚΑΤΟΧΟΣ ΤΗΣ ΑΔΕΙΑΣ ΚΥΚΛΟΦΟΡΙΑΣ
ΝΟΡΜΑ ΕΛΛΑΣ Α.Ε. 
Μενάνδρου 54,10431 Αθήνα. 
Τηλ: 210 52 22 282 Fax: 210 52 41 368 
email: info@normahellas.gr 
8. ΑΡΙΘΜΟΣ ΑΔΕΙΑΣ ΚΥΚΛΟΦΟΡΙΑΣ
Testosterone Enanthate/Norma® inj.sol. 250mg/ml: 45945/03-10-2008
9. ΗΜΕΡΟΜΗΝΙΑ ΠΡΩΤΗΣ ΕΓΚΡΙΣΗΣ/ΑΝΑΝΕΩΣΗΣ ΤΗΣ ΑΔΕΙΑΣ
20-08-2003/03-10-2008
10. ΗΜΕΡΟΜΗΝΙΑ ΑΝΑΘΕΩΡΗΣΗΣ ΤΟΥ ΚΕΙΜΕΝΟΥ 
17/11/2017
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1. ΟΝΟΜΑΣΙΑ TOY ΦΑΡΜΑΚΕΥΤΙΚΟΥ ΠΡΟΪΟΝΤΟΣ
Testosterone Enanthate/Norma® ενέσιμο διάλυμα 250 mg/ml
2. ΠΟΙΟΤΙΚΗ ΚΑΙ ΠΟΣΟΤΙΚΗ ΣΥΝΘΕΣΗ
Κάθε ml Testosterone Enanthate/Norma® (μία φύσιγγα) περιέχει 250 mg Ενανθικής Τεστοστερόνης (αντιστοιχεί 
περίπου σε 180 mg Τεστοστερόνης) σε ελαιώδες διάλυμα.
Για τον πλήρη κατάλογο των εκδόχων βλ. παράγραφο 6.1 «Κατάλογος εκδόχων».
3. ΦΑΡΜΑΚΟΤΕΧΝΙΚΗ ΜΟΡΦΗ
Ενέσιμο διάλυμα
4. ΚΛΙΝΙΚΕΣ ΠΛΗΡΟΦΟΡΙΕΣ
4.1. Θεραπευτικές ενδείξεις
Θεραπεία με υποκατάσταση τεστοστερόνης για ανδρικό υπογοναδισμό, όταν έχει επιβεβαιωθεί ανεπάρκεια 
τεστοστερόνης μέσω κλινικών χαρακτηριστικών και βιοχημικών εξετάσεων. 
4.2. Δοσολογία και τρόπος χορήγησης
Δοσολογία: Για την ανάπτυξη και διέγερση υποπλαστικών ανδρογονοεξαρτώμενων οργάνων-στόχων και για την 
αρχική θεραπεία συμπτωμάτων ανεπάρκειας: 250 mg ενδομυϊκά  ανά 2-3 εβδομάδες. Για τη διατήρηση επαρκούς 
ανδρογονικού αποτελέσματος 250 mg ενδομυϊκώς ανά 3-4 εβδομάδες. Ανάλογα με την εκάστοτε εξατομικευμένη 
διαφορετική ορμονική έλλειψη, ίσως να είναι αναγκαία συντομότερα χρονικά διαστήματα μεταξύ των ενέσεων. 
Σε πολλές περιπτώσεις επαρκούν και μεγαλύτερα μέχρι 6 εβδομάδων, χρονικά διαστήματα μεταξύ των ενέσεων.
Πριν την έναρξη της θεραπείας και περιστασιακά κατά τη διάρκεια της θεραπείας στο τέλος του μεσοδιαστήματος 
των ενέσεων, πρέπει να γίνεται μέτρηση των επιπέδων της τεστοστερόνης στον ορό. Τα επίπεδα ορού κάτω του 
φυσιολογικού ορίου δηλώνουν την ανάγκη για ένα πιο σύντομο μεσοδιάστημα ενέσεων. Σε περίπτωση υψηλών 
επιπέδων ορού μπορεί να ληφθεί υπόψη μια παράταση του μεσοδιαστήματος ενέσεων. 
Επιπρόσθετες πληροφορίες για τους ειδικούς πληθυσμούς
Ηλικιωμένοι Ασθενείς
Περιορισμένα βιβλιογραφικά δεδομένα δεν δείχνουν την ανάγκη για κάποια προσαρμογή της δόσης σε ηλικιω-
μένους ασθενείς (βλ. παράγραφο 4.4. «Ειδικές προειδοποιήσεις και προφυλάξεις κατά τη χρήση»). 
Ασθενείς με ηπατική δυσλειτουργία
Δεν έχουν διεξαχθεί μελέτες σε ασθενείς με ηπατική δυσλειτουργία. Η χρήση του Testosterone Enanthate/
Norma® αντενδείκνυται σε άνδρες που είχαν ή έχουν όγκους στο ήπαρ (βλ. παράγραφο 4.3. «Αντενδείξεις»). 
Ασθενείς με νεφρική δυσλειτουργία
Δεν έχουν διεξαχθεί μελέτες σε ασθενείς με νεφρική δυσλειτουργία.
Παιδιατρικός πληθυσμός
H χρήση του Testosterone Enanthate/Norma® δεν ενδείκνυται σε παιδιά και εφήβους (βλ. παράγραφο 4.4. 
«Ειδικές προειδοποιήσεις και προφυλάξεις κατά τη χρήση»). 
Τρόπος χορήγησης
Διάλυμα για ενδομυϊκή ένεση. 
Η ένεση πρέπει να χορηγείται εξαιρετικά αργά (βλ. παράγραφο 4.4. «Ειδικές προειδοποιήσεις και προφυλάξεις 
κατά τη χρήση» και 4.8. «Ανεπιθύμητες ενέργειες»). Το ελαιώδες διάλυμα εvίεται αμέσως μετά την αναρρόφησή 
του στη σύριγγα.
4.3. Αντενδείξεις  
– Εξαρτώμενος από ανδρογόνα καρκίνος του προστάτη ή των ανδρικών μαζικών αδένων (μαστός). 
– Υπερασβεστιαιμία που συνοδεύει κακοήθεις όγκους.
– Ιστορικό ή παρουσία ηπατικών όγκων.
– Υπερευαισθησία στην δραστική ουσία ή σε κάποιο από τα έκδοχα.
4.4. Ειδικές προειδοποιήσεις και προφυλάξεις κατά τη χρήση
Πριν από την έναρξη θεραπείας υποκατάστασης με τεστοστερόνη, όλοι οι ασθενείς πρέπει να υποβληθούν σε 
ενδελεχή εξέταση προκειμένου να αποκλειστεί ο κίνδυνος προϋπάρχοντος καρκίνου του προστάτη. Σε ασθενείς 
που λαμβάνουν θεραπεία με τεστοστερόνη πρέπει να διενεργείται προσεκτική και τακτική παρακολούθηση του 
προστατικού αδένα και του μαστού σύμφωνα με τις συνιστώμενες μεθόδους [δακτυλική διορθική εξέταση και 
προσδιορισμός του ειδικού προστατικού αντιγόνου ορού (PSA) τουλάχιστον μια φορά το χρόνο και δύο φορές 
το χρόνο σε ηλικιωμένους ασθενείς και ασθενείς υψηλού κινδύνου (εκείνους με κλινικούς ή οικογενείς παρά-
γοντες)]. Τα ανδρογόνα μπορεί να επιταχύνουν την ανάπτυξη του υποκλινικού καρκινώματος του προστάτη και 
της καλοήθους υπερτροφίας του προστάτη. Η αιμοσφαιρίνη και ο αιματοκρίτης πρέπει να ελέγχονται ανά τακτά 
χρονικά διαστήματα στους ασθενείς που λαμβάνουν μακροχρόνια θεραπεία με ανδρογόνα προκειμένου να 
ανιχνευθούν περιπτώσεις πολυκυτταραιμίας (βλέπε παράγραφο 4.8. «Ανεπιθύμητες ενέργειες»). Μετά τη χρήση 
ενανθικής τεστοστερόνης έχουν παρατηρηθεί περιπτώσεις με καλοήθεις και κακοήθεις όγκους στο ήπαρ που 
μπορεί να οδηγήσουν σε ενδοκοιλιακή αιμορραγία απειλητική για τη ζωή. Εάν υπάρχουν σοβαρές ενοχλήσεις 
στην άνω κοιλία, διόγκωση του ήπατος ή ενδείξεις ενδοκοιλιακής αιμορραγίας, πρέπει στη διαφορική διάγνωση 
να συμπεριληφθεί η πιθανότητα όγκου του ήπατος. Πρέπει να δίνεται προσοχή σε ασθενείς που έχουν προδιάθεση 
για ανάπτυξη οιδήματος, καθότι η θεραπεία με ανδρογόνα μπορεί να συνοδεύεται από αυξημένη κατακράτηση 
νατρίου ( βλ. παράγραφο 4.8. «Ανεπιθύμητες ενέργειες»).
Διαταραχές πήξης
Η τεστοστερόνη πρέπει να χρησιμοποιείται με προσοχή σε ασθενείς με θρομβοφιλία, καθώς υπήρξαν μελέτες 
μετά την κυκλοφορία και αναφορές θρομβωτικών επεισοδίων σε αυτούς τους ασθενείς κατά τη διάρκεια θε-
ραπείας με τεστοστερόνη.
Σε ασθενείς που πάσχουν από σοβαρή καρδιακή, ηπατική ή νεφρική ανεπάρκεια ή ισχαιμική καρδιακή νόσο, 
η θεραπεία με τεστοστερόνη μπορεί να προκαλέσει σοβαρές επιπλοκές που χαρακτηρίζονται από οίδημα με 
ή χωρίς συμφορητική καρδιακή ανεπάρκεια. Σε τέτοια περίπτωση, η θεραπεία πρέπει να διακοπεί αμέσως. Η 
τεστοστερόνη ενδέχεται να προκαλέσει αύξηση της αρτηριακής πίεσης και το Testosterone Enanthate/Norma® 

θα πρέπει να χρησιμοποιείται με προσοχή σε άνδρες με υπέρταση. Το επίπεδο τεστοστερόνης θα πρέπει να 
παρακολουθείται κατά την έναρξη και σε τακτά χρονικά διαστήματα κατά τη διάρκεια της θεραπείας. Οι κλινικοί 
ιατροί θα πρέπει να προσαρμόζουν τη δοσολογία σε ατομική βάση προκειμένου να διασφαλίζουν τη διατήρηση 
ευγοναδικών επιπέδων τεστοστερόνης. Σε ασθενείς που λαμβάνουν μακροχρόνια θεραπεία με ανδρογόνα, οι 
ακόλουθες εργαστηριακές παράμετροι θα πρέπει επίσης να παρακολουθούνται τακτικά: αιμοσφαιρίνη και αιμα-
τοκρίτης, δοκιμασίες ηπατικής λειτουργίας και λιπιδαιμικό προφίλ. Υπάρχει περιορισμένη εμπειρία σχετικά με την 
ασφάλεια και την αποτελεσματικότητα της χρήσης του Testosterone Enanthate/Norma® σε ασθενείς ηλικίας άνω 
των 65 ετών. Επί του παρόντος, δεν υπάρχει ομοφωνία σχετικά με τις ειδικές για την ηλικία τιμές αναφοράς για 
την τεστοστερόνη. Ωστόσο θα πρέπει να λαμβάνεται υπόψη ότι τα φυσιολογικά επίπεδα τεστοστερόνης στον ορό 
μειώνονται με την αυξανόμενη ηλικία. H χρήση ενέσιμης τεστοστερόνης δεν ενδείκνυται σε παιδιά και εφήβους 
(βλ. παράγραφο 4.2. «Δοσολογία και τρόπος χορήγησης»). 
Στα παιδιά η τεστοστερόνη, εκτός από την αρρενοποίηση, μπορεί να προκαλέσει επιτάχυνση της σωματικής ανά-
πτυξης και πρόωρη σύγκλειση των επιφύσεων των οστών, με συνέπεια μείωση του τελικού ύψους. H ενανθική 
τεστοστερόνη δεν πρέπει να χρησιμοποιείται σε γυναίκες διότι, ανάλογα με την ατομική ευαισθησία στη δράση 
των ανδρογόνων, οι γυναίκες μπορεί να εμφανίσουν σημεία αρρενοποίησης, π.χ. ακμή, δασυτριχισμός, αλλαγές 
στη χροιά της φωνής. Προϋπάρχουσα άπνοια στον ύπνο μπορεί να επιδεινωθεί. Τα ανδρογόνα δεν ενδείκνυνται 
για την προαγωγή της μυϊκής ανάπτυξης και την αύξηση της σωματικής ικανότητας (απόδοσης)  σε υγιή άτομα. 
Όπως με όλα τα ελαιώδη διαλύματα, το Testosterone Enanthate/Norma® πρέπει να ενίεται αυστηρώς ενδο-
μυϊκά και πολύ αργά. Πνευμονικός μικροεμβολισμός από ελαιώδη διαλύματα μπορεί να οδηγήσει σε σημεία 
και συμπτώματα όπως βήχας, δύσπνοια και πόνος στο θώρακα. Μπορεί να υπάρχουν και άλλα σημεία και 
συμπτώματα συμπεριλαμβανομένων βαγοτονικών αντιδράσεων όπως αδιαθεσία, υπεριδρωσία, ζάλη, παραι-
σθησία, ή συγκοπή. Αυτές οι αντιδράσεις μπορεί να προκύψουν κατά τη διάρκεια ή αμέσως μετά την ένεση και 
είναι αναστρέψιμες. Η θεραπεία είναι συνήθως υποστηρικτική π.χ. χορήγηση οξυγόνου.

4.5. Αλληλεπιδράσεις με άλλα φαρμακευτικά προϊόντα και άλλες μορφές αλληλεπίδρασης
Η φαινοβαρβιτάλη αυξάνει το μεταβολισμό των στεροειδών ορμονών στο ήπαρ (πιθανή μείωση αποτελεσμα-
τικότητας).
Η κατάσταση της πήξης του αίματος πρέπει να παρακολουθείται ιδιαίτερα στενά, όταν το Testosterone Enanthate/
Norma® χορηγείται ταυτόχρονα με αντιπηκτικά παράγωγα κουμαρίνης.
4.6. Γονιμότητα, Κύηση και γαλουχία
Η θεραπεία υποκατάστασης με τεστοστερόνη μπορεί αναστρέψιμα να μειώσει τη σπερματογένεση (βλ. παράγραφο 
4.8. «Ανεπιθύμητες ενέργειες» και 5.3. «Προκλινικά δεδομένα ασφάλειας»). 
Το Testosterone Enanthate/Norma® προορίζεται για χρήση μόνο από άνδρες. Το Testosterone Enanthate/
Norma® δεν ενδείκνυται σε εγκύους ή γυναίκες που θηλάζουν (βλ. παράγραφο 5.3. «Προκλινικά δεδομένα 
ασφάλειας»).
4.7. Επίδραση στην ικανότητα οδήγησης και χειρισμού μηχανημάτων
Δεν εφαρμόζεται.
4.8. Ανεπιθύμητες ενέργειες
Αναφορικά με τις ανεπιθύμητες ενέργειες σε σχέση με τη χρήση των ανδρογόνων παρακαλούμε δείτε επίσης 
την παράγραφο 4.4. «Ειδικές προειδοποιήσεις και προφυλάξεις κατά τη χρήση».  
Οι πιο συχνά αναφερόμενες ανεπιθύμητες ενέργειες με την ενέσιμη ενανθική τεστοστερόνη είναι ο πόνος στο 
σημείο ένεσης, ερύθημα στο σημείο ένεσης και βήχας και / ή δύσπνοια κατά τη διάρκεια ή αμέσως μετά την ένεση. 
Ο παρακάτω πίνακας περιλαμβάνει ανεπιθύμητες ενέργειες από αυθόρμητες αναφορές και από επιστημονική 
βιβλιογραφία για τις οποίες η συχνότητα δεν μπορεί να υπολογισθεί από τα διαθέσιμα δεδομένα. 

Κατηγορία Οργάνου Συστήματος σύμφωνα με τη βάση 
δεδομένων MedDRA Άγνωστη συχνότητα

Νεοπλάσματα καλοήθη και κακοήθη Καλοήθεις και κακοήθεις όγκοι του ήπατος

Διαταραχές του αιμοποιητικού και του λεμφικού συστήματος Πολυκυτταραιμία

Διαταραχές του ανοσοποιητικού συστήματος Υπερευαισθησία

Διαταραχές του ήπατος και χοληφόρων Παθολογικός έλεγχος ηπατικής λειτουργίας, Ίκτερος

Διαταραχές του δέρματος και του υποδόριου ιστού Ακμή, Αλωπεκία, Εξάνθημα, Κνίδωση, Κνησμός

Γενικές διαταραχές και καταστάσεις της οδού χορήγησης Ποικίλα είδη αντιδράσεων στο σημείο ένεσης*

Έρευνες Αυξημένο ειδικό προστατικό αντιγόνο 

Διαταραχές του αναπαραγωγικού συστήματος και του μαστού Αύξηση της λίμπιντο, Μείωση της λίμπιντο, Γυναικομαστία

*  Πόνος στο σημείο ένεσης, ερύθημα στο σημείο ένεσης, σκλήρυνση στο σημείο ένεσης, οίδημα στο σημείο 
ένεσης, φλεγμονή στο σημείο ένεσης. 

Ενέσεις ελαιωδών διαλυμάτων όπως το Testosterone Enanthate/Norma® έχουν συσχετισθεί με συστηματικές 
αντιδράσεις: βήχα, δύσπνοια, πόνο στο θώρακα. Μπορεί να υπάρχουν και άλλα σημεία και συμπτώματα συμπε-
ριλαμβανομένων βαγοτονικών αντιδράσεων όπως: αδιαθεσία, υπεριδρωσία, ζάλη, παραισθησία, ή συγκοπή. 
Συχνή συχνότητα παρουσιάζουν: αιματοκρίτης αυξημένος, αριθμός ερυθροκυττάρων αυξημένος, αιμοσφαιρίνη 
αυξημένη.
Υψηλή δοσολογία ή μακροχρόνια χορήγηση τεστοστερόνης, συμπεριλαμβανομένου του Testosterone Enanthate/
Norma®, αυξάνει την τάση για κατακράτηση ύδατος και δημιουργία οιδήματος. 
Η σπερματογένεση αναστέλλεται από τη μακροχρόνια χρήση και τη θεραπεία με υψηλή δόση του Testosterone 
Enanthate/Norma®.
Εάν, σε μεμονωμένες περιπτώσεις, εμφανισθούν συχνές ή επίμονες στύσεις, πρέπει να ελαττωθεί η δόση ή να 
διακοπεί η θεραπεία ώστε να αποφευχθεί βλάβη του πέους. 
Αναφορά πιθανολογούμενων ανεπιθύμητων ενεργειών
Η αναφορά πιθανολογούμενων ανεπιθύμητων ενεργειών μετά από τη χορήγηση άδειας κυκλοφορίας του φαρ-
μακευτικού προϊόντος είναι σημαντική. Επιτρέπει τη συνεχή παρακολούθηση της σχέσης οφέλους-κινδύνου 
του φαρμακευτικού προϊόντος. Ζητείται από τους επαγγελματίες του τομέα της υγειονομικής περίθαλψης να 
αναφέρουν οποιεσδήποτε πιθανολογούμενες ανεπιθύμητες ενέργειες μέσω του εθνικού συστήματος αναφοράς
Εθνικός Οργανισμός Φαρμάκων
Μεσογείων 284
GR-15562 Χολαργός, Αθήνα
Τηλ: + 30 21 32040380/337
Φαξ: + 30 21 06549585 
Ιστότοπος: http://www.eof.gr 
4.9. Υπερδοσολογία
Μετά από υπερδοσολογία δεν είναι απαραίτητη η λήψη ειδικών θεραπευτικών μέτρων εκτός από τη διακοπή 
της θεραπείας με το φάρμακο ή μείωση της δόσης.  
Τα δεδομένα οξείας τοξικότητας δείχνουν ότι η ενανθική τεστοστερόνη, ο εστέρας που περιέχεται στο Testosterone 
Enanthate/
Norma®, κατατάσσεται στις μη-τοξικές ουσίες, μετά από εφάπαξ χορήγηση. Ακόμη και μετά από εφάπαξ χορήγηση 
δόσης πολλαπλάσιας της θεραπευτικής, δεν αναμένεται κίνδυνος τοξικότητας. 
5. ΦΑΡΜΑΚΟΛΟΓΙΚΕΣ ΙΔΙΟΤΗΤΕΣ
5.1. Φαρμακοδυναμικές ιδιότητες
Φαρμακοθεραπευτική κατηγορία: Aνδρογόνα 
Κωδικός ΑΤC: G03BA03
Το Testosterone Enanthate/Norma® περιέχει ως δραστικό συστατικό ένα παράγωγο της φυσικής ανδρικής  
ορμόνης του φύλου, της τεστοστερόνης. Η ενανθική τεστοστερόνη  μπορεί να εξαλείψει τα συμπτώματα που 
παρουσιάζονται όταν υπάρχει ανεπάρκεια ανδρογόνων. Η ενεργός μορφή, τεστοστερόνη, δημιουργείται με 
διάσπαση του εστερικού δεσμού.
5.2. Φαρμακοκινητικές ιδιότητες
Ενανθική τεστοστερόνη
Απορρόφηση
Μετά από ενδομυϊκή χορήγηση, η ενανθική τεστοστερόνη γίνεται απόλυτα διαθέσιμη για συστηματική απορρό-
φηση.  Η ουσία απελευθερώνεται από την περιοχή αποθήκευσής της σταδιακά με χρόνο ημίσειας ζωής περίπου 
4,5 ημέρες και διασπάται σε τεστοστερόνη και ενανθικό οξύ. Με μία δόση 250 mg ενανθικής τεστοστερόνης, οι 
ασθενείς λαμβάνουν μια συνολική δόση 180 mg τεστοστερόνης. Κατά το χρόνο που επιτυγχάνονται οι μέγιστες 
τιμές στον ορό, οι κατά προσέγγιση ημερήσιες δόσεις μετά από 1 και 2 εβδομάδες αντιστοιχούν σε 12 και 4 mg 
τεστοστερόνης, αντίστοιχα.  Η τεστοστερόνη απελευθερώνεται πλήρως από την περιοχή αποθήκευσής της μέσα 
σε περίπου 4 εβδομάδες από τη χορήγηση του φαρμάκου.
Κατανομή
Μέγιστες συγκεντρώσεις, περίπου 20 ng/ml, τεστοστερόνης μετρήθηκαν 1,5 – 3 ημέρες μετά την ενδομυϊκή 
χορήγηση 250 mg ενανθικής τεστοστερόνης σε νέους άνδρες. Από εκεί και πέρα, τα επίπεδα τεστοστερόνης στο 
πλάσμα μειώθηκαν με χρόνο ημίσειας ζωής περίπου 4,5 ημέρες, που αντιστοιχεί στο ρυθμό απελευθέρωσης 
από την περιοχή αποθήκευσης. Οι συγκεντρώσεις τεστοστερόνης ≥ 2 ng/ml διατηρήθηκαν για 20 ημέρες  και 
εκείνες ≥1 ng/ml για 26 ημέρες. 
Η τεστοστερόνη είναι ισχυρά συνδεδεμένη με τις πρωτεΐνες του ορού, ιδιαίτερα με την αλβουμίνη και την SHBG.
Μεταβολισμός
Η τεστοστερόνη που προέρχεται από τη διάσπαση του εστέρα της ενανθικής τεστοστερόνης μεταβολίζεται και 
απεκκρίνεται όπως και η ενδογενής τεστοστερόνη.  
Η απόλυτη βιοδιαθεσιμότητα της τεστοστερόνης από τον εστέρα είναι σχεδόν πλήρης, καταδεικνύοντας με αυτό 

τον τρόπο μια γρήγορη και αποτελεσματική διάσπαση του εστέρα.
Το ενανθικό οξύ μεταβολίζεται μέσω β-οξείδωσης με τον ίδιο τρόπο όπως άλλα αλειφατικά καρβοξυλικά οξέα.  
Απέκκριση
Η μεταβολική κάθαρση της τεστοστερόνης υπολογίζεται σε 16±7 ml/min/kg και αναφέρεται στον  ηπατικό και 
εξωηπατικό μεταβολισμό της τεστοστερόνης.  Οι μεταβολίτες της τεστοστερόνης απεκκρίνονται με χρόνο ημί-
σειας ζωής 7,8 ημερών. Περίπου το 90% απεκκρίνεται μέσω της νεφρικής οδού και περίπου το 10% με τη χολή. 
Συνθήκες σταθεροποιημένης κατάστασης
Η ένεση 250 mg ενανθικής τεστοστερόνης κάθε 3-4 εβδομάδες δεν οδηγεί σε κλινικά σημαντική συσσώρευση 
τεστοστερόνης στον ορό.
5.3. Προκλινικά δεδομένα για την ασφάλεια
Εφόσον η ενανθική όπως και η προπιονική τεστοστερόνη διασπώνται πλήρως με τη βοήθεια εστερασών σε 
ελεύθερη τεστοστερόνη, η αξιολόγηση έχει γίνει λαμβάνοντας υπόψη τα αποτελέσματα και των δύο εστέρων.
Οξεία τοξικότητα
Όπως γενικά με τις στεροειδείς ορμόνες, η οξεία τοξικότητα της τεστοστερόνης είναι πολύ χαμηλή.
Χρόνια τοξικότητα
Μελέτες για συστηματική ανεκτικότητα, μετά από επανειλημμένη χορήγηση, δεν ανέδειξαν ευρήματα τα οποία 
να απαγορεύουν τη χρήση των δραστικών ουσιών, στις δόσεις που είναι απαραίτητες για τη θεραπεία.
Μεταλλαξιογόνο και ογκογόνο δυναμικό
In vitro μελέτες για μεταλλαξιογόνο δράση χρησιμοποιώντας την τεστοστερόνη που απελευθερώνεται από 
τους εστέρες δεν έδωσαν κάποια ένδειξη για μεταλλαξιογόνο δυναμικό. Επιπροσθέτως, με βάση τα αρνητικά 
αποτελέσματα μελετών μεταλλαξιογένεσης με άλλες στεροειδείς ορμόνες, δεν αναμένεται τέτοιο δυναμικό στην 
περίπτωση της ενανθικής τεστοστερόνης.  
Δεν έχουν διεξαχθεί με την ενανθική τεστοστερόνη μελέτες με στόχο την αξιολόγηση μιας πιθανής ογκογεννητικής 
δράσης μετά από επανειλημμένη χορήγηση.  Αυτού του είδους οι μελέτες δεν θεωρήθηκαν απαραίτητες, εφόσον, 
σε μελέτες συστηματικής ανεκτικότητας μετά από επανειλημμένη χορήγηση, σε αρουραίους και σκύλους για 
χρονικό διάστημα 6 μηνών, δεν παρουσιάστηκαν ενδείξεις ογκογεννητικής δράσης.  Επιπλέον, πολλά χρόνια 
κλινικής εμπειρίας με την ενανθική τεστοστερόνη δεν έχουν δώσει ενδείξεις ογκογεννητικής δράσης στον άν-
θρωπο. Ωστόσο, πρέπει να υπενθυμιστεί γενικότερα ότι τόσο οι στεροειδείς ορμόνες του φύλου που απαντώνται 
στη φύση όσο και οι συνθετικές στεροειδείς ορμόνες του φύλου μπορούν να προάγουν την αύξηση ορισμένων 
ορμονοεξαρτώμενων  ιστών και όγκων.
Αναπαραγωγική τοξικότητα
Μελέτες γονιμότητας σχετικά με την πιθανή πρόκληση βλάβης στα γεννητικά  κύτταρα δεν έχουν διεξαχθεί με την 
ενανθική τεστοστερόνη. Δεν θεωρήθηκε απαραίτητο να διεξαχθούν τέτοιου είδους μελέτες, εφόσον οι μελέτες 
μακροχρόνιας συστηματικής ανεκτικότητας δεν έδωσαν ενδείξεις τοξικής βλάβης στους όρχεις, αλλά μόνο μία 
κεντρικά-σχετιζόμενη  αναστολή της  σπερματογένεσης και της ωογένεσης. Επίσης, η προσωρινή αναστολή της 
σπερματογένεσης μετά από τη θεραπεία με την ενέσιμη ενανθική τεστοστερόνη 250 mg/ml στους ανθρώπους 
δεν έδωσε ενδείξεις ότι τα σπερματοζωάρια υφίστανται οποιαδήποτε βλάβη, η οποία μπορεί να οδηγήσει σε 
διαμαρτίες ή μείωση της γονιμότητας στους απογόνους. Η ενέσιμη ενανθική τεστοστερόνη δεν πρέπει να χο-
ρηγείται κατά τη διάρκεια της κύησης, λόγω της  πιθανότητας αρρενοποίησης των θηλυκών εμβρύων. Ωστόσο, 
έρευνες εμβρυοτοξικότητας, ιδιαίτερα τερατογένεσης, δεν έδωσαν ενδείξεις ότι πρέπει να αναμένονται άλλες 
βλάβες στην ανάπτυξη των οργάνων.
Τοπική ανεκτικότητα
Μελέτες τοπικής ανεκτικότητας, μετά από ενδομυική χορήγηση, έδειξαν ότι η προπιονική και η ενανθική τεστο-
στερόνη δεν αυξάνουν τον ερεθισμό που προκαλεί από μόνος του ο διαλύτης. Ο διαλύτης που περιέχεται στο 
Testosterone Enanthate/Norma® έχει χρησιμοποιηθεί επί πολλά χρόνια σε πολυάριθμες φαρμακοτεχνικές 
μορφές που προορίζονται για ανθρώπινη χρήση. Σε αυτό το διάστημα δεν παρουσιάστηκαν φαινόμενα τοπικού 
ερεθισμού, που να αντιτίθενται στην περαιτέρω χρήση του.
Οι έρευνες που διεξήχθησαν με τον ελαιώδη διαλύτη που περιέχεται στο Testosterone Enanthate/Norma® 
δεν έδωσαν ενδείξεις ευαισθητοποίησης. Δεν έχουν διεξαχθεί επιπρόσθετες έρευνες ευαισθητοποίησης για την 
προπιονική και την ενανθική τεστοστερόνη. Αρκετά έτη κλινικής εμπειρίας έδειξαν μόνο σποραδικές περιπτώσεις, 
στις οποίες υπήρξε υποψία αλλεργικών αντιδράσεων. Δεν έχει, ωστόσο αποδειχτεί ξεκάθαρη δραστηριότητα 
ευαισθητοποίησης.
Συνολικά, τα διαθέσιμα τοξικολογικά ευρήματα δεν φανερώνουν αντιρρήσεις ως προς τη συνταγογραφημένη 
χρήση του Testosterone Enanthate/Norma® στον άνθρωπο, στις προτεινόμενες ενδείξεις και δοσολογίες.
6. ΦΑΡΜΑΚΕΥΤΙΚΕΣ ΠΛΗΡΟΦΟΡΙΕΣ
6.1. Κατάλογος των εκδόχων
Βενζυλεστέρας βενζοϊκός/Benzyl benzoate
Κικέλαιο/Oleum Ricine
6.2. Ασυμβατότητες
Με υδατικά διαλύματα.
6.3. Διάρκεια ζωής
24 μήνες για προϊόν διατηρημένο σύμφωνα με τις οδηγίες. 
6.4. Ιδιαίτερες προφυλάξεις κατά τη φύλαξη του προϊόντος
Να μη φυλάσσεται σε θερμοκρασία μεγαλύτερη των 250 C. Να προφυλάσσεται από το φως.
Κάθε αχρησιμοποίητο φαρμακευτικό προϊόν ή υπόλειμμα πρέπει να απορρίπτεται σύμφωνα με τις κατά τόπους 
ισχύουσες σχετικές διατάξεις.
6.5. Φύση και συστατικά του περιέκτη
Χάρτινο κουτί που περιέχει καφέ γυάλινη φύσιγγα και φύλλο οδηγιών χρήσης.
7. ΚΑΤΟΧΟΣ ΤΗΣ ΑΔΕΙΑΣ ΚΥΚΛΟΦΟΡΙΑΣ
ΝΟΡΜΑ ΕΛΛΑΣ Α.Ε. 
Μενάνδρου 54,10431 Αθήνα. 
Τηλ: 210 52 22 282 Fax: 210 52 41 368 
email: info@normahellas.gr 
8. ΑΡΙΘΜΟΣ ΑΔΕΙΑΣ ΚΥΚΛΟΦΟΡΙΑΣ
Testosterone Enanthate/Norma® inj.sol. 250mg/ml: 45945/03-10-2008
9. ΗΜΕΡΟΜΗΝΙΑ ΠΡΩΤΗΣ ΕΓΚΡΙΣΗΣ/ΑΝΑΝΕΩΣΗΣ ΤΗΣ ΑΔΕΙΑΣ
20-08-2003/03-10-2008
10. ΗΜΕΡΟΜΗΝΙΑ ΑΝΑΘΕΩΡΗΣΗΣ ΤΟΥ ΚΕΙΜΕΝΟΥ 
17/11/2017

Testosterone Enanthate/Norma®

Περιληψη Χαρακτηριστικων του Προϊοντοσ (SmPC)

Βοηθήστε να γίνουν τα φάρμακα πιο ασφαλή και
Αναφέρετε

ΟΛΕΣ τις ανεπιθύμητες ενέργειες για
ΟΛΑ τα φάρμακα

Συμπληρώνοντας την «ΚΙΤΡΙΝΗ ΚΑΡΤΑ»

ΝΟΡΜΑ ΕΛΛΑΣ Α.Ε.  Μενάνδρου 54, 104 31 Αθήνα,
Τηλ.: 210 52 22 282,  Fax: 210 52 41 368
E-mail: info@normahellas.gr, http://www.normahellas.gr

Υψηλή 
Ποιότητα 
Ελέγχου

Ολική επαναφορά...

Testosterone Enantate  inj.sol. 250mg/ml 

Υψηλή 
Ποιότητα 
Ελέγχου

1. ΟΝΟΜΑΣΙΑ TOY ΦΑΡΜΑΚΕΥΤΙΚΟΥ ΠΡΟΪΟΝΤΟΣ
Testosterone Enanthate/Norma® ενέσιμο διάλυμα 250 mg/ml
2. ΠΟΙΟΤΙΚΗ ΚΑΙ ΠΟΣΟΤΙΚΗ ΣΥΝΘΕΣΗ
Κάθε ml Testosterone Enanthate/Norma® (μία φύσιγγα) περιέχει 250 mg Ενανθικής Τεστοστερόνης (αντιστοιχεί 
περίπου σε 180 mg Τεστοστερόνης) σε ελαιώδες διάλυμα.
Για τον πλήρη κατάλογο των εκδόχων βλ. παράγραφο 6.1 «Κατάλογος εκδόχων».
3. ΦΑΡΜΑΚΟΤΕΧΝΙΚΗ ΜΟΡΦΗ
Ενέσιμο διάλυμα
4. ΚΛΙΝΙΚΕΣ ΠΛΗΡΟΦΟΡΙΕΣ
4.1. Θεραπευτικές ενδείξεις
Θεραπεία με υποκατάσταση τεστοστερόνης για ανδρικό υπογοναδισμό, όταν έχει επιβεβαιωθεί ανεπάρκεια 
τεστοστερόνης μέσω κλινικών χαρακτηριστικών και βιοχημικών εξετάσεων. 
4.2. Δοσολογία και τρόπος χορήγησης
Δοσολογία: Για την ανάπτυξη και διέγερση υποπλαστικών ανδρογονοεξαρτώμενων οργάνων-στόχων και για την 
αρχική θεραπεία συμπτωμάτων ανεπάρκειας: 250 mg ενδομυϊκά  ανά 2-3 εβδομάδες. Για τη διατήρηση επαρκούς 
ανδρογονικού αποτελέσματος 250 mg ενδομυϊκώς ανά 3-4 εβδομάδες. Ανάλογα με την εκάστοτε εξατομικευμένη 
διαφορετική ορμονική έλλειψη, ίσως να είναι αναγκαία συντομότερα χρονικά διαστήματα μεταξύ των ενέσεων. 
Σε πολλές περιπτώσεις επαρκούν και μεγαλύτερα μέχρι 6 εβδομάδων, χρονικά διαστήματα μεταξύ των ενέσεων.
Πριν την έναρξη της θεραπείας και περιστασιακά κατά τη διάρκεια της θεραπείας στο τέλος του μεσοδιαστήματος 
των ενέσεων, πρέπει να γίνεται μέτρηση των επιπέδων της τεστοστερόνης στον ορό. Τα επίπεδα ορού κάτω του 
φυσιολογικού ορίου δηλώνουν την ανάγκη για ένα πιο σύντομο μεσοδιάστημα ενέσεων. Σε περίπτωση υψηλών 
επιπέδων ορού μπορεί να ληφθεί υπόψη μια παράταση του μεσοδιαστήματος ενέσεων. 
Επιπρόσθετες πληροφορίες για τους ειδικούς πληθυσμούς
Ηλικιωμένοι Ασθενείς
Περιορισμένα βιβλιογραφικά δεδομένα δεν δείχνουν την ανάγκη για κάποια προσαρμογή της δόσης σε ηλικιω-
μένους ασθενείς (βλ. παράγραφο 4.4. «Ειδικές προειδοποιήσεις και προφυλάξεις κατά τη χρήση»). 
Ασθενείς με ηπατική δυσλειτουργία
Δεν έχουν διεξαχθεί μελέτες σε ασθενείς με ηπατική δυσλειτουργία. Η χρήση του Testosterone Enanthate/
Norma® αντενδείκνυται σε άνδρες που είχαν ή έχουν όγκους στο ήπαρ (βλ. παράγραφο 4.3. «Αντενδείξεις»). 
Ασθενείς με νεφρική δυσλειτουργία
Δεν έχουν διεξαχθεί μελέτες σε ασθενείς με νεφρική δυσλειτουργία.
Παιδιατρικός πληθυσμός
H χρήση του Testosterone Enanthate/Norma® δεν ενδείκνυται σε παιδιά και εφήβους (βλ. παράγραφο 4.4. 
«Ειδικές προειδοποιήσεις και προφυλάξεις κατά τη χρήση»). 
Τρόπος χορήγησης
Διάλυμα για ενδομυϊκή ένεση. 
Η ένεση πρέπει να χορηγείται εξαιρετικά αργά (βλ. παράγραφο 4.4. «Ειδικές προειδοποιήσεις και προφυλάξεις 
κατά τη χρήση» και 4.8. «Ανεπιθύμητες ενέργειες»). Το ελαιώδες διάλυμα εvίεται αμέσως μετά την αναρρόφησή 
του στη σύριγγα.
4.3. Αντενδείξεις  
– Εξαρτώμενος από ανδρογόνα καρκίνος του προστάτη ή των ανδρικών μαζικών αδένων (μαστός). 
– Υπερασβεστιαιμία που συνοδεύει κακοήθεις όγκους.
– Ιστορικό ή παρουσία ηπατικών όγκων.
– Υπερευαισθησία στην δραστική ουσία ή σε κάποιο από τα έκδοχα.
4.4. Ειδικές προειδοποιήσεις και προφυλάξεις κατά τη χρήση
Πριν από την έναρξη θεραπείας υποκατάστασης με τεστοστερόνη, όλοι οι ασθενείς πρέπει να υποβληθούν σε 
ενδελεχή εξέταση προκειμένου να αποκλειστεί ο κίνδυνος προϋπάρχοντος καρκίνου του προστάτη. Σε ασθενείς 
που λαμβάνουν θεραπεία με τεστοστερόνη πρέπει να διενεργείται προσεκτική και τακτική παρακολούθηση του 
προστατικού αδένα και του μαστού σύμφωνα με τις συνιστώμενες μεθόδους [δακτυλική διορθική εξέταση και 
προσδιορισμός του ειδικού προστατικού αντιγόνου ορού (PSA) τουλάχιστον μια φορά το χρόνο και δύο φορές 
το χρόνο σε ηλικιωμένους ασθενείς και ασθενείς υψηλού κινδύνου (εκείνους με κλινικούς ή οικογενείς παρά-
γοντες)]. Τα ανδρογόνα μπορεί να επιταχύνουν την ανάπτυξη του υποκλινικού καρκινώματος του προστάτη και 
της καλοήθους υπερτροφίας του προστάτη. Η αιμοσφαιρίνη και ο αιματοκρίτης πρέπει να ελέγχονται ανά τακτά 
χρονικά διαστήματα στους ασθενείς που λαμβάνουν μακροχρόνια θεραπεία με ανδρογόνα προκειμένου να 
ανιχνευθούν περιπτώσεις πολυκυτταραιμίας (βλέπε παράγραφο 4.8. «Ανεπιθύμητες ενέργειες»). Μετά τη χρήση 
ενανθικής τεστοστερόνης έχουν παρατηρηθεί περιπτώσεις με καλοήθεις και κακοήθεις όγκους στο ήπαρ που 
μπορεί να οδηγήσουν σε ενδοκοιλιακή αιμορραγία απειλητική για τη ζωή. Εάν υπάρχουν σοβαρές ενοχλήσεις 
στην άνω κοιλία, διόγκωση του ήπατος ή ενδείξεις ενδοκοιλιακής αιμορραγίας, πρέπει στη διαφορική διάγνωση 
να συμπεριληφθεί η πιθανότητα όγκου του ήπατος. Πρέπει να δίνεται προσοχή σε ασθενείς που έχουν προδιάθεση 
για ανάπτυξη οιδήματος, καθότι η θεραπεία με ανδρογόνα μπορεί να συνοδεύεται από αυξημένη κατακράτηση 
νατρίου ( βλ. παράγραφο 4.8. «Ανεπιθύμητες ενέργειες»).
Διαταραχές πήξης
Η τεστοστερόνη πρέπει να χρησιμοποιείται με προσοχή σε ασθενείς με θρομβοφιλία, καθώς υπήρξαν μελέτες 
μετά την κυκλοφορία και αναφορές θρομβωτικών επεισοδίων σε αυτούς τους ασθενείς κατά τη διάρκεια θε-
ραπείας με τεστοστερόνη.
Σε ασθενείς που πάσχουν από σοβαρή καρδιακή, ηπατική ή νεφρική ανεπάρκεια ή ισχαιμική καρδιακή νόσο, 
η θεραπεία με τεστοστερόνη μπορεί να προκαλέσει σοβαρές επιπλοκές που χαρακτηρίζονται από οίδημα με 
ή χωρίς συμφορητική καρδιακή ανεπάρκεια. Σε τέτοια περίπτωση, η θεραπεία πρέπει να διακοπεί αμέσως. Η 
τεστοστερόνη ενδέχεται να προκαλέσει αύξηση της αρτηριακής πίεσης και το Testosterone Enanthate/Norma® 

θα πρέπει να χρησιμοποιείται με προσοχή σε άνδρες με υπέρταση. Το επίπεδο τεστοστερόνης θα πρέπει να 
παρακολουθείται κατά την έναρξη και σε τακτά χρονικά διαστήματα κατά τη διάρκεια της θεραπείας. Οι κλινικοί 
ιατροί θα πρέπει να προσαρμόζουν τη δοσολογία σε ατομική βάση προκειμένου να διασφαλίζουν τη διατήρηση 
ευγοναδικών επιπέδων τεστοστερόνης. Σε ασθενείς που λαμβάνουν μακροχρόνια θεραπεία με ανδρογόνα, οι 
ακόλουθες εργαστηριακές παράμετροι θα πρέπει επίσης να παρακολουθούνται τακτικά: αιμοσφαιρίνη και αιμα-
τοκρίτης, δοκιμασίες ηπατικής λειτουργίας και λιπιδαιμικό προφίλ. Υπάρχει περιορισμένη εμπειρία σχετικά με την 
ασφάλεια και την αποτελεσματικότητα της χρήσης του Testosterone Enanthate/Norma® σε ασθενείς ηλικίας άνω 
των 65 ετών. Επί του παρόντος, δεν υπάρχει ομοφωνία σχετικά με τις ειδικές για την ηλικία τιμές αναφοράς για 
την τεστοστερόνη. Ωστόσο θα πρέπει να λαμβάνεται υπόψη ότι τα φυσιολογικά επίπεδα τεστοστερόνης στον ορό 
μειώνονται με την αυξανόμενη ηλικία. H χρήση ενέσιμης τεστοστερόνης δεν ενδείκνυται σε παιδιά και εφήβους 
(βλ. παράγραφο 4.2. «Δοσολογία και τρόπος χορήγησης»). 
Στα παιδιά η τεστοστερόνη, εκτός από την αρρενοποίηση, μπορεί να προκαλέσει επιτάχυνση της σωματικής ανά-
πτυξης και πρόωρη σύγκλειση των επιφύσεων των οστών, με συνέπεια μείωση του τελικού ύψους. H ενανθική 
τεστοστερόνη δεν πρέπει να χρησιμοποιείται σε γυναίκες διότι, ανάλογα με την ατομική ευαισθησία στη δράση 
των ανδρογόνων, οι γυναίκες μπορεί να εμφανίσουν σημεία αρρενοποίησης, π.χ. ακμή, δασυτριχισμός, αλλαγές 
στη χροιά της φωνής. Προϋπάρχουσα άπνοια στον ύπνο μπορεί να επιδεινωθεί. Τα ανδρογόνα δεν ενδείκνυνται 
για την προαγωγή της μυϊκής ανάπτυξης και την αύξηση της σωματικής ικανότητας (απόδοσης)  σε υγιή άτομα. 
Όπως με όλα τα ελαιώδη διαλύματα, το Testosterone Enanthate/Norma® πρέπει να ενίεται αυστηρώς ενδο-
μυϊκά και πολύ αργά. Πνευμονικός μικροεμβολισμός από ελαιώδη διαλύματα μπορεί να οδηγήσει σε σημεία 
και συμπτώματα όπως βήχας, δύσπνοια και πόνος στο θώρακα. Μπορεί να υπάρχουν και άλλα σημεία και 
συμπτώματα συμπεριλαμβανομένων βαγοτονικών αντιδράσεων όπως αδιαθεσία, υπεριδρωσία, ζάλη, παραι-
σθησία, ή συγκοπή. Αυτές οι αντιδράσεις μπορεί να προκύψουν κατά τη διάρκεια ή αμέσως μετά την ένεση και 
είναι αναστρέψιμες. Η θεραπεία είναι συνήθως υποστηρικτική π.χ. χορήγηση οξυγόνου.

4.5. Αλληλεπιδράσεις με άλλα φαρμακευτικά προϊόντα και άλλες μορφές αλληλεπίδρασης
Η φαινοβαρβιτάλη αυξάνει το μεταβολισμό των στεροειδών ορμονών στο ήπαρ (πιθανή μείωση αποτελεσμα-
τικότητας).
Η κατάσταση της πήξης του αίματος πρέπει να παρακολουθείται ιδιαίτερα στενά, όταν το Testosterone Enanthate/
Norma® χορηγείται ταυτόχρονα με αντιπηκτικά παράγωγα κουμαρίνης.
4.6. Γονιμότητα, Κύηση και γαλουχία
Η θεραπεία υποκατάστασης με τεστοστερόνη μπορεί αναστρέψιμα να μειώσει τη σπερματογένεση (βλ. παράγραφο 
4.8. «Ανεπιθύμητες ενέργειες» και 5.3. «Προκλινικά δεδομένα ασφάλειας»). 
Το Testosterone Enanthate/Norma® προορίζεται για χρήση μόνο από άνδρες. Το Testosterone Enanthate/
Norma® δεν ενδείκνυται σε εγκύους ή γυναίκες που θηλάζουν (βλ. παράγραφο 5.3. «Προκλινικά δεδομένα 
ασφάλειας»).
4.7. Επίδραση στην ικανότητα οδήγησης και χειρισμού μηχανημάτων
Δεν εφαρμόζεται.
4.8. Ανεπιθύμητες ενέργειες
Αναφορικά με τις ανεπιθύμητες ενέργειες σε σχέση με τη χρήση των ανδρογόνων παρακαλούμε δείτε επίσης 
την παράγραφο 4.4. «Ειδικές προειδοποιήσεις και προφυλάξεις κατά τη χρήση».  
Οι πιο συχνά αναφερόμενες ανεπιθύμητες ενέργειες με την ενέσιμη ενανθική τεστοστερόνη είναι ο πόνος στο 
σημείο ένεσης, ερύθημα στο σημείο ένεσης και βήχας και / ή δύσπνοια κατά τη διάρκεια ή αμέσως μετά την ένεση. 
Ο παρακάτω πίνακας περιλαμβάνει ανεπιθύμητες ενέργειες από αυθόρμητες αναφορές και από επιστημονική 
βιβλιογραφία για τις οποίες η συχνότητα δεν μπορεί να υπολογισθεί από τα διαθέσιμα δεδομένα. 

Κατηγορία Οργάνου Συστήματος σύμφωνα με τη βάση 
δεδομένων MedDRA Άγνωστη συχνότητα

Νεοπλάσματα καλοήθη και κακοήθη Καλοήθεις και κακοήθεις όγκοι του ήπατος

Διαταραχές του αιμοποιητικού και του λεμφικού συστήματος Πολυκυτταραιμία

Διαταραχές του ανοσοποιητικού συστήματος Υπερευαισθησία

Διαταραχές του ήπατος και χοληφόρων Παθολογικός έλεγχος ηπατικής λειτουργίας, Ίκτερος

Διαταραχές του δέρματος και του υποδόριου ιστού Ακμή, Αλωπεκία, Εξάνθημα, Κνίδωση, Κνησμός

Γενικές διαταραχές και καταστάσεις της οδού χορήγησης Ποικίλα είδη αντιδράσεων στο σημείο ένεσης*

Έρευνες Αυξημένο ειδικό προστατικό αντιγόνο 

Διαταραχές του αναπαραγωγικού συστήματος και του μαστού Αύξηση της λίμπιντο, Μείωση της λίμπιντο, Γυναικομαστία

*  Πόνος στο σημείο ένεσης, ερύθημα στο σημείο ένεσης, σκλήρυνση στο σημείο ένεσης, οίδημα στο σημείο 
ένεσης, φλεγμονή στο σημείο ένεσης. 

Ενέσεις ελαιωδών διαλυμάτων όπως το Testosterone Enanthate/Norma® έχουν συσχετισθεί με συστηματικές 
αντιδράσεις: βήχα, δύσπνοια, πόνο στο θώρακα. Μπορεί να υπάρχουν και άλλα σημεία και συμπτώματα συμπε-
ριλαμβανομένων βαγοτονικών αντιδράσεων όπως: αδιαθεσία, υπεριδρωσία, ζάλη, παραισθησία, ή συγκοπή. 
Συχνή συχνότητα παρουσιάζουν: αιματοκρίτης αυξημένος, αριθμός ερυθροκυττάρων αυξημένος, αιμοσφαιρίνη 
αυξημένη.
Υψηλή δοσολογία ή μακροχρόνια χορήγηση τεστοστερόνης, συμπεριλαμβανομένου του Testosterone Enanthate/
Norma®, αυξάνει την τάση για κατακράτηση ύδατος και δημιουργία οιδήματος. 
Η σπερματογένεση αναστέλλεται από τη μακροχρόνια χρήση και τη θεραπεία με υψηλή δόση του Testosterone 
Enanthate/Norma®.
Εάν, σε μεμονωμένες περιπτώσεις, εμφανισθούν συχνές ή επίμονες στύσεις, πρέπει να ελαττωθεί η δόση ή να 
διακοπεί η θεραπεία ώστε να αποφευχθεί βλάβη του πέους. 
Αναφορά πιθανολογούμενων ανεπιθύμητων ενεργειών
Η αναφορά πιθανολογούμενων ανεπιθύμητων ενεργειών μετά από τη χορήγηση άδειας κυκλοφορίας του φαρ-
μακευτικού προϊόντος είναι σημαντική. Επιτρέπει τη συνεχή παρακολούθηση της σχέσης οφέλους-κινδύνου 
του φαρμακευτικού προϊόντος. Ζητείται από τους επαγγελματίες του τομέα της υγειονομικής περίθαλψης να 
αναφέρουν οποιεσδήποτε πιθανολογούμενες ανεπιθύμητες ενέργειες μέσω του εθνικού συστήματος αναφοράς
Εθνικός Οργανισμός Φαρμάκων
Μεσογείων 284
GR-15562 Χολαργός, Αθήνα
Τηλ: + 30 21 32040380/337
Φαξ: + 30 21 06549585 
Ιστότοπος: http://www.eof.gr 
4.9. Υπερδοσολογία
Μετά από υπερδοσολογία δεν είναι απαραίτητη η λήψη ειδικών θεραπευτικών μέτρων εκτός από τη διακοπή 
της θεραπείας με το φάρμακο ή μείωση της δόσης.  
Τα δεδομένα οξείας τοξικότητας δείχνουν ότι η ενανθική τεστοστερόνη, ο εστέρας που περιέχεται στο Testosterone 
Enanthate/
Norma®, κατατάσσεται στις μη-τοξικές ουσίες, μετά από εφάπαξ χορήγηση. Ακόμη και μετά από εφάπαξ χορήγηση 
δόσης πολλαπλάσιας της θεραπευτικής, δεν αναμένεται κίνδυνος τοξικότητας. 
5. ΦΑΡΜΑΚΟΛΟΓΙΚΕΣ ΙΔΙΟΤΗΤΕΣ
5.1. Φαρμακοδυναμικές ιδιότητες
Φαρμακοθεραπευτική κατηγορία: Aνδρογόνα 
Κωδικός ΑΤC: G03BA03
Το Testosterone Enanthate/Norma® περιέχει ως δραστικό συστατικό ένα παράγωγο της φυσικής ανδρικής  
ορμόνης του φύλου, της τεστοστερόνης. Η ενανθική τεστοστερόνη  μπορεί να εξαλείψει τα συμπτώματα που 
παρουσιάζονται όταν υπάρχει ανεπάρκεια ανδρογόνων. Η ενεργός μορφή, τεστοστερόνη, δημιουργείται με 
διάσπαση του εστερικού δεσμού.
5.2. Φαρμακοκινητικές ιδιότητες
Ενανθική τεστοστερόνη
Απορρόφηση
Μετά από ενδομυϊκή χορήγηση, η ενανθική τεστοστερόνη γίνεται απόλυτα διαθέσιμη για συστηματική απορρό-
φηση.  Η ουσία απελευθερώνεται από την περιοχή αποθήκευσής της σταδιακά με χρόνο ημίσειας ζωής περίπου 
4,5 ημέρες και διασπάται σε τεστοστερόνη και ενανθικό οξύ. Με μία δόση 250 mg ενανθικής τεστοστερόνης, οι 
ασθενείς λαμβάνουν μια συνολική δόση 180 mg τεστοστερόνης. Κατά το χρόνο που επιτυγχάνονται οι μέγιστες 
τιμές στον ορό, οι κατά προσέγγιση ημερήσιες δόσεις μετά από 1 και 2 εβδομάδες αντιστοιχούν σε 12 και 4 mg 
τεστοστερόνης, αντίστοιχα.  Η τεστοστερόνη απελευθερώνεται πλήρως από την περιοχή αποθήκευσής της μέσα 
σε περίπου 4 εβδομάδες από τη χορήγηση του φαρμάκου.
Κατανομή
Μέγιστες συγκεντρώσεις, περίπου 20 ng/ml, τεστοστερόνης μετρήθηκαν 1,5 – 3 ημέρες μετά την ενδομυϊκή 
χορήγηση 250 mg ενανθικής τεστοστερόνης σε νέους άνδρες. Από εκεί και πέρα, τα επίπεδα τεστοστερόνης στο 
πλάσμα μειώθηκαν με χρόνο ημίσειας ζωής περίπου 4,5 ημέρες, που αντιστοιχεί στο ρυθμό απελευθέρωσης 
από την περιοχή αποθήκευσης. Οι συγκεντρώσεις τεστοστερόνης ≥ 2 ng/ml διατηρήθηκαν για 20 ημέρες  και 
εκείνες ≥1 ng/ml για 26 ημέρες. 
Η τεστοστερόνη είναι ισχυρά συνδεδεμένη με τις πρωτεΐνες του ορού, ιδιαίτερα με την αλβουμίνη και την SHBG.
Μεταβολισμός
Η τεστοστερόνη που προέρχεται από τη διάσπαση του εστέρα της ενανθικής τεστοστερόνης μεταβολίζεται και 
απεκκρίνεται όπως και η ενδογενής τεστοστερόνη.  
Η απόλυτη βιοδιαθεσιμότητα της τεστοστερόνης από τον εστέρα είναι σχεδόν πλήρης, καταδεικνύοντας με αυτό 

τον τρόπο μια γρήγορη και αποτελεσματική διάσπαση του εστέρα.
Το ενανθικό οξύ μεταβολίζεται μέσω β-οξείδωσης με τον ίδιο τρόπο όπως άλλα αλειφατικά καρβοξυλικά οξέα.  
Απέκκριση
Η μεταβολική κάθαρση της τεστοστερόνης υπολογίζεται σε 16±7 ml/min/kg και αναφέρεται στον  ηπατικό και 
εξωηπατικό μεταβολισμό της τεστοστερόνης.  Οι μεταβολίτες της τεστοστερόνης απεκκρίνονται με χρόνο ημί-
σειας ζωής 7,8 ημερών. Περίπου το 90% απεκκρίνεται μέσω της νεφρικής οδού και περίπου το 10% με τη χολή. 
Συνθήκες σταθεροποιημένης κατάστασης
Η ένεση 250 mg ενανθικής τεστοστερόνης κάθε 3-4 εβδομάδες δεν οδηγεί σε κλινικά σημαντική συσσώρευση 
τεστοστερόνης στον ορό.
5.3. Προκλινικά δεδομένα για την ασφάλεια
Εφόσον η ενανθική όπως και η προπιονική τεστοστερόνη διασπώνται πλήρως με τη βοήθεια εστερασών σε 
ελεύθερη τεστοστερόνη, η αξιολόγηση έχει γίνει λαμβάνοντας υπόψη τα αποτελέσματα και των δύο εστέρων.
Οξεία τοξικότητα
Όπως γενικά με τις στεροειδείς ορμόνες, η οξεία τοξικότητα της τεστοστερόνης είναι πολύ χαμηλή.
Χρόνια τοξικότητα
Μελέτες για συστηματική ανεκτικότητα, μετά από επανειλημμένη χορήγηση, δεν ανέδειξαν ευρήματα τα οποία 
να απαγορεύουν τη χρήση των δραστικών ουσιών, στις δόσεις που είναι απαραίτητες για τη θεραπεία.
Μεταλλαξιογόνο και ογκογόνο δυναμικό
In vitro μελέτες για μεταλλαξιογόνο δράση χρησιμοποιώντας την τεστοστερόνη που απελευθερώνεται από 
τους εστέρες δεν έδωσαν κάποια ένδειξη για μεταλλαξιογόνο δυναμικό. Επιπροσθέτως, με βάση τα αρνητικά 
αποτελέσματα μελετών μεταλλαξιογένεσης με άλλες στεροειδείς ορμόνες, δεν αναμένεται τέτοιο δυναμικό στην 
περίπτωση της ενανθικής τεστοστερόνης.  
Δεν έχουν διεξαχθεί με την ενανθική τεστοστερόνη μελέτες με στόχο την αξιολόγηση μιας πιθανής ογκογεννητικής 
δράσης μετά από επανειλημμένη χορήγηση.  Αυτού του είδους οι μελέτες δεν θεωρήθηκαν απαραίτητες, εφόσον, 
σε μελέτες συστηματικής ανεκτικότητας μετά από επανειλημμένη χορήγηση, σε αρουραίους και σκύλους για 
χρονικό διάστημα 6 μηνών, δεν παρουσιάστηκαν ενδείξεις ογκογεννητικής δράσης.  Επιπλέον, πολλά χρόνια 
κλινικής εμπειρίας με την ενανθική τεστοστερόνη δεν έχουν δώσει ενδείξεις ογκογεννητικής δράσης στον άν-
θρωπο. Ωστόσο, πρέπει να υπενθυμιστεί γενικότερα ότι τόσο οι στεροειδείς ορμόνες του φύλου που απαντώνται 
στη φύση όσο και οι συνθετικές στεροειδείς ορμόνες του φύλου μπορούν να προάγουν την αύξηση ορισμένων 
ορμονοεξαρτώμενων  ιστών και όγκων.
Αναπαραγωγική τοξικότητα
Μελέτες γονιμότητας σχετικά με την πιθανή πρόκληση βλάβης στα γεννητικά  κύτταρα δεν έχουν διεξαχθεί με την 
ενανθική τεστοστερόνη. Δεν θεωρήθηκε απαραίτητο να διεξαχθούν τέτοιου είδους μελέτες, εφόσον οι μελέτες 
μακροχρόνιας συστηματικής ανεκτικότητας δεν έδωσαν ενδείξεις τοξικής βλάβης στους όρχεις, αλλά μόνο μία 
κεντρικά-σχετιζόμενη  αναστολή της  σπερματογένεσης και της ωογένεσης. Επίσης, η προσωρινή αναστολή της 
σπερματογένεσης μετά από τη θεραπεία με την ενέσιμη ενανθική τεστοστερόνη 250 mg/ml στους ανθρώπους 
δεν έδωσε ενδείξεις ότι τα σπερματοζωάρια υφίστανται οποιαδήποτε βλάβη, η οποία μπορεί να οδηγήσει σε 
διαμαρτίες ή μείωση της γονιμότητας στους απογόνους. Η ενέσιμη ενανθική τεστοστερόνη δεν πρέπει να χο-
ρηγείται κατά τη διάρκεια της κύησης, λόγω της  πιθανότητας αρρενοποίησης των θηλυκών εμβρύων. Ωστόσο, 
έρευνες εμβρυοτοξικότητας, ιδιαίτερα τερατογένεσης, δεν έδωσαν ενδείξεις ότι πρέπει να αναμένονται άλλες 
βλάβες στην ανάπτυξη των οργάνων.
Τοπική ανεκτικότητα
Μελέτες τοπικής ανεκτικότητας, μετά από ενδομυική χορήγηση, έδειξαν ότι η προπιονική και η ενανθική τεστο-
στερόνη δεν αυξάνουν τον ερεθισμό που προκαλεί από μόνος του ο διαλύτης. Ο διαλύτης που περιέχεται στο 
Testosterone Enanthate/Norma® έχει χρησιμοποιηθεί επί πολλά χρόνια σε πολυάριθμες φαρμακοτεχνικές 
μορφές που προορίζονται για ανθρώπινη χρήση. Σε αυτό το διάστημα δεν παρουσιάστηκαν φαινόμενα τοπικού 
ερεθισμού, που να αντιτίθενται στην περαιτέρω χρήση του.
Οι έρευνες που διεξήχθησαν με τον ελαιώδη διαλύτη που περιέχεται στο Testosterone Enanthate/Norma® 
δεν έδωσαν ενδείξεις ευαισθητοποίησης. Δεν έχουν διεξαχθεί επιπρόσθετες έρευνες ευαισθητοποίησης για την 
προπιονική και την ενανθική τεστοστερόνη. Αρκετά έτη κλινικής εμπειρίας έδειξαν μόνο σποραδικές περιπτώσεις, 
στις οποίες υπήρξε υποψία αλλεργικών αντιδράσεων. Δεν έχει, ωστόσο αποδειχτεί ξεκάθαρη δραστηριότητα 
ευαισθητοποίησης.
Συνολικά, τα διαθέσιμα τοξικολογικά ευρήματα δεν φανερώνουν αντιρρήσεις ως προς τη συνταγογραφημένη 
χρήση του Testosterone Enanthate/Norma® στον άνθρωπο, στις προτεινόμενες ενδείξεις και δοσολογίες.
6. ΦΑΡΜΑΚΕΥΤΙΚΕΣ ΠΛΗΡΟΦΟΡΙΕΣ
6.1. Κατάλογος των εκδόχων
Βενζυλεστέρας βενζοϊκός/Benzyl benzoate
Κικέλαιο/Oleum Ricine
6.2. Ασυμβατότητες
Με υδατικά διαλύματα.
6.3. Διάρκεια ζωής
24 μήνες για προϊόν διατηρημένο σύμφωνα με τις οδηγίες. 
6.4. Ιδιαίτερες προφυλάξεις κατά τη φύλαξη του προϊόντος
Να μη φυλάσσεται σε θερμοκρασία μεγαλύτερη των 250 C. Να προφυλάσσεται από το φως.
Κάθε αχρησιμοποίητο φαρμακευτικό προϊόν ή υπόλειμμα πρέπει να απορρίπτεται σύμφωνα με τις κατά τόπους 
ισχύουσες σχετικές διατάξεις.
6.5. Φύση και συστατικά του περιέκτη
Χάρτινο κουτί που περιέχει καφέ γυάλινη φύσιγγα και φύλλο οδηγιών χρήσης.
7. ΚΑΤΟΧΟΣ ΤΗΣ ΑΔΕΙΑΣ ΚΥΚΛΟΦΟΡΙΑΣ
ΝΟΡΜΑ ΕΛΛΑΣ Α.Ε. 
Μενάνδρου 54,10431 Αθήνα. 
Τηλ: 210 52 22 282 Fax: 210 52 41 368 
email: info@normahellas.gr 
8. ΑΡΙΘΜΟΣ ΑΔΕΙΑΣ ΚΥΚΛΟΦΟΡΙΑΣ
Testosterone Enanthate/Norma® inj.sol. 250mg/ml: 45945/03-10-2008
9. ΗΜΕΡΟΜΗΝΙΑ ΠΡΩΤΗΣ ΕΓΚΡΙΣΗΣ/ΑΝΑΝΕΩΣΗΣ ΤΗΣ ΑΔΕΙΑΣ
20-08-2003/03-10-2008
10. ΗΜΕΡΟΜΗΝΙΑ ΑΝΑΘΕΩΡΗΣΗΣ ΤΟΥ ΚΕΙΜΕΝΟΥ 
17/11/2017

Testosterone Enanthate/Norma®

Περιληψη Χαρακτηριστικων του Προϊοντοσ (SmPC)

Βοηθήστε να γίνουν τα φάρμακα πιο ασφαλή και
Αναφέρετε

ΟΛΕΣ τις ανεπιθύμητες ενέργειες για
ΟΛΑ τα φάρμακα

Συμπληρώνοντας την «ΚΙΤΡΙΝΗ ΚΑΡΤΑ»

ΝΟΡΜΑ ΕΛΛΑΣ Α.Ε.  Μενάνδρου 54, 104 31 Αθήνα,
Τηλ.: 210 52 22 282,  Fax: 210 52 41 368
E-mail: info@normahellas.gr, http://www.normahellas.gr
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Abstract 

Androgens are potent drugs requiring prescription for valid medical indications but 
are misused for invalid, unproven, or off-label reasons as well as being abused without 
prescription for illicit nonmedical application for performance or image enhancement. 
Following discovery and first clinical application of testosterone in the 1930s, commer-
cialization of testosterone and synthetic androgens proliferated in the decades after 
World War II. It remains among the oldest marketed drugs in therapeutic use, yet after 
8 decades of clinical use, the sole unequivocal indication for testosterone remains in 
replacement therapy for pathological hypogonadism, organic disorders of the male re-
productive system. Nevertheless, wider claims assert unproven, unsafe, or implausible 
benefits for testosterone, mostly representing wishful thinking about rejuvenation. Over 
recent decades, this created an epidemic of testosterone misuse involving prescription 
as a revitalizing tonic for anti-aging, sexual dysfunction and/or obesity, where efficacy 
and safety remains unproven and doubtful. Androgen abuse originated during the Cold 
War as an epidemic of androgen doping among elite athletes for performance enhance-
ment before the 1980s when it crossed over into the general community to become an 
endemic variant of drug abuse in sufficiently affluent communities that support an il-
licit drug industry geared to bodybuilding and aiming to create a hypermasculine body 
physique and image. This review focuses on the misuse of testosterone, defined as pre-
scribing without valid clinical indications, and abuse of testosterone or synthetic an-
drogens (androgen abuse), defined as the illicit use of androgens without prescription 
or valid indications, typically by athletes, bodybuilders and others for image-oriented, 
cosmetic, or occupational reasons.

Key Words: androgen, aging, testosterone, synthetic androgens, SARMs, anabolic steroid, drug abuse
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WIDER IMPLICATIONS OF THE FINDINGS: Our observations reinforce the need to inform pregnant women of potential hazards
during pregnancy that could impair their child’s fertility. Additional studies are needed to confirm the involvement of EDCs.

STUDY FUNDING/COMPETING INTEREST(S): This work was supported by the Swiss Centre for Applied Human Toxicology:
SCAHT and the ‘Fondation privée des Hôpitaux Universitaires de Genève’. The collection of human biological material used for this study
was supported by the FABER Foundation, the Swiss National Science Foundation (SNSF): NFP 50 ‘Endocrine Disruptors: Relevance to
Humans, Animals and Ecosystems’, the Medical Services of the Swiss Army (DDPS) and Medisupport. The authors declare they have no
competing financial interests.
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Introduction
Humans are exposed to numerous environmental agents that can be
harmful for their reproductive capacity. In particular, male reproductive
function is known to be highly sensitive to a number of chemical com-
pounds generated by industrial and agricultural activities (Bonde et al.,
1996; Spira and Multigner, 1998). There is convincing evidence that
exposure to chemical agents present in certain occupational activities
and environments during adulthood can affect testicular function and
male fertility (De Fleurian et al., 2009; Wang et al., 2016; Sifakis et al.,
2017; Radke et al., 2018). Furthermore, exposure during antenatal de-
velopment is suspected to influence male reproductive health later in
life, including fertility (Guo et al., 2000; Charlier and Foidart, 2005;
Mocarelli et al., 2011; Axelsson et al., 2015; Ho et al., 2017; Hart
et al., 2018a).
Sexual development and proper functioning of the reproductive sys-

tem are largely dependent on steroid hormones. It has been suggested
that developmental exposure to chemicals with hormonal properties,
also called endocrine-disrupting chemicals (EDCs), particularly those
that mimic steroid sex hormones, alter the endocrine system and can
lead to reproductive dysfunction in adulthood (Sharpe and
Skakkebaek, 1993).
Numerous animal studies have shown that gestational exposure to

selected EDCs may influence male reproductive-tract development, in-
cluding that of the testis as well as sperm production and quality in
adulthood (Sharpe, 2001; Ho et al., 2017). However, human studies
are scarce (Bonde et al., 2016). Most available studies in humans have
focused on individual chemical agents, based on samples of limited
size, and have reported inconsistent results. Although several studies
have reported reduced sperm parameters (number, motility and mor-
phology) or reduced fecundity in men born to mothers who took di-
ethylstilbestrol during pregnancy, others have not (Giusti et al., 1995;
Ho et al., 2017). Maternal exposure to the industrial by-products poly-
chlorinated bipehnyls (PCBs) during pregnancy was shown to be asso-
ciated with impaired sperm motility and morphology in the context of
the ingestion of contaminated oil in food (Guo et al., 2000) but this as-
sociation was not observed in young Danish men prenatally exposed
to background levels (Vested et al., 2014). Charlier and Foidart
(Charlier and Foidart, 2005) reported higher maternal levels of p, p’-
dichlorodiphenyldichloroethylene (DDE, the main persistent metabo-
lite of the insecticide dichlorodiphenyltrichloroethane, DDT) in 19 sub-
fertile men relative to 23 fertile men at the time of semen analysis in a
small case-control study. However, in a Danish population-based preg-
nancy cohort, maternal levels of p’p’-DDE and PCBs during pregnancy

were not associated with later semen quality in 166 sons in early adult
life (Vested et al., 2014). Exposure to heptachlor epoxide during preg-
nancy following milk contamination in Hawaii was also not associated
with semen parameters of 216 young men (Luderer et al., 2013). Two
mother–child cohorts have studied maternal exposure to phthalates
during pregnancy and semen parameters in adulthood. One was
conducted in Sweden on 112 conscripts and showed an association
between maternal concentrations of two phthalate metabolites,
mono-carboxy-iso-octyl phthalate (MCiOP) and mono-(2-ethyl-5-
hydroxylhexyl) phthalateand low semen volume (Axelsson et al.,
2015). The second focused on 111 men from the Raine Australian
pregnancy cohort and found an association between mono-ethyl
phthalateand low semen volume and between MCiOP and lowsperm
motility (Hart et al., 2018b). Finally, maternal exposure to bisphenol A
(BPA) during pregnancy has been shown to positively but marginally
correlate with sperm concentration and sperm motility in young men
(Hart et al., 2018a). The overall inconsistency of these results may be
explained by different levels of exposure between studies and potential
residual confounding and exposure measurement error, particularly
for non-persistent chemicals, such as phthalates and BPA, for which
exposure was determined using only one or two measurements.
None of the above studies have examined occupational exposure

to EDCs during pregnancy, a situation in which exposure is likely
greater than that for the general population. Here, we sought to assess
whether occupational exposure during pregnancy to potential EDCs,
according to the classification and job-exposure matrix (JEM) devel-
oped by Van Tongeren et al. (2002) and expanded by Brouwers et al.
(2009), could be associated with semen quality in young adult men.

Materials and methods

Study population
This cross-sectional study took place in Switzerland, where the military
draft system requires that more than 97% of all young men aged be-
tween 18 and 22 years attend a 2- to 3-day military camp to undergo
a medical examination for determination of their fitness for military
service. Young men with a serious chronic disease or physical or men-
tal disability were excluded from the study. Between 2005 and 2017,
conscripts of all recruitment centres, covering all 26 cantons (member
states of the Swiss confederation) located in Lausanne (Vaud), Rüti
(Zürich), Windisch (Aargau), Monteceneri (Ticino), Sumiswald (Bern)
and Mels (St-Gallen), were sequentially invited to participate in this
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STUDY QUESTION: Is there a relationship between maternal occupational exposure to endocrine-disrupting chemicals (EDCs) during
pregnancy and the semen quality of their sons?

SUMMARY ANSWER: Our results suggest an association between maternal occupational exposure to potential EDCs, especially to
pesticides, phthalates and heavy metals, and a decrease in several semen parameters.

WHAT IS KNOWN ALREADY: Sexual differentiation, development and proper functioning of the reproductive system are largely
dependent on steroid hormones. Although there is some animal evidence, studies on maternal exposure to EDCs during pregnancy and its
effect on the semen quality of sons are scarce and none have focused on maternal occupational exposure.

STUDY DESIGN, SIZE, DURATION: A cross-sectional study aiming to evaluate semen quality was carried out among Swiss conscripts
aged 18 to 22 years between 2005 and 2017.

PARTICIPANTS/MATERIALS, SETTING, METHODS: Conscript and parent questionnaires were completed prior to the collection
of a semen sample. Semen parameters were categorised according to the guidelines of the World Health Organization (WHO). Data on
maternal employment during pregnancy were provided by the parent questionnaire. Maternal occupational exposure to potential EDC
categories was defined using a job-exposure matrix (JEM). Logistic regressions were used to analyse the relationship between maternal
occupational exposure to EDCs and each semen parameter adjusted for potential confounding factors. Results are presented using odds
ratios and 95% confidence intervals.

MAIN RESULTS AND THE ROLE OF CHANCE: In total, 1,737 conscripts provided a conscript and parent questionnaire, as well as a
semen sample; among these 1,045 of their mothers worked during pregnancy. Our study suggests an association between occupational
exposure of mothers during pregnancy to potential EDCs and low semen volume and total sperm count, particularly for exposure to
pesticides (OR 2.07, 95% CI 1.11–3.86 and OR 2.14, 95% CI 1.05–4.35), phthalates (OR 1.92, 95% CI 1.10–3.37 and OR 1.89, 95% CI
1.01–3.55), and heavy metals (OR 2.02, 95% CI 1.14–3.60 and OR 2.29, 95% CI 1.21–4.35). Maternal occupational exposure to heavy
metals was additionally associated with a low sperm concentration (OR 1.89, 95% CI 1.06–3.37).

LIMITATIONS, REASONS FOR CAUTION: Several limitations should be noted, such as the indirect method for maternal
occupational exposure assessment during the pregnancy (JEM) and the cross-sectional design of the study.

VC The Author(s) 2021. Published by Oxford University Press on behalf of European Society of Human Reproduction and Embryology. All rights reserved.
For permissions, please email: journals.permissions@oup.com
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ARTICLE

RANKL regulates male reproductive function
Martin Blomberg Jensen 1,2✉, Christine Hjorth Andreassen 1,7, Anne Jørgensen 3,7, John Erik Nielsen3,

Li Juel Mortensen1,2, Ida Marie Boisen1,2, Peter Schwarz 4,5, Jorma Toppari6, Roland Baron 2,

Beate Lanske2 & Anders Juul3,5

Infertile men have few treatment options. Here, we demonstrate that the transmembrane

receptor activator of NF-kB ligand (RANKL) signaling system is active in mouse and human

testis. RANKL is highly expressed in Sertoli cells and signals through RANK, expressed in

most germ cells, whereas the RANKL-inhibitor osteoprotegerin (OPG) is expressed in germ

and peritubular cells. OPG treatment increases wild-type mouse sperm counts, and mice with

global or Sertoli-specific genetic suppression of Rankl have increased male fertility and sperm

counts. Moreover, RANKL levels in seminal fluid are high and distinguishes normal from

infertile men with higher specificity than total sperm count. In infertile men, one dose of

Denosumab decreases RANKL seminal fluid concentration and increases serum Inhibin-B and

anti-Müllerian-hormone levels, but semen quality only in a subgroup. This translational study

suggests that RANKL is a regulator of male reproductive function, however, predictive bio-

markers for treatment-outcome requires further investigation in placebo-controlled studies.

https://doi.org/10.1038/s41467-021-22734-8 OPEN
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Reproduction and International Center for Research and Research Training in Endocrine Disruption of Male Reproduction and Child Health (EDMaRC),
Rigshospitalet, University of Copenhagen, Copenhagen, Denmark. 4 Department of Endocrinology, Rigshospitalet, University of Copenhagen,
Copenhagen, Denmark. 5 Faculty of Health and Medical Sciences, University of Copenhagen, Copenhagen, Denmark. 6 Institute of Biomedicine, Research
Centre for Integrated Physiology and Pharmacology, and Centre for Population Health Research, University of Turku, and Department of Pediatrics, Turku
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Maintenance of response to oral octreotide compared with injectable somatostatin receptor 
ligands in patients with acromegaly: a phase 3, multicentre, randomised controlled trial 

Maria Fleseriu 1, Alexander Dreval 2, Irina Bondar 3, Gulnar Vagapova 4, Djuro Macut 5, Yulia G 
Pokramovich 2, Mark E Molitch 6, Nina Leonova 7, Gerald Raverot 8, Elena Grineva 9, Yury E 
Poteshkin 10, Yossi Gilgun-Sherki 11, William H Ludlam 12, Gary Patou 11, Asi Haviv 11, Murray B 
Gordon 13, Nienke R Biermasz 14, Shlomo Melmed 15, Christian J Strasburger 16 

Abstract 

Background: Despite biochemically responding to injectable somatostatin receptor ligands 
(iSRLs), many patients with acromegaly experience treatment burdens. We aimed to assess 
maintenance of biochemical response and symptomatic control with oral octreotide capsules versus 
iSRLs in patients with acromegaly who previously tolerated and responded to both. 

Methods: This global, open-label, randomised controlled phase 3 trial was done in 29 clinical sites 
in Austria, France, Germany, Hungary, Italy, Lithuania, Russia, Serbia, Spain, and the USA. 
Eligible patients were adults aged 18-75 years with acromegaly who were receiving iSRLs (long-
acting octreotide or lanreotide autogel) for at least 6 months before baseline with a stable dose for 
at least 4 months, and were deemed to be biochemically responding (insulin-like growth factor I 
[IGF-I] <1·3 × upper limit of normal [ULN] and mean integrated growth hormone <2·5 ng/mL). In 
the 26-week run-in phase, all patients received oral octreotide (40 mg a day, optional titration to 60 
or 80 mg a day). Eligibility for the randomised treatment phase was completion of the run-in phase 
as a biochemical responder (IGF-I <1·3 × ULN and mean integrated growth hormone <2·5 ng/mL 
at week 24) and investigator assessment of acromegaly being adequately controlled. Patients were 
randomly assigned (3:2) to oral octreotide capsules or iSRL at the same dose and interval as before 
enrolment. Randomisation and drug dispensing were conducted through a qualified randomisation 
service provider (eg, interactive web or voice response system). The primary endpoint was a non-
inferiority assessment (margin -20 percentage points) of proportion of participants maintaining 
biochemical response throughout the randomised treatment phase (IGF-I <1·3 × ULN using time-
weighted average; assessed by comparing the lower bound of the 2-sided 95% CI for the difference 
in biochemical response between groups). IGF-I was assessed once a month during the run-in and 
randomised treatment phases (single sample). Efficacy and safety assessments were performed on 
the randomised population. This trial is registered with ClinicalTrials.gov, NCT02685709. 

Findings: Between Feb 11, 2016, and Aug 20, 2020, 218 patients were assessed for eligibility. 72 
patients were excluded, and 146 participants were enrolled into the run-in phase. 116 patients 
completed the run-in phase and 30 participants discontinued treatment. 92 participants were 
randomly assigned to oral octreotide (n=55) or iSRL (n=37). 50 (91%) of 55 participants who 
received oral octreotide (95% CI 44-53) and 37 (100%) of 37 participants who received iSRLs (34-
37) maintained biochemical response. The lower bound of the 2-sided 95% CI for the adjusted 
difference in proportions between the two treatment groups achieved the prespecified non-
inferiority criterion of -20% (95% CI -19·9 to 0·5). 19 (35%) of 55 participants in the oral octreotide 
group and 15 (41%) of 37 participants in the iSRL group had treatment-related adverse events; the 
most common of which in both groups were gastrointestinal. 

Interpretation: Oral octreotide was non-inferior to iSRL treatment, and might be a favourable 
alternative to iSRLs for many patients with acromegaly. 
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BACKGROUND
The possible advantage of hybrid closed-loop therapy (i.e., artificial pancreas) over 
sensor-augmented pump therapy in very young children with type 1 diabetes is unclear.

METHODS
In this multicenter, randomized, crossover trial, we recruited children 1 to 7 years of 
age with type 1 diabetes who were receiving insulin-pump therapy at seven centers 
across Austria, Germany, Luxembourg, and the United Kingdom. Participants re-
ceived treatment in two 16-week periods, in random order, in which the closed-
loop system was compared with sensor-augmented pump therapy (control). The 
primary end point was the between-treatment difference in the percentage of time 
that the sensor glucose measurement was in the target range (70 to 180 mg per deci-
liter) during each 16-week period. The analysis was conducted according to the 
intention-to-treat principle. Key secondary end points included the percentage of time 
spent in a hyperglycemic state (glucose level, >180 mg per deciliter), the glycated 
hemoglobin level, the mean sensor glucose level, and the percentage of time spent 
in a hypoglycemic state (glucose level, <70 mg per deciliter). Safety was assessed.

RESULTS
A total of 74 participants underwent randomization. The mean (±SD) age of the par-
ticipants was 5.6±1.6 years, and the baseline glycated hemoglobin level was 7.3±0.7%. 
The percentage of time with the glucose level in the target range was 8.7 percentage 
points (95% confidence interval [CI], 7.4 to 9.9) higher during the closed-loop period 
than during the control period (P<0.001). The mean adjusted difference (closed-loop 
minus control) in the percentage of time spent in a hyperglycemic state was −8.5 
percentage points (95% CI, −9.9 to −7.1), the difference in the glycated hemoglobin 
level was −0.4 percentage points (95% CI, −0.5 to −0.3), and the difference in the 
mean sensor glucose level was −12.3 mg per deciliter (95% CI, −14.8 to −9.8) (P<0.001 
for all comparisons). The time spent in a hypoglycemic state was similar with the 
two treatments (P = 0.74). The median time spent in the closed-loop mode was 95% 
(interquartile range, 92 to 97) over the 16-week closed-loop period. One serious ad-
verse event of severe hypoglycemia occurred during the closed-loop period. One seri-
ous adverse event that was deemed to be unrelated to treatment occurred.

CONCLUSIONS
A hybrid closed-loop system significantly improved glycemic control in very young 
children with type 1 diabetes, without increasing the time spent in hypoglycemia. 
(Funded by the European Commission and others; ClinicalTrials.gov number, 
NCT03784027.)
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CONCLUSIONS
In very young children with type 1 diabetes, hybrid 
closed-loop insulin therapy led to improved glycemic 
control, as compared with sensor-augmented pump 
therapy, with no observed increase in the incidence of 
hypoglycemia.

Research Summary

Clinical Problem

Management of type 1 diabetes is challenging in very 
young children. Sensor-augmented insulin-pump therapy 
has been associated with improvements in glycemic con-
trol, but the management burden remains high. Hybrid 
closed-loop systems, in which an algorithm automatically 
adjusts basal insulin delivery, have shown promise in old-
er children and adolescents, but data in very young chil-
dren are limited.

Clinical Trial

Design: A multicenter, randomized, crossover trial com-
pared a hybrid closed-loop system for insulin delivery 
with sensor-augmented pump therapy in very young chil-
dren with type 1 diabetes.

Intervention: 74 children 1 to 7 years of age with type 1 
diabetes received 16 weeks of closed-loop insulin delivery 
followed by 16 weeks of sensor-augmented pump therapy, 
or vice versa. The primary outcome was the percentage of 
time spent in the target glucose range (70 to 180 mg per 
deciliter) during each trial period.

Results

Efficacy: The percentage of time spent in the target range 
was significantly longer during the closed-loop period 
than during the sensor-augmented pump period. With 
closed-loop therapy, the percentage of time spent in a hy-
perglycemic state was lower, and the glycated hemoglo-
bin and mean sensor glucose levels were also lower. The 
percentage of time spent in a hypoglycemic state did not 
differ significantly between the treatments.

Safety: The incidence of adverse events was similar 
during the two periods. One serious adverse event of se-
vere hypoglycemia occurred during the closed-loop peri-
od, and one non–treatment-related serious adverse event 
occurred during the sensor-augmented pump period. 
There were no episodes of diabetic ketoacidosis.

Limitations and Remaining Questions

∎ Previous insulin-pump use was a prerequisite for inclu-
sion in the trial, but access to insulin-pump therapy is 
minimal in some regions, which limits the generaliz-
ability of the findings.

∎ Children from ethnic minorities were underrepresented.

Links: Full Article | NEJM Quick Take

Randomized Trial of Closed-Loop Control  
in Very Young Children with Type 1 Diabetes

Ware J et al. DOI: 10.1056/NEJMoa2111673
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A comparison of two hybrid closed-loop systems in 
adolescents and young adults with type 1 diabetes (FLAIR): 
a multicentre, randomised, crossover trial
Richard M Bergenstal, Revital Nimri, Roy W Beck, Amy Criego, Lori Laffel, Desmond Schatz, Tadej Battelino, Thomas Danne, Stuart A Weinzimer, 
Judy Sibayan, Mary L Johnson, Ryan J Bailey, Peter Calhoun, Anders Carlson, Elvira Isganaitis, Rachel Bello, Anastasia Albanese-O’Neill, 
Klemen Dovc, Torben Biester, Kate Weyman, Korey Hood, Moshe Phillip, for the FLAIR Study Group*

Summary
Background Management of type 1 diabetes is challenging. We compared outcomes using a commercially available 
hybrid closed-loop system versus a new investigational system with features potentially useful for adolescents and 
young adults with type 1 diabetes.

Methods In this multinational, randomised, crossover trial (Fuzzy Logic Automated Insulin Regulation [FLAIR]), 
individuals aged 14–29 years old, with a clinical diagnosis of type 1 diabetes with a duration of at least 1 year, using 
either an insulin pump or multiple daily insulin injections, and glycated haemoglobin (HbA1c) levels of 7·0–11·0% 
(53–97 mmol/mol) were recruited from seven academic-based endocrinology practices, four in the USA, and one 
each in Germany, Israel, and Slovenia. After a run-in period to teach participants how to use the study pump and 
continuous glucose monitor, participants were randomly assigned (1:1) using a computer-generated sequence, with a 
permuted block design (block sizes of two and four), stratified by baseline HbA1c and use of a personal MiniMed 670G 
system (Medtronic) at enrolment, to either use of a MiniMed 670G hybrid closed-loop system (670G) or the 
investigational advanced hybrid closed-loop system (Medtronic) for the first 12-week period, and then participants 
were crossed over with no washout period, to the other group for use for another 12 weeks. Masking was not possible 
due to the nature of the systems used. The coprimary outcomes, measured with continuous glucose monitoring, were 
proportion of time that glucose levels were above 180 mg/dL (>10·0 mmol/L) during 0600 h to 2359 h (ie, daytime), 
tested for superiority, and proportion of time that glucose levels were below 54 mg/dL (<3·0 mmol/L) calculated over 
a full 24-h period, tested for non-inferiority (non-inferiority margin 2%). Analysis was by intention to treat. Safety 
was assessed in all participants randomly assigned to treatment. This trial is registered with ClinicalTrials.gov, 
NCT03040414, and is now complete.

Findings Between June 3 and Aug 22, 2019, 113 individuals were enrolled into the trial. Mean age was 19 years 
(SD 4) and 70 (62%) of 113 participants were female. Mean proportion of time with daytime glucose levels above 
180 mg/dL (>10·0 mmol/L) was 42% (SD 13) at baseline, 37% (9) during use of the 670G system, and 34% (9) 
during use of the advanced hybrid closed-loop system (mean difference [advanced hybrid closed-loop system 
minus 670G system] –3·00% [95% CI –3·97 to –2·04]; p<0·0001). Mean 24-h proportion of time with glucose 
levels below 54 mg/dL (<3∙0 mmol/L) was 0·46% (SD 0·42) at baseline, 0·50% (0·35) during use of the 
670G system, and 0∙46% (0∙33) during use of the advanced hybrid closed-loop system (mean difference [advanced 
hybrid closed-loop system minus 670G system] –0·06% [95% CI –0·11 to –0·02]; p<0·0001 for non-inferiority). 
One severe hypoglycaemic event occurred in the advanced hybrid closed-loop system group, determined to be 
unrelated to study treatment, and none occurred in the 670G group.

Interpretation Hyperglycaemia was reduced without increasing hypoglycaemia in adolescents and young adults with 
type 1 diabetes using the investigational advanced hybrid closed-loop system compared with the commercially 
available MiniMed 670G system. Testing an advanced hybrid closed-loop system in populations that are underserved 
due to socioeconomic factors and testing during pregnancy and in individuals with impaired awareness of 
hypoglycaemia would advance the effective use of this technology

Funding National Institute of Diabetes and Digestive and Kidney Diseases.

Copyright © 2021 Elsevier Ltd. All rights reserved.

Introduction
Use of technology in the management of type 1 diabetes 
is becoming an important component of care, often first 
with a continuous glucose monitor1 and then an insulin 

pump as needed, and most recently systems combining 
the two to automate insulin delivery.2 The systems 
currently available in the USA—the MiniMed 670G 
hybrid closed-loop system (Medtronic, Northridge, CA, 
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Effect of a Hybrid Closed-Loop System on Glycemic and Psychosocial
Outcomes in Children and AdolescentsWith Type 1 Diabetes
A Randomized Clinical Trial
Mary B. Abraham, PhD; Martin de Bock, PhD; Grant J. Smith, MPsych; Julie Dart, RN; Janice M. Fairchild, MBBS;
Bruce R. King, PhD; Geoffrey R. Ambler, MD; Fergus J. Cameron, MD; Sybil A. McAuley, PhD;
Anthony C. Keech, MSc; Alicia Jenkins, MD; Elizabeth A. Davis, PhD; David N. O’Neal, MD; TimothyW. Jones, MD;
for the Australian Juvenile Diabetes Research Fund Closed-Loop Research group

IMPORTANCE Hybrid closed-loop (HCL) therapy has improved glycemic control in children
and adolescents with type 1 diabetes; however, the efficacy of HCL on glycemic and
psychosocial outcomes has not yet been established in a long-term randomized clinical trial.

OBJECTIVE To determine the percentage of time spent in the target glucose range using HCL
vs current conventional therapies of continuous subcutaneous insulin infusion or multiple
daily insulin injections with or without continuous glucosemonitoring (CGM).

DESIGN, SETTING, AND PARTICIPANTS This 6-month, multicenter, randomized clinical trial
included 172 children and adolescents with type 1 diabetes; patients were recruited between
April 18, 2017, and October 4, 2019, in Australia. Data were analyzed from July 25, 2020, to
February 26, 2021.

INTERVENTIONS Eligible participants were randomly assigned to either the control group for
conventional therapy (continuous subcutaneous insulin infusion or multiple daily insulin
injections with or without CGM) or the intervention group for HCL therapy.

MAIN OUTCOMES ANDMEASURES The primary outcomewas the percentage of time in range
(TIR) within a glucose range of 70 to 180mg/dL, measured by 3-weekmasked CGM collected
at the end of the study in both groups. Secondary outcomes included CGMmetrics for
hypoglycemia, hyperglycemia, and glycemic variability and psychosocial measures collected
by validated questionnaires.

RESULTS A total of 135 patients (mean [SD] age, 15.3 [3.1] years; 76 girls [56%]) were included,
with 68 randomized to the control group and 67 to the HCL group. Patients had amean (SD)
diabetes duration of 7.7 (4.3) years andmean hemoglobin A1c of 64 (11) mmol/mol, with 110
participants (81%) receiving continuous subcutaneous insulin infusion and 72 (53%) receiving
CGM. In the intention-to-treat analyses, TIR increased from amean (SD) of 53.1% (13.0%) at
baseline to 62.5% (12.0%) at the end of the study in the HCL group and from 54.6% (12.5%)
to 56.1% (12.2%) in the control group, with a mean adjusted difference between the 2 groups
of 6.7% (95% CI, 2.7%-10.8%; P = .002). Hybrid closed-loop therapy also reduced the time
that patients spent in a hypoglycemic (<70mg/dL) range (difference, −1.9%; 95% CI, −2.5%
to −1.3%) and improved glycemic variability (coefficient of variation difference, −5.7%; 95%
CI, −10.2% to −0.9%). Hybrid closed-loop therapy was associated with improved
diabetes-specific quality of life (difference, 4.4 points; 95% CI, 0.4-8.4 points), with no
change in diabetes distress. There were no episodes of severe hypoglycemia or diabetic
ketoacidosis in either group.

CONCLUSIONS AND RELEVANCE In this randomized clinical trial, 6months of HCL therapy
significantly improved glycemic control and quality of life compared with conventional
therapy in children and adolescents with type 1 diabetes.

TRIAL REGISTRATION ANZCTR identifier: ACTRN12616000753459

JAMA Pediatr. 2021;175(12):1227-1235. doi:10.1001/jamapediatrics.2021.3965
Published online October 11, 2021.
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Multicenter Trial of a Tubeless,
On-Body Automated Insulin
Delivery System With
Customizable Glycemic Targets
in Pediatric and Adult
Participants With Type 1
Diabetes
Diabetes Care 2021;44:1630–1640 | https://doi.org/10.2337/dc21-0172

OBJECTIVE

Advances in diabetes technology have transformed the treatment paradigm for
type 1 diabetes, yet the burden of disease is significant. We report on a pivotal
safety study of the first tubeless, on-body automated insulin delivery system with
customizable glycemic targets.

RESEARCH DESIGN AND METHODS

This single-arm, multicenter, prospective study enrolled 112 children (age 6–13.9
years) and 129 adults (age 14–70 years). A 2-week standard therapy phase (usual
insulin regimen) was followed by 3 months of automated insulin delivery. Prim-
ary safety outcomes were incidence of severe hypoglycemia and diabetic ketoaci-
dosis. Primary effectiveness outcomes were change in HbA1c and percent time in
sensor glucose range 70–180 mg/dL (“time in range”).

RESULTS

A total of 235 participants (98% of enrolled, including 111 children and 124
adults) completed the study. HbA1c was significantly reduced in children by 0.71%
(7.8 mmol/mol) (mean ± SD: 7.67 ± 0.95% to 6.99 ± 0.63% [60 ± 10.4 mmol/mol
to 53 ± 6.9 mmol/mol], P < 0.0001) and in adults by 0.38% (4.2 mmol/mol) (7.16
± 0.86% to 6.78 ± 0.68% [55 ± 9.4 mmol/mol to 51 ± 7.4 mmol/mol], P < 0.0001).
Time in range was improved from standard therapy by 15.6 ± 11.5% or 3.7 h/day
in children and 9.3 ± 11.8% or 2.2 h/day in adults (both P < 0.0001). This was ac-
complished with a reduction in time in hypoglycemia <70 mg/dL among adults
(median [interquartile range]: 2.00% [0.63, 4.06] to 1.09% [0.46, 1.75], P <

0.0001), while this parameter remained the same in children. There were three
severe hypoglycemia events not attributable to automated insulin delivery mal-
function and one diabetic ketoacidosis event from an infusion site failure.

CONCLUSIONS

This tubeless automated insulin delivery system was safe and allowed partici-
pants to significantly improve HbA1c levels and time in target glucose range with
a very low occurrence of hypoglycemia.
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Comparing real-time and intermittently scanned continuous 
glucose monitoring in adults with type 1 diabetes (ALERTT1): 
a 6-month, prospective, multicentre, randomised controlled 
trial
Margaretha M Visser, Sara Charleer, Steffen Fieuws, Christophe De Block, Robert Hilbrands, Liesbeth Van Huffel, Toon Maes, Gerd Vanhaverbeke, 
Eveline Dirinck, Nele Myngheer, Chris Vercammen, Frank Nobels, Bart Keymeulen, Chantal Mathieu, Pieter Gillard

Summary
Background People with type 1 diabetes can continuously monitor their glucose levels on demand (intermittently 
scanned continuous glucose monitoring [isCGM]), or in real time (real-time continuous glucose monitoring 
[rtCGM]). However, it is unclear whether switching from isCGM to rtCGM with alert functionality offers additional 
benefits. Therefore, we did a trial comparing rtCGM and isCGM in adults with type 1 diabetes (ALERTT1).

Methods We did a prospective, double-arm, parallel-group, multicentre, randomised controlled trial in six hospitals in 
Belgium. Adults with type 1 diabetes who previously used isCGM were randomly assigned (1:1) to rtCGM (intervention) 
or isCGM (control). Randomisation was done centrally using minimisation dependent on study centre, age, gender, 
glycated haemoglobin (HbA1c), time in range (sensor glucose 3·9–10·0 mmol/L), insulin administration method, and 
hypoglycaemia awareness. Participants, investigators, and study teams were not masked to group allocation. Primary 
endpoint was mean between-group difference in time in range after 6 months assessed in the intention-to-treat 
sample. This trial is registered with ClinicalTrials.gov, NCT03772600.

Findings Between Jan 29 and July 30, 2019, 269 participants were recruited, of whom 254 were randomly assigned to 
rtCGM (n=127) or isCGM (n=127); 124 and 122 participants completed the study, respectively. After 6 months, time in 
range was higher with rtCGM than with isCGM (59·6% vs 51·9%; mean difference 6·85 percentage points [95% CI 
4·36–9·34]; p<0·0001). After 6 months HbA1c was lower (7·1% vs 7·4%; p<0·0001), as was time <3·0 mmol/L 
(0·47% vs 0·84%; p=0·0070), and Hypoglycaemia Fear Survey version II worry subscale score (15·4 vs 18·0; p=0·0071). 
Fewer participants on rtCGM experienced severe hypoglycaemia (n=3 vs n=13; p=0·0082). Skin reaction was more 
frequently observed with isCGM and bleeding after sensor insertion was more frequently reported by rtCGM users.

Interpretation In an unselected adult type 1 diabetes population, switching from isCGM to rtCGM significantly 
improved time in range after 6 months of treatment, implying that clinicians should consider rtCGM instead of 
isCGM to improve the health and quality of life of people with type 1 diabetes.

Funding Dexcom.

Copyright © 2021 Elsevier Ltd. All rights reserved.

Introduction
The majority of people with type 1 diabetes do not 
achieve glycated haemoglobin (HbA1c) below 7% 
(53 mmol/mol)1,2 and spend a considerable part of the 
day in hypogly caemia and hyperglycaemia, exposing 
them to risk of hypoglycaemic coma, ketoacidosis, and 
chronic microvascular and macrovascular disease. In 
recent years, progress has been made in the field of 
home glucose self-monitoring with the advent of 
subcutaneous sensors capable of reporting glycaemic 
levels on demand (intermittently scanned continuous 
glucose monitoring [isCGM]) or in real time (real-time 
continuous glucose monitoring [rtCGM]). People on 
isCGM can check their glucose values by scanning 
the sensor transmitter with a receiver or smartphone, 
whereas the transmitter of rtCGM automatically sends 

a new value to a receiver, smart watch, or smartphone 
every 1–5 min. In contrast to isCGM, rtCGM has the 
option of (predictive) alerts for high and low blood 
glucose levels, but is generally more expensive 
than isCGM.3 Several randomised controlled trials 
comparing the use of CGM with capillary blood glucose 
measure ments, showed that isCGM and rtCGM have a 
beneficial effect on glycaemic outcomes and quality of 
life in people with type 1 diabetes treated with multiple 
daily injec tions or insulin pump therapy.4–9 To address 
the question whether switching from isCGM to 
rtCGM offers additional benefits, we did a multicentre, 
non-masked, randomised controlled trial comparing 
6-month rtCGM use with 6-month isCGM use in 
adults with type 1 diabetes who were previously using 
isCGM.

Lancet 2021; 397: 2275–83
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Hybrid Closed-Loop Systems for the Treatment
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ABSTRACT

In both pediatric and adult populations with
type 1 diabetes (T1D), technologies such as

continuous subcutaneous insulin infusion
(CSII), continuous glucose monitoring (CGM),
or sensor-augmented pumps (SAP) can consis-
tently improve glycemic control [measured as
glycated hemoglobin (HbA1c) and time in
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range (TIR)] while reducing the risk of hypo-
glycemia. Use of technologies can thereby
improve quality of life and reduce the burden of
diabetes management compared with self-in-
jection of multiple daily insulin doses (MDI).
Novel hybrid closed-loop (HCL) systems repre-
sent the latest treatment modality for T1D,
combining modern glucose sensors and insulin
pumps with a linked control algorithm to offer
automated insulin delivery in response to blood
glucose levels and trends. HCL systems have
been associated with increased TIR, improved
HbA1c, and fewer hypoglycemic events com-
pared with CSII, SAP, and MDI, thereby poten-
tially improving quality of life for people with
diabetes (PwD) while reducing the costs of
treating short- and long-term diabetes-related
complications. However, many barriers to their
use and regional inequalities remain in Central
and Eastern Europe (CEE). Published data sug-
gest that access to diabetes technologies is hin-
dered by lack of funding, underdeveloped
health technology assessment (HTA) bodies and
guidelines, unfamiliarity with novel therapies,
and inadequacies in healthcare system capaci-
ties. To optimize the use of diabetes technolo-
gies in CEE, an international meeting
comprising experts in the field of diabetes was
held to map the current regional access, to
present the current national reimbursement
guidelines, and to recommend solutions to
overcome uptake barriers. Recommendations
included regional and national development of
HTA bodies, efficient allocation of resources,
and structured education programs for health-
care professionals and PwD. The responsibility
of the healthcare community to ensure that all
individuals with T1D gain access to modern
technologies in a timely and economically
responsible manner, thereby improving health
outcomes, was emphasized, particularly for
interventions that are cost-effective.

Keywords: Advanced hybrid closed-loop;
Central and Eastern Europe; Hybrid closed-
loop; Position statement; Type 1 diabetes

Key Summary Points

Diabetes technologies can help to improve
health outcomes for individuals with
type 1 diabetes (T1D) compared with
traditional, self-injectable treatments.

However, many barriers remain to their
use in Central and Eastern Europe (CEE),
including lack of funding,
underdeveloped health technology
assessment (HTA) bodies and guidelines,
unfamiliarity with novel therapies, and
inadequacies in healthcare system
capacities.

To overcome these barriers, the present
position statement recommended the
continued regional and national
development of HTA bodies, more
efficient allocation of resources, and
structured education programs for
healthcare professionals and people with
diabetes.

The expert group wished to emphasize the
responsibility of the healthcare
community to ensure that all individuals
with T1D gain timely access to modern,
cost-effective technologies to improve
health outcomes while providing value for
money for healthcare payers.

The present position statement should be
used to inform development of updated
guidance in the CEE region for the
reimbursement of efficacious diabetes
technologies, including novel hybrid
closed-loop systems.
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Table 1 Recommendations for use of current diabetes technologies

Technology Recommendation Evidence
levela

CSII CSII should be considered as a treatment option for all children and adults with T1D who are

able to safely manage the device

A

A well-trained multidisciplinary specialist team is crucial for safe and effective patient selection,

education, and management

A

Individuals should be adequately educated on CSII use through a comprehensive pump

management education program

A

In people on MDI who are not achieving glycemic targets, CSII with or without CGM may be

used to improve HbA1c

B

CSII with or without CGM may be used instead of MDI to improve treatment satisfaction,

quality of life, and other health-related outcomes

C

Individuals on CSII should undergo periodic evaluation to determine whether CSII is effective E

CGM CGM should be considered in children and adults with T1D on CSII or MDI A

Real-time CGM with high sensor adherence may be used to improve HbA1c regardless of the

insulin delivery method

B

The benefits of CGM correlate with adherence to the ongoing use of the device B

CGM in conjunction with MDI can lower HbA1c and reduce hypoglycemia in adults with

T2D who are not meeting glycemic targets

B

CGM may be used in pregnant women with T1D to improve glycemic control and neonatal

outcomes

B

CGM with alarms should be considered in patients with frequent hypoglycemia, previous

hypoglycemic seizures, hypoglycemia unawareness, or when fear of hypoglycemia is high

B

Real-time CGM is preferred in those with frequent hypoglycemic episodes or hypoglycemia

unawareness

B

SAP SAP can be considered in children and adults to improve glycemic control A

The benefits correlate with adherence to the ongoing use of the system A

SAP with automatic low glucose suspend may be considered for patients with T1D at high risk

for hypoglycemia to prevent episodes of hypoglycemia and reduce their severity

B

CGM continuous glucose monitoring, CSII continuous subcutaneous insulin infusion, HbA1c glycated hemoglobin, MDI
multiple daily insulin, SAP sensor-augmented pump, T1D type 1 diabetes, T2D type 2 diabetes
a A grading system developed by the American Diabetes Association was used to classify the evidence that forms the basis
for the recommendations. Recommendations are assigned ratings of A (clear evidence from well-conducted, generalizable
randomized controlled trials that were adequately powered, including evidence from a meta-analysis that incorporated
quality ratings in the analysis); B (evidence from a well-conducted prospective cohort study or registry, or from a well-
conducted meta-analysis of cohort studies); or C (evidence from randomized clinical trials with one or more major or three
or more minor methodological flaws that could invalidate the results, or from case series or case reports). Expert opinion
(E) is a separate category for recommendations in which there is no evidence from clinical trials
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ABSTRACT

Introduction: Swedish National Diabetes Reg-
istry data show a correlation of improved gly-
cemic control in people with type 1 diabetes
(T1D) with increased use of diabetes technolo-
gies over the past 25 years. However, novel
technologies are often associated with a high
initial outlay. The aim of the present study was
to evaluate the long-term cost-effectiveness of
the advanced hybrid closed-loop (AHCL) Mini-
Med 780G system versus intermittently scanned
continuous glucose monitoring (isCGM) plus
self-injection of multiple daily insulin (MDI) or
continuous subcutaneous insulin infusion
(CSII) in people with T1D in Sweden.
Methods: Outcomes were projected over
patients’ lifetimes using the IQVIA CORE Dia-
betes Model (v9.0). Clinical data, including

changes in glycated hemoglobin (HbA1c) and
hypoglycemia rates, were sourced from obser-
vational studies and a randomized crossover
trial. Modeled patients were assumed to receive
the treatments for their lifetimes, with HbA1c
kept constant following the application of
treatment effects. Costs were accounted from a
societal perspective and expressed in Swedish
krona (SEK). Utilities and days off work esti-
mates were taken from published sources.
Results: The MiniMed 780G system was asso-
ciated with an improvement in life expectancy
of 0.16 years and an improvement in quality-
adjusted life expectancy of 1.95 quality-ad-
justed life years (QALYs) versus isCGM plus MDI
or CSII. These clinical benefits were due to a
reduced incidence and a delayed time to onset
of diabetes-related complications. Combined
costs were estimated to be SEK 727,408
(EUR 72,741) higher with MiniMed 780G, with
treatment costs partially offset by direct cost
savings from the avoidance of diabetes-related
complications and indirect cost savings from
the avoidance of lost workplace productivity.
The MiniMed 780G system was associated with
an incremental cost-effectiveness ratio of
SEK 373,700 per QALY gained.
Conclusions: Based on a willingness-to-pay
threshold of SEK 500,000 per QALY gained, the
MiniMed 780G system was projected to be cost-
effective versus isCGM plus MDI or CSII for the
treatment of T1D in Sweden.
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Abstract

Aim: To evaluate 26 weeks of liraglutide treatment in type 1 diabetes (T1D) by sub-

groups in the ADJUNCT ONE and ADJUNCT TWO trials.

Materials and Methods: ADJUNCT ONE and ADJUNCT TWO were randomized con-

trolled phase 3 trials in 1398 and 835 participants with T1D treated with liraglutide (1.8,

1.2, or 0.6 mg) or placebo (adjuncts to insulin). This post hoc analysis evaluated treatment

effects by subgroups: HbA1c (< or ≥8.5%), body mass index (BMI; < or ≥27 kg/m2), and

insulin regimen (basal bolus or continuous subcutaneous insulin infusion).

Results: In both trials at week 26, reductions in HbA1c, body weight, and daily insulin

dose did not differ significantly (P > .05) by baseline HbA1c or BMI. Risk of clinically signif-

icant hypoglycaemia or hyperglycaemia with ketosis did not differ significantly (P > .05) by

baseline HbA1c, BMI, or insulin regimen. At week 26 in ADJUNCT ONE, these risks did

not differ (P > .05) between treatment groups. Placebo-adjusted reductions in HbA1c,

body weight, and insulin dose (�0.30%-points, �5.0 kg, and �12%, respectively, with

liraglutide 1.8 mg), were significant (P < .05), greater than at week 52, and similar to those

in ADJUNCT TWO (�0.35%, �4.8 kg, and�10%, respectively, with liraglutide 1.8 mg).

Conclusions: In ADJUNCT ONE and ADJUNCT TWO, the efficacy and glycaemic

safety of liraglutide did not depend on subgroups, leaving residual beta-cell function

as the only identified variable impacting the effect of glucagon-like peptide-1 recep-

tor agonists (GLP-1 RAs) in T1D. These findings support a role for GLP-1 RAs as

adjuncts to insulin in T1D, warranting further study.
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Abstract

Aim: To assess whether adding empagliflozin to closed-loop automated insulin deliv-

ery could reduce the need for carbohydrate counting in type 1 diabetes (T1D) with-

out worsening glucose control.

Materials and Methods: In an open-label, crossover, non-inferiority trial, 30 adult

participants with T1D underwent outpatient automated insulin delivery interventions

with three random sequences of prandial insulin strategy days: carbohydrate cou-

nting, simple meal announcement (no carbohydrate counting) and no meal announce-

ment. During each sequence of prandial insulin strategies, participants were randomly

assigned empagliflozin (25 mg/day) or not, and crossed over to the comparator. Mean

glucose for carbohydrate counting without empagliflozin (control) was compared with

no meal announcement with empagliflozin (in the primary non-inferiority comparison)

and simple meal announcement with empagliflozin (in the conditional primary non-

inferiority comparison).

Results: Participants were aged 40 ± 15 years, had 27 ± 15 years diabetes duration

and HbA1c of 7.6% ± 0.7% (59 ± 8 mmol/mol). The system with no meal announce-

ment and empagliflozin was not non-inferior (and thus reasonably considered inferior)

to the control arm (mean glucose 10.0 ± 1.6 vs. 8.5 ± 1.5 mmol/L; non-inferiority

p = .94), while simple meal announcement and empagliflozin was non-inferior

(8.5 ± 1.4 mmol/L; non-inferiority p = .003). Use of empagliflozin on the background

of automated insulin delivery with carbohydrate counting was associated with lower
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mean glucose, corresponding to a 14% greater time in the target range. While no

ketoacidosis was observed, mean fasting ketones levels were higher on empagliflozin

(0.22 ± 0.18 vs. 0.13 ± 0.11 mmol/L; p < .001).

Conclusions: Empagliflozin added to automated insulin delivery has the potential to

eliminate the need for carbohydrate counting and improves glycaemic control in con-

junction with carbohydrate counting, but does not allow for the elimination of meal

announcement.

K E YWORD S

continuous glucose monitoring, empagliflozin, insulin pump therapy, randomized trial, SGLT2
inhibitor, type 1 diabetes

1 | INTRODUCTION

In type 1 diabetes (T1D) management, the carbohydrate content of

meals is the main determinant of prandial insulin requirement.1,2 Conse-

quently, accurate carbohydrate counting is recommended for people

with T1D1,2 and is associated with better glycaemic control.3 However,

accurate carbohydrate counting is challenging for people with diabetes,

is associated with an average counting error approximating 20%, and

does not eliminate postprandial hypoglycaemia.4 Moreover, the need

for carbohydrate counting may also negatively influence dietary choices

as people with diabetes may prefer prepackaged processed foods to

whole foods such as whole grains and fruits, simply because they are

accompanied by nutrition labels that more clearly state the amount of

carbohydrates.5 Carbohydrate counting is particularly challenging when

eating out, simply because the carbohydrate content of meals may not

be readily accessible or accurate.

Closed-loop automated insulin delivery (the artificial pancreas) is a

clinical strategy that automates insulin delivery through an insulin pump

based on glucose sensor readings and a dosing algorithm.6 Commercially

available systems are termed ‘hybrid automated insulin delivery sys-

tems’ as they automate basal insulin delivery but require the user to esti-

mate prandial insulin.7–9 Early automated insulin delivery studies

attempted to eliminate carbohydrate counting by omitting prandial insu-

lin boluses and instead relied on glucose sensor readings to provide

meal-related insulin requirements.10,11 However, because of delays in

subcutaneous insulin absorption12 compared with meal glucose

absorption,13 this approach results in significant postprandial hyper-

glycaemia.10,11 An alternative approach that would avoid carbohydrate

counting but necessitates announcing the meal to the system, is to give

a partial prandial bolus that is dependent on body weight.10,14 Although

systems adopting this approach achieve better postprandial control

compared with complete omission of the prandial insulin bolus,10 they

lead to higher postprandial excursions compared with carbohydrate-

matched bolus delivery.14 Consequently, all automated insulin delivery

systems that outperformed conventional pump therapy required either

carbohydrate counting7,8,15 or meal-size categorization based on carbo-

hydrate content, in which the user must choose if the meal is small,

medium or large regarding the carbohydrate content.16–18

Sodium-glucose co-transporter inhibitors (SGLTis) may represent

a pharmacological strategy to improve the glycaemic performance of

automated insulin delivery systems by reducing postprandial

glycaemic exposure.19,20 These agents inhibit glucose reabsorption in

the kidney, which allows more glucose to be excreted in the urine and

thus lowers blood glucose levels through an insulin-independent

mechanism.21 Extensive T1D phase 3 clinical trials have been con-

ducted with SGLTis, showing reduction in HbA1c, weight and blood

pressure without increasing hypoglycaemia.22,23 Moreover, post hoc

analysis of recent randomized trials suggests renal protection with

SGLTis in individuals with type 1 diabetes and albuminuria.24 How-

ever, because of the mechanism of action, SGLTis can induce ketosis

and potentiate diabetic ketoacidosis. Although not approved in the

United States or Canada, low doses of agents from the SGLTi class

have been approved for use in people with type 1 diabetes in the

European Union and in Japan. We assessed whether adding

empagliflozin, a highly selective SGLTi,25 to closed-loop automated

insulin delivery systems, can reduce the need for carbohydrate cou-

nting without degrading glucose control.

2 | METHODS

2.1 | Participants

From July 2018 to November 2019, participants were enrolled at

Mount Sinai Hospital, Toronto, Ontario, and the Research Institute of

McGill University Health Centre, Montreal, Quebec, Canada. Partici-

pants were adults aged 18-65 years, diagnosed with T1D for more

than 1 year, had used an insulin pump for more than 3 months and

had an HbA1c of 10% or less. Exclusion criteria included renal insuffi-

ciency, use of non-insulin antihyperglycaemic drugs (e.g. glucagon-like

peptide-1 [GLP-1] analogues), use of loop diuretics, pregnancy, dia-

betic ketoacidosis in the last 3 months, history of lower limb amputa-

tion, recent history of genital or urinary infection, and recent history

of leg or foot infection. All participants provided written informed

consent. The study was approved by the local ethics committees and

Health Canada.
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Abstract

Aim: To investigate whether the long-acting insulin analogue insulin degludec com-

pared with insulin glargine U100 reduces the risk of nocturnal symptomatic

hypoglycaemia in patients with type 1 diabetes (T1D).

Methods: Adults with T1D and at least one episode of nocturnal severe

hypoglycaemia during the last 2 years were included in a 2-year prospective,
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randomized, open, multicentre, crossover trial. A total of 149 patients were

randomized 1:1 to basal-bolus therapy with insulin degludec and insulin aspart

or insulin glargine U100 and insulin aspart. Each treatment period lasted

1 year and consisted of 3 months of run-in or crossover followed by 9 months

of maintenance. The primary endpoint was the number of blindly adjudicated

nocturnal symptomatic hypoglycaemic episodes. Secondary endpoints included

the occurrence of severe hypoglycaemia. We analysed all endpoints by

intention-to-treat.

Results: Treatment with insulin degludec resulted in a 28% (95% CI: 9%-43%;

P = .02) relative rate reduction (RRR) of nocturnal symptomatic hypoglycaemia at

level 1 (≤3.9 mmol/L), a 37% (95% CI: 16%-53%; P = .002) RRR at level 2

(≤3.0 mmol/L), and a 35% (95% CI: 1%-58%; P = .04) RRR in all-day severe

hypoglycaemia compared with insulin glargine U100.

Conclusions: Patients with T1D prone to nocturnal severe hypoglycaemia have lower

rates of nocturnal symptomatic hypoglycaemia and all-day severe hypoglycaemia

with insulin degludec compared with insulin glargine U100.

K E YWORD S
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1 | INTRODUCTION

Hypoglycaemia is the primary side effect of insulin therapy in type

1 diabetes and a daily source of concern for patients and their rela-

tives.1,2 Nocturnal hypoglycaemia, in particular, is feared by many

patients, and their effort to reduce the risk may result in overnight

hyperglycaemia, which is a significant contributor to poor glycaemic

control, and ultimately a potential driver of microvascular complica-

tions.3-6 Therefore, reducing nocturnal hypoglycaemia is a corner-

stone to improve overall glycaemic control and treatment outcomes in

type 1 diabetes.

During the night, a significant cause of hypoglycaemia is inappropri-

ate nocturnal insulin action because of an unphysiological action profile

and variable absorption of basal insulin. Even although the first-generation

long-acting insulin analogues glargine U100 and detemir, in comparison

with NPH insulin, consistently reduce the risk of nocturnal hypoglycaemia

in patients with type 1 diabetes, nocturnal hypoglycaemia remains a sig-

nificant clinical problem.7-9 The newer long-acting insulin analogue

degludec displays a further 25% relative rate reduction (RRR) of nocturnal

hypoglycaemia compared with insulin glargine U100 in the phase 3 trials

in patients with type 1 diabetes at a low risk of hypoglycaemia.10 This

reduction is confirmed in a trial including subgroups of patients at an

increased risk of hypoglycaemia.11 However, no data exist on patients

specifically prone to nocturnal severe hypoglycaemia.

Therefore, the HypoDeg trial aims to investigate whether the

rate of nocturnal symptomatic hypoglycaemia is lower with insu-

lin degludec U100 compared with insulin glargine U100 in

patients with type 1 diabetes prone to nocturnal severe

hypoglycaemia.

2 | MATERIALS AND METHODS

2.1 | Study design and participants

The HypoDeg trial was an investigator-initiated, 2-year, crossover

study conducted in a prospective, randomized, open, blinded endpoint

(PROBE) design, carried out at 10 centres in Denmark. Each 1-year

treatment period consisted of 3 months of run-in or crossover, used

for insulin dose adjustment and stabilization of treatment regimens,

followed by 9 months of maintenance. A detailed description of the

study design has been published previously.12

Patients were eligible if they had been diagnosed clinically with type

1 diabetes for more than 5 years, were aged 18 years or older, and

reported one or more episodes of nocturnal severe hypoglycaemia in the

previous 2 years (defined by the need for treatment assistance from

another person). Pertinent exclusion criteria were: history of primary and

secondary adrenal insufficiency, growth hormone deficiency or untreated

hypothyroidism, unstable macrovascular disease, history of malignancy,

drug or alcohol abuse, and HbA1c more than 86 mmol/mol (>10%).12

Because the use of continuous glucose monitoring (CGM) was very lim-

ited in Denmark at this time we decided only to include people using self-

monitored blood glucose (SMBG) as control of glycaemia.

We identified participants by either a screening questionnaire,

which was mailed to the patients, or completed by the patients in the

outpatient clinics, or by opportunistic screening in the clinics.

The study was approved by the Regional Committee on

Biomedical Research Ethics (#H-3-2014-101), the Danish Medicines

Agency (#2014071615), and the Danish Data Protection Agency

(I-suite no: 02945; #NOH-2014-018), and was registered at www.
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Abstract: Recent reports have demonstrated the association between type 1 diabetes mellitus (T1DM)
and increased morbidity and mortality rates during coronavirus disease (COVID-19) infection, setting
a priority of these patients for vaccination. Impaired innate and adaptive immunity observed in
T1DM seem to play a major role. Severe, life-threatening COVID-19 disease is characterized by the
excessive release of pro-inflammatory cytokines, known as a “cytokine storm”. Patients with T1DM
present elevated levels of cytokines including interleukin-1a (IL), IL-1β, IL-2, IL-6 and tumor necrosis
factor alpha (TNF-α), suggesting the pre-existence of chronic inflammation, which, in turn, has been
considered the major risk factor of adverse COVID-19 outcomes in many cohorts. Even more impor-
tantly, oxidative stress is a key player in COVID-19 pathogenesis and determines disease severity.
It is well-known that extreme glucose excursions, the prominent feature of T1DM, are a potent
mediator of oxidative stress through several pathways including the activation of protein kinase
C (PKC) and the increased production of advanced glycation end products (AGEs). Additionally,
chronic endothelial dysfunction and the hypercoagulant state observed in T1DM, in combination
with the direct damage of endothelial cells by severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2), may result in endothelial and microcirculation impairment, which contribute to the
pathogenesis of acute respiratory syndrome and multi-organ failure. The binding of SARS-CoV-2 to
angiotensin converting enzyme 2 (ACE2) receptors in pancreatic b-cells permits the direct destruction
of b-cells, which contributes to the development of new-onset diabetes and the induction of diabetic
ketoacidosis (DKA) in patients with T1DM. Large clinical studies are required to clarify the exact
pathways through which T1DM results in worse COVID-19 outcomes.

Keywords: inflammation; immunity; oxidative stress; SARS-CoV-2; type 1 diabetes mellitus; hyper-
glycemia; endothelial dysfunction; ACE2

1. Introduction

Coronavirus disease (COVID-19) is a newly recognized infection that was first re-
ported in Wuhan, China in December 2019 and has rapidly spread worldwide. COVID-19
is caused by a novel enveloped RNA beta-coronavirus named severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2) [1,2]. On 11 March 2020, the World Health Organization
(WHO) declared the outbreak of COVID-19 as a pandemic after recording 118,000 cases
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Dear Editor,

The unprecedented experience of the COVID-19
lockdown altered the normality and daily routine of a

great proportion of the global population, including patients
with type 1 diabetes (DM1). Currently, very few and con-
flicting data exist regarding the influence of the COVID-19–
related quarantine on the glycemic control of these people.
The aim of this analysis is to compare glycemic control as
obtained by continuous glucose monitoring (CGM) in adults
with DM1 using a CGM-augmented insulin pump with or
without a closed-loop system, before and during the lock-
down period.

Consecutive adult patients with DM1 were recruited at
their first postlockdown appointment at the insulin pump
outpatient clinic of the participating hospitals (see first three
affiliations). CGM recordings up to three months before that
visit were downloaded and analyzed. CGM-derived glycemic
metrics, defined according to the international consensus on
time in range (TIR) recommendations,1 from three phases
were compared: phase 1, the 15-day period immediately
before the lockdown date; phase 2, the 15-day period im-
mediately after the lockdown (early lockdown); and phase 3,
the 15-day period after phase 2 (late lockdown). TIR70–180,
times below (TBR<70/TBR<54) and above range (TAR>180/
TAR>250), average glucose (AvgGlu), and glucose manage-
ment index (GMI) were compared between the two post-
lockdown periods and the prelockdown period, using a paired
testing statistical approach. All patients signed an informed
consent to allow for CGM data download. The study was
performed according to the declaration of Helsinki principles
and was approved by the ethics committees of all partici-
pating hospitals.

A total of 46 patients (16 men), using a CGM device for
>80% of the requested time periods, (mean age 38.2 [standard

deviation: 12.9] years, median DM1 duration 19.5 [inter-
quartile range: 12–28] years), were included. Thirty-six pa-
tients had been using a closed loop system designed to
‘‘suspend before low’’ (Medtronic MiniMed 640G/Enlitea),
whereas 10 had been using an open loop system with various
types of insulin pump and the same flush CGM device
(Freestyle libre, Abbottb).

The comparisons between CGM-obtained glycemic met-
rics are given in Table 1. TIR70–180 was significantly longer in
late lockdown, as compared with prelockdown phase. Over-
all, glucose values tended to be lower during both quarantine
phases, as indicated by the lower AvgGlu, the lower GMI, the
longer TBR<70, the shorter TAR>180 and TAR>250, and the
longer times spent in automatic suspension (in closed-loop
users) (Table 1). After applying Bonferroni adjustment for
multiple comparisons, only the GMI and the time in suspension
mode remained statistically significantly different during the
two quarantine periods. No significant difference was observed
among the three periods regarding the dose of insulin (either
basal or bolus) and the amount of consumed carbohydrates.
None of the patients was ever diagnosed with COVID-19.

Our retrospective analysis shows that adults with DM1
treated by advanced technology systems did not experience a
deterioration of glycemic control during the quarantine pe-
riod. On the contrary, CGM-obtained indices during both the
early and the late quarantine phases pointed toward lower
glucose values. Importantly, in patients using a ‘‘sustain
before low’’ system, the time spent in automatic suspension
increased by*30%–40% during the total lockdown period,
indicating a higher tendency toward hypoglycemia and
lower insulin needs. In this sense, it seems reasonable to
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aThe only closed-loop system available in the Greek market.
bThe only CGMS fully reimbursed by the national security
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hypothesize that closed-loop systems offered protection
against hypoglycemia to their users. Hitherto, in two reports
from Italy2,3 (a country heavily affected by COVID-19),
glucose control improved slightly during the quarantine to a
very similar extent as to our report. In another study from
India, however, in DM1 patients not using advanced insulin
delivery and/or glucose monitoring systems, glucose control
deteriorated.4 It seems plausible that the direction of gly-
cemic control during such a disastrous situation may differ
depending on several parameters related to the catastrophe
itself and its consequences as well as on the individual
characteristics of the patient.

The population of our study is characterized by good dia-
betes education, use of advanced technology, good glycemic
control, and a feeling of security due to the very low incidence
of COVID-19 in Greece. This combination of events might
have been responsible for tilting the balance of glycemia to-
ward lower values. Important limitations of this analysis are its
retrospective design, the use of different pumps/CGM devices,
and its reflection of a single health care system.

In conclusion, in a country with low prevalence of
COVID-19 but early implementation of quarantine measures,
patients with DM1 did not experience a deterioration of
glycemic control. Lower glycemic levels were observed
during quarantine, as well as a tendency toward hypoglyce-
mia that was successfully anticipated by an increase of the
automatic insulin suspension time of the closed loop systems.
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Table 1. Continuous Glucose Monitorings—Obtained Glycemic Metrics
Between the Two Postlockdown and the Prelockdown Periods

CGM metrics Prelockdown
Lockdown
days 1–15

Lockdown
days 16–30

Comparison
prelockdown/lockdown

days 1–15

Comparison
prelockdown/lockdown

days 16–30

TIR70–180 (%) 66.3 (16.4) 68.3 (16.1) 68.9 (15.2) 0.17 0.025
TBR<70 (%)a 3.6 (5.9) 4.8 (6.5) 3.9 (5.3) 0.05 0.61
TBR<54 (%)a 0.1 (0.0–0.6) 0.2 (0.0–1.0) 0.3 (0.0–0.8) 0.10 0.09
TAR>180 (%) 30.0 (17.3) 26.8 (17.2) 27.1 (16.2) 0.049 0.04
TAR>250 (%) 6.6 (8.5) 4.5 (5.6) 5.8 (9.1) 0.036 0.42
AvgGlu 159.5 (33.3) 152.5 (31.4) 153.6 (32.4) 0.005 0.02
CV (%) 32.9 (5.1) 32.2 (5.2) 32.1 (4.0) 0.33 0.20
GMI (%) 7.2 (0.9) 6.9 (0.8) 6.9 (1.1) 0.007 0.007
Suspension modea

(min/day)
105.6 (76.0) 130.5 (72.3) 138.7 (79.4) 0.016 <0.001

Insulin dose (U/day)
Basal 22.2 (11.7) 21.9 (10.3) 22.3 (11.1) 0.66 0.90
Bolus 26.8 (15.6) 26.7 (17.2) 27.0 (19.6) 0.91 0.85
Total 49.0 (25.2) 48.6 (25.5) 49.3 (28.8) 0.71 0.84

CHO consumed
(g/day)

158.6 (79.7) 154.7 (69.4) 153.5 (71.6) 0.53 0.47

aNonparametric test used (median interquartile range).
AvgGlu, Average glucose value; CGM, continuous glucose monitoring; CHO, carbohydrates; CV, coefficient of variation; GMI, glucose

management index; Susp. time, mean time spent in automatic suspension mode daily; TAR, time above range; TBR, time below range; TIR,
time in range.
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Aims: Prevalence and risk factors of pre-symptomatic left ventricular systolic dysfunction (LVSD) in individuals
with type 1 diabetes (T1D) have not been adequately studied. The present cross-sectional study assessed the
prevalence of early LVSD in asymptomatic patients with type 1 diabetes and investigated potential risk factors.
Methods: Consecutive patients with T1D, free of cardiovascular disease and significant evident microvascular
complications were examined. LVSD was assessed by speckle-tracking echocardiography and calculation of
global longitudinal strain (GLS). Abnormal GLS was defined as a value>-18.7%. We looked for possible associa-
tions between the presence of LVSD and patient demographic, clinical and laboratory characteristics, as well as
with autonomic nervous system (ANS) function and arterial stiffness.
Results:We enrolled 155 T1D patients (29.7% men, age 36.7 ± 13.1 years, diabetes duration 19.1 ± 10.0 years,
HbA1c 7.5± 1.4% [58± 15mmol/mol]). Early LVSDwas prevalent in 53 (34.2%) patients. Multivariable analysis
identified male gender (OR:4.14; 95% CI:1.39–12.31, p = 0.011), HbA1c (OR:1.59 per 1% increase; 95% CI:1.11–
2.28, p = 0.011), glomerular filtration rate (GFR, OR:0.97; 95% CI:0.95–0.99, p= 0.010) and BMI (OR:1.19; 95%
CI:1.06–1.34, p = 0.003) as independent predictors of LVSD presence.
Conclusions: Early subclinical LVSD is a common finding in asymptomatic patients with T1D, free of
macrovascular and significant microvascular complications. Apart from chronic hyperglycemia, increased adi-
posity may be implicated in its etiology. Further investigation is warranted to identify patients at high risk for
whom early screening is required and to determine possible associations between risk markers identified in
the present analysis and long-term outcomes.

© 2021 Elsevier Inc. All rights reserved.

Keywords:
Speckle-tracking echocardiography
Obesity
Risk factors
Pre-symptomatic diagnosis

1. Introduction

Despite recent improvements in outcomes of cardiovascular disease
(CVD) in type 1 diabetes,1 young patients experience a > 10-fold in-
creased risk of CVD morbidity and mortality compared to the age-
adjusted general population.2 Although rates of coronary heart disease
and CVD in type 1 diabetes may be declining overtime faster than in
the general population,1 the condition is still strongly linked to CVD out-
comes, at an even higher rate than type 2 diabetes according to a recent
analysis of >10million individuals in the UKNational Health Service.3 It
is also linked to a higher incidence of heart failure (HF) than type 2 dia-
betes, across most of the life course.4 Furthermore, diabetes has been

associated with worse HF prognosis, independently of the presence of
coronaryheart disease or left ventricular ejection fraction.5 Nonetheless,
the existence of a so-called “diabetic cardiomyopathy” as a distinct clin-
ical entity is still amatter of debate and is usually defined as “ventricular
dysfunction in the absence of coronary artery disease and
hypertension”.6 No specific strategy has been shown tomore effectively
treat HF related to diabetes. The sodium-glucose cotransporter-2 inhib-
itors (SGLT-2i), a new class of glucose-lowering medications to treat
type 2 diabetes, have been shown to exert beneficial effects regarding
HF outcomes irrespectively of the presence of diabetes, thus indicating
that their prevailing mechanisms of action are not related to their
glucose-lowering effect.7

The most common echocardiographic findings in asymptomatic pa-
tients with diabetes are related to left ventricular diastolic dysfunction.8

Left ventricular systolic dysfunction (LVSD) in patients with diabetes is
less frequently described in the literature.9 This disparity, however, is
most probably attributable to the limited diagnostic accuracy of
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Stress Hyperglycemia in Children
and Adolescents as a Prognostic
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of Type 1 Diabetes Mellitus
Theodoros Argyropoulos 1, Emmanouil Korakas 2, Aristofanis Gikas 3, Aikaterini Kountouri 2,
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Hyperglycemia is a common manifestation in the course of severe disease and is

the result of acute metabolic and hormonal changes associated with various factors

such as trauma, stress, surgery, or infection. Numerous studies demonstrate the

association of adverse clinical events with stress hyperglycemia. This article briefly

describes the pathophysiological mechanisms which lead to hyperglycemia under

stressful circumstances particularly in the pediatric and adolescent population. The

importance of prevention of hyperglycemia, especially for children, is emphasized and

the existing models for the prediction of diabetes are presented. The available studies

on the association between stress hyperglycemia and progress to type 1 diabetes

mellitus are presented, implying a possible role for stress hyperglycemia as part of

a broader prognostic model for the prediction and prevention of overt disease in

susceptible patients.

Keywords: stress hyperglycemia, type 1 diabetes mellitus, autoantibodies, inflammation, environmental factors

Introduction
The term stress hyperglycemia (SH) refers to a transient increase in plasma glucose levels (usually
above 150 mg/dl) during acute illness or physical or psychological stress, which subsides when the
stressful condition resolves (1). Specifically, according to the latest American Diabetes Association
and American Association of Clinical Endocrinologists consensus, stress hyperglycemia is defined
as any transient inpatient plasma glucose levels > 140 mg/dl (fasting plasma glucose of >126
mg/dl or random plasma glucose> 200mg/dl) without evidence of previous diabetes (2). Common
causes in children include febrile infections and seizures, trauma, cardiac surgery and burns, and its
incidence in the pediatric population admitted to the hospital is quite remarkable. Almost 3.8-5%
of non-diabetic children presenting to the emergency department have glucose levels >150 mg/dl,
while about 20-35% of critically ill children surpass the cut-off point of 200 mg/dl in the intensive
care unit (ICU) (3). In most patients, hyperglycemia is mild to moderate, with blood glucose
concentrations ranging between 150 and 299 mg/dl, however, values of 300 mg/dl or higher have
also been reported in smaller cohorts, especially in the ICU setting.
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a b s t r a c t

Objective: To provide evidence-based recommendations regarding the use of advanced technology in the
management of persons with diabetes mellitus to clinicians, diabetes-care teams, health care professionals,
and other stakeholders.
Methods: The American Association of Clinical Endocrinology (AACE) conducted literature searches for
relevant articles published from 2012 to 2021. A task force of medical experts developed evidence-based
guideline recommendations based on a review of clinical evidence, expertise, and informal consensus,
according to established AACE protocol for guideline development.
Main Outcome Measures: Primary outcomes of interest included hemoglobin A1C, rates and severity of
hypoglycemia, time in range, time above range, and time below range.
Results: This guideline includes 37 evidence-based clinical practice recommendations for advanced
diabetes technology and contains 357 citations that inform the evidence base.
Recommendations: Evidence-based recommendations were developed regarding the efficacy and safety
of devices for the management of persons with diabetes mellitus, metrics used to aide with the
assessment of advanced diabetes technology, and standards for the implementation of this technology.
Conclusions: Advanced diabetes technology can assist persons with diabetes to safely and effectively
achieve glycemic targets, improve quality of life, add greater convenience, potentially reduce burden of

Disclaimer: The American Association of Clinical Endocrinology medical guidelines for clinical practice are systematically developed statements to assist health care
professionals in medical decision-making for specific clinical conditions. Most of the content herein is based on clinical evidence. In areas of uncertainty, or when clarification
is required, expert opinion and professional judgment were applied.
This guideline is a working document that reflects the state of the field at the time of publication. Because rapid changes are expected in this area, periodic revisions are

inevitable. We encourage medical professionals to use this information in conjunction with their best clinical judgment. The presented recommendations may not be
appropriate in all situations. Any decision by practitioners to apply these guidelines must be made considering local resources and individual patient circumstances.
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The Management of Type 1
Diabetes in Adults. A Consensus
Report by the American Diabetes
Association (ADA) and the
European Association for the
Study of Diabetes (EASD)
Diabetes Care 2021;44:2589–2625 | https://doi.org/10.2337/dci21-0043

Richard I.G. Holt,1,2 J. Hans DeVries,3,4

Amy Hess-Fischl,5 Irl B. Hirsch,6

M. Sue Kirkman,7 Tomasz Klupa,8

Barbara Ludwig,9 Kirsten Nørgaard,10,11

Jeremy Pettus,12 Eric Renard,13,14

Jay S. Skyler,15 Frank J. Snoek,16

Ruth S. Weinstock,17 and Anne L. Peters18

The American Diabetes Association (ADA) and the European Association for the
Study of Diabetes (EASD) convened a writing group to develop a consensus state-
ment on the management of type 1 diabetes in adults. The writing group has con-
sidered the rapid development of new treatments and technologies and
addressed the following topics: diagnosis, aims of management, schedule of
care, diabetes self-management education and support, glucose monitoring,
insulin therapy, hypoglycemia, behavioral considerations, psychosocial care, dia-
betic ketoacidosis, pancreas and islet transplantation, adjunctive therapies, spe-
cial populations, inpatient management, and future perspectives. Although we
discuss the schedule for follow-up examinations and testing, we have not
included the evaluation and treatment of the chronic microvascular and macro-
vascular complications of diabetes as these are well-reviewed and discussed else-
where. The writing group was aware of both national and international guidance
on type 1 diabetes and did not seek to replicate this but rather aimed to highlight
the major areas that health care professionals should consider when managing
adults with type 1 diabetes. Though evidence-based where possible, the recom-
mendations in the report represent the consensus opinion of the authors.

SECTION 1: INTRODUCTION AND RATIONALE FOR THE CONSENSUS
REPORT

Type 1 diabetes is a condition caused by autoimmune damage of the insulin-
producing b-cells of the pancreatic islets, usually leading to severe endoge-
nous insulin deficiency. Type 1 diabetes accounts for approximately 5–10% of
all cases of diabetes. Although the incidence peaks in puberty and early adult-
hood, new-onset type 1 diabetes occurs in all age-groups and people with
type 1 diabetes live for many decades after onset of the disease, such that
the overall prevalence of type 1 diabetes is higher in adults than in children,
justifying our focus on type 1 diabetes in adults (1). The global prevalence of
type 1 diabetes is 5.9 per 10,000 people, while the incidence has risen rapidly
over the last 50 years and is currently estimated to be 15 per 100,000 people
per year (2).
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Type 1 
diabetes

Indeterminate9

Consider repeat 
C-peptide at >5 years

Type 2 
diabetes

Genetic testing for 
monogenic diabetes 

where available6

Are there features of 
type 2 diabetes?5Test C-peptide4

Are there features of monogenic diabetes?3

Islet autoantibody negative
(5-10% of adult-onset type 1 diabetes)

Islet autoantibody positive

Type 1 diabetes Age

Unclear classification7

Make clinical decision as to 
how person with diabetes 

should be treated
Trial of non-insulin therapy may 

8

Consider C-peptide4 test after 
>3 years duration

>35 years

Yes No

<200 pmol/L 200-600 pmol/L >600 pmol/L<200 pmol/L>200 pmol/L No

Test islet autoantibodies2

<35 years

Yes

Adult with suspected type 1 diabetes1

Flow chart for investigation of suspected type 1 diabetes in newly 
diagnosed adults, based on data from White European populations

Figure 1—Flowchart for investigation of suspected type 1 diabetes in newly diagnosed adults, based on data from White European populations.
1No single clinical feature confirms type 1 diabetes in isolation. The most discriminative feature is younger age at diagnosis (<35 years), with
lower BMI (<25 kg/m2), unintentional weight loss, ketoacidosis, and glucose >20 mmol/L (>360 mg/dL) at presentation also being informative.
Other features classically associated with type 1 diabetes, such as ketosis without acidosis, osmotic symptoms, family history, or a history of
autoimmune diseases are weak discriminators. 2GAD should be the primary antibody measured and, if negative, should be followed by islet
tyrosine phosphatase 2 (IA2) and/or zinc transporter 8 (ZNT8) where these tests are available. In those diagnosed below the age of 35 years
who have no clinical features of type 2 diabetes or monogenic diabetes, a negative result does not change the diagnosis of type 1 diabetes since
5–10% of people with type 1 diabetes do not have antibodies. 3Monogenic diabetes is suggested by the presence of one or more of the follow-
ing features: HbA1c <58 mmol/mol (7.5%) at diagnosis, one parent with diabetes, features of specific monogenic cause (e.g., renal cysts, partial
lipodystrophy, maternally inherited deafness, severe insulin resistance in the absence of obesity), and monogenic diabetes prediction model
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for those with a lower risk for cardiovas-
cular disease (10-year risk of <15%). A
lower target of <130/80 mmHg is recom-
mended for those at higher cardiovascular
disease risk or with evidence of microvas-
cular complications, particularly renal dis-
ease. ACE inhibitors or angiotensin
receptor blockers are recommended first-
line therapies.
Similar to the situation for blood

pressure, there is a paucity of trials of

lipid-lowering therapy in people with
type 1 diabetes, but an observational
study reported that lipid-lowering
therapy is associated with a 22–44%
reduction in the risk of cardiovascular
disease and death among individuals
with type 1 diabetes without a prior
history of cardiovascular disease (48).
Based on type 2 diabetes guidelines,
moderate-intensity statins should be
considered for people aged over 40

years, and in those aged between
20–39 years with additional athero-
sclerotic cardiovascular disease risk
factors or when the 10-year cardiovas-
cular risk estimated by one of the risk
calculators suitable for people with
type 1 diabetes exceeds 10% (49–51).
Additional agents, such as ezetimibe
or proprotein convertase subtilisin/
kexin type 9 (PCSK9) inhibitors, may be
needed.

Are glycemic targets met?

Type 1 diabetes self-management 
education and support, including principles 

of nutrition, carbohydrate counting, and 
exercise and sick day rules (see Fig. 5)

YesNo

Discuss options for 

Offer referral to diabetes 
specialist team if needed

Consider referral to mental 
health provider/counseling if:

• Individual with diabetes 
requests it

• There is evidence of 
depression, eating 
disorder, high level of 
diabetes distress, or other 
psychological issues

• There is unexplained 
persistent hyperglycemia 
or hypoglycemia

Update on new approaches to 
treatment as applicable

Offer CGM if not using it

Does the person with diabetes 
wish to change insulin therapy

Consider starting CGM if not 
using it

YesNo

Continue current treatment + ongoing DSMES, 
with dose adjustments as indicated

Change therapy based on circumstances.
Intensify injection therapy if on less-intensive 
regimen. If person is on injection therapy and 

appropriate candidate, switch to pump or hybrid 
closed-loop technology

People can switch back and forth between MDI and pump or hybrid closed-loop therapy based on 
preference and circumstances; however, all people must be prepared to use injected insulin therapy if pump 

or hybrid closed-loop systems fail or are not available. BGM should be available as a backup to CGM

All treatment depends on patient preferences, capabilities, and circumstances.
Confirm person with diabetes has unexpired glucagon and ketone testing supplies available1

Assess reasons why 
not at target 

General principles for management of blood glucose 
in existing type 1 diabetes in an adult

Fig. 4—A framework for the follow-up treatment of an individual with type 1 diabetes. 1The availability of blood and urine ketone measurement
varies across health care systems.
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while others do not wish to wear a
device or inject multiple times per day.
In these cases, subcutaneous regimens
of human short-acting (regular) and
NPH insulin or premixed insulin, with
BGM as frequently as feasible, may be
used at a cost of higher glucose variabil-
ity with higher risk of hypoglycemia and
less flexibility of lifestyle. Figure 6 shows
advantages and disadvantages of more-
or less-physiological insulin replacement
regimens, while Table 5 provides details
on various regimens that might be
employed.

Mode of Delivery
There are several options for the mode of
insulin delivery, and the choice of device
should be individualized. Hybrid closed-
loop systems are the most effective
means of maintaining glucose in the nor-
mal range in people with type 1 diabetes
(90,91).
MDI therapy can be administered using

vials and insulin syringes or insulin pens,

with the latter providing more conve-
nience with regard to dosing, but may be
at higher cost. Smaller gauge and shorter
needles provide almost painless injec-
tions. Contrary to common wisdom, skin
thickness is not significantly increased in
individuals who have overweight or obe-
sity. Needles as short as 4 mm, injected at
a 90� angle, enter the subcutaneous
space with minimal risk of intramuscular
injection in most adults (92). The use of
longer needles increases the risk of intra-
muscular injection. MDI regimens may be
enhanced with emerging technology, such
as bolus calculators and memory-enabled
pens that keep track of insulin doses.
Different insulin pumps for subcuta-

neous insulin delivery are available in
many countries. The primary mechanical
differences between pumps are whether
they utilize external tubing to connect to
an infusion set or a pod directly applied
to the skin and controlled via a wireless
connection to a controller. Current pumps
include bolus calculators programmed

with personalized insulin:carbohydrate
ratio and correction factors.
Hybrid closed-loop systems comprise

an insulin pump, continuous glucose
sensor, and a control algorithm. The
algorithm controls basal insulin delivery
and, in some cases, correction boluses,
based on CGM data, while the user still
boluses manually for meals (90,91).
Some people with type 1 diabetes

are using “do-it-yourself,” user-driven,
open-source artificial insulin delivery
systems, which use commercially avail-
able CGM systems and pumps, with
software algorithms that communicate
with both and can reverse-engineer
the pump control of basal and correc-
tive doses (93). Regulatory bodies do
not allow health care professionals to
prescribe these systems, but health
care professionals should respect an
individual’s right to make informed
choices about their care and continue to
offer support to the people using these
systems.

Representative relative attributes of insulin delivery 
approaches in people with type 1 diabetes1

Injected insulin regimens Flexibility
Lower risk of
hypoglycemia

Higher costs

MDI with LAA + RAA or URAA +++ +++ +++

Less-preferred, alternative injected insulin regimens

MDI with NPH + RAA or URAA ++ ++ ++

MDI with NPH + short-acting (regular) insulin ++ + +

Two daily injections with NPH + short-acting (regular) 
insulin or premixed + + +

Continuous insulin infusion regimens Flexibility
Lower risk of

hypoglycemia 
Higher costs

Hybrid closed-loop technology +++++ +++++ ++++++

Insulin pump with threshold/
predictive low-glucose suspend ++++ ++++ +++++

Insulin pump therapy without automation +++ +++ ++++

Figure 6—Choices of insulin regimens in people with type 1 diabetes. CGM improves outcomes with injected or infused insulin and is superior to
BGM. Inhaled insulin may be used in place of injectable prandial insulin in the U.S.. 1The number of plus signs (1) is an estimate of relative associa-
tion of the regimen with increased flexibility, lower risk of hypoglycemia, and higher costs between the considered regimens. LAA, long-acting insu-
lin analog; RAA, rapid-acting insulin analog; URAA: ultra-rapid-acting insulin analog.
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προγεμισμένη συσκευή τύπου πένας περιέχει 2 mg σεμαγλουτίδης* σε 1,5 ml διαλύματος. Κάθε δόση περιέχει 0,25 mg σεμαγλουτί-
δης σε 0,19 ml διαλύματος. Ozempic 0,5 mg: Μία προγεμισμένη συσκευή τύπου πένας περιέχει 2 mg σεμαγλουτίδης* σε 1,5 ml δια-
λύματος. Κάθε δόση περιέχει 0,5 mg σεμαγλουτίδης σε 0,37 ml διαλύματος. Ozempic 1 mg: Μία προγεμισμένη συσκευή τύπου πένας 
περιέχει 4 mg σεμαγλουτίδης* σε 3,0 ml διαλύματος. Κάθε δόση περιέχει 1 mg σεμαγλουτίδης σε 0,74 ml διαλύματος. *ανάλογο της 
ανθρώπινης ορμόνης «γλυκαγονόμορφο πεπτίδιο-1 (GLP–1)» που παρασκευάζεται με χρήση της τεχνολογίας ανασυνδυασμένου 
DNA σε κύτταρα Saccharomyces cerevisiae. Θεραπευτικές ενδείξεις Το Ozempic ενδείκνυται για τη θεραπεία ενηλίκων με σακχαρώ-
δη διαβήτη τύπου 2 που δεν ελέγχεται επαρκώς σε συνδυασμό με δίαιτα και άσκηση • ως μονοθεραπεία όταν η μετφορμίνη θεωρεί-
ται ακατάλληλη εξαιτίας δυσανεξίας ή αντενδείξεων • σε συνδυασμό με άλλα φαρμακευτικά προϊόντα για τη θεραπεία του διαβήτη. 
Δοσολογία και τρόπος χορήγησης Δοσολογία Η αρχική δόση είναι 0,25 mg σεμαγλουτίδης μία φορά εβδομαδιαίως. Μετά από 4 
εβδομάδες, η δόση πρέπει να αυξάνεται στα 0,5 mg μία φορά εβδομαδιαίως. Μετά από τουλάχιστον 4 εβδομάδες με δόση 0,5 mg 
μία φορά εβδομαδιαίως, η δόση μπορεί να αυξηθεί σε 1 mg μία φορά εβδομαδιαίως προκειμένου να βελτιωθεί περαιτέρω ο γλυκαι-
μικός έλεγχος. Η σεμαγλουτίδη 0,25 mg δεν αποτελεί δόση συντήρησης. Εβδομαδιαίες δόσεις μεγαλύτερες του 1 mg δε συνιστώνται. 
Όταν το Ozempic προστίθεται σε υπάρχουσα αγωγή με μετφορμίνη ή/και θειαζολιδινεδιόνη ή σε αναστολέα 2 συμμεταφορέα νατρί-
ου-γλυκόζης (SGLT2), η τρέχουσα δόση μετφορμίνης ή/και θειαζολιδινεδιόνης ή αναστολέα SGLT2 μπορεί να διατηρηθεί αμετάβλη-
τη. Όταν το Ozempic προστίθεται σε υπάρχουσα αγωγή με σουλφονυλουρία ή ινσουλίνη, πρέπει να εξετάζεται το ενδεχόμενο μείω-
σης της δόσης της σουλφονυλουρίας ή της ινσουλίνης για τη μείωση του κινδύνου υπογλυκαιμίας. Δεν είναι αναγκαία η αυτοπαρα-
κολούθηση των επιπέδων γλυκόζης στο αίμα για τη ρύθμιση της δόσης του Ozempic. Η αυτοπαρακολούθηση των επιπέδων γλυκό-
ζης στο αίμα είναι απαραίτητη για τη ρύθμιση της δόσης της σουλφονυλουρίας και της ινσουλίνης, ειδικά όταν ξεκινά το Ozempic και 
μειώνεται η ινσουλίνη. Συνιστάται μια προσέγγιση σταδιακής μείωσης της ινσουλίνης. Παράλειψη δόσης Εάν παραλειφθεί μία δόση, 
αυτή πρέπει να χορηγείται το συντομότερο δυνατό και εντός 5 ημερών από την παράλειψη της δόσης. Εάν έχουν παρέλθει περισσό-
τερες από 5 ημέρες, η δόση πρέπει να παραλείπεται οριστικά και η επόμενη δόση να χορηγείται κατά την προγραμματισμένη ημερο-
μηνία. Σε κάθε περίπτωση, οι ασθενείς μπορούν έπειτα να συνεχίσουν το σύνηθες πρόγραμμα χορήγησης της μίας φοράς εβδομαδι-
αίως. Ηλικιωμένοι Δεν απαιτείται προσαρμογή της δόσης βάσει της ηλικίας. Η θεραπευτική εμπειρία σε ασθενείς ηλικίας ≥75 ετών 
είναι περιορισμένη. Νεφρική δυσλειτουργία Δεν απαιτείται προσαρμογή της δόσης σε ασθενείς με ήπια, μέτρια ή σοβαρή νεφρική 
δυσλειτουργία. Η εμπειρία με τη χρήση της σεμαγλουτίδης σε ασθενείς με σοβαρή νεφρική δυσλειτουργία είναι περιορισμένη. Η 
σεμαγλουτίδη δε συνιστάται για χρήση σε ασθενείς με νεφροπάθεια τελικού σταδίου. Ηπατική δυσλειτουργία Δεν απαιτείται προσαρ-
μογή της δόσης σε ασθενείς με ηπατική δυσλειτουργία. Η εμπειρία με τη χρήση της σεμαγλουτίδης σε ασθενείς με σοβαρή ηπατική 
δυσλειτουργία είναι περιορισμένη. Πρέπει να επιδεικνύεται προσοχή κατά τη χορήγηση θεραπείας με σεμαγλουτίδη σε αυτούς τους 
ασθενείς. Παιδιατρικός πληθυσμός Η ασφάλεια και αποτελεσματικότητα της σεμαγλουτίδης σε παιδιά και εφήβους ηλικίας κάτω των 
18 ετών δεν έχουν ακόμα τεκμηριωθεί. Δεν υπάρχουν διαθέσιμα δεδομένα. Τρόπος χορήγησης Το Ozempic χορηγείται μία φορά 
εβδομαδιαίως οποιαδήποτε ώρα της ημέρας, με ή χωρίς γεύματα. Το Ozempic χορηγείται υποδορίως με ένεση στην κοιλιά, τον μηρό 
ή το άνω μέρος του βραχίονα. Η θέση της ένεσης μπορεί να αλλάξει χωρίς προσαρμογή της δόσης. Το Ozempic δεν πρέπει να χορη-
γείται ενδοφλέβια ή ενδομυϊκά. Η ημέρα της εβδομαδιαίας χορήγησης μπορεί να αλλάξει, εάν είναι απαραίτητο, εφόσον το διάστημα 
που μεσολαβεί μεταξύ των δύο δόσεων είναι τουλάχιστον 3 ημέρες (>72 ώρες). Μετά την επιλογή νέας ημέρας χορήγησης, πρέπει να 
συνεχιστεί το πρόγραμμα χορήγησης της μίας φοράς εβδομαδιαίως. Αντενδείξεις Υπερευαισθησία στη δραστική ουσία ή σε κάποιο 
από τα έκδοχα. Ειδικές προειδοποιήσεις και προφυλάξεις κατά τη χρήση Η σεμαγλουτίδη δεν πρέπει να χρησιμοποιείται σε 
ασθενείς με σακχαρώδη διαβήτη τύπου 1 ή για τη θεραπεία της διαβητικής κετοξέωσης. Η σεμαγλουτίδη δεν είναι υποκατάστατο της 

ινσουλίνης. Έχει αναφερθεί διαβητική κετοξέωση σε ινσουλινοεξαρτώμενους ασθενείς που προχώρησαν σε ταχεία διακοπή ή μείω-
ση της δόσης της ινσουλίνης κατά την έναρξη θεραπείας με αγωνιστή υποδοχέα GLP-1. Δεν υπάρχει εμπειρία σε ασθενείς με συμφο-
ρητική καρδιακή ανεπάρκεια κατηγορίας IV σύμφωνα με την ταξινόμηση κατά NYHA (New York Heart Association) και επομένως 
η σεμαγλουτίδη δε συνιστάται σε αυτούς τους ασθενείς. Επιδράσεις στο γαστρεντερικό Η χρήση αγωνιστών του υποδοχέα GLP–1 
μπορεί να συσχετιστεί με ανεπιθύμητες ενέργειες στο γαστρεντερικό σύστημα. Αυτό πρέπει να λαμβάνεται υπόψη κατά τη χορή-
γηση θεραπείας σε ασθενείς με επηρεασμένη νεφρική λειτουργία καθώς η ναυτία, ο έμετος και η διάρροια μπορεί να προκαλέ-
σουν αφυδάτωση, η οποία θα μπορούσε να προκαλέσει επιδείνωση της νεφρικής λειτουργίας. Οξεία παγκρεατίτιδα Έχει παρατη-
ρηθεί οξεία παγκρεατίτιδα κατά τη χρήση αγωνιστών του υποδοχέα GLP–1. Οι ασθενείς πρέπει να ενημερώνονται για τα χαρακτη-
ριστικά συμπτώματα της οξείας παγκρεατίτιδας. Εάν υπάρχει υποψία παγκρεατίτιδας, η σεμαγλουτίδη πρέπει να διακόπτεται. Εάν 
επιβεβαιωθεί, η θεραπεία με σεμαγλουτίδη δεν πρέπει να ξεκινήσει ξανά. Πρέπει να δίνεται προσοχή σε ασθενείς με ιστορικό 
παγκρεατίτιδας. Υπογλυκαιμία Οι ασθενείς που λαμβάνουν σεμαγλουτίδη σε συνδυασμό με σουλφονυλουρία ή με ινσουλίνη εν-
δέχεται να έχουν αυξημένο κίνδυνο υπογλυκαιμίας. Ο κίνδυνος της υπογλυκαιμίας μπορεί να ελαττωθεί με μείωση της δόσης της 
σουλφονυλουρίας ή της ινσουλίνης, κατά την έναρξη θεραπείας με σεμαγλουτίδη. Διαβητική αμφιβληστροειδοπάθεια Σε ασθε-
νείς με διαβητική αμφιβληστροειδοπάθεια που λαμβάνουν θεραπεία με ινσουλίνη και σεμαγλουτίδη, έχει παρατηρηθεί αυξημέ-
νος κίνδυνος ανάπτυξης επιπλοκών διαβητικής αμφιβληστροειδοπάθειας. Πρέπει να επιδεικνύεται προσοχή κατά τη χρήση σεμα-
γλουτίδης σε ασθενείς με διαβητική αμφιβληστροειδοπάθεια που λαμβάνουν ινσουλίνη. Οι ασθενείς αυτοί πρέπει να παρακολου-
θούνται στενά και να λαμβάνουν θεραπεία σύμφωνα με τις κλινικές κατευθυντήριες οδηγίες. Η ταχεία βελτίωση του ελέγχου της 
γλυκόζης έχει συσχετιστεί με προσωρινή επιδείνωση της διαβητικής αμφιβληστροειδοπάθειας, όμως δεν μπορούν να αποκλει-
στούν άλλοι μηχανισμοί. Περιεκτικότητα σε νάτριο Το φάρμακο αυτό περιέχει λιγότερο από 1 mmol νατρίου (23 mg) ανά δόση, 
δηλαδή πρακτικά στερείται νατρίου. Ιχνηλασιμότητα Προκειμένου να βελτιωθεί η ιχνηλασιμότητα των βιολογικών φαρμακευτι-
κών προϊόντων, το όνομα και ο αριθμός παρτίδας του χορηγούμενου φαρμάκου πρέπει να καταγράφεται με σαφήνεια. Γονιμότη-
τα, κύηση και γαλουχία Οι γυναίκες σε αναπαραγωγική ηλικία συνιστάται να χρησιμοποιούν αντισύλληψη κατά τη διάρκεια της 
θεραπείας με σεμαγλουτίδη. Η σεμαγλουτίδη δεν πρέπει να χρησιμοποιείται κατά τη διάρκεια της εγκυμοσύνης. Η θεραπεία με 
σεμαγλουτίδη πρέπει να διακόπτεται τουλάχιστον 2 μήνες πριν από μία προγραμματισμένη εγκυμοσύνη λόγω του μεγάλου χρό-
νου ημίσειας ζωής. Η σεμαγλουτίδη δεν πρέπει να χρησιμοποιείται κατά τη διάρκεια του θηλασμού. Η επίδραση της σεμαγλουτί-
δης στην ανθρώπινη γονιμότητα είναι άγνωστη. Ανεπιθύμητες ενέργειες Πολύ συχνές: Υπογλυκαιμία όταν χρησιμοποιείται με 
ινσουλίνη ή σουλφονυλουρία, ναυτία, διάρροια. Συχνές: Υπογλυκαιμία όταν χρησιμοποιείται με άλλα από του στόματος αντιδια-
βητικά φάρμακα, μειωμένη όρεξη, ζάλη, επιπλοκές διαβητικής αμφιβληστροειδοπάθειας, έμετος, κοιλιακό άλγος, διάταση της 
κοιλίας, δυσκοιλιότητα, δυσπεψία, γαστρίτιδα, γαστροοισοφαγική παλινδρόμηση, ερυγή, μετεωρισμός, χολολιθίαση, κόπωση, 
αυξημένη λιπάση, αυξημένη αμυλάση, μείωση σωματικού βάρους. Όχι συχνές: Υπερευαισθησία, δυσγευσία, αυξημένος καρδια-
κός ρυθμός, οξεία παγκρεατίτιδα, αντιδράσεις της θέσης ένεσης. Σπάνιες: Αναφυλακτική αντίδραση. Mη γνωστές: Αγγειοοίδημα 
Αναφορά πιθανολογούμενων ανεπιθύμητων ενεργειών: Η αναφορά πιθανολογούμενων ανεπιθύμητων ενεργειών μετά από τη 
χορήγηση άδειας κυκλοφορίας του φαρμακευτικού προϊόντος είναι σημαντική. Επιτρέπει τη συνεχή παρακολούθηση της σχέσης 
οφέλους-κινδύνου του φαρμακευτικού προϊόντος. Ζητείται από τους επαγγελματίες υγείας να αναφέρουν οποιεσδήποτε πιθανο-
λογούμενες ανεπιθύμητες ενέργειες: στον Εθνικό Οργανισμό Φαρμάκων (Μεσογείων 284, GR-15562 Χολαργός, Αθήνα, Τηλ: + 30 
21 32040380/337, Φαξ: + 30 21 06549585, Ιστότοπος: http://www.eof.gr), για την Ελλάδα, ή στις Φαρμακευτικές Υπηρεσίες, 
Υπουργείο Υγείας, CY-1475 Λευκωσία, Τηλ: + 357 22608607, Φαξ: + 357 22608669, Ιστότοπος: www.moh.gov.cy/phs, για την Κύ-
προ. ΚΑΤΟΧΟΣ ΤΗΣ ΑΔΕΙΑΣ ΚΥΚΛΟΦΟΡΙΑΣ Novo Nordisk A/S, Novo Allé, DK-2880 Bagsværd, Δανία. ΑΡΙΘΜΟΙ ΑΔΕΙΑΣ ΚΥΚΛΟ-
ΦΟΡΙΑΣ EU/1/17/1251/002-006 ΗΜΕΡΟΜΗΝΙΑ ΠΡΩΤΗΣ ΕΓΚΡΙΣΗΣ ΤΗΣ ΑΔΕΙΑΣ 08 Φεβρουαρίου 2018. ΗΜΕΡΟΜΗΝΙΑ ΑΝΑ-
ΘΕΩΡΗΣΗΣ ΤΟΥ ΚΕΙΜΕΝΟΥ 03/2021. Λεπτομερείς πληροφορίες για το παρόν φαρμακευτικό προϊόν είναι διαθέσιμες στον δι-
κτυακό τόπο του Ευρωπαϊκού Οργανισμού Φαρμάκων: http://www.ema.europa.eu. Περαιτέρω πληροφορίες περιλαμβάνονται 
στην πλήρη Περίληψη Χαρακτηριστικών του Προϊόντος. Διατίθεται με ιατρική συνταγή. Λ.Τ.: 124,31 €.

ΠΕΡΙΛΗΨΗ ΤΩΝ ΧΑΡΑΚΤΗΡΙΣΤΙΚΩΝ ΤΟΥ ΠΡΟΪΟΝΤΟΣ
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ADA=Αμερικανική Διαβητολογική Εταιρεία, EASD=Ευρωπαϊκή Εταιρεία για τη Μελέτη του Διαβήτη, GLP-1=γλυκαγονόμορφο πεπτίδιο-1.
† Στη μελέτη SUSTAIN 6, το Ozempic® μείωσε τον καρδιαγγειακό κίνδυνο (θάνατος από καρδιαγγειακό αίτια, μη θανατηφόρο έμφραγμα μυοκαρδίου ή μη θανατηφόρο εγκεφαλικό επεισόδιο), συγκριτικά με το εικονικό φάρμακο σε ασθενείς με διαβήτη τύπου 2 οι οποίοι 

διέτρεχαν υψηλό καρδιαγγειακό κίνδυνο, επιπροσθέτως της πρότυπης φροντίδας. Τα αποτελέσματα της μελέτης καρδιαγγειακής έκβασης SUSTAIN 6 του Ozempic® βρίσκονται στην παράγραφο 5.1 της Περίληψης Χαρακτηριστικών του Προϊόντος (Καρδιαγγειακή νόσος).
‡Σε ασθενείς με Σακχαρώδη Διαβήτη Τύπου 2 και υψηλό καρδιαγγειακό κίνδυνο.
#Αποδεδειγμένο καρδιαγγειακό όφελος σημαίνει ότι έχει επίσημη ένδειξη μείωσης καρδιαγγειακών επεισοδίων.

Βιβλιογραφία: 1. Ozempic®, Περίληψη Χαρακτηριστικών του Προϊόντος (03/2021). 2. Pratley RE, Aroda VR, Lingvay I, et al; SUSTAIN 7 Investigators. Semaglutide versus dulaglutide once weekly in patients with type 2 diabetes (SUSTAIN 7): a randomised, open-label, 
phase 3b trial. Lancet Diabetes Endocrinol. 2018;6(4):275- 286. 3. Ahmann et al. Diabetes Care. 2018; 41(2):258–66. 4. Aroda VR et al. Lancet Diabetes Endocrinol 2017;5:355-66. 5. Marso SP, Bain SC, Consoli A, et al; SUSTAIN-6 Investigators. Semaglutide and cardiovascular 
outcomes in patients with type 2 diabetes. N Engl J Med. 2016;375(19):1834-1844. 6. Buse JB, Wexler DJ, Tsapas A, et al. 2019 update to: management of hyperglycemia in type 2 diabetes, 2018. A consensus report by the American Diabetes Association (ADA) and 
the European Association for the Study of Diabetes (EASD). Diabetes Care. 2020;43(2):487-493. 7. Lingvay I, Catarig AM, Frias JP, et al. Efficacy and safety of once-weekly semaglutide versus daily canagliflozin as add-on to metformin in patients with type 2 diabetes 
(SUSTAIN 8): a double-blind, phase 3b, randomised controlled trial. Lancet Diabetes Endocrinol. 2019;7(ll):834-844. 8. Capehorn MS, Catarig AM, Furberg JK, et al. Efficacy and safety of once-weekly semaglutide 1.0 mg vs once-daily liraglutide 1.2 mg as add-on to 1-3 
oral antidiabetic drugs in subjects with type 2 diabetes (SUSTAIN 10). Diabetes Metab. 2020;46(2): 100-109. 

ΠΛΕΟΝ ΔΙΑΘΕΣΙΜΟ

Για ενήλικες με σακχαρώδη διαβήτη τύπου 2 που υπερισχύει η αθηροσκληρωτική 
καρδιαγγειακή νόσος (ασθενείς με δείκτες υψηλού κινδύνου για ASCVD ή 
εγκατεστημένη ASCVD).† 

Το Consensus Report των ADA/EASD 2019 συνιστά τη θεραπεία με αγωνιστή 
του υποδοχέα του GLP-1 με αποδεδειγμένο# καρδιαγγειακό όφελος6 

Το Ozempic® (σεμαγλουτίδη) έχει ένδειξη για τη θεραπεία ενηλίκων με σακχαρώδη 
διαβήτη τύπου 2 που δεν ελέγχεται επαρκώς σε συνδυασμό με δίαιτα και άσκηση.

Ozempic® - Εβδομαδιαίος αγωνιστής υποδοχέα  
GLP-1 που συνδυάζει ανώτερη αποτελεσματικότητα* 

στη μείωση της HbA1c και του σωματικού 
βάρους και καρδιαγγειακό‡ όφελος.1-5,7,8,9

ΑΝΩΤΕΡΟΣ 
ΓΛΥΚΑΙΜΙΚΟΣ 

    ΕΛΕΓΧΟΣ1-5,7,8,9*

ΑΠΟΔΕΔΕΙΓΜΕΝΟ† 
ΚΑΡΔΙΑΓΓΕΙΑΚΟ 

ΟΦΕΛΟΣ5‡

ΑΝΩΤΕΡΗ 
ΚΑΙ ΔΙΑΤΗΡΗΣΙΜΗ 

    ΑΠΩΛΕΙΑ ΒΑΡΟΥΣ1-5,7,8,9*

* Τα αποτελέσματα αφορούν το Ozempic® σε όλες τις συγκριτικές μελέτες SUSTAIN, οι οποίες περιελάμβαναν 
εικονικό φάρμακο, τη σιταγλιπτίνη, τη ντουλαγλουτίδη, την εξενατίδη ER, την ινσουλίνη glargine U100, 
την καναγλιφλοζίνη και τη λιραγλουτίδη.1,2,7,8
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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 m2 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 occurred 
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 dapaglif lozin than with placebo. (Funded by Astra-
Zeneca; DAPA-CKD ClinicalTrials.gov number, NCT03036150.)
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BACKGROUND
In patients with type 2 diabetes, inhibitors of sodium–glucose cotransporter 2 (SGLT2) 
reduce the risk of a first hospitalization for heart failure, possibly through glucose-
independent mechanisms. More data are needed regarding the effects of SGLT2 in-
hibitors in patients with established heart failure and a reduced ejection fraction, 
regardless of the presence or absence of type 2 diabetes.

METHODS
In this phase 3, placebo-controlled trial, we randomly assigned 4744 patients with 
New York Heart Association class II, III, or IV heart failure and an ejection fraction 
of 40% or less to receive either dapagliflozin (at a dose of 10 mg once daily) or pla-
cebo, in addition to recommended therapy. The primary outcome was a composite 
of worsening heart failure (hospitalization or an urgent visit resulting in intravenous 
therapy for heart failure) or cardiovascular death.

RESULTS
Over a median of 18.2 months, the primary outcome occurred in 386 of 2373 pa-
tients (16.3%) in the dapagliflozin group and in 502 of 2371 patients (21.2%) in 
the placebo group (hazard ratio, 0.74; 95% confidence interval [CI], 0.65 to 0.85; 
P<0.001). A first worsening heart failure event occurred in 237 patients (10.0%) in 
the dapagliflozin group and in 326 patients (13.7%) in the placebo group (hazard 
ratio, 0.70; 95% CI, 0.59 to 0.83). Death from cardiovascular causes occurred in 
227 patients (9.6%) in the dapagliflozin group and in 273 patients (11.5%) in the 
placebo group (hazard ratio, 0.82; 95% CI, 0.69 to 0.98); 276 patients (11.6%) and 
329 patients (13.9%), respectively, died from any cause (hazard ratio, 0.83; 95% CI, 
0.71 to 0.97). Findings in patients with diabetes were similar to those in patients 
without diabetes. The frequency of adverse events related to volume depletion, renal 
dysfunction, and hypoglycemia did not differ between treatment groups.

CONCLUSIONS
Among patients with heart failure and a reduced ejection fraction, the risk of wors-
ening heart failure or death from cardiovascular causes was lower among those who 
received dapagliflozin than among those who received placebo, regardless of the 
presence or absence of diabetes. (Funded by AstraZeneca; DAPA-HF ClinicalTrials 
.gov number, NCT03036124.)
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Abstract
The current classification of diabetes, based on hyperglycaemia, islet-directed antibodies and some insufficiently defined
clinical features, does not reflect differences in aetiological mechanisms and in the clinical course of people with
diabetes. This review discusses evidence from recent studies addressing the complexity of diabetes by proposing novel
subgroups (subtypes) of diabetes. The most widely replicated and validated approach identified, in addition to severe
autoimmune diabetes, four subgroups designated severe insulin-deficient diabetes, severe insulin-resistant diabetes, mild
obesity-related diabetes and mild age-related diabetes subgroups. These subgroups display distinct patterns of clinical
features, disease progression and onset of comorbidities and complications, with severe insulin-resistant diabetes show-
ing the highest risk for cardiovascular, kidney and fatty liver diseases. While it has been suggested that people in these
subgroups would benefit from stratified treatments, RCTs are required to assess the clinical utility of any reclassification
effort. Several methodological and practical issues also need further study: the statistical approach used to define
subgroups and derive recommendations for diabetes care; the stability of subgroups over time; the optimal dataset
(e.g. phenotypic vs genotypic) for reclassification; the transethnic generalisability of findings; and the applicability in
clinical routine care. Despite these open questions, the concept of a new classification of diabetes has already allowed
researchers to gain more insight into the colourful picture of diabetes and has stimulated progress in this field so that
precision diabetology may become reality in the future.
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BACKGROUND
Sodium–glucose cotransporter 2 inhibitors reduce the risk of hospitalization for 
heart failure in patients with heart failure and a reduced ejection fraction, but their 
effects in patients with heart failure and a preserved ejection fraction are un-
certain.

METHODS
In this double-blind trial, we randomly assigned 5988 patients with class II–IV 
heart failure and an ejection fraction of more than 40% to receive empagliflozin 
(10 mg once daily) or placebo, in addition to usual therapy. The primary outcome 
was a composite of cardiovascular death or hospitalization for heart failure.

RESULTS
Over a median of 26.2 months, a primary outcome event occurred in 415 of 2997 
patients (13.8%) in the empagliflozin group and in 511 of 2991 patients (17.1%) in 
the placebo group (hazard ratio, 0.79; 95% confidence interval [CI], 0.69 to 0.90; 
P<0.001). This effect was mainly related to a lower risk of hospitalization for heart 
failure in the empagliflozin group. The effects of empagliflozin appeared consis-
tent in patients with or without diabetes. The total number of hospitalizations for 
heart failure was lower in the empagliflozin group than in the placebo group (407 
with empagliflozin and 541 with placebo; hazard ratio, 0.73; 95% CI, 0.61 to 0.88; 
P<0.001). Uncomplicated genital and urinary tract infections and hypotension were 
reported more frequently with empagliflozin.

CONCLUSIONS
Empaglif lozin reduced the combined risk of cardiovascular death or hospitaliza-
tion for heart failure in patients with heart failure and a preserved ejection 
fraction, regardless of the presence or absence of diabetes. (Funded by Boeh-
ringer Ingelheim and Eli Lilly; EMPEROR-Preserved ClinicalTrials.gov number, 
NCT03057951).
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BACKGROUND
Finerenone, a nonsteroidal, selective mineralocorticoid receptor antagonist, re-
duced albuminuria in short-term trials involving patients with chronic kidney 
disease (CKD) and type 2 diabetes. However, its long-term effects on kidney and 
cardiovascular outcomes are unknown.

METHODS
In this double-blind trial, we randomly assigned 5734 patients with CKD and type 2 
diabetes in a 1:1 ratio to receive finerenone or placebo. Eligible patients had a 
urinary albumin-to-creatinine ratio (with albumin measured in milligrams and 
creatinine measured in grams) of 30 to less than 300, an estimated glomerular 
filtration rate (eGFR) of 25 to less than 60 ml per minute per 1.73 m2 of body-
surface area, and diabetic retinopathy, or they had a urinary albumin-to-creatinine 
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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Introduction: FIDELIO-DKD (FInerenone in reducing kiDnEy faiLure and dIsease prOgression in Diabetic
Kidney Disease) investigated the nonsteroidal, selective mineralocorticoid receptor (MR) antagonist finer-
enone in patients with CKD and type 2 diabetes (T2D). This analysis explores the impact of use of sodium-
glucose cotransporter-2 inhibitor (SGLT-2i) on the treatment effect of finerenone.
Methods: Patients (N ¼ 5674) with T2D, urine albumin-to-creatinine ratio (UACR) of 30 to 5000 mg/g and
estimated glomerular filtration rate (eGFR) of 25 to <75 ml/min per 1.73 m2 receiving optimized renin-
angiotensin system (RAS) blockade were randomized to finerenone or placebo. Endpoints were change
in UACR and a composite kidney outcome (time to kidney failure, sustained decrease in eGFR $40% from
baseline, or renal death) and key secondary cardiovascular outcomes (time to cardiovascular death, nonfatal
myocardial infarction, nonfatal stroke, or hospitalization for heart failure) (ClinicalTrials.gov, NCT02540993).
Results: Of 5674 patients, 259 (4.6%) received an SGLT-2i at baseline. Reduction in UACR with finerenone
was found with or without use of SGLT-2i at baseline, with ratio of least-squares means of 0.69 (95% CI ¼
0.66–0.71) and 0.75 (95% CI -¼ 0.62–0.90), respectively (Pinteraction ¼ 0.31). Finerenone also significantly
reduced the kidney and key secondary cardiovascular outcomes versus placebo; there was no clear dif-
ference in the results by SGLT-2i use at baseline (Pinteraction ¼ 0.21 and 0.46, respectively) or at any time
during the trial. Safety was balanced with or without SGLT-2i use at baseline, with fewer hyperkalemia
events with finerenone in the SGLT-2i group (8.1% vs. 18.7% without).
Conclusion: UACR improvementwasobservedwithfinerenone inpatientswithCKDandT2Dalready receiving
SGLT-2is at baseline, andbenefits on kidneyandcardiovascular outcomesappear consistent irrespectiveof use
of SGLT-2i.
Kidney Int Rep (2022) 7, 36–45; https://doi.org/10.1016/j.ekir.2021.10.008
KEYWORDS: albuminuria; chronic kidney disease; finerenone; sodium-glucose cotransporter-2 inhibitors; type 2
diabetes
ª 2021 International Society of Nephrology. Published by Elsevier Inc. This is an open access article under the CC BY-
NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Effects of Dapagliflozin in Patients With
Kidney Disease, With and Without
Heart Failure
John J.V. McMurray, MD,a David C. Wheeler, MD,b,c Bergur V. Stefánsson, MD,d Niels Jongs, MSC,e

Douwe Postmus, PHD,f Ricardo Correa-Rotter, MD,g Glenn M. Chertow, MD,h Fan Fan Hou, MD,i Peter Rossing, MD,j,k

C. David Sjöström, MD,d Scott D. Solomon, MD,l Robert D. Toto, MD,m Anna Maria Langkilde, MD,d

Hiddo J.L. Heerspink, PHD,c,e on behalf of the DAPA-CKD Trial Committees and Investigators

ABSTRACT

OBJECTIVES The purpose of this paper was to investigate the effects of dapagliflozin in chronic kidney disease (CKD)

patients, with and without heart failure (HF).

BACKGROUND Patients with CKD, with and without type 2 diabetes, were enrolled in the DAPA-CKD (Dapagliflozin

and Prevention of Adverse Outcomes in Chronic Kidney Disease) trial. Some patients had HF at baseline.

METHODS A total of 4,304 participants were randomized to dapagliflozin 10 mg daily or placebo. The primary

composite endpoint was $50% decline in estimated glomerular filtration rate, end-stage kidney disease, or kidney/

cardiovascular death. Secondary endpoints were a kidney composite (primary endpoint minus cardiovascular death), the

composite of cardiovascular death/HF hospitalization, and all-cause death. Analysis of outcomes according to HF history

was prespecified.

RESULTS HF patients (n ¼ 468; 11%) were older and had more coronary disease, atrial fibrillation, and type 2 diabetes.

Mean estimated glomerular filtration rate was similar in patients with and without HF. Rates of HF hospitalization/car-

diovascular death and death from any cause were higher in HF patients, but the secondary kidney failure outcome

occurred at the same rate in people with and without HF. Dapagliflozin reduced the risk of the primary outcome equally in

patients with HF (HR: 0.58 [95% CI: 0.37-0.91]) and without HF (HR: 0.62 [95% CI: 0.51-0.75]) (P interaction ¼ 0.59).

The proportional risk-reductions were similar in patients with and without HF for the cardiovascular death/HF hospi-

talization composite (HR: 0.68 [95% CI: 0.44-1.05] vs HR: 0.70 [95% CI: 0.51-0.97], respectively; P interaction ¼ 0.90),

and all-cause death (HR: 0.56 [95% CI: 0.34-0.93] vs HR: 0.73 [95% CI: 0.54-0.97], respectively; P interaction ¼ 0.39),

although absolute risk reductions were larger in HF patients. Adverse event rates were low and did not differ among

patients with or without HF.

CONCLUSIONS Dapagliflozin reduced the risk of kidney failure and cardiovascular death/HF hospitalization and

prolonged survival in CKD patients with or without type 2 diabetes, independently of history of HF. (A Study to Evaluate

the Effect of Dapagliflozin on Renal Outcomes and Cardiovascular Mortality in Patients With Chronic Kidney Disease

[DAPA-CKD]; NCT03036150) (J Am Coll Cardiol HF 2021;-:-–-) © 2021 The Authors. Published by Elsevier on behalf

of the American College of Cardiology Foundation. This is an open access article under the CC BY license (http://

creativecommons.org/licenses/by/4.0/).
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Efficacy and safety of once-weekly semaglutide 2·0 mg 
versus 1·0 mg in patients with type 2 diabetes (SUSTAIN 
FORTE): a double-blind, randomised, phase 3B trial
Juan P Frías, Pernille Auerbach, Harpreet S Bajaj, Yasushi Fukushima, Ildiko Lingvay, Stanislava Macura, Anette L Søndergaard, 
Tsvetalina I Tankova, Nikolaos Tentolouris, John B Buse

Summary
Background Semaglutide is an effective treatment for type 2 diabetes; however, 20–30% of patients given semaglutide 
1·0 mg do not reach glycaemic treatment goals. We aimed to investigate the efficacy and safety of once-weekly 
semaglutide 2·0 mg versus 1·0 mg in adults with inadequately controlled type 2 diabetes on a stable dose of metformin 
with or without a sulfonylurea.

Methods We did a 40-week, randomised, active-controlled, parallel-group, double-blind, phase 3B trial (SUSTAIN 
FORTE) at 125 outpatient clinics in ten countries. Participants (≥18 years) with inadequately controlled type 2 diabetes 
(HbA1c 8·0–10·0%) with metformin and with or without sulfonylurea were randomly assigned (1:1) by an interactive 
web-response system to 2·0 mg or 1·0 mg once-weekly semaglutide. Participants, site personnel, the clinical study 
group, and investigators were masked to the randomised treatment. Outcomes included change from baseline at 
week 40 in HbA1c (primary outcome) and bodyweight (secondary confirmatory outcome), evaluated through trial product 
estimand (no treatment discontinuation or without rescue medication) and treatment policy estimand (regardless of 
treatment discontinuation or rescue medication) strategies. This study is registered with ClinicalTrials.gov, 
NCT03989232; EudraCT, 2018-004529-96; and WHO, U1111-1224-5162.

Findings Between June 19 and Nov 28, 2019, of 1515 adults assessed for eligibility, 961 participants (mean age 
58·0 years [SD 10·0]; 398 [41%] women) were included. Participants were randomly assigned to once-weekly 
semaglutide 2·0 mg (n=480 [50%]) or 1·0 mg (n=481 [50%]); 462 (96%) patients in the semaglutide 2·0 mg group and 
471 (98%) in the semaglutide 1·0 mg group completed the trial. Mean baseline HbA1c was 8·9% 
(SD 0·6; 73·3 mmol/mol [SD 6·9]) and BMI was 34·6 kg/m² (SD 7·0). Mean change in HbA1c from baseline at 
week 40 was −2·2 percentage points with semaglutide 2·0 mg and −1·9 percentage points with semaglutide 1·0 mg 
(estimated treatment difference [ETD] –0·23 percentage points [95% CI –0·36 to –0·11]; p=0·0003; trial product 
estimand) and −2·1 percentage points with semaglutide 2·0 mg and −1·9 percentage points with semaglutide 1·0 mg 
(ETD –0·18 percentage points [–0·31 to –0·04]; p=0·0098; treatment policy estimand). Mean change in bodyweight 
from baseline at week 40 was −6·9 kg with semaglutide 2·0 mg and −6·0 kg with semaglutide 1·0 mg (ETD –0·93 kg 
[95% CI –1·68 to –0·18]; p=0·015; trial product estimand) and −6·4 kg with semaglutide 2·0 mg and −5·6 kg with 
semaglutide 1·0 mg (ETD –0·77 kg [–1·55 to 0·01]; p=0·054; treatment policy estimand). Gastrointestinal disorders 
were the most commonly reported adverse events (163 [34%] in the 2·0 mg group and 148 [31%] in the 1·0 mg group). 
Serious adverse events were similar between treatment groups, reported for 21 (4%) participants given semaglutide 
2·0 mg and 25 (5%) participants given semaglutide 1·0 mg. Three deaths were reported during the trial (one in the 
semaglutide 1·0 mg group and two in the semaglutide 2·0 mg group).

Interpretation Semaglutide 2·0 mg was superior to 1·0 mg in reducing HbA1c, with additional bodyweight loss and a 
similar safety profile. This higher dose provides a treatment intensification option for patients with type 2 diabetes 
treated with semaglutide in need of additional glycaemic control. 

Funding Novo Nordisk.

Copyright © 2021 Elsevier Ltd. All rights reserved.

Introduction
GLP-1 receptor agonists are an established treatment 
option for type 2 diabetes, providing effective glycaemic 
lowering by stimulating insulin secretion and inhibiting 
the release of glucagon in a glucose-dependent manner.1,2 
They also decrease bodyweight by reducing appetite 
and food intake.1,2 Owing to structural differences 

between the available GLP-1 receptor agonists, 
differences exist in the efficacy profile within the class 
regarding improvements in glycaemia and bodyweight 
and cardiovascular risk reduction.1,2

Once-weekly subcutaneous semaglutide, a GLP-1 
receptor agonist, is available for the treatment of type 2 
diabetes in two doses: 0·5 mg and 1·0 mg.3,4 The efficacy 
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BACKGROUND
The efficacy and safety of sodium–glucose cotransporter 2 inhibitors such as so-
tagliflozin in preventing cardiovascular events in patients with diabetes with chronic 
kidney disease with or without albuminuria have not been well studied.
METHODS
We conducted a multicenter, double-blind trial in which patients with type 2 dia-
betes mellitus (glycated hemoglobin level, ≥7%), chronic kidney disease (estimated 
glomerular filtration rate, 25 to 60 ml per minute per 1.73 m2 of body-surface 
area), and risks for cardiovascular disease were randomly assigned in a 1:1 ratio 
to receive sotagliflozin or placebo. The primary end point was changed during the 
trial to the composite of the total number of deaths from cardiovascular causes, 
hospitalizations for heart failure, and urgent visits for heart failure. The trial 
ended early owing to loss of funding.
RESULTS
Of 19,188 patients screened, 10,584 were enrolled, with 5292 assigned to the 
sotagliflozin group and 5292 assigned to the placebo group, and followed for a 
median of 16 months. The rate of primary end-point events was 5.6 events per 100 
patient-years in the sotagliflozin group and 7.5 events per 100 patient-years in the 
placebo group (hazard ratio, 0.74; 95% confidence interval [CI], 0.63 to 0.88; 
P<0.001). The rate of deaths from cardiovascular causes per 100 patient-years was 
2.2 with sotagliflozin and 2.4 with placebo (hazard ratio, 0.90; 95% CI, 0.73 to 1.12; 
P = 0.35). For the original coprimary end point of the first occurrence of death 
from cardiovascular causes, nonfatal myocardial infarction, or nonfatal stroke, the 
hazard ratio was 0.84 (95% CI, 0.72 to 0.99); for the original coprimary end point 
of the first occurrence of death from cardiovascular causes or hospitalization for 
heart failure, the hazard ratio was 0.77 (95% CI, 0.66 to 0.91). Diarrhea, genital 
mycotic infections, volume depletion, and diabetic ketoacidosis were more common 
with sotagliflozin than with placebo.
CONCLUSIONS
In patients with diabetes and chronic kidney disease, with or without albuminuria, 
sotagliflozin resulted in a lower risk of the composite of deaths from cardiovas-
cular causes, hospitalizations for heart failure, and urgent visits for heart failure 
than placebo but was associated with adverse events. (Funded by Sanofi and Lexicon 
Pharmaceuticals; SCORED ClinicalTrials.gov number, NCT03315143.)
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BACKGROUND
Metformin is the regulatory-approved treatment of choice for most youth with type 2 
diabetes early in the disease. However, early loss of glycemic control has been observed 
with metformin monotherapy. Whether liraglutide added to metformin (with or without 
basal insulin treatment) is safe and effective in youth with type 2 diabetes is unknown.

METHODS
Patients who were 10 to less than 17 years of age were randomly assigned, in a 1:1 
ratio, to receive subcutaneous liraglutide (up to 1.8 mg per day) or placebo for a 26-
week double-blind period, followed by a 26-week open-label extension period. Inclu-
sion criteria were a body-mass index greater than the 85th percentile and a glycated 
hemoglobin level between 7.0 and 11.0% if the patients were being treated with diet 
and exercise alone or between 6.5 and 11.0% if they were being treated with metformin 
(with or without insulin). All the patients received metformin during the trial. The 
primary end point was the change from baseline in the glycated hemoglobin level after 
26 weeks. Secondary end points included the change in fasting plasma glucose level. 
Safety was assessed throughout the course of the trial.

RESULTS
Of 135 patients who underwent randomization, 134 received at least one dose of lira-
glutide (66 patients) or placebo (68 patients). Demographic characteristics were similar 
in the two groups (mean age, 14.6 years). At the 26-week analysis of the primary ef-
ficacy end point, the mean glycated hemoglobin level had decreased by 0.64 percentage 
points with liraglutide and increased by 0.42 percentage points with placebo, for an 
estimated treatment difference of −1.06 percentage points (P<0.001); the difference 
increased to −1.30 percentage points by 52 weeks. The fasting plasma glucose level had 
decreased at both time points in the liraglutide group but had increased in the placebo 
group. The number of patients who reported adverse events was similar in the two 
groups (56 [84.8%] with liraglutide and 55 [80.9%] with placebo), but the overall rates 
of adverse events and gastrointestinal adverse events were higher with liraglutide.

CONCLUSIONS
In children and adolescents with type 2 diabetes, liraglutide, at a dose of up to 1.8 mg 
per day (added to metformin, with or without basal insulin), was efficacious in improving 
glycemic control over 52 weeks. This efficacy came at the cost of an increased fre-
quency of gastrointestinal adverse events. (Funded by Novo Nordisk; Ellipse ClinicalTrials 
.gov number, NCT01541215.)
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BACKGROUND
Observational studies support an association between a low blood 25-hydroxyvitamin 
D level and the risk of type 2 diabetes. However, whether vitamin D supplementation 
lowers the risk of diabetes is unknown.

METHODS
We randomly assigned adults who met at least two of three glycemic criteria for pre-
diabetes (fasting plasma glucose level, 100 to 125 mg per deciliter; plasma glucose 
level 2 hours after a 75-g oral glucose load, 140 to 199 mg per deciliter; and glycated 
hemoglobin level, 5.7 to 6.4%) and no diagnostic criteria for diabetes to receive 4000 IU 
per day of vitamin D3 or placebo, regardless of the baseline serum 25-hydroxyvitamin 
D level. The primary outcome in this time-to-event analysis was new-onset diabetes, 
and the trial design was event-driven, with a target number of diabetes events of 508.

RESULTS
A total of 2423 participants underwent randomization (1211 to the vitamin D group and 
1212 to the placebo group). By month 24, the mean serum 25-hydroxyvitamin D level in 
the vitamin D group was 54.3 ng per milliliter (from 27.7 ng per milliliter at baseline), 
as compared with 28.8 ng per milliliter in the placebo group (from 28.2 ng per milliliter 
at baseline). After a median follow-up of 2.5 years, the primary outcome of diabetes oc-
curred in 293 participants in the vitamin D group and 323 in the placebo group (9.39 
and 10.66 events per 100 person-years, respectively). The hazard ratio for vitamin D as 
compared with placebo was 0.88 (95% confidence interval, 0.75 to 1.04; P = 0.12). The 
incidence of adverse events did not differ significantly between the two groups.

CONCLUSIONS
Among persons at high risk for type 2 diabetes not selected for vitamin D insuffi-
ciency, vitamin D3 supplementation at a dose of 4000 IU per day did not result in a 
significantly lower risk of diabetes than placebo. (Funded by the National Institute of 
Diabetes and Digestive and Kidney Diseases and others; D2d ClinicalTrials.gov number, 
NCT01942694.)
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BACKGROUND
The cardiovascular effects of ertugliflozin, an inhibitor of sodium–glucose co-
transporter 2, have not been established.

METHODS
In a multicenter, double-blind trial, we randomly assigned patients with type 2 dia-
betes and atherosclerotic cardiovascular disease to receive 5 mg or 15 mg of ertug-
liflozin or placebo once daily. With the data from the two ertugliflozin dose 
groups pooled for analysis, the primary objective was to show the noninferiority of 
ertugliflozin to placebo with respect to the primary outcome, major adverse cardio-
vascular events (a composite of death from cardiovascular causes, nonfatal myo-
cardial infarction, or nonfatal stroke). The noninferiority margin was 1.3 (upper 
boundary of a 95.6% confidence interval for the hazard ratio [ertugliflozin vs. pla-
cebo] for major adverse cardiovascular events). The first key secondary outcome was 
a composite of death from cardiovascular causes or hospitalization for heart failure.

RESULTS
A total of 8246 patients underwent randomization and were followed for a mean 
of 3.5 years. Among 8238 patients who received at least one dose of ertugliflozin 
or placebo, a major adverse cardiovascular event occurred in 653 of 5493 patients 
(11.9%) in the ertugliflozin group and in 327 of 2745 patients (11.9%) in the pla-
cebo group (hazard ratio, 0.97; 95.6% confidence interval [CI], 0.85 to 1.11; 
P<0.001 for noninferiority). Death from cardiovascular causes or hospitalization 
for heart failure occurred in 444 of 5499 patients (8.1%) in the ertugliflozin group 
and in 250 of 2747 patients (9.1%) in the placebo group (hazard ratio, 0.88; 95.8% CI, 
0.75 to 1.03; P = 0.11 for superiority). The hazard ratio for death from cardiovascu-
lar causes was 0.92 (95.8% CI, 0.77 to 1.11), and the hazard ratio for death from 
renal causes, renal replacement therapy, or doubling of the serum creatinine level 
was 0.81 (95.8% CI, 0.63 to 1.04). Amputations were performed in 54 patients (2.0%) 
who received the 5-mg dose of ertugliflozin and in 57 patients (2.1%) who received 
the 15-mg dose, as compared with 45 patients (1.6%) who received placebo.

CONCLUSIONS
Among patients with type 2 diabetes and atherosclerotic cardiovascular disease, 
ertugliflozin was noninferior to placebo with respect to major adverse cardiovascular 
events. (Funded by Merck Sharp & Dohme and Pfizer; VERTIS CV ClinicalTrials.gov 
number, NCT01986881.)
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BACKGROUND
The prevalence of type 2 diabetes in youth is increasing, but little is known re­
garding the occurrence of related complications as these youths transition to 
adulthood.

METHODS
We previously conducted a multicenter clinical trial (from 2004 to 2011) to evalu­
ate the effects of one of three treatments (metformin, metformin plus rosiglita­
zone, or metformin plus an intensive lifestyle intervention) on the time to loss of 
glycemic control in participants who had onset of type 2 diabetes in youth. After 
completion of the trial, participants were transitioned to metformin with or with­
out insulin and were enrolled in an observational follow­up study (performed from 
2011 to 2020), which was conducted in two phases; the results of this follow­up 
study are reported here. Assessments for diabetic kidney disease, hypertension, 
dyslipidemia, and nerve disease were performed annually, and assessments for 
retinal disease were performed twice. Complications related to diabetes identified 
outside the study were confirmed and adjudicated.

RESULTS
At the end of the second phase of the follow­up study (January 2020), the mean 
(±SD) age of the 500 participants who were included in the analyses was 26.4±2.8 
years, and the mean time since the diagnosis of diabetes was 13.3±1.8 years. The 
cumulative incidence of hypertension was 67.5%, the incidence of dyslipidemia was 
51.6%, the incidence of diabetic kidney disease was 54.8%, and the incidence of 
nerve disease was 32.4%. The prevalence of retinal disease, including more ad­
vanced stages, was 13.7% in the period from 2010 to 2011 and 51.0% in the period 
from 2017 to 2018. At least one complication occurred in 60.1% of the partici­
pants, and at least two complications occurred in 28.4%. Risk factors for the de­
velopment of complications included minority race or ethnic group, hyperglyce­
mia, hypertension, and dyslipidemia. No adverse events were recorded during 
follow­up.

CONCLUSIONS
Among participants who had onset of type 2 diabetes in youth, the risk of com­
plications, including microvascular complications, increased steadily over time 
and affected most participants by the time of young adulthood. Complications 
were more common among participants of minority race and ethnic group and 
among those with hyperglycemia, hypertension, and dyslipidemia. (Funded by the 
National Institute of Diabetes and Digestive and Kidney Diseases and others; 
ClinicalTrials.gov numbers, NCT01364350 and NCT02310724.)
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Abstract
BACKGROUND—Documenting current trends in diabetes treatment and risk-factor control may 
inform public health policy and planning.

METHODS—We conducted a cross-sectional analysis of data from adults with diabetes in the 
United States participating in the National Health and Nutrition Examination Survey (NHANES) 
to assess national trends in diabetes treatment and risk-factor control from 1999 through 2018.

RESULTS—Diabetes control improved from 1999 to the early 2010s among the participants but 
subsequently stalled and declined. Between the 2007–2010 period and the 2015–2018 period, 
the percentage of adult NHANES participants with diabetes in whom glycemic control (glycated 
hemoglobin level, <7%) was achieved declined from 57.4% (95% confidence interval [CI], 52.9 
to 61.8) to 50.5% (95% CI, 45.8 to 55.3). After major improvements in lipid control (non–
high-density lipoprotein cholesterol level, <130 mg per deciliter) in the early 2000s, minimal 
improvement was seen from 2007–2010 (52.3%; 95% CI, 49.2 to 55.3) to 2015–2018 (55.7%; 
95% CI, 50.8 to 60.5). From 2011–2014 to 2015–2018, the percentage of participants in whom 
blood-pressure control (<140/90 mm Hg) was achieved decreased from 74.2% (95% CI, 70.7 to 
77.4) to 70.4% (95% CI, 66.7 to 73.8). The percentage of participants in whom all three targets 
were simultaneously achieved plateaued after 2010 and was 22.2% (95% CI, 17.9 to 27.3) in 
2015–2018. The percentages of participants who used any glucose-lowering medication or any 
blood-pressure–lowering medication were unchanged after 2010, and the percentage who used 
statins plateaued after 2014. After 2010, the use of combination therapy declined in participants 
with uncontrolled blood pressure and plateaued for those with poor glycemic control.

CONCLUSIONS—After more than a decade of progress from 1999 to the early 2010s, glycemic 
and blood-pressure control declined in adult NHANES participants with diabetes, while lipid 
control leveled off. (Funded by the National Heart, Lung, and Blood Institute.)
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Applying Sports Nutrition Research for Enhancing Public Health
Dan Benardot, PhD, DHC, RD, LD, FACSM

Professor of Practice, Center for the Study of Human Health, Emory University, USA
Professor of Nutrition, Emeritus, Georgia State University, USA

Presentation:
This presentation has 7 sections, including the introduction, information related to ‘weight’ assessment, 
issues related to the assessment of the energy cost of activity, the misperception of labeling certain 
foods as ‘perfect’, the multiple dietary factors associated with hyperinsulinemia, the misuse of nutrient 
supplements, and issues related to within-day energy balance.  The section abstracts and associated 
references are listed below. 
 
Introduction Abstract 
The introduction establishes the relationship between sports nutrition research and how it can be 
applied for enhancing public health, while it points out the many nutritional myths that have been in the 
public sphere for both athletes and the public at large. It also points out the common nutritional failures 
for both athletes and the general public, including a failure to provide energy and nutrients in a way that 
they can be optimally used by tissues, and a tendency to excessively emphasize some fuels as more 
critical for both performance and health than others.  Protein, for instance, tends to be emphasized over 
carbohydrates, but neither athletes nor the general public have an appropriate understanding of how 
much should be consumed, and how to best consume it to achieve the optimal anabolic effect.  
Importantly, the well-established problems associated with achieving an optimal nutritional state in 
athletes mirror the common problems observed in the general public. Of particular concern is that the 
many nutritional misunderstandings about nutrition tend to elevate obesity risk and associated 
cardiometabolic disorders. This is largely due to a failure to consume foods/beverages in a way that 
dynamically satisfies tissue requirements for nutrients, even if the total daily intake of nutrients appears 
adequate. 
Introduction References 
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Olympic Committee. International Olympic Committee Consensus Conference: Nutrition for Athletes 
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• Davis M, Alderson NL, and Welsh RS. Serotonin and central nervous system fatigue: nutritional 
considerations. American Journal of Clinical Nutrition. 2000; 72(2): 573s-578s. 

• Kleisiaris CF, Sfakianakis C, and Papathanasiou IV. Health care practices in ancient Greece: The 
Hippocratic ideal. Journal of Medical Ethics and History of Medicine 2014; 7(6): 1-5 

• Reale R, Slater G, and Burke LM. Individualized dietary strategies for Olympic combat sports: Acute 
nutrition for weight loss, recovery, and competition. European Journal of Sport Science 2017; 17(6): 
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Issues of ‘Weight’ Abstract 
One of the major failures observed in both athletes and non-athletes is the use of body mass (i.e., 
weight) as a primary indicator of well-being. Doing so fails to discriminate between the status of lean 
mass vs. fat mass, or to determine how these mass components have changed. In addition, the 
terminology used for labeling individuals as ‘obese’ or ‘overweight’ via the weight:height index (BMI), 
can be misleading as the term ‘obese’ refers to having too much body fat, while neither ‘weight’ nor 
‘BMI’ make a direct determination of body fatness. Athletes are encouraged to increase musculature to 
enhance their strength:weight ratio, and the resulting elevated musculature per unit height often 
inappropriately may place them in an ‘obese’ category using ‘BMI’.  In non-athlete children, the low 
sensitivity to detecting excess body fatness fails to identify over 25% of children who are obese because 
of their normal weight:height ratio.  There is also a common belief that only consuming excess food will 
make you fat, but data clearly indicate that individuals who diet (i.e., consume a lower caloric intake 
than they are accustomed to) to lose weight become more fat because of the excess catabolism of fat-
free mass.  In addition, once adaptive thermogenesis occurs several months following the ‘diet’, there is 
a faster rate of fat recovery relative to fat-free mass recovery, resulting in the same ‘weight’ the 
individual had prior to the ‘diet’, but a weight that is constituted of more fat mass and lower lean mass. 
This weight rebound is associated with greater risk of both cardiovascular and renal diseases. Athletes in 
subjectively scored appearance sports (i.e., diving, gymnastics, figure skating, etc.) are very weight 
conscious, and are predisposed to ‘dieting’ if they are told they need to lose ‘weight’. This inevitable 
weight cycling may predispose them to increased risk for eating disorders and low bone mineral density 
that places them at high fracture risk. The common recommendation, therefore, to eat less and exercise 
more may make matters worse for whoever follows this strategy for achieving the desired weight. 
Issues of ‘Weight’ References 
• Benardot D & Thompson W. Energy from food for physical activity: Enough and on time. ACSM 

Health and Fitness Journal 1999; 3(4): 14-18 
• Duloo AG, and Montani JP. Pathways from dieting to weight regain, to obesity and to the metabolic 
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non-athletes in selected anthropometric measurements. International Journal of Science and 
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• Ochner CN, Tsai AG, Kushner RF, and Wadden TA. Treating obesity seriously: when 
recommendations for lifestyle change confront biological adaptations. The Lancet Diabetes & 
Endocrinology Journal. 2015; 3(4): 232-234. DOI: http://dx.doi.org/10.1016/S2213-8587(15)00009-1 

• Svetkey LP, Stevens VJ, Brantley PJ, et al. Comparison of Strategies for Sustaining Weight Loss: The 
Weight Loss Maintenance Randomized Controlled Trial. Journal of the American Medical 
Association. 2008;299(10):1139–1148. doi:10.1001/jama.299.10.1139 

 
Energy Cost of Exercise Abstract 
One of the difficulties for determining how much food (i.e., how many calories) an individual should 
consume is extremely difficult to determine because the greater the exercise the more individuals find a 
way to burn less energy to do the exercise. This improved energy efficiency is likely a genetic survival 
mechanism that treats energy/food as precious.  Regular physical activity improves oxygen delivery and 
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greater exercise efficiency, making it difficult to calculate energy utilization via standard means and 
increasing the risk that the determined value is inaccurate. 
Energy Cost of Exercise References 
• Bangsbo J. Physiological factors associated with efficiency in high intensity exercise. Journal of 

Sports Medicine 1996; 22:299 doi:10.2165/00007256-199622050-00003 
• Banks L, Thompson S, and Lewis EJH. Efficiency of energy transfer during exercise: What are the 

limiting factors? Journal of Physiology 2015; 593: 2113-2114 
• Broskey NT, Boss A, Fares E-J, Greggio C, Gremion G, Schlüter L, Hans D,  Kreis R, Boesch C, and 

Amati F. Exercise efficiency relates with mitochondrial content and function in older adults. 
Physiological Reports 2015;3:(e12418) DOI: 10.14814/phy2.12418 

• Morgan W, Martin PW, Krahenbuhl GS. Factors affecting running economy. Sports Medicine 1989; 7: 
310–30 

 
Misperception of ‘Perfect Food’ Abstract 
It is common for both athletes and non-athletes to think of certain foods as ‘perfect’, resulting in their 
overconsumption. The excessive emphasis on a single food inevitably results in the inadequate 
consumption of other foods, with malnutrition as the inevitable outcome. Consider, for instance, that it 
is common for people to eat the same breakfast virtually every morning. This has two problems 
associated with it, including a failure to expose tissues with all the nutrients they require and failing to 
avoid excess tissue exposure to a potentially toxic substance contained in the regularly consumed foods. 
One strategy for assuring better nutrient exposure is to vary the colors of foods consumed, as each 
different color is associated with different nutrients/phytonutrients. 
Misperception of ‘Perfect Food’ References 
• Guyonnet S, and Rolland Y. Screening for malnutrition in older people. Clinics in Geriatric Medicine.  

2015; 31(3): 429-437. https://doi.org/10.1016/j.cger.2015.04.009 
• Murray E, and Manary M. Possible role of the microbiome in the development of acute malnutrition 

and implications for food-based strategies to prevent and treat acute malnutrition. Food and 
Nutrition Bulletin 2015; 36(1): S72-S75 

• Schaeffer J. Color me healthy - eating for a rainbow of benefits: The color wheel of foods & 
phytochemicals by Dr. David Heber. Today’s Dietitian. 2008; 10(11): 34-36. 

 
Sugar Intake and Food Patterns Associated with Hyperinsulinemia Abstract 
Many athletes are resistant to consuming sports beverages because they contain sugar and are fearful 
that the sugar will elevate their body fat level.  Athletes should be trained to understand that sugar-
containing sports beverages are intended to be consumed in small amounts during physical activity to 
avoid thirst, rather than waiting for thirst to occur followed by a large consumption of sports beverage 
all at once.  While it is true that a high bolus of sugar consumption of sugar has a hyperinsulinemic effect 
that is likely to elevate body fatness, it is also true that there are other important factors that are 
associated with hyperinsulinemia. For instance, waiting too long to eat may result in low blood sugar 
and eating in a low blood sugar state results in hyperinsulinemia, regardless of what foods are 
consumed.  Also, the appetite stimulating hormone ghrelin is only turned off with a normoinsulinemic 
response to eating, resulting in a sustained appetite that causes individuals to eat too much in a meal.  
Insulin is also elevated exponentially to the caloric load of the meal, so allowing low blood sugar to occur 
inevitably results in fat elevating hyperinsulinemia. 
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Nutrient Supplement Issues Abstract 
Nutrient supplements are common in both athlete and non-athlete populations. Studies now clearly 
indicate that both athletes and the general public would do better with a lower reliance on supplements 
and higher reliance of food to obtain needed nutrients. Studies of athletes have found that a significant 
proportion of supplements targeting this population contain illegal substances not listed on the label.  In 
addition, the level of nutrient content of many supplements far exceeds tissue capability to absorb it, 
with repeating daily intakes resulting in decreased tissue uptake. A study monitoring dietary 
supplements and mortality rate in older women found a higher mortality risk for all supplements 
(multivitamins, vitamin B6, iron, folate, zinc…) with only calcium supplementation demonstrating a 
lower mortality risk for this population.  Studies of folate have found that there is a completely different 
mortality risk related to how folate intake is distributed during the day.  For instance, individuals who 
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risk, while those who consume the same amount distributed during the day in four 100 mcg doses have 
lower cancer risk. 
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Within-Day Energy Balance Issues Abstract 
It is important to consider the problems associated with the traditional strategy for determining energy 
balance, often referred to as ‘Energy-In vs. Energy-Out’ and determined over a 24-hour period. This 
traditional view of energy balance suggests that if, over a 24-hour period, 3,000 Calories are consumed 
and 3,000 Calories are expended the person is in perfect energy balance and ‘weight’ will stay the same. 
However, because energy balance occurs in real time (i.e., the pancreas doesn’t wait until the end of the 
day to determine how much insulin to produce), this traditional view of energy balance fails to provide 
essential information. Studies clearly demonstrate that decreased meal frequency, even when 24-hour 
energy balance is achieved, is associated with higher body fat and lower lean mass. Athletes, because of 
their elevated energy expenditure during physical activity, can more easily achieve a severe negative 
energy balanced state, with negative consequences, than non-athletes. However, studies of non-
athletes also clearly demonstrate that meal-skipping, which results in a severe negative energy balance, 
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is also associated with higher body fat and more cardiometabolic risk factors. A recent consensus 
statement by the International Olympic Committee has established a term for this condition, which is 
referred to as ‘Relative Energy Deficiency in Sport (RED-S)’, and has determined that this condition (i.e., 
not having sufficient energy to do the physical task required), results in higher disease risks and multiple 
negative performance outcomes. Studies have also demonstrated that the state of energy balance, in 
real time, can influence how nutrients are used.  For instance, a good energy balance and appropriate 
distribution of protein has a much better anabolic outcome than consuming the same amount of protein 
that is poorly distributed or consumed when in a negative energy balanced state. It is important to 
consider that both nutrient and energy balance must be considered in real time, with both intakes that 
are excessive or inadequate in real time causing problems that can negatively impact body composition 
and health. 
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Επινεφρίδια
ΠΡΟΕΔΡΟΣ: Δήμητρα Βασιλειάδη
ΟΜΙΛΗΤΗΣ: Κρυσταλλένια 
Αλεξανδράκη

Methods Retrospective study; pts with pheochromocytomas; surgery in 10 Spanish hospitals; 
2011 → 2021
Intraoperative Complications: intraoperative hypertensive crisis, intraoperative bleeding,
prolonged hypotensive episode, arrhythmias, hemodynamic instability, others

Purpose identify presurgical and surgical risk factors for intraoperative complications in pts with 
pheochromocytomas

Background 
Unicentric studies and/or with a 
limited number of patients (pts) 
included, not generalizability of 
results 

Results
162 surgeries (159 pts); mean age 51.6±16.4 years (yrs) old; 52.8% women; median tumour size 
40 mm (range 10–110) 
 Laparoscopic adrenalectomy - 148 pts vs open adrenalectomy - 14 pts 
 Presurgical α- and β-blockade in 95.1% and 51.9%, respectively 

Most common hypertensive crisis in 21% → prolonged 
hypotension 20% → hemodynamic instability 10.5%

33.3% pts (54) ≥1 intraoperative complications
 Pts pre-treated with doxazosin required intraoperative 

hypotensive treatment more commonly than pts pre-
treated with other antihypertensive drugs (51.1% vs 
26.5%, P=0.002) 
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 Intraoperative complications more 
common with higher urine 
metanephrine (OR=1.01 for each 
100 μg/24 h, P=0.026), 
normetanephrine (OR=1.00 for 
each 100 μg/24 h, P=0.025), larger 
tumours (higher content of 
catecholamines + need for greater 
surgical manipulation) (OR=1.4 for 
each 10 mm, P<0.001), insufficient 
blood pressure (BP) control > 
130/80 mmHg (OR=2.25, P=0.027), 
pre-treated doxazosin (OR=2.20, 
P=0.023), no perioperative 
hydrocortisone (HC) (OR=3.95, 
P=0.008)

 No intraoperative deaths

Conclusion
 Intraoperative complications in pheochromocytoma: common and potentially life-threatening 
 Higher metanephrine and normetanephrine levels, larger tumour size, insufficient BP control 

before surgery, pre-treatment with doxazosin, lack of treatment with perioperative HC 
associated with higher risk of intraoperative complications 

Limitations
 Retrospective review of data
 Variability of anaesthetic and surgical management between medical centres
Strengths
 Large series of records from consecutive patients in 10 tertiary hospitals 
 Precise definition of complications before data collection and analysis
 Multicentric nature increases the external validity

Methods Retrospective study of pheochromocytomas pts submitted to surgery; 10 Spanish 
hospitals; 2011→2021 
Postoperative complications were classified according to Clavien-Dindo scale: hypertensive 
crisis, hypotension episode, hypoglycaemia, acute renal failure, postsurgical ileus, others 

Purpose To identify presurgical and surgical risk factors for postsurgical complications in the 
pheochromocytoma surgery
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Results
162 surgeries (159 pts)
 Preoperative antihypertensive blockade performed in 95.1%; doxazosin monotherapy 

(43.8%) most frequent regimen. Pts pre-treated doxazosin required intraoperative 
hypotensive treatment more frequently (49.4% vs 25.0%, P=0.003) than phenoxybenzamine

 No differences rate of intraoperative and postsurgical complications
 Phenoxybenzamine longer hospital stay (12.2 ± 11.16 vs 6.2 ± 6.82, P<0.001) than doxazosin 

Results
 Hypertension resolution in 78.7% 
 Biochemical cure in 96.6%
 31 pts (19.1%) had postsurgical complications; 

prolonged hypotension the most common, in 9.9% 
(16), followed by hypoglycaemia in 6 pts and acute 
renal failure in 4 pts 

 13% of complications score ≥3 in the Clavien-Dindo
scale 

Postsurgical complications more common in pts with 
diabetes, cerebrovascular disease, higher plasma 
glucose levels, higher urinary free metanephrine and 
norepinephrine, and pheochromocytomas > 5 cm

Conclusion
Preoperative medical treatment and postsurgical monitoring of pheochromocytoma: pts 
with diabetes, cerebrovascular disease, higher levels of plasma glucose and urine free 
metanephrine and norepinephrine, with pheochromocytomas >5 cm, due to the higher 
risk of postsurgical complications

Limitations:
 Retrospective review of data
 Variability of anaesthetic and surgical management between medical centres
Strengths:
 Large series of records from consecutive pts in 10 tertiary hospitals 
 Precise definition of complications before data collection and analysis
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Objective 
α-adrenergic blockade 1st choice of 

preoperative treatment in pts with 
functional pheochromocytoma and 
sympathetic paraganglioma 

No consensus whether selective or non-
selective α-blockade superior for 
preventing perioperative hemodynamic 
instability and complications 

Design Compare selective and non-selective alpha-blockade: systematic review with meta-
analysis
Methods MEDLINE, Embase, Web of Science and Cochrane Library searched for eligible studies. 
Randomized and observational studies comparing selective vs non-selective α-blockade in 
pheochromocytoma and sympathetic paraganglioma surgery in adults. Data on perioperative 
hemodynamic parameters and postoperative outcomes were extracted. 

Results 
11 studies [1 RCT and 10 observational]- 1344 pts: 578 pretreated with the selective α-
blocker (SAB) [terazosin, prazosin, doxazosin]; 766 pretreated with non-selective alpha-
blocker (NAB) [phenoxybenzamine]
 Pts receiving SAB higher maximum intraoperative systolic BP (SBP) (weighted mean 

difference, WMD: 12.14 mmHg , 95%CI: 6.06–18.21, P<0.0001) vs NAB
 Group pretreated with SAB, more frequently intraoperative vasodilators (OR: 2.46 , 95%CI 

1.44–4.20, P=0.001)
 Pts treated with SAB lower minimum intraoperative SBP (WMD: −2.03 mmHg, 95% CI: 

−4.06 to −0.01, P=0.05) and shorter length of hospital stay (WMD: −0.58 days, 95% CI: 
−1.12 to −0.04, P=0.04)

 Operative time, overall morbidity and mortality did not differ between the groups 

Conclusions
This meta-analysis shows NAB more effective in preventing intraoperative BP 
fluctuations while maintaining comparable risk of both intraoperative and 
postoperative hypotension and overall morbidity 

Limitations
 Heterogeneity in preoperative treatment strategies (goals and dosage)
 Included studies characterized by moderate or low quality
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Methods Multicentre, retrospective study; patients with PPGL and pregnancy; 1/1/1980 →
31/12/2019; International Pheochromocytoma and Pregnancy Registry; systematic review 2005 -
2019 > 5 cases.
 Inclusion criteria: pregnancy and PPGL before or during pregnancy or within 12 months post-

partum
 Eligible pts retrospective study and systematic review included
 Outcomes of interest: maternal or fetal death; maternal severe cardiovascular complications

of catecholamine excess

Background Phaeochromocytoma or
paraganglioma (PPGL) in pregnant
women → severe complications and
death ~ catecholamine excess

Purpose Identify factors ~ maternal and fetal outcomes in women with PPGL during pregnancy

Findings Systematic review 7 studies (63 pregnancies: 55 pts) eligibility
criteria and quality 197 pregnancies (-11 overlap?) 186 pts Registry→ 249
pregnancies in 232 PPGL pts. Diagnosis PPGL before 37 (15%), during 134
(54%), after 78 (31%). Genetic predisposition: 95/144 (66%)
 Unrecognised PPGL during pregnancy (OR 27·0; 95% CI 3·5–3473·1),

abdominal/ pelvic location (11·3; 1·5–1440·5), catecholamine excess
>10ULN (4·7; 1·8–13·8)~adverse outcomes

 During pregnancy, α-adrenergic blockade ~fewer adverse outcomes (3·6;
1·1–13·2 for no α-adrenergic blockade vs α-adrenergic blockade)

 Surgery during pregnancy not ~better outcomes (0·9; 0·3–3·9 for no
surgery vs surgery).

Interpretation
 Unrecognised and untreated PPGL ~substantially higher risk of either maternal or fetal

complications
 Appropriate case detection and counselling for premenopausal women at risk for PPGL

could prevent adverse pregnancy-related outcomes

Limitations:
 Retrospective design
 Inclusion of convenient sample of pts, non-systematic reporting of data, selection, and 

information bias
 Period of enrolment several decades: advances in obstetric care and the understanding of 

PPGL 
Strengths:
 Largest known cohort of pregnant women with PPGL
 Systematically searched multiple databases and obtained published data on individual pts not 

included in the registry → the most complete evidence base to date and providing more 
generalisable inferences
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Background Ectopic expression of the
glucose-dependent insulinotropic
polypeptide (GIP) receptor-dependent
primary bilateral macronodular adrenal
hyperplasia (PBMAH) with Cushing’s
syndrome (CS) by aberrant expression of
the GIP receptor adrenal lesions. Bilateral
nature suggests germline genetic
predisposition.

Methods Multicentre, retrospective, cohort study hospitals (France, Canada, Italy, Greece,
Belgium, Netherlands). Blood/adrenal samples pts unilateral or bilateral adrenalectomy GIP-
dependent PBMAH with CS. Adrenal samples pts with PBMAH adrenalectomy overt or mild CS
without evidence of and those with GIP-dependent unilateral adrenocortical adenomas
(control groups). Whole genome, whole exome, targeted next generation sequencing (NGS),
copy number analyses of blood and adrenal DNA from pts with familial or sporadic disease.
RNA sequencing on adrenal samples and functional analyses of the identified genetic defect
in the human adrenocortical cell line H295R.

AIM identify the genetic driver event responsible for GIP-dependent PBMAH with CS

Findings 17 pts with GIP-dependent PBMAH with CS. Median age pts 43·3 (95%CI 38·8–47·8) yrs
and most pts (15 [88%]) women
 We identified germline heterozygous pathogenic or most likely inactivating pathogenic

variants in the KDM1A gene in all 17 pts: not reported in gnomAD or in the 1000 Genomes
Project databases

 Recurrent deletion in the short p arm of chromosome 1 harboring the KDM1A locus in
adrenal lesions of these pts

 0/29 pts in the control groups KDM1A germline or somatic alterations
 ARMC5 and KDM1A mutually exclusive driver events
 Concomitant genetic inactivation of both KDM1A alleles → loss of KDM1A expression in

adrenal lesions → Global gene expression analysis showed GIP receptor upregulation with a
log2 fold change of 7·99 (95%CI 7·34–8·66; p=4·4 × 10-¹²⁵), and differential regulation of
several other G protein-coupled receptors in GIP-dependent PBMAH samples vs control
samples

 In vitro pharmacological inhibition and inactivation of KDM1A by CRISPR-Cas9 genome
editing → ↑ GIP receptor transcripts and protein in human adrenocortical H295R cells
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Interpretation
 GIP-dependent PBMAH with CS results from a two-hit inactivation of KDM1A, consistent with

tumour suppressor gene model of tumorigenesis → genetic disease
 Genetic testing and counselling offered to pts and 1st-degree relatives
 Carriers KDM1A pathogenic variants: clinical examination and biochemical screening including

fasting and post-prandial plasma cortisol, urinary free cortisol (UFC) excretion, and serum
protein electrophoresis to detect monoclonal gammopathy

Design Cross-sectional study Setting 14 endocrine secondary/ tertiary centers (2011-2016) 
Participants 1305 prospectively recruited persons with benign adrenal tumors Measurements
Cortisol excess defined = clinical assessment + 1-mg overnight dexamethasone-suppression test 
(cortisol: <50 nmol/L, nonfunctioning adrenal tumor [NFAT]; 50 - 138 nmol/L, possible MACS 
[MACS-1]; >138 nmol/L + absence of typical clinical CS, definitive MACS [MACS-2]). Net steroid 
production assessed by multisteroid profiling 24-hour urine by tandem mass spectrometry.

Background 
 Benign adrenal tumors commonly 

discovered on cross-sectional 
imaging 

 Mild autonomous cortisol secretion 
(MACS) regularly diagnosed, but
effect on cardiometabolic disease in 
affected persons: ill defined

Objective Determine cardiometabolic disease burden and steroid excretion in persons with 
benign adrenal tumors with and without MACS

Results: 1305 participants, 49.7% NFAT (649; 64.1% women), 34.6% MACS-1 (451; 67.2%
women), 10.7% MACS-2 (140; 73.6% women), 5.0% CS (65; 86.2% women). 
 Prevalence and severity of hypertension higher in MACS-2 and CS than NFAT (adjusted 

prevalence ratios [aPRs]: MACS-2, 1.15 [95% CI, 1.04 to 1.27]; CS, 1.37 [CI, 1.16 to 1.62]; aPRs
≥3 antihypertensives: MACS-2, 1.31 [CI, 1.02 to 1.68], CS, 2.22 [CI, 1.62 to 3.05])

 Type 2 diabetes more prevalent CS than NFAT (aPR, 1.62 [CI, 1.08 to 2.42]); more likely insulin 
therapy for MACS-2 (aPR, 1.89 [CI, 1.01 to 3.52]), CS (aPR, 3.06 [CI, 1.60 to 5.85]). 

ΕΠΙΝΕΦΡΊΔΙΑ | ΚΡΥΣΤΑΛΛΈΝΙΑ ΑΛΕΞΑΝΔΡΆΚΗ

Results 
 Bilateral tumors and MACS → ↑

cardiometabolic burden
 Urinary multisteroid profiling revealed 

↑ glucocorticoid (GC) excretion from 
NFAT over MACS-1 and MACS-2 to CS 
[gradually progressive continuum], 
whereas androgen excretion ↓

 No characteristic (tumor diameter,
1mg-DST results, ACTH, DHEAS, 24-
hour UFC) correlated clinically with 
cardiometabolic disease

Limitations 
 Cross-sectional design: possible selection bias
Strengths 
 Prospective recruitment
 Large sample size
 Standardized classification of different degrees of cortisol excess
 24-hour urine multisteroid profiling by a centralized tandem mass spectrometry assay 

Conclusion MACS [no typical features of CS] = cardiometabolic risk condition, 
predominantly affects women and warrants regular assessment for hypertension and type 
2 diabetes

Design 24-week single-center, open-label, single-arm, dose-escalation, investigator initiated 
clinical trial on a database Setting 2 University Hospital Pts 16 pts with inoperable or recurrent 
CS and ACS, with mildly impaired glucose tolerance (IGT) Intervention Oral administration 200mg 
S-707106 after dinner, daily, 24 weeks (wks) (insufficient improvement in oral glucose tolerance 
test (OGTT) results at 12 wks→ 200 mg twice daily for the residual 12 weeks). Main Outcome 
Measures Rate of participants responding to glucose tolerance impairment, defined as those 
showing 25% reduction in the area under the curve (AUC) of OGTT at 24 wks

Context 11β-hydroxysteroid dehydrogenase 
type 1 (11β-HSD1) inhibitors → antimetabolic 
and antisarcopenic effects in CS and 
autonomous cortisol secretion (ACS) pts

Objective Confirm efficacy and safety of S-707106 (11β-HSD1 inhibitor) administered to CS and 
ACS pts
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Results 
 S-707106 administration not achieve primary endpoint of this clinical trial (>20% of responsive 

participants: 1 pt not 3). 
 AUC glucose ↓ by −7.1% [SD, 14.8 (90%CI −14.8 to −1.0), P = 0.033] and −2.7% [14.5 (−10.2 to 

3.4), P=0.18] at 12 and 24 wks, respectively. 
 ↓AUC glucose significantly in participants with high BMI. Body fat percentage ↓ by −2.5% [1.7 

(−3.3 to −1.8), P < 0.001] and body muscle percentage ↑by 2.4% [1.6 (1.7 to 3.1), P < 0.001].
 ALT; ALT/AST significantly ↓ by 12- and 24-week; γ-GT significantly  ↓ after 24 wks
 Eicosapentaenoic acid (EPA), EPA/arachidonic acid (AA) significantly ↓after the 24-wk
 Cushing QOL scores significantly improved at 24 wks
 Systemic eruption in 1 pt cured by S-707106 discontinuation; 2 pts [1 (pyelonephritis) and 

urinary tract infection] due to CS.

 Inhibited 11β-HSD1 activity to 1/10 without adrenal insufficiency (AI) development
 Attenuated insulin resistance
 ↓ body fat mass and ↑ skeletal muscle mass, demonstrated by anthropometrical changes→ 

improvement in liver adiposity

Conclusions 
S-707106 = effective insulin sensitizer and antisarcopenic and antiobesity [↓ body fat mass, 
↑skeletal muscle mass, possibly improved liver adiposity] medication for these pts

Limitations
 Small pt number
 Short study duration
 Enrollment of participants with mildly IGT with low HbA1c levels

Patients and methods
Prospective longitudinal study 31 pts with florid CS [23 pituitary; 8 adrenal] ; analyzed IGF-I and 
IGF binding protein 3 (IGFBP 3) at the time of diagnosis and following surgical remission over a 
period of up to 3 yrs
Assessed: muscle strength by grip strength measurements using a hand grip dynamometer and 
muscle mass by bio-impedance measurements

Background GC excess → muscle atrophy 
and weakness in pts with endogenous CS. 
Insulin-like growth factor I (IGF-I) is known to 
have protective effects on muscle loss. 

Hypothesis Individual serum IGF-I predictive for long-term myopathy outcome in endogenous CS 
before and after curative surgery
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Findings
Individual serum IGF-I in the postoperative phase strongly predictive 
of long-term grip strength outcome (rs = 0.696, P ≤ 0.001). 
 Preoperative IGF-I during florid phase of CS did not predict long-

term muscle function outcome (rs = 0.285, P = 0.127). 
 IGF-I/IGFBP 3 at 6 months correlated with normalized grip 

strength after 1, 2 and 3 yrs as well as with lean body cell mass 
after 2 and 3 yrs

 Changes of individual IGF-I SDS from the time of florid 
hypercortisolism to 6 months after surgery also correlated with 
normalized grip strength at 3 yrs (rs = 0.493, P = 0.007)

Conclusion Lower individual IGF-I concentrations 6 months after curative surgery for CS ~
adverse long-term myopathy outcome and IGF-I might be essential for muscle regeneration in 
the early phase after correction of hypercortisolism 

Limitations
 Small pts number

 Pts with high IGF-I s.d. scores (SDS; >1.4) → 
improvement in grip strength follow-up period 
(P=0.009) → Pts with lower IGF-I SDS(≤−0.4) → worse 
outcome with persisting muscle dysfunction

 Lower IGF-I concentrations 6-months after successful 
surgery ~ associated with a lower muscle mass (≡ lean 
body cell mass)  after 3 yrs (rs = 0.404, P=0.033) 

Methods: 3 genetic variants in SERPINA1/SERPINA6 locus; functionally associated with plasma 
cortisol identified in CORtisol NETwork consortium (12597 participants). Summary-level genome-
wide association study (GWAS) data for associations between cortisol-associated variants and AF 
obtained from GWAS meta-analysis 6 studies (60620 AF cases; 970216 noncases) and FinnGen
consortium (17325 AF cases; 97214 noncases). Fixed-effects inverse-variance weighted approach 
accounting for genetic correlations between variants for analysis. Multivariable MR analyses: 
assess potential mediating effects of SBP and waist circumference (WC) (for central obesity). 
Summary-level GWAS data for SBP and WC obtained respectively from International Consortium 
of BP (757601 participants) and Genetic Investigation of Anthropometric Traits consortium 
(232101 participants).

Context: Atrial fibrillation (AF), cardiac 
arrhythmias, related risk factors common in 
pts with CS. Hypercortisolism may be 
associated with AF, association not yet 
ascertained causally

Objective determine whether plasma cortisol is 
causally ~ with AF using a 2-sample Mendelian 
randomization (MR) design
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Results
 Meta-analysis of results from 2 data sources, 

OR of AF per 1 SD ↑ of plasma cortisol was 
1.20 (95%CI 1.06-1.35) → genetically 
predicted 

 Association attenuated when adjusting for 
genetically predicted SBP and WC (OR 0.99, 
95%CI 0.72-1.38)

MR study first to utilize genetic variants associated with cortisol to examine causal association 
with AF

 Genetic predisposition to higher plasma cortisol is associated with an ↑ risk of AF

Conclusion Evidence derived from the MR study suggests a positive association between 
plasma cortisol and risk of AF, likely mediated through SBP and WC

Limitations
 Single-nucleotide polymorphism (SNPs) selected only explain 0.54% variation in morning 

plasma cortisol
 Only European cohorts → limits applicability to non-European populations
Strengths
 Compared with observational studies, MR is less prone to biases
 Highlight potential relevance of hypercortisolemia to AF and provide mechanistic insight 

into this association

AF monitoring in pts with CS + potential risk of AF caused by sustained hypercortisolemia in 
general populations

 Small studies reported ↑ prevalence/ 
incidence of asymptomatic vertebral 
fractures: pts with NFAT/ adenomas MACS 

 Risk symptomatic fractures at vertebrae, 
and at other sites remains unknown 

Objective determine prevalence/ incidence symptomatic site-specific fractures in pts with 
adrenal adenomas

Design Population-based cohort study, USA, 1995–2017 
Methods Pts adrenal adenoma and age/sex -matched referent subjects. Pts overt hormone 
excess excluded. Main outcomes measures: prevalence and incidence of bone fractures 
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Results 1004 pts adrenal adenomas, 582 (58%) women, median 
age diagnosis 63 yrs (20–96) 
 At diagnosis: pts higher prevalence previous fractures (any 

fracture: 47.9% vs 41.3%, P = 0.003, vertebral fracture: 6.4% vs 
3.6%, P=0.004, combined osteoporotic sites: 16.6% vs 13.3%, 
P=0.04) 

 Median follow-up 6.8 yrs (0–21.9). After adjusting for age, sex, 
BMI, tobacco use, prior history of fracture, common causes of 
secondary osteoporosis, pts with adenoma hazard ratio 1.27 
(95%CI: 1.07–1.52) developing new fracture during follow-up

 Cumulative incidence new fractures any site at 6 months after 
index date higher pts with adenoma throughout passive 
follow-up (13.7% vs 8.8% at 5-year, 27.3% vs 18.4% at 10-year 
and 32.8% vs 31.8% at 15-year of follow-up, P=0.007)

 Using time to first fracture after index date as an endpoint, pts 
with adenoma demonstrated higher risk of fractures with a 
crude HR 1.4 (95%CI: 1.2–1.7).

 No difference bisphosphonate therapy

Conclusions
Pts with adrenal adenomas higher prevalence of fractures (any; vertebral; at combined 
osteoporotic sites) at diagnosis and ↑ 27% risk develop new fractures compared to referent 
subjects after adjusting for sex, age, BMI, tobacco use, prior history of fracture, common causes 
of secondary osteoporosis. 
Pts with adenomas: baseline hormonal workup and evaluation of bone health; receive 
appropriate therapy and monitoring

Limitations
 Results may not generalizable to other populations with different socioeconomic/ ethnic 

characteristics
 Factors not captured as markers of bone metabolism, medications other than 

biphosphonates or GCs, family history of osteoporosis, alcohol use
 Laboratory-confirmed MACS or NFAT relatively small sample size
Strengths
 First large population-based study from unselected community subjects with comparisons 

to age and sex matched referent subjects
 Highlight potential relevance of hypercortisolemia to AF and provide mechanistic insight 

into this association
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Design Retrospective chart review 2010-2019 Setting Academic institution Pts 117 noncancer 
pts, defined no history of cancer or with cancer in remission for ≥5 yrs, completed 18F-FDG-
PET/CT to evaluate adrenal masses, with pathologic diagnoses or imaging follow-up (≥12 months)
Intervention 18F-FDG-PET/CT of 117 indeterminate adrenal masses Main Outcome Measures 
Receiver operator curve (ROC) characteristic of ratios of adrenal lesion standardized uptake value 
(SUV)max to liver SUVmean and of adrenal lesion SUVmax to aortic arch blood pool SUVmean
were constructed

Context Adrenal tumors in noncancer 
pts common

Objective Evaluate performance of 18F-fluorodeoxyglucose positron emission tomography 
computed tomography (18F-FDG-PET/CT) in distinguishing between benign and malignant 
adrenal tumors

Results 70 benign and 47 malignant masses (35 
adrenocortical carcinomas [ACCs], 12 adrenal metastases)
 Malignant masses higher median liver SUV and blood 

pool SUV ratios than benign masses (6.2 and 7.4 vs 1.4 
and 2.0, P<0.001)

 Median liver and blood pool SUV ratios of ACC (6.1 and 
7.3, respectively) and metastases (6.7 and 7.7, 
respectively) higher (1.4 and 2.2, P<0.05 for all 
comparisons) 

 Optimal liver SUV ratio to discern between benign and 
malignant masses 2.5, yielding 85% sensitivity, 90% 
specificity; 7 false negative results (3 ACCs) 

 Optimal blood pool SUV ratio 3.4, yielding 83% 
sensitivity, 90% specificity, 8 false negative results (4 
ACCs)

 10% benign lesions 18F-FDG-PET positive; 15% 
malignant lesions 18F-FDG-PET negative

Conclusion When used in conjunction with other clinical assessments, 18F-FDG-PET/CT valuable 
tool in evaluating adrenal masses in noncancer pts

Limitations
 Retrospective design
Strengths:
 Larger number of pts, 

with definitive diagnosis 
and higher proportion of 
uncommon masses
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Benign adrenal tumors cover a spectrum of 
lesions with distinct morphology and steroid 
secretion. Current classification is empirical. 
Beyond a few driver mutations 
pathophysiology is not well understood. 

 Benign adrenocortical tumors (146) analyzed by transcriptome, methylome, miRNome, 
chromosomal alterations, mutational status, using expression arrays, methylation arrays, 
miRNA sequencing, SNP arrays, exome or targeted next-generation sequencing respectively. 
Pathological and hormonal data collected

 By combining omics approaches, specific subclasses identified, each related to specific 
molecular signature, reflecting specific pathophysiological alterations

Aim Provide first unbiased molecular classification, using series of pangenomic
characterization including transcriptome, miRNome, methylome, mutations, chromosomal 
alterations in cohort including all types of benign adrenocortical tumors 

Results females (81%); median age 46 (11-78); median adrenocortical adenoma (ACA) size 3.4 
cm (1.1 - 8) 
 Pangenomic analysis → 4 distinct molecular categories: 1) tumors responsible for overt CS, 

gathering distinct tumor types, sharing a common cAMP/PKA pathway activation by distinct 
mechanisms; 2) MACS and NFAT, associated with β-catenin mutations; 3) primary 
macronodular hyperplasia with ARMC5 mutations (ovarian expression signature); 4) 
aldosterone-producing ACA, apart from other benign tumors 

 Epigenetic alterations and steroidogenesis seem associated, including CpG island 
hypomethylation in tumors with no or mild cortisol secretion, miRNA patterns defining 
specific molecular groups, direct regulation of steroidogenic enzyme expression by 
methylation

 Chromosomal alterations and somatic mutations are subclonal, found in less than 2/3 of cells 
 New pathophysiological insights (distinct molecular signatures) → difference between MAC 

and overt CS; ARMC5 implication into the adreno-gonadal differentiation faith; subclonal
nature of driver alterations in benign tumors: future research 

This 1st genomic classification provides a large amount of data as a starting point 

Limitations
 Molecular exploration of aldosterone-producing ACA is limited
 Steroid profiling is limited to immunologic assays
 Secretion data available not fully available for all pts
 Genomic classification of samples not performed with the 5 techniques -transcriptome, 

mirNome, methylome, SNP array and DNA sequencing for all samples, mainly due to limited 
availability of good quality DNA or RNA

 Genomic explorations at the bulk tumor level, not precisely addressing tissue heterogeneity
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Methods A multicenter retrospective analysis; 154 ACC pts treated for 12 months with adjuvant 
M after radical surgery and free of disease at the M stop

Relevant issue on the treatment of 
ACC: optimal duration of adjuvant 
mitotane (M) treatment 

Question whether a correlation exists between the duration of adjuvant mitotane treatment 
and recurrence-free survival (RFS) of patients with ACC 

Results Median follow-up 38 months, 19 pts (12.3%) experienced recurrence 
o We calculated Recurrence-free survival (RFS)  after M (RFSAM), from the landmark time-point 

of M discontinuation, to overcome immortal time bias 
o Wide variability  duration adjuvant M treatment among different centers and among pts 

cared for at the same center→ heterogeneous practice 
o No survival advantage in pts treated for longer than 24 months 
o Relationship between treatment duration and frequency of ACC recurrence not linear after 

stratifying our pts in tertiles of length of adjuvant treatment 
o Duration adjuvant M only statistically significant factor associated with RFS (HR 0.549, 95% CI 

0.306–0.983; p=0.044): hazard ratio (HR) calculated on 18 months in duration of therapy →
18 months increase of adjuvant M therapy duration ~ 45% ↓ hazard RFS

Conclusion Present findings no support: extending adjuvant M treatment >2 yrs beneficial for 
ACC pts with low to moderate risk of recurrence

Limitations Retrospective study
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Methods Retrospective chart review 2003-2018 pts stage IV ACC (= 2 or < tumoral organs) 
received M Primary end point Delay between M initiation and 1st systemic chemotherapy. 
Secondary end points Progression-free survival (PFS) and overall survival (OS) from M initiation.
Adjusted analyses performed on the main prognostic factors

Context European/ French guidelines  
ENSAT stage IV low tumor burden or 
indolent ACC → combination M + 
locoregional treatments (LRT) as first-
line treatment 
Benefit LRT + M never evaluated in this 
selected group of pts

Objective evaluate therapeutic strategy LRT + M pts with low tumor burden stage IVA ACC.

Results 79 pts; 48 (61%) female; median age at stage IVA diagnosis 49.8 yrs (IQR, 38.8-60.0) 
Metastatic sites lungs (76%); liver (48%) 
 58 (73%) pts received LRT including adrenal bed radiotherapy (14 pts, 18%), surgery (37 pts, 

47%), and/or interventional radiology (35 pts, 44%) 
 Surgery: locoregional relapse (23, 29%), hepatic (6, 8%), pulmonary (8, 10%), rarely, bone or 

nodes metastatic sites (3)
 Interventional radiology treatments: transcatheter arterial chemoembolization (20, 25%), 

radiofrequency ablation (18, 23%), cryoablation (7, 9%), microwave ablation (5, 6%). 
 Treated sites: liver (22, 28%), lung (15, 19%), bone (2, 3%), other (2, 3%)

Results Median time between M initiation and 1st chemotherapy 9 months (IQR, 4-18 months): 
M (6 months; IQR, 2-10 months) vs M+LRT (11 months; IQR, 4-30 months) (P = .02)

 Median PFS1 (1st tumor-progression) 6.0 months (95% CI, 4.5-8.6): M+LRT (6.8 months; 95% 
CI, 5.0-13) vs M (3.3 months; 95%CI, 2.2-8.0) (HR = 0.39; 95%CI, 0.22-0.68), P = .001)

 Median PFS2 (2nd progression) 19 months (95% CI, 15-23): M+LRT (21 months; 95%CI,
 18-37) vs M (10 months; 95%CI, 6.8-22) (HR = 0.35; 95%CI, 0.20-0.63)
 Median OS 46 months(95%CI, 41-68): M (22 months; 95%CI, 14-41) vs M+LRT (68 months; 

95% CI, 46-153) with HR = 0.27; 95%CI, 0.14-0.50) (P < .001)
 1-year, 2-year, 5-year survival probabilities 90% (95%CI, 83%-97%), 72% (95%CI, 62%-83%), 

38% (95%CI, 28%-53%) respectively.
 PFS1, PFS2, OS longer M+LRT vs M (HR = 0.39; 95%CI, 0.22-0.68; HR = 0.35; 95% CI, 0.20-0.63; 

HR = 0.27; 95% CI, 0.14-0.50, respectively). 
 The later chemotherapy introduced, the better OS, HR  0.95 (95%CI, 0.93-0-97, P <.001)
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10 pts (13%) achieved a complete 
response (CR) with a median number of 
2.8 curative procedures, all M+ LRT

Conclusion
Our results endorse European and French guidelines for stage IV ACC with 2 or fewer tumor 
organs and favor the combination of M and LRT as 1st-line treatment 
For the first time, a significant number of CRs observed 

Limitations:
 Monocentric and retrospective study
 Pts heterogeneous regarding clinical characteristics fewer patients in the M
Strengths:
 Largest cohort reported to date and have adjusted our analysis for all known prognostic 

factors
 Well-characterized LTB stage IVA pts → clear definition of the population under study

Objective Elucidate whether conventional imaging alone is sufficient to distinguish unilateral 
from bilateral PA among patients aged 40 yrs or younger

Context Current clinical guidelines 
suggest that adrenal venous sampling 
(AVS) may not be mandatory in young 
patients with primary aldosteronism 
(PA) and a solitary adrenal adenoma 
on imaging

Methods Retrospective study; 45 pts with PA, aged between 26 and 40 yrs, successful AVS 
between 2005 – 2019.
• Results concerning laterality on imaging studies and AVS recorded
• Outcome in surgically treated pts assessed according to the Primary Aldosteronism Surgical 

Outcomes criteria
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Results 45 pts (34 women) 26-40 yrs; 16/45 pts were 35 
yrs or younger
 According to AVS, 25 pts unilateral PA; 4/25 pts 

unilateral aldosterone production according to AVS, 
CT inaccurately suggested bilateral disease. 
Following unilateral adrenalectomy: showed 
complete clinical success. 

 5/20 pts with bilateral aldosterone production 
according to AVS solitary adrenal nodule (8-19 mm) 
on imaging; 2 pts with normal adrenal glands and 
AVS-verified unilateral aldosterone production; 2 pts 
with bilateral adenoma and AVS-verified unilateral 
aldosterone production

 2/5 pts treated with unilateral adrenalectomy, 
bilateral aldosterone production AVS neither 
complete biochemical and/or clinical success postop 

 2/16 pts <35 yrs discordant results, 1 unilateral and 1 
bilateral aldosterone production, according to AVS

Conclusion Imaging studies inaccurately predicted laterality in young pts with PA. In contrast 
to current clinical guidelines, our results support AVS for subtype evaluation in young adults 
with PA, including pts 35 yrs or younger

Limitations
 Retrospective design
 Pts heterogeneous regarding clinical characteristics fewer pts in the M
Strengths
 The 1st study evaluated inter-reader agreement of imaging studies in pts with PA

Context Adrenal gland imaging is recommended by 
the current guidelines for the workup of PA. 
Diagnostic performance not been established in 
large, multiethnic cohorts: AVS + adrenalectomy.

Methods: AVS International Study (AVIS-2). International multicenter study; tertiary referral 
centers (19: North America, Europe, Asia, Australia). 1625 PA pts seeking surgical cure. 1311 
(81%) imaging data; 369 (23%), received final diagnosis of surgically cured unilateral PA. Pts 
underwent AVS and imaging by CT and/or MRI. Accuracy of detection of unilateral PA at imaging 
estimated by the AUC ROC using cure (biochemical and/or full clinical success) as the reference 
at follow-up after unilateral adrenalectomy; 558 prospectively 2013→2015; 1067 
retrospectively 2012 → 2000

Objective: Assess diagnostic accuracy of cross-
sectional adrenal imaging
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Results 1311 pts with imaging data available; 1142 pts 
(87%) underwent only CT, 101 (8%) only MR, 68 (5%) both 
CT/MR
 34% and 7% showed no detectable or bilateral nodules, 

respectively 
 Imaging did not detect the culprit adrenal in 28% of 

surgically cured unilateral PA pts 

 Clinical outcome not differ between the imaging-positive and 
imaging-negative pts

 Nodule size ~ highest diagnostic accuracy 16 mm (95%CI, 12.0-21.0 mm), specificity 82% 
(95%CI, 64%-93%); low sensitivity 43% (95%CI, 37%-48%)
 2% no improvement BP control with unilateral adrenalectomy; 39% 

cured of arterial hypertension; 44% marked; 14% mild improvement
42%

42%

13%
2%

28%
52%

18%
2%

Conclusion 
Cross-sectional imaging did not identify a lateralized cause of disease in 40% of PA pts and 
failed to identify the culprit adrenal in more than ¼ pts with unilateral PA

Limitations
 Selected cohort of PA pts comprising the most florid PA phenotypes
Strengths
 Snapshot of real-world clinical practice on imaging in PA
 Large dataset of PA pts carefully subtyped by AVS and evaluated after surgery
 Use of a conclusive diagnosis of unilateral disease as a gold-standard reference

Design and methods Clinical data 12 pts partial and absent biochemical cure compared to 39 PA 
pts with hormonal cure after surgery. Histological, morphological, genetic characterization of 
adrenals carried out by CYP11B2 and CYP11B1 immunostaining and by CYP11B2-guided NGS 

PA: most common form of secondary and curable 
hypertension. Different germline and somatic 
mutations found in aldosterone-producing 
adenoma (APA) and familial forms; causes of 
bilateral adrenal hyperplasia (BAH) remain largely 
unknown. Adrenalectomy = recommended 
treatment for pts with APA; 6% of pts not 
cured→ after surgery suggesting BAH 

Objective Analyze clinical data pts with APA without biochemical success after adrenalectomy as 
well as the histological and genetic characteristics of their adrenal glands 
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Results
 Pts with absent hormonal cure longer duration of arterial hypertension pre-op and lower 

lateralization index of aldosterone production  
 10 pts, APAs expressing CYP11B2
 No difference in histological and morphological characteristics between pts with or without 

a hormonal cure
 Somatic mutations in APA driver genes identified in all CYP11B2 positive APAs
 CACNA1D mutations = most frequent genetic abnormality (60%) without vs KCNJ5 

mutations (38.4%) with hormonal cure 

Conclusions Pts partial and absent biochemical cure diagnosed later and lower lateralization 
index of aldosterone production, suggesting asymmetric aldosterone production BAH. Somatic 
mutations in adrenal glands → common mechanisms underlying BAH and APA 

Limitations
 Small number studied

PA: under-diagnosed disease 

Purpose Develop and validate novel clinical nomogram to predict PA based on routine 
biochemical variables including new ones, calcium phosphorus product.

Methods 806 pts with hypertension randomly divided into 70% (564) as the training set and 
30% (242) as the validation set. Predictors for PA extracted to construct a nomogram model 
based on regression analysis of the training set. An internal validation was performed to assess 
the nomogram model’s discrimination and consistency using the AUC for ROC and calibration 
plots. The diagnostic accuracy compared between nomogram and other known prediction 
models, using ROC and decision curve analyses (DCA)
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Results Female gender, serum potassium, serum calcium-phosphorus product, urine pH adopted 
as predictors in the nomogram. 

higher SBP (p=0.007), lower serum UA (p=0.004), lower serum K (p<0.001), 
lower serum Ca(p=0.009), P (p=0.002), lower Ca-P product (p<0.001), higher 
urinary pH level (p<0.001), more frequent hypokalemia (40.2 vs. 14.0%, 
p<0.001), more hyperglycemia (14.0 vs. 7.9%, p=0.046)

Clinical 
characteristics 
pts with PA vs 
non-PA 

Predictors and 
construction of 
nomogram
model 8 → 
5→ 4

formula for calculate score (Intercept = 3.06540): − 0.13817× gender (male = 0) 
−0.00065 × serum UA (mmol/L) − 1.26281 × serum K (mmol/L) − 0.24111×
serum Ca-P product (mmol/L)2 + 0.19022 × urinary PH

The nomogram resulted in AUC 0.73 (95%CI: 0.68–0.78) in the training set and an AUC 0.68 
(0.59–0.75) in the validation set
Predicted probability and actual probability matched well in the nomogram (p > 0.05)
Based on ROC and DCA, 21–70% threshold to predict PA in the nomogram model clinically useful

Conclusions
 Developed a novel nomogram to predict PA in hypertensive individuals based on routine 

biochemical variables 
 External validation is needed to further demonstrate its predictive ability in primary care 

settings

Limitations:
 “High risk of bias” due to the deletion of cases with incomplete data (166/1107 ≈ 15%) 
 Absence of external validation
 Single-center study with data from a tertiary hospital
 Retrospective study
 External validation absence
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Methods: Retrospective cohort study - UK general practitioner database (CPRD). 6821 AI (PAI 
2052; SAI 3948) vs 67564 individually-matched controls (PAI, 20366; SAI, 39134) [1987-2017]; 
3547 pts (1015 PAI& 2136 SAI) vs. 34944 matched controls (10025 for PAI; 20991 for SAI) cause 
of death/ hospital admission [1997-2017]. Main outcomes, all-cause/ cause-specific mortality, 
hospital admission from AC. Exclusion: Acromegaly, Cushing disease, CS, congenital adrenal 
hyperplasia (CAH), malignancy of the adrenal or pituitary glands

Objective Compare mortality risk and causes of death in AI with individually matched reference 
population.

Background
Historically considered ↑ mortality for AI 

but vs. unmatched national data
pts with primary and secondary AI (PAI, 

SAI) ≡ or ≠
 adrenal crisis (AC) role?

Results:  With follow-up of 40799 and 406899 person-years for pts and controls respectively, HR 
[95% CI] for all-cause mortality 1.68 [1.58-1.77]. HRs greater in PAI (1.83 [1.66-2.02]) than SAI 
(1.52 [1.40-1.64]) vs controls and PAI vs SAI (1.16 [1.03-1.30])
PAI: HR ↑both in pts taking GCs + mineralocorticoid (MCs) (HR 1.66 [1.47-1.88]) vs. GCs alone (HR 
2.37 [1.99-2.82])
The highest all-cause mortality rate in pts during the 1st year follow-up (AI, 53.2 [95% CI, 47.8-
59.2]; for PAI, 58.3 [48.4-70.3]; for SAI, 44.0 [37.7-51.3] / 1000 person-years, respectively) 
significantly higher vs controls. Mortality rates declined over time; similar to controls after 15 yrs

Results:  632 pts (207 PAI; 340 SAI): leading cause of death cardiovascular disease (CVD) (HR 
1.54 [1.32-1.80]), malignant neoplasms, respiratory disease. Deaths from infection were high 
(HR 4.00 [2.15-7.46]) PAI/SAI. 

AC contributed to 10% of all deaths [66 pts (61 PAI; 3 SAI)]. In the first year following diagnosis, 
pts  hospitalization from AC higher than in later yrs (PAI>SAI).
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Strengths and Limitations
 Up to 10 controls selected for each pt in order to enhance statistical power
 25% of PAI no MC prescription (similarly to Swedish Addison Registry) (not the sole 

explanation for mortality)

Conclusion 
- Mortality ↑ in ΑΙ, especially PAI, even with individual matching, early in the disease course 
- CVD major cause but greatest risk relative to controls infectious disease
- AC common contributor, especially in those with comorbid CVD
- Peak mortality early, PAI>
- Early education for prompt treatment of infections and avoidance of AC hold potential to ↓

mortality

Methods Observational study, data from UK primary care database (Clinical Practice Research 
Datalink): patients with PAI/ SAI, treated with either P or HC, and control individuals matched for 
age, sex, period, place of follow-up. 

Objective To determine mortality rates

Background: 
Longer duration of action of 

prednisolone concerns ~ adverse 
effects (AEs) on the cardiometabolic 
system/ bone 

Small European study → adverse lipid 
profile AI(prednisolone,P) vs. AI(HC)

Small tertiary care study→ AI(P) vs.  
AI(HC) similar blood glucose, lipid 
profile, BMI, greater satisfaction P.

AI(P) similar incidence AC to AI(HC)

Results: 6821 pts (4228, 62% (PAI 68%, SAI 62%) on HC; 1250, 18% (PAI 7%, SAI 23%) on P) and 
54,314 controls (41,934 and 12,380, respectively). Adjusted HR for mortality similar (P, 1.76 [95% 
CI, 1.54-2.01] vs HC 1.69 [1.57-1.82]; P= 0.65). Similarly for SAI. PAI: 1405 (HC) vs 137 (P); 13965 
and 1347 controls, respectively. After adjustment, HR for P-treated pts higher than taking HC 
(2.92 [2.19-3.91] vs 1.90 [1.66-2.16]; P = 0.0020). 
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Limitations:
 PAI: only 34% of P users but 82% of HC users had taken fludrocortisone (FC)
 Proportion with coexistent autoimmune disease was higher in the pts, especially in P-

treated groups: older, more likely to have another autoimmune disease and malignancy, 
and less likely to have MC replacement

 No causes of death reported
 No GCs doses reported

Conclusion: In PAI but not in SAI, mortality was higher with P. The number of P-treated pts was 
small, they had greater risk factors. The ↑ mortality associated with P persisted despite 
statistical adjustment. 

Cumulative mortality 
profiles of pts with AI using 
HC vs P and matched 
controls

PAI SAI

Context Oral once-daily dual-release HC (DR-HC) 
replacement therapy: improved metabolic profile 
compared to conventional 3-times-daily (TID-HC) 
therapy among patients with PAI ~ more 
physiological cortisol profile + modified pattern of 
cortisol metabolism

Design Randomized, open, controlled, randomized, 2-armed, 2-period, 12-wk, crossover, 
multicenter trial Intervention and Participants DC-HC and same daily dose of TID-HC 
administered to pts with PAI (50) vs healthy individuals (124) Main Outcome Measures Urinary 
corticosteroid metabolites measured by gas chromatography/ mass spectrometry at 24-hour 
urinary collections

Objective Study cortisol metabolism during DR-HC and TID-HC

Main metabolites of cortisol (F): 6β-hydroxy-cortisol (6β-OH-F), 
cortisone (E), tetrahydrocortisol (THF), 5α-tetrahydrocortisol
(5α-THF), tetrahydrocortisone (THE), α-cortol, β-cortol, α-
cortolone, and β-cortolone.
Summation of urinary cortisol and its main metabolites
(THF, 5α-THF, α-cortol, β-cortol, E, THE, α-cortolone, and β-
cortolone) = 24-hour total cortisol metabolites (TCMs) → 
marker daily cortisol excretion rate
Activity of enzymes involved in cortisol metabolism evaluated by 
calculation of ratios between products and substrates. 
(THF + 5α-THF)/THE → marker of 11β-HSD1 activity
urinary free E/urinary free F (UFE/UFF) → marker of 11β-HSD2 
activity
absolute value of 5α-THF urine → marker of 5α-reductase 
activity absolute value of THF urine → marker of 5β-reductase 
activity
ratio THF/5α-THF → marker of the balance between the 2 
enzymes 
ratio α- and β-cortols/THF → marker of activity of 20β-
hydroxydehydrogenase (20β-HSD) ratio α- and β-
cortolones/THE→ marker of activity of 20α-
hydroxydehydrogenase (20α-HSD)



204 205ΕΝΔΟΚΡΙΝΟΛΟΓΙΑ - ΔΙΑΒΗΤΟΛΟΓΙΑ - ΜΕΤΑΒΟΛΙΣΜΟΣ ΕΝΔΟΚΡΙΝΟΛΟΓΙΑ - ΔΙΑΒΗΤΟΛΟΓΙΑ - ΜΕΤΑΒΟΛΙΣΜΟΣ

ΕΠΙΝΕΦΡΊΔΙΑ | ΚΡΥΣΤΑΛΛΈΝΙΑ ΑΛΕΞΑΝΔΡΆΚΗ

Results 
 Total cortisol metabolites ↓ during DR-HC vs TID-HC and reached control values
 During DR-HC, 11β-HSD1 activity ↓vs TID-HC, but ↑ vs controls
 11β-HSD2 activity ↓with TID-HC vs controls but normalized with DR-HC
 5α- and 5β-reduced metabolites ↓ with DR-HC vs TID-HC
 ↑5β-reductase activity both treatments

 24-hour urinary cortisol metabolome profiling → PAI treated with conventional TID-HC 
replacement therapy had higher cortisol exposure compared to healthy individuals with 
alterations in tissue-specific metabolism of GCs [↑ 11β-HSD1 activity]

 Treatment with DR-HC ↓ cortisol exposure and shifted the cortisol urinary metabolome profile 
toward normal

 Replacement therapy with DR-HC ↓ both daily and evening/night time cortisol exposure 
compared to conventional TID-HC ↓ AUC0-10h and AUC10-24h

 ↑ 11β-HSD2 activity with DR-HC a role in the ↓BP observed in pts
 not correlation between cortisol metabolome profile and change in body weight, BMI, BP

Conclusions 
 The urinary cortisol metabolome shows striking abnormalities in pts receiving conventional 

TID-HC replacement therapy, with ↑ 11β-HSD1 activity → unfavorable metabolic phenotype in 
PAI

 Its change toward normalization with DR-HC may mediate beneficial metabolic effects
 The urinary cortisol metabolome may serve as tool to assess optimal cortisol replacement 

therapy

Limitations
 cannot be excluded differences in tissue-specific regulation of cortisol metabolism: 

urinary ratio evaluates only global 11β-HSD1 activity; in obese pts, 11β-HSD1 expression 
in adipose tissue has been ~ (+)ve with BMI vs liver (-)ve correlated BMI → “global” 11β-
HSD1 activity

Design and Setting Retrospective case-control study. Pts on active follow-up dedicated tertiary 
endocrinological center→ highly instructed on possible risks related to infections 
complications and on how to manage replacement therapy; lived in Lombardy, one of 
most affected areas Pts 279 with PAI/SAI and 112 controls (benign pituitary lesions without 
hormonal alterations) Intervention Standardized questionnaire by phone, data on 
COVID-19 suggestive symptoms and consequences

Context COVID-19: global health emergency; 
infected pts with chronic diseases often present 
with a severe impairment
AI ~with ↑infection risk and immunological 
alterations→ AC

Objective Evaluate the incidence of COVID-19 symptoms and complications in AI pts
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Results 
 February → April 2020, prevalence of symptomatic (= complaining at least 1 symptom of 

viral infection) pts ≡ between the 2 groups (24% in AI and 22% in controls, P=0.79) 
 Highly suggestive COVID-19 symptoms (at least 2 including fever and/or cough) equally in 

AI and controls (12.5% in both groups) 

Conclusions AI pts adequately treated and trained seem to display the same incidence of COVID-
19-suggestive symptoms and disease severity as controls

Results 
31.3% symptomatic AI pts, replacement therapy dose ↑ [PAI: 47.4%; SAI: 25%, P=0.001). ↑1.5-
fold regular dose in 42.9% and 2-fold in the others; 1 AD pt practiced intramuscular HC 
injections. Symptomatic pts not ↑ replacement therapy: only mild and rapidly improving 
symptoms. Most pts not considered symptoms as related to COVID-19 at the time of their 
occurrence. Antibiotics prescribed by GP in 16.7% symptomatic AI pts and 20.8% controls (P = 
0.76). 
 No pt required hospitalization and no AC reported 

Design Retrospective case-control analysis of the European Adrenal Insufficiency Registry (EU-
AIR; NCT01661387) of pts with PAI, SAI, CAH long-term treatment modified-release HC or other 
GCs replacement therapies 
Methods 2694 with AI (1054 PAI; 1640 SAI) - August 2012→ February 2019. Pts who developed 
≥ 1 AC matched 1:3 with pts without ACs for age, sex, AI type. Data collected at baseline and 
follow-up (mean ± s.d.: PAI 3.2 ± 1.7 yrs; SAI 2.9 ± 1.7 yrs)

Objective characterize clinical and 
biochemical features of pts with PAI and 
SAI who developed ACs to identify 
potential risk factors during a prospective 
observational period and estimate the 
incidence of ACs in these pts 
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Results
 168 ACs in 1054 PAI (2572 patient-years) incidence 6.53 ACs per 100 patient-years; 113 ACs in 

1640  SAI (3547 patient-years):  incidence 3.17 ACs per 100 patient-years.
 ≥1 AC in 148 pts (vs 252): 84 PAI: 60% ≥ 1 AC low incidence <0.5 ACs/year; 40% ≥1 AC every 

2nd yr; 16% had ≥ 1 AC /yr. 64 SAI (vs 192): 65% <0.5 ACs/yr; 9.4% ≥1 /yr
 Pts with PAI with ACs had a significantly shorter mean ± s.d. duration of disease (11.9 ± 11.3 vs 

15.8 ± 12.9 yrs; P = 0.013) than pts without ACs
 No differences in BMI, HbA1c, BP and frequencies of diabetes mellitus or hypertension 

between subgroups (PAI and SAI, with and without ACs)
 At baseline, PAI pts with AC had higher serum K (4.3 ± 0.5 vs 4.2 ± 0.4 mmol/L; P = 0.03) and 

lower Na (138.5 ± 3.4 vs 139.7 ± 2.9 mmol/L; P = 0.004) than pts without AC 
 At last observation, SAI pts with AC had higher HC doses than pts without AC (11 .9 ± 5.1 vs 

10.1 ± 2.9 mg/m2; P<0.001). 

Results
 The incidence of AEs, infectious intercurrent illnesses and infectious serious AEs were higher 

in pts with ACs than without ACs 

Conclusions
 Vast majority of pts (94.5%) did not experience any ACs over the duration of the registry
 Concomitant diseases and cardiovascular risk factors do not feature in the risk profile of AC
 Pts with AC had a higher incidence of infectious events; impaired immune system 

Limitations
 Lower incidence of ACs explained by the fact that centres involved in EU-AIR specialized 

tertiary endocrine centers: frequent teaching; AC emergency kits and steroid cards
Strengths
 Real-world data
 Disease specific controls- pts matched with ACs for age and sex (1:3)
 Prospective nature of the registry, large size of the cohorts
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Context 
• ↓ fertility reported for women with CAH, 

especially for salt-losing form
• Data are sparse on reproductive and 

perinatal outcomes in these women

Design and Setting Population-based and nationwide study using the National CAH Register, the 
Total Population Register, the Medical Birth Register of Sweden
Participants 272 women with CAH due to 21-hydroxylase deficiency (21OHD) and 27200 controls 
matched by sex, age, place of birth; median age 31 yrs
Main outcome measures Proportion of CAH women that have given birth, reproductive and 
perinatal outcomes

Objective Investigate reproductive and perinatal outcomes in women with CAH

Results 272 women with CAH [99 women had SW CAH, 67 women SV CAH, 49 women NCCAH]
 69 gave birth to at least 1 child (25.4%) → lower frequency than controls (45.8%) (P<0.001). 
 Women with CAH fewer children than controls (1.8 vs 2.1) and slightly older at birth of their 

first child [SW>SV+NCCAH].
 More women with CAH diagnosed with gestational diabetes than controls, 4.9% vs 1.4% 

(P<0.05)
 More women with CAH were delivered through cesarean section, 51.4% vs 12.3% (P<0.05) 

[SW+SV>NCCAH)
 No difference in Apgar score or frequency of small-for-gestational age between children born 

to mothers with CAH and controls

Conclusions The largest cohort designed to investigate reproductive and perinatal outcomes in 
women with CAH. The birth rate lower in women with CAH; gestational diabetes and cesarean 
section were more common, but perinatal outcomes were comparable with controls.

Limitations
 Lack of information on assisted reproductive techniques used, hormone treatment, 

relatively small number in the CAH severity groups
Strengths
 Reproductive and perinatal outcomes of the largest cohort of women with CAH presented 

so far
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Context Standard GC therapy in CAH
regularly fails to control androgen excess, 
causing GC overexposure and poor health 
outcomes

Methods 6-month, randomized, phase 3 study conducted of MR-HC [1/3 daily dose taken at 
07:00h and 2/3 daily dose taken at 23:00h] vs standard GC, followed by a single-arm MR-HC 
extension study. Primary outcomes were change in 24-hour SD score (SDS) of androgen 
precursor 17-hydroxyprogesterone (17OHP) for phase 3, and efficacy, safety and tolerability of 
MR-HC for the extension study. 2/ 2016 → 1/ 2018; good disease control at 24 weeks (09:00h 
17OHP < 1200ng/dL)

Objective Whether modified-release hydrocortisone (MR-HC), which mimics physiologic 
cortisol secretion: could improve disease control

Results 138 pts screened, 122 randomly assigned, 117 completed 
 Study failed primary outcome at 6 months: both groups better 

hormonal control 24 wks vs baseline →negative change 17OHP 
SDS 24-hour profile; better biochemical control MR-HC, lower 
17OHP SDS at 4,12 wks, between 07:00h to 15:00h at 6 months 

 Good disease control 52% baseline, 6 months 91% for MR-HC 
vs 71% standard therapy; 17OHP variability (amplitude) over 24 
hours ↓ MR-HC group vs standard group

 Extension study, pts good disease control 80% at 18 months vs 
52% baseline; A4 96% vs 45% at baseline

 Median daily HC dose 25 mg baseline; 6 months 31 mg for 
standard therapy, 30 mg for MR-HC; 18 months 20 mg MR-HC 

 3 AC occurred in phase 3; 0 on MR-HC; 4 in extension study 
MR-HC pt-benefit: menses restoration in 8 pts (1 standard 
therapy), 3 pts and 4 partner pregnancies (0  standard therapy).

Conclusion 
MR-HC improved biochemical disease control in adults with reduction in steroid dose over time 
and pt-reported benefit
Dosing at bedtime and waking, and hormonal measurements at 0900h to judge the nighttime 
dose and around midday to judge the morning dose

Limitations
 Open-label design and complexity protocol 

and statistical analysis.
 Intensive monitoring + more aggressive dose 

uptitration than usually performed in clinical 
practice may explain the improved control in 
standard group

Strengths
 International, multicenter, randomized 

design

ΕΠΙΝΕΦΡΊΔΙΑ | ΚΡΥΣΤΑΛΛΈΝΙΑ ΑΛΕΞΑΝΔΡΆΚΗ

Design and Setting 2 Phase 2 open-label studies. 12-week, phase 2a, multicenter, open-label, 
multiple-dose, dose-escalation study and 12-week, Phase 2, multicenter, open label study 
evaluating oral tildacerfont 400 mg QD Pts Adults with 21OHD Intervention Oral tildacerfont 200 
to 1000 mg once daily (QD) (n = 10) or 100 to 200 mg twice daily (n = 9 and 7) for 2 wks (Study 1), 
and 400 mg QD (n = 11) for 12 wks (Study 2) Main Outcome Measure Efficacy evaluated by 
changes from baseline at 8 am in ACTH, 17OHP, A4 according to baseline A4 ≤ 2× ULN or A4 > 2×
ULN. Safety was evaluated using AEs and laboratory assessments.

Context CAH due to 21OHD typically treated 
with lifelong supraphysiologic doses of GCs
Tildacerfont, potent, selective, nonsteroidal, 
oral, 2nd-generation corticotropin-releasing 
factor type-1 receptor antagonist: ↓excess 
androgen production, allowing for GC dose ↓

Objective Assess tildacerfont safety and efficacy

Results
 Study 1; 24 pts; 16 no dexamethasone: evaluable 

participants with baseline A4 > 2× ULN (11; 19-67 
years, 55% female) ↓from baseline in ACTH 
(−59.4% to −28.4%), 17OHP (−38.3% to 0.3%); A4 
(−24.2% to −18.1%), with no clear dose response. 

 Study 2; 11 pts; 8 no dexamethasone: participants 
with baseline A4 > 2× ULN (5; 26-63 years, 40% 
female) had ~80% maximum mean ↓ biomarker 
levels. ACTH and A4 normalized 60% and 40%, 
respectively. 

 Both studies: participants with baseline A4 ≤ 2×
ULN maintained biomarker levels

 AEs (in 53.6% of pts overall) included headache 
(7.1%) and upper respiratory tract infection (7.1%).

 Testicular adrenal rest tumors (TARTs) 
improvement in males

Conclusions For pts with 21OHD, up to 12 wks of oral tildacerfont ↓ or maintained key 
hormone biomarkers toward normal. Proof of concept through the achievement of receptor 
engagement, indicated via ↓ACTH; 17OHP and A4

Limitations
 Small and heterogeneous population
 Drug-drug interaction with dexamethasone
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SUMMARY

Osteoclasts are large multinucleated bone-resorbing cells formed by the fusion of monocyte/macrophage-
derived precursors that are thought to undergo apoptosis once resorption is complete. Here, by intravital im-
aging, we reveal that RANKL-stimulated osteoclasts have an alternative cell fate in which they fission into
daughter cells called osteomorphs. Inhibiting RANKL blocked this cellular recycling and resulted in osteo-
morph accumulation. Single-cell RNA sequencing showed that osteomorphs are transcriptionally distinct
from osteoclasts and macrophages and express a number of non-canonical osteoclast genes that are asso-
ciated with structural and functional bone phenotypes when deleted in mice. Furthermore, genetic variation
in human orthologs of osteomorph genes causes monogenic skeletal disorders and associates with bone
mineral density, a polygenetic skeletal trait. Thus, osteoclasts recycle via osteomorphs, a cell type involved
in the regulation of bone resorption that may be targeted for the treatment of skeletal diseases.

INTRODUCTION

The skeleton provides the scaffold to support body weight,

enable bodymovement, protect vital organs, and control mineral

homeostasis while also providing the location for hematopoiesis.

Accordingly, it is a dynamic organ that is continuously remod-

eled throughout life in response to diverse environmental stimuli.

At the microscopic level, remodeling is achieved by the coordi-

nated action of osteoclasts that resorb old bone and osteoblasts

that form new bone, activities that are coupled in both time and

space (Hattner et al., 1965). Osteoclasts are specialized cells

formed by the fusion of committed monocyte/macrophage he-

matopoietic lineage precursor cells (Boyle et al., 2003; Ikeda

and Takeshita, 2016). The importance of osteoclasts in bone ho-

meostasis and human health is evidenced by the diseases in

which osteoclast formation and function is dysregulated, such
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OPEN ACCESS

1330 Cell 184, 1330–1347, March 4, 2021 ª 2021 The Authors. Published by Elsevier Inc.
This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

ΜΕΤΑΒΟΛΙΣΜΌΣ ΟΣΤΏΝ | ΑΘΑΝΆΣΙΟΣ ΑΝΑΣΤΑΣΙΛΆΚΗΣ



214 215ΕΝΔΟΚΡΙΝΟΛΟΓΙΑ - ΔΙΑΒΗΤΟΛΟΓΙΑ - ΜΕΤΑΒΟΛΙΣΜΟΣ ΕΝΔΟΚΡΙΝΟΛΟΓΙΑ - ΔΙΑΒΗΤΟΛΟΓΙΑ - ΜΕΤΑΒΟΛΙΣΜΟΣ

The Journal of Clinical Endocrinology & Metabolism, 2021, Vol. XX, No. XX, 1–8
doi:10.1210/clinem/dgab321

Clinical Research Article

ISSN Print 0021-972X ISSN Online 1945-7197
Printed in USA

https://academic.oup.com/jcem   1
© The Author(s) 2021. Published by Oxford University Press on behalf of the Endocrine Society. All rights reserved.  
For permissions, please e-mail: journals.permissions@oup.com

Clinical Research Article

The Duration of Denosumab Treatment and 
the Efficacy of Zoledronate to Preserve Bone 
Mineral Density After Its Discontinuation
Polyzois  Makras,1,* Natasha  M.  Appelman-Dijkstra,2,* 
Socrates  E.  Papapoulos,2 Sandra  van  Wissen,2 Elizabeth  M.  Winter,2 
Stergios  A.  Polyzos,3 Maria  P.  Yavropoulou,1,4 and 
Athanasios D. Anastasilakis5

1Department of Endocrinology and Diabetes and Department of Medical Research, 251 Hellenic Air Force 
& VA General Hospital, 11525, Athens, Greece; 2Center for Bone Quality, Department of Internal Medicine, 
section Endocrinology, Leiden University Medical Center, 9600 2300 RC, Leiden, The Netherlands; 3First 
Laboratory of Pharmacology, School of Medicine, Aristotle University of Thessaloniki, 54124, Thessaloniki, 
Greece; 4Endocrinology Unit, 1st Department of Propaedeutic and Internal Medicine, School of Medicine, 
National and Kapodistrian University of Athens, 10679, Athens, Greece; and 5Department of Endocrinology, 
424 General Military Hospital, 56429, Thessaloniki, Greece;

ORCiD numbers: 0000-0002-3231-3357 (P. Makras); 0000-0001-5035-127X (N. M. Appelman-Dijkstra); 0000-0002-0119-1588 (E. 
M. Winter); 0000-0002-9624-6296 (A. D. Anastasilakis).

*Authors share first co-authorship.

Abbreviations: BMD, bone mineral density; BMI, body mass index; BTM, bone turnover marker; CTX, C-terminal telopeptide 
of type 1 collagen; CV, coefficient of variation; Dmab, denosumab; DXA, dual-energy x-ray absorptiometry; ECTS, European 
Calcified Tissue Society; FN, femoral neck; LS, lumbar spine; P1NP, procollagen type 1 N-terminal propeptide; ZOL, 
zoledronate.

Received: 23 February 2021; Editorial Decision: 1 May 2021; First Published Online: 12 May 2021; Corrected and Typeset: 
7 September 2021. 

Abstract 

Context: Zoledronate is used to prevent bone loss following denosumab discontinuation 
but its efficacy differs among studies.
Objective: To test if the duration of denosumab treatment affects the efficacy of 
subsequent zoledronate infusion.
Methods: This multicenter, prospective cohort study, conducted at 2 Greek and 1 Dutch 
bone centers, included 47 postmenopausal women (n = 47) who received a single 
zoledronate infusion 6 months after the last denosumab injection and then were followed 
for 1 year. Twenty-seven women received ≤ 6 denosumab injections (≤ 6 Group) and 20 
received > 6 denosumab injections (> 6 Group). The main outcome measure was changes 
in lumbar spine (LS) bone mineral density (BMD).
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Results: At 12  months LS-BMD values were maintained in the ≤ 6 Group (0.98 ± 0.10 
to 0.99 ± 0.9 g/cm2, P = 0.409) but decreased significantly in the > 6 Group (1.0 ± 0.11 to 
0.93 ± 0.12  g/cm2, P < 0.001). The percent change of LS-BMD of the ≤ 6 Group (+1.0%) 
was significantly different (P < 0.001) from the change of the > 6 Group (−7.0%). In the 
whole cohort, the duration of denosumab treatment was negatively correlated with the 
percentage change of LS-BMD (rs = −0.669, P < 0.001) but not with the change of femoral 
neck (FN)-BMD. Bone turnover markers increased in all patients 6  months following 
zoledronate administration with no difference between the 2 groups.
Conclusion: The duration of denosumab treatment significantly affects the efficacy of 
subsequent zoledronate infusion to maintain BMD gains. Frequent follow-up of patients 
treated with denosumab longer than 3  years is advisable as additional therapeutic 
interventions may be needed.

Key Words: bone mineral density, bone turnover markers, denosumab, postmenopausal osteoporosis, zoledronate

In patients with osteoporosis who are discontinuing 
denosumab (Dmab) therapy, an increase in bone turnover 
above pretreatment values, resulting in rapid decrease of 
bone mineral density (BMD), is typically observed (1, 2). 
To prevent this “rebound phenomenon,” it is currently re-
commended that patients who are stopping Dmab should 
be treated with bisphosphonates (3) and intravenous 
zoledronate (ZOL) is the most widely studied in random-
ized controlled trials and observational studies (4-11). 
There are, however, differences in reported efficacy of ZOL 
to maintain denosumab-induced gains in BMD, with some 
studies showing preservation of BMD after 1 year in the 
majority of treated patients (4, 5, 12), while in other studies 
the effect was only partial (6, 7, 10). These results raise 
questions about potential patient-related and/or treatment-
related determinants of the response to ZOL. Two clinically 
important determinants are the timing of the ZOL infu-
sion and the period of Dmab administration before its dis-
continuation. While a 6-month interval between the Dmab 
injection and the ZOL infusion is currently accepted as op-
timal timing independently of the levels of bone turnover 
markers (3), the effect of duration of Dmab therapy and its 
relation to the changes of bone turnover and BMD remain 
to be fully elucidated.

We addressed these questions in treatment-naïve women 
with postmenopausal osteoporosis who were treated with 
denosumab for 1.0 to 5.5 years and received a single ZOL 
infusion 6 months after the last Dmab injection.

Patients and Methods

AfterDmab (Zoledronic Acid to Maintain Bone Mass After 
Denosumab Discontinuation) was a 2-year parallel assign-
ment, open label, multicenter, randomized, efficacy study 
(NCT02499237) (4). According to the study protocol, 
treatment-naïve postmenopausal women with osteoporosis 

received Dmab until reaching osteopenic BMD values at 
the hip or spine, and then 1 of the 2 arms of the study re-
ceived an intravenous infusion of ZOL 5 mg 6 months after 
the last Dmab injection (ZOL arm) and was followed for 
2 years. A total of 27 patients were initially included in the 
ZOL arm of the study and both the initial results as well as 
the results of a third-year follow-up of the study extension 
have been recently published (4, 5).

Twenty-five additional patients fulfilling the AfterDmab 
study inclusion and exclusion criteria were administered 
a single ZOL infusion 6 months following the last Dmab 
injection. Five out of the 25 additional patients were lost 
to follow-up (2 died, 1 developed breast cancer and did 
not follow the protocol’s visits, and 2 retracted their con-
sent); the 20 remaining patients were prospectively fol-
lowed according to the AfterDmab study protocol in 
the Endocrinology outpatient clinics of: the 424 General 
Military Hospital, Thessaloniki, Greece; the 251 Hellenic 
Air Force & VA General Hospital, Athens, Greece; and the 
Leiden University Medical Center, Leiden, The Netherlands.

The total cohort of 47 patients, including the 27 pa-
tients of the AfterDmab ZOL arm and the 20 prospect-
ively followed additional patients, was retrospectively 
divided into 2 groups according to the median number 
(6.0) of Dmab injections: the ≤ 6 Group (≤ 6 Dmab in-
jections or ≤ 3  years of Dmab treatment) and the > 6 
Group (7 or more Dmab injections or > 3 years of Dmab 
treatment), and were analyzed accordingly. All patients 
had received cholecalciferol 800 IU/day and calcium 
carbonate 500  mg twice daily and had normal serum 
25-hydroxyvitamin D and calcium concentrations both 
at the time of ZOL administration and throughout the 
12  months of follow-up. No patient received a second 
ZOL infusion. The protocol for treatment and follow-up 
was approved by the Medical Ethical Committees of all 
3 hospitals; all AfterDmab patients signed an informed 
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consent according to institutional requirements. The 
additional patients were originally part of an opting-out 
protocol which changed to opting in and patients still 
under care have signed informed consent according to 
institutional requirements.

At baseline and 12  months areal BMD was meas-
ured by dual energy x-ray absorptiometry (DXA) at the 
lumbar spine (LS; L1-L4) and femoral neck (FN) (Lunar 
Corporation, Madison, WI, USA) and radiographs 
of the spine were performed at the same time points. 
Morning fasting blood samples were obtained from all 
participants right before and at 6 and 12  months fol-
lowing ZOL infusion for the measurement of serum 
procollagen type 1 N-terminal propeptide (P1NP), and 
C-terminal telopeptide of type 1 collagen (CTX), as pre-
viously described (4). Specifically, the samples of the 27 
patients from the AfterDmab study were measured in a 
single batch by electrochemiluminescence immunoassay 
(ECLIA) on a Cobase 411 analyzer (Roche Diagnostics, 
Mannheim, Germany) (P1NP intraassay coefficient of 
variation [CV] ≤ 2.3%, interassay CV ≤ 3.0%; CTX 
intraassay CV ≤ 2.5%, interassay CV ≤ 4.6%); the sam-
ples from the additional 20 patients were not measured 
in a single batch but on a daily basis using the same assay 
and either the Cobase 411 analyzer or the E-170 system 
(Roche BV, Woerden, The Netherlands; assay variation 
for CTX 2.5% and for P1NP 3%).

Treatment Outcomes

We aimed to compare the 1-year effect of ZOL infusion 
given 6 months following the last Dmab injection among 
patients with a history of either ≤ 3 years of Dmab treat-
ment (the ≤ 6 Group) or > 3  years of Dmab treatment 
(the > 6 Group).

The primary endpoint of this analysis was the difference 
in LS-BMD changes between the 2 groups from baseline to 
12 months. Secondary endpoints included: the difference in 
FN-BMD changes between the 2 groups from baseline to 
12 months; the relationship between the duration of Dmab 
treatment and BMD changes at the LS and FN; and the 
differences in serum bone turnover marker levels between 
the 2 groups throughout the 12 months of follow-up. The 
incidence of new vertebral fractures (clinical and mor-
phometric) and other fragility fractures were exploratory 
endpoints.

Statistical Analysis

Data of baseline characteristics are summarized by 
mean ± SD unless stated otherwise. The Shapiro-Wilk 
test was used to test the normality of distribution of 

continuous variables. The Levene’s test was used to as-
sess the homogeneity of variance. To compare continuous 
variables (absolute values) between 2 independent 
groups, independent sample T-test or Mann-Whitney test 
were performed, depending on the normal or nonnormal 
distribution of data, respectively. In case of more than 
2 repeated measures, repeated measures analysis of 
variance (ANOVA) or Friedman test was used. In case 
of statistically significant trend, multiple pairwise com-
parisons were performed with Bonferroni post hoc cor-
rection. Spearman’s (r

s) coefficient of correlation was 
used for bivariate correlations between continuous vari-
ables. Analysis was intention-to-treat. A 2-sided P value 
of < 0.05 was considered statistically significant in all 
tests. Statistical analysis was performed with IBM SPSS 
Statistics, version 25.

Results

Forty-seven postmenopausal women (mean age 
65.7 ± 9.2 years) were included in the present analysis: 27 
patients in the ≤ 6 Group and 20 patients in the > 6 Group. 
Eleven patients had received exactly 6 Dmab injections and 
were all included in the ≤ 6 Group. The patients in the > 6 
Group had lower body mass index (BMI) and more preva-
lent fractures at Dmab discontinuation, while no other stat-
istical differences between the 2 groups were observed at 
baseline (Table 1).

Changes in LS-BMD and FN-BMD in both groups 
1 year after the ZOL infusion are shown in Fig. 1 and Table 
2. Compared with baseline, LS-BMD did not change at 
12 months in the ≤ 6 Group. However, in the > 6 Group 
LS-BMD significantly decreased. Regarding the primary 
endpoint of the study, the percentage change of LS-BMD 
of the ≤ 6 Group (+1.0%) was significantly different 
(P < 0.001) compared with the relevant change of the > 6 
Group (−7.0%), although the absolute BMD values did 
not differ between groups either at baseline or 12 months 
(Table 2). FN-BMD did not change in the ≤ 6 Group 
but decreased significantly in the > 6 Group. Similar to 
LS-BMD, the absolute FN-BMD values did not differ be-
tween groups at baseline and 12  months, and this was 
also the case with the changes as the 1.26% increase 
of the ≤ 6 Group was not different (P = 0.079) than 
the 2.56% decrease of the > 6 Group. The duration of 
Dmab treatment was negatively and significantly correl-
ated with the percentage change of LS-BMD (r

s = −0.669, 
P < 0.001) but not with that of FN-BMD (rs  =  −0.187, 
P = 0.241) (Fig. 2).

At 12 months, 2 patients were classified as having osteo-
porosis both at the LS and FN in the ≤ 6 Group and 2 in 
the > 6 Group.
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Bone Turnover Markers

At study entry (6 months after the last Dmab injection) serum 
P1NP levels were above the upper limit of the postmenopausal 
reference range (76 ng/mL) in 2 patients, 1 in the ≤ 6 Group 
and 1 in the > 6 Group, while in 1 patient from the ≤ 6 Group 
these were above the premenopausal values (56  ng/mL); 1 
patient of the ≤ 6 Group had serum CTX values above the 
premenopausal reference range (0.573 ng/mL) (Fig. 3). The 
ZOL infusion was followed by a significant increasing trend 
in serum CTX and P1NP values during the 12 months fol-
lowing ZOL infusion in both groups (Table 2 and Fig. 3).

In the ≤ 6 Group serum CTX levels rose significantly at 
12 months; however, in only 3 patients values were above 
the premenopausal range at that time point (Fig. 3). The 
change between baseline and 6  months was not signifi-
cant in contrast with the change between 6  months and 
12 months (Table 2). In the > 6 Group the CTX changes 
were not significant either at 6 or 12 months, respectively 
(Table 2), while CTX levels were above the upper limit of 
the premenopausal range at 12 months in only 1 patient 
(Fig. 3).

In both groups, serum P1NP levels significantly in-
creased at 12  months. However, changes in either group 
occurred after 6 months from ZOL administration (Table 
2). In the ≤ 6 Group 2 patients had values above the pre-
menopausal range at 6 months; at 12 months, 1 patient had 
values above the upper limit of the premenopausal range 
and 4 above the postmenopausal range (Fig. 3). In the > 6 
Group, 1 patient had values above the premenopausal 

range at 6  months, while at 12  months, 3 patients had 
values above the upper premenopausal threshold and 3 
above the postmenopausal range (Fig. 3).

No patient had values above the upper limit of the 
postmenopausal range for both P1NP and CTX after 
12 months post-ZOL infusion.

Between groups, the percentage change of P1NP after 
12 months in the ≤ 6 Group (77.3%) did not significantly 
differ (P = 0.322) from the relevant increase (100.4%) in 
the > 6 Group. This was also the case with the percentage 
increase in CTX in the ≤ 6 Group (72.2%) which did not 
differ (P = 0.82) from the increase in the > 6 Group (24%).

With the exception of a positive correlation 
(r

s = 0.374, P = 0.01) between P1NP values at 6 months 

Table 1. Baseline characteristics for treatment groups

Characteristics ≤ 6 injections (n = 27) > 6 injections (n = 20) P value

Age (years) 66.3 ± 9.13 64.80 ± 9.44 0.587
BMI (kg/m2) 28.9 ± 3.85 24.00 ± 5.11 <0.001
BMD LS (g/cm2) 0.98 ± 0.1 1.0 ± 0.11 0.6
BMD LS T-score -1.70 ± 0.71 -1.5 ± 0.96 0.093
BMD FN (g/cm2) 0.8 ± 0.08 0.78 ± 0.06 0.386
BMD FN T-score -1.65 ± 0.65 -1.91 ± 0.54 0.351
P1NP (ng/mL) 25.10 ± 23.70 26.47 ± 29.36 0.858
CTX (ng/mL) 0.18 ± 0.12 0.25 ± 0.14 0.124
Vitamin D (nmol/L) 75.13 ± 30.90 92.67 ± 29.90 0.061
Calcium (mmol/L) 2.31 ± 0.11 2.36 ± 0.07 0.080
Phosphate (inorganic) (mmol/L) 1.15 ± 0.20 1.19 ± 0.21 0.520
Baseline fractures (nr of Fx) 0.48 ± 0.75 1.35 ± 1.5 0.012
Pts with Vertebral fractures 6 7  
Number of Dmab injections (median) 4 8  
Number of Dmab injections (mean) 4.4 ± 1.5 8.3 ± 1.2 <0.001
Years on Dmab treatment 2.2 ± 0.79 4.2 ± 0.6 <0.001

The time of zoledronate administration is considered as the “Baseline” time point. Years on Dmab treatment corresponds also with years with diagnosed osteopo-
rosis as all patients were treatment-naïve before Dmab treatment.
Abbreviations: BMI, body mass index; BMD LS, bone mineral density of the lumbar spine; BMD FN, bone density measurement of the femoral neck; nr of Fx, 
number of fractures per patient; Pts, patients.

Figure 1. Percentage changes in bone mineral density after 12 months. 
Abbreviations: LS-BMD: bone mineral density lumbar spine, FN-BMD: 
bone mineral density femoral neck. *P < 0.001
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and the years on Dmab treatment in the total cohort, 
no other correlations were found between bone turnover 
markers (BTMs) and the rest continuous variables of the 
study.

Fractures

During the study, 1 patient of the > 6 Group sustained a 
clinical vertebral fracture 12 months after ZOL. No other 
fractures were observed.

Table 2. Comparison (absolute values) of bone mineral density and bone turnover markers within and between groups

Variable ≤6 injections >6 injections Comparison between groups

(P value)

BMD LS (g/cm2)    
 BL 0.98 ± 0.10 1.0 ± 0.11 0.6
 12 months 0.99 ± 0.9 0.93 ± 0.12 0.052
 Comparison within group P = 0.409 P < 0.001  
BMD FN (g/cm2)    
 BL 0.79 ± 0.09 0.78 ± 0.07 0.386
 12 months 0.80 ± 0.07 0.76 ± 0.08 0.05
 Comparison within group P = 0.394 P = 0.034
P1NP (ng/mL)    
 BL 25.10 ± 23.7 26.5 ± 29.4 0.858
 6 months 30.7 ± 13.8 35.8 ± 12.7 0.196
 12 months 44.5 ± 18.3a,d 53.1 ± 23.3b,e 0.232
 Comparison within group P = 0.001f P = 0.006f  
CTx (ng/mL)    
 BL 0.18 ± 0.15 0.25 ± 0.14 0.124
 6 months 0.22 ± 0.11 0.25 ± 0.08 0.464
 12 months 0.31 ± 0.16c,d 0.31 ± 0.14 0.966
 Comparison within group P < 0.001 P = 0.275  

Abbreviations: BMD, bone mineral density; CTX, C-terminal telopeptide of type 1 collagen; FN, femoral neck; LS, lumbar spine; P1NP, procollagen type 1 
N-terminal propeptide.
aP = 0.001 vs Baseline, 
bP = 0.007 vs baseline, 
cP < 0.001 vs baseline,
dP < 0.001 vs 6 months, 
eP = 0.01 vs 6 months, 
fGreenhouse-Geisser correction

Figure 2. Correlation of time on Dmab treatment with changes in lumbar spine (LS) and femoral neck (FN) BMD.
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Adverse Events

Twenty-three (49%) of the 47 patients developed symp-
toms compatible with a transient acute phase reaction that 
was symptomatically treated with paracetamol. No other 
adverse events were recorded. No cases of osteonecrosis of 
the jaw or atypical femoral fracture were observed.

Discussion

In women with postmenopausal osteoporosis who became 
osteopenic with Dmab therapy for up to 3 years, a single 
ZOL 5 mg infusion given 6 months after the last Dmab in-
jection, maintained the BMD gains at the spine and the hip 
for 1 year. In contrast, women treated for periods longer 
than 3  years with Dmab experienced significant BMD 
losses at both skeletal sites (7% and 2.6%, respectively). 
Duration of Dmab treatment is, therefore, an important de-
terminant of the response to ZOL as further demonstrated 
by the significant negative correlation between length of 
Dmab treatment and changes in LS-BMD. Our results con-
firm and extend recent observations and recommendations 
by Sølling et al (7) and European Calcified Tissue Society 
(ECTS) experts (3), respectively, by providing evidence of 
the efficacy of ZOL over a broad time interval of Dmab 
use. Sølling et al reported that 20 patients with osteopor-
osis who were treated with Dmab for a mean of 5.2 years 
and received ZOL 6 months after the last Dmab injection 
lost 4.8% LS-BMD and 3.0% FN-BMD after 1 year (7), 
results very similar to ours. Furthermore, our data provide 

full support to the recommendation of ECTS experts for 
different management strategies of patients treated with 
Dmab for less than 2.5 years compared with those treated 
for longer periods (3). Notably, in the study of Sølling et al 
(7) 90% of the patients had received bisphosphonates 
before starting Dmab. It appears, therefore, that earlier 
bisphosphonate treatment does not affect the response, as 
also suggested in a larger observational study (8).

The obvious question is whether the difference in response 
to ZOL between the 2 groups in our study is related to differ-
ences in BTM changes following Dmab discontinuation. It has 
been previously suggested that the magnitude of the rebound 
phenomenon is related to the duration of Dmab treatment, 
possibly due to longer-term inhibition of osteoclast differen-
tiation, which leads to a larger pool of osteoclast precursors 
that could differentiate synchronously upon Dmab with-
drawal (8). It may, therefore, be that the ZOL 5 mg infusion 
may not be adequate to control a postulated greater stimu-
lation of bone resorption caused by the longer duration of 
Dmab therapy. While this suggestion is pathophysiologically 
attractive, it is not supported by our data. Neither baseline nor 
follow-up levels of bone turnover markers differed between 
the 2 groups of patients. Although serum P1NP values at 
6 months were positively correlated with treatment duration, 
in both groups of studied women significant changes in BTMs 
of similar magnitude occurred between 6 and 12 months after 
the ZOL infusion and in no patient in either group an in-
crease in both serum P1NP and CTX values above the upper 
limit of the postmenopausal range was observed. Differences, 

Figure 3. Distribution of bone turnover markers in both groups throughout the study. Solid lines = mean values, also joined for every group of pa-
tients. Abbreviations: PM, upper limit of postmenopausal range; P1NP 76 ng/mL, CTX 1.0 ng/mL; PreM, upper limit of premenopausal range; P1NP 
56 ng/mL, CTX 0.57 ng/mL. BL, Baseline; m, months.
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therefore, in bone turnover that may explain differences in 
BMD responses in our study are unlikely. The possibility of a 
transient, early difference in bone marker kinetics between the 
groups cannot be excluded but in published studies of BTM 
measurements after cessation of Dmab treatment, peak levels 
were observed between 6 and 12 months independently of 
ZOL use (1, 4). Furthermore, based on the findings of our 
study, the only one at present to include exclusively treatment-
naïve patients, we could not identify a value of either serum 
CTX or P1NP that might help in the early identification of 
patients at risk for higher bone loss requiring adjustment of 
the management. The ECTS group recommended to monitor 
BTM at 3 and 6 months after ZOL and in case of increased 
BTMs above the mean of age- and sex-matched cohorts to 
consider a new infusion of ZOL. Although the recommenda-
tion is rational, our results cannot support this notion as no 
significant changes were observed in the 6-month BTMs.

Our 2 studied groups of women not only had dif-
ferent duration of exposure to denosumab but also dif-
fered significantly in 2 major independent risk factors 
of bone fragility, namely, BMI and number of prevalent 
fractures. Women with longer Dmab exposure had lower 
BMI values and higher number of prevalent fractures, sug-
gesting that this group had more severe osteoporosis, this 
being the reason they received Dmab for longer periods 
to increase BMD to T-score values higher than −2.5. This 
speculation is also supported by the findings of the Sølling 
et  al study (7). It may, therefore, be that the state of the 
disease is an important determinant of the response to 
Dmab treatment and its discontinuation. More severe dis-
ease requires longer treatment, which when stopped leads 
to greater BMD losses toward the original values. In our 
patients, the period since the recognition of the disease is 
clear because all patients were started on Dmab, whereas 
in most reports the majority of studied patients had al-
ready received bisphosphonates, the specific pharmaco-
logical properties of which may complicate the analysis of 
the responses. Whether there is an intrinsic mechanism that 
defines BMD levels at a given time for each untreated in-
dividual is currently unknown. However, if this is the case, 
and the skeleton of each individual tends to return to its 
pretreatment status, previously described as mechanostatic 
reset to a lower bone mass (13), it may explain the cause of 
a BTM-independent failure of ZOL to maintain the Dmab-
induced BMD gains among patients with more severe dis-
ease. Unfortunately, BMD values before initiating Dmab 
therapy were, by design, not included in our study and we 
cannot, therefore, test this hypothesis, which warrants fur-
ther investigation. An alternative, not mutually exclusive, 
mechanism may be related to the pharmacodynamic prop-
erties of Dmab in osteoporosis. In a bone biopsy study of 
osteoporotic women treated with Dmab for 10 years the 

degree of bone matrix mineralization increased in patients 
who received Dmab for 2 or 3 years vs placebo. With con-
tinuing treatment, matrix mineralization increased further 
significantly from years 2 or 3 to year 5 but not thereafter 
(14). Thus, during treatment with Dmab for 5 years more 
mineral was added to bone compared with 2 or 3 years for 
a similar reduction of bone remodeling (14). Accordingly, 
more mineral should have been added to bone in the > 6 
Group of women in our study compared with that added 
to the bone of the women of the ≤ 6 Group. After discon-
tinuation of Dmab, a ZOL 5 mg infusion—which induced 
similar changes in BTMs in the 2 groups—while sufficient 
to prevent the loss of the added mineral in the women of 
the ≤ 6 Group was insufficient to fully prevent the loss of 
the higher load of added mineral in the women of the > 6 
Group. The result was maintenance of BMD in the former 
group and decrease in the latter. This hypothesis is com-
patible with the demonstrated relationship with the length 
of Dmab treatment as well as with the findings of all 3 
prospective studies of the efficacy of bisphosphonates in 
patients discontinuing Dmab (4, 7, 15). Independently of 
the mechanism underlying the response, it is notable that 
in 91.5% of our patients BMD values remained osteopenic 
1  year after ZOL administration. This finding in com-
bination with the low rate (2.1%) of vertebral fractures 
justifies the selection of ZOL in a therapeutic strategy of 
patients with osteoporosis according to a “treat-to-target” 
approach targeting a total hip T-score between −1.5 and 
−2.0 (16).

The main limitation of our study is the lack of random-
ization due to the design of the analysis. Consequently, the 2 
groups are not equal in size although they had been treated 
and followed prospectively according to the same protocol. 
However, the study allowed the systematic comparison of 
BMD and BTM changes among patients with a different 
duration of Dmab treatment who received ZOL 6 months 
following its discontinuation; the lack of early blood sam-
pling may be considered an additional limitation.

In conclusion, the duration of Dmab treatment is a sig-
nificant determinant of the overall BMD response after a 
single ZOL infusion among patients discontinuing Dmab 
treatment. A  pragmatic approach would be to follow 
closely patients with longer than 3-year history of Dmab 
therapy as these may need additional therapeutic interven-
tions in order to consolidate the BMD gains of previous 
treatment.
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Abstract 

Context: Increased bone fragility and reduced energy absorption to fracture associated 
with type 2 diabetes (T2D) cannot be explained by bone mineral density alone. This study, 
for the first time, reports on alterations in bone tissue’s material properties obtained 
from individuals with diabetes and known fragility fracture status.
Objective: To investigate the role of T2D in altering biomechanical, microstructural, and 
compositional properties of bone in individuals with fragility fracture.
Methods: Femoral head bone tissue specimens were collected from patients who 
underwent replacement surgery for fragility hip fracture. Trabecular bone quality 
parameters were compared in samples of 2 groups, nondiabetic (n = 40) and diabetic 
(n = 30), with a mean duration of disease 7.5 ± 2.8 years.
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Results: No significant difference was observed in aBMD between the groups. Bone 
volume fraction (BV/TV) was lower in the diabetic group due to fewer and thinner 
trabeculae. The apparent-level toughness and postyield energy were lower in those with 
diabetes. Tissue-level (nanoindentation) modulus and hardness were lower in this group. 
Compositional differences in the diabetic group included lower mineral:matrix, wider 
mineral crystals, and bone collagen modifications—higher total fluorescent advanced 
glycation end-products (fAGEs), higher nonenzymatic cross-link ratio (NE-xLR), and 
altered secondary structure (amide bands). There was a strong inverse correlation 
between NE-xLR and postyield strain, fAGEs and postyield energy, and fAGEs and 
toughness.
Conclusion: The current study is novel in examining bone tissue in T2D following first hip 
fragility fracture. Our findings provide evidence of hyperglycemia’s detrimental effects 
on trabecular bone quality at multiple scales leading to lower energy absorption and 
toughness indicative of increased propensity to bone fragility.

Key Words: diabetes, bone quality, AGEs, trabecular bone, fragility fracture, bone toughness

Type 2 diabetes (T2D) affects bone homeostasis leading up 
to 3-fold increased hip fracture risk compared with those 
without diabetes (1-3). This high fragility fracture risk is 
observed despite adequate areal bone mineral density 
(aBMD) in T2D (4-9). Thus, aBMD underestimates frac-
ture risk in T2D, making the clinical identification of those 
at risk for fractures difficult. Beyond aBMD, the key factors 
contributing to bone strength are the parameters of bone 
quality—microstructure, bone material properties, bone 
mineral content and mean crystal size, bone protein (Amide 
I and II) quantity and its secondary structure, and bone cell 
activity and dynamics (Fig. 1A). These determinants have 
been examined individually in few studies and material 
properties are often listed as the cause of poor bone quality 
in diabetes (10-13). Only animal studies (14-19) and 3 re-
cent studies of human tissue have attempted to address this 
question comprehensively (10, 11, 13). A limitation of the 
previous human studies is that bone tissue was collected 
at the time of arthroplasty and may therefore have con-
founding effects associated with arthritis (including in-
creased trabecular bone density) (10, 11, 13). Furthermore, 
no prior studies of bone tissue material properties in hu-
mans have been conducted with known diabetic status and 
known fragility fracture status. The current study is novel 
in examining human bone tissue following first hip fragility 
fracture.

The mechanisms underlying this poor bone quality 
and high fracture risk in diabetes are not well under-
stood. Prolonged hyperglycemia leads to an increase in 
the nonenzymatic reactions (Maillard reactions) and the 
formation of advanced glycation end-products (AGEs) 
through post-translation modification (20). AGEs then 
accumulate in the bone tissue and react irreversibly with 
amino acid residues of peptides or proteins to form pro-
tein adducts or protein crosslinks (21). This phenomenon, 

widely recognized as nonenzymatic crosslinking (NE-xL), 
is the underlying mechanism for multiple complications of 
diabetes, as it alters normal cellular functioning and tissue 
quality (22, 23). AGE accumulation may also alter mineral-
ization through hyperglycemia affecting bone strength (15).

In the present ex vivo study, we aimed for multiscale 
characterization of bone tissue from individuals with 
and without diabetes, following hip fracture. This study 
includes investigation of the structural parameters at 
voxel size consistent with use of microcomputed tom-
ography (µ-CT) and corresponding apparent level 
mechanical properties measured through the uniaxial 
compression test. We also examine bone material prop-
erties (nanoindentation) as well as bone composition 
(thermogravimetric analysis [TGA]), mineral crystal size 
(X-ray diffraction [XRD]), alterations in protein con-
tent, enzymatic crosslink ratio (E-xLR), nonenzymatic 
crosslink ratio (NE-xLR) (Fourier transform infrared 
spectroscopy [FTIR]), and fluorescent (f)AGE content in 
the human diabetic bone tissue.

Material and Methods

Study Participants

Bone samples were taken from 2 groups of patients who 
underwent bipolar hemiarthroplasty or total hip re-
placement following fragility fracture of hip—patients 
without diabetes (n  =  40) and with diabetes (n  =  30). 
Replacement surgery was the recommended treatment as 
these hip fractures were unsuitable for management with 
cannulated cancellous screw or proximal femoral nail. 
Patients’ age also favored replacement surgery for better 
outcome. T2D was diagnosed according to the American 
Diabetes Association criteria (24). None of the patients 
had history of hip fracture prior to the fracture reported 
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Abstract
Context: Antiresorptive therapy significantly reduces fracture risk in patients with benign bone disease and skeletal-related events (SREs) in 
patients with bone metastases (BM). Osteonecrosis of the jaw (ONJ) is a rare but severe condition manifested as necrotic bone lesion or lesions 
of the jaws. ONJ has been linked to the use of potent antiresorptive agents, termed medication-related ONJ (MRONJ).
Objective: We aimed to identify the differences various aspects of MRONJ among distinct patient categories and provide recommendations on 
how to mitigate the risk and optimally manage MRONJ in each of them.
Methods: A working group of the European Calcified Tissue Society (ECTS) and 2 experts performed an updated detailed review of existing 
literature on MRONJ incidence, characteristics, and treatment applied in bone diseases with variable severity of skeletal insult, ranging from 
osteoporosis to prevention of cancer treatment–induced bone loss and SREs in cancer patients with BM.
Results: The risk for MRONJ is much higher in patients with advanced malignancies compared to those with benign bone diseases because 
of the higher doses and more frequent administration of antiresorptive agents in individuals with compromised general health, along with 
coadministration of other medications that predispose to MRONJ. The overall risk for MRONJ is considerably lower than the benefits in all 
categories of patients.
Conclusion: The risk for MRONJ largely depends on the underlying bone disease and the relevant antiresorptive regimen applied. Physicians 
and dentists should keep in mind that the benefits of antiresorptive therapy far outweigh the risk for MRONJ development.
Key Words: bisphosphonates, bone metastases, denosumab, osteonecrosis of the jaw, osteoporosis
Abbreviations: AAOMS, American Association of Oral and Maxillofacial Surgeons; AI, aromatase inhibitor; ALN, alendronate; ARONJ, antiresorptive agent–re-
lated osteonecrosis of the jaw; BM, bone metastases; BMA, bone-modifying agent; BP, bisphosphonate; BRONJ, bisphosphonate-related osteonecrosis of the 
jaw; CLO, clodronate; CTIBL, cancer treatment–induced bone loss; Dmab, denosumab; DRONJ, denosumab-related osteonecrosis of the jaw; ECTS, European 
Calcified Tissue Society; IBN, ibandronate; IV, intravenous; MM, multiple myeloma; MRONJ, medication-related osteonecrosis of the jaw; ONJ, osteonecrosis 
of the jaw; OP, osteoporosis; OPG, orthopantomography; PAM, pamidronate; QoL, quality of life; RIS, risedronate; RLX, raloxifene; SRE, skeletal-related event; 
TKI, tyrosine kinase inhibitor; TPTD, teriparatide; VEGF, vascular endothelial growth factor; ZOL, zoledronate.

An imbalance of bone turnover, with relatively increased 
osteoclast-mediated bone resorption rate, characterizes a 
broad spectrum of bone diseases, ranging from osteopor-
osis (OP) and other benign bone diseases to cancer treat-
ment–induced bone loss (CTIBL; aromatase inhibitor 
(AI)-induced bone loss, and androgen deprivation–induced 
bone loss) and bone metastases (BM) in advanced malig-
nancies. In all these conditions, targeting the osteoclast 
with antiresorptive agents is currently the cornerstone of 
treatment of the respective bone disease. Among them, 
bisphosphonates (BPs), and denosumab (Dmab) are the 

more potent and more frequently used agents in everyday 
clinical practice.

BPs are divided into oral, including alendronate (ALN), 
risedronate (RIS), clodronate (CLO), and ibandronate (IBN), 
and intravenous (IV) agents, including IBN, pamidronate 
(PAM), and zoledronate (ZOL). In general, oral BPs are pre-
ferred in OP and other benign bone diseases, whereas for pre-
vention of CTIBL and the management of BM, IV BPs are 
mostly used (Table 1). Dmab binds the receptor activator of 
nuclear factor κ-Β ligand (RANKL), thus inhibiting osteo-
clast differentiation, function, and survival (1). BPs and Dmab 
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may also contribute. Additionally, jaw osteoclasts may ab-
sorb higher amounts of BPs than long bone osteoclasts (18). 
Indirect evidence of the pivotal role of bone turnover sup-
pression in MRONJ development derives from the facts that 
MRONJ has almost exclusively been attributed to the most 
potent antiresorptives and is far more common among BM 
or MM patients, for whom higher doses are administered 
in more frequent intervals, compared to OP. Additional, in-
direct, evidence comes from the improved extraction socket 
healing and resolution of ONJ when parathyroid hormone 
was administered in animals (19-21) and humans (22, 23).

Local inflammation and infections
Periodontal or periapical disease was common in initially 
reported cases (24). Subsequently, animal models proved 
that inflammation or bacterial infection combined with 
antiresorptives can induce ONJ (25, 26). A complex biofilm, 
composed of bacteria, especially Actinomyces species (10, 27), 
along with fungi and viruses (28), has been identified in biop-
sies of necrotic bone from ONJ lesions. Increased local infec-
tions and impaired oral mucosa healing with BPs suggested 
a synergistic role of antiresorptives with inflammation and 
infection (29, 30). BP administration has been associated with 
proliferation and adhesion to hydroxyapatite of oral bacteria 
(31). Furthermore, BPs may impair the immune response to 

infection through activation of γ δ T cells and altered produc-
tion of proinflammatory cytokines (32).

Angiogenesis inhibition
Angiogenesis requires binding of signaling molecules, such as 
vascular endothelial growth factor (VEGF), to their receptors 
on endothelial cells, and is considered vital for tumor growth 
and metastases. VEGF inhibitors are used by oncologists to 
deter tumor growth. Osteonecrosis, which is an avascular ne-
crosis, entails interruption of the blood supply in the lesion. 
Administration of antiangiogenic agents, for example, anti-
bodies targeting VEGF and TKIs, has been linked with ONJ 
occurrence (11). Additionally, glucocorticoids, especially in the 
high doses used in the oncology setting, exert antiangiogenic 
effects (33). High doses of potent BPs, especially ZOL, have 
been consistently associated with decreased angiogenesis ac-
cording to in vitro studies (34, 35) and decreased VEGF levels 
in human studies (36, 37). On the contrary, there is no evi-
dence that Dmab exerts antiangiogenic effects (35).

Immune system dysfunction
Accumulated indirect evidence suggests that dysregulation of 
the immunological response may contribute to MRONJ de-
velopment. The higher MRONJ occurrence when glucocortic-
oids are coadministered with BPs both in animals (38, 39) and 

Table 2. Nonantiresorptive medications associated with osteonecrosis of the jaw development

Class Representatives

Glucocorticoids  

VEGF inhibitors Bevacizumab, aflibercept

TKIs Sunitinib, imatinib, cabozantinib, sorafenib, regorafenib, axitinib, pazopanib, dasatinib

mTORi Everolimus, temsirolimus

BRAF inhibitors Dabrafenib, trametinib

Monoclonal Abs against CD20 Rituximab

Immune checkpoint inhibitors Nivolumab, monoclonal Abs against CTLA-4 (ipilimumab)

Lenalidomide  

Chemotherapy regimens Cytarabine, idarubicin, and daunorubicin; gemcitabine, vinorelbine, and doxorubicin; 
doxorubicin and cyclophosphamide; 5-azacitidine

Leflunomide  

Anti-TNF agents Adalimumab

Abbreviations: Abs, antibodies; BRAF, B-Raf; CTLA-4, cytotoxic T-lymphocyte–associated protein 4; TKIs, tyrosine kinase inhibitors; mTORi, inhibitors of 
mammalian target of rapamycin; TNF, tumor necrosis factor; VEGF, vascular endothelial growth factor.

Table 3. Staging according to the American Association of Oral and Maxillofacial Surgeons and the alleged nonexposed variant

Stage Description

At risk Patients treated with bone-modifying agents but without apparent necrotic bone (eg, all asymptomatic 
patients treated with antiresorptives)

Stage 0 No clinical evidence of necrotic bone but nonspecific symptoms or clinical/radiographic findings

Stage 1 Exposed and necrotic bone, or fistulae that probe to bone, that are asymptomatic with no evidence of 
significant adjacent or regional soft-tissue inflammation or infection

Stage 2 Exposed and necrotic bone, or fistulae that probe to bone, associated with infection, evident by pain and 
adjacent or regional soft-tissue inflammatory swelling, with or without purulent drainage

Stage 3 Exposed and necrotic bone, or fistulae that probe to bone, associated with pain and infection, and at least one 
of the following: (1) pathologic fracture, (2) extra-oral fistula, (3) oral-antral fistula, or (4) radiographic 
evidence of osteolysis extending to the inferior border of the mandible or floor of the maxillary sinus

Nonexposed variant (not widely 
adopted)

Presence of otherwise unexplained pain in the jaws, fistula, swelling, mobile teeth, or mandibular fracture 
diagnosed after excluding common diseases of the jaw known to cause similar manifestations
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for treatment of BM. Several local risk factors predispose to 
ONJ development (Fig. 1), the most common being tooth ex-
traction. In cancer patients, tooth extraction not only after 
but also before initiation of BMA has been associated with 
MRONJ development (88). However, some studies suggest 
that preexisting dental disease, rather than tooth extraction, 
is the risk factor (88-93). In a recent systematic review, a 
10% risk of MRONJ was noted in patients with periodontal 
disease treated with BPs (6). As expected, coexistence of local 
infection (periodontal/periapical inflammation) and tooth ex-
traction further increases the risk of MRONJ (94). Systemic 
risk factors such as type of disease and concomitant therapies 
(eg, chemotherapy, glucocorticoids, antiangiogenic agents) 
also increase MRONJ risk (93, 95-110) (see Fig. 1). Among 
them, glucocorticoids, especially in the high doses used in 
oncology, alone or in combination with other medications, 
represent a prominent risk factor. Smoking (111-113), age 
(88, 97, 114), sex (74, 114), diabetes mellitus (112, 115), and 
obesity (111) have also been associated with ONJ risk, espe-
cially in oncology.

Despite the initial enthusiasm regarding the role of markers 
of bone resorption in the prediction of MRONJ risk, a sys-
tematic review suggested that no marker is useful in this set-
ting (116).

Recently, a decline in the incidence of BRONJ has been 
reported, probably due to prevention of clinical risk factors. 
A  9-year (2009-2018) survey showed that the number of 

new MRONJ cases was stable from 2009 to 2015, with a 
mean of 51.3 cases per year declining during the years 2016 
to 2018 to 33.3 cases per year (117). Increased clinician 
awareness as well as the reluctance of dental practitioners 
to perform dental procedures in patients on antiresorptives 
may have contributed to this decline in the incidence of 
ONJ.

Medication-related Osteonecrosis of the Jaw 
Associated With Denosumab Use
Similarly to BPs, the incidence in OP patients is consider-
ably lower than in cancer patients and risk factors appear 
identical (63, 118-129). A systematic review of randomized 
controlled trials that directly compared Dmab with BPs in 
postmenopausal women with OP identified no reports of 
MRONJ (126), whereas in the FREEDOM and FREEDOM 
extension study the incidence of MRONJ was 5.2 per 10 000 
patient-years (130). According to the FAERS database, Dmab-
treated OP patients had an odds ratio of 0.63 (95% CI, 0.56-
0.70; P < .001) to develop MRONJ compared to untreated 
OP patients, whereas in contrast the odds ratio was 4.9 (95% 
CI, 4.4-5.4; P < .001) for cancer patients treated with Dmab 
for prevention of SREs compared to untreated cancer patients 
(131). Similarly, according to the Multinational Association of 
Supportive Care in Cancer report, in cancer patients treated 
with Dmab, MRONJ frequency ranged from 0.7% to 6.9% 
for BM, whereas in the setting of CTIBL it was 0% (78).

Figure 1. Risk factors for antiresorptive agent-related osteonecrosis of the jaw. AFF, atypical femoral fracture; BMA, bone-modifying agents; MM, 
multiple myeloma; ONJ, osteonecrosis of the jaw; VEGF, vascular endothelial growth factor.
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needed and achieves long-term symptom relief (94, 206, 207). 
Cure rates with conservative management are higher for OP 
than for cancer patients (207). Management includes the 
following:

 • maintenance of optimal oral hygiene, including self and 
regular professional care;

 • treatment of any dental and periodontal disease;
 • antiseptic mouth rinses; and

Figure 2. Recommendations for prevention of antiresorptive agent-related osteonecrosis of the jaw in patients taking bone-modifying agents (BMA) 
due to A, osteoporosis, and B, cancer. ONJ, osteonecrosis of the jaw; RCT, randomized controlled trial. *In the absence of RCT.
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 • systemic antibiotic therapy, if indicated. Dosages and 
duration of therapy varies depending on the stage of 
ONJ and the general condition of the patient.

Conservative management is mainly applied in the earlier 
stages of ONJ (see Fig. 3):

 • At-risk patients: Close clinical and radiographic monitoring is 
advised but there is no need for intervention. Nevertheless, pa-
tients must be informed about the possibility of bone exposure 
and necrosis and be able to early identify signs and symptoms

 • Stage 0: Since symptoms are not specific, the objective 
is to symptomatically control pain and infections, and 
closely monitor for signs of progression

to

Figure 2. Continued.
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 • Stage 1: Management with chlorhexidine mouthwash 
and regular follow-up. Neither antibiotic nor surgical 
intervention is required

 • Stage 2: Owing to necrosis and associated infection, an 
antibiotic regimen with an antimicrobial mouthwash and 
oral antibiotics is the treatment of choice

Teriparatide (TPTD) was helpful in ONJ management in sev-
eral case reports (22, 23, 208-215). In a recent study in pa-
tients with established MRONJ, TPTD treatment for 8 weeks 
resulted in a significantly higher number of lesions healed 
and reduced bone defects by 52 weeks compared with pla-
cebo (216). Once-weekly TPTD was also effective (217). At 

Figure 3. Recommendations for management of antiresorptive agent-related osteonecrosis of the jaw in patients taking bone-modifying agents (BMA). 
Staging of antiresorptive agent-related osteonecrosis of the jaw according to the American Association of Oral and Maxillofacial Surgeons (2014). ONJ, 
osteonecrosis of the jaw; RCT, randomized controlled trial. *In the absence of RCT.
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present, TPTD treatment is contraindicated in patients with 
active malignancies or a history of BM or skeletal radiation. 
However, given the rapid turnover of TPTD, a brief exposure 
(eg, 8 weeks) will most likely not affect the “alleged” risk of 
osteosarcoma, reported in rats but never demonstrated in hu-
mans (218), or activate quiescent malignant cells.

Weak evidence suggests other experimental conservative 
treatments may be helpful (Table 4).

Conservative therapy should be preferred over surgical 
management unless obvious progression of disease is ob-
served or the pain is not controlled by conservative means.

Surgical management
Surgical treatment should be performed by experienced den-
tists or surgeons. Surgical management is applied in the latter 
stages of ONJ (see Fig. 3):

 • Stage 2: Besides the antibiotic regimen reported earlier, 
debridement is often needed (232-238)

 • Stage 3: Surgical management is indicated along with an 
antibiotic regimen. The surgical approach varies (232-
238), ranging from limited debridement to complete 
resection with possible immediate reconstruction with 
plates or obturators (232, 239). A  more conservative 
treatment should initially be considered, limiting opera-
tive therapy for cases not solved by this approach (238, 
240, 241). However, the limited available data do not 
allow conclusive indications on surgical intervention. 
According to previous guidelines, removal of the necrotic 
bone with tension-free closure should be preferred, as it 
is considered to provide the most positive results.

Surgical success rates have been reported higher in OP and MM 
patients in comparison to patients with solid tumors (242).

Adjuvant treatments have also been proposed (243), al-
though scientific evidence has often been controversial be-
cause of the lack of randomized controlled trials (Table 4).

Special Considerations
Table 5 presents the suggested approaches in i) dental pro-
cedures in low- and high-risk patients receiving antiresorptive 
treatment, and ii) patients receiving antiresorptives who 
develop ONJ.

A balanced evaluation of the risk-to-benefit ratio of con-
tinuing or stopping antiresorptives should always be per-
formed in such patients. A detailed medical history should be 
obtained, evaluating the duration and type of antiresorptives 
(current or past), concurrent pharmacological treatments, the 

presence of other risk factors for ONJ, and the risk of fracture 
or SRE. Clinical decision should also be made in relation to 
the invasiveness of the procedure.

Discontinuation of antiresorptive treatment in patients 
requiring dental procedures is particularly controversial be-
cause of low evidence to support strong recommendations. 
The following are the most accepted guidelines:

 • American Dental Association Guidelines in 2011 recog-
nized the lower risk in OP patients and stated that dis-
continuation of oral BPs is not necessary before dental 
procedures (200)

 • The AAOMS, admitting the lack of scientific evidence, 
suggested in 2014 a drug holiday in patients who have 
been on BPs or Dmab for at least 4 years (6)

 • The US Food and Drug Administration stated there are 
“no substantial data available to guide decisions re-
garding the initiation or duration of a drug holiday” 
(258)

 • An ONJ International Task Force in 2015 recommended 
stopping antiresorptive treatment in patients needing 
extensive invasive surgery or presenting with signifi-
cant ONJ risk factors (64) until soft-tissue healing has 
occurred.

Our recommendations on the subject, along with our concerns, 
are summarized in Table 5. Discontinuation until the surgical 
site heals could be considered in case of BPs, especially if the 
fracture risk is low and the MRONJ risk is high. Theoretically, 
since the uptake of BPs is comparatively increased at sites of 
local bone injury with high bone turnover, withholding BP 
treatment may reduce their local deposition in the jawbone. It 
has been proposed that BPs may be discontinued 1 week be-
fore the procedure and resumed when healing of oral mucosa 
is completed (84, 245), usually 2 to 4 weeks after the dental 
treatment (9, 74). However, the optimal duration of the off-
treatment period is unknown and, furthermore, the efficacy of 
such an approach is questionable given the residual effect of 
BPs due to their long-term skeletal retention and the fact that 
no study results to date have confirmed that drug holidays 
are effective in preventing MRONJ. Recent evidence from a 
study in OP patients (249) suggests that tooth extraction can 
be safely performed without BP discontinuation while sus-
pension of BP treatment in animals (250) and humans (251, 
252) who developed MRONJ did not provide any significant 
benefit. Lower doses of antiresorptive therapy have also been 
proposed (74), but without supporting evidence. Especially in 
cancer patients, in whom the vast majority of MRONJ inci-
dents occur, although it has been recommended to withhold 

Table 4. Adjuvant therapies applied in management of osteonecrosis of the jaw

During conservative management During surgical management

• Bone marrow stem cell intralesional transplantation (219) • Laser-assisted surgical debridement (220, 221)

• Leukocyte and platelet rich fibrin membrane placement 
(183, 222, 223)

• Preoperative antibiotic treatment followed by laser and wound local treatment 
with platelet-rich plasma applications (224)

• Ozone (225) • Surgical debridement in combination with platelet-derived growth factor (183)

• Pentoxifylline (226) • Intraoperative fluorescence guidance (227, 228)

• Vitamin E (226) • Longer-term preoperative antibiotics (229)

• Hyperbaric oxygen therapy • Adjunctive therapy with hyperbaric oxygen combined with surgery (230, 231)
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antiresorptive therapy following dental procedures until soft-
tissue healing has occurred (64), current evidence supporting 
this recommendation is limited and controversial, with some 
studies showing a benefit (242, 259) while others have shown 
a neutral effect on the outcome of the dental procedure (94, 
260, 261).

In Dmab-treated OP patients, discontinuation should be 
discouraged in light of the risk for multiple vertebral fractures 

(256, 257, 262). Instead, based on the pharmacokinetics of 
Dmab, dental procedures could be planned at around 5 to 
6  months following the last injection, when the effects of 
Dmab on bone turnover are depleted (245, 246). In cancer 
patients, Dmab could be withheld but only for a short period 
(3  wk before to 4-6  wk after the dental procedure) (247), 
because of the risk both of multiple vertebral fractures and 
SREs. However, there is no evidence that such a strategy 

Table 5. Recommendations for dental management in specific conditions

A.Dental procedures during antiresorptive therapy

Patients at low risk of ONJ

Conservative treatments (restorative treatment, non-surgical endodontic treatment, prosthodontic/orthodontic therapy) are safea

Elective dentoalveolar surgery, simple extractions, and procedures that do not involve osteotomy are considered to be of low risk (9)

Placement of dental implants entails small risk

Antimicrobial mouthwash before/after procedure is advised. Systemic antibiotics are also advised in nonconservative treatments (180)

Antiresorptive treatment management

 Osteoporotic patients

 Do not discontinue bisphosphonatesb

 Do not discontinue denosumab—perform procedure preferably 5-6 mo following the last injection

 Lower doses of antiresorptives (74)? No supporting evidence

 Cancer patients

 Do not discontinue bisphosphonatesb,c

 Do not discontinue denosumab

Patients at high risk of ONJ

Mild conservative treatments (restorative treatment, removal of dental caries) are usually safe

Nonsurgical endodontic treatment has a small risk—could be an alternative to extraction (244)d

Root canal treatment and/or decoronation preferred over extraction (244)

Antimicrobial mouthwash, systemic antibiotics before/after the procedure, avoidance of anesthetic agents that contain vasoconstrictor, 
avoidance of gingival tissue damage

Denture wearing not prohibited (avoid exerting excessive pressure or friction) (79)

Antiresorptive treatment management

 Osteoporotic patients

 Bisphosphonates could be discontinued (at least 1 wk before and until surgical site healing) (84, 245)e

 Do not discontinue denosumab—perform procedure preferably 5-6 months following last injection (245, 246)f—perform next denosumab 
injection 4-6 wk after the procedure but not > 4 wk later than it should be done

 Consider replacing antiresorptives with teriparatideg

 No data on romosozumab

 Cancer patients

Personalized decision in agreement with treating oncologist, weighing risk of ONJ against risks of SREs

 Bisphosphonates could be discontinued

 Short-term denosumab discontinuation (eg, 3 wk before and 4-6 wk after dental procedure has been advised) (247)—no clear benefith

B.Antiresorptive treatment management in patients who develop ONJ

 Consider discontinuing antiresorptives until complete soft-tissue closure after carefully weighing risk of ongoing ONJ with risk of fractures 
or SREsi

 Consider teriparatide until complete soft-tissue closure (22) (in osteoporotic but probably not in cancer patients—individualized approach)j

Abbreviations: ONJ, osteonecrosis of the jaw; SRE, skeletal-related event.
aA few, not well-documented cases of ONJ reported after nonsurgical endodontic procedures (248).
bResidual effect of bisphosphonates questions the effect of discontinuation on ONJ; in osteoporotic patients tooth extraction safely performed without 
bisphosphonate discontinuation (249); suspension of bisphosphonates not beneficial in animals (250) and humans (251, 252) who developed ONJ.
cReduction in SRE risk is greater and the risk of ONJ lower in first years of bisphosphonate therapy (247).
dSoft-tissue damage during endodontic treatment has also been associated with initiation of ONJ process (253).
eUnknown optimal duration of off-treatment period.
fBased on denosumab pharmacokinetics, its effect on bone turnover is almost depleted around 6 months following the last injection (245, 246).
gConcerns: limited duration of teriparatide treatment (23); temporary decrease at least of hip bone mineral density (254); uncertain effect on rebound 
phenomenon after denosumab discontinuation (246).
hOPG-Fc discontinuation before tooth extraction ameliorated subsequent ONJ development in rodents (250); in contrast, in a multicenter retrospective 
Japanese study short-term denosumab discontinuation had no effect on ONJ risk (255).
iConcerns: denosumab discontinuation infers increased risk of multiple vertebral fractures (256, 257); discontinuation of either ZOL or OPG-Fc in rats 
with established ONJ did not lead to ONJ resolution (250).
jTeriparatide is theoretically contraindicated in cancer patients but a brief exposure (eg, 8 wk) should not activate quiescent malignant cells.
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Abstract 

Context: Hypoparathyroidism is characterized by insufficient levels of parathyroid 
hormone (PTH). TransCon PTH is an investigational long-acting prodrug of PTH(1-34) for 
the treatment of hypoparathyroidism.
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ABSTRACT
The standard treatment of primary hypoparathyroidism (hypoPT) with oral calcium supplementation and calcitriol (or an analog),
intended to control hypocalcemia and hyperphosphatemia and avoid hypercalciuria, remains challenging for both patients and cli-
nicians. In 2015, human parathyroid hormone (hPTH) (1-84) administered as a daily subcutaneous injection was approved as an
adjunctive treatment in patients who cannot be well controlled on the standard treatments alone. This open-label study aimed to
assess the safety and efficacy of an oral hPTH(1-34) formulation as an adjunct to standard treatment in adult subjects with hypopara-
thyroidism. Oral hPTH(1-34) tablets (0.75 mg human hPTH(1-34) acetate) were administered four times daily for 16 consecutive
weeks, and changes in calcium supplementation and alfacalcidol use, albumin-adjusted serum calcium (ACa), serum phosphate, uri-
nary calcium excretion, and quality of life throughout the study were monitored. Of the 19 enrolled subjects, 15 completed the trial
per protocol. Amedian 42% reduction from baseline in exogenous calcium dose was recorded (p = .001), whereasmedian serum ACa
levels remained above the lower target ACa levels for hypoPT patients (>7.5 mg/dL) throughout the study. Median serum phosphate
levels rapidly decreased (23%, p = .0003) 2 hours after the first dose and were maintained within the normal range for the duration of
the study. A notable, but not statistically significant, median decrease (21%, p = .07) in 24-hour urine calcium excretion was observed
between the first and last treatment days. Only four possible drug-related, non-serious adverse events were reported over the
16-week study, all by the same patient. A small but statistically significant increase from baseline quality of life (5%, p = .03) was
reported by the end of the treatment period. Oral hPTH(1-34) treatment was generally safe and well tolerated and allowed for
a reduction in exogenous calcium supplementation, while maintaining normocalcemia in adult patients with hypoparathyroidism.
© 2021 The Authors. Journal of Bone and Mineral Research published by Wiley Periodicals LLC on behalf of American Society for Bone
and Mineral Research (ASBMR).

KEY WORDS: HYPOPARATHYROIDISM; ORAL PARATHYROID HORMONE; PARATHYROID-RELATED DISORDERS; CALCIUM/PHOSPHATE DISORDERS;
PARATHYROID HORMONE

Introduction

Primary hypoparathyroidism (hypoPT) is a rare mineral
metabolism disorder, with a prevalence of 22 per 100,000

individuals(1) and is biochemically characterized by low serum
calcium and low or undetectable parathyroid hormone (PTH)

levels. The leading cause of hypoPT in adults is iatrogenic, typi-
cally secondary to excision or injury incurred during anterior
neck surgery.(2) Less common etiologies include autoimmune
disease, congenital absence, and genetic disorders resulting in
defective biosynthesis or secretion of the hormone.(3) The char-
acteristic hypocalcemia in hypoPT is due to PTH levels
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Abstract 

Context: Hypoparathyroidism is a rare endocrine disorder whose skeletal features 
include suppression of bone turnover and greater volume and width of the trabecular 
compartment. Few and inconsistent data are available on the prevalence of vertebral 
fractures (VF).
Objective: To evaluate the prevalence of VF assessed by vertebral fracture assessment 
(VFA) in postmenopausal women with chronic postsurgical hypoparathyroidism.
Design: Cross-sectional study
Setting: Ambulatory referral center.
Patients or Other Participants: Fifty postmenopausal women (mean age 65.4 ± 9 years) 
with chronic postsurgical hypoparathyroidism and 40 age-matched healthy 
postmenopausal women (mean age 64.2 ± 8.6).
Main outcome measures: Lumbar spine, femoral neck, and total hip bone mineral 
density were measured by dual X-ray absorptiometry (Hologic Inc., USA) in all subjects. 
Site-matched spine trabecular bone score was calculated by TBS iNsight (Medimaps, 
Switzerland). Assessment of VF was made by VFA (iDXA, Lunar GE, USA) using the 
semiquantitative method and the algorithm-based qualitative assessment.
Results: All-site BMD values were higher in the hypoparathyroid vs the control group. 
By VFA, we observed a 16% prevalence of VF in hypoparathyroid women vs 7.5% in 
control subjects. Among those with hypoparathyroidism who fractured, 5 (62.5%) had 
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grade 1 wedge, 2 (25%) had grade 2 wedge, and 1 (12.5%) had grade 2 wedge and grade 
2 biconcave VF. In the hypoparathyroid group, 57% with VFs and 32% without VFs had 
symptoms of hypoparathyroidism.
Conclusion: We demonstrate for the first time that in postmenopausal women with 
chronic postsurgical hypoparathyroidism, VFs are demonstrable by VFA despite normal 
BMD.

Key Words: VFA, fracture, postmenopausal women, hypoparathyroidism

Hypoparathyroidism is a rare disorder of mineral metab-
olism characterized by low serum calcium levels and low 
or undetectable parathyroid hormone (PTH). The most 
common form occurs as a complication of anterior neck 
surgery. It is defined as chronic when insufficient parathy-
roid function persists for more than 6 months after surgery 
(1). A prevalence of postsurgical hypoparathyroidism ran-
ging from 1.3 to 30/100 000 persons per year is reported 
by epidemiological studies from several different geograph-
ical areas (2-4). Reported incidences range from 0.8% to 
13.4% after anterior neck surgery (4-6).

Most of the clinical manifestations and complications of 
hypoparathyroidism are related to its biochemical profile, 
namely low serum calcium and PTH levels. They involve 
several organs (1). Among them, the skeleton has been a 
focus because of potential deleterious effects of persistent 
exposure to low or undetectable PTH. Skeletal features 
of hypoparathyroidism include low bone turnover with 
greater volume and width of the trabecular compartment 
and lower cortical porosity (7). Histological findings in 
the hypoparathyroid skeleton comprise reduction of the 
mineralizing surface and reduced indices of bone turnover 
(7). By dual X-ray absorptiometry (DXA), these skeletal 
abnormalities are evident as normal or above average bone 
mineral density (BMD) and trabecular microarchitecture 
[as evaluated by trabecular bone score (TBS)], compared to 
healthy subjects (7,8). Assessment of bone quality by high-
resolution peripheral quantitative computed tomography 
show higher trabecular number at tibia and reduced cor-
tical porosity at both tibia and radius (9). To date, there 
are no clear data elucidating how these skeletal character-
istics could potentially relate to clinically relevant reduc-
tion or increase in bone fragility in hypoparathyroidism. 
Indeed, there are no definitive data on the prevalence of 
fragility fracture in hypoparathyroidism (10). According 
to Underbjerg et al, discrepancy exists between the risk of 
upper extremities fractures in the non-surgical (higher risk) 
vs the postsurgical hypoparathyroid subjects, compared 
to the general population. A  study in 104 patients with 
idiopathic hypoparathyroidism showed higher prevalence 
of vertebral fractures (VF) compared to healthy subjects, 
particularly in association with postmenopausal status and 

anticonvulsant therapy (11). Other studies reported incon-
sistent results in the prevalence of VF and non-VF in hypo-
parathyroid vs control subjects (12-14).

Vertebral fracture assessment (VFA) is an established, 
reliable and accurate methodology for the diagnosis of VF 
in patients with osteoporosis and other metabolic bone dis-
ease (15-19). As such, VFA is recommended for the evalu-
ation of VF in adult patients and children with different 
metabolic bone disease by national and international con-
sensus statements and guidelines (19-21). When analyzed 
by radiologists with the requisite expertise in the evaluation 
of vertebral morphology, VFA has significant advantages 
compared to the conventional X-ray (16,22). The VFA 
methodology is associated with lower radiation exposure, 
easier and faster spine image acquisition, and the lack of the 
parallax effect that increases vertebral distortion and there-
fore the rate of misdiagnosis with routine vertebral X-ray.

To our knowledge, no study has yet assessed the preva-
lence of VF in postmenopausal women with chronic 
postsurgical hypoparathyroidism. In particular, VFA has 
not been employed in this cohort of patients. The primary 
aim of the study was to assess this issue by comparing 
postmenopausal hypoparathyroid women with a cohort 
of age-matched healthy women. We also evaluated risk 
factors for VF in postmenopausal women with chronic 
hypoparathyroidism.

Materials and Methods

Participants

We studied 50 postmenopausal women with chronic 
postsurgical hypoparathyroidism (mean age 65.4 ± 9 years) 
and 40 age-matched healthy postmenopausal women 
(mean age 64  ±  8.5  years) as the control group. 
Hypoparathyroid subjects were recruited between 
November 2017 and December 2019 among those con-
secutively referred to the Unit of Internal Medicine and 
Metabolic Bone Disease, Sapienza University of Rome and 
meeting inclusion and exclusion criteria. The diagnosis of 
chronic postsurgical hypoparathyroidism was established 
by the persistent presence of serum calcium and PTH 
levels below normal for at least 1 year after neck surgery 
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Abstract 

Context: Preoperative imaging is performed routinely to guide surgical management in 
primary hyperparathyroidism, but the optimal imaging modalities are debated.
Objective: Our objectives were to evaluate which imaging modalities are associated 
with improved cure rate and higher concordance rates with intraoperative findings. 
A secondary aim was to determine whether additive imaging is associated with higher 
cure rate.
Design, Setting, and Patients: This is a retrospective cohort review of 1485 adult patients 
during a 14-year period (2004-2017) at an academic tertiary referral center that presented 
for initial parathyroidectomy for de novo primary hyperparathyroidism.
Main Outcome Measures: Surgical cure rate, concordance of imaging with operative 
findings, and imaging performance.
Results: The overall cure rate was 94.1% (95% confidence interval, 0.93-0.95). Cure rate 
was significantly improved if sestamibi/single-photon emission computed tomography 
(SPECT) was concordant with operative findings (95.9% vs. 92.5%, P = 0.010). Adding a 
third imaging modality did not improve cure rate (1 imaging type 91.8% vs. 2 imaging 
types 94.4% vs. 3 imaging types 87.2%, P = 0.59). Despite having a low number of cases 
(n = 28), 4-dimensional (4D) CT scan outperformed (higher sensitivity, specificity, positive 
predictive value, negative predictive value) all imaging modalities in multiglandular 
disease and double adenomas, and sestamibi/SPECT in single adenomas.
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Conclusions: Preoperative ultrasound combined with sestamibi/SPECT were associated 
with the highest cure and concordance rates. If pathology was not found on ultrasound 
and sestamibi/SPECT, additional imaging did not improve the cure rate or concordance. 
4D CT scan outperformed all imaging modalities in multiglandular disease and 
double adenomas, and sestamibi/SPECT in single adenomas, but these findings were 
underpowered.

Key Words:  preoperative, imaging, primary hyperparathyroidism, cure, concordance

Primary hyperparathyroidism (PHPT) is the most common 
cause of hypercalcemia in the outpatient setting and is the 
third most common endocrine disorder, with prevalence 
differing between sex and race (1-3). Despite routine serum 
calcium measurements, PHPT remains underrecognized (4, 
5). The estimated prevalence of PHPT in 2018 was 23 cases 
per 10 000 women and 8.5 per 10 000 men, with an in-
cidence of 66 cases per 100 000 person-years in women 
and 25 per 100 000 person-years in men (3, 6). The at-
tributable cause in about 70% to 80% of cases is a single 
parathyroid adenoma with the remainder comprising 
multiglandular disease, which includes both double aden-
omas and 4-gland hyperplasia. Parathyroid malignancy is 
seen in 1%, typically with a more aggressive presentation 
(3, 7). PHPT workup uses laboratory investigation to estab-
lish the diagnosis and imaging guide surgical planning (1, 
3). Pharmacologic management involves bisphosphonate 
or calcimimetic therapy to reduce the deleterious effects 
of hypercalcemia, when surgical indications are not met. 
However, parathyroidectomy remains the standard of care 
and most cost-effective option, with established criteria 
helping to guide surgical referral (1, 3, 6, 8).

Although preoperative imaging is not required to es-
tablish a diagnosis, it is typically performed routinely to 
guide surgical management. Because of the wide variability 
between institutional protocols and surgeon preferences, 
the optimal imaging modality is debated (9). Historically, 
ultrasound (US) and nuclear scintigraphy (sestamibi/single-
photon emission computed tomography [SPECT]) are 
first-line imaging modalities with comparable accuracy for 
preoperative localization for PHPT (6, 9, 10). However, 
with increasing utilization of 4-dimensional (4D)-CT, the 
role of these traditional modalities is being questioned 
(11–13).

The ability to perform a focal exploration depends on re-
liable preoperative localization. Despite reported cure rates 
of ~96% with focal exploration, limited data show that pre-
operative localization may not be the most accurate, with 
nonlocalized abnormal parathyroid glands being identified 
at surgical exploration. Given these discrepancies, there is 
a need to better define the role for preoperative imaging to 
optimize surgical decision-making and outcomes (14–16). 

The aim of this study was to evaluate the primary imaging 
modalities associated with an improved cure rate based on 
intraoperative concordance with imaging in patients with 
PHPT. A secondary aim was to determine the effect of addi-
tive imaging modalities on remission rates.

Methods

The institutional review board approved this retrospective 
cohort study of patients undergoing initial surgery for de 
novo primary hyperparathyroidism from 2004–2017 at 
any United States-based Cleveland Clinic Health System. 
Consent was determined to not be necessary and was 
waived by the Cleveland Clinic Foundation institutional 
review board/independent ethics committee given the min-
imal risk posed to patients for this study. All patients were ≥ 
18 years of age and were identified using the International 
Classification of Diseases 9 or 10 codes for primary hyper-
parathyroidism (252.0, E21.0, E21.3, E21.4, and E21.5). 
All charts were manually reviewed to confirm inclusion 
within the study.

Data collection

A manual chart review was conducted to collect vari-
ables. Demographics, including age, sex, and race, were 
obtained. Preoperative and postoperative laboratory 
values related to primary hyperparathyroidism, including 
calcium, intact parathyroid hormone (iPTH), and phos-
phorus, were reviewed. The preoperative laboratory 
values were the most recent in our medical record system 
before surgical management with a target of being 
within 1 month of the operative date. The postoperative 
laboratory values collected at 1  month postoperatively 
and at least 6  months after parathyroidectomy. If pa-
tients did not have preoperative laboratory values, and/
or 6-month postoperative laboratory values, they were 
excluded from analysis. Preoperative imaging consisted 
of ultrasound, plain technetium sestamibi scintigraphy, 
sestamibi SPECT with iodine subtraction (sestamibi/
SPECT), CT, or 4D CT. The CT neck images were subdiv-
ided into categories (4D CT, CT neck with and without 
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184:5 699–709I Campi and others Thyroid dysfunctions in 
COVID-19

The spectrum of thyroid function tests during 
hospitalization for SARS COV-2 infection
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Objective: 
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Methods: 
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TSH >4.0 mIU/L1/2 TSH 2.51–4.0 mIU/L1 TSH <0.30 mIU/L2

As part of the subfertility
work-up in women 

Measure TSH and
TPOAb/TgAb1

TAI
+

TAI
–

Normal

Check TSH
after OS*

Initiate LT4 and
control TSH

before starting OS3

Increased/decreased

Postpone ART
and perform

endocrine work-up 

TSH 0.30–2.50 mIU/L 

Measure
FT3 and FT4

Check TSH
after OS if treated

with LT4*

#

Routine
care

If treated, adapt LT4 dose 4 weeks before starting OS3

*
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Effects of thyroxine on apoptosis and proliferation of mammary
tumors
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Highlights

Thyroxine treatment reverted the cancer-protective effects of hypothyroidism.

•Proliferative and antiapoptosis mechanisms of T4 varied regarding the thyroid
status.

•The cross-talk with other hormone receptors was critical in EUT tumors.

•The non-genomic pathway of T4 was the main mechanism involved in HypoT
tumors.

•Overdoses of T4 can increase breast cancer risk.
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Abstract
Hypothyroidism is a protective factor against breast cancer but long-term exposure or overdoses
of thyroid replacement therapy with thyroxine (T ) may increase breast cancer risk. Objective: to
study, in vivo and in vitro, the effects of T4 on the proliferation and apoptosis of mammary tumors
of hypo- and euthyroid rats, and the possible mechanisms involved in these effects. Material and
Methods: Female Sprague-Dawley rats were treated with a single dose of dimethylbenzathracene
(15 mg/rat) at 55 days of age and were divided into three groups: hypothyroidism (HypoT; 0.01%
6-N-propyl-2-thiouracil -PTU- in drinking water, n = 20), hypothyroidism treated with T
(HypoT + T ; 0.01% PTU in drinking water and 0.25 mg/kg/day T  via sc; n = 20) and EUT
(untreated control, n = 20). At sacrifice, tumor explants from HypoT and EUT rats were obtained
and treated either with 10  M T  in DMEM/F12 without phenol red with 1% Charcoalized Fetal
Bovine Serum or DMEM/F12 only for 15 min to evaluate intracellular signaling pathways
associated with T , and 24 h to evaluate changes in the expression of hormone receptors and
proteins related to apoptosis and proliferation by immunohistochemistry and Western Blot.
Results: In vivo, hypothyroidism retards mammary carcinogenesis but its treatment with T
reverted the protective effects. In vitro, the proliferative and anti-apoptosis mechanisms of T
were different regarding the thyroid status. In EUT tumors, the main signaling pathway involved
was the cross-talk with other receptors, such as ERα, PgR, and HER2. In HypoT tumors, the non-
genomic signaling pathway of T  was the chief mechanism involved since αvβ3 integrin, HER2,
β-catenin and, downstream, PI3K/AKT and ERK signaling pathways were activated. Conclusion:
T  can regulate mammary carcinogenesis by mainly activating its non-genomic signaling
pathway and by interacting with other hormone or growth factor pathways endorsing that
overdoses of thyroid replacement therapy with T4 can increase the risk of breast cancer.

Keywords

Thyroxine; TRβ1; αvβ3 integrin; HER2; β-catenin; Breast cancer
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GENE THERAPY: NOW & THE FUTURE

What is gene therapy?

1. A normal gene inserted to compensate for a non-functional gene
2. An abnormal gene replaced by a normal gene
3. An abnormal gene repaired through selective repair
4. Simply, change the regulation of expression of a gene 

What is needed for successful gene therapy?

1. To know exactly what the molecular defect is
2. A molecule that will fix somehow the defect (by inserting itself, or 

blocking the defective one etc) 
3. A way to deliver the molecule to the patient cells 

ΓΟΝΙΔΙΑΚΉ ΘΕΡΑΠΕΊΑ: ΠΑΡΌΝ - ΜΈΛΛΟΝ | ΚΏΣΤΑΣ ΣΤΡΑΤΆΚΗΣ

• Several viral vectors and
non-viral gene delivery
methods have been developed
and found their applications in
gene therapy.

• There are mainly five viral
vectors: Adenovirus (AV),
Adeno-Associated Virus
(AAV), Lentivirus (LV), Retrovir
us (RV), and Herpes
Viruses (HSV).

• Non-viral gene delivery
methods could be liposomes,
polymers or dendrimers, and
even cell-penetrating methods

VIRAL VECTORS

NON-VIRAL WAYS OF DELIVERY
1. Liposomes

1. DNA-polymer conjugates
2. Naked DNA

2.   DNA-polymer conjugates

3.   Naked DNA
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KA High, MG 
Roncarolo. N 
Engl J Med 

2019;381:455

Ex Vivo 
Delivery of 

Gene
Therapy.
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KA High, MG 
Roncarolo. N Engl
J Med 2019;381:455

In Vivo Delivery 
of Gene Therapy.

Potential and Observed Complications of Gene Therapy

KA High, MG Roncarolo. N Engl J Med 2019;381:455
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In 2020, Lu et al. delivered the first clustered regularly
interspaced short palindromic repeats (CRISPR)-edited T
cell therapy for patients with refractory non-small-cell lung
cancer. This is a milestone that marks an upgrade to the
next generation of gene therapy. Gene therapy is an
emerging experimental treatment that delivers functional
genes into the human body and may be applicable to a
wide range of diseases, with the first approved human
gene therapy trial conducted by Rosenberg et al. in 1989,
using retroviral vectors to deliver the gene coding for
resistance to neomycin to patients with advanced
melanoma (Rosenberg et al., 1990).

Gene therapies faced severe setbacks in 1990–2002, but
the resurgent interest in offering gene therapy-based
treatments from 2015 is one of the most defining
pharmaceutical industry developments.

It is expected to have far-reaching implications on curing
dangerous diseases in the future and benefit both clinical
trials and the pharmaceutical industry immensely.

ΓΟΝΙΔΙΑΚΉ ΘΕΡΑΠΕΊΑ: ΠΑΡΌΝ - ΜΈΛΛΟΝ | ΚΏΣΤΑΣ ΣΤΡΑΤΆΚΗΣ

Patents in 
gene therapy



282 283ΕΝΔΟΚΡΙΝΟΛΟΓΙΑ - ΔΙΑΒΗΤΟΛΟΓΙΑ - ΜΕΤΑΒΟΛΙΣΜΟΣ ΕΝΔΟΚΡΙΝΟΛΟΓΙΑ - ΔΙΑΒΗΤΟΛΟΓΙΑ - ΜΕΤΑΒΟΛΙΣΜΟΣ

ΓΟΝΙΔΙΑΚΉ ΘΕΡΑΠΕΊΑ: ΠΑΡΌΝ - ΜΈΛΛΟΝ | ΚΏΣΤΑΣ ΣΤΡΑΤΆΚΗΣ ΓΟΝΙΔΙΑΚΉ ΘΕΡΑΠΕΊΑ: ΠΑΡΌΝ - ΜΈΛΛΟΝ | ΚΏΣΤΑΣ ΣΤΡΑΤΆΚΗΣ



284 285ΕΝΔΟΚΡΙΝΟΛΟΓΙΑ - ΔΙΑΒΗΤΟΛΟΓΙΑ - ΜΕΤΑΒΟΛΙΣΜΟΣ ΕΝΔΟΚΡΙΝΟΛΟΓΙΑ - ΔΙΑΒΗΤΟΛΟΓΙΑ - ΜΕΤΑΒΟΛΙΣΜΟΣ

ΓΟΝΙΔΙΑΚΉ ΘΕΡΑΠΕΊΑ: ΠΑΡΌΝ - ΜΈΛΛΟΝ | ΚΏΣΤΑΣ ΣΤΡΑΤΆΚΗΣ

Commonly Altered Epigenetic 
Regulatory Proteins Implicated in 

Cancer.

SE Bates. N Engl J Med 2020;383:650-663.

Clinical Images Obtained before and after Treatment with Romidepsin in a 
Patient with Cutaneous T-Cell Lymphoma (CTCL).

SE Bates. N Engl J Med 
2020;383:650-663.

ΓΟΝΙΔΙΑΚΉ ΘΕΡΑΠΕΊΑ: ΠΑΡΌΝ - ΜΈΛΛΟΝ | ΚΏΣΤΑΣ ΣΤΡΑΤΆΚΗΣ

Epigenetic Regulators under Investigation or Approved by the Food and 
Drug Administration (FDA), According to Protein Family.

FD Urnov. N Engl J Med 2020;382:481-484.
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Neuronal Ceroid 
Lipofuscinosis
Gene Therapy

J Kim et al. N Engl J Med 
2019;381:1644-1652
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Antisense 
Oligonucleotide 

Drug Development

J Kim et al. N Engl J Med 
2019;381:1644-1652

Neuronal Ceroid 
Lipofuscinosis
Gene Therapy

Antisense 
Oligonucleotide 

Drug Development

J Kim et al. N Engl J Med 
2019;381:1644-1652

Neuronal Ceroid 
Lipofuscinosis
Gene Therapy
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First sickle cell patient treated with CRISPR gene-editing still thriving

https://www.npr.org/sections/health-
shots/2021/12/31/1067400512/first-sickle-cell-patient-
treated-with-crispr-gene-editing-still-
thriving?t=1643720490885

December 31, 20215:05 AM ET For more than a year, Victoria Gray's life had been
transformed. Gone were the sudden attacks of horrible
pain that had tortured her all her life. Gone was the
devastating fatigue that had left her helpless to care for
herself or her kids. Gone were the nightmarish nights in
the emergency room getting blood transfusions and
powerful pain medication.

But would the experimental treatment she got to
genetically modify her blood cells keep working, and
leave her free from the complications of sickle cell
disease that had plagued her since she was a baby?

More than another year later, the answer appears to be:
Yes. "I'm doing great," Gray, now 36, said -
"I haven't any problems with sickle cell at all. I did get a
cold about a week ago," she says with a nervous chuckle.
Victoria's so traumatized by a life of sickle cell: a simple
cold had been one of many things that could trigger a
terrible attack of the painful symptoms of the disease.

ΓΟΝΙΔΙΑΚΉ ΘΕΡΑΠΕΊΑ: ΠΑΡΌΝ - ΜΈΛΛΟΝ | ΚΏΣΤΑΣ ΣΤΡΑΤΆΚΗΣ
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Advances in transplantation 

-

note the acceleration of pace 
recently
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CONCLUDING 
STATEMENTS

Gene therapy is now mature enough to be 
tried in several diseases

Technology has led to many new applications 
beyond the classic gene replacement one

There is convergence of gene therapy 
technology and tissue regeneration

The transplantation field will soon be 
completely transformed due to gene therapy

ΓΟΝΙΔΙΑΚΉ ΘΕΡΑΠΕΊΑ: ΠΑΡΌΝ - ΜΈΛΛΟΝ | ΚΏΣΤΑΣ ΣΤΡΑΤΆΚΗΣ
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Gene therapy and other novel therapies: 
the future is here!

• Infrastructure?
• Knowledgeable staff; training?
• Complications that may lead to new diseases

Challenges faced by the medical systems: 

ΕΥΧΑΡΙΣΤΩ!
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ΕΝΔΟΚΡΙΝΟΛΟΓΙΑ

ΜΕΤΑΒΟΛΙΣΜΟΣ

ΔΙΑΒΗΤΟΛΟΓΙΑ

www.synedra.gr
Facebook: Synedra
Υπεύθυνος επικοινωνίας: Δήμητρα Αλεξοπούλου
Τηλέφωνο επικοινωνίας: 2611 100 410

Διοργάνωση

Αιγίδα

www.endorama.gr
Facebook: Endorama Congress

Γραμματεία
Συνεδρίου
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