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BACKGROUND
Childhood cardiovascular risk factors predict subclinical adult cardiovascular dis-
ease, but links to clinical events are unclear.

METHODS
In a prospective cohort study involving participants in the International Childhood 
Cardiovascular Cohort (i3C) Consortium, we evaluated whether childhood risk factors 
(at the ages of 3 to 19 years) were associated with cardiovascular events in adulthood 
after a mean follow-up of 35 years. Body-mass index, systolic blood pressure, total 
cholesterol level, triglyceride level, and youth smoking were analyzed with the use of 
i3C-derived age- and sex-specific z scores and with a combined-risk z score that was 
calculated as the unweighted mean of the five risk z scores. An algebraically compa-
rable adult combined-risk z score (before any cardiovascular event) was analyzed 
jointly with the childhood risk factors. Study outcomes were fatal cardiovascular 
events and fatal or nonfatal cardiovascular events, and analyses were performed after 
multiple imputation with the use of proportional-hazards regression.

RESULTS
In the analysis of 319 fatal cardiovascular events that occurred among 38,589 par-
ticipants (49.7% male and 15.0% Black; mean [±SD] age at childhood visits, 11.8±3.1 
years), the hazard ratios for a fatal cardiovascular event in adulthood ranged from 
1.30 (95% confidence interval [CI], 1.14 to 1.47) per unit increase in the z score for 
total cholesterol level to 1.61 (95% CI, 1.21 to 2.13) for youth smoking (yes vs. no). 
The hazard ratio for a fatal cardiovascular event with respect to the combined-risk 
z score was 2.71 (95% CI, 2.23 to 3.29) per unit increase. The hazard ratios and their 
95% confidence intervals in the analyses of fatal cardiovascular events were similar 
to those in the analyses of 779 fatal or nonfatal cardiovascular events that occurred 
among 20,656 participants who could be evaluated for this outcome. In the analysis 
of 115 fatal cardiovascular events that occurred in a subgroup of 13,401 participants 
(31.0±5.6 years of age at the adult measurement) who had data on adult risk factors, 
the adjusted hazard ratio with respect to the childhood combined-risk z score was 
3.54 (95% CI, 2.57 to 4.87) per unit increase, and the mutually adjusted hazard ratio 
with respect to the change in the combined-risk z score from childhood to adult-
hood was 2.88 (95% CI, 2.06 to 4.05) per unit increase. The results were similar in 
the analysis of 524 fatal or nonfatal cardiovascular events.

CONCLUSIONS
In this prospective cohort study, childhood risk factors and the change in the 
combined-risk z score between childhood and adulthood were associated with 
cardiovascular events in midlife. (Funded by the National Institutes of Health.)
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ABSTRACT 16 

Context: Central precocious puberty (CPP) can have a familial form in one quarter of the 17 

children. The recognition of this inherited condition increased after the identification of 18 

autosomal dominant CPP with paternal transmission caused by mutations in the MKRN3 19 

and DLK1 genes.  20 

Objectives: To characterize the inheritance and estimate the prevalence of familial CPP in 21 

a large multiethnic cohort. To compare clinical and hormonal features, as well as treatment 22 
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Greetings

You have in your hands, or at your fingertips, the first edition of the
American Academy of Pediatrics clinical practice guideline for evaluation and
management of children and adolescents with overweight and obesity.
Putting together this guideline was no small task, and the Academy is
grateful to the efforts of all the professionals who contributed to the
production of this document. This work is a true testament to their passion
and dedication to combatting childhood and adolescent overweight and
obesity.

The Subcommittee responsible for developing this guideline comprises a
diverse group of professionals from a variety of disciplines representing both
governmental entities and private institutions. Experts all, they are united by
a common desire to provide the finest, most effective care and treatment to
children and adolescents with overweight and obesity. Over the course of
several months, the members of the Subcommittee reviewed the technical
reports produced from the study review, then worked in concert to develop
the Key Action Statements and Expert Consensus Recommendations
contained within this guideline. These were crafted with meticulous care by
the Subcommittee members, to align with current literature and to place
appropriate emphasis on each statement.

While representing such a broad spectrum of perspectives, the members of
this committee are all keenly aware of the multitude of barriers to treatment
that patients and their families face. These barriers impact not only their
access to treatment, but their ability to follow prescribed treatment plans.
Whereas some patients are able to adopt the lifestyle changes and
habitualize elements of their prescribed treatment plans, so many others
struggle to do so for a wide variety of reasons. The members of the
Subcommittee understand all of this. To assist with optimizing health equity
and overcoming these barriers, guidance on a number of multilevel factors
related to barriers to treatment have been included in this guideline. During
the course of their work, members of the Subcommittee acknowledged that,
although so much has been learned to advance the treatment of children and
adolescents with overweight and obesity, there is still so much we have yet

aChildren’s Mercy Kansas City Center for Children’s Healthy Lifestyles &
Nutrition, University of Missouri-Kansas City School of Medicine, Kansas
City, Missouri; bMedical Director, American Academy of Pediatrics,
Institute for Healthy Childhood Weight, Wilmington, Delaware;
cDepartment of Population Health Sciences, Duke University School of
Medicine, Durham, North Carolina; dDepartments of Pediatrics and
Population Health Sciences, Duke Clinical Research Institute, Duke
University, Durham, North Carolina; eDepartment of Pediatrics, University
of Texas Southwestern Medical Center, Children’s Medical Center of Dallas,
Dallas, Texas; fDepartment of Pediatrics, University of Cincinnati College of
Medicine, Cincinnati, Ohio; gChildren’s Health Policy & Advocacy, Ascension;
Department of Pediatrics, Dell Medical School at The University of Texas at
Austin, Austin, Texas; hDepartment of Pediatrics, The Ohio State
University, Center for Healthy Weight and Nutrition, Nationwide
Children’s Hospital, Columbus, Ohio; iCenters for Disease Control and
Prevention; Atlanta, Georgia; jDivision of Pediatric Emergency Medicine,
Department of Emergency Medicine, University of Florida College of
Medicine–Jacksonville, University of Florida Health Sciences
Center–Jacksonville, Jacksonville, Florida; kFamily Representative;
lDepartments of Pediatrics and Biostatistics & Health Data Science,
Indiana University School of Medicine, Indianapolis, Indiana;
mDepartment of Pediatric Surgery, The Ohio State University, College of Medicine,
Nationwide Children’s Hospital, Columbus, Ohio; nChildren’s National Hospital,
George Washington University, Washington, DC; oDepartment of
Pediatrics, University of Arkansas for Medical Sciences, Arkansas
Children’s Hospital, Little Rock, Arkansas; pDepartment of Pediatrics,
Yale School of Medicine, New Haven, Connecticut; qLouisiana State
University Pennington Biomedical Research Center, Baton Rouge,
Louisiana; rDepartment of Pediatrics, University of Oklahoma Health
Sciences Center, Oklahoma City, Oklahoma; sMedical Writer/Consultant,
Washington, DC; tAmerican Academy of Pediatrics, Itasca, Illinois; and
uAmerican Academy of Pediatrics, Itasca, Illinois

This document is copyrighted and is property of the American
Academy of Pediatrics and its Board of Directors. All authors have

To cite: Hampl SE, Hassink SG, Skinner AC, et al. Clinical
Practice Guideline for the Evaluation and Treatment of
Children and Adolescents With Obesity. Pediatrics. 2023;151(2):
e2022060640

PEDIATRICS Volume 151, number 2, February 2023:e2022060640 FROM THE AMERICAN ACADEMY OF PEDIATRICS
Downloaded from http://publications.aap.org/pediatrics/article-pdf/doi/10.1542/peds.2022-060640/1434423/peds_2022060640.pdf
by National Institutes of Health user
on 09 January 20233 

response to GnRH analogs (GnRHa), in children with distinct modes of transmission. To 1 

investigate the genetic basis of familial CPP.  2 

Methods: We retrospectively studied 586 children with diagnosis of CPP. Patients with 3 

familial CPP (n=276) were selected for clinical and genetic analysis. Data from previous 4 

studies were grouped, encompassing sequencing of MKRN3 and DLK1 genes in 204 5 

patients. Large-scale parallel sequencing was performed in 48 individuals from 34 families. 6 

Results: The prevalence of familial CPP was estimated in 22%, with a similar frequency of 7 

maternal and paternal transmission. Pedigree analyses of families with maternal 8 

transmission suggested an autosomal dominant inheritance. Clinical and hormonal 9 

features, as well as treatment response to GnRHa, were similar among patients with 10 

different forms of transmission of familial CPP. MKRN3 loss-of-function mutations were the 11 

most prevalent cause of familial CPP, followed by DLK1 loss-of-function mutations, 12 

affecting, respectively, 22% and 4% of the studied families; both affecting exclusively 13 

families with paternal transmission. Rare variants of uncertain significance were identified 14 

in CPP families with maternal transmission.   15 

Conclusions: We demonstrated a similar prevalence of familial CPP with maternal and 16 

paternal transmission. MKRN3 and DLK1 loss-of-function mutations were the major 17 

causes of familial CPP with paternal transmission. 18 

  INTRODUCTION 19 

Central precocious puberty (CPP) results from the premature reactivation of the 20 

hypothalamic-pituitary-gonadal axis, clinically manifested as the development of secondary 21 

sexual characteristics before the age of 8 years in girls and 9 years in boys (1). Familial 22 

CPP can be defined by diagnosis or clinical history of early sexual development in more 23 

than one family member of first-, second- or third-degree of a confirmed CPP case (2).  24 
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Abstract

Objectives: To study total growth, rate of bone matura-
tion, and menarche after discontinuation of Gonadotropin
releasing hormone agonist (GnRHa) treatment for central
precocious puberty (CPP).
Methods: Twenty girls with CPP on treatment with GnRHa
were followed from discontinuation of treatment to final
height (FH). Height, height velocity (HV), and bone age
were measured every 6 months. Age at menarche was
collected.
Results: Once treatment is discontinued, rate of bone
maturation (bone age [BA]/chronological [CA]) acceler-
ated from 0.7 ± 0.3 at end of treatment to 1.2 ± 0.8 post
treatment, similar to BA/CA prior to treatment. BA at
treatment discontinuation ranged from 11–14 years. On
average, treatment was stopped when CA was within
9 months of BA. All girls continued to grow from end of
treatment to menarche averaging an increase of
4.7 ± 3.7 cm, with HV 3.2 ± 2.0 cm/year. Post-menarche
they grew an additional 4.6 ± 2.1 cm, with HV 2.4 ± 1.9 cm/
year. Acceleration of HV was not seen post treatment. The
younger the BA at initiation or completion of treatment,
the longer time to menarche. No one had menarche prior
to a BA of 12.5 year.
Conclusions: A pubertal growth spurt does not usually
occur after treatment with GnRHa in girls with CPP. Rate of
bone maturation accelerates post treatment. These factors
are important in assessing optimal height outcome and

decisions regarding cessation of treatment. This study will
help clinicians give patients and families better estimates
of growth and onset of menarche post treatment.

Keywords: growth; leuprolide; LH; menarche; menses;
precocious puberty.

Introduction

Gonadotropin releasing hormone agonist (GnRHa) treat-
ment is standard of care for central precocious puberty
(CPP) [1–4]. The treatment slows or halts pubertal pro-
gression, slows the rate of bone maturation, suppresses
gonadotropins, and usually decreases height velocity
(HV) to normal pre-pubertal levels. Predicted adult height
(PAH) continues to improve while on treatment, and then
slowly decreases post treatment as rapid bonematuration
resumes.

The decision regarding when to stop treatment needs
to be individualized [5] and is based on multiple factors.
These include the child reaching an appropriate age for
mid-puberty to resume and a PAH reasonable for genetic
potential, with caution that PAH may decrease once
treatment is discontinued [6]. After discontinuation of
GnRHa, the pubertal growth spurt typically does not
resume, however growth will continue at a slower velocity
until cessation of growth. This emphasizes the importance
of not stopping treatment prematurely, as the remaining
growth may be minimal. There are limited studies of
growth and HV after discontinuation of GnRHa, especially
as related to onset of menses [7]. We studied rate of bone
maturation and growth after GnRHa treatment was
stopped. We hypothesized that HV will not accelerate after
treatment is discontinued, and rate of bone maturation
will accelerate. These results are helpful to parents antic-
ipating pubertal development, growth and menses post
treatment, and provide important information for the
physician when deciding how long to continue GnRHa
treatment based on anticipated growth and menarche post
treatment.
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McCune-Albright Syndrome: Prevalence,
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ABSTRACT
Fibrous dysplasia/McCune-Albright syndrome (FD/MAS) is a rare bone and endocrine disorder arising along a broad spectrum. Long-bone
fractures are a common, painful, and potentially disabling complication. However, fracture prevalence and risk factors have not been well-
established,making it difficult topredictwhichpatients areat risk for a severe course. Clinical and imagingdatawere reviewed fromtwo large,
well-phenotyped cohorts (National Institutes of Health [NIH] in the United States and the Leiden University Medical Center [LUMC] in the
Netherlands) to identify long-bone fractures at FD sites. Skeletal burden scorewas quantified using bone scintigraphy. Multiple linear regres-
sionswere performed to identify clinical associationswith fractures. A total of 419patientswere included (186NIH, 233 LUMC); 194 (46%) had
MAS endocrinopathies. Median age at last follow-upwas 30.2 years (range 3.2–84.6, interquartile range [IQR] 25.5), andmedian skeletal bur-
den score was 16.6 (range 0–75, IQR 33). A total of 48 (59%) patients suffered one or more lifetime fracture (median 1, range 0–70, IQR 4).
Median age at first fracturewas 8 years (range 1–76, IQR 10). Fracture rates peaked between 6 and 10 years of age and decreased thereafter.
Lifetime fracture rate was associated with skeletal burden score (β= 0.40, p < 0.01) and MAS hyperthyroidism (β= 0.22, p= 0.01). Younger
age at first fracture was associatedwith skeletal burden score (β=�0.26, p= 0.01) andmale sex (β=�0.23, p= 0.01). Both skeletal burden
score>25andageatfirst fracture≤7 yearswereassociatedwithahigher totalnumberof lifetime fractures (median4, range1–70, IQR5versus
median 1, range 1–13, IQR 1) (p < 0.01). In conclusion, higher skeletal burden score andMAS hyperthyroidism are associatedwith long-bone
fractures in FD/MAS. Both skeletal burden score≥25 and age atfirst fracture≤7 years are associatedwith a higher lifetime long-bone fracture
risk andmaypredict amore severe clinical course. These resultsmayallowclinicians to identify FD/MASpatients at risk for severediseasewho
maybe candidates for early therapeutic interventions. © 2021American Society for Bone andMineral Research (ASBMR). This article has been
contributed to by US Government employees and their work is in the public domain in the USA.

KEY WORDS: DISEASES AND DISORDERS OF/RELATED TO BONE; OTHER

Introduction

Fibrous dysplasia/McCune-Albright syndrome (FD/MAS) is a
rare, mosaic disorder with a broad and complex spectrum.(1)

Disease may involve any part of the skeleton and may be associ-
ated with extraskeletal manifestations, including skin hyperpig-
mentation and hyperfunctioning endocrinopathies.(2,3) FD/MAS
arises due to postzygotic mutations in GNAS, leading to Gαs acti-
vation and inappropriate production of intracellular cyclic aden-
osine monophosphate (AMP).(4) In bone, this results in impaired

differentiation of skeletal progenitor cells, forming discrete,
expansile fibrotic lesions.(4) Skeletal disease becomes apparent
in the first few years of life, progresses during childhood and ado-
lescence, and reaches final disease burden in early adulthood.(5)

Patients present along a broad spectrum, ranging from trivial dis-
ease affecting one or a few bones, to severe disease affecting
nearly the entire skeleton.

Fractures are a painful and potentially disabling complication
of FD. They occur most commonly in childhood and may be the
presenting sign.(3,4) Recurrent fractures can lead to progressive

Received in original form May 20, 2021; revised form October 4, 2021; accepted October 7, 2021.
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Phentermine/Topiramate for the Treatment of
Adolescent Obesity
Aaron S. Kelly, Ph.D.,1 Megan O. Bensignor, M.D.,1 Daniel S. Hsia, M.D.,2 Ashley H. Shoemaker, M.D.,3 Winnie Shih,4

Craig Peterson, M.S.,4 and Santosh T. Varghese, M.D.,4 for the Trial Investigators*

Abstract
BACKGROUND Antiobesity medication may be useful for the treatment of pediatric obe-

sity, yet few safe and effective options exist. We evaluated phentermine/topiramate

(PHEN/TPM) for weight management in adolescents with obesity.

METHODS This 56-week, randomized, double-blind trial enrolled adolescents 12 to less

than 17 years of age with obesity. Participants were randomly assigned 1:1:2 to receive

either placebo (n556), mid-dose PHEN/TPM (7.5 mg/46 mg; n554), or top-dose PHEN/

TPM (15mg/92 mg; n5113), respectively. All participants received lifestyle therapy. The

primary end point was mean percent change in body-mass index (BMI) from randomiza-

tion to week 56.

RESULTS Participants had a mean (–SD) age of 14.0–1.4 years and a mean (–SD) BMI of

37.8–7.1 kg/m2; 54.3% were female. The primary end point of percent change in BMI at

week 56 showed differences from placebo of 210.44 percentage points (95% CI, 213.89

to 26.99; P,0.001) and 28.11 percentage points (95% CI, 211.92 to 24.31; P,0.001)

for the top and mid doses of PHEN/TPM, respectively. Differences from placebo in per-

cent change in triglycerides nominally favored PHEN/TPM (mid dose, 221%; 95% CI,

240 to 22; and top dose, 221%; 95% CI, 238 to 24), as did differences in percent

change in high-density lipoprotein cholesterol (HDL-C) (mid dose, 10%; 95% CI, 3 to 18;

and top dose, 9%; 95% CI, 2 to 15). The incidence of participants reporting at least one

adverse event was 51.8%, 37.0%, and 52.2% in the placebo, mid-dose, and top-dose

groups, respectively. Serious adverse events were reported for two participants in the top-

dose group.

CONCLUSIONS PHEN/TPM at both the mid and top doses offered a statistically signifi-

cant reduction in BMI and favorably impacted triglyceride and HDL-C levels in adoles-

cents with obesity. (Funded by VIVUS LLC, with project support provided by Covance

LLC; ClinicalTrials.gov number, NCT03922945.)

*A complete list of investigators is
provided in the Supplementary
Appendix, available at evidence.
nejm.org.
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BACKGROUND
A once-weekly, 2.4-mg dose of subcutaneous semaglutide, a glucagon-like peptide-1 
receptor agonist, is used to treat obesity in adults, but assessment of the drug in 
adolescents has been lacking.

METHODS
In this double-blind, parallel-group, randomized, placebo-controlled trial, we enrolled 
adolescents (12 to <18 years of age) with obesity (a body-mass index [BMI] in the 
95th percentile or higher) or with overweight (a BMI in the 85th percentile or higher) 
and at least one weight-related coexisting condition. Participants were randomly as-
signed in a 2:1 ratio to receive once-weekly subcutaneous semaglutide (at a dose of 
2.4 mg) or placebo for 68 weeks, plus lifestyle intervention. The primary end point 
was the percentage change in BMI from baseline to week 68; the secondary con-
firmatory end point was weight loss of at least 5% at week 68.

RESULTS
A total of 201 participants underwent randomization, and 180 (90%) completed 
treatment. All but one of the participants had obesity. The mean change in BMI 
from baseline to week 68 was −16.1% with semaglutide and 0.6% with placebo 
(estimated difference, −16.7 percentage points; 95% confidence interval [CI], −20.3 
to −13.2; P<0.001). At week 68, a total of 95 of 131 participants (73%) in the sema-
glutide group had weight loss of 5% or more, as compared with 11 of 62 partici-
pants (18%) in the placebo group (estimated odds ratio, 14.0; 95% CI, 6.3 to 31.0; 
P<0.001). Reductions in body weight and improvement with respect to cardiometa-
bolic risk factors (waist circumference and levels of glycated hemoglobin, lipids 
[except high-density lipoprotein cholesterol], and alanine aminotransferase) were 
greater with semaglutide than with placebo. The incidence of gastrointestinal ad-
verse events was greater with semaglutide than with placebo (62% vs. 42%). Five 
participants (4%) in the semaglutide group and no participants in the placebo 
group had cholelithiasis. Serious adverse events were reported in 15 of 133 partici-
pants (11%) in the semaglutide group and in 6 of 67 participants (9%) in the 
placebo group.

CONCLUSIONS
Among adolescents with obesity, once-weekly treatment with a 2.4-mg dose of sema-
glutide plus lifestyle intervention resulted in a greater reduction in BMI than lifestyle 
intervention alone. (Funded by Novo Nordisk; STEP TEENS ClinicalTrials.gov 
number, NCT04102189.)
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Safety and Efficacy of Lonapegsomatropin in Children With 
Growth Hormone Deficiency: enliGHten Trial 2-Year Results
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Abstract
Purpose: The objectives of the ongoing, Phase 3, open-label extension trial enliGHten are to assess the long-term safety and efficacy of weekly 
administered long-acting growth hormone lonapegsomatropin in children with growth hormone deficiency.
Methods: Eligible subjects completing a prior Phase 3 lonapegsomatropin parent trial (heiGHt or fliGHt) were invited to participate. All subjects 
were treated with lonapegsomatropin. Subjects in the United States switched to the TransCon hGH Auto-Injector when available. Endpoints 
were long-term safety, annualized height velocity, pharmacodynamics [insulin-like growth factor-1 SD score (SDS) values], and patient- and 
caregiver-reported assessments of convenience and tolerability.
Results: Lonapegsomatropin treatment during enliGHten was associated with continued improvements in height SDS through week 104 in 
treatment-naïve subjects from the heiGHt trial (−2.89 to −1.37 for the lonapegsomatropin group; −3.0 to −1.52 for the daily somatropin group). 
Height SDS also continued to improve among switch subjects from the fliGHt trial (−1.42 at fliGHt baseline to −0.69 at week 78). After 104 
weeks, the average bone age/chronological age ratio for each treatment group was 0.8 (0.1), showing only minimal advancement of bone age 
relative to chronological age with continued lonapegsomatropin treatment among heiGHt subjects. Fewer local tolerability reactions were re-
ported with the TransCon hGH Auto-Injector compared with syringe/needle.
Conclusions: Treatment with lonapegsomatropin continued to be safe and well-tolerated, with no new safety signals identified. Children treated 
with once-weekly lonapegsomatropin showed continued improvement of height SDS through the second year of therapy without excess ad-
vancement of bone age.
Key Words: growth hormone, growth hormone deficiency, growth hormone replacement therapy, long-acting growth hormone, TransCon hGH, 
lonapegsomatropin

Growth hormone deficiency (GHD), characterized by insuffi-
cient levels of GH to sustain normal growth and metabolism, 
has been treated for decades with recombinant human GH 
(rhGH) (1). For more than 35 years after its advent, rhGH 
therapy for children with GHD had remained available only 
as a daily injection formulation. The necessary regimen of 
daily injections, which may be painful as well as stressful and 

cumbersome for children and caregivers, is a probable cause 
of nonadherence and decreased compliance, both of which 
have been linked to suboptimal height outcomes (2, 3). Up 
to 77% of adolescents with GHD may be noncompliant with 
daily injections (4). There is an unmet need for a less burden-
some GH therapeutic that offers a combination of efficacy 
and safety comparable to daily-administered hGH.
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Safe and persistent growth-promoting effects of vosoritide
in children with achondroplasia: 2-year results from
an open-label, phase 3 extension study
Ravi Savarirayan 1✉, Louise Tofts2, Melita Irving3, William R. Wilcox4, Carlos A. Bacino5, Julie Hoover-Fong6, Rosendo Ullot Font7,
Paul Harmatz8, Frank Rutsch9, Michael B. Bober10, Lynda E. Polgreen11, Ignacio Ginebreda12, Klaus Mohnike13, Joel Charrow14,
Daniel Hoernschemeyer15, Keiichi Ozono16, Yasemin Alanay17, Paul Arundel18, Yumiko Kotani19, Natsuo Yasui19, Klane K. White20,
Howard M. Saal21, Antonio Leiva-Gea22, Felipe Luna-González22, Hiroshi Mochizuki23, Donald Basel24, Dania M. Porco25, Kala Jayaram25,
Elena Fisheleva26, Alice Huntsman-Labed26 and Jonathan R. S. Day26

PURPOSE: Achondroplasia is caused by pathogenic variants in the fibroblast growth factor receptor 3 gene that lead to impaired
endochondral ossification. Vosoritide, an analog of C-type natriuretic peptide, stimulates endochondral bone growth and is in
development for the treatment of achondroplasia. This phase 3 extension study was conducted to document the efficacy and
safety of continuous, daily vosoritide treatment in children with achondroplasia, and the two-year results are reported.
METHODS: After completing at least six months of a baseline observational growth study, and 52 weeks in a double-blind, placebo-
controlled study, participants were eligible to continue treatment in an open-label extension study, where all participants received
vosoritide at a dose of 15.0 μg/kg/day.
RESULTS: In children randomized to vosoritide, annualized growth velocity increased from 4.26 cm/year at baseline to 5.39 cm/year
at 52 weeks and 5.52 cm/year at week 104. In children who crossed over from placebo to vosoritide in the extension study,
annualized growth velocity increased from 3.81 cm/year at week 52 to 5.43 cm/year at week 104. No new adverse effects of
vosoritide were detected.
CONCLUSION: Vosoritide treatment has safe and persistent growth-promoting effects in children with achondroplasia treated daily
for two years.

Genetics in Medicine (2021) 23:2443–2447; https://doi.org/10.1038/s41436-021-01287-7

INTRODUCTION
Achondroplasia is the most common form of disporportionate
short stature in humans, caused by a common pathogenic
variant in the fibroblast growth factor receptor 3 gene that
confers a gain of function [1, 2]. People with achondroplasia
experience significant medical and functional complications
over their lifespan [2]. There are currently no approved precision
therapies that target the underlying molecular etiology of this
condition. Vosoritide, a modified C-type natriuretic peptide,
stimulates endochondral ossification and is in clinical develop-
ment to evaluate its safety and efficacy for the treatment of
individuals with achondroplasia [3–5].
Studies in achondroplasia mouse models showed that sub-

cutaneous administration of vosoritide increased long-bone and
craniofacial growth [3, 4]. These data led to a growth study
(to establish baseline growth over at least 6 months) and a

phase 2, open-label study in children aged 5 to <14 years with
achondroplasia [5]. The safety and efficacy data from this study
supported further clinical development of vosoritide at a dose of
15.0-μg-per-kilogram-per-day in children with achondroplasia in
pivotal, randomized controlled studies. This phase 3 study was a
52-week, randomized, double-blind, placebo-controlled design,
and conducted in 121 children with achondroplasia aged 5 to <18
years. Eligible children were randomized 1:1 to treatment with
vosoritide or an identical matching placebo [6]. The mean
difference in annualized growth velocity between participants in
the vosoritide group and placebo group was 1.57 cm per year in
favor of vosoritide (95% CI: [1.22, 1.93], two-sided p value <0.0001)
[6]. In total, 119 participants experienced at least one adverse
event; 59 in the vosoritide group (98.3%), and 60 in the placebo
group (98.4%) [6].
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Abstract

Objectives: It is important to understand what variables
influence change in predicted adult height (PAH)
throughout GnRHa treatment for central precocious
puberty (CPP) to individualize treatment decisions and
optimize care.
Methods: Changes in PAH, chronological age (CA), bone
age (BA), BA/CA, and height velocity (HV) were evaluated
in girls with CPP throughout treatment with leuprolide
acetate (n=77). A second analysis focused on changes in
the 3 years preceding the first observed BA of ≥12 years.
Relationships were characterized using plot inspection
and linear mixed-effects analyses. Association between
treatment duration and last assessed PAH was examined
using multiple linear regression models.
Results: BA/CA and HV showed a nonlinear change dur-
ing treatment, with the largest changes and improvement
in PAH observed in the first 6–18 months. Rate of BA
advancement tended to decrease more slowly in girls
initiating treatment at a younger BA. On-treatment change

in PAH was predicted by concurrent BA/CA change, HV,
and BA, as well as CA at treatment initiation. Last assessed
PAH was positively associated with longer treatment
durations (primary/exploratory models cut-offs of ≥33/
≥55 months).
Conclusions: These findings support individualized moni-
toring during GnRHa treatment. Initial response should be
interpreted with caution until 6–18 months after treatment
initiation and failure should not be assumed based on
continued bone maturation in girls starting therapy at a
younger age. Treatment cessation should not be automati-
cally based on a diminishing change in PAH or HV, as
ongoing treatment may result in continued increase or
maintenance of PAH.

Keywords: bone age; central precocious puberty; duration
of therapy; height velocity; leuprolide; predicted adult
height.

Introduction

Gonadotropin-releasing hormone agonist (GnRHa) therapy
is the standard of care for treatment of central precocious
puberty (CPP). One goal of GnRHa therapy is to slow the
rate of bone maturation while maintaining an adequate
height velocity (HV) in order to maximize the impact on
adult height (AH) [1, 2]. Decisions to discontinue GnRHa
therapy have commonly been based on predetermined
single-variable factors, such as bone age (BA) of >12 years,
chronological age (CA) of >10 years, or slower HV,
assuming additional height benefit is not anticipated
[1, 3–7]. Because many factors contribute to height out-
comes and further height gain has been reported with
continued treatment beyond these single-variable cutoffs,
no single factor should be used as the basis for deciding to
discontinue GnRHa treatment [1, 8]. Prior research
informing these decisions focused on change in predicted
AH (PAH) from the start to end of treatment and compared
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Abstract
Introduction: The phase 3 fliGHt Trial evaluated the safety and 
tolerability of once-weekly lonapegsomatropin, a long-acting 
prodrug, in children with growth hormone deficiency (GHD) 
who switched from daily somatropin therapy to lonapegsoma-
tropin. Methods: This multicenter, open-label, 26-week phase 3 
trial took place at 28 sites across 4 countries (Australia, Canada, 
New Zealand, and the USA). The trial enrolled 146 children with 
GHD, 143 of which were previously treated with daily somatro-
pin. All subjects received once-weekly lonapegsomatropin 0.24 
mg human growth hormone/kg/week. The primary outcome 
measure was safety and tolerability of lonapegsomatropin over 
26 weeks. Secondary outcome measures assessed annualized 
height velocity (AHV), height standard deviation score (SDS), 

and IGF-1 SDS at 26 weeks. Results: Subjects had a mean prior 
daily somatropin dose of 0.29 mg/kg/week. Treatment-emer-
gent adverse events (AEs) reported were similar to the pub-
lished AE profile of daily somatropin therapies. After switching 
to lonapegsomatropin, the least-squares mean (LSM) AHV was 
8.7 cm/year (95% CI: 8.2, 9.2) at Week 26 and LSM height SDS 
changed from baseline to Week 26 of +0.25 (95% CI: 0.21, 0.29). 
Among switch subjects, the LSM for average IGF-1 SDS was sus-
tained at Weeks 13 and 26, representing an approximate 0.7 
increase from baseline (prior to switching from daily somatro-
pin therapy). Patient-reported outcomes indicated a preference 
for weekly lonapegsomatropin among both children and their 
parents. Conclusions: Lonapegsomatropin treatment out-
comes were as expected across a range of ages and treatment 
experiences. Switching to lonapegsomatropin resulted in a sim-
ilar AE profile to daily somatropin therapy.
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Abstract 

Context: For children with growth hormone deficiency (GHD), treatment burden with 
daily somatropin injections [human growth hormone (hGH)] is high, which may lead 
to poor adherence and suboptimal overall treatment outcomes. Lonapegsomatropin 
(TransCon hGH) is an investigational long-acting, once-weekly prodrug for the treatment 
of GHD.
Objective: The objective of this study was to evaluate the efficacy and safety of once-
weekly lonapegsomatropin vs daily somatropin.
Design: The heiGHt trial was a randomized, open-label, active-controlled, 52-week Phase 
3 trial (NCT02781727).
Setting: This trial took place at 73 sites across 15 countries.
Patients: This trial enrolled and dosed 161 treatment-naïve, prepubertal patients with 
GHD.
Interventions: Patients were randomized 2:1 to receive lonapegsomatropin 0.24  mg 
hGH/kg/week or an equivalent weekly dose of somatropin delivered daily.
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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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ΥΠΟΦΥΣΗ - ΤΖΟΥΛΗΣ

ABSTRACTS ON GROWTH HORMONE DEFICIENCY

Long-term Safety of Growth Hormone in Adults 
With Growth Hormone Deficiency: Overview of 15,
809 GH-Treated Patients
Gudmundur Johannsson, Philippe Touraine, Ulla Feldt-Rasmussen, Antonio
Pico, Greisa Vila, Anders F Mattsson, Martin Carlsson, Márta
Korbonits, André P van Beek, Michael P Wajnrajch
Roy Gomez, Kevin C J Yuen
The Journal of Clinical Endocrinology & Metabolism
Volume 107, Issue 7, July 2022, Pages 1906–
1919, https://doi.org/10.1210/clinem/dgac199
Published:03 April 2022
Abstract
Context
Data on long-term safety of growth hormone (GH) replacement in adults with 
GH deficiency (GHD) are needed.
Objective
We aimed to evaluate the safety of GH in the full KIMS (Pfizer International 
Metabolic Database) cohort.
Methods
The worldwide, observational KIMS study included adults and adolescents 
with confirmed GHD. Patients were treated with GH (Genotropin [somatropin]; 
Pfizer, NY) and followed through routine clinical practice. Adverse events 
(AEs) and clinical characteristics (eg, lipid profile, glucose) were collected.
Results
A cohort of 15 809 GH-treated patients were analyzed (mean follow-up of 5.3 
years). AEs were reported in 51.2% of patients (treatment-related in 18.8%). 
Crude AE rate was higher in patients who were older, had GHD due to 
pituitary/hypothalamic tumors, or adult-onset GHD. AE rate analysis adjusted 
for age, gender, etiology, and follow-up time showed no correlation with GH 
dose. A total of 606 deaths (3.8%) were reported (146 by neoplasms, 71 by 
cardiac/vascular disorders, 48 by cerebrovascular disorders). Overall, de novo 
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paper produced before the Workshop, (2) five plenary talks, (3) evidence-
based comments from four breakout groups, and (4) discussions during 
report-back sessions. Current evidence reviewed from the proceedings from 
the Workshop does not support an association between GH replacement and 
primary tumour or cancer recurrence. The effect of GH replacement on 
secondary neoplasia risk is minor compared to host- and tumour treatment-
related factors. There is no evidence for an association between GH 
replacement and increased mortality from cancer amongst GH-deficient 
childhood cancer survivors. Patients with pituitary tumour or 
craniopharyngioma remnants receiving GH replacement do not need to be 
treated or monitored differently than those not receiving GH. GH replacement 
might be considered in GH-deficient adult cancer survivors in remission after 
careful individual risk/benefit analysis. In children with cancer predisposition 
syndromes, GH treatment is generally contraindicated but may be considered 
cautiously in select patients.
 

 

 

Efficacy and Safety of Weekly Somatrogon vs Daily 
Somatropin in Children With Growth Hormone 
Deficiency: A Phase 3 Study
Cheri L Deal, Joel Steelman, Elpis Vlachopapadopoulou, Renata
Stawerska, Lawrence A Silverman, Moshe Phillip, Ho-Seong Kim, CheolWoo
Ko, Oleg Malievskiy, Jose F Cara
Carl L Roland, Carrie Turich Taylor, Srinivas Rao Valluri, Michael P
Wajnrajch, Aleksandra Pastrak, Bradley S Miller

The Journal of Clinical Endocrinology & Metabolism
Volume 107, Issue 7, July 2022, Pages e2717–
e2728, https://doi.org/10.1210/clinem/dgac220
Published:11 April 2022 
Abstract
Context

2 
 

cancer incidence was comparable to that in the general population (standard 
incidence ratio 0.92; 95% CI, 0.83-1.01). De novo cancer risk was significantly 
lower in patients with idiopathic/congenital GHD (0.64; 0.43-0.91), but similar 
in those with pituitary/hypothalamic tumors or other etiologies versus the 
general population. Neither adult-onset nor childhood-onset GHD was 
associated with increased de novo cancer risks. Neutral effects were 
observed in lipids/fasting blood glucose levels.
Conclusion
These final KIMS cohort data support the safety of long-term GH replacement 
in adults with GHD as prescribed in routine clinical practice.
 

 

Safety of growth hormone replacement in survivors 
of cancer and intracranial and pituitary tumours: a 
consensus statement
Margaret C S Boguszewski, Cesar L Boguszewski, Wassim
Chemaitilly, Laurie E Cohen, Judith Gebauer, Claire Higham, Andrew R
Hoffman, Michel Polak, Kevin C J Yuen, Nathalie Alos ... Show more

European Journal of Endocrinology
Volume 186, Issue 6, Jun 2022, Pages P35–P52, https://doi.org/10.1530/EJE-
21-1186
Published:21 April 2022 
Abstract
Growth hormone (GH) has been used for over 35 years, and its safety and 
efficacy has been studied extensively. Experimental studies showing the 
permissive role of GH/insulin-like growth factor 1 (IGF-I) in carcinogenesis 
have raised concerns regarding the safety of GH replacement in children and 
adults who have received treatment for cancer and those with intracranial and 
pituitary tumours. A consensus statement was produced to guide decision-
making on GH replacement in children and adult survivors of cancer, in those 
treated for intracranial and pituitary tumours and in patients with increased 
cancer risk. With the support of the European Society of Endocrinology, the 
Growth Hormone Research Society convened a Workshop, where 55 
international key opinion leaders representing 10 professional societies were 
invited to participate. This consensus statement utilized: (1) a critical review 
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ABSTRACTS ON ACROMEGALY
 

Predictive Factors of Somatostatin Receptor Ligand 
Response in Acromegaly—A Prospective Study
Mirela-Diana Ilie, Antoine Tabarin, Alexandre Vasiljevic, Jean-François
Bonneville, Lucile Moreau-Grangé, Franck Schillo, Brigitte Delemer, Anne
Barlier, Dominique Figarella-Branger, Ségolène Bisot-Locard
Alexandre Santos, Philippe Chanson, Gérald Raverot

The Journal of Clinical Endocrinology & Metabolism
Volume 107, Issue 11, November 2022, Pages 2982–
2991, https://doi.org/10.1210/clinem/dgac512
Published:22 September 2022

Abstract
Context
Somatostatin receptor ligands (SRLs) are the cornerstone medical treatments 
for acromegaly; however, many patients remain unresponsive to SRLs. Well-
established predictive markers of response are needed.
Objective
We aimed to explore the relationship between responsiveness to SRLs 
relative to somatostatin (SST)2A and 5 receptor expression, adenoma 
granularity, and T2-weighted magnetic resonance imaging (MRI) signal 
intensity (T2WSI).
Methods
We conducted a multicentric, prospective, observational cohort study, in 
France. Forty-nine naïve patients (ie, patients without preoperative SRL 
treatment) with active acromegaly following surgery were treated with 
octreotide (group 1; n = 47), or pasireotide if uncontrolled under first-
generation SRLs (group 2; n = 9). Data were collected at baseline and months 
3 and 6. Biochemical measurements, immunohistochemistry studies, and MRI 
readings were centralized.
Results
In group 1, IGF-I decrease from baseline to month 6 positively correlated with 
SST2A immunoreactive score (IRS), P = 0.01. Densely 
granulated/intermediate adenomas had a greater IGF-I and GH decrease 
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Somatrogon is a long-acting recombinant human growth hormone (rhGH) in 
development for once-weekly treatment of children with growth hormone 
deficiency (GHD).
Objective
We aimed to compare the efficacy and safety of once-weekly somatrogon with 
once-daily somatropin in prepubertal children with GHD.
Methods
In this 12-month, open-label, randomized, active-controlled, parallel-group, 
phase 3 study, participants were randomized 1:1 to receive once-weekly 
somatrogon (0.66 mg/kg/week) or once-daily somatropin (0.24 mg/kg/week) 
for 12 months. A total of 228 prepubertal children (boys aged 3-11 years, girls 
aged 3-10 years) with GHD, impaired height and height velocity (HV), and no 
prior rhGH treatment were randomized and 224 received ≥1 dose of study 
treatment (somatrogon: 109; somatropin: 115). The primary endpoint was 
annualized HV at month 12.
Results
HV at month 12 was 10.10 cm/year for somatrogon-treated subjects and 9.78 
cm/year for somatropin-treated subjects, with a treatment difference 
(somatrogon-somatropin) of 0.33 (95% CI: −0.24, 0.89). The lower bound of 
the 2-sided 95% CI was higher than the prespecified noninferiority margin 
(−1.8 cm/year), demonstrating noninferiority of once-weekly somatrogon vs 
daily somatropin. HV at month 6 and change in height standard deviation 
score at months 6 and 12 were similar between both treatment groups. Both 
treatments were well tolerated, with a similar percentage of subjects 
experiencing mild to moderate treatment-emergent adverse events in both 
groups (somatrogon: 78.9%, somatropin: 79.1%).
Conclusion
The efficacy of once-weekly somatrogon was noninferior to once-daily 
somatropin, with similar safety and tolerability profiles. (ClinicalTrials.gov no. 
NCT02968004).
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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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under octreotide compared with sparsely granulated adenomas (P = 0.02 
and P = 0.006, respectively), and expressed greater levels of SST2A (P <
0.001), coupled with lower levels of SST5 (P = 0.004). T2WSI changed 
between preoperative MRI and month 6 MRI in one-half of the patients. 
Finally, SST5 IRS was higher in preoperative hyperintense compared with 
preoperative hypointense adenomas (P = 0.04), and most sparsely granulated 
and most hyperintense adenomas expressed high SST5 levels.
Conclusion
We prospectively confirm that SST2A and adenoma granularity are good 
predictors of response to octreotide. We propose the IRS for scoring system 
harmonization. MRI sequences must be optimized to be able to use the 
T2WSI as a predictor of treatment response.
 

 

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

Lancet Diabetes and Endocrinology
2022 Feb;10(2):102-111. 
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 
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.6285; GH = −0.05 ng/mL; P = .6285). IGF-I and GH rose significantly in the 4
weeks after withdrawing paltusotine (median change in IGF-I = 0.55×ULN; P <
.0001 [median increase 39%]; GH = 0.72 ng/mL; P < .0001 [109.1% 
increase]). No patients discontinued because of adverse events (AE); no 
treatment-related serious AEs were reported.
Conclusion
These results suggest once-daily oral paltusotine was effective in maintaining 
IGF-I values in patients with acromegaly who switched from injected SRLs. 
Paltusotine was well tolerated with a safety profile consistent with other SRLs.
 

 

High Prevalence of Vertebral Fractures Associated 
With Preoperative GH Levels in Patients With 
Recent Diagnosis of Acromegaly
Stefano Frara, Meliha Melin Uygur, Luigi di Filippo, Mauro Doga, Marco
Losa, Simona Santoro, Pietro Mortini, Andrea Giustina
Author Notes

The Journal of Clinical Endocrinology & Metabolism
Volume 107, Issue 7, July 2022, Pages e2843–
e2850, https://doi.org/10.1210/clinem/dgac183
Published:29 March 2022
Abstract
Context
Osteopathy and morphometric vertebral fractures (VFs) are emerging 
complications in acromegaly. However, the prediction of VFs in this clinical 
setting is still a matter of uncertainty, and it is debated whether they are an 
early event in the natural history of the disease.
Objective
We aimed to evaluate the prevalence and determinants of morphometric VFs 
in patients with recently diagnosed acromegaly.
Methods
We enrolled 92 patients (43 men/49 women) on admission to the 
neurosurgery unit before transsphenoidal surgery, and compared them with 
control individuals without secondary forms of osteoporosis and pituitary 
disorders. We performed a VF assessment on preoperative chest x-ray 
images and collected biochemical, demographic, and clinical data.
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ACROBAT Edge: Safety and Efficacy of Switching 
Injected SRLs to Oral Paltusotine in Patients With 
Acromegaly
Monica R Gadelha, Murray B Gordon, Mirjana Doknic, Emese Mezősi, Miklós
Tóth, Harpal Randeva, Tonya Marmon, Theresa Jochelson, Rosa
Luo, Michael Monahan
Ajay Madan, Christine Ferrara-Cook, R Scott Struthers, Alan Krasner

The Journal of Clinical Endocrinology & Metabolism
dgac643, https://doi.org/10.1210/clinem/dgac643
Published:10 November 2022 
Abstract
Context
Paltusotine is a once-daily, oral, nonpeptide small-molecule somatostatin 
receptor type 2 (SST2) agonist in clinical development for treatment of 
acromegaly.
Objective
This work aimed to evaluate change in insulin-like growth factor I (IGF-I) 
levels in patients switched from octreotide long-acting release or lanreotide 
depot monotherapy to paltusotine.
Methods
A phase 2, open-label, prospective, multicenter, multinational, 
nonrandomized, single-arm exploratory study was conducted in which dosage 
uptitrations were performed in a double-blinded manner. At 26 global sites, 
patients with acromegaly switched to paltusotine from injected somatostatin 
receptor ligand (SRL)-based therapy. Patients received 13-week treatment 
with once-daily oral paltusotine (10-40 mg/d). The primary end point was 
change from baseline to week 13 in IGF-I for patients who switched from long-
acting octreotide or lanreotide depot monotherapy to paltusotine (group 1). All 
patients underwent a 4-week paltusotine washout at end of treatment period 
(wk 13-17). IGF-I, growth hormone (GH), patient-reported outcome, and 
safety data were collected.
Results
Forty-seven patients enrolled. In group 1 (n = 25), IGF-I and GH showed no 
significant change between SRL baseline and end of paltusotine treatment at 
week 13 (median change in IGF-I = −0.03×upper limit of normal [ULN]; P =
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ABSTRACTS ON CUSHING’S DISEASE 

 

Randomized Trial of Osilodrostat for the Treatment 
of Cushing Disease
Mônica Gadelha, Marie Bex, Richard A Feelders, Anthony P Heaney, Richard
J Auchus, Aleksandra Gilis-Januszewska, Przemyslaw Witek, Zhanna
Belaya, Yerong Yu, Zhihong Liao
Chih Hao Chen Ku, Davide Carvalho, Michael Roughton, Judi Wojna, Alberto
M Pedroncelli, Peter J Snyder

The Journal of Clinical Endocrinology & Metabolism
Volume 107, Issue 7, July 2022, Pages e2882–
e2895, https://doi.org/10.1210/clinem/dgac178
Published:23 March 2022 
Abstract
Context
Cushing disease, a chronic hypercortisolism disorder, is associated with 
considerable morbidity and mortality. Normalizing cortisol production is the 
primary treatment goal.
Objective
We aimed to evaluate the safety and efficacy of osilodrostat, a potent, orally 
available 11βhydroxylase inhibitor, compared with placebo in patients with 
Cushing disease.
Methods
LINC 4 was a phase III, multicenter trial comprising an initial 12-week, 
randomized, double-blind, placebo-controlled (osilodrostat:placebo, 2:1) 
period followed by a 36-week, open-label treatment period (NCT02697734). 
Adult patients (aged 18-75 years) with confirmed Cushing disease and mean 
urinary free cortisol (mUFC) excretion ≥ 1.3 times the upper limit of normal 
(ULN) were eligible. The primary endpoint was the proportion of randomized 
patients with mUFC ≤ ULN at week 12. The key secondary endpoint was the 
proportion achieving mUFC ≤ ULN at week 36 (after 24 weeks’ open-label 
osilodrostat).
Results
Seventy-three patients (median age, 39 years [range, 19-67]; mean/median 
mUFC, 3.1 × ULN/2.5 × ULN) received randomized treatment with osilodrostat 
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Results
We detected a significantly higher prevalence of VFs (33.7%) in patients with 
acromegaly than in controls (P = .001). Among the patients with acromegaly 
and VFs, 12 (38.7%) showed multiple VFs, and 5 (16.1%) showed 
moderate/severe VFs. Patients with VFs had higher random serum growth 
hormone (GH) levels than those with no VFs (P = .03), but there was no 
difference in insulin-like growth factor-1 (IGF-1) (P = .07) and IGF-1/Upper 
Normal Limit ratio (P = .08). Free 3,5,3′-triiodothyronine was slightly lower in 
patients with acromegaly and VFs than in those without VFs (P = .05). In 
multiple logistic analysis, GH was independently associated with risk for VFs 
(P = .003). The preoperative serum GH cutoff value that predicted VFs was 12 
ng/mL.
Conclusion
For the first time, high prevalence of radiological VFs is reported in patients 
with recent diagnosis of acromegaly. Therefore, we can hypothesize that VFs 
are an early phenomenon of acromegaly and related to GH levels. VF 
assessment should be included in the workup at the diagnosis of acromegaly.
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weeks of treatment or discontinued). Efficacy and safety were assessed for all 
enrolled patients from the core study baseline.
Results
Median osilodrostat exposure from the core study baseline to study end was 
130 weeks (range 1–245) and median average dose was 7.4 mg/day (range 
0.8–46.6). The reduction in mean mUFC achieved during the core was 
maintained during the extension and remained ≤ ULN. Of 106 patients, 86 
(81%) patients who entered the extension had mUFC ≤ ULN at week 72. 
Improvements in cardiovascular/metabolic-related parameters, physical 
manifestations of hypercortisolism (fat pads, central obesity, rubor, striae, and 
hirsutism in females), and quality of life in the core study were also maintained 
or improved further during the extension. No new safety signals were 
reported; 15/137 (10.9%) and 12/106 (11.3%) patients discontinued for 
adverse events during the core and extension, respectively. Mean 
testosterone in females decreased towards baseline levels during the
extension.
Conclusions
Data from this large, multicentre trial show that long-term treatment with 
osilodrostat sustains cortisol normalisation alongside clinical benefits in most 
patients with CD and is well tolerated.
 

 

 

 

 

Copeptin Levels Before and After Transsphenoidal 
Surgery for Cushing Disease: A Potential Early 
Marker of Remission
Chelsi Flippo, Christina Tatsi, Ninet Sinaii, Maria De La Luz Sierra, Elena
Belyavskaya, Charalampos Lyssikatos, Meg Keil, Elias Spanakis, Constantine
A Stratakis

Journal of the Endocrine Society
Volume 6, Issue 6, June 2022, 
bvac053, https://doi.org/10.1210/jendso/bvac053
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(n = 48) or placebo (n = 25). At week 12, significantly more osilodrostat (77%) 
than placebo (8%) patients achieved mUFC ≤ ULN (odds ratio 43.4; 95% CI 
7.1, 343.2; P < 0.0001). Response was maintained at week 36, when 81% 
(95% CI 69.9, 89.1) of all patients achieved mUFC ≤ ULN. The most common 
adverse events during the placebo-controlled period (osilodrostat vs placebo) 
were decreased appetite (37.5% vs 16.0%), arthralgia (35.4% vs 8.0%), and 
nausea (31.3% vs 12.0%).
Conclusion
Osilodrostat rapidly normalized mUFC excretion in most patients with Cushing 
disease and maintained this effect throughout the study. The safety profile 
was favorable.
 

 

 

Long-term outcomes of osilodrostat in Cushing's 
disease: LINC 3 study extension
Maria Fleseriu, John Newell-Price, Rosario Pivonello, Akira Shimatsu, Richard
J Auchus, Carla Scaroni, Zhanna Belaya, Richard A Feelders, Greisa
Vila, Ghislaine Houde
Rama Walia, Miguel Izquierdo, Michael Roughton, Alberto M
Pedroncelli, Beverly M K Biller

European Journal of Endocrinology
Volume 187, Issue 4, Oct 2022, Pages 531–541, https://doi.org/10.1530/EJE-
22-0317
Published:16 September 2022 
Abstract
Objective
To investigate the long-term efficacy and tolerability of osilodrostat, a potent 
oral 11β-hydroxylase inhibitor, for treating Cushing's disease (CD).
Design/methods
A total of 137 adults with CD and mean 24-h urinary free cortisol (mUFC) > 
1.5 × upper limit of normal (ULN) received osilodrostat (starting dose 2 mg 
bid; maximum 30 mg bid) during the prospective, Phase III, 48-week LINC 3 
(NCT02180217) core study. Patients benefiting from osilodrostat at week 48 
could enter the optional extension (ending when all patients had received ≥ 72 
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ABSTRACTS ON PITUITARY TUMOURS AND THEIR 
TREATMENT

Aggressive pituitary tumours and carcinomas, 
characteristics and management of 171 patients
Pia Burman, Jacqueline Trouillas, Marco Losa, Ann McCormack, Stephan
Petersenn, Vera Popovic, Marily Theodoropoulou, Gerald Raverot, Olaf M
Dekkers, Agathe Guenego ... Show more
Author Notes

European Journal of Endocrinology
Volume 187, Issue 4, Oct 2022, Pages 593–605, https://doi.org/10.1530/EJE-
22-0440
Published:19 September 2022 
Abstract
Objective
To describe clinical and pathological characteristics and treatment outcomes 
in a large cohort of aggressive pituitary tumours (APT)/pituitary carcinomas 
(PC).
Design
Electronic survey August 2020–May 2021.
Results
96% of 171 (121 APT, 50 PC), initially presented as macro/giant tumours, 6 
were microadenomas (5 corticotroph). Ninety-seven tumours, initially 
considered clinically benign, demonstrated aggressive behaviour after 5.5 
years (IQR: 2.8–12). Of the patients, 63% were men. Adrenocorticotrophic 
hormone (ACTH)-secreting tumours constituted 30% of the APT/PC, and the 
gonadotroph subtypes were under-represented. Five out of 13 silent 
corticotroph tumours and 2/6 silent somatotroph tumours became secreting. 
Metastases were observed after median 6.3 years (IQR 3.7–12.1) from 
diagnosis. At the first surgery, the Ki67 index was ≥3% in 74/93 (80%) and 
≥10% in 38/93 (41%) tumours. An absolute increase of Ki67 ≥ 10% after 
median of 6 years from the first surgery occurred in 18/49 examined tumours. 
Tumours with an aggressive course from outset had higher Ki67, mitotic 
counts, and p53. Temozolomide treatment in 156/171 patients resulted in 
complete response in 9.6%, partial response in 30.1%, stable disease in 
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Published:06 April 2022 
Abstract
Context
Arginine-vasopressin and CRH act synergistically to stimulate secretion of 
ACTH. There is evidence that glucocorticoids act via negative feedback to 
suppress arginine-vasopressin secretion.
Objective
Our hypothesis was that a postoperative increase in plasma copeptin may 
serve as a marker of remission of Cushing disease (CD).
Design
Plasma copeptin was obtained in patients with CD before and daily on 
postoperative days 1 through 8 after transsphenoidal surgery. Peak 
postoperative copeptin levels and Δcopeptin values were compared among 
those in remission vs no remission.
Results
Forty-four patients (64% female, aged 7-55 years) were included, and 19 
developed neither diabetes insipidus (DI) or syndrome of inappropriate anti-
diuresis (SIADH). Thirty-three had follow-up at least 3 months postoperatively. 
There was no difference in peak postoperative copeptin in remission (6.1 
pmol/L [4.3-12.1]) vs no remission (7.3 pmol/L [5.4-8.4], P = 0.88). Excluding 
those who developed DI or SIADH, there was no difference in peak 
postoperative copeptin in remission (10.2 pmol/L [6.9-21.0]) vs no remission 
(5.4 pmol/L [4.6-7.3], P = 0.20). However, a higher peak postoperative 
copeptin level was found in those in remission (14.6 pmol/L [±10.9] vs 5.8 
(±1.4), P = 0.03]) with parametric testing. There was no difference in the 
Δcopeptin by remission status.
Conclusions
A difference in peak postoperative plasma copeptin as an early marker to 
predict remission of CD was not consistently present, although the data point 
to the need for a larger sample size to further evaluate this. However, the 
utility of this test may be limited to those who develop neither DI nor SIADH 
postoperatively.
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and recipients of proton beam or stereotactic radiotherapy (n=81) were 
excluded. Data were analysed for 996 patients exposed to 2-dimensional 
radiotherapy, 3-dimensional conformal radiotherapy, or intensity-modulated 
radiotherapy, and compared with 2683 controls.
Findings

Over 45 246 patient-years, second brain tumours were reported in 61 patients 
(seven malignant [five radiotherapy, two controls], 54 benign [25 radiotherapy, 
29 controls]). Radiotherapy exposure and older age at pituitary tumour 
detection were associated with increased risk of second brain tumour. Rate 
ratio for irradiated patients was 2·18 (95% CI 1·31–3·62, p<0·0001). 
Cumulative probability of second brain tumour was 4% for the irradiated and 
2·1% for the controls at 20 years.
Interpretation

Irradiated adults with pituitary adenoma or craniopharyngioma are at 
increased risk of second brain tumours, although this risk is considerably 
lower than previously reported in studies using general population controls 
with no imaging surveillance. Our data clarify an important clinical question 
and guide clinicians when counselling patients with pituitary adenoma or 
craniopharyngioma on the risks and benefits of radiotherapy.
 

Safety of Withholding Perioperative Hydrocortisone for 
Patients With Pituitary Adenomas With an Intact 
Hypothalamus-Pituitary-Adrenal AxisA Randomized Clinical 
Trial
Xiaopeng Guo, MD1; Duoxing Zhang, MD2; Haiyu Pang, PhD3; et 
alZihao Wang, MD1; Lu Gao, MD1; Yu Wang, MD,
PhD1; Wenbin Ma, MD1; Wei Lian, MD1; Bing Xing, MD1; for the
ZS-2608 Trial Team

JAMA Netw Open.
2022;5(11):e2242221. doi:10.1001/jamanetworkopen.2022.42221
 

Key Points
Question Is withholding hydrocortisone during the perioperative period of 
pituitary adenoma surgery noninferior to the conventional regimen of 
hydrocortisone supplementation for patients with an intact hypothalamus-
pituitary-adrenal (HPA) axis, who account for more than half of patients with 
pituitary adenomas?

Findings In this parallel-group, triple-masked, noninferiority randomized 
clinical trial that included 436 patients with pituitary adenomas who had an 
intact HPA axis, withholding perioperative hydrocortisone protocol was 
noninferior to conventional care with respect to the incidence of postoperative 
new-onset adrenal insufficiency.
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28.1%, and progressive disease in 32.2% of the patients. Treatment with 
bevacizumab, immune checkpoint inhibitors, and peptide receptor 
radionuclide therapy resulted in partial regression in 1/10, 1/6, and 3/11, 
respectively. Median survival in APT and PC was 17.2 and 11.3 years, 
respectively. Tumours with Ki67 ≥ 10% and ACTH-secretion were associated 
with worse prognosis.
Conclusion
APT/PCs exhibit a wide and challenging spectrum of behaviour. 
Temozolomide is the first-line chemotherapy, and other oncological therapies 
are emerging. Treatment response continues to be difficult to predict with 
currently studied biomarkers.
 

 

Risk of second brain tumour after radiotherapy for pituitary ad
enoma or craniopharyngioma:
a retrospective, multicentre, cohort study of 3679 patients with
long-term imaging surveillance.

Hamblin R, Vardon A, Akpalu J, Tampourlou M, Spiliotis I, 
Sbardella E, Lynch J, Shankaran V, Mavilakandy A, Gagliardi I, 
Meade S, Hobbs C, Cameron A, Levy MJ, Ayuk J, Grossman A, 
Ambrosio MR, Zatelli MC, Reddy N, Bradley K, Murray RD, Pal A, 
Karavitaki N.
Lancet Diabetes Endocrinol. 
2022 Aug;10(8):581-588. doi: 10.1016/S2213-8587(22)00160-7. 
Epub 2022 Jul 1.

Summary

Background

Radiotherapy is a valuable treatment in the management algorithm of pituitary 
adenomas and craniopharyngiomas. However, the risk of second brain 
tumour following radiotherapy is a major concern. We assessed this risk using 
non-irradiated patients with the same primary pathology and imaging 
surveillance as controls.
Methods

In this multicentre, retrospective cohort study, 4292 patients with pituitary 
adenoma or craniopharyngioma were identified from departmental registries 
at six adult endocrine centres (Birmingham, Oxford, Leeds, Leicester, and 
Bristol, UK and Ferrara, Italy). Patients with insufficient clinical data, known 
genetic predisposition to or history of brain tumour before study entry (n=532), 
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(<9.3 µg/dL; odds ratio, 3.0; 95% CI, 1.5-5.9) and the secondary event (<8.8 
µg/dL; odds ratio, 7.8; 95% CI, 2.6-23.4) events.

Conclusions and Relevance This study found that withholding 
hydrocortisone was safe and demonstrated noninferiority to the conventional 
hydrocortisone supplementation regimen regarding the incidence of new-
onset adrenal insufficiency among patients with an intact HPA axis 
undergoing pituitary adenomectomy.

ABSTRACTS ON POSTERIOR PITUITARY

COMPLETE ARTICLE ON CHANGING THE NAME OF 
DIABETES INSIPIDUS

Changing the Name of Diabetes Insipidus: A Position 
Statement of the Working Group for Renaming 
Diabetes Insipidus

Hiroshi Arima, Timothy Cheetham, Mirjam Christ-Crain, Deborah
Cooper, Juliana Drummond, Mark Gurnell, Miles Levy, Ann
McCormack, John Newell-Price, Joseph G Verbalis,
John Wass, The Working Group for Renaming Diabetes Insipidus
Author Notes

The Journal of Clinical Endocrinology & Metabolism
Volume 108, Issue 1, January 2023, Pages 1–
3, https://doi.org/10.1210/clinem/dgac547

The article has been published in the following titles: 
Archives of Endocrinology and Metabolism, Clinical 
Endocrinology, Endocrine Connections, Endocrine Journal, 
European Journal of Endocrinology, Hormone Research in 
Pediatrics, Pituitary and The Journal of Clinical 
Endocrinology and Metabolism.

Abstract
‘What’s in a name? That which we call a rose/By any other name would smell 
as sweet’ (Juliet, from Romeo and Juliet by William Shakespeare). 
Shakespeare’s implication is that a name is nothing but a word, and it 
therefore represents a convention with no intrinsic meaning. While this may 
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Meaning The results support the withholding of perioperative hydrocortisone 
for patients with pituitary adenomas with sufficient baseline HPA axis function.

Abstract
Importance Pituitary adenoma is the second most common primary brain 
tumor. Perioperative hydrocortisone has been used for decades to avoid 
postoperative adrenal insufficiency. Recent studies suggest that withholding 
perioperative hydrocortisone may be safe for patients with an intact 
hypothalamus-pituitary-adrenal (HPA) axis.

Objective To assess the safety of withholding hydrocortisone during the 
perioperative period of pituitary adenoma surgery for patients with an intact 
HPA axis.

Design, Setting, and Participants A parallel-group, triple-masked, 
noninferiority randomized clinical trial was conducted at Peking Union Medical 
College Hospital from November 1, 2020, to January 31, 2022, among 436 
patients aged 18 to 70 years with an intact HPA axis undergoing surgery for 
pituitary adenomas.

Interventions Hydrocortisone supplementation protocol (intravenous and 
subsequent oral hydrocortisone, using a taper program) or no-hydrocortisone 
protocol.

Main Outcomes and Measures The primary outcome was the incidence of 
new-onset adrenal insufficiency (morning cortisol level, <5 μg/dL with adrenal 
insufficiency–related symptoms) during the perioperative period (on the day of 
operation and the following 2 days). The secondary outcome was the 
incidence of adrenal insufficiency in postoperative month 3. Analysis was on 
an intention-to-treat basis.

Results Of the 436 eligible patients, 218 were randomly assigned to the 
hydrocortisone group (136 women [62.4%]; mean [SD] age, 45.4 [13.0] years) 
and 218 to the no-hydrocortisone group (128 women [58.7%]; mean [SD] age, 
44.5 [13.8] years). All patients completed 3-month postoperative follow-up. 
The incidence of new-onset adrenal insufficiency during the perioperative 
period was 11.0% (24 of 218; 95% CI, 6.9%-15.2%) in the no-hydrocortisone 
group and 6.4% (14 of 218; 95% CI, 3.2%-9.7%) in the hydrocortisone group, 
with a difference of 4.6% (95% CI, −0.7% to 9.9%), meeting the prespecified 
noninferiority margin of 10 percentage points. The incidence of adrenal 
insufficiency at the 3-month follow-up was 3.7% (8 of 218) in the no-
hydrocortisone group and 3.2% (7 of 218) in the hydrocortisone group 
(difference, 0.5%; 95% CI, −3.0% to 3.9%). Incidences of new-onset diabetes 
mellitus (1 of 218 [0.5%] vs 9 of 218 [4.1%]), hypernatremia (9 of 218 [4.1%] 
vs 21 of 218 [9.6%]), hypokalemia (23 of 218 [10.6%] vs 34 of 218 [15.6%]), 
and hypocalcemia (6 of 218 [2.8%] vs 19 of 218 [8.7%]) were lower in the no-
hydrocortisone group than in the hydrocortisone group. Lower preoperative 
morning cortisol levels were associated with higher risks of the primary event 
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between the saccharine urine of glucosuria and the non-saccharine urine of 
other forms of polyuria is attributed to the Scottish physician William Cullen, 
who appended the Latin word ‘mellitus’ (sweet) to the Greek term ‘diabetes’ to 
distinguish between these two types of polyuria (7). In 1794, Johann Peter 
Frank first introduced the term ‘diabetes insipidus’ to differentiate these 
patients from those with diabetes mellitus (7). These terms persisted as valid 
clinical descriptions without known pathophysiology until the vasopressor and 
antidiuretic actions of posterior pituitary extracts were discovered in the late 
19th and early 20th centuries, including the use of posterior pituitary extracts 
to treat diabetes insipidus. In the mid-20th century, arginine vasopressin 
(AVP) was synthesized and identified as the antidiuretic hormone, and the 
distinct central and nephrogenic etiologies of diabetes insipidus were 
recognized and characterized (8). Despite new knowledge of the underlying 
pathophysiology of the different etiologies of diabetes insipidus by the late 
20th century, no attempts were made to rename diabetes insipidus according 
to the known causes of the disorder, namely, deficiency of AVP or resistance to the 
receptor-mediated actions of AVP.

Rationale for changing the name of diabetes 
insipidus
There are multiple reasons for changing the name of diabetes insipidus at this 
time. First and foremost, although the terms ‘mellitus’ and ‘insipidus’ do 
differentiate between the clinical characteristics of these two very different 
causes of polyuria, and clearly are not eponyms, the use of the common term 
‘diabetes’ in both has unfortunately led to confusion for both patients and their 
caretakers. This confusion with diabetes mellitus has been to the detriment of 
patients with diabetes insipidus when they are under the care of non-
endocrine specialists. Some physicians and nurses do not appreciate the 
difference between these two very different disorders. In several patients with 
central diabetes insipidus, desmopressin treatment was withheld with serious 
adverse outcomes, including death (9). This has led to high-profile litigation 
cases and coroners’ inquests involving the police, with wide media coverage. 
Subsequent to these unfortunate but avoidable cases, national safety alerts, 
surveys among endocrinologists, and a global taskforce consisting of a wide 
range of senior clinicians involved with the care of patients with diabetes 
insipidus, have led to a strong impetus to change the name of the condition. 
Secondly, patients with diabetes insipidus strongly support changing the 
name to eliminate ‘diabetes’. In a survey of >1000 patients with central 
diabetes insipidus recently published in The Lancet Diabetes & 
Endocrinology (10), 85% preferred the name to be changed, mainly because 
of experiences with insufficient understanding of the disease by health
professionals who confused this disorder with diabetes mellitus. Eighty-seven 
percent of patients felt that this lack of knowledge and the resulting clinical 
confusion affected the management of their condition, for example, repeated 
blood sugar measurements or prescription of medication for diabetes mellitus 
during hospitalization. Finally, we believe the names of medical disorders 
should, ideally, reflect the underlying pathophysiology, which in the case of 
diabetes insipidus is now well known to be deficient secretion and/or end-
organ effects of the hormone AVP. Hence, for all the above reasons, the 
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be relevant to romantic literature, disease names do have real meanings, and 
consequences, in medicine. Hence, there must be a very good rationale for 
changing the name of a disease that has a centuries-old historical context. A 
working group of representatives from national and international 
endocrinology, and pediatric endocrine societies now proposes changing the 
name of ‘diabetes insipidus’ to ‘arginine vasopressin deficiency (AVP-D)’ for 
central etiologies, and ‘arginine vasopressin resistance (AVP-R)’ for 
nephrogenic etiologies. This article provides both the historical context and 
the rationale for this proposed name change.

Reasons for changing a disease name
Understanding of disease processes is a dynamic field, with rapidly evolving 
concepts of pathophysiology based on emerging molecular and genetic data. 
Consequently, newer understanding of pathophysiology is one of the major 
reasons for renaming diseases. In endocrinology, appreciation of 
hyperprolactinemia as the common pathophysiology underlying many different 
clinical situations causing galactorrhea and amenorrhea led to the effective 
abandonment of many previous eponymous names for these conditions, such 
as Chiari–Frommel syndrome, Forbes–Albright syndrome and Ahumada–del 
Castillo syndrome (1). A second reason is based on historical discoveries that 
a previous eponymous name for a syndrome was inappropriately attributed to 
an individual who was not the first or even the most significant person 
involved in the description of the syndrome (2). A third reason is later 
appreciation of medically unethical behaviors of individuals with diseases 
eponymously named for them, as characterized by the renaming of Reiter’s 
syndrome to ‘reactive arthritis’ and Wegener’s granulomatosis to 
‘granulomatosis with polyangiitis’, because of the association of the 
eponymous physicians with Nazi antihumanitarian crimes (3, 4). The first 
three of these reasons for changing disease names make a strong case for 
detaching eponyms from disease processes whenever possible (5). However, 
endocrinologists would be loathe to abandon the eponyms of Addison, 
Cushing, Hashimoto and others for their unique and seminal contributions to 
our understanding of endocrine disease processes. However, yet a fourth 
reason for renaming diseases is when traditional disease names lead to 
confusion between pathophysiologically different processes, leading to 
treatment errors and consequent adverse outcomes for patients. This last 
reason represents the major impetus to change the name of diabetes 
insipidus at this time.
Historical context
Before explaining the rationale for the name change, it is instructive to review 
the historical context for the name of diabetes insipidus. The polyuria and 
polydipsia of diabetes were first described by Demetrius of Apameia (1st–2nd 
century BC), who used the term ‘diabetes’, meaning ‘passing water like a 
siphon’ to describe the polyuria characteristic of this condition. Araetus of 
Cappadocia (81–138 AD) further defined the clinical characteristics of this 
disease (6). Although observations that the urine was sweet were alluded to in 
both Greek and Indian history, the first documented report of the sweet 
character of diabetic urine was published by the English physician Sir Thomas 
Willis in 1674 (The Diabetes or Pissing Evil). However, the differentiation 
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Serum copeptin levels at day two after pituitary 
surgery and ratio to baseline predict postoperative 
central diabetes insipidus
Han Na Jang 1, Ho Kang 2, Yoo Hyung Kim 1, Hwan Sub Lim 3, Mi-Kyeong 
Lee 3, Kyoung-Ryul Lee 3, Yong Hwy Kim 4 5, Jung Hee Kim 6 7

Pituitary
2022 Dec;25(6):1004-1014.
doi: 10.1007/s11102-022-01278-0. Epub 2022 Nov 2.

Abstract

Purpose: Central diabetes insipidus is a complication that may occur after 
pituitary surgery and has been difficult to predict. This study aimed to identify 
the cutoff levels of serum copeptin and its optimal timing for predicting the 
occurrence of central diabetes insipidus in patients who underwent 
transsphenoidal surgery.

Methods: This was a prospective observational study of patients who 
underwent transsphenoidal surgery for pituitary gland or stalk lesions. 
Copeptin levels were measured before surgery, 1 h after extubation, and on 
postoperative days 1, 2, 7, and 90.

Results: Among 73 patients, 14 (19.2%) and 13 (17.8%) patients developed 
transient and permanent central diabetes insipidus, respectively. There was 
no significant difference in copeptin levels before surgery and 1 h after 
extubation; copeptin levels on postoperative days 1, 2, 7, and 90 were 
significantly lower in patients with permanent central diabetes insipidus than in 
those without central diabetes insipidus. Copeptin measurement on 
postoperative day 2 exhibited the highest performance for predicting 
permanent central diabetes insipidus among postoperative days 1, 2, and 7 
(area under the curve [95% confidence interval] = 0.754 [0.632-0.876]). 
Serum copeptin level at postoperative day 2(< 3.1 pmol/L) showed a 
sensitivity of 92.3% and a negative predictive value of 97.1%. The ratio of 
copeptin at postoperative day 2 to baseline (< 0.94) presented a sensitivity of 
84.6% and a negative predictive value of 94.9%. The copeptin levels > 3.4 
and 7.5 pmol/L at postoperative day 2 and 7 may have ruled out the 
occurrence of CDI with a negative predictive value of 100%.

Conclusion: The copeptin level at postoperative day 2 and its ratio to 
baseline can predict the occurrence of permanent central diabetes insipidus 
after pituitary surgery.
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working group proposes that the name diabetes insipidus should be changed 
to ‘arginine vasopressin deficiency (AVP-D)’ for central etiologies and 
‘arginine vasopressin resistance (AVP-R)’ for nephrogenic etiologies, and this 
proposal has been endorsed by the following societies represented by the 
working group members: Endocrine Society, European Society of 
Endocrinology, Pituitary Society, Society for Endocrinology, European Society 
for Paediatric Endocrinology, Endocrine Society of Australia, Brazilian 
Endocrine Society, and Japan Endocrine Society, and is under review at 
several other societies.
Implementation of the name change for diabetes 
insipidus
In order to ease the transition in terms of online searches and to avoid 
confusion in the literature, we propose that for several years, we keep the 
previous name in parentheses. Therefore, we will begin using the terms ‘AVP 
deficiency (cranial diabetes insipidus) and AVP resistance (nephrogenic 
diabetes insipidus)’ in manuscripts and chapters. Once the transition is 
complete, it is likely that the parenthetic term will be lost, albeit people can still 
use it if they wish. In addition, we have initiated a request to the ICD 
(International Statistical Classification of Diseases and Related Health 
Problems) Coordination and Maintenance Committee to have the ICD-11
coding changed to reflect the new names.

We fully recognize that changing a name for a long-standing disease is never 
easy. However, just as the rheumatologists who proposed the name change 
of granulomatosis with polyangiitis (Wegener’s granulomatosis) (4), we hope 
our medical colleagues will recognize and accept the above rationale for 
making this change, not only in the interest of scientific accuracy, but more so 
for the benefit and safety of our mutual patients with diabetes insipidus, so 
that their disease and its treatment will no longer be confused with diabetes 
mellitus.
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ABSTRACT ON SIADH

Treatment Effect of the SGLT2 Inhibitor Empagliflozin 
on Chronic Syndrome of Inappropriate Antidiuresis: 
Results of a Randomized, Double-Blind, Placebo-
Controlled, Crossover Trial
Refardt, Julie1,2; Imber, Cornelia1,2; Nobbenhuis, Rianne1,2; Sailer, Clara O.1,2; Haslbauer, 
Aaron3; Monnerat, Sophie1,2; Bathelt, Cemile1,2; Vogt, Deborah R.2; Berres, Manfred4;
Winzeler, Bettina1,2; Bridenbaugh, Stephanie A.3; Christ-Crain, Mirjam1,2

Journal of the American Society of Nephrology
():ASN.2022050623, November 17, 2022. | DOI: 10.1681/ASN.2022050623
 

Background

The syndrome of inappropriate antidiuresis (SIAD) is characterized by a 
reduction of free water excretion with consecutive hypotonic hyponatremia 
and is therefore challenging to treat. The sodium-glucose cotransporter 2 
(SGLT2) inhibitor empagliflozin promotes osmotic diuresis via urinary glucose 
excretion, likely leading to increased electrolyte free water clearance.

Methods

In this randomized, double-blind, placebo-controlled, crossover trial, we 
compared 4-week treatment with empagliflozin 25 mg/d to placebo in 
outpatients with chronic SIAD-induced hyponatremia. At baseline and after 
both treatment cycles, patients underwent different assessments including 
neurocognitive testing (Montreal Cognitive Assessment [MoCA]). The primary 
end point was the difference in serum sodium levels between treatments.

Results

Fourteen patients, 50% female, with a median age of 72 years (interquartile 
range [IQR], 65–77), completed the trial. Median serum sodium level at 
baseline was 131 mmol/L (IQR, 130–132). After treatment with empagliflozin, 
median serum sodium level rose to 134 mmol/L (IQR, 132–136), whereas no 
increase was seen with placebo (130 mmol/L; IQR, 128–132), corresponding 
to a serum sodium increase of 4.1 mmol/L (95% confidence interval [CI], 1.7 
to 6.5; P =0.004). Exploratory analyses showed that treatment with 
empagliflozin led to improved neurocognitive function with an increase of 1.16 
(95% CI, 0.05 to 2.26) in the MoCA score. Treatment was well tolerated; no 
serious adverse events were reported.

Conclusion
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Post-pituitary surgery copeptin analysis as a ‘rule-out’ 
test for post-operative diabetes insipidus

• Hussam Rostom, Sean Noronha, Bahram Jafar-Mohammadi,  

Endocrine2022

Abstract
Background
Diabetes insipidus (DI) is a recognised complication of pituitary surgery, with 
diagnosis requiring clinical observation aided by plasma and urine electrolytes 
and osmolalities. Copeptin is a stable surrogate marker of AVP release and 
has potential to facilitate prompt diagnosis of post-operative DI. This assay 
has been shown to accurately predict which patients are likely to develop DI 
following pituitary surgery.

Objective
To determine whether copeptin analysis can be used to predict which patients 
are at risk of developing DI following trans-sphenoidal surgery (TSS).

Methods
Seventy-eight patients undergoing TSS had samples taken for copeptin pre-
operatively and at day 1 post-TSS. The majority of patients also had samples 
from day 2, day 8, and week 6 post-TSS. Results from patients who 
developed post-operative DI (based on clinical assessment, urine and plasma 
biochemistry and the need for treatment with DDAVP) were compared to 
those who did not. Patients with any evidence of pre-operative DI were 
excluded.

Results
Of 78 patients assessed, 11 were clinically determined to have developed DI. 
Differences were observed between patients with DI and those without in 
post-operative samples. Of note, there was a significant difference in plasma 
copeptin at day 1 post-operation (p = 0.010 on Kruskal–Wallis test), with 
copeptin levels greater than 3.4 pmol/l helping to rule out DI (91% sensitivity, 
55% specificity at this cut off).

Conclusion
In the post-TSS setting, copeptin is a useful rule-out test in patients with 
values above a defined threshold, which may facilitate earlier decision making 
and shorter hospital stays.
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The SGLT2 inhibitor empagliflozin is a promising new treatment option for 
chronic SIAD-induced hyponatremia, possibly improving neurocognitive 
function. Larger studies are needed to confirm the observed treatment effects.
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Randomized Controlled Trial  
Lancet Diabetes Endocrinol 
2022 Oct;10(10):720-731. 
doi: 10.1016/S2213-8587(22)00212-1. Epub 2022 Sep 1. 

Advanced hybrid closed loop therapy versus conventional 
treatment in adults with type 1 diabetes (ADAPT): a 
randomised controlled study 

Pratik Choudhary 1, Ralf Kolassa 2, Winfried Keuthage 3, Jens Kroeger 4, Charles 
Thivolet 5, Mark Evans 6, Roseline Ré 7, Simona de Portu 7, Linda Vorrink 7, John 
Shin 8, Aklilu Habteab 9, Javier Castañeda 9, Julien da Silva 7, Ohad Cohen 10; ADAPT 
study Group 
Affiliations expand 

 PMID: 36058207 
 DOI: 10.1016/S2213-8587(22)00212-1 

Abstract 

Background: Adults with type 1 diabetes who are treated with multiple daily 
injections of insulin plus intermittently scanned continuous glucose 
monitoring (isCGM) can have suboptimal glucose control. We aimed to assess 
the efficacy of an advanced hybrid closed loop (AHCL) system compared with 
such therapy in this population. 

Methods: The Advanced Hybrid Closed Loop Study in Adult Population with 
Type 1 Diabetes (ADAPT) trial is a prospective, multicentre, open-label, 
randomised controlled trial that involved 14 centres in three European 
countries (France, Germany, and the UK). We enrolled patients who were at 
least 18 years of age, had a type 1 diabetes duration of at least 2 years, 
HbA1c of at least 8% (64 mmol/mol), and were using multiple daily injections of 
insulin plus isCGM (cohort A) or real time continuous glucose monitoring 
(cohort B) for at least 3 months. Here, only results for cohort A are reported. 
Participants were randomly allocated 1:1 to AHCL therapy or continuation of 
multiple daily injections of insulin plus continuous glucose monitoring for 6 
months with an investigator-blinded block randomisation procedure. 
Participants and treating clinicians could not be masked to the arm 
assignment. The primary endpoint was the between-group difference in mean 
HbA1c change from baseline to 6 months in the intention-to-treat population 
using AHCL therapy and those using multiple daily injections of insulin plus 
isCGM. The primary endpoint was analysed using a repeated measures 
random-effects model with the study arm and period as factors. Safety 
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endpoints included the number of device deficiencies, severe hypoglycaemic 
events, diabetic ketoacidosis, and serious adverse events. This study is 
registered with ClinicalTrials.gov, NCT04235504. 

Findings: Between July 13, 2020, and March 12, 2021, 105 people were 
screened and 82 randomly assigned to treatment (41 in each arm). At 6 
months, mean HbA1c had decreased by 1·54% (SD 0·73), from 9·00% to 7·32% 
in the AHCL group and 0·20% (0·80) in the multiple daily injections of insulin 
plus isCGM from 9·07% to 8·91% (model-based difference -1·42%, 95% CI -
1·74 to -1·10; p<0·0001). No diabetic ketoacidosis, severe hypoglycaemia, or 
serious adverse events related to study devices occurred in either group; two 
severe hypoglycaemic events occurred in the run-in phase. 15 device-related 
non-serious adverse events occurred in the AHCL group, compared with three 
in the multiple daily injections of insulin plus isCGM group. Two serious 
adverse events occurred (one in each group), these were breast cancer (in one 
patient in the AHCL group) and intravitreous haemorrhage (in one patient in 
the multiple daily injections of insulin plus isCGM group). 

Interpretation: In people with type 1 diabetes using multiple daily injections 
of insulin plus isCGM and with HbA1c of at least 8%, the use of AHCL confers 
benefits in terms of glycaemic control beyond those that can be achieved with 
multiple daily injections of insulin plus isCGM. These data support wider 
access to AHCL in people with type 1 diabetes not at target glucose levels. 

Funding: Medtronic International Trading Sàrl. 

Copyright © 2022 Elsevier Ltd. All rights reserved. 
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Continuous Glucose Monitoring Initiation Within First Year of 
Type 1 Diabetes Diagnosis Is Associated With Improved 
Glycemic Outcomes: 7-Year Follow-Up Study 

Anagha Champakanath, Halis Kaan Akturk, G Todd Alonso, Janet K Snell-
Bergeon, Viral N Shah 

PMID: 35018417 

DOI: 10.2337/dc21-2004 

Abstract 

Objective: To evaluate long-term glycemic outcomes of continuous glucose 
monitoring (CGM) initiation within the first year of type 1 diabetes diagnosis. 

Research design and methods: Patients with type 1 diabetes (N = 396) were 
divided into three groups: 1) CGM (CGM use within 1 year of diabetes 
diagnosis and continued through the study), 2) no-CGM (no CGM use 
throughout the study), and 3) new-CGM (CGM use after 3 years since diabetes 
diagnosis). Patients were followed up to 7 years. 

Results: A1c was significantly lower in the CGM compared with the no-CGM 
group throughout 7 years of follow-up (least squares mean A1c values: 6 
months, 7.3% vs. 8.1%; 1 year, 7.4% vs. 8.6%; 2 years, 7.7% vs. 9.1%; 3 years, 
7.6% vs. 9.3%; 4 years, 7.4% vs. 9.6%; 5 years, 7.6% vs. 9.7%; 6 years, 7.5% vs. 
10.0%; and 7 years, 7.6% vs. 9.8%; for all, P < 0.001) adjusting for age at 
diagnosis, sex, and insulin delivery method. 

Conclusions: CGM initiation within first year of type 1 diabetes diagnosis 
results in long-term improvement in A1c. 

© 2022 by the American Diabetes Association. 
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Βάλβης 5
 

Relationship Between Time in Range, Glycemic Variability, 
HbA1c, and Complications in Adults With Type 1 Diabetes 
Mellitus  

The Journal of Clinical Endocrinology & Metabolism
–

Published:

 

Real-time continuous glucose monitoring (RT-CGM) provides information on 
glycemic variability (GV), time in range (TIR), and guidance to avoid hypoglycemia, 
thereby complimenting HbA1c for diabetes management. We investigated whether 
GV and TIR were independently associated with chronic and acute diabetes 
complications. 

Between September 2014 and January 2017, 515 subjects with type 1 diabetes using 
sensor-augmented pump therapy were followed for 24 months. The link between 
baseline HbA1c and CGM-derived glucometrics (TIR [70-180 mg/dL], coefficient of 
variation [CV], and SD) obtained from the first 2 weeks of RT-CGM use and the 
presence of complications was investigated. Complications were defined as: 
composite microvascular complications (presence of neuropathy, retinopathy, or 
nephropathy), macrovascular complications, and hospitalization for hypoglycemia 
and/or ketoacidosis. 

Individuals with microvascular complications were older (P < 0.001), had a longer 
diabetes duration (P < 0.001), a higher HbA1c (7.8 ± 0.9 vs 7.5 ± 0.9%, P < 0.001), 
and spent less time in range (60.4 ± 12.2 vs 63.9 ± 13.8%, P = 0.022) compared with 
those without microvascular complication. Diabetes duration (odds ratio [OR] = 1.12 
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Diabetes: Autoimmunity Screening for Kids (ASK) Study 
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Simmons, Andrea Steck, Iman Taki, Kathleen Waugh, Liping Yu, Edwin Liu, Marisa 
Gallant, R Brett McQueen, Jill M Norris 

 PMID: 34880069 
 DOI: 10.2337/dc21-0602 

Abstract 

Objective: Children identified with stage 1 type 1 diabetes are at high risk for 
progressing to stage 3 (clinical) diabetes and require accurate monitoring. Our 
aim was to establish continuous glucose monitoring (CGM) metrics that could 
predict imminent progression to diabetes. 

Research design and methods: In the Autoimmunity Screening for Kids 
study, 91 children who were persistently islet autoantibody positive (median 
age 11.5 years; 48% non-Hispanic White; 57% female) with a baseline CGM 
were followed for development of diabetes for a median of 6 (range 0.2-34) 
months. Of these, 16 (18%) progressed to clinical diabetes in a median of 4.5 
(range 0.4-29) months. 

Results: Compared with children who did not progress to clinical diabetes 
(nonprogressors), those who did (progressors) had significantly higher 
average sensor glucose levels (119 vs. 105 mg/dL, P < 0.001) and increased 
glycemic variability (SD 27 vs. 16, coefficient of variation, 21 vs. 15, mean of 
daily differences 24 vs. 16, and mean amplitude of glycemic excursions 43 vs. 
26, all P < 0.001). For progressors, 21% of the time was spent with glucose 
levels >140 mg/dL (TA140) and 8% of time >160 mg/dL, compared with 3% 
and 1%, respectively, for nonprogressors. In survival analyses, the risk of 
progression to diabetes in 1 year was 80% in those with TA140 >10%; in 
contrast, it was only 5% in the other participants. Performance of prediction by 
receiver operating curve analyses showed area under the curve of ≥0.89 for 
both individual and combined CGM metric models. 

[1.09-1.15], P < 0.001) and TIR (OR = 0.97 [0.95-0.99], P = 0.005) were independent 
risk factors for composite microvascular complications, whereas SD and CV were 
not. Age (OR = 1.08 [1.03-1.14], P = 0.003) and HbA1c (OR = 1.80 [1.02-3.14], P = 
0.044) were risk factors for macrovascular complications. TIR (OR = 0.97 [0.95-
0.99], P = 0.021) was the only independent risk factor for hospitalizations for 
hypoglycemia or ketoacidosis. 

Lower TIR was associated with the presence of composite microvascular 
complications and with hospitalization for hypoglycemia or ketoacidosis. TIR, SD, 
and CV were not associated with macrovascular complications. 
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Conclusions: TA140 >10% is associated with a high risk of progression to 
clinical diabetes within the next year in autoantibody-positive children. CGM 
should be included in the ongoing monitoring of high-risk children and could 
be used as potential entry criterion for prevention trials. 

© 2022 by the American Diabetes Association. 
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Mean glycated haemoglobin (HbA1c) from study entry to Week 26. Data are mean at 
screening and least squares mean ± standard error at all other timepoints and based on the 
mixed-effects model for repeated measurements analysis in the efficacy estimand. 
Abbreviations: HbA1c, glycated haemoglobin haemoglobin; URLi, ultra-rapid lispro 

 

Postprandial glucose excursions at week 26. Data are least squares mean ± standard error. 
Abbreviation: URLi, ultra-rapid lispro 
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Kaplan–Meier survival 
analysis of the association 
between adolescent obesity 
and incident type 1 diabetes 
in young adulthood 
stratified by BMI categories 
(5th–49th percentiles, 
overweight and obese). 
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Ιδρυτής spin-out Olea Fortius

Σύγχρονες διατροφικές τάσεις

Εξατομικευμένη διατροφή

Εξατομικευμένη 
διατροφή

 Μεγάλη συζήτηση στο χώρο της ενδοκρινολογίας για

τις προσεγγίσεις στην αντιμετώπιση της παχυσαρκίας

 Ιδιαίτερη έμφαση στον τομέα της εξατομικευμένης

διατροφής και της παρακολούθησης

Share of adults that are obese, 2016
Obesity is de�ned as having a body-mass index (BMI) equal to, or greater than, 30. BMI is a person's weight (in
kilograms) divided by their height (in meters) squared.

No data 0% 10% 20% 30% 40% 50% 60% 70%

Source: WHO, Global Health Observatory (2022) OurWorldInData.org/obesity Ɩ  CC BY
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Εξατομικευμένη 
διατροφή

Εξατομικευμένη διατροφή

 Παρακολούθηση μεταβολιτών για την έγκαιρη

αναγνώριση μη φυσιολογικών τιμών βιοδεικτών

 Πιθανή αποτροπή πρόκλησης σοβαρών ασθενειών

 Η φορητή τεχνολογία θα μπορούσε να παίξει καθοριστικό

ρόλο στην εξατομικευμένη διατροφή μέσω της συνεχούς

παρακολούθησης των βιοδεικτών

 Δυνατότητα εξατομικευμένης διατροφικής παρέμβασης με

βάση τις ανάγκες του οργανισμού σε πραγματικό

χρόνο (π.χ. άθληση, ασθένεια, διάβασμα)

Εξατομικευμένη διατροφή

Τα παγκόσμια έσοδα στον τομέα της

διαδικτυακής παράδοσης τροφίμων ήταν:

• 90 δισεκατομμύρια δολάρια το 2018

• 294 δισεκατομμύρια δολάρια το 2021

• 466 δισεκατομμύρια δολάρια έως το 2026

(πρόβλεψη)

Πολύ σημαντικές οι επιπτώσεις για

 Το περιβάλλον

 Τη διατροφή

 Την αξιοπρεπή εργασία

Βιώσιμη διατροφή

 Παραγωγή

 Επεξεργασία

 Αποθήκευση

 Συσκευασία

 Μεταφορά

 Λιανική πώληση

Βιώσιμη διατροφή

ΔΙΑΤΡΟΦΉ - ΆΣΚΗΣΗ | ΔΗΜΉΤΡΙΟΣ ΚΟΥΡΈΤΑΣΔΙΑΤΡΟΦΉ - ΆΣΚΗΣΗ | ΔΗΜΉΤΡΙΟΣ ΚΟΥΡΈΤΑΣ
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Κατανάλωση έτοιμου φαγητού &
υγιεινά γεύματα

Πανδημία COVID-19

 Αυξημένη κατανάλωση έτοιμων τροφίμων

 Υψηλότερα ποσοστά κατανάλωσης φαγητών
απ’ έξω

Συσχέτιση με χαμηλότερη πρόσληψη υγιεινών 
τροφίμων, όπως φρούτα, λαχανικά

Χαμηλότερη πρόσληψη βασικών θρεπτικών συστατικών

Κατανάλωση έτοιμου φαγητού &
υγιεινά γεύματα

Κατανάλωση έτοιμου φαγητού &
υγιεινά γεύματα
 Αλλαγές στα διατροφικά πρότυπα και τις διατροφικές συνήθειες 

των καταναλωτών 

 Μεταβολές στις διατροφικές συνήθειες όλων των ηλικιακών 

ομάδων, αλλά ιδίως στους νεότερους καταναλωτές

Κατανάλωση έτοιμου φαγητού &
υγιεινά γεύματα
 Θετική γνώμη καταναλωτών για πρόσληψη φυτικής προέλευσης 

προϊόντων με σκοπό την προαγωγή της ανθρώπινης υγείας

 Έλλιπής γνώση στο καταναλωτικό κοινό για τους τρόπους 

υιοθέτησης ενός υγιεινού και βιώσιμου διατροφικού πλάνου
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 Vegetarian

Περιλαμβάνει όλες τις φυτικές τροφές, καθώς και 
αυγά και γαλακτοκομικά

 Vegan

Αποκλείει το κρέας, τα γαλακτοκομικά, τα αυγά και 
συχνά το μέλι

 Whole-foods, plant-based (WFPB)

Vegan διατροφή με χαμηλή περιεκτικότητα σε 
λιπαρά

 Pescatarian

Χορτοφαγική διατροφή που περιλαμβάνει 
θαλασσινά

Εργαλείο για γιατρούς και  ασθενείς για την 
αντιμετώπιση χρόνιων ασθενειών σε 
συνδυασμό με φαρμακευτική αγωγή

Φυτοφαγική διατροφή

Διαχείριση  
διαβήτη ά 
στη 

Κατάλληλη διατροφή για 
το έντερο ά στη 

Ενίσχυση του 
ανοσοποιητικού στη 

στη 

Συμβολή 
στον έλεγχο 
της 
αρτηριακής 
πίεσης ά στη 

Μείωση κινδύνου 
καρδιαγγειακών 
ασθενειών στη 

Διατήρηση 
επιθυμητού 
βάρους στη 

American Association of Clinical Endocrinologists και

American College of Endocrinology συνιστούν την

υιοθέτηση φυτοφαγικής δίαιτας για τα άτομα με διαβήτη

τύπου 2, καθώς μπορούν να βελτιώσουν τον γλυκαιμικό

έλεγχο και να μειώσουν τον κίνδυνο επιπλοκών

Φυτοφαγική διατροφή & 
υγεία

Προβιοτικά: η τροφή του 
εντέρου

 Η μυκητιακή κοινότητα του ανθρώπινου εντέρου είναι αναπόσπαστο μέρος του μικροβιώματος με πιθανές 

συνέπειες για την υγεία

 Το μικροβίωμα του εντέρου είναι σχετικά σταθερό, ενώ ρυθμίζεται από την ηλικία, τη διατροφή και την υγεία

του ξενιστή

 Το μικροβίωμα αλληλεπιδρά με τη βακτηριακή κοινότητα του εντέρου και σχετίζεται με διάφορες παθήσεις

 Τα χαρακτηριστικά του εντερικού μικροβιώματος μπορεί να είναι θεραπευτικοί στόχοι για μεταβολικές 

ασθένειες

 Σημαντική η αλληλεπίδραση μεταξύ μυκήτων και βακτηρίων του εντέρου στη μεταβολική υγεία

Το μικροβίωμα του εντέρου σχετίζεται στενά με τη μεταβολική υγεία του ξενιστή μέσω της ρύθμισης 

των βακτηριακών λειτουργιών και των μεταβολιτών του εντέρου

Προβιοτικά: η τροφή του 
εντέρου
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 Ο εντερικός φραγμός προστατεύει το ξενιστή

από τα μικρόβια του εντέρου, τα τροφικά αντιγόνα

και τις τοξίνες του γαστρεντερικού σωλήνα

Η ακεραιότητα του εντερικού φραγμού επηρεάζεται

από:

• Τη Δυτικού τύπου διατροφή
• Τα αντιβιοτικά
• Το αλκοόλ
• Tη διαταραχή των κιρκάδιων ρυθμών
• Το ψυχολογικό στρες

Η χρόνια διαταραχή του φραγμού του εντέρου μπορεί

να οδηγήσει σε:

• Μετατόπιση μικροβιακών συστατικών στο σώμα

• Πρόκληση συστημικής φλεγμονής

• Ανάπτυξη μεταβολικών διαταραχών

• Πρόκληση αυτοάνοσων νοσημάτων

Σύγχρονοι ρυθμοί ζωής

Υψηλή αναγκαιότητα αλλαγής 

διατροφικών προβλημάτων: 

• Έλλειψη σε μικροθρεπτικά
• Κακή διατροφή
• Κακής ποιότητας τρόφιμα

Σημαντική η χάραξη πολυεπίπεδων 

πολιτικών:

• Εκπαίδευση
• Πρόληψη
• Κοινωνική προσαρμογή
• Ψηφιακή ενημέρωση

Σύγχρονοι ρυθμοί ζωής

Telenutrition

Διατροφικές διαταραχές, 
συναισθηματική αδυναμία, 

φόβος, άγχος, στρες, 
κατάθλιψη, 

αύξηση βάρους

COVID-19

Διατροφική παρακολούθηση 
εξ’ αποστάσεως

Παροχή διατροφικής συμβουλευτικής:

 Διατροφική αξιολόγηση

 Ανάλυση

 Σχέδιο διαχείρισης

 Παρακολούθηση

Διατροφική παρακολούθηση 
εξ’ αποστάσεως
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Εξοικονόμηση 
χρόνου και 
χρημάτων 

Ευελιξία Προσβασιμότητα Διαθεσιμότητα

Διατροφική παρακολούθηση 
εξ’ αποστάσεως

 Τρόφιμα πλούσια σε λιπαρά είναι

ανθυγιεινά

 Τρόφιμα με υψηλή περιεκτικότητα σε

χοληστερόλη πρέπει να αποφεύγονται

 Η μη κατανάλωση υδατανθράκων είναι

το κλειδί για απώλεια βάρους

 Το πρωινό είναι το πιο σημαντικό γεύμα

 Μικρά γεύματα ανά τακτά χρονικά

διαστήματα

 Η κατανάλωση τροφής τις βραδινές ώρες

οδηγεί σε αύξηση βάρους

Διατροφικοί μύθοι

Συσσώρευση πληροφοριών από αναξιόπιστα 
κανάλια πληροφόρησης σχετικά με την 

ιδανική διατροφή

Εξάπλωση  διατροφικών “fake news”

Ανάγκη για σχεδιασμό εργαλείου με στόχο 
την αποτροπή της παραπληροφόρησης

Διατροφικοί μύθοι

 Ανάπτυξη της ιστοσελίδας NutriPedia, καθώς και 

πιλοτικής εφαρμογής για την παροχή καθοδήγησης σε 

θέματα διατροφής εγκύων και βρεφών

 Αξιοποίηση των τεχνολογικών εργαλείων στη διάψευση 

ψευδών ειδήσεων και στην απάντηση των συχνότερων 

ερωτημάτων των γονέων

Χρήση σε μεγαλύτερη κλίμακα θα μπορούσε να συνεισφέρει στην υιοθέτηση σωστών διατροφικών 

συνηθειών και στην καταπολέμηση λανθασμένων αντιλήψεων γύρω από τη διατροφή, μέσω παροχής 

έγκυρης πληροφόρησης στο γενικό πληθυσμό

Διατροφικοί μύθοι
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Παράγοντες που επηρεάζουν τις γνώσεις περί

διατροφής:

 Ηλικία

 Μορφωτικό επίπεδο

 Οικονομική κατάσταση

 Περιοχή κατοικίας

 Κοινωνική και πολιτισμική επιρροή

Βελτίωση διατροφικών συνηθειών, μεταβολικής 

υγείας και ψυχολογικής ευημερίας

Ευαισθητοποίηση

Ευαισθητοποίηση για την 
υγιεινή διατροφή

Γρήγορη και απλή αξιολόγηση για την

ανίχνευση της παρουσίας ή του κινδύνου

ελλείψεων που αφορούν θρεπτικά

προσλαμβανόμενα μέσω της διατροφής

Ευαισθητοποίηση για την 
υγιεινή διατροφή

Οι εταιρείες επενδύουν ολοένα και 

περισσότερο στην υγεία και στην ευεξία των 

εργαζομένων

Τα εταιρικά προγράμματα ευεξίας μπορούν να 

περιλαμβάνουν:

• Aπλούς βιομετρικούς ελέγχους

• Προηγμένους ελέγχους για ασθένειες

• Προγράμματα άσκησης

• Διατροφικά προγράμματα 

• Έρευνες για το ιατρικό ιστορικό

• Εκπαίδευση για την προστασία και τη 

βελτίωση της υγείας

Εταιρικά προγράμματα 
διατροφής & ευεξίας

Η επένδυση στην υγεία και στην ευζωία των 

εργαζομένων συσχετίζεται με αυξημένα 

εργασιακά κίνητρα και παραγωγικότητα

Εταιρικά προγράμματα 
διατροφής & ευεξίας

 Μείωση σωματικού βάρους

 Μείωση χοληστερόλης

 Μείωση αρτηριακής πίεσης 

 Πιλοτικό πρόγραμμα ευεξίας «Ferrari Formula 

Benessere» στους εργαζομένους της Ferrari

διάρκειας 4 ετών

 Βασικοί άξονες η εξατομικευμένη διατροφή και 

η τακτική άσκηση (2-3 φορές εβδομαδιαίως)

Σημαντικά οφέλη για την 

καρδιαγγειακή λειτουργία
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Ανταποκρινόμενη σίτιση

 Έπαινος για τη δοκιμή νέων τροφών 

 Ερώτηση παιδιών για πείνα/πληρότητα 

 Αποφυγή χρήσης τροφικών ανταμοιβών 

 Πρότυπο κατανάλωσης του ίδιου φαγητού -
μίμηση

 Εμπλοκή συζήτησης κατά τη διάρκεια των 
γευμάτων

Διατροφική εκπαίδευση στα 
σχολεία

Τροχός αλλαγής συμπεριφοράς

Νέα μέθοδος για το χαρακτηρισμό και το σχεδιασμό 
παρεμβάσεων αλλαγής συμπεριφοράς

Παρεμβάσεις: δραστηριότητες
που αποσκοπούν στην αλλαγή
συμπεριφοράς

Πολιτικές: αποφάσεις από τις
κυβερνητικές αρχές σχετικά με
τις παρεμβάσεις

Διατροφική εκπαίδευση στα 
σχολεία
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 MACS-2 and CS showed a higher prevalence of hypertension and more often required 3 or 
more antihypertensives 

 The prevalence of type 2 diabetes was increased in participants with CS 

 In a subgroup analysis of persons with type 2 diabetes, both MACS-2 and CS more often 
required insulin treatment  

 The prevalence of dyslipidemia did not differ between participants 

 Persons with bilateral adrenal tumors more often required 3 or more antihypertensives and 
were more frequently diagnosed with dysglycemia 

 MACS-1, MACS-2, and CS showed a gradual decrease in the 24-hour urinary excretion of 
androgen metabolites  

 MACS-1, MACS-2, and CS showed a progressive increase in the excretion of cortisol and 
tetrahydro11-deoxycortisol, the metabolite of the immediate cortisol precursor 11-
deoxycortisol. In persons with MACS-2 and CS, the excretion of cortisone was also increased 

 

 
Conclusion: 

 MACS-2 carry an increased cardiometabolic burden similar to that seen in CS even if they do 
not display typical features of clinically overt cortisol excess 

  The proportion of women increased with the degree of cortisol excess, corroborating 
previous observations that cortisol excess predominantly affects women 

  Persons with MACS and bilateral tumors were more frequently diagnosed with dysglycemia 
and prescribed 3 or more antihypertensives 

 Progressive changes in steroid excretion across ALL 3 groups, MACS-1, MACS-2, and CS 
compared with NFAT: i) Progressive decrease in androgen excretion and ii) a progressive 
increase in glucocorticoid excretion 

 The Authors speculate that a subgroup of persons with NFAT may have underlying 
autonomous cortisol secretion that is not detected when the current diagnostic criterion for 
cortisol excess—the 1mg-DST—is applied. 
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Background:  Benign adrenal tumors are common (89% of incidentalomas). Mild autonomous cortisol 
secretion (MACS) is regularly diagnosed, but its effect on cardiometabolic disease in affected persons 
is not well defined. 

Aim: To determine clinical characteristics, cardiometabolic disease burden and steroid excretion in 
persons with benign adrenal tumors with and without MACS 

Methods:  

 Cross-sectional study 

 14 endocrine care centers in 11 countries (recruitment from 2011 to 2016). 

 1305 prospectively recruited persons with benign adrenal tumors (excluded PA and BIMAH) 

Measurements: 

 Cardiometabolic risk factors (HTN, DM, pre DM, HLD) 

 24-hour urinary excretion of 16 distinct steroid 

 metabolites  

Results: 

 Female: Women represented 67.3% of the participants, and the female predominance was 
most pronounced in MACS-2 (73.6%) and CS (86.2%) 

 AGE: MACS were older than NFAT. CS were the youngest (median, 48 years) 

 Size: participants with abnormal 1mg-DST results had larger adrenal tumors 

 Bilateral disease: Persons with MACS were almost twice as likely to present with bilateral 
tumors than persons with NFAT 

 

 

 

 

 
Results: Compared with persons with NFAT 
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Background: The association between cortisol secretion and mortality in patients with adrenal 
incidentalomas is controversial. 

Aim: To assess all-cause mortality, prevalence of comorbidities, and occurrence of cardiovascular 
events in patients with adrenal incidentalomas and cortisol autonomy 

Methods:  International, retrospective, cohort study at 30 centers in 16 countries. Eligible patients 
were aged > 18 years of age with an adrenal incidentaloma detected between Jan 1, 1996, and Dec 
31, 2015, and availability of a 1 mg dexamethasone suppression test result from the time of the initial 
diagnosis 

Endpoints:  

 The primary endpoint was all-cause mortality 

 Secondary endpoints were the prevalence of cardiometabolic comorbidities, cardiovascular 
events, and cause-specific mortality 

Data Collected:  

 Demographics: Age, sex, and BMI 

 Medical history (CAD risk factors and events) 

 Cardiometabolic comorbidities= hypertension, any diabetes, and dyslipidaemia 

 Cardiovascular morbidity= myocardial infarction or coronary revascularisation (either bypass 
surgery or percutaneous intervention), stroke, or cardiovascular-related death 

 Results: 

  Cardiometabolic comorbidities were more prevalent in the pACS and ACS  

 Higher prevalence =Hypertension  

 Comorbidities showed progressively increased frequencies 

 in the NFAT, pACS, ACS groups, reflecting a continuum in metabolic disturbance 
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Conclusion:  

 Cardiometabolic comorbidities were significantly less frequent in NFA than in PACS and ACS 

 All-cause mortality (adjusted for age, sex, comorbidities, and former CV events) was 
significantly increased in PACS (HR 1.52; 95%CI 1.19-1.94; p=0.001) and ACS (1.77; 1.20-2.62; 
p=0.04).  

 In women <65 years, ACS was associated with higher mortality compared to NFA (HR 4.37; 
95%CI 1.93-9.91; p<0.001), while in men this was not observed. 

 

 

Επινεφρίδια- Δεληβάνη Δανάη 

 

6 
 

Primary end point: All Cause Mortality: After multivariable Cox analysis adjusting for age, sex, 
hypertension, any diabetes, dyslipidaemia, and previous cardiovascular events all-cause mortality was 
increased in patients with possible autonomous cortisol secretion and autonomous cortisol secretion 
compared with patients with nonfunctioning adenoma. 

 

 

Association between all-cause mortality and the degree of cortisol autonomy was age and 
sex dependent 

 

Conclusion: Cortisol autonomy is associated with increased all-cause mortality, especially in women 
<65 years. 

Secondary end point: Cardiovascular mortality 

Cardiovascular events occurring either before or after the initial diagnosis of the adrenal tumor were 
more frequently observed in patients with pACS and ACS than in patients with NFAT. However, after 
adjusting for cardiometabolic comorbidities, a significant increase in MACE was only observed in 
women aged 65 years or older 

 

ΕΠΙΝΕΦΡΊΔΙΑ | ΔΕΛΗΒΑΝΗ ΔΑΝΑΗΕΠΙΝΕΦΡΊΔΙΑ | ΔΕΛΗΒΑΝΗ ΔΑΝΑΗ



- 192 - - 193 -

Επινεφρίδια- Δεληβάνη Δανάη 

 

9 
 

Conclusion : 

 Among patients with bilateral adrenal masses and ACTH- independent CS or subclinical 
MACS, AVS can distinguish unilateral from bilateral disease and lateralize the side of greater 
autonomous cortisol secretion, thereby helping guide multidisciplinary treatment discussions 
and surgical management.  

 The CLR is the most specific parameter for initially differentiating unilateral from bilateral 
disease with a CLR > 1.3 strongly arguing against bilateral disease. Once the unilateral 
disease is predicted based on CLR then the higher AV/IVC cortisol ratio and CLR dominant 
side can be used to guide laterality for adrenalectomy with high specificity 

 The revised AVS criteria suggested here improve the specificity for distinguishing unilateral 
and bilateral disease, providing guidance to manage this challenging clinical situation. 

  In patients with CS due to CT-confirmed PBMAH, AVS likely has no role or a limited role in 
guiding surgical management 

 Careful patient selection and Need for an experience center in performing AVS 

 

-
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Background: ACTH-independent glucocorticoid secretory autonomy can cause  mild autonomous 
cortisol secretion (MACS) . Treatment of unilateral ACTH-independent cortisol-secreting adrenal 
adenomas is generally straightforward. For patients with bilateral adrenal masses, treatment planning 
is more complex since masses can occur in various combinations. 

Aim: to evaluate the role of adrenal venous sampling (AVS) in guiding the management of patients 
with ACTH- independent glucocorticoid secretory autonomy (CS and MACS) and bilateral adrenal 
masses 

Design and Patients: A retrospective cohort with 25 patients with B/L adrenal masses, clinical CS or 
subclinical MACS who underwent AVS and surgical management. Cases of PA and PHEO were 
excluded. 
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Aim: to establish the utility of plasma steroid profiling combined with metanephrines and adrenal 
tumor size for the differential diagnosis of patients with adrenal incidentaloma. 

Design: A retrospective cross-sectional study at 7 European tertiary care centers, comprised 577 
patients with adrenal incidentaloma AND available plasma sample for steroid profiling 
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Aim: The role of AVS in PBMAH 

Design: a retrospective analysis of 16 patients with PBMAH and clinical overt CS 

Methods: Selectivity of adrenal vein sampling during AVS was defined as a gradient of cortisol or a 
reference adrenalhormone ≥2.0 between adrenal and peripheral vein. Lateralization was assumed if 
the dominant to non-dominant ratio of cortisol to reference hormone was ≥4.0 

 

 
Results:  

 Lateralization was documented in 8 of 16 patients. In patients with lateralization, in 5 of 8 
cases this occurred toward morphologically larger adrenals, while in 3 patients lateralization 
was present in bilaterally identical adrenals.  

 In no case lateralization was found toward the smaller gland.  

 The combined volume of adrenals correlated positively with urinary free cortisol, suggesting 
that adrenal size is the dominant determinant of cortisol secretion 

Conclusion: In this study the gain of information through AVS for unilateral adrenalectomy was 
limited in patients with PBMAH and marked adrenal asymmetry. 
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Conclusion: Among patients with adrenal incidentaloma, the combination of plasma steroid 
metabolomics with routinely available plasma free metanephrines and data from imaging studies may 
facilitate the identification of almost all clinically relevant adrenal tumors. 
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Results:  A selection of these 11 steroids, combined with plasma metanephrines, proved optimal for 
identifying patients with ACC, PA, and PHEO at respective sensitivities and specificities. However, 
discrimination of ACS and NFAI remained suboptimal (70%-71% sensitivity, 89%-90% specificity). 
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Results: 

 

 

      Conclusion: 

 the number of patients who undergo screening for PA is almost zero 

 The low level of screening occurs even among individuals with recurrent hypokalemia, in 
those with severe hypokalemia, and in those with hypertension requiring ≥4 
antihypertensive medications 

 Older age and diabetes mellitus were associated with a lower likelihood of ARR screening 
among individuals with hypertension plus hypokalemia 

 Subspecialty care from endocrinology and cardiology were associated with an increased 
likelihood of ARR screening 
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Background: Primary aldosteronism is a common, yet highly underdiagnosed, cause of hypertension 
that leads to disproportionately high rates of cardiovascular disease. Hypertension plus hypokalemia 
is a guideline-recommended indication to screen for primary aldosteronism, yet the uptake of this 
recommendation at the population level remains unknown 

Aim: to explore PA screening rates among individuals with hypertension plus hypokalemia. 

Methods: A population-based retrospective cohort study of adults ≥18 years old in Ontario, Canada, 
with hypertension plus hypokalemia (potassium <3.5 mEq/L) from 2009 to 2015 with follow-up 
through 2017.   

Measurements:  

Baseline characteristics 

Medication data 

PA screening via the ARR based upon hypokalemia frequency and severity along    with concurrent 
antihypertensive medication use 
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Aim: to provide an updated precise quantitative estimate of the odds ratio (OR) of all-cause mortality 
and cardiovascular events in patients with PA treated with adrenalectomy or MRA 

Methods: A systematic review and meta-analysis was conducted and included all studies that 
investigated patients with PA who underwent MRA or adrenalectomy treatment, and mortality, 
cardiovascular or cerebrovascular events after treatment were reported from no start date restriction 
to 18 December 2021. 

Composite primary outcome was long-term all-cause mortality and/or major adverse cardiovascular 
events (MACE), including coronary artery disease (CAD), stroke, arrhythmia, and congestive heart 
failure. 

Results composite primary outcomes: Patients who underwent adrenalectomy had better 

composite primary outcomes (OR: 0.46 (95% CI, 0.38– 0.56), P < 0.001, heterogeneity I2=30%) 
including lower all-cause mortality and/or MACE rates 

 

Results all-cause mortality: lower all-cause mortality in the adrenalectomy group with the random-
effects model (OR: 0.33 (95% CI: 0.15–0.73), P=0.006, heterogeneity I2=73%) 

 

 

Results on MACE: better outcome in the surgical group with the random-effects model (OR: 0.55, 
(95% CI: 0.40–0.74), P=0.0001, heterogeneity I2=68%) 

 

Subgroup analyses and meta-regression: 
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Background:  In patients with primary aldosteronism (PA), long-term cardiovascular and mortality 
outcomes after adrenalectomy vs mineralocorticoid receptor antagonist (MRA) have not been 
compared yet. 
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Methods: 

  A systematic review and Meta-Analysis of 55 studies evaluating any guideline-recommended 
confirmatory test, compared with a reference standard were included. 

 The Quality Assessment of Diagnostic Accuracy Studies-2 tool was used to assess the risk of 
bias. 

 Meta-analyses were conducted using hierarchical summary receiver operating characteristic 
models. 

 

Επινεφρίδια- Δεληβάνη Δανάη 

 

18 
 

Serum Potassium 

When the serum potassium was lower than 3.5 mmol/L (hypokalemia), indicating more advanced 
disease, the benefits of adrenalectomy over MRA on the composite primary outcomes could be 
insignificant (n =208, OR: 0.68 (95% CI: 0.33–1.40)). On the contrary, when the serum potassium was 
higher or equal to 3.5 mmol/L (normokalemia), implying less severe disease, the benefits of 
adrenalectomy over MRA on the composite primary outcomes became statistically significant (n 
=1,736, OR: 0.44 (95% CI: 0.35–0.57)). 

Patient’s age 

Patient’s age modified the effect of adrenalectomy on composite primary outcomes. In other words, 
the older the patients are, the less advantage they may receive from adrenalectomy 

Patients with unilateral PA that underwent adrenalectomy had lower risk of all-cause mortality 

and/or MACE 

Strengths:  

 most updated meta-analysis 

 Most enrolled studies were within low-to-moderate risk of bias 

Limitations:  

 Most of the included studies did NOT match patients with PA in surgical VS medical groups 
for the Baseline  characteristics 

 Substantial heterogeneities. 

 Baseline characteristics between medically or surgically treated patients were imbalanced in 
some studies, meaning the selection of patients for adrenalectomy might be biased 
(Selection Bias) 

 The definitions of MACE varied among studies 

Conclusion:  

Patients with PA, especially the unilateral subtype, adrenalectomy should be preferred over 
MRA therapy in reducing all-cause mortality and/or incident MACE. 

  More beneficial effects of adrenalectomy regarding CAD (MI and revascularization), 
arrhythmia, and congestive heart failure were also observed.  

 That the benefit of surgery waned with advancing age warrants further investigation 
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Aim:  to compare the traditional saline infusion test (SIT) with the modified post-dexamethasone 
saline infusion test (DSIT) by applying both tests on the same subjects. 

Methods: 68 patients (72% hypertensives) with single adrenal adenoma and 55 age- and gender 
matched normotensive controls with normal adrenal imaging. (Between 2011 and 2018) 

Measurements: Serum cortisol, aldosterone, and PRC were measured and the ARR was calculated. 
Using the mean ± 2 s.d. values from the controls, we defined the upper normal limits for cortisol, 
aldosterone, and PRC for both the SIT and DSIT 
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Results: 

 Risk of bias was high, affecting more than half of studies, and across all domains.  

 Studies with case-control sampling overestimated accuracy by 7-fold (relative diagnostic 
odds ratio, 7.26 [95% CI, 2.46–21.43]) 

 and partial verification or use of inconsistent reference standards overestimated accuracy by 
5-fold (5.12 [95% CI, 1.48–17.77]) 

 large variations in how confirmatory tests were conducted, interpreted, and verified 

  Under most scenarios, confirmatory testing resulted in an excess of missed cases 

 The certainty of evidence underlying each test was very low. 

 

Conclusions: 

 There are large variations in how confirmatory tests are conducted, interpreted, and verified. 

 Recommendations for confirmatory testing in patients with abnormal screening tests and 
high probability features of primary aldosteronism are based on very low-quality evidence 
and their routine use should be reconsidered 
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Results: 

In the controls, the post-DSIT aldosterone levels and the ARR were approximately two-fold and three-
fold lower, respectively, than the corresponding post-SIT values (all P  = 0.001) leading to lower cut-
offs of aldosterone suppression. Applying these cut-offs to patients with adrenal adenomas, the 
prevalence of PA was 13.2% following the SIT and 29.4% following the DSIT, respectively. In addition, 
54.5% of patients with PA had concomitant autonomous cortisol secretion (ACS). Targeted treatment 
of PA resulted in resolution of hypertension and restoration of normal secretory aldosterone 
dynamics 

Conclusion:  

Using the cut-offs obtained from controls, the DSIT improves the diagnostic accuracy of PA, allowing 
for the detection of ‘milder’ forms of PA in patients with adrenal adenomas 
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-However, definitions according to the ability of tumors to synthesize and/or release catecholamines 
were inconsistently used according to biochemical test results. In some cases, biochemical test results 
were not even mentioned. 
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Background: Widespread use of anatomic imaging and expansion of surveillance programs for 
patients at risk of PPGL due to genetic predisposition has led to increased diagnosis of ‘silent PPGL’. 
This term and other variants are now commonly found in the literature without any clear or unified 
definition.  

Aim: to provide an overview of the literature and propose standardized terminology in an attempt at 
harmonization to facilitate scientific communication. 

Methods:Two researchers independently searched PubMed for articles published in English from 
1980 to 2021. The following search terms were used pheochromocytoma or paraganglioma AND 
silent  or nonfunctioning. 

Results: Review of literature revealed that:  

-the term “silent” was used in a highly variable fashion according to widely differing circumstances 

-The term “clinically silent” was appropriately used to describe the absence of symptoms of 
catecholamine excess 
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Objective: To investigate the prevalence of recurrence among patients with sporadic compared with 
hereditary PPGL and to identify predictors of recurrence for sporadic disease. 

Methods: A multicenter study including retrospective data from 1127 patients with PPGL. Patients 
with sporadic PPGL were defined as those with negative genetic test results. 

Results:  

Prevalence of recurrence among patients with sporadic PPGL (14.7%) was lower (P<0.001) than for 
patients with pathogenic variants that activate pseudohypoxia pathways (47.5%), but similar to those 
with variants that activate kinase pathways (14.9%). 

 Among patients with sporadic recurrent PPGL, 29.1% and 17.7% were respectively diagnosed 
at least 10 and 15 years after first diagnosis. 

 a noradrenergic/dopaminergic phenotype. larger size and extra-adrenal location  of primary 
tumors were independent predictors of recurrence in sporadic PPGL 

 

Conclusion:  
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Summary of proposed Nomenclature 
 

“Clinically silent” PPGLs are those characterized by the absence of signs and symptoms associated 
with catecholamine excess. 

“Non-secretory” tumors are those with absence of clear catecholamine secretory activity, often 
adrenergic and presenting with normal plasma and/or urinary catecholamines over multiple sampling 
time points. 

“Biochemically negative PPGLs are those characterized by plasma or urinary metanephrines below 
the upper cut-offs of reference intervals. If only catecholamines are measured the same term may be 
used with clarification 

“Non-functional” tumors are those with absent catecholamine synthesis as determined from 
measurements of catecholamines in the tumor tissue, assessments of tumor tissue tyrosine 
hydroxylase or large size in association with negative results for plasma or urinary metanephrines. 

Conclusion:  

 “clinically silent” and “non-secretory” tumors are usually functional, and pre-surgical 
treatment with a-adrenoceptor blockade is essential to minimize intraoperative 
hemodynamic instability 

 In patients presenting with negative biochemical test result, the reliability of measurements 
should be verified 

 A negative biochemical test result cannot alone exclude functionality, especially for smaller 
PPGLs (<2 cm) 

 Unless, functionality is correctly excluded, pre-operative blockade of adrenoreceptors 
remains important. 
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 Mean follow-up was 67 months 

 

 

Results: 

 Patients in the no-CR group had greater risk of death than did patients in the CR group 
(hazard ratio [HR] = 3.18;95% CI, 2.34-4.32).   

 Independent predictors of survival included age (HR = 1.02; 95% CI, 1.00-1.03), hormone 
excess (HR = 2.56; 95% CI, 1.66-3.92), and local metastasis therapy (HR = 0.41; 95% CI, 0.47-
0.65). 

Conclusion:  

Cytoreductive surgery of the primary tumor in patients with metastatic ACC is associated with 
prolonged survival. 
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 Patients with sporadic PPGL require long-term follow-up as they are at significant risk of 
recurrent disease, even 10 years after initial tumor diagnosis.  

 Specific characteristics, such as tumor size and biochemical tumor phenotype could be used 
to guide individualized follow-up strategies for patients with sporadic PPGL. 

 

 

 

Aim: To analyze the impact of cytoreductive surgery of the primary tumor in patients with metastatic 
ACC. 

Methods:  

A multicentric, retrospective paired cohort study of 239 patients  comparing the overall survival (OS) 
in patients with metastatic ACC who were treated either with or without  cytoreductive surgery. 

 The main outcome was OS, determined from the date of diagnosis until death or until last 
follow-up for living patients. 
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Limitations: 

 Treatment and follow-up were not completely standardized  

 Restaging was not always consistent at 3 months intervals  

 The study group was heterogeneous as it consisted mostly of patients with late-stage disease 
that had received different previous treatments at different centers.  

 the number of treatments and therefore the cumulative activity of [131I]IMAZA differed in 
this study. 

Conclusion:  

 In patients with advanced ACC refractory to standard therapeutic regimens, [131I]IMAZA 
treatment was associated with disease stabilization and nonsignificant tumor size reduction 
in a significant patient fraction and only limited toxicities.  

 High [131I]IMAZA-uptake in tumor lesions was observed in 38.5% of patients with advanced 
ACC, rendering [131I] IMAZA a potential treatment option in a limited, well-defined patient 
fraction 
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Abstract

IMPORTANCE Abundant evidence suggests thyroid dysfunction is associated with adverse
pregnancy outcomes. However, associations of preconception thyrotropin levels outside of
reference range with reproductive health outcomes are not well characterized.

OBJECTIVE To evaluate the associations of preconception thyrotropin levels with time to pregnancy
(TTP) and risk of spontaneous abortion (SA).

DESIGN, SETTING, AND PARTICIPANTS This population-based cohort study used data from the
Chinese National Free Prepregnancy Checkups Project. Female participants aged 20 to 49 years who
were trying to conceive were enrolled between January 1, 2013, and December 31, 2016, for the
analysis of TTP or SA. Data were analyzed between August 1, 2020, and July 5, 2021.

EXPOSURES Levels of thyrotropin within 1 year prior to pregnancy.

MAINOUTCOMES ANDMEASURES Themain outcomes were TTP, assessed using hazard ratios
(HRs), and SA, assessed using odds ratios (ORs), according to preconception thyrotropin levels.
Thyrotropin dose-response associations were assessed using restricted cubic spline regression.

RESULTS Among 11 194002 female participants (mean [SD] age, 27.56 [5.10] years) in the TTP
cohort, 4 739 421 (42.34%) participants became pregnant within 1 year. Both low and high
preconception thyrotropin levels were associated with delayed TTP compared with thyrotropin
levels of 0.37 to 2.49mIU/L (thyrotropin <0.10mIU/L: HR, 0.90; 95% CI, 0.89-0.92; thyrotropin
4.88-9.99mIU/L: HR, 0.86; 95% CI, 0.86-0.87; thyrotropin �10.00mIU/L: HR, 0.78; 95% CI, 0.77-
0.79). In the SA analysis cohort including 4 678679 pregnancies, 108064 SA events (2.31%) were
documented. High thyrotropin groups showed an increased risk of SA compared with the group with
thyrotropin levels of 0.37 to 2.49mIU/L (thyrotropin 4.88-9.99mIU/L: OR, 1.33; 95% CI, 1.28-1.38;
thyrotropin �10.00mIU/L: OR, 1.25; 95% CI, 1.14-1.36). Preconception thyrotropin levels showed an
inverted J-shaped dose-response association with TTP (χ2 = 311.29; nonlinear P < .001) and a
J-shaped dose-response association with SA (χ2 = 58.29; nonlinear P < .001).

CONCLUSIONS ANDRELEVANCE In this cohort study, preconception thyrotropin levels outside of
reference range were associated with increased risk of reduced fecundity and SA. These findings
may provide insights for the implementation of preconception thyroid function screening and the
design of future levothyroxine supplementation trials.

JAMA Network Open. 2022;5(8):e2228892. doi:10.1001/jamanetworkopen.2022.28892

Key Points
Question Are preconception

thyrotropin levels associated with

fecundability and risk of spontaneous

abortion?

Findings In this cohort study of

11 194002 participants in China,

participants with preconception

thyrotropin levels outside reference

range were significantly more likely to

experience delayed time to pregnancy

and increased risk of spontaneous

abortion. A preconception thyrotropin

level of 0.37 to 2.49 mIU/L was

associated with the lowest risk of these

unfavorable outcomes.

Meaning The findings of this study

suggest that interventional studies

investigating the benefits of

preconception thyroid function

screening and levothyroxine

supplementation are warranted.
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Abstract
Context: Interpretation of thyroid function tests during pregnancy is limited by the generalizability of reference intervals between cohorts due 
to inconsistent methodology.
Objective: (1) To provide an overview of published reference intervals for thyrotropin (TSH) and free thyroxine (FT4) in pregnancy, (2) to assess 
the consequences of common methodological between-study differences by combining raw data from different cohorts.
Methods: (1) Ovid MEDLINE, EMBASE, and Web of Science were searched until December 12, 2021. Studies were assessed in duplicate. (2) 
The individual participant data (IPD) meta-analysis was performed in participating cohorts in the Consortium on Thyroid and Pregnancy.
Results: (1) Large between-study methodological differences were identified, 11 of 102 included studies were in accordance with current 
guidelines; (2) 22 cohorts involving 63 198 participants were included in the meta-analysis. Not excluding thyroid peroxidase antibody–positive 
participants led to a rise in the upper limits of TSH in all cohorts, especially in the first (mean +17.4%; range +1.6 to +30.3%) and second tri-
mester (mean +9.8%; range +0.6 to +32.3%). The use of the 95th percentile led to considerable changes in upper limits, varying from –10.8% 
to –21.8% for TSH and –1.2% to –13.2% for FT4. All other additional exclusion criteria changed reference interval cut-offs by a maximum of 3.5%. 
Applying these findings to the 102 studies included in the systematic review, 48 studies could be used in a clinical setting.
Conclusion: We provide an overview of clinically relevant reference intervals for TSH and FT4 in pregnancy. The results of the meta-analysis 
indicate that future studies can adopt a simplified study setup without additional exclusion criteria.
Key Words: thyroid, pregnancy, reference values, thyrotropin (TSH), free thyroxine (FT4)
Abbreviations: ATA, American Thyroid Association; BMI, body mass index; FT4, free thyroxine; IPD, individual patient data; IVF, in vitro fertilization; SGA, small 
for gestational age; TgAb, thyroglobulin antibody; TPOAb, thyroid peroxidase antibody; TSH, thyrotropin.

Adequate thyroid hormone availability during pregnancy is 
important for an uncomplicated pregnancy as well as optimal 
fetal growth and development. Thyroid function test abnor-
malities during pregnancy are associated with a higher risk 
of adverse pregnancy and child outcomes (1-4). However, 
identifying thyroid function abnormalities during pregnancy is 
complicated by changes in maternal physiology. Furthermore, 
there is no universal reference interval for thyrotropin (TSH) 
or free thyroxine (FT4) during pregnancy due to considerable 
differences between assays as well as population character-
istics (5-7). Current guidelines from international thyroid or 
endocrine societies, including the most recent 2017 guidelines 
by the American Thyroid Association (ATA), recommend the 
use of population- and trimester-specific TSH and FT4 refer-
ence intervals as the gold standard, calculated in a population 
with no known thyroid disease, optimal iodine status, and 
negative thyroid peroxidase antibody (TPOAb) status (4, 8, 9). 
However, for many laboratories these are unavailable because 
calculating reference intervals from a local reference popula-
tion is often not feasible. Another option recently provided 
in the ATA guidelines either is to use a fixed cut-off for the 
upper limit of TSH of 4.0 mU/L or to subtract 0.5 mU/L from 
the nonpregnancy upper reference limit of TSH in the first 
trimester (4). While the method of using a fixed upper limit 

for TSH may lead to considerable under- and overdiagnosis 
compared with the gold standard because of interpopulation 
and interassay differences (10), the method of subtracting an 
absolute number from the nonpregnancy reference interval 
has not been thoroughly researched.

The most recent addition to the ATA guidelines is the op-
tion to adopt reference intervals that were calculated in a 
center with a similar population and using the same assay, 
which is a step in between the gold standard and fixed upper 
TSH limit approach (4). However, identification of adopt-
able TSH and FT4 reference intervals is cumbersome due to 
a lack of overview of all published data regarding thyroid 
hormone reference intervals. Moreover, large methodological 
differences exist between studies as a result of new insights 
and changing guidelines (4, 8, 11). One example of this is the 
use of additional exclusion criteria on top of those recom-
mended by the current ATA guidelines, most of which remain 
of unknown significance, such as thyroglobulin antibody 
(TgAb) positivity, conception by in vitro fertilization (IVF), 
pregnancy complications, and characteristics including pre-
existing diabetes mellitus, hypertension, aberrant body mass 
index (BMI), and active smoking. Although some of these 
factors are determinants of TSH and FT4 concentrations, 
only some, but not all, studies show that exclusion of women 
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Objectives: Thyroid autoimmunity is common in pregnant women and associated with thyroid dysfunction and
adverse obstetric outcomes. Most studies focus on thyroid peroxidase antibodies (TPOAbs) assessed by a
negative–positive dichotomy and rarely take into account thyroglobulin antibodies (TgAbs). This study aimed
at determining the association of TPOAbs and TgAbs, respectively, and interdependently, with maternal thyroid
function.
Methods: This was a meta-analysis of individual participant cross-sectional data from 20 cohorts in the
Consortium on Thyroid and Pregnancy. Women with multiple pregnancy, pregnancy by assisted repro-
ductive technology, history of thyroid disease, or use of thyroid interfering medication were excluded.
Associations of (log2) TPOAbs and TgAbs (with/without mutual adjustment) with cohort-specific
z-scores of (log2) thyrotropin (TSH), free triiodothyronine (fT3), total triiodothyronine (TT3), free
thyroxine (fT4), total thyroxine (TT4), or triiodothyronine:thyroxine (T3:T4) ratio were evaluated in a
linear mixed model.
Results: In total, 51,138 women participated (51,094 had TPOAb-data and 27,874 had TgAb-data). Iso-
lated TPOAb positivity was present in 4.1% [95% confidence interval, CI: 3.0 to 5.2], isolated TgAb
positivity in 4.8% [CI: 2.9 to 6.6], and positivity for both antibodies in 4.7% [CI: 3.1 to 6.3]. Compared
with antibody-negative women, TSH was higher in women with isolated TPOAb positivity (z-score in-
crement 0.40, CI: 0.16 to 0.64) and TgAb positivity (0.21, CI: 0.10 to 0.32), but highest in those positive
for both antibodies (0.54, CI: 0.36 to 0.71). There was a dose–response effect of higher TPOAb and TgAb
concentrations with higher TSH (TSH z-score increment for TPOAbs 0.12, CI: 0.09 to 0.15, TgAbs 0.08,
CI: 0.02 to 0.15). When adjusting analyses for the other antibody, only the association of TPOAbs
remained statistically significant. A higher TPOAb concentration was associated with lower fT4 ( p < 0.001)
and higher T3:T4 ratio (0.09, CI: 0.03 to 0.14), however, the association with fT4 was not significant when
adjusting for TgAbs ( p = 0.16).
Conclusions: This individual participant data meta-analysis demonstrated an increase in TSH with
isolated TPOAb positivity and TgAb positivity, respectively, which was amplified for individuals
positive for both antibodies. There was a dose-dependent association of TPOAbs, but not TgAbs, with
TSH when adjusting for the other antibody. This supports current practice of using TPOAbs in initial
laboratory testing of pregnant women suspected of autoimmune thyroid disease. However, studies on
the differences between TPOAb- and TgAb-positive women are needed to fully understand the spec-
trum of phenotypes.

Keywords: meta-analysis, pregnancy, thyroglobulin antibodies, thyroid, thyroid autoimmunity, thyroid per-
oxidase antibodies

Introduction

Thyroid autoimmunity in pregnant women is associ-
ated with altered thyroid function and adverse obstetric

outcomes (1–5). Whether the latter arises from a general
immune dysregulation or insufficient thyroid hormone pro-
duction, or both, is uncertain. Because thyroid hormones
regulate fetal development (1,6), maternal thyroid hormone
physiology and metabolism change during pregnancy (7).
This includes the pregnancy hormone human chorionic go-
nadotropin stimulating the thyrotropin (TSH) receptor to
increase thyroid hormone production. Also, estrogen-induced
increase in thyroxine (T4) binding globulin increases circu-
lating total thyroxine (TT4) to 150% of prepregnancy levels
by midgestation (7). Women with thyroid autoimmunity are
less likely to meet the increased demands for thyroid hor-
mone production during pregnancy (8).

Thyroid autoimmunity is the most common autoimmune
aberration in women of reproductive age, with a prevalence up
to 17% depending on population and cutoff for positivity (2,9).
A distinction between thyroid peroxidase antibodies (TPOAbs)
and thyroglobulin antibodies (TgAbs) is rarely applied and
most studies focus on TPOAbs. Up to 95% of patients with
Hashimoto’s thyroiditis have circulating TPOAbs, making this

the preferred laboratory marker for autoimmune hypothy-
roidism (10–12). Thus, the American Thyroid Association’
guidelines on thyroid and pregnancy recommendmeasurement
of TPOAbs to assess thyroid autoimmunity (9). However, in
some populations, TgAbs may be highly prevalent and could
be an equally sensitive marker of thyroid dysfunction. Unuane
et al. (13) found TgAbs associated with lower thyroid function
in infertile women, with isolated TgAbs in 5% of the women.
In a cohort of Danish pregnant women, the presence of either
antibody was associated with higher TSH concentrations,
however, only TgAb positivity was significantly associated
with lower free thyroxine (fT4) concentrations (14,15). Posi-
tivity for both antibodies had the highest association with
thyroid dysfunction (15). This was also the case in the First and
Second Trimester Assessment of Aneuploidy Risk (FaSTER)
trial of 9562 healthy pregnant women, finding higher TSH
concentrations in TgAb-positive women than antibody-
negative women, even higher in TPOAb-positive women, and
highest in women positive for both (16).

Studies investigating the role of thyroid autoimmunity
often focus on TPOAbs assessed by a dichotomous negative–
positive distinction, which may be too simplistic. Korevaar
et al. demonstrated a dose–response relationship of higher
TPOAb concentrations with higher TSH in healthy pregnant
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Impact of Thyroid Autoimmunity on Assisted Reproductive
Technology Outcomes and Ovarian Reserve Markers:
An Updated Systematic Review and Meta-Analysis

Andrea Busnelli,1,2 Carola Beltratti,1 Federico Cirillo,2 Alessandro Bulfoni,3

Andrea Lania,1,4 and Paolo Emanuele Levi-Setti1,2

Background: Thyroid autoimmunity (TAI) has a high prevalence among women of reproductive age. In-
vestigating its possible impact on ovarian function and fertility is, thus, of utmost relevance. The aim of this
systematic review and meta-analysis was to elucidate the effect of TAI on both assisted reproductive technology
(ART) outcomes and ovarian reserve.
Methods: This systematic review and meta-analysis was restricted to two groups of research articles investi-
gating the association between TAI and: (1) autologous ART outcomes (i.e., fertilization rate [FR], implan-
tation rate, clinical pregnancy rate [CPR], miscarriage rate, and live birth rate), (2) markers of ovarian reserve
(i.e., anti-Müllerian hormone, basal follicle stimulating hormone, antral follicle count, and number of oocytes
retrieved). Studies including women affected by overt hypo/hyperthyroidism were excluded. Relevant studies
were identified by a systematic search in PubMed, MEDLINE, ClinicalTrials.gov, Embase, and Scopus, from
database inception to May 1, 2022.
Results: From a total of 432 identified publications, 22 studies were included in Group 1 and 26 studies in
Group 2. The presence of TAI was associated with a higher risk of miscarriage (7606 participants, odds ratio
[OR] 1.52, confidence interval [CI 1.14–2.01], p = 0.004, I2 = 53%), lower chance of embryo implantation (7118
participants, OR 0.72, [CI 0.59–0.88], p= 0.001, I2= 36%), and live birth (11417 participants, OR 0.73, [CI
0.56–0.94], p = 0.02, I2 = 71%). These associations were no longer observed in a subgroup analysis of patients
who exclusively underwent intracytoplasmic sperm injection (ICSI). The FR and CPR as well as the mean
values of surrogate markers of oocyte quantity appeared not to be affected by TAI.
Conclusions: This data synthesis suggest a higher risk of adverse ART outcomes in women with positive TAI.
However, the reliability of these findings is hampered by the relatively low quality of the evidence and
significant heterogeneity in many of the meta-analyses. The possible protective effect of ICSI is promising but
should be confirmed in controlled prospective clinical trials.
PROSPERO Registration ID: CRD42021236529.

Keywords: ART, female fertility, oocyte quality, ovarian reserve, thyroid autoimmunity

Introduction

Ovarian reserve is the number of oocytes that a woman
possesses at a particular time in her life and inversely

correlates with age.1 Both follicular atresia and ovulation

over time cooperate in determining the slow depletion of the
initial pool of non-growing follicles.1 Ovarian reserve may
be evaluated by measuring biochemical (i.e., Anti-Müllerian
hormone [AMH], basal follicle stimulating hormone [FSH],
estradiol [E2], or inhibin B serum concentration) and

1Department of Biomedical Sciences, Humanitas University, Pieve Emanuele, Italy.
2Division of Gynecology and Reproductive Medicine, Department of Gynecology, IRCCS Humanitas Research Hospital, Fertility

Center, Rozzano, Italy.
3Division of Obstetrics and Gynecology, Humanitas S. Pio X Hospital, Rozzano, Italy.
4Endocrinology, Diabetology and Medical Andrology Unit, IRCCS Humanitas Research Hospital, Rozzano, Italy.

THYROID
Volume 32, Number 9, 2022
ª Mary Ann Liebert, Inc.
DOI: 10.1089/thy.2021.0656

1010

www.thelancet.com/diabetes-endocrinology   Vol 10   April 2022 243

Articles

Lancet Diabetes Endocrinol 
2022; 10: 243–52

Published Online 
March 4, 2022 
https://doi.org/10.1016/ 
S2213-8587(22)00007-9

See Comment page 232

*Contributed equally

†Contributed equally

Division of Endocrinology and 
Metabolism, University of 
Arkansas for Medical Sciences, 
Little Rock, AR, USA 
(F J K Toloza MD, S Maraka MD); 
Knowledge and Evaluation 
Research Unit, Division of 
Endocrinology, Diabetes, 
Metabolism and Nutrition, 
Department of Medicine 
(F J K Toloza, S Maraka, 
N Singh Ospina MD, J P Brito MD, 
Prof R Rodriguez-Gutierrez MD) 
and Mayo Clinic Libraries 
(L J Prokop MLS), Mayo Clinic, 
Rochester, MN, USA; 
Department of Internal 
Medicine (A Derakhshan MD, 
L Chaker MD, 
Prof R P Peeters MD, 
T I M Korevaar MD, 
J E Roeters van Lennep MD), 
Department of Child and 
Adolescent Psychiatry/
Psychology (M Guxens MD), 
and Academic Center for 
Thyroid Diseases 
(A Derakhshan, L Chaker, 
Prof R P Peeters, T I M Korevaar), 
Erasmus University Medical 
Center, Rotterdam, 
Netherlands; Department of 
Endocrinology (P V Popova MD, 
Prof E N Grineva MD), Institute 
of Endocrinology (P V Popova, 
E Shilova MD, Prof E N Grineva), 
and World-Class Research 
Center for Personalized 
Medicine  (P V Popova), 
Almazov National Medical 
Research Centre, Saint 
Petersburg, Russia; 
Department of Internal 

Association between maternal thyroid function and risk of 
gestational hypertension and pre-eclampsia: a systematic 
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Summary
Background Adequate maternal thyroid function is important for an uncomplicated pregnancy. Although multiple 
observational studies have evaluated the association between thyroid dysfunction and hypertensive disorders of 
pregnancy, the methods and definitions of abnormalities in thyroid function tests were heterogeneous, and the 
results were conflicting. We aimed to examine the association between abnormalities in thyroid function tests and 
risk of gestational hypertension and pre-eclampsia. 

Methods In this systematic review and meta-analysis of individual-participant data, we searched MEDLINE (Ovid), 
Embase, Scopus, and the Cochrane Database of Systematic Reviews from date of inception to Dec 27, 2019, for 
prospective cohort studies with data on maternal concentrations of thyroid-stimulating hormone (TSH), free thyroxine 
(FT₄), thyroid peroxidase (TPO) antibodies, individually or in combination, as well as on gestational hypertension, 
pre-eclampsia, or both. We issued open invitations to study authors to participate in the Consortium on Thyroid and 
Pregnancy and to share the individual-participant data. We excluded participants who had pre-existing thyroid disease 
or multifetal pregnancy, or were taking medications that affect thyroid function. The primary outcomes were 
documented gestational hypertension and pre-eclampsia. Individual-participant data were analysed using logistic 
mixed-effects regression models adjusting for maternal age, BMI, smoking, parity, ethnicity, and gestational age at 
blood sampling. The study protocol was registered with PROSPERO, CRD42019128585.

Findings We identified 1539 published studies, of which 33 cohorts met the inclusion criteria and 19 cohorts were 
included after the authors agreed to participate. Our study population comprised 46 528 pregnant women, of whom 
39 826 (85·6%) women had sufficient data (TSH and FT₄ concentrations and TPO antibody status) to be classified 
according to their thyroid function status. Of these women, 1275 (3·2%) had subclinical hypothyroidism, 933 (2·3%) 
had isolated hypothyroxinaemia, 619 (1·6%) had subclinical hyperthyroidism, and 337 (0·8%) had overt 
hyperthyroidism. Compared with euthyroidism, subclinical hypothyroidism was associated with a higher risk of pre-
eclampsia (2·1% vs 3·6%; OR 1·53 [95% CI 1·09–2·15]). Subclinical hyperthyroidism, isolated hypothyroxinaemia, or 
TPO antibody positivity were not associated with gestational hypertension or pre-eclampsia. In continuous analyses, 
both a higher and a lower TSH concentration were associated with a higher risk of pre-eclampsia (p=0·0001). 
FT₄ concentrations were not associated with the outcomes measured.

Interpretation Compared with euthyroidism, subclinical hypothyroidism during pregnancy was associated with a 
higher risk of pre-eclampsia. There was a U-shaped association of TSH with pre-eclampsia. These results quantify the 
risks of gestational hypertension or pre-eclampsia in women with thyroid function test abnormalities, adding to the 
total body of evidence on the risk of adverse maternal and fetal outcomes of thyroid dysfunction during pregnancy. 
These findings have potential implications for defining the optimal treatment target in women treated with 
levothyroxine during pregnancy, which needs to be assessed in future interventional studies.

Funding Arkansas Biosciences Institute and Netherlands Organization for Scientific Research.

Copyright © 2022 Elsevier Ltd. All righst reserved.

Introduction 
Hypertensive disorders of pregnancy are some of the 
leading causes of maternal, fetal, and perinatal mortality 
worldwide, especially in low-income and middle-income 

countries.1–3 The group of pregnancy-induced 
hypertensive disorders includes gestational hypertension, 
pre-eclampsia (de novo or superimposed on chronic 
hypertension), and eclampsia, which are all characterised 

.
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Subclinical Hypothyroidism with Negative for Thyroid
Peroxidase Antibodies in Pregnancy:
Intellectual Development of Offspring

Jiajia Chen,1 Jing zhu,1 Xianping Huang,1 Shenzhi Zhao,2 Huiqiu Xiang,1

Panpan Zhou,1 Tong Zhou,1 and Zhangye Xu1,i

Background: The adverse impact of maternal negative TPOAb of gestational subclinical hypothyroidism (SCH-
TPOAb-) on the development of the offspring has not yet been clearly identified. A lingering controversy exists
over the treatment of SCH-TPOAb- diagnosed during pregnancy. Therefore, this study was designed to evaluate
the intellectual development of children of mothers who had SCH-TPOAb-.
Methods: A number of 139 children were recruited; 112 children were born to SCH TPOAb- and 27 children
were born to euthyroid TPOAb- mothers. Based on the mothers’ thyrotropin (TSH) levels during pregnancy and
whether or not they received levothyroxine (LT4) treatment, the children were assigned to four groups: Group A
(2.5 mIU/L < TSH £4.0 mIU/L, n= 31) and Group B (4.0 mIU/L < TSH £10.0 mIU/L, n= 26), whose mothers
were treated with LT4 before eight gestational weeks, and Group C (2.5 mIU/L < TSH £4.0 mIU/L, n= 27) and
Group D (4.0 mIU/L < TSH £10.0 mIU/L, n= 28), whose mothers received no treatment. A total number of 27
children whose mother’s serum TSH was <2.5 mIU/L and were TPOAb- during their pregnancy served as the
control group (Group E). The intellectual development of two-year-old children was assessed and compared
using the Gesell Development Diagnosis Scale.
Results: The developmental quotient (DQ) in Group D was 8.67 lower than this in Group E ( p< 0.001). More
specifically, gross motor quotient, fine motor quotient, adaptability quotient (ABQ), language quotient (LQ), and
individual social behavior quotient (ISBQ) of DQ in Group D were significantly lower than those in Group E.
No significant differences were observed in DQ among Group A, Group B, Group C, and Group E ( p> 0.05).
Spearman’s rank correlation analysis showed that DQ, FMQ, ABQ, LQ, and ISBQ were significantly negatively
correlated with the TSH level (r=-0.417, -0.253, -0.273, -0.436, and -0.272; p< 0.05). In addition, multivari-
ate logistic regression analysis revealed that mothers’ education (short education), mothers’ education (medium
education), and TSH level (4.0 mIU/L < TSH £10.0 mIU/L) were both risk factors affecting the intellectual
development of the offspring ( p< 0.05).
Conclusion: The effects of the intellectual development of the offspring with SCH-TPOAb- are related to the
level of TSH. Standardized treatment for SCH-TPOAb- pregnant women before eight gestational weeks, whose
TSH level was from 4.0 to 10.0 mIU/L, may significantly improve the intellectual development levels of the
approximately two-year-old offspring. Although our study was a historical cohort study, the data analyzed pro-
vide the foundation for further investigation. Further prospective intervention trials with large numbers of par-
ticipants are needed to confirm our conclusions. The Clinical Trial Registration number is 2021-K-84-02.

Keywords: intellectual development, pregnancy, subclinical hypothyroidism, thyroid peroxidase antibody

Introduction

Subclinical hypothyroidism (SCH) is characterized
by an elevated thyrotropin (TSH), accompanied by nor-

mal free thyroxine (fT4) levels. Results regarding whether a

mildly elevated TSH concentration could increase adverse
pregnancy outcomes have been vigorously debated (1,2).
Therefore, the definitions of SCH in pregnancy have been
changed in recent years. The 2011 ‘‘Guidelines of the
American Thyroid Association (ATA) for the Diagnosis and
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Summary
Background Women positive for thyroid peroxidase antibodies (TPO-Ab) have a higher risk of recurrent pregnancy 
loss. Evidence on whether levothyroxine treatment improves pregnancy outcomes in women who are TPO-Ab 
positive women with recurrent pregnancy loss is scarce. The aim of this study was to determine if levothyroxine 
increases live birth rates in women who were TPO-Ab positive with recurrent pregnancy loss and normal thyroid 
function.

Methods The T4LIFE trial was an international, double-blind, placebo-controlled, phase 3 study done in 
13 secondary and tertiary hospitals in the Netherlands, one tertiary hospital in Belgium, and one tertiary hospital in 
Denmark. Women (18–42 years) who were TPO-Ab positive, had two or more pregnancy losses, and had a thyroid 
stimulating hormone (TSH) concentration within the institutional reference range were eligible for inclusion. Women 
were excluded if they had antiphospholipid syndrome (lupus anticoagulant, anticardiolipin IgG or IgM antibodies, or 
β2-glycoprotein-I IgG or IgM antibodies), other autoimmune diseases, thyroid disease, previous enrolment in this 
trial, or contraindications for levothyroxine use. Before conception, women were randomly assigned (1:1) to receive 
either levothyroxine or placebo orally once daily. The daily dose of levothyroxine was based on preconception TSH 
concentration and ranged from 0·5–1·0 µg/kg bodyweight. Levothyroxine or placebo was continued until the end of 
pregnancy. The primary outcome was live birth, defined as the birth of a living child beyond 24 weeks of gestation 
measured in the intention-to-treat population. The trial was registered within the Netherlands Trial Register, NTR3364 
and with EudraCT, 2011-001820-39.

Results Between Jan 1, 2013, and Sept 19, 2019, 187 women were included in the study: 94 (50%) were assigned to the 
levothyroxine group and 93 (50%) were assigned to the placebo group. The trial was prematurely stopped when 
187 (78%) of the 240 predefined patients had been included because of slow recruitment. 47 (50%) women in the 
levothyroxine group and 45 (48%) women in the placebo group had live births (risk ratio 1·03 [95% CI 0·77 to 1·38]; 
absolute risk difference 1·6% [95% CI –12·7 to 15·9]). Seven (7%) women in the levothyroxine group and seven (8%) 
in the placebo group reported adverse events, none of them were directly related to the study procedure.

Interpretation Compared with placebo, levothyroxine treatment did not result in higher live birth rates in euthyroid 
women with recurrent pregnancy loss who were positive for TPO-Ab. On the basis of our findings, we do not advise 
routine use of levothyroxine in women who are TPO-Ab positive with recurrent pregnancy loss and normal thyroid 
function.

Funding Dutch Organization for Health Research and Development, Fonds NutsOhra, Dutch Patient Organization of 
Thyroid Disorders, the Jan Dekkerstichting and Dr Ludgardine Bouwmanstichting, and a personal donation through 
the Dutch Patient Organization of Thyroid Disorders.

Copyright © 2022 Elsevier Ltd. All rights reserved.

Introduction
Recurrent pregnancy loss—defined as the loss of two or 
more pregnancies—is a significant health problem, 
affecting the physical and psychological wellbeing of 
prospective parents. It is a devastating experience for most 
couples and often leads to a long process of consulting 
multiple physicians and clinics in search for a cause and 

treatment.1 Approximately 2% of women trying to conceive 
have recurrent pregnancy loss.2

Women positive for thyroid peroxidase antibodies (TPO-
Ab) have a higher risk of single pregnancy loss and 
recurrent pregnancy loss.3,4 TPO-Ab positivity is also 
associated with other pregnancy complications, including 
unexplained subfertility, preterm birth, and postpartum 

D
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Extended Absorption of Liothyronine
from Poly-Zinc-Liothyronine: Results from a

Phase 1, Double-Blind, Randomized,
and Controlled Study in Humans

Alexandra M. Dumitrescu,1 Erin C. Hanlon,1 Marilyn Arosemena,1 Olga Duchon,1

Matthew Ettleson,1 Mihai Giurcanu,2 and Antonio C. Bianco1

Background: L-triiodothyronine (LT3) has been increasingly used in combination with levothyroxine in the
treatment of hypothyroidism. A metal coordinated form of LT3, known as poly-zinc-liothyronine (PZL),
avoided in rats the typical triiodothyronine (T3) peak seen after oral administration of LT3.
Objectives: To evaluate in healthy volunteers (i) the pharmacokinetics (PK) of PZL-derived T3 after a single
dose, (ii) the pharmacodynamics of PZL-derived T3, (iii) incidence of adverse events, and (iv) exploratory
analysis of the sleep patterns after LT3, PZL, or placebo (PB) administration.
Methods: Twelve healthy volunteers 18–50 years of age were recruited for a Phase 1, double-blind, random-
ized, single-dose PB-controlled, crossover study to compare PZL against LT3 or PB. Subjects were admitted
three separate times to receive a randomly assigned capsule containing PB, 50lg LT3, or 50 lg PZL, and were
observed for 48 hours. A 2-week washout period separated each admission.
Results: LT3-derived serum T3 levels exhibited the expected profile, with a Tmax at 2 hours and return to basal
levels by 24–36 hours. PZL-derived serum T3 levels exhibited *30% lower Cmax that was 1 hour delayed and
extended into a plateau that lasted up to 6 hours. This was followed by a lower but much longer plateau; by 24
hours serum T3 levels still exceeded ½ of Cmax. Thyrotropin levels were similarly reduced in both groups.
Conclusion: PZL possesses the necessary properties to achieve a much improved T3 PK. PZL is on track to
provide hypothyroid patients with stable levels of serum T3.

Keywords: liothyronine, slow release, metal coordination, hypothyroidism, thyroid, thyroxine

Introduction

For decades, hypothyroidism was treated with desic-
cated extracts of porcine thyroid glands, which contain

thyroxine (T4) and triiodothyronine (T3) (1,2). With the de-
velopment of thyrotropin (TSH) radioimmunoassay and the
discovery that humans activate T4 to T3 (3), treatment with
levothyroxine (LT4) became the standard of care (4,5).
Nonetheless, deiodination of T4 to T3 may not be sufficient to
account for the normal thyroidal secretion of T3. First noticed
around 1974 (6), subsequent studies revealed that LT4-treated
patients maintain *10% lower serum T3 levels compared
with euthyroid individuals with similar TSH levels (7,8).

Some LT4-treated patients with normal TSH levels com-
plain of residual symptoms of hypothyroidism (9–11).
Compared with the general population, LT4-treated patients
weigh *10 pounds more (7), have a slower rate of energy
expenditure (12), show slightly higher serum cholesterol
levels (13), and are more likely to be on therapy to lower
cholesterol levels (14). The extent to which lower T3 levels
contribute to the residual symptoms is unknown. In LT4-
treated thyroidectomized rats, tissue euthyroidism only oc-
curs after normalization of serum T3 (15). Such clear-cut
evidence is not available for LT4-treated patients.

L-triiodothyronine (LT3) has been commercially available
since 1956, but the pharmacokinetics (PK) of current LT3

1Section of Adult and Pediatric Endocrinology, Diabetes and Metabolism and 2Department of Public Health Sciences; University
of Chicago, Chicago, Illinois, USA.
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Association Between Generic-to-Generic Levothyroxine Switching
and Thyrotropin Levels Among US Adults
Juan P. Brito, MD, MSc; Yihong Deng, PhD; Joseph S. Ross, MD, MHS; NamHee Choi, PhD; David J. Graham, MD, MPH; Yandong Qiang, MD, PhD;
Elena Rantou, PhD; ZhongWang, PhD; Liang Zhao, PhD; Nilay D. Shah, PhD; Kasia J. Lipska, MD, MHS

IMPORTANCE Switching among generic levothyroxine sodium products made by different
manufacturers typically occurs at the pharmacy andmay affect serum thyrotropin (TSH)
levels.

OBJECTIVE To compare TSH levels between patients who continued taking the same sourced
generic levothyroxine product and those who switched.

DESIGN, SETTING, AND PARTICIPANTS This comparative effectiveness research studywith 1:1
propensity matching used data fromOptumLabs DataWarehouse, a national administrative
claims database linked to laboratory test results. Adults aged 18 years or older were included
if they filled a generic levothyroxine prescription between January 1, 2008, and June 30,
2019, and had a stable drug dose, the same drugmanufacturer, and a normal TSH level
(0.3-4.4 mIU/L) for at least 3 months before either continuing to take the same product or
switching among generic levothyroxine products (index date). Patients were excluded if they
were pregnant, had diagnosed hypopituitarism or hyperthyroidism, or had amedical
condition or usedmedications that could affect thyrotropin levels. They were also excluded if
they filled a prescription for other forms of thyroid replacement therapy between 6months
before the index date and when the first TSH level was obtained 6weeks to 12 months after
the index date. Data were analyzed fromDecember 1, 2019, to November 24, 2021.

MAIN OUTCOMES ANDMEASURES Proportion of individuals with a normal (0.3-4.4mIU/L) or
markedly abnormal (<0.1 or >10.0mIU/L) TSH level using the first available laboratory result 6
weeks to 12 months after the index date. A propensity score model was developed to
minimize confounding using logistic regression with the binary outcome of continuing the
same sourced levothyroxine product vs switching generic levothyroxine. Covariates were
demographics, comorbidities, and baseline TSH level. The balance among the treatment
groups was evaluated by comparing standardizedmean differences of baseline covariates
between the groups.

RESULTS A total of 15 829 patients filled generic levothyroxine (mean [SD] age, 58.9 [14.6]
years; 73.4% [11 624] were women; 4.5% [705] were Asian, 10.2% [1617] were Black, 11.4%
[1801] were Hispanic, and 71.4% [11 295] wereWhite individuals); of these patients, 56.3%
[8905] received a daily levothyroxine dose of 50 μg or less. A total of 13 049 patients
(82.4%) continued taking the same sourced preparation, and 2780 (17.6%) switched among
generic levothyroxine preparations. Among 2780 propensity-matched patient pairs, the
proportion of patients with a normal TSH level after the index date was 82.7% (2298) among
nonswitchers and 84.5% (2348) among switchers (risk difference, −0.018; 95% CI, −0.038 to
0.002; P = .07). The proportion of patients with a markedly abnormal TSH level after the
index date was 3.1% (87) among nonswitchers and 2.5% (69) among switchers (risk
difference, 0.007; 95% CI, −0.002 to 0.015; P = .14). Themean (SD) TSH levels after the
index date were 2.7 (2.3) mIU/L among nonswitchers and 2.7 (3.3) mIU/L among switchers
(P = .94).

CONCLUSIONS AND RELEVANCE Results of this comparative effectiveness research study
suggest that switching among different generic levothyroxine products was not associated
with clinically significant changes in TSH level. These findings conflict with the current
guideline recommendation that warns clinicians about potential changes in TSH level
associated with switching among levothyroxine products sourced from different
manufacturers.

JAMA Intern Med. 2022;182(4):418-425. doi:10.1001/jamainternmed.2022.0045
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Association of Thyroid Hormone Treatment Intensity
With Cardiovascular Mortality Among US Veterans
JoshM. Evron, MD; Scott L. Hummel, MD, MS; David Reyes-Gastelum, MS; Megan R. Haymart, MD; Mousumi Banerjee, PhD; Maria Papaleontiou, MD

Abstract

IMPORTANCE Cardiovascular disease is the leading cause of death in the United States. Synthetic
thyroid hormones are among the 3 most commonly prescribed medications, yet studies evaluating
the association between the intensity of thyroid hormone treatment and cardiovascular mortality
are scarce.

OBJECTIVE To evaluate the association between thyroid hormone treatment intensity and
cardiovascular mortality.

DESIGN, SETTING, AND PARTICIPANTS This retrospective cohort study used data on 705 307
adults who received thyroid hormone treatment from the Veterans Health Administration Corporate
DataWarehouse between January 1, 2004, and December 31, 2017, with a median follow-up of 4
years (IQR, 2-9 years). Two cohorts were studied: 701 929 adults aged 18 years or older who initiated
thyroid hormone treatment with at least 2 thyrotropinmeasurements between treatment initiation
and either death or the end of the study period, and, separately, 373 981 patients with at least 2 free
thyroxine (FT4) measurements. Data were merged with the National Death Index for mortality
ascertainment and cause of death, and analysis was conducted fromMarch 25 to September
2, 2020.

EXPOSURES Time-varying serum thyrotropin and FT4 levels (euthyroidism: thyrotropin level,
0.5-5.5 mIU/L; FT4 level, 0.7-1.9 ng/dL; exogenous hyperthyroidism: thyrotropin level, <0.5 mIU/L;
FT4 level, >1.9 ng/dL; exogenous hypothyroidism: thyrotropin level, >5.5 mIU/L; FT4 level,
<0.7 ng/dL).

MAINOUTCOMESANDMEASURES Cardiovascularmortality (ie, death from cardiovascular causes,
includingmyocardial infarction, heart failure, or stroke). Survival analyseswere performed using Cox
proportional hazards regression models using serum thyrotropin and FT4 levels as time-varying
covariates.

RESULTS Of the 705 307 patients in the study, 625 444 (88.7%)weremen, and themedian agewas
67 years (IQR, 57-78 years; range, 18-110 years). Overall, 75 963 patients (10.8%) died of
cardiovascular causes. After adjusting for age, sex, traditional cardiovascular risk factors (eg,
hypertension, smoking, and previous cardiovascular disease or arrhythmia), patients with exogenous
hyperthyroidism (eg, thyrotropin levels, <0.1 mIU/L: adjusted hazard ratio [AHR], 1.39; 95% CI, 1.32-
1.47; FT4 levels, >1.9 ng/dL: AHR, 1.29; 95% CI, 1.20-1.40) and patients with exogenous
hypothyroidism (eg, thyrotropin levels, >20mIU/L: AHR, 2.67; 95% CI, 2.55-2.80; FT4 levels, <0.7
ng/dL: AHR, 1.56; 95% CI, 1.50-1.63) had increased risk of cardiovascular mortality compared with
individuals with euthyroidism.

(continued)

Key Points
Question Is there an association

between the intensity of thyroid

hormone treatment and cardiovascular

mortality?

Findings In this population-based

cohort study of 705 307 adults who

received thyroid hormone treatment,

10.8% died of cardiovascular causes.

Both exogenous hyperthyroidism and

exogenous hypothyroidism were

associated with increased risk of

cardiovascular mortality after adjusting

for a comprehensive set of demographic

and traditional cardiovascular

risk factors.

Meaning These findings suggest that

the intensity of thyroid hormone

treatment may be amodifiable risk

factor for cardiovascular mortality.
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Effects of Acute Triiodothyronine Treatment in Patients
with Anterior Myocardial Infarction Undergoing

Primary Angioplasty:
Evidence from a Pilot Randomized Clinical Trial
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Background: Thyroid hormone has a differential action on healthy and ischemic heart. Triiodothyronine (T3)
administration improved postischemic cardiac function while it limited apoptosis in experimentally induced
ischemia. Thus, the present study investigated the potential effects of acute liothyronine (LT3) treatment in pati-
ents with anterior myocardial infarction.
Methods: This study is a pilot, randomized, double-blind, placebo-controlled trial (ThyRepair study). We
randomized 52 patients and analyzed data from 37 patients (n = 16 placebo and n= 21 LT3), per prespecified per
protocol analysis. We excluded three patients who had died of cardiovascular causes (one in placebo and two in
LT3 arm), four with small infarct size below a pre-specified threshold (in the placebo arm), and the rest, who
lacked follow-up data. LT3 treatment started after stenting as an intravenous (i.v.) bolus injection of 0.8lg/kg
of LT3 followed by a constant infusion of 0.113lg/kg/h i.v. for 48 hours. All patients had cardiac magnetic
resonance (CMR) at hospital discharge and 6 months follow-up. The primary end point was CMR left ventric-
ular (LV) ejection fraction (LVEF) and secondary endpoints were LV volumes, infarct volume (IV), and safety.
Results: The CMR LVEF% at 6 months was 53.6– 9.5 for the LT3-treated group and 48.6– 11 for placebo,
p= 0.15. Acute LT3 treatment resulted in a significantly lower LV end-diastolic volume index (92.2–
16.8mL/m2 vs. 107.5–22.2, p=0.022) and LV systolic volume index (47.5–13.9mL/m2 vs. 61.3–21.7, p=0.024)
at hospital discharge, but not at 6 months. There was no statistically significant difference in CMR IV at hospital
discharge between the groups ( p = 0.24). CMR IV tended to be lower in the LT3-treated group at 6 months
(18.7– 9.5 vs. 25.9– 11.7, in placebo, p= 0.05). Serious, life-threatening events related to LT3 treatment were
not observed. A tendency for an increased incidence of atrial fibrillation (AF) was found in the LT3 group
during the first 48 hours (19% for T3 group vs. 5% for placebo, p= 0.13).
Conclusion: This pilot randomized, placebo-controlled trial study suggests potential favorable effects (acute
cardiac dilatation and 6-month IV) as well as potential concerns regarding a higher risk of AF after LT3
administration early after myocardial infarction, which should be tested in a larger scale study.
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board and approved by the Ann Arbor Veteran Affairs institutional review board, which included a
waiver of informed consent as data were deidentified.

The study population included 705 307 patients aged 18 years or older who initiated thyroid
hormone treatment during the study period. Of these patients, 701 929 had at least 2 outpatient
measurements of serum thyrotropin between initiation of thyroid hormone treatment and either
death or the end of the study. We also studied patients aged 18 years or older receiving thyroid
hormone treatment who had at least 2 outpatient free thyroxine (FT4) measurements between
initiation of thyroid hormone treatment and death or study conclusion (n = 373 981). Patients with a
history of thyroid cancer (n = 15 090) were excluded because lower thyrotropin levels are often
targeted to reduce the risk of disease recurrence. In addition, patients prescribed lithium (n = 23 715)
or amiodarone (n = 70 358) were excluded because thesemedications have a known association
with abnormal thyroid function test results. Patients who did not have a documented date of birth
(n = 17) were also excluded prior to attaining the final analytic sample.

Measures
StudyOutcome
The study outcomewas cardiovascular mortality as determined by cause of death from
cardiovascular diseases based on International Statistical Classification of Diseases and Related
Health Problems, Tenth Revision (ICD-10) codes (including codes I00-I99). The incident event (ie,
death from cardiovascular causes) occurred after initiation of thyroid hormone treatment and
through December 31, 2017, with a median follow-up of 4 years (IQR, 2-9 years).

Exposure Variables
The exposure variables were time-varying serum thyrotropin and FT4 levels. Serum thyrotropin and
FT4 levels were compiled using the patients’ laboratory records and assembled into 2 separate
longitudinal data sets. Prior to analyses, thyrotropin levels were log transformed owing to nonnormal
distribution, as has been done in prior studies cited in the literature.4,10,22 Although there is some
variation by laboratory, the reference ranges for thyrotropin and FT4 levels at the Ann Arbor VA
laboratory were used for analyses (thyrotropin level, 0.5-5.5 mIU/L; FT4 level, 0.7-1.9 ng/mL [to
convert to picomoles per liter, multiply by 12.87]). Of note, 99.1% of patients (370603 of 373 981)
who had at least 2 FT4measurements also had at least 2 thyrotropin measurements.

Covariates
Fixed covariates included patient sex, age, race, ethnicity, and smoking status. Data on sex were
obtained from the Veterans Health Administration Corporate DataWarehouse database at study
entry and recorded as male or female. Age was analyzed both as a continuous variable and as a
categorical variable using clinically meaningful categories (18-49, 50-64, 65-74, 75-84, and �85
years). Race was self-reported as Alaska Native or American Indian, Asian, Black, Native Hawaiian or
Pacific Islander, White, multiracial, or unknown. Because the number of patients who identified as
Alaska Native or American Indian, Asian, Native Hawaiian or Pacific Islander, or multiracial was small,
these groups were collapsed and classified as “other” for analyses. Ethnicity was self-described as
Hispanic, non-Hispanic, or unknown. Smoking status was determined at the time of initiation of
thyroid hormone treatment and was recorded as never smoker, current or former smoker, or
unknown. Time-varying covariates included hypertension, hyperlipidemia, diabetes, prior history of
cardiovascular disease (coronary artery disease, ischemic heart disease, heart failure, or stroke), and
prior history of cardiac arrhythmia and were determined by using International Classification of
Diseases, Ninth Revision; International Statistical Classification of Diseases and Related Health
Problems, Tenth Revision; and Current Procedure Terminology, Fourth Edition codes.
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Abstract (continued)

CONCLUSIONS ANDRELEVANCE This study suggests that both exogenous hyperthyroidism and
exogenous hypothyroidism were associated with increased risk of cardiovascular mortality. These
findings emphasize the importance of maintaining euthyroidism to decrease cardiovascular risk and
death among patients receiving thyroid hormone treatment.
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Introduction

Despite widespread efforts at prevention and advances in diagnosis and treatment, cardiovascular
disease remains the leading cause of death in the United States and affects nearly 50% of individuals
in the US aged 20 years or older.1,2 In addition, it is estimated that the annual financial burden of heart
disease in the United States ismore than $200billion.1 Althoughmany cardiovascular risk factors are
known (eg, hypertension, diabetes, and smoking), the persistent public health impact of
cardiovascular disease mandates a more complete understanding of novel risk factors.1,3 A recent
study has shown that the intensity of thyroid hormone treatment is a modifiable risk factor for
incident atrial fibrillation and stroke4; however, its association with cardiovascular mortality
remains unclear.

Thyroid hormone treatment is widespread, with levothyroxine prescriptions consistently
among the top 3 of all prescriptionmedications in the United States in the past decade.5-7 However,
up to 50% of patients who receive thyroid hormone treatment may exhibit exogenous
hyperthyroidism or hypothyroidism (ie, have thyrotropin levels below or above the reference range,
respectively).8,9 The associations of long-term exogenous hyperthyroidism and hypothyroidismwith
clinical outcomes, including cardiovascular risk and all-cause mortality, have recently been
investigated.4,10-13 Previous studies have shown that serum thyrotropin concentrations outside the
euthyroid range correlated with increased cardiovascular risk and all-cause mortality among patients
who received thyroid hormone treatment for hypothyroidism11,13,14; however, studies focusing
specifically on the association between the intensity of thyroid hormone treatment and
cardiovascular mortality are lacking.

The objective of this study was to evaluate the association between the intensity of thyroid
hormone treatment and cardiovascular mortality using a nationwide, population-based cohort of
adults receiving thyroid hormone treatment. We hypothesized that both exogenous
hyperthyroidism and hypothyroidismwould be associated with increased cardiovascular mortality,
even when adjusting for age, sex, and traditional cardiovascular risk factors, such as hypertension
and smoking.

Methods

Data Source and Study Population
We conducted a population-based, retrospective cohort study between January 1, 2004, and
December 31, 2017, using data from the Veterans Health Administration.15 This large, integrated
health care system provides care to more than 9million US veterans annually.16 Deidentified patient-
level data were obtained using the Veterans Health Administration Corporate DataWarehouse
database, which is a national centralized data repository for the Veterans Health Administration. This
database provides clinical and administrative information, including diagnoses, laboratory data,
pharmacy prescription fills, health factors, and demographic information.17-19 These data were then
linked to the National Death Index for mortality ascertainment and to identify cause of death.20 The
study followed the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE)
reporting guideline.21 This study was exempt from the University of Michigan institutional review
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progressively with lower and higher thyrotropin levels compared with euthyroidism. Similar findings
were obtained when age was treated as a continuous variable (eTable 2 in the Supplement).

The forest plot in the Figure illustrates the association between serum thyrotropin and FT4
levels with cardiovascular mortality after adjustment for relevant demographic and cardiovascular
risk factors. Cardiovascular mortality was higher among patients with exogenous hyperthyroidism
(thyrotropin levels <0.1 mIU/L: AHR, 1.39; 95% CI, 1.32-1.47; thyrotropin levels of 0.1 to <0.5 mIU/L:
AHR, 1.13; 95% CI, 1.09-1.17; FT4 levels >1.9 ng/dL: AHR, 1.29; 95% CI, 1.20-1.40) and those with
exogenous hypothyroidism (thyrotropin levels from >5.5 to <7.5 mIU/L: AHR, 1.42; 95% CI, 1.38-1.46;
thyrotropin levels from 7.5 to <10mIU/L: AHR, 1.76; 95% CI, 1.70-1.82; thyrotropin levels of 10-20
mIU/L: AHR, 2.13; 95%CI, 2.05-2.21; thyrotropin levels >20mIU/L: AHR, 2.67; 95%CI, 2.55-2.80; FT4
levels <0.7 ng/dL: AHR, 1.56; 95% CI, 1.50-1.63), with risk increasing with higher serum thyrotropin
levels compared with individuals with euthyroidism.

Discussion

In this population-based study of a large cohort of adults receiving thyroid hormone treatment, we
found that the intensity of thyroid hormone treatment was associated with cardiovascular mortality.

Table 1. Characteristics of Patients Receiving Thyroid Hormone Therapy

Characteristic

Patients, No. (%)

All patients
(N = 705 307)

Patients with at least 2
thyrotropin measurements
(n = 701 929)

Patients with at least 2 free
thyroxine measurements
(n = 373 981)a

Sex

Male 625 444 (88.7) 622 396 (88.7) 325 217 (87.0)

Female 79 863 (11.3) 79 533 (11.3) 48 764 (13.0)

Age, y

18-49 89 765 (12.7) 89 462 (12.7) 57 046 (15.2)

50-64 224 876 (31.9) 223 986 (31.9) 133 202 (35.6)

65-74 169 177 (24.0) 168 408 (24.0) 85 917 (23.0)

75-84 165 944 (23.5) 164 939 (23.5) 74 762 (20.0)

≥85 55 545 (7.9) 55 134 (7.9) 23 054 (6.2)

Race

Black 49 535 (7.0) 49 113 (7.0) 31 219 (8.3)

White 559 173 (79.3) 556 879 (79.3) 299 043 (80.0)

Otherb 15 903 (2.3) 15 833 (2.3) 8594 (2.3)

Unknown 80 696 (11.4) 80 104 (11.4) 35 125 (9.4)

Ethnicity

Hispanic 37 740 (5.4) 37 636 (5.4) 20 685 (5.5)

Non-Hispanic 609 537 (86.4) 606 759 (86.4) 328 766 (87.9)

Unknown 58 030 (8.2) 57 534 (8.2) 24 530 (6.6)

Smoking

Never 92 057 (13.1) 91 757 (13.1) 56 815 (15.2)

Current or former 467 606 (66.3) 465 392 (66.3) 248 501 (66.4)

Unknown 145 644 (20.7) 144 780 (20.6) 68 665 (18.4)

Hypertension 582 061 (82.5) 579 453 (82.6) 308 899 (82.6)

Hyperlipidemia 582 389 (82.6) 580 049 (82.6) 313 044 (83.7)

Diabetes 302 641 (42.9) 301 407 (42.9) 163 373 (43.7)

Prior history of cardiovascular
disease

114 534 (16.2) 113 993 (16.2) 65 453 (17.5)

Prior history of cardiac
arrhythmia

184 822 (26.2) 184 167 (26.2) 102 573 (27.4)

Study outcome

Death from cardiovascular
causes

75 963 (10.8) 75 319 (10.7) 33 142 (8.9)

a There were 99.1% of patients who had at least 2 free
thyroxine measurements and also at least 2
thyrotropin measurements.

b Composed of the following races: Alaska Native or
American Indian, Asian, Native Hawaiian or Pacific
Islander, andmultiracial.
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Statistical Analysis
Data were analyzed fromMarch 25 to September 2, 2020. Descriptive information was tabulated for
both the thyrotropin and FT4 cohorts. Univariate associations between individual factors and the
outcomewere examined. We then performed separate survival analyses using Cox proportional
hazards regressionmodels to determine correlates for the study outcome (ie, cardiovascular
mortality). In thesemodels, the exposure variables (thyrotropin and FT4 levels) were treated as time-
varying covariates, which allowed us to better account for variability in these measures during the
study period. Serum thyrotropin and FT4 levels were treated as categorical variables. Exogenous
hyperthyroidismwas defined by thyrotropin levels lower than 0.5 mIU/L (categorized as <0.1 mIU/L
and 0.1-0.5 mIU/L) or by FT4 levels higher than 1.9 ng/dL; euthyroidism was defined by thyrotropin
levels from0.5 to 5.5mIU/L and FT4 levels from0.7 to 1.9 ng/dL; and exogenous hypothyroidismwas
defined by thyrotropin levels higher than 5.5 mIU/L (categorized as >5.5 to <7.5 mIU/L, 7.5 to <10
mIU/L, 10-20mIU/L, and >20mIU/L) or by FT4 levels lower than 0.7 ng/dL. Whenmultiple
measurements were present in an annual time period (defined as a calendar year), which occurred
for 5.9% of the thyrotropin cohort (41 414 of 701 929) and 2.7% of the FT4 cohort (10097 of
373 981), the geometric mean was calculated for the thyrotropin cohort, and the arithmetic mean
was calculated for the FT4 cohort; these values were used for analyses. For bothmodels, additional
fixed covariates included patient sex, age, race, ethnicity, and smoking status, and additional time-
varying covariates included hypertension, hyperlipidemia, diabetes, prior history of cardiovascular
disease, and prior history of cardiac arrhythmia. No observations were excluded from the statistical
analyses owing tomissing information.

All statistical analyses were conducted using SAS, version 7.15 HF8 (SAS Institute Inc). A 95% CI
was used to determine statistical significance, and P < .05 from 2-sided tests was considered
statistically significant for all analyses. Model adequacy was assessed using generalized residuals-
based diagnostics in SAS PROC PHREG.

Results

Table 1 provides key demographic, comorbidity, andmortality data for the 705 307 patients
receiving thyroid hormone treatment. Most patients were male (625 444 [88.7%]), White (559 173
[79.3%]), non-Hispanic (609 537 [86.4%]), had a history of hypertension (582061 [82.5%]) or
hyperlipidemia (582 389 [82.6%]), and were current or former smokers (467 606 [66.3%]). The
median age was 67 years (IQR, 57-78 years; range, 18-110 years). During the study period, 224 943
patients (31.9%) died of any cause, and 75 963 patients (10.8%) died of cardiovascular disease.

The frequency distributions of the number of thyrotropinmeasurements and the number of FT4
measurements overall and in association with the number of years, as well as the mean number of
thyrotropin measurements and FT4 measurements per patient per year, are shown in eTable 1 and
eFigures 1 and 2 in the Supplement. In univariate analyses, patient sex, age, race, ethnicity, smoking
status, hypertension, hyperlipidemia, diabetes, prior history of cardiovascular disease, prior history
of cardiac arrhythmia, and serum thyrotropin and FT4 levels were significantly associated with
cardiovascular mortality.

Table 2 shows results from survival analyses using Cox proportional hazards regressionmodels
demonstrating patient characteristics associated with cardiovascular mortality for the thyrotropin
and FT4 cohorts. When adjusting for age, sex, and other relevant demographic and traditional
cardiovascular risk factors (such as hypertension and smoking), patients with exogenous
hyperthyroidism (eg, thyrotropin levels <0.1 mIU/L: adjusted hazard ratio [AHR], 1.39; 95% CI, 1.32-
1.47; FT4 levels >1.9 ng/dL: AHR, 1.29; 95% CI, 1.20-1.40) and patients with exogenous
hypothyroidism (eg, thyrotropin levels >20mIU/L: AHR, 2.67; 95% CI, 2.55-2.80; FT4 levels <0.7
ng/dL: AHR, 1.56; 95% CI, 1.50-1.63) had an increased risk of cardiovascular mortality compared with
individuals with euthyroidism. Furthermore, the risk of cardiovascular mortality increased
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Both exogenous hyperthyroidism and hypothyroidismwere associated with increased risk of
cardiovascular mortality, even when adjusting for relevant demographic and traditional
cardiovascular risk factors as well as previous history of cardiovascular disease and/or arrhythmia. In
addition, our findings suggest that the risk of cardiovascularmortality is directly associatedwith the
degree of thyrotropin abnormality outside the euthyroid range, such that thyrotropin levels lower
than 0.1 mIU/L and higher than 20 mIU/L were associated with the highest increased risk. We
observed that the AHRs increasedmore rapidly for older age categories in the thyrotropin cohort
compared with the FT4 cohort. This findingmay suggest that the thyrotropin level is more strongly
associated with cardiovascular risk than is the FT4 level in older adults. From a clinical perspective,
older adults, and particularly the oldest old (aged �85 years), appear to be themost vulnerable, with
increased risk of cardiovascular mortality with both exogenous hyperthyroidism and
hypothyroidism.

A few prior studies have evaluated the association between serum thyrotropin levels and
cardiovascular outcomes among patients receiving thyroid hormone treatment.4,10,11,13 Flynn et al10

used a time-weightedmean thyrotropin level to group patients and demonstrated increased risk of a

Table 2. Characteristics of Patients Receiving Thyroid Hormone Therapy Associated
With Cardiovascular Mortality (continued)

Patient characteristic Adjusted hazard ratio (95% CI)
Race

Black 0.93 (0.89-0.98)

White 1 [Reference]

Othera 0.98 (0.90-1.06)

Unknown 1.36 (1.31-1.41)

Ethnicity

Hispanic 0.65 (0.61-0.69)

Non-Hispanic 1 [Reference]

Unknown 1.64 (1.57-1.71)

Smoking

Never 1 [Reference]

Current or former 1.22 (1.18-1.26)

Unknown 1.44 (1.38-1.49)

Hypertension 1.75 (1.68-1.82)

Hyperlipidemia 0.95 (0.92-0.98)

Diabetes 1.41 (1.37-1.44)

Prior history of cardiovascular disease 1.47 (1.43-1.50)

Prior history of cardiac arrhythmia 2.07 (2.02-2.12)

a Composed of the following races: Alaska Native or
American Indian, Asian, Native Hawaiian or Pacific
Islander, andmultiracial.

b To convert free thyroxine to picomoles per liter,
multiply by 12.87.

Figure. Association of Thyrotropin and Free Thyroxine LevelsWith Cardiovascular Mortality

0.80 3.02.01.0
AHR (95% CI)

Thyroid function test
Thyrotropin level, mIU/L

AHR (95% CI)

Free thyroxine level, ng/dL

< 0.1 1.39 (1.32-1.47)
0.1 to <0.5 1.13 (1.09-1.17)
0.5 to 5.5 1 [Reference]
>5.5 to <7.5 1.42 (1.38-1.46)

<0.7 1.56 (1.50-1.63)
0.7 to 1.9 1 [Reference]
>1.9 1.29 (1.20-1.40)

7.5 to <10 1.76 (1.70-1.82)
10 to 20 2.13 (2.05-2.21)

>20 2.67 (2.55-2.80)

This forest plot illustrates the association of serum
thyrotropin and free thyroxine levels with
cardiovascular mortality after adjustment for relevant
demographic and cardiovascular risk factors. To
convert free thyroxine to picomoles per liter, multiply
by 12.87. AHR indicates adjusted hazard ratio.
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Table 2. Characteristics of Patients Receiving Thyroid Hormone Therapy Associated
With Cardiovascular Mortality

Patient characteristic Adjusted hazard ratio (95% CI)
Thyrotropin cohort

Thyrotropin level (annual geometric mean), mIU/L

<0.1 1.39 (1.32-1.47)

0.1 to <0.5 1.13 (1.09-1.17)

0.5 to 5.5 1 [Reference]

>5.5 to <7.5 1.42 (1.38-1.46)

7.5 to <10 1.76 (1.70-1.82)

10 to 20 2.13 (2.05-2.21)

>20 2.67 (2.55-2.80)

Sex

Male 1 [Reference]

Female 0.68 (0.66-0.71)

Age, y

18-49 1 [Reference]

50-64 2.87 (2.68-3.07)

65-74 5.97 (5.59-6.38)

75-84 14.55 (13.63-15.53)

≥85 27.40 (25.62-29.29)

Race

Black 0.96 (0.93-1.00)

White 1 [Reference]

Othera 0.90 (0.85-0.95)

Unknown 1.34 (1.30-1.37)

Ethnicity

Hispanic 0.65 (0.62-0.67)

Non-Hispanic 1 [Reference]

Unknown 1.74 (1.69-1.78)

Smoking

Never 1 [Reference]

Current or former 1.22 (1.19-1.25)

Unknown 1.52 (1.48-1.56)

Hypertension 1.60 (1.56-1.65)

Hyperlipidemia 0.92 (0.90-0.93)

Diabetes 1.41 (1.38-1.43)

Prior history of cardiovascular disease 1.40 (1.38-1.42)

Prior history of cardiac arrhythmia 1.97 (1.94-2.00)

Free thyroxine cohort

Free thyroxine level (annual arithmetic mean), ng/dLb

<0.7 1.56 (1.50-1.63)

0.7-1.9 1 [Reference]

>1.9 1.29 (1.20-1.40)

Sex

Male 1 [Reference]

Female 0.64 (0.60-0.67)

Age, y

18-49 1 [Reference]

50-64 2.50 (2.29-2.72)

65-74 4.98 (4.58-5.43)

75-84 11.81 (10.86-12.84)

≥85 20.44 (18.74-22.28)

(continued)
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account for all medications and supplements that could interfere with thyroid hormonemetabolism
and action and/or thyroid function test results. Furthermore, because cause of death in the National
Death Index relies on death certificates, risk of misclassification is possible.26 Because the Veterans
Health Administration population is predominantly male, women are generally underrepresented
in studies using this database. However, because the risk of cardiovascular disease is higher for men
than for women27 and becausemore than 70000womenwere included in this cohort, the results of
this study are highly clinically relevant. Additionally, this was an observational study, and a causal
relationship between the intensity of thyroid hormone treatment and cardiovascular mortality could
not be definitively established.

Conclusions

In this population-based cohort of patients receiving thyroid hormone treatment, we found that both
exogenous hyperthyroidism and hypothyroidismwere associated with an increased risk of
cardiovascular mortality after adjusting for a comprehensive set of demographic and traditional
cardiovascular risk factors. Cardiovascular disease remains the leading cause of death in the United
States, and its economic impact is enormous. Identifying and addressing modifiable risk factors
continues to be critically important to reducing the rates of cardiovascular disease andmortality. The
emergence of the intensity of thyroid hormone treatment as a potential associated risk factor
provides a highly relevant and easily modifiable clinical parameter for patients who receive thyroid
hormone treatment.
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composite outcome of cardiovascular admission or death with suppressed or elevated serum
thyrotropin levels in a cohort of 17 684 patients treated with levothyroxine. In addition, Lillevang-
Johansen et al11 performed a case-control study of 20 487 patients with incident cardiovascular
disease nested within a larger cohort of individuals with hypothyroidism and showed that, compared
with matched controls, patients with treated hypothyroidism (n = 636) had increased odds of
incident cardiovascular disease and all-cause mortality for each 6-month period of overtreatment or
undertreatment. Finally, Thayakaran et al13 evaluated the association between thyrotropin
concentration and incident cardiovascular outcomes, but not mortality, among patients with
hypothyroidism (N = 160439), adjusting for levothyroxine treatment. This study found that
compared with a thyrotropin level of 2 to 2.5 mIU/L, a thyrotropin level higher than 10mIU/L was
associated with an increased risk of ischemic heart disease and heart failure. None of these studies
evaluated the association of the intensity of thyroid hormone treatment with cardiovascular
mortality, possibly because of inadequate power. Our study is novel because, unlike these prior
studies, it specifically evaluated the association between cardiovascular mortality and serum
thyrotropin or FT4 level, while adjusting for a comprehensive list of possible confounders, exclusively
in a large cohort of patients receiving thyroid hormone treatment.

Our study findings have the potential to affect howwe think about the risks and benefits
associated with thyroid hormone treatment, particularly for vulnerable populations, such as older
adults or those with underlying cardiovascular disease. Because synthetic thyroid hormones have
consistently been one of the top 3most frequently prescribedmedications in the United States in the
past decade,5-7 and because cardiovascular disease remains the leading cause of death, an
association between the intensity of thyroid hormone treatment and cardiovascular death has
far-reaching implications for both patients and physicians. Although the variability in thyrotropin and
FT4 levels and thyroid hormone dose adjustments are an inevitable reality for most patients, our
study emphasizes the importance of regular monitoring of thyroid function test results and
correction of both overtreatment and undertreatment with exogenous thyroid hormones to reduce
patient harm, particularly for older adults who are at higher risk for adverse effects.4,8,9,23

Strengths and Limitations
Our study has several strengths. First, it is a large, population-based study using data from the largest
integrated health care system in the United States. Second, we used serum thyrotropin and FT4
levels as time-varying covariates, which allowed us to incorporate all qualifying thyrotropin and FT4
levels measured during the study period. Because prior studies have shownwide variability in thyroid
function test results over time among patients receiving thyroid hormone treatment,8,9,24,25 this
method facilitates a more comprehensive evaluation of the association between thyroid function
test results and cardiovascular mortality than would be possible using a single value at study entry in
a cross-sectional design. Third, while the use of an internal comparator cannot completely eliminate
risk of confounding, it avoids the inherent limitations of comparing an exposed group with the
background population. Fourth, because the Veterans Health Administration Corporate Data
Warehouse includes comprehensive information on patient demographic characteristics, comorbid
conditions, and smoking status, we were able to account for most traditional cardiovascular
risk factors.

Population-based studies using databases have some inherent limitations that merit
consideration. Although wewere able to account for most known cardiovascular risk factors, we
were not able to control for other potential confounders, such as alcohol status and bodymass index
or rates of obesity, because these could not be accurately captured in the Veterans Health
Administration data. Adjusting for a comprehensive list of cardiovascular risk factors, including
hypertension, hyperlipidemia, diabetes, and prior history of cardiovascular disease, which represent
some of the downstream effects of obesity, partially mitigates this limitation. In addition, we were
unable to determine the degree to which risk factors for cardiovascular mortality, such as diabetes
and hypertension, were appropriately treated. We also acknowledge that we were not able to
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SARS-CoV-2 mRNA Vaccination and Graves’ Disease: 
A Report of 12 Cases and Review of the Literature
Ying Jie Chee,1 Huiling Liew,1 Wai Han Hoi,1 Yingshan Lee,1 Brenda Lim,1 Han Xin Chin,1 
Ray Tian Rui Lai,1 Yunqing Koh,1 Michelle Tham,1 Cherng Jye Seow,1 Zhi Han Quek,1 
Abel Weiliang Chen,1 Timothy Peng Lim Quek,1 Alvin Wai Kit Tan,1 and Rinkoo Dalan1,2,

1Department of Endocrinology, Tan Tock Seng Hospital, Singapore; and 
2Lee Kong Chian School of Medicine, Nanyang Technological University Singapore, Singapore
Correspondence: Rinkoo Dalan, MBBS, Department of Endocrinology, Tan Tock Seng Hospital, Lee Kong Chian School of Medicine, 11 Jalan Tan Tock Seng, 
308433, Singapore. Email: Rinkoo_dalan@ttsh.com.sg.

Abstract
Context and objective: Thyroid autoimmunity has been reported to be associated with severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) and the SARS-CoV-2 vaccination recently. We report a series of patients who presented with new onset or relapse of Graves’ disease-
related hyperthyroidism shortly after receiving the SARS-CoV-2 messenger RNA (mRNA) vaccine at a single tertiary institution in Singapore.
Methods and results: We describe 12 patients who developed hyperthyroidism within a relatively short interval (median onset, 17 [range, 
5-63] days) after receiving the SARS-CoV-2 mRNA vaccine. The majority were females (11/12) with median age of 35.5 (range, 22-74) years. Six
patients had new-onset hyperthyroidism, whereas the other 6 had relapse of previously well-controlled Graves’ disease. TSH receptor antibody
concentrations ranged from 2.4 to 32 IU/L. The majority of the patients were able to go for the second dose of the vaccine without any further
exacerbations. Literature review revealed 21 other similar cases reported from across the world.
Conclusion: Our case series provides insight into the characteristics of individuals in whom Graves’ disease was triggered by the SARS-CoV-2 
vaccination. Clinicians need to be vigilant of precipitation or exacerbation of autoimmune thyroid disorders in predisposed individuals after ex-
posure to the SARS-CoV-2 vaccination. Further epidemiological and mechanistic studies are required to elucidate the possible associations be-
tween the SARS-CoV-2 vaccines and the development of thyroid autoimmunity.
Key Words: SARS-CoV-2 vaccine, Graves’ disease, hyperthyroidism
Abbreviations: ASIA, autoimmune/inflammatory syndrome; IFN, interferon; IQR, interquartile range; mRNA, messenger RNA; RI, reference interval; SARS-
CoV-2, severe acute respiratory syndrome coronavirus 2; Th, T-helper

The severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) virus pandemic has affected more than 275 million 
people worldwide (1). Globally, vaccination efforts are being 
ramped up to reduce mortality and transmission of the virus. 
To date, there are 9 vaccines approved by the World Health 
Organization (2), which can be classified broadly based on 
the types of viral components (whole virus vs individual viral 
component) used in the production (3). The RNA-based vac-
cines (Pfizer/BioNTech BNT162b2 and Moderna mRNA-
1273) are 2 widely administered vaccines.

The global prevalence of hyperthyroidism ranges from 
0.1% to 2.5% in iodine-sufficient countries, of which ap-
proximately 70% to 80% are Graves’ disease. In iodine-
deficient regions, the prevalence of hyperthyroidism ranges 
from 0.4% to 2.9%. Graves’ disease accounts for 50% of 
these cases (4). New onset or relapse of Graves’ disease is re-
ported to occur within days (up to 38 days) after receiving the 
first or second dose of SARS-CoV-2 vaccines, predominantly 
the RNA-based ones (5-17).

Singapore is an iodine-sufficient, island city-state in mari-
time Southeast Asia. The population of Singapore comprises 
approximately 5.4 million people in 3 ethnic groups—Chinese, 

Malays, and Indians (18). The country’s vaccination drive 
against coronavirus 2019 started in January 2021 and more 
than 90% of the eligible population have completed the full 
regimen (19). The majority of the population received the 
RNA-based vaccines.

We describe a case series of 12 patients with new-onset or 
relapsed Graves’ disease-related hyperthyroidism after vac-
cination presenting to a single tertiary endocrinology clinic 
in Singapore.

Case Series Description
We included all consecutive patients who presented with 
new onset or exacerbation of hyperthyroidism to our center 
with a temporal sequence to the vaccine between January 
and December 2021. All the participants signed an informed 
consent. The study was approved by our institutional review 
board (DSRB reference 2021/00960).

Twelve patients presented with Graves’ hyperthyroidism 
after they received the SARS-CoV-2 mRNA vaccines. Six pa-
tients had new-onset symptoms, whereas the other 6 had re-
lapses of previously well-controlled conditions. None of the 
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a b s t r a c t

Objective: Patient-centered studies have shown that several patients on thyroid hormone replacement
therapy for hypothyroidism exhibit persistent symptoms, including “brain fog.” Here, we aimed to
determine which of these specific symptoms are associated with brain fog, identify patient-reported
factors that modify these symptoms, and identify patient concerns related to brain fog not included in
thyroid-specific questionnaires.
Methods: A survey on brain fog symptoms adapted from thyroid-specific patient-reported outcome was
distributed online. Textual data analysis was performed to identify common areas of concern from open-
ended survey responses.
Results: A total of 5170 participants reporting brain fog while being treated for hypothyroidism were
included in the analysis. Of these, 2409 (46.6%) participants reported symptom onset prior to the
diagnosis of hypothyroidism, and 4096 (79.2%) participants experienced brain fog symptoms frequently.
Of the symptoms listed, participants associated fatigue and forgetfulness most frequently with brain fog.
More rest was the most common factor provided for improving symptoms. The textual data analysis
identified areas of concern that are not often included in thyroid-specific quality of life questionnaires,
including a focus on the diagnosis of hypothyroidism, the types and doses of medications, and the
patient-doctor relationship.
Conclusion: Brain fog in patients treated for hypothyroidism was associated most frequently with fatigue
and cognitive symptoms. Several additional areas of patient concern were found to be associated with
brain fog, which are not typically addressed in thyroid-specific questionnaires.

© 2021 AACE. Published by Elsevier Inc. All rights reserved.

Introduction

It has become common in medical practice that many patients
taking thyroid hormone complain of “brain fog,”which often refers
to perceived cognitive impairment, physical fatigue, or mood

disturbances. Brain fog has also been associated with several other
disorders and patient conditions, including menopause syndrome,
chemotherapy treatment, celiac disease, lupus, chronic fatigue
syndrome, COVID-19 (most recently), and others.1-7 Due to the
nonspecific nature of the term and the fact that the condition is not
well characterized in the endocrine literature, brain fog represents
a significant diagnostic and therapeutic challenge in patients with
hypothyroidism.

The complaint of brain fog in patients with hypothyroidismmay
signify a state of persistent hypothyroidism despite treatment. In
several cases, this may be due to undertreatment with thyroid
hormone replacement, given that it has been observed that up to
35% of patients with hypothyroidism have elevated serum thyroid-
stimulating hormone (TSH) levels.8,9 The presence of other

DOI of original article: https://doi.org/10.1016/j.eprac.2021.12.004.
Abbreviations: ECUs, elementary context units; LT3, liothyronine; LT4, levo-

thyroxine; OR, odds ratio; TSH, thyroid-stimulating hormone; T3, triiodothyronine;
T4, thyroxine.
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Teprotumumab Efficacy, Safety, and
Durability in Longer-Duration Thyroid Eye
Disease and Re-treatment

OPTIC-X Study

Raymond S. Douglas, MD, PhD,1,* George J. Kahaly, MD, PhD,2,* Shoaib Ugradar, MD,3 Heike Elflein, MD,4
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Purpose: To evaluate teprotumumab safety/efficacy in patients with thyroid eye disease (TED) who were
nonresponsive or who experienced a disease flare.

Design: The Treatment of Graves’ Orbitopathy to Reduce Proptosis with Teprotumumab Infusions in an
Open-Label Clinical Extension Study (OPTIC-X) is a teprotumumab treatment and re-treatment trial following the
placebo-controlled teprotumumab Phase 3 Treatment of Graves’ Orbitopathy (Thyroid Eye Disease) to Reduce
Proptosis with Teprotumumab Infusions in a Randomized, Placebo-Controlled, Clinical Study (OPTIC) trial.

Participants: Patients who previously received placebo (n ¼ 37) or teprotumumab (n ¼ 14) in OPTIC.
Methods: OPTIC nonresponders or those who flared (�2-mm increase in proptosis, �2-point increase in

clinical activity score [CAS], or both) during follow-up were treated for the first time (previous placebo patients) or
re-treated with teprotumumab in OPTIC-X with 8 infusions over 24 weeks.

Main Outcome Measures: Proptosis response and safety. Secondary outcomes included proptosis, CAS,
subjective diplopia, and quality-of-life.

Results: Thirty-three of 37 placebo-treated OPTIC patients (89.2%) became proptosis responders (mean �
standard deviation, e3.5 � 1.7 mm) when treated with teprotumumab in OPTIC-X. The responses were equivalent
to the OPTIC study. In these responders, proptosis, CAS of 0 or 1, and diplopia responses were maintained in 29
of 32 patients (90.6%), 20 of 21 patients (95.2%), and 12 of 14 patients (85.7%), respectively, at follow-up week
48. The median TED duration was 12.9 months versus 6.3 months in those treated with teprotumumab in the
OPTIC study. Of the 5 OPTIC teprotumumab nonresponders re-treated in OPTIC-X, 2 responded, 1 showed a
proptosis reduction of 1.5 mm from OPTIC baseline, and 2 discontinued treatment early. Of the OPTIC tepro-
tumumab responders who experienced flare, 5 of 8 patients (62.5%) responded when re-treated (mean proptosis
reduction, 1.9 � 1.2 mm from OPTIC-X baseline and 3.3 � 0.7 mm from OPTIC baseline). Compared with
published double-masked trials and their integrated follow-up, no new safety signals were identified. Mild hearing
impairment was reported; 4 events occurred during the first course of treatment, and 2 events reoccurred after re-
treatment.

Conclusions: Patients with TED of longer disease duration responded similarly to those treated earlier in the
disease course. Patients with an insufficient initial response or flare may benefit from additional teprotumumab
therapy. No new safety risk was identified; however additional postmarketing pharmacovigilance is
ongoing. Ophthalmology 2022;129:438-449 ª 2021 by the American Academy of Ophthalmology. 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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Thyroid eye disease (TED) is a chronic, debilitating auto-
immune disease commonly associated with Graves’ disease.
Thyroid eye disease presents with varying degrees of orbital
inflammation and tissue expansion. Signs and symptoms of

early TED include periorbital inflammation, retrobulbar
pain, visual disturbance, diplopia, and proptosis. Over time,
most patients experience quiescence of the acute inflam-
matory signs; however, proptosis and diplopia can persist

438 ª 2021 by the American Academy of Ophthalmology
This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/). Published by Elsevier Inc.
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New Onset or Deterioration of Thyroid Eye Disease After
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Literature Review
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Abstract
Context: Occurrence of Graves’ disease (GD) has been reported following SARS-CoV-2 vaccine administration, but little is known about thyroid
eye disease (TED) after SARS-CoV-2 vaccination.
Objective: We describe 2 cases of TED activation following mRNA SARS-CoV-2 vaccination and review additional cases reported in the
literature.
Methods: We report 2 cases of TED activation following SARS-CoV-2 vaccination: 1 case of TEDworsening in a patientwith GD, and 1 of de novo
active TED progressing to dysthyroid optic neuropathy in a patient with a history of Hashimoto hypothyroidism. Our literature search revealed 8
additional reported TED cases associated with SARS-CoV-2 vaccination until June 2022. We review the characteristics, duration, and
management of TED following SARS-CoV-2 vaccination in these cases.
Results: Of all 10 reported TED cases following SARS-CoV-2 vaccination, 4 developed new-onset TED and 6 previously stable TED cases
experienced significant deterioration. Six patients had known GD and 2 patients had Hashimoto thyroiditis. Two cases progressed to
dysthyroid optic neuropathy, 6 had moderate/severe active disease, and 2 had mild disease that did not require treatment. Seven TED cases
received teprotumumab and had a favorable response, 2 of whom had prior limited response to initial prednisone or methylprednisolone and
tocilizumab therapy.
Conclusion: New diagnosis or deterioration of TED after mRNA SARS-CoV-2 vaccination can occur, with most cases described in patients with
underlying autoimmune thyroid disease. Our report raises awareness to this potential complication to promote early recognition and prompt
management of TED associated with mRNA SARS-CoV-2 vaccines. Further studies are needed to explore the mechanism, risk factors,
prevention, and treatment of TED following mRNA SARS-CoV-2 vaccination.
Key Words: mRNA SARS-CoV-2 vaccine, autoimmune thyroid disease, thyroid eye disease, teprotumumab, Graves’ orbitopathy
Abbreviations: CAS, clinical activity score; DON, dysthyroid optic neuropathy; FDA, U.S. Food and Drug Administration; GD, Graves’ disease; TED, thyroid eye
disease; TSH, thyrotropin (thyroid-stimulating hormone); TSI, thyroid stimulated immunoglobulin.

SARS-CoV-2 vaccination and infection have been linked to a
number of autoimmune and inflammatory diseases, including
thyroid dysfunction (1-4). Both Graves’ disease (GD) and
nonthyroidal ocular manifestations have been reported after
administration of the SARS-CoV-2 vaccine (5-7). However,
little is known about thyroid eye disease (TED) in relation
to exposure to SARS-CoV-2 vaccination.
Thyroid eye disease is a debilitating and potentially sight-

threatening condition. Approximately 90% of patients with
TED have hyperthyroidism and about 10% are euthyroid or
hypothyroid (8). Of the patients with GD, up to 40% can de-
velop TED (9). The disease involves an active inflammatory
phase that can last 6 to 36 months followed by a stable in-
active chronic phase (10). Clinical evaluation of TED patients
involves assessment of the activity and severity of their

disease. Activity is assessed through the clinical activity score
(CAS), which measures inflammatory signs and symptoms,
with a score of ≥ 3/7 at presentation or ≥ 4/10 at follow-up,
reflecting active disease (11). Severity is determined by the de-
gree of proptosis, diplopia, and soft tissue changes and their
impact on quality of life (12). Risk factor control, steroids,
and orbital radiation have been the traditional treatments of
active moderate/severe TED in the past, while biologics such
as tocilizumab and rituximab have been tried with limited suc-
cess (13-16). The insulin growth factor-1 receptor (IGF-1R),
which forms a complex with the thyroid-stimulating hormone
(TSH) receptor, has recently been shown to play an important
role in the pathogenesis of TED, bymediating activation of or-
bital fibroblasts in response to TSH receptor stimulating anti-
bodies (17). Teprotumumab, an antagonist of the IGF-1R, has
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Abstract

Objective: To support patient‐centred care and the collaboration of patients and

clinicians, we developed and pilot tested a conversation aid for patients with thyroid

nodules.

Design, Patient and Measurements: We developed a web‐based Thyroid NOdule

Conversation aid (TNOC) following a human‐centred design. A proof of concept

observational pre–post study was conducted (TNOC vs. usual care [UC]) to assess

the impact of TNOC on the quality of conversations. Data sources included

recordings of clinical visits, post‐encounter surveys and review of electronic health

records. Summary statistics and group comparisons are reported.

Results: Sixty‐five patients were analysed (32 in the UC and 33 in theTNOC cohort).

Most patients were women (89%) with a median age of 57 years and were in-

cidentally found to have a thyroid nodule (62%). Most thyroid nodules were at low

risk for thyroid cancer (71%) and the median size was 1.4 cm. At baseline, the groups

were similar except for higher numeracy in theTNOC cohort. The use of TNOC was

associated with increased involvement of patients in the decision‐making process,

clinician satisfaction and discussion of relevant topics for decision making. In addi-

tion, decreased decisional conflict and fewer thyroid biopsies as the next manage-

ment step were noted in the TNOC cohort. No differences in terms of knowledge

transfer, length of consultation, thyroid cancer risk perception or concern for thyroid

cancer diagnosis were found.

Conclusion: In this pilot observational study, using TNOC in clinical practice was

feasible and seemed to help the collaboration of patients and clinicians.

K E YWORD S

conversation aids, shared decision making, thyroid cancer, thyroid nodules
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Management of Thyroid Eye Disease:
A Consensus Statement by the American Thyroid
Association and the European Thyroid Association

Task Force Members: Henry B. Burch,1–3,* Petros Perros,4,* Tomasz Bednarczuk,5 David S. Cooper,6

Peter J. Dolman,7 Angela M. Leung,8 Ilse Mombaerts,9 Mario Salvi,10 and Marius N. Stan11

Thyroid eye disease (TED) remains challenging for clinicians to evaluate and manage. Novel therapies have
recently emerged, and their specific roles are still being determined. Most patients with TED develop eye
manifestations while being treated for hyperthyroidism and under the care of endocrinologists. En-
docrinologists, therefore, have a key role in diagnosis, initial management, and selection of patients who require
referral to specialist care. Given that the need for guidance to endocrinologists charged with meeting the needs
of patients with TED transcends national borders, and to maximize an international exchange of knowledge and
practices, the American Thyroid Association and European Thyroid Association joined forces to produce this
consensus statement.

Keywords: thyroid eye disease, consensus statement, American Thyroid Association, European Thyroid Association
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abstract

PURPOSE Thyroid autoimmunity has been associated with differentiated thyroid cancer although multiple
potential biases might have influenced the results of previous studies.

METHODSWe conducted a case-control study nested within the cohort of US active-duty personnel 1996-2014
to assess the association between thyroid autoimmunity, defined by serology, and thyroid cancer diagnosis. The
primary exposure was thyroid peroxidase (TPO) antibody status 7-10 years before the thyroid cancer index date.
We also assessed whether diagnosis of thyroid autoimmunity mediated any associations identified and if thyroid
cancer features differed by autoimmunity status.

RESULTS Among 451 incident cases of papillary thyroid cancer and matched controls (median age 36 years,
61.4% men), TPO antibody positivity (v negative) 7-10 years prediagnosis was associated with thyroid cancer
(odds ratio [OR] 1.90 [95% CI, 1.33 to 2.70]). Exploratory analyses suggested an increasing risk of thyroid cancer
with higher TPO antibody titer (TPO antibody 550-1,399 IU/mL: OR 2.95 [95% CI, 1.37 to 6.36]; and$ 1,400
IU/mL: OR 3.91 [95%CI, 1.66 to 9.24]). Positive TPO antibody status remained associated with thyroid cancer after
those with diagnosed autoimmunity were excluded, and the association was not mediated by diagnosis of thyroid
autoimmunity. Among the cases with diagnosed autoimmunity, 58% thyroid cancers were # 10 mm diameter.

CONCLUSION Longstanding prior thyroid autoimmunity up to 10 years before thyroid cancer diagnosis was as-
sociated with papillary thyroid cancer risk. The results could not be fully explained by diagnosis of thyroid au-
toimmunity althoughwhen autoimmunity had been identified, thyroid cancerswere diagnosed at a very early stage.

J Clin Oncol 40:2578-2587. © 2022 by American Society of Clinical Oncology

BACKGROUND

The incidence of thyroid cancer has risen markedly
over recent decades in both women and men1;
worldwide, it is now the tenth most common cancer
diagnosed overall and fifth most common in women.2

An important reason for more frequent identification of
thyroid cancer is where medical investigations detect
subclinical disease, which has likely led to over-
diagnosis of lesions that might never have caused
harm.3 However, evidence also suggests that there has
been a true increase in thyroid cancer incidence, and
this, plus scant knowledge of thyroid cancer causes,
fuels the continuous search for potential risk factors.1

Thyroid autoimmunity was first proposed as a risk factor
for papillary thyroid cancer in 1955.4 The relationship
is plausible; chronic tissue inflammation precedes
cancer at multiple sites.5 Thyroid autoimmunity (chiefly
Hashimoto’s thyroiditis but also Graves’ disease) causes
chronic thyroid inflammation that is most commonly
identified on histology and serology testing for antibodies
that target thyroid antigens (eg, thyroid peroxidase [TPO]
and thyroglobulin [Tg]).

Most studies support a link between thyroid autoim-
munity and thyroid cancer, with meta-analyses sug-
gesting that thyroid autoimmunity doubles the risk of
thyroid cancer.6,7 However, several sources of bias
might have influenced the results of these mainly cross-
sectional studies. Most studies assessing thyroid au-
toimmunity via histology and serology are cross-
sectional. These are prone to reverse causation,
which could occur if thyroid cancer induces an immune
response (ie, peritumoral inflammation or autoantibody
production). Selection bias is also possible if diagnosis
of thyroid autoimmunity leads to thyroid cancer iden-
tification and hence selection as a case. Longitudinal
studies assessing the risk of thyroid cancer after di-
agnosis of benign thyroid diseases (including autoim-
mune thyroid disease) could also be biased if medical
surveillance in those known to have autoimmune thy-
roid disease identifies small, subclinical tumors,
whereas similar subclinical tumors remain undiagnosed
in those not under medical surveillance.

We aimed to investigate the association between thyroid
autoimmunity and differentiated thyroid cancer, using a
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Methods: A comprehensive literature review was conducted to guide state-

ment development and generation of best practice recommendations. Modified

Delphi method was applied to assess whether statements met consensus

among the entire author panel.

Results: A review of the current state of ultrasound-guided ablation proce-

dures for the treatment of benign and malignant thyroid conditions is pres-

ented. Eighteen best practice recommendations in topic areas of preprocedural

evaluation, technique, postprocedural management, efficacy, potential compli-

cations, and implementation are provided.

Conclusions: As ultrasound-guided ablation procedures are increasingly uti-

lized in benign and malignant thyroid disease, evidence-based and thoughtful

application of best practices is warranted.

KEYWORD S

international consensus, radiofrequency ablation, thermal ablation, thyroid ablation,
ultrasound-guided ablation

1 | INTRODUCTION

There is growing global interest in ultrasound (US)-guided
ablation procedures for treating benign and malignant thy-
roid conditions. These procedures are performed by sur-
geons, radiologists, and endocrinologists, and clinical practice
guidelines have recently been published by several represen-
tative professional societies.1–5 Given this multidisciplinary
and international development, there is a pressing need to
identify best clinical practices. The standardization of termi-
nology and reporting criteria has been emphasized as a criti-
cal component of this process.6,7

This document has been developed as an interdisciplinary
international statement primarily addressing radiofrequency
ablation (RFA), as this technology has garnered significant
recent interest and is associated with robust literature. Laser
thermal ablation (LTA) and ethanol ablation are well-
established practices also associated with significant evidence.
Other emerging technologies, including microwave ablation
(MWA), and high-intensity focused ultrasound (HIFU) are
gaining in popularity and warrant evaluation.

With the increasing use of ablation technologies
across a variety of clinical settings, it is important to
define criteria for the candidacy of patients undergoing
these procedures. Such criteria permit assessment of effi-
cacy and promote the judicious use of evolving technolo-
gies. This document will address use of ablation
technologies in benign and malignant conditions which
have accrued adequate evidence and received sufficient
attention in the literature; such benign conditions
include nodules with compressive symptoms, cosmetic
disturbance, or autonomously functioning thyroid

nodules. Malignant conditions include recurrent thyroid
malignancy (in the thyroid remnant or in lymph nodes)
and small, low-risk primary thyroid cancers.

Importantly, an established skill set in the performance
of US and US-guided procedures is a prerequisite for the
safe application of US-guided ablation technologies. This
document does not supplant this essential foundational
experience, but rather is intended to serve as a resource to
reduce variation in practice, support delivery of highest
quality care, and promote responsible global dissemination
of these technologies.8 Collectively, the recommendations
provided are intended to offer a manual for best practice
application of ablation technologies.

2 | BACKGROUND

2.1 | Principles of thermal ablation

All thermal ablation techniques are based upon the
destruction of tissue in extreme hyperthermic conditions.
The primary mechanism of cell death is coagulation
necrosis. Below 40�C, cellular damage is reversible with-
out long term effect.9,10 Between 50 and 60�C, irreversible
injury is induced, occurring more rapidly as temperature
increases. Fixed ablation techniques often seek to main-
tain temperatures in this range for 4–6 min. Beyond
60�C, protein denaturation and cellular membrane dis-
ruption result in near immediate tissue necrosis, and is
the premise for the moving shot technique used in
RFA.9,10 Above 100–110�C, tissue vaporization and car-
bonization occur, creating gas around the electrode that
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Abstract

Background: The use of ultrasound-guided ablation procedures to treat both

benign and malignant thyroid conditions is gaining increasing interest. This

document has been developed as an international interdisciplinary evidence-

based statement with a primary focus on radiofrequency ablation and is

intended to serve as a manual for best practice application of ablation

technologies.
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Active Surveillance Versus Thyroid Surgery
for Differentiated Thyroid Cancer:

A Systematic Review

Roger Chou,1 Tracy Dana,1 Megan Haymart,2 Angela M. Leung,3,4

Ralph P. Tufano,5,6 Julie Ann Sosa,7 and Matthew D. Ringel8

Background: Active surveillance has been proposed as an appropriate management strategy for low-risk
differentiated thyroid cancer (DTC), due to the typically favorable prognosis of this condition. This systematic
review examines the benefits and harms of active surveillance vs. immediate surgery for DTC, to inform the
updated American Thyroid Association guidelines.
Methods: A search on Ovid MEDLINE, Embase, and Cochrane Central was conducted in July 2021 for studies
on active surveillance vs. immediate surgery. Studies of surgery vs. no surgery for DTC were assessed sepa-
rately to evaluate relevance to active surveillance. Quality assessment was performed, and evidence was
synthesized narratively.
Results: Seven studies (five cohort studies [N = 5432] and two cross-sectional studies [N= 538]) of active
surveillance vs. immediate surgery, and seven uncontrolled treatment series of active surveillance (N = 1219)
were included. One cross-sectional study was rated fair quality, and the remainder were rated poor quality. In
patients with low risk (primarily papillary), small (primarily £1 cm) DTC, active surveillance, and immediate
surgery were associated with similar, low risk of all-cause or cancer-specific mortality, distant metastasis, and
recurrence after surgery. Uncontrolled treatment series reported no cases of mortality in low-risk DTC managed
with active surveillance. Among patients managed with active surveillance, rates of tumor growth were low;
rates of subsequent surgery varied and primarily occurred due to patient preference rather than tumor pro-
gression. Four cohort studies (N = 88,654) found that surgery associated with improved all-cause or thyroid
cancer mortality compared with nonsurgical management, but findings were potentially influenced by patient
age and tumor risk category and highly susceptible to confounding by indication; eligibility for, and receipt of,
active surveillance; and timing of surgery was unclear.
Conclusions: In patients with small low-risk (primarily papillary) DTC, active surveillance and
immediate surgery may be associated with similar mortality, risk of recurrence, and other outcomes,
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Serum Thyroglobulin Measurement Following Surgery
Without Radioactive Iodine for Differentiated Thyroid Cancer:

A Systematic Review

Roger Chou,1 Tracy Dana,1 Gregory A. Brent,2,3 Whitney Goldner,4 Megan Haymart,5 Angela M. Leung,2,3

Matthew D. Ringel,6 and Julie Ann Sosa7

Background: The utility of serum thyroglobulin (Tg) measurement following partial thyroidectomy or total/
near-total thyroidectomy without radioactive iodine (RAI) for differentiated thyroid cancer is unclear. This sys-
tematic review examines the diagnostic accuracy of serum Tg measurement for persistent, recurrent, and/or
metastatic cancer in these situations.
Methods: Ovid MEDLINE, Embase, and Cochrane Central were searched in October 2021 for studies on Tg
measurement following partial thyroidectomy or total/near-total thyroidectomy without or before RAI. Quality
assessment was performed, and evidence was synthesized qualitatively.
Results: Thirty-seven studies met inclusion criteria. Four studies (N= 561) evaluated serum Tg measurement
following partial thyroidectomy, five studies (N= 751) evaluated Tg measurement following total/near-total
thyroidectomy without RAI, and 28 studies (N = 7618) evaluated Tg measurement following total or near-total
thyroidectomy before RAI administration. Following partial thyroidectomy, Tg measurement was not accurate
for diagnosing recurrence or metastasis, or estimates were imprecise. Following total/near-total thyroidectomy
without RAI, evidence was limited due to few studies with very low rates of recurrence or metastasis, but indi-
cated that Tg levels were usually stable and low.
For Tg measurements before RAI administration, diagnostic accuracy for metastatic disease or persistence var-

ied, although sensitivity appeared high (but specificity low) at a cutoff of >1 to 2.5 ng/mL. However, applicability
to patients who do not undergo RAI is uncertain because patients selected for RAI are likely to represent a higher
risk group. The evidence was very low quality for all scenarios. All studies had methodological limitations, and
there was variability in the Tg thresholds evaluated, patient populations, outcomes assessed, and other factors.
Conclusions: Very limited evidence suggests low utility of Tg measurement for identifying recurrent or met-
astatic disease following partial thyroidectomy. Following total/near-total thyroidectomy, Tg levels using a
cutoff of 1–2.5 ng/mL might identify patients at low risk for persistent or metastatic disease. Additional research
is needed to clarify the role of Tg measurement in these settings, determine optimal Tg thresholds, and deter-
mine appropriate measurement intervals.
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but methodological limitations preclude strong conclusions. Studies of no surgery vs. surgery are
difficult to interpret due to clinical heterogeneity and potential confounding factors and are unsuitable
for assessing the utility of active surveillance. Research is needed to clarify the benefits and harms
of active surveillance and determine outcomes in nonpapillary DTC, larger (>1 cm) cancers, and
older patients.

Keywords: differentiated thyroid cancer, active surveillance, systematic review, surgery

Introduction

Thyroid cancer accounts for more than 90% of en-
docrine system malignancies, with an estimated 44,280

cases in 2021 (1). It is the most common cancer among ad-
olescents and young adults (2,3) and the seventh-most com-
mon among women overall (1). More than 95% of thyroid
cancers are classified as differentiated thyroid cancer (DTC),
primarily of a papillary (70–90%) or follicular (10–20%)
subtype (4). Localized DTC is associated with a highly fa-
vorable prognosis, with a 5-year survival rate of nearly 100%
for papillary and 98% for follicular cancers (5). Worldwide,
the incidence of thyroid cancer nearly tripled from 1975 to
2009 (6). Although some studies indicate stable thyroid
cancer mortality (suggesting increased identification of sub-
clinical indolent cancers) (7,8), other data indicate increased
mortality (9).

The standard primary treatment for DTC has been surgery
(total thyroidectomy or lobectomy). However, surgery is
associated with potential morbidity, including the need for
thyroid hormone treatment, hypoparathyroidism, and recur-
rent laryngeal nerve injury. To avoid surgical morbidity and
potential overtreatment, active surveillance has been pro-
posed as an alternative to immediate surgery for small
low-risk DTC (8,10). Active surveillance refers to close
monitoring of the primary cancer without performing initial
surgery or other more intensive treatments (8). In active
surveillance, patients may be offered surgery with curative
intent when progression occurs. This differs from watchful
waiting, which usually involves less intensive observation
and symptom management in persons typically not candi-
dates for curative treatment.

A 2015 American Thyroid Association guideline stated
that surgery is ‘‘generally recommended’’ for DTC, but noted
active surveillance as an alternative for very low-risk tumors
(e.g., small papillary microcarcinoma without evidence of
metastases or local invasion and favorable cytology), high
surgical risk, short life expectancy, or other significant health
conditions (11). Given the availability of new evidence, the
American Thyroid Association commissioned a systematic
review on active surveillance for DTC, to inform updated
guidelines.

Methods

This review was conducted using a prespecified protocol
and followed published methods for conducting effective-
ness and comparative effectiveness reviews (12). In con-
junction with the American Thyroid Association
Differentiated Adult Thyroid Cancer Guidelines Task
Force, we developed the Key Questions for this review.
Patient representatives were not involved in the develop-

ment of the Key Questions, although we sought to address
important health outcomes as well as patient-reported out-
comes, including impacts on quality of life.

(1) In adult patients with DTC, what are the effects of
active surveillance versus thyroid surgery on risk of
recurrence, mortality (all-cause or thyroid cancer),
and other outcomes (subsequent surgery, lymph node
or distant metastasis, quality of life, and harms [e.g.,
vocal cord paralysis, hypoparathyroidism, receipt of
thyroid hormone replacement])?

(2) In adult patients with DTC, what are the effects of
no surgery versus surgery on risk of recurrence, mor-
tality, and other outcomes?

Key Question 1 addresses studies that directly compared
active surveillance versus immediate thyroid surgery in patients
with DTC. In these studies, active surveillance involved close
monitoring for cancer progression and symptoms. Key Ques-
tion 2 was a secondary comparison addressing studies of no
surgery versus surgery. In these studies, there was no clear
active surveillance protocol, and reasons for not undergoing
surgery or timing of surgery were unreported. However, these
studies were addressed as a secondary Key Question to assess
the relevance and limitations for informing outcomes of active
surveillance. For both Key Questions, we examined how out-
comes varied in groups defined by patient age and tumor size.

Search strategies

We searched the Cochrane Central Register of Controlled
Trials, Elsevier Embase�, and Ovid MEDLINE� (through
July 2021). Search strategies are shown in Supplementary
Appendix SA1. Searches were supplemented by reference
list review of relevant articles.

Study selection

Abstracts and full-text articles were evaluated using pre-
specified eligibility criteria. The population was adults with
DTC of any size. The main comparison (Key Question 1) was
active surveillance versus immediate thyroid surgery (lo-
bectomy or total thyroidectomy). Active surveillance was
defined as close monitoring without surgery in patients eli-
gible for surgery with curative intent. Because we anticipated
few studies of active surveillance versus immediate surgery,
we also included uncontrolled treatment series of patients
undergoing active surveillance.

As a secondary comparison (Key Question 2), we also
included cohort studies of no surgery versus surgery. Such
studies lack information regarding eligibility for, or re-
ceipt of, active surveillance, reasons for not performing
surgery, and intended intitial treatment, with high potential
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The 2018 AHA/ACC/multisociety cholesterol guideline
recommendations significantly refine personalization of
risk assessment in primary prevention, more accurately
characterize the risk of recurrent ASCVD events in sec-
ondary prevention, and carefully guide clinicians in
matching the intensity of LDL-C–lowering therapies, both
statin and nonstatin therapies, to the patient’s level of
risk.

Since publication of the 2018 AHA/ACC/multisociety
cholesterol guideline, 3 additional nonstatin therapies—
bempedoic acid, evinacumab, and inclisiran—have
received FDA approval for management of hypercholes-
terolemia. While awaiting ongoing cardiovascular out-
comes trials and subsequent revision of evidence-based
guidelines, the ACC recognized that clinicians, patients,
and payers may seek more specific recommendations on
when to use newer nonstatin therapies if the response to
statin therapy, ezetimibe, and/or PCSK9 mAbs is deemed
inadequate.

1.1. Rationale for Expert Consensus Decision Pathway

In 2021, the ACC convened this writing committee to
address current gaps in care for LDL-C lowering to reduce

ASCVD risk. This effort relies extensively on the evidence
base established by the 2013 ACC/AHA and 2018 AHA/
ACC/multisociety cholesterol guidelines and attempts to
provide further recommendations for clinicians and pa-
tients regarding use of newer nonstatin therapies. It
should be noted that this process did not involve formal
systematic reviews, grading of evidence, or synthesis of
evidence. The goal was to provide practical guidance for
clinicians and patients in situations not covered by the
2018 AHA/ACC/multisociety cholesterol guideline until
such time as the next round of guidelines can formally
review recent scientific evidence and cardiovascular
outcomes trials of newer agents for ASCVD risk reduction
are completed. Specifically, the ACC convened this
writing committee to answer the following questions
regarding the use of nonstatin therapies:

1. In what patient populations should newer nonstatin
therapies be considered?

2. In what situations should newer nonstatin therapies be
considered; that is, when is the amount of LDL-C
lowering (percent LDL-C reduction or LDL-C range
achieved on therapy) less than anticipated, less than
desired, or inadequate, and which treatment options
should be considered in patients who are truly statin
intolerant?

3. If newer nonstatin therapies are to be added, which
therapies should be considered and in what order to
maximize patient benefit and preference?

1.1.1. Newer Nonstatin Therapies

Bempedoic acid is a small molecule that inhibits ATP-
citrate lyase, an enzyme in the cholesterol synthesis
pathway that is upstream of the rate-limiting enzyme
HMG CoA reductase.10 This results in up-regulation of the
LDL receptor with improved clearance of LDL and
reduction in blood LDL-C levels. Bempedoic acid is
administered orally as a prodrug and is activated by very-
long-chain acyl-CoA synthetase-1, an enzyme present in
liver cells, but not muscle cells. This has been considered
a possible advantage in patients with statin-associated
muscle symptoms. The CLEAR Tranquility (Evaluation of
the Efficacy and Safety of Bempedoic Acid [ETC-1002] as
Add-on to Ezetimibe Therapy in Patients With Elevated
LDL-C) and CLEAR Serenity (Evaluation of the Efficacy
and Safety of Bempedoic Acid in Patients With Hyperlip-
idemia and Statin Intolerant) trials have demonstrated
that monotherapy with bempedoic acid 180 mg daily in
patients with statin-associated muscle symptoms on no
statin therapy reduced LDL-C levels by approximately
24.5% compared with placebo.11-13 In patients with
ASCVD, heterozygous familial hypercholesterolemia
(HeFH), or multiple cardiovascular risk factors, bempe-
doic acid added to statin therapy resulted in an additional

TABLE 2
Risk-Enhancing Factors for Clinician–Patient Risk
Discussion

Risk-Enhancing Factors

n Family history of premature ASCVD (men aged <55 years; women
aged <65 years)

n Primary hypercholesterolemia (LDL-C 160-189 mg/dL [4.1-4.8 mmol/L);
non–HDL-C 190-219 mg/dL [4.9-5.6 mmol/L]*

n Metabolic syndrome (increased waist circumference, elevated tri-
glycerides [$150 mg/dL], elevated blood pressure, elevated glucose, and
low HDL-C [<40 mg/dL in men; <50 mg/dL in women] are factors; tally
of 3 makes the diagnosis

n Chronic kidney disease (eGFR 15-59 mL/min/1.73 m2 with or without
albuminuria; not treated with dialysis or kidney transplantation)

n Chronic inflammatory conditions such as psoriasis, RA, or HIV/AIDS

n History of premature menopause (before age 40 years) and history of
pregnancy-associated conditions that increase later ASCVD risk, such as
preeclampsia

n High-risk races/ethnicities (eg, South-Asian ancestry)

n Lipids/biomarkers: Associated with increased ASCVD risk
n Persistently* elevated, primary hypertriglyceridemia ($175 mg/dL)
n If measured:

1. Elevated high-sensitivity C-reactive protein ($2.0 mg/L)
2. Elevated Lp(a): A relative indication for its measurement is

family history of premature ASCVD. An Lp(a) $50 mg/dL or $125
nmol/L constitutes a risk-enhancing factor, especially at higher
levels of Lp(a).

3. Elevated apoB ‡130 mg/dL: A relative indication for its mea-
surement would be triglycerides $200 mg/dL. A level
$130 mg/dL corresponds to LDL-C $160 mg/dL and constitutes
a risk-enhancing factor

4. ABI <0.9

*Optimally, 3 determinations. Reprinted with permission from Grundy et al.7

ABI ¼ ankle-brachial index; AIDS ¼ acquired immunodeficiency syndrome; apoB ¼
apolipoprotein B; ASCVD ¼ atherosclerotic cardiovascular disease; eGFR ¼ estimated
glomerular filtration rate; HDL-C ¼ high-density lipoprotein cholesterol; HIV ¼ human
immunodeficiency virus; LDL-C ¼ low-density lipoprotein cholesterol; Lp(a) ¼ lipo-
protein (a); RA ¼ rheumatoid arthritis.
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recommendations were provided for both PCSK9 mAbs in
the 2017 ACC nonstatin ECDP.

The 2018 AHA/ACC/AACVPR/AAPA/ABC/ACPM/ADA/
AGS/APhA/ASPC/NLA/PCNA Guideline on the Manage-
ment of Blood Cholesterol (denoted as the 2018
AHA/ACC/multisociety cholesterol guideline in this
document) continued to endorse the net clinical bene-
fits of statin therapy in the 4 main patient management
groups, the importance of the appropriate intensity of
statin therapy, achieving expected percent reductions
in LDL-C, and the role of the clinician-patient discus-
sion and shared decision-making. However, there were
a number of key modifications or refinements of rec-
ommendations from the 2013 ACC/AHA cholesterol
guideline:

n Patients with ASCVD were categorized into 1 of 2
groups: not at very high risk or at very high risk. Very
high-risk patients have a history of multiple major
ASCVD events or 1 major ASCVD event and multiple
high-risk conditions (see Table 1). Based on evidence
from IMPROVE-IT (IMProved Reduction of Outcomes:
Vytorin Efficacy International Trial), FOURIER, and
ODYSSEY Outcomes, this very high-risk group of pa-
tients has demonstrated cardiovascular benefits from
the addition of ezetimibe, evolocumab, and alir-
ocumab.5-9

n Consistent with expert guidance provided in the 2017
ACC nonstatin ECDP, 6 the 2018 AHA/ACC/multisociety
cholesterol guideline recommends use of an LDL-C
threshold of $70 mg/dL (1.8 mmol/L) to consider the
addition of nonstatin therapy to maximally tolerated
statin therapy in patients with ASCVD.7

n Ezetimibe is recommended as the initial nonstatin
therapy in patients with clinical ASCVD who are
receiving maximally tolerated statin therapy and have
an LDL-C level $70 mg/dL.7

n In patients with clinical ASCVD who are judged to be at
very high risk and are being considered for PCSK9 mAb
therapy, maximally tolerated LDL-C–lowering therapy
should include maximally tolerated statin therapy and
ezetimibe.7

n The 2018 AHA/ACC/multisociety cholesterol guideline
includes the following value statement: “At mid-2018
list prices, PCSK9 mAbs have a low cost value
(>$150,000 per quality-adjusted life year [QALY])
compared with good cost value (<$50,000 per QALY).”7

n In patients with primary severe hypercholesterolemia
LDL-C $190 mg/dL, recommendations are provided for
the addition of ezetimibe, PCSK9 mAbs, or bile acid
sequestrants (BAS) (see Section 5.2).7

n In primary prevention patients at borderline or inter-
mediate risk of ASCVD by the Pooled Cohort Equation
(PCE), the clinician-patient risk discussion should

include risk-enhancing factors that may confer a higher
risk state and may support a decision to initiate or
intensify statin therapy (see Table 2). Risk-enhancing
factors are useful for further personalizing the initial
risk estimate based on patient-specific factors that are
not considered in the PCE and may carry greater life-
time risk. Several risk-enhancing factors may also be
specific targets of therapy beyond the risk factors in the
PCE.7

n In adults without diabetes and with LDL-C levels $70 to
189 mg/dL at a 10-year ASCVD risk of 7.5% to <20%, if
the decision about statin therapy is uncertain, it is
recommended to consider measuring coronary artery
calcification.7

n If the coronary artery calcium (CAC) score is 0 AU, it
is reasonable to withhold statin therapy and reassess
in 5 to 10 years, as long as higher-risk conditions are
absent (diabetes, family history of premature coro-
nary heart disease, cigarette smoking);

n If the CAC score is 1 to 99 AU and less than the 75th
percentile for the age/sex/race group, it is reason-
able to initiate statin therapy for patients $55 years
of age;

n If the CAC score is 100 AU or higher or in the 75th
percentile or higher for the age/sex/race group, it is
reasonable to initiate statin therapy.

TABLE 1
Criteria for Defining Patients at Very High Risk* of Future
ASCVD Events

Major ASCVD Events

Recent ACS (within the past 12 months)

History of MI (other than recent ACS event listed above)

History of ischemic stroke

Symptomatic PAD (history of claudication with ABI <0.85 or previous revascularization or
amputation)

High-Risk Conditions

Age $65 years

Heterozygous familial hypercholesterolemia

History of prior coronary artery bypass surgery or percutaneous coronary intervention
outside of the major ASCVD event(s)

Diabetes

Hypertension

CKD (eGFR 15-59 mL/min/1.73 m2)

Current smoking

Persistently elevated LDL-C (LDL-C $100 mg/dL [$2.6 mmol/L]) despite maximally
tolerated statin therapy and ezetimibe

History of congestive HF

*Very high risk includes a history of multiple major ASCVD events or 1 major ASCVD event and
multiple high-risk conditions. Reprinted with permission from Grundy et al.7

ABI ¼ ankle-brachial index; ACS ¼ acute coronary syndrome; ASCVD ¼ atherosclerotic cardio-
vascular disease; CKD ¼ chronic kidney disease; eGFR ¼ estimated glomerular filtration rate; HF ¼
heart failure; LDL-C ¼ low-density lipoprotein cholesterol; MI ¼ myocardial infarction; PAD ¼
peripheral artery disease
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TABLE 3 Continued

Strategy/Agent Comments

n Mean % LDL-C reduction (per PI):
Alirocumab: when added to maximally tolerated statin therapy, alirocumab 75 mg and 150 mg SC every 2 weeks Y LDL-C

by an additional 45% and 58%, respectively, when added to maximally tolerated statin therapy.

Evolocumab: 140 mg every 2 weeks and 420 mg SC every 4 weeks, Y LDL-C by an additional 64% and 58%, respectively.

n Contraindication: History of hypersensitivity to the medication.
n Warnings/precautions: Hypersensitivity reactions occurred during clinical trials. If a serious hypersensitivity reaction

occurs, discontinue therapy; treat according to standard of care; monitor until signs and symptoms resolve.
n Adverse effects:
Alirocumab: In patients with primary hyperlipidemia: nasopharyngitis, injection site reactions, influenza; in patients with

ASCVD: noncardiac chest pain, nasopharyngitis, myalgia. No evidence of increase in cognitive adverse effects
observed in ODYSSEY Outcomes or CANTAB.9,38

Evolocumab: In patients with primary hyperlipidemia: nasopharyngitis, upper respiratory tract infection, influenza, back
pain, and injection site reactions; in patients with ASCVD: diabetes, nasopharyngitis, upper respiratory tract infection.
No evidence of an increase in cognitive adverse effects observed in FOURIER or EBBINGHAUS.5,39

n Use during pregnancy/lactation: No safety data in humans; avoid use.
n Drug-drug interactions: No clinically significant drug-drug interactions identified for alirocumab or evolocumab
n CV outcomes trials:
Alirocumab: ODYSSEY Outcomes9 in 18,600 post-ACS (4-52 weeks) patients on evidence-based statin therapy;

Demonstrated that addition of alirocumab reduced the primary endpoint of CHD death, MI, ischemic stroke, or
hospitalization for UA.

Evolocumab: FOURIER5 in 27,564 patients with prior MI, stroke, or PAD on atorvastatin $20 mg or equivalent;
Demonstrated that addition of evolocumab reduced the primary endpoint of CV death, MI, stroke, revascularization,
or hospitalization for unstable angina.

n Other prescribing considerations: Robust LDL-C reduction, cost, SC administration at home, may require prior
authorization.

Evolocumab: Advise latex-sensitive patients that the needle covers on the products contain latex.

Bempedoic acid40 n Mechanism of action: ACL inhibitor; inhibits cholesterol synthesis in the liver; increases LDL receptor density.
Bempedoic acid and its active metabolite require coenzyme A activation by ACSVL1, which is expressed primarily in
the liver.

n FDA-approved indication(s): Y LDL-C in adults with ASCVD or HeFH as adjunct to diet and maximally tolerated statin
therapy.

n Dose: 180 mg orally once daily, with or without food.
n Mean % reduction in LDL-C (per PI): Combination therapy with statin therapy (placebo-corrected incremental

reduction)—17%-18%.
n Contraindication: none
n Warnings/precautions: 1) May [ serum uric acid. Advise patients to contact their clinician if symptoms of hyper-

uricemia occur. Assess serum uric acid when clinically indicated. Monitor patients for signs and symptoms of hy-
peruricemia, and initiate treatment with urate-lowering drugs, as appropriate. Assess uric acid level before initiation
and if signs and symptoms of hyperuricemia occur. 2) Discontinue immediately if the patient experiences rupture of a
tendon. Consider discontinuing if the patient experiences joint pain, swelling, or inflammation. Advise patients to rest
at the first sign of tendinitis or tendon rupture and to contact their health care provider if tendinitis or tendon rupture
symptoms occur. Consider alternative therapy in patients with a history of tendon disorders or tendon rupture.17

n Adverse effects: Upper respiratory tract infection, muscle spasms, hyperuricemia, back pain, abdominal pain or
discomfort, bronchitis, pain in extremity, anemia, elevated liver enzymes.

n Use during pregnancy/lactation: Discontinue when pregnancy is recognized unless the benefits of therapy outweigh
the potential risks to the fetus. There are no available data on use in pregnant women to evaluate for a drug-
associated risk of major birth defects, miscarriage, or adverse maternal or fetal outcomes.17

n Drug–drug interactions: Avoid concomitant simvastatin >20 mg daily or pravastatin >40 mg daily.
n CV outcomes trials: CV outcomes trials not completed. CLEAR Outcomes trial completion expected later in 2022.
n Other prescribing considerations: cost; pill burden; requires prior authorization

Bempedoic acid and
ezetimibe41

n Refer to section on ezetimibe for information specific to this agent.
n Mechanism of action: See the mechanisms of action for bempedoic acid and ezetimibe included in this table.
n FDA-approved indication(s): Y LDL-C in adults with ASCVD or HeFH as adjunct to diet and maximally tolerated statin

therapy.
n Dose: 1 tablet (180 mg bempedoic acid/10 mg ezetimibe) orally, once daily, with or without food. Swallow whole.

Take either $2 hours before or $4 hours after BAS, if used in combination.
n Mean % reduction in LDL-C (per PI): Combination therapy with statin therapy (placebo-corrected incremental

reduction)—38%.
n Contraindication: History of hypersensitivity to ezetimibe.
n Warnings/precautions:

1. May [ serum uric acid. Advise patients to contact their clinician if symptoms of hyperuricemia occur. Assess serum
uric acid when clinically indicated. Monitor patients for signs and symptoms of hyperuricemia, and initiate
treatment with urate-lowering drugs as appropriate. Assess uric acid level before initiation and if signs and
symptoms of hyperuricemia occur.

2. Discontinue immediately if the patient experiences tendon rupture. Consider discontinuing if the patient experi-
ences joint pain, swelling, or inflammation. Advise patients to rest at the first sign of tendinitis or tendon rupture
and to contact their health care provider if tendinitis or tendon rupture symptoms occur. Consider alternative
therapy in patients with a history of tendon disorders or tendon rupture.17

Continued on the next page

Lloyd-Jones et al J A C C V O L . 8 0 , N O . 1 4 , 2 0 2 2

2022 ECDP on Role of Nonstatin Therapies for LDL-C Lowering O C T O B E R 4 , 2 0 2 2 : 1 3 6 6 – 1 4 1 8

1376

TABLE 3 Strategies and Nonstatin Agents Considered for Management of LDL-Related ASCVD Risk

Strategy/Agent Comments

Referral to another clinician

Referral to lipid specialist n Consider referring any patient with ASCVD and/or baseline LDL-C $190 mg/dL, baseline LDL-C $190 mg/dL, or
intolerance to at least 2 (preferably 3) statin therapies with 1 attempt at the lowest FDA-approved dose and a trial of
an alternative statin therapy regimen (eg, every-other-day dosing)

n Referral is recommended for patients with ASCVD and baseline LDL-C $190 mg/dL who did not achieve Y LDL-C
$50% and LDL-C <70 mg/dL (or non–HDL-C <100 mg/dL) on maximally tolerated statin therapy in combination with
nonstatin therapy

n May also consider referring other patients unable to achieve adequate LDL-C reduction
n Considerations in referring: Lipid specialists may be available for virtual visits for patients in some rural or remote

locations

Referral to RD/RDN n Consider referring any patient with ASCVD and/or baseline LDL-C $190 mg/dL, or baseline LDL-C $190 mg/dL
n Referral is recommended for patients with ASCVD and baseline LDL-C $190 mg/dL who did not achieve Y LDL-C

$50% and LDL-C <70 mg/dL (or non–HDL-C <100 mg/dL) on maximally tolerated statin therapy in combination with
nonstatin therapy

n May also consider referring other patients unable to achieve adequate LDL-C reduction

Nonstatin agents that may be used to manage LDL-related ASCVD risk

Ezetimibe34 n Mechanism of action: Inhibits NPC1L1 protein; reduces cholesterol absorption in small intestine.
n FDA-approved indication(s): As adjunct to diet to: 1) Y TC, LDL-C, ApoB, non–HDL-C in patients with primary

hyperlipidemia, either alone or in combination with statin therapy; 2) Y TC, LDL-C, ApoB, non–HDL-C in patients with
mixed hyperlipidemia in combination with fenofibrate; 3) Y TC, LDL-C with HoFH, in combination with atorvastatin or
simvastatin; and 4) Y sitosterol and campesterol in patients with homozygous sitosterolemia (phytosterolemia)

n Dose: 10 mg orally daily, with or without food. Take either $2 h before or $4 h after BAS, if used in combination
n Mean % reduction in LDL-C (per PI): Monotherapy—18%; combination therapy with statin therapy (incremental

reduction)—25%
n Contraindication: History of hypersensitivity to this medication.
n Warnings/precautions:

1. Not recommended in patients with moderate/severe hepatic impairment.
2. Persistent elevations in hepatic transaminases may occur with concomitant statin therapy. Monitor hepatic

transaminases before and during treatment based on monitoring recommendations for statin therapy.
3. Cases of myopathy and rhabdomyolysis have been reported when ezetimibe was used alone or in combination with

statin therapy.
n Adverse effects: Monotherapy—upper respiratory tract infection, diarrhea, arthralgia, sinusitis, pain in extremities. In

combination with statin—nasopharyngitis, myalgia, upper respiratory tract infection, arthralgia, diarrhea
n Use during pregnancy/lactation: No safety data in humans; avoid use
n Drug–drug interactions: Cyclosporine, fibrates, BAS
n CV outcomes trials: IMPROVE-IT8 (The addition of ezetimibe to moderate-intensity statin therapy in patients with

recent ACS resulted in incremental lowering of LDL-C and reduced the primary composite endpoint of CV death,
nonfatal MI, UA requiring rehospitalization, coronary revascularization [$30 days after randomization], or nonfatal
stroke. The median follow-up was 6 years); SHARP35 (Simvastatin plus ezetimibe reduced LDL-C and reduced the
primary endpoint of first major ASCVD event [nonfatal MI or CHD death, nonhemorrhagic stroke, or any arterial
revascularization procedure] compared with placebo in patients with CKD over a median follow-up of 4.9 years)

n Other prescribing considerations: Generally well tolerated. Generic available

PCSK9 mAb (alirocumab,36

evolocumab37)
n Mechanism of action: Human mAb to PCSK9. Binds to PCSK9 and increases the number of LDL receptors available to

clear circulating LDL-C
n FDA-approved indication(s):
Alirocumab and evolocumab: 1) Y LDL-C in adults with primary hyperlipidemia (including HeFH) as adjunct to diet, either

alone or in combination with other lipid-lowering therapies

Alirocumab: 1) Y risk of MI, stroke, and unstable angina requiring hospitalization in adults with ASCVD; 2) Y LDL-C in
adults with HoFH as adjunct to other LDL-C–lowering therapies

Evolocumab: 1) Y risk of MI, stroke, and coronary revascularization in adults with ASCVD; 2) Y LDL-C in pediatric patients
(aged $10 years) with HeFH as adjunct to diet and other LDL-C–lowering therapies; 3) Y LDL-C in adults and pediatric
patients (aged $10 years) with HoFH as adjunct to diet and other LDL-C–lowering therapies

n Dose and route of administration:
Alirocumab: Administer SC in the thigh, abdomen, or upper arm. In adults with ASCVD or primary hyperlipidemia: initiate

75 mg SC every 2 weeks. If more LDL-C reduction needed, may [ dose to 150 mg every 2 weeks. Alternative starting
dose is 300 mg SC every 4 weeks. For the 300-mg dose, administer 2 (150-mg) injections consecutively at 2 different
injection sites. In adults with HeFH undergoing LDL apheresis or adults with HoFH, administer 150 mg SC every
2 weeks

Evolocumab: Administer SC in the thigh, abdomen, or upper arm. In adults with ASCVD, adults with primary hyper-
cholesterolemia, including with established clinical ASCVD or HeFH, or in pediatric patients (aged $10 years) with
HeFH, administer 140 mg SC every 2 weeks or 420 mg SC once monthly in abdomen, thigh, or upper arm. In adults or
pediatric patients (aged $10 years) with HoFH, administer 420 mg SC once monthly; if more LDL-C reduction is
needed after 12 weeks, may [ dose to 420 mg every 2 weeks. In adults or pediatric patients (age $10 years) with
HoFH on LDL apheresis, may initiate 420 mg SC every 2 weeks to correspond with apheresis schedule; evolocumab
should be given after apheresis is complete. To administer 420-mg dose, either use the prefilled single-dose on-body
infuser or give 3 (140-mg) injections consecutively within 30 min.

Continued on the next page
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TABLE 3 Continued

Strategy/Agent Comments

n Adverse effects: Constipation, dyspepsia, and nausea.
n Use during pregnancy/lactation: Considered safe to use
n Drug-drug interactions: In general, BAS may decrease absorption of other medications; it is a good practice for all

other medications to be given $4 hours before BAS. Concomitant use of BAS is known to decrease absorption of
cyclosporin, oral contraceptives containing ethinyl estradiol and norethindrone, olmesartan, phenytoin, sulfonyl-
ureas, thyroid replacement therapy, warfarin; give these medications $4 hours before BAS. For patients on warfarin,
monitor INR frequently during BAS initiation and then periodically. Cholestyramine may increase exposure to met-
formin; monitor glycemic control.

n CV outcomes trials: In LRC-CPPT, 3,806 asymptomatic middle-aged men with primary hypercholesterolemia were
randomized to cholestyramine resin vs placebo for an average of 7.4 years. The cholestyramine group experienced a
19% reduction in risk (P < 0.05) of the primary endpoint—definite CHD death and/or definite nonfatal MI. The effects
of colesevelam and colestipol on cardiovascular morbidity and mortality have not been determined

n Considerations in prescribing: Pill burden; inconvenience in preparation of oral suspension preparations; drug in-
teractions, GI side effects; exacerbation of hypertriglyceridemia; orally administered, colesevelam lowers HbA1c 0.5%
in diabetes; CV outcomes data not available for all products

Agents that may be used to treat HoFH under care of a lipid specialist

Evinacumab21 n Mechanism of action: Human monoclonal antibody that binds to and inhibits ANGPTL3. Promotes VLDL processing
and clearance upstream of LDL formation

n FDA-approved indication(s): Y LDL-C in adults and pediatric patients (aged $12 years) with HoFH as adjunct to other
LDL-C–lowering therapies

n Dose and route of administration: 15 mg/kg administered by healthcare professional as IV infusion once monthly
(every 4 weeks). See PI for preparation and administration instructions.

n Mean % reduction in LDL-C (per PI): Combination therapy with other lipid-lowering therapies (incremental
reduction)—49%.

n Contraindication: History of serious hypersensitivity to this medication.
n Warnings/precautions:

1. Hypersensitivity reactions occurred during clinical trials. If a serious hypersensitivity reaction occurs, discontinue
therapy; treat according to standard of care; monitor until signs and symptoms resolve.

2. May cause fetal toxicity; inform patients who may become pregnant of risk to fetus; obtain a pregnancy test before
initiating therapy in patients who may become pregnant; advise patients who may become pregnant to use
contraception during treatment and for $5 months following the last dose. Discontinue this medication if patient
becomes pregnant. Clinicians should report pregnancies that occur while taking this medication (1-833-385-3392).

n Adverse effects: nasopharyngitis, influenza-like illness, dizziness, rhinorrhea, nausea.
n Use during pregnancy/lactation: Avoid use.
n Drug–drug interactions: No clinically significant drug-drug interactions have been identified
n CV outcomes trials: The effect of evinacumab on CV morbidity and mortality has not been determined
n Other prescribing considerations: See prescribing information for complete preparation and administration in-

structions. Robust LDL-C reduction; cost, IV administration, requires prior authorization

Lomitapide47 n Mechanism of action: Directly binds and inhibits microsomal triglyceride transfer protein, which resides in the lumen
of the endoplasmic reticulum, thereby preventing the assembly of apoB-containing lipoproteins in enterocytes and
hepatocytes. This inhibits synthesis of chylomicrons and VLDL and leads to Y LDL-C

n FDA-approved indications: Y LDL-C, TC, apoB, and non–HDL-C in patients with HoFH, as adjunct to a low-fat diet and
other lipid-lowering treatments (including LDL apheresis, where available)

n Dose and route of administration: Initiate 5 mg orally once daily. Titrate dose based on acceptable
safety/tolerability: increase to 10 mg daily after at least 2 weeks and then, at a minimum of 4-week intervals,
to 20 mg, 40 mg, up to the maximum recommended dose of 60 mg daily

n Mean % LDL reduction (per PI): Mean and median percent changes in LDL-C from baseline when added to baseline
lipid-lowering therapy were �40% and �50%, respectively

n Black box warnings:
1. May cause elevations in liver transaminases; measure ALT, AST, alkaline phosphatase, total bilirubin before

initiating this medication; during treatment, adjust dose if ALT or AST $3 times the upper limit of normal; dis-
continue this medication for clinically significant liver toxicity.

2. Increases hepatic fat (hepatic steatosis) with or without concomitant increases in transaminases. Hepatic steatosis
associated with lomitapide may be a risk factor for progressive liver disease, including steatohepatitis and
cirrhosis. Because of the risk of hepatotoxicity, lomitapide is only available through the REMS program

n Contraindications: 1) Pregnancy; 2) concomitant use with strong/moderate CYP3A4 inhibitors; 3) moderate/severe
hepatic impairment or active liver disease including unexplained persistent abnormal liver function tests.

n Warnings/precautions: 1) May cause fetal toxicity; inform patients who may become pregnant of risk to fetus; obtain
a pregnancy test before initiating therapy in patients who may become pregnant; advise patients who may become
pregnant to use contraception during treatment and for $2 weeks following the last dose. Discontinue this
medication if patient becomes pregnant. Clinicians should report pregnancies that occur while taking this medication
(1-877-902-4099).

Continued on the next page
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TABLE 3 Continued

Strategy/Agent Comments

n Adverse effects: Upper respiratory tract infection, muscle spasms, hyperuricemia, back pain, abdominal pain or
discomfort, bronchitis, pain in extremities, anemia, elevated liver enzymes, diarrhea, arthralgia, sinusitis, fatigue,
influenza. Consider alternative therapy if history of tendon disorder or rupture; discontinue immediately if tendon
rupture occurs.

n Use during pregnancy/lactation: Discontinue when pregnancy is recognized unless the benefits of therapy outweigh
the potential risks to the fetus. There are no available data on use in pregnant women to evaluate for a drug-
associated risk of major birth defects, miscarriage, or adverse maternal or fetal outcomes.42

n Drug–drug interactions: Cyclosporine; fibrates. Avoid concomitant simvastatin >20 mg daily or pravastatin >40 mg
daily.

n CV outcomes trials: CV outcomes trials for bempedoic acid not completed. Completion of CLEAR Outcomes trial
expected later in 2022. CV outcomes trial will not be required for fixed-dose combination of ezetimibe and
bempedoic acid.

n Prescribing considerations: Y LDL-C within the range of moderate-intensity statin therapy; cost; requires prior
authorization

Inclisiran43 n Mechanism of action: siRNA targeting PCSK9; inhibits PCSK9 production in liver, thereby prolonging activity of LDL
receptors.

n FDA-approved indication(s): Y LDL-C in adults with ASCVD or HeFH as adjunct to diet and maximally tolerated statin
therapy.

n Dose: Administer 284 mg SC on day 1, day 90, and then every 6 months by a clinician.
n Mean % reduction in LDL-C (per PI): 48%-52%
n Contraindications (per PI): None
n Warnings/precautions (per PI): None
n Adverse effects: Injection site reaction, arthralgia, urinary tract infection, diarrhea, bronchitis, pain in extremities,

dyspnea
n Use during pregnancy/lactation: No safety data in humans; avoid use.
n Drug–drug interactions (per PI): None
n CV outcomes trials: CV outcomes trials not yet completed. ORION-4 currently in progress with estimated completion

in 2026. VICTORION-2P currently in progress with estimated completion in 2027.
n Other prescribing considerations: robust LDL-C reduction, cost, requires SC administration by a clinician, requires

prior authorization.

BAS44,45 n Mechanism of action: Nonabsorbed, lipid-lowering polymer that binds bile acids in the intestine and impedes their
reabsorption. As the bile acid pool Y, the hepatic enzyme cholesterol 7-a-hydroxylase is up-regulated, which [

conversion of cholesterol to bile acids. This causes [ demand for cholesterol in the liver cells, resulting in the dual
effect of increasing transcription and activity of the cholesterol biosynthetic enzyme HMG-CoA reductase and [

numbers of hepatic LDL receptors. These compensatory effects result in [ clearance of LDL particles from the blood,
in turn resulting in Y serum LDL-C levels. Serum TG levels may [ or remain unchanged.

n FDA-approved indication(s):
Colesevelam: As an adjunct to diet and exercise to 1) Y LDL-C in adults with primary hyperlipidemia; 2) [ glycemic

control in adults with type 2 diabetes; 3) Y LDL-C in boys and post-menarchal girls (aged 10-17 years) with HeFH who
are unable to reach LDL-C targets after an adequate trial of diet therapy and lifestyle modifications. Cholestyramine,
colestipol: Y LDL-C with primary hyperlipidemia, as adjunct to diet

n Dose and route of administration:
Colesevelam: Tablets: 6 tablets orally once daily or 3 tablets orally twice daily; take tablets with a meal and liquid.

Suspension: one 3.75-g packet orally daily, or one 1.875-g packet orally twice daily; mix powder with 8 ounces of
water, fruit juice, or soft drink; take with meal.

3.75 g is equivalent to 6 tablets. 1.875 g is equivalent to 3 tablets;

Cholestyramine: 8-16 g/day orally, divided into 2 doses;

Colestipol: 2-16 g/day orally, given once or in divided doses

n Mean % LDL reduction (per PI):
Colesevelam: Monotherapy—15% (6 tablets daily); in combination with low- to moderate-intensity statin therapy—

additional 10%-16% reduction in LDL-C (data from simvastatin 10 mg, atorvastatin 10 mg). Cholestyramine:
Monotherapy—10.4% vs placebo.

Colestipol: not provided in PI. In dose-ranging RCT with monotherapy, doses of 5, 10, and 15 g resulted in 16.3%, 22.8%,
and 27.2% reductions in LDL-C, respectively46

n Contraindications (per PI):
Colesevelam: TG >500 mg/dL; history of hypertriglyceridemia-induced pancreatitis; bowel obstruction.

Cholestyramine: History of serious hypersensitivity to this medication.

Colestipol: Complete biliary obstruction, history of serious hypersensitivity to this medication.

n Warnings/precautions: May [ TG and cause acute pancreatitis, monitor TG, discontinue if signs and symptoms of
acute pancreatitis occur; may cause GI obstruction, avoid with gastroparesis, other GI motility disorders, and history
of major GI tract surgery with risk for bowel obstruction; may cause vitamin K or fat-soluble vitamin deficiencies, oral
vitamins should be given $4 hours before this medication; may decrease absorption of other medications, other
medications should be given $4 hours before this medication. Some products contain phenylalanine, which may be
harmful to patients with phenylketonuria.
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3. ASSUMPTIONS AND DEFINITIONS

To limit inconsistencies in interpretation, specific as-
sumptions and definitions were adopted by the writing
committee in the development of this document.

1. The writing committee endorses the evidence-based
approaches to ASCVD risk reduction in adults
enumerated in the 2018 AHA/ACC/multisociety
cholesterol guideline.7

2. The algorithms herein begin with the assumption that
the patient is in 1 of the 4 evidence-based patient
management groups identified in the 2018 AHA/ACC/
multisociety cholesterol guideline:
a. Adults aged $20 years with clinical ASCVD on

statin therapy for secondary prevention;
b. Adults aged $20 years with LDL-C $190 mg/dL (not

due to secondary modifiable causes) on statin
therapy for primary prevention;

c. Adults aged 40-75 years without ASCVD, but with
diabetes and LDL-C <190 mg/dL, on statin therapy
for primary prevention; and

d. Adults aged 40-75 years without clinical ASCVD or
diabetes, with LDL-C 70 to 189 mg/dL and an esti-
mated 10-year risk for ASCVD $7.5%, on statin
therapy for primary prevention.

Patients not in 1 of these 4 patient management
groups who may be at elevated risk for ASCVD events
(patients with heart failure, patients on maintenance
hemodialysis, women considering pregnancy or
already pregnant, and patients with previous organ
transplantation) are considered in a separate section
and should receive individualized care in the context of
shared decision-making between the clinician and pa-
tient (see Section 5.7).

3. These algorithms assume that the patient is currently
taking the maximally tolerated dose of statin therapy
or has attempted to take statin therapy as a result of
shared decision-making and that the clinician and
patient are trying to determine whether additional
therapy is needed to further reduce ASCVD risk. If a
patient has a less-than-anticipated LDL-C response to
the statin dose, additional clinical approaches are

TABLE 4 Factors to Consider in the Clinician–Patient Discussion

Potential for additional ASCVD risk reduction from
addition of nonstatin therapy to evidence-based
statin therapy to lower LDL-C

n Percentage LDL-C reduction achieved with evidence-based statin therapy (if <50% and not on
maximally tolerated statin, should increase statin therapy first and reinforce lifestyle modifications)
and whether patient is above LDL-C threshold for consideration of nonstatin therapies

n For patients with ASCVD, patient’s status as very high risk or not very high risk on evidence-based
statin therapy (see Table 1)*

n For patients without ASCVD or baseline LDL-C $190 mg/dL, patient’s baseline predicted 10-year
ASCVD risk prestatin and presence of risk-enhancing factors (see Table 2)†

n Available scientific evidence of ASCVD risk reduction (and magnitude of benefit) when nonstatin
therapy is added to evidence-based statin therapy‡

n Additional desired % LDL-C lowering beyond that achieved on evidence-based statin therapy§
n Mean percentage LDL-C lowering expected with proposed nonstatin therapy when added to

evidence-based statin therapyk
Potential for clinically significant adverse events or

drug–drug interactions from addition of nonstatin
therapy to evidence-based statin therapy for
lowering LDL-C

n See Table 3

Cost considerations n Potential out-of-pocket cost of therapy to the patient (eg, insurance plan coverage, pharmacy or
medical benefit, copayment, availability of assistance programs).

Patient preferences and considerations n Patient’s perception of benefit from addition of nonstatin therapy
n Convenience of nonstatin therapy (eg, route, setting [home or medical office], and frequency of

administration, pill burden, storage)
n Potential of nonstatin therapy to jeopardize adherence to other evidence-based therapies
n Cost of nonstatin therapy
n Anticipated life expectancy, comorbidities, and impact of therapy on quality of life

*For example, in the Treating to New Targets trial, patients with CHD who received 10 mg of atorvastatin daily had a 5-year event rate of 10.9%, and those who received 80 mg of
atorvastatin daily had a 5-year event rate of 8.7%. These numbers (and similar rates from other trials) may inform the number-needed-to-treat. Additional consideration of
comorbidities and other poorly controlled or well-controlled risk factors will increase or decrease risk accordingly. See Table 1 for criteria for defining patients at very high risk.
†Use the Pooled Cohort Equations to estimate 10-y ASCVD risk. See Table 1 for criteria for defining patients at very high risk.
‡Such evidence exists for ezetimibe from the IMPROVE-IT study, with a 6% relative/2% absolute risk reduction in a composite ASCVD endpoint over 7 years when added to a moderate-
intensity statin. Evidence from FOURIER and ODYSSEY Outcomes demonstrate 2% absolute/15% relative ASCVD risk reduction. Data are lacking for addition of BAS to statins,
bempedoic acid, inclisiran, and evinacumab. Niacin preparations have been associated with no benefit and potential for significant harms when added to statin therapy.
§For example, patients on maximally tolerated statin therapy with LDL-C $130 mg/dL may receive more benefit from the addition of a nonstatin therapy than those with on-statin
LDL-C of 80 mg/dL.
kFor example, when added to statins, ezetimibe may lower LDL-C an additional 20%-25% on average; PCSK9 inhibitors may lower LDL-C an additional 60% on average. For each 40-
mg/dL reduction in LDL-C using safe and evidence-based therapies, there appears to be an approximate 20% relative risk reduction in ASCVD. This number, combined with the baseline
absolute risk, may inform the number-needed-to-treat.

ASCVD ¼ atherosclerotic cardiovascular disease; LDL-C ¼ low-density lipoprotein cholesterol.

Lloyd-Jones et al J A C C V O L . 8 0 , N O . 1 4 , 2 0 2 2

2022 ECDP on Role of Nonstatin Therapies for LDL-C Lowering O C T O B E R 4 , 2 0 2 2 : 1 3 6 6 – 1 4 1 8

1380

of special circumstances for subpopulations with comor-
bidities, and then updated the strategies to create a clin-
ical pathway or algorithm that could be followed by
clinicians for each patient scenario. All issues were dis-
cussed, and all algorithms were finalized with full
consensus of the writing committee members.

Persistent or severe hypertriglyceridemia: The writing
committee did not directly consider or recommend
adjunctive approaches for persistent or severe

hypertriglyceridemia (lifestyle modifications, prescrip-
tion omega-3 fatty acids, fibric acid derivatives) because
these were recently addressed in detail in the 2021 ACC
Expert Consensus Decision Pathway on the Management
of ASCVD Risk Reduction in Patients With Persistent
Hypertriglyceridemia (denoted in this document as the
2021 ACC ECDP on management of hyper-
triglyceridemia).48 Clinicians are referred to that ECDP, as
needed, at the appropriate point in each algorithm.

TABLE 3 Continued

Strategy/Agent Comments

n Adverse effects: Diarrhea, nausea, vomiting, dyspepsia, and abdominal pain.
n Use during pregnancy/lactation: Avoid use.
n Drug–drug interactions:

1. CYP3A4 inhibitors increase exposure to lomitapide. Strong/moderate CYP3A4 inhibitors are contraindicated with
lomitapide. Avoid grapefruit juice.

2. Do not exceed 30 mg daily of lomitapide when used concomitantly with weak CYP3A4 inhibitors, including
atorvastatin and oral contraceptives.

3. Increases plasma concentration of warfarin; monitor INR regularly, especially with lomitapide dose adjustment.
4. Increased systemic exposure to simvastatin and lovastatin exposure with lomitapide. Limit statin dose when

coadministered due to myopathy risk.
5. Consider dose reduction of P-glycoprotein substrates because of possible increased absorption with lomitapide.
6. Separate lomitapide dosing with BAS by at least 4 hours.

n CV outcomes trials: The effect of lomitapide on CV morbidity and mortality has not been determined
n Considerations in prescribing: Cost, oral administration, requires strict adherence to low-fat diet and gradual dose

escalation to reduce GI side effects, requires daily doses of specific vitamins (Vitamin E 400 IU, linoleic acid
$200 mg, alpha-linolenic acid $210 mg, eicosapentaenoic acid $110 mg, docosahexaenoic acid $80 mg); requires
monitoring of transaminase levels, long-term consequences of hepatic steatosis unknown, prescriber training, REMS
program

LDL apheresis n Mechanism of action: Selectively removes apo B-containing lipoproteins, producing an acute reduction in LDL-C.
n FDA approved indication: Patients with FH unresponsive to pharmacologic and dietary management who are either

functional homozygotes with an LDL-C >500mg/dL, functional heterozygotes with no known CV disease but an
LDL-C >300mg/dL, or functional heterozygotes with known cardiovascular disease and LDL-C >200mg/dL

n Dose and route of administration: Extracorporeal technique performed weekly or biweekly
n Mean % LDL-C reduction: With weekly or biweekly treatment, average LDL-C can Y to w50–60% of the original

levels. LDL-C increases after each apheresis session but does not return to the original level
n Adverse effects: Problems with venous access; transient hypotension, fatigue; bleeding; hypocalcemia; iron defi-

ciency due to regular phlebotomy for diagnostic purposes; heparin allergy; and bradykinin syndrome (especially with
ACEi)

n Drug–drug interactions: ACEi should not be used with dextran sulfate method owing to risk of bradykinin syndrome
n CV outcomes trials: Limited due to ethical considerations in RCTs of very high-risk patients with HoFH, but it is

reasonable to assume reductions in CV disease events are proportional to the degree of LDL-C lowering
n Considerations in prescribing: Cost, extracorporeal technique, inconvenient, locations not readily available in some

regions, time-consuming, robust reduction in LDL-C

[ ¼ increase; Y ¼ decrease; ACEi ¼ angiotensin-converting enzyme inhibitor; ACL ¼ adenosine triphosphate-citrate lyase; ACS ¼ acute coronary syndrome; ACSVl1 ¼ acyl-CoA
synthetase-1; ALT ¼ alanine transaminase; apoB ¼ apolipoprotein B-100; ASCVD ¼ atherosclerotic cardiovascular disease; ANGPTL3 ¼ Angiopoietin-like 3; AST ¼ aspartate
aminotransferase; BAS ¼ bile acid sequestrant; CANTAB ¼ Cambridge Neuropsychological Test Automated Battery; CHD ¼ coronary heart disease; CKD ¼ chronic kidney disease;
CLEAR Outcomes ¼ Evaluation of Major Cardiovascular Events in Patients With, or at High Risk for, Cardiovascular Disease Who Are Statin Intolerant With Bempedoic Acid [ETC-1002]
or Placebo; CV ¼ cardiovascular; CYP3A4 ¼ Cytochrome P450 3A4; EBBINGHAUS ¼ Evaluating PCSK9 Binding antiBody Influence oN coGnitive HeAlth in High cardiovascUlar Risk
Subjects; FDA ¼ Food and Drug Administration; FH ¼ familial hypercholesterolemia; FOURIER ¼ Further Cardiovascular Outcomes Research With PCSK9 Inhibition in Subjects
With Elevated Risk; GI ¼ gastrointestinal; HbA1c ¼ glycosylated hemoglobin; HDL-C ¼ high-density lipoprotein cholesterol; HeFH ¼ heterozygous familial hypercholesterolemia;
HoFH ¼ homozygous familial hypercholesterolemia; IMPROVE-IT ¼ IMProved Reduction of Outcomes: Vytorin Efficacy International Trial; IV ¼ intravenous; LDL-C ¼ low-density
lipoprotein cholesterol; LRC-CPPT ¼ Lipid Research Clinics Coronary Primary Prevention Trial; mAb ¼ monoclonal antibody; MI ¼ myocardial infarction; NPC1L1 ¼ Niemann-Pick C1
like 1; ODYSSEY ¼ Evaluation of Cardiovascular Outcomes After an Acute Coronary Syndrome During Treatment With Alirocumab; ORION-4 ¼ A Randomized Trial Assessing the Effects
of Inclisiran on Clinical Outcomes Among People With Cardiovascular Disease; PAD ¼ peripheral arterial disease; PCSK9¼ proprotein convertase subtilisin/kexin type 9; PI ¼ prescribing
information; RD/RDN ¼ registered dietician/registered dietician nutritionist; REMS ¼ Risk Evaluation and Mitigation Strategy; SC ¼ subcutaneous; SHARP ¼ Study of Heart and Renal
Protection; siRNA ¼ synthetic small interfering ribonucleic acid; TC ¼ total cholesterol; TG ¼ triglycerides; UA ¼ unstable angina; VICTORION-2P ¼ A Randomized, Double-blind,
Placebo-controlled, Multicenter Trial, Assessing the Impact of Inclisiran on Major Adverse Cardiovascular Events in Participants With Established Cardiovascular Disease;
VLDL ¼ very low-density lipoprotein
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FIGURE 4 Adults With Diabetes and Without ASCVD and Baseline LDL-C <190 mg/dL on Statin Therapy for Primary Prevention

Continued on the next page
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FIGURE 5 Adults Without Clinical ASCVD or Diabetes (LDL 70-189 mg/dL)

Adapted from Grundy et al.7 *Fasting triglycerides $150 mg/dL following a minimum of 4-12 weeks of lifestyle intervention, a stable dose of maximally

tolerated statin therapy when indicated, as well as evaluation and management of secondary causes of hypertriglyceridemia †Refer to 2021 ACC expert

consensus decision pathway on the management of ASCVD risk reduction in patients with persistent hypertriglyceridemia: a report of the American College

of Cardiology Solution Set Oversight Committee. J Am Coll Cardiol. 2021;78(9):960-993.

ASCVD ¼ atherosclerotic cardiovascular disease; CAC ¼ coronary artery calcium; ECDP ¼ Expert Consensus Decision Pathway; LDL-C ¼ low-density

lipoprotein cholesterol
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Comparative effectiveness of statins on non-high density  
lipoprotein cholesterol in people with diabetes and at risk of  
cardiovascular disease: systematic review and network  
meta-analysis
Alexander Hodkinson,1,9 Dialechti Tsimpida,1,2,3 Evangelos Kontopantelis,1,2,4 Martin K Rutter,5,6 

Mamas A Mamas,1,7,8 Maria Panagioti1,9

ABSTRACT
OBJECTIVE
To compare the efficacy of different statin treatments 
by intensity on levels of non-high density lipoprotein 
cholesterol (non-HDL-C) for the prevention of 
cardiovascular disease in people with diabetes.
DESIGN
Systematic review and network meta-analysis.
DATA SOURCES
Medline, Cochrane Central Register of Controlled 
Trials, and Embase from inception to 1 December 
2021.
REVIEW METHODS
Randomised controlled trials comparing different 
types and intensities of statins, including placebo, 
in adults with type 1 or type 2 diabetes mellitus 
were included. The primary outcome was changes 
in levels of non-HDL-C, calculated from measures of 
total cholesterol and HDL-C. Secondary outcomes 
were changes in levels of low density lipoprotein 
cholesterol (LDL-C) and total cholesterol, three 
point major cardiovascular events (non-fatal stroke, 

non-fatal myocardial infarction, and death related 
to cardiovascular disease), and discontinuations 
because of adverse events. A bayesian network meta-
analysis of statin intensity (low, moderate, or high) 
with random effects evaluated the treatment effect 
on non-HDL-C by mean differences and 95% credible 
intervals. Subgroup analysis of patients at greater 
risk of major cardiovascular events was compared 
with patients at low or moderate risk. The confidence 
in network meta-analysis (CINeMA) framework was 
applied to determine the certainty of evidence.
RESULTS
In 42 randomised controlled trials involving 20 193 
adults, 11 698 were included in the meta-analysis. 
Compared with placebo, the greatest reductions in 
levels of non-HDL-C were seen with rosuvastatin at high 
(−2.31 mmol/L, 95% credible interval −3.39 to −1.21) 
and moderate (−2.27, −3.00 to −1.49) intensities, and 
simvastatin (−2.26, −2.99 to −1.51) and atorvastatin 
(−2.20, −2.69 to −1.70) at high intensity. Atorvastatin 
and simvastatin at any intensity and pravastatin at 
low intensity were also effective in reducing levels of 
non-HDL-C. In 4670 patients at greater risk of a major 
cardiovascular events, atorvastatin at high intensity 
showed the largest reduction in levels of non-HDL-C 
(−1.98, −4.16 to 0.26, surface under the cumulative 
ranking curve 64%). Simvastatin (−1.93, −2.63 to 
−1.21) and rosuvastatin (−1.76, −2.37 to −1.15) 
at high intensity were the most effective treatment 
options for reducing LDL-C. Significant reductions 
in non-fatal myocardial infarction were found for 
atorvastatin at moderate intensity compared with 
placebo (relative risk=0.57, confidence interval 0.43 
to 0.76, n=4 studies). No significant differences were 
found for discontinuations, non-fatal stroke, and 
cardiovascular deaths.
CONCLUSIONS
This network meta-analysis indicated that 
rosuvastatin, at moderate and high intensity doses, 
and simvastatin and atorvastatin, at high intensity 
doses, were most effective at moderately reducing 
levels of non-HDL-C in patients with diabetes. Given 
the potential improvement in accuracy in predicting 
cardiovascular disease when reduction in levels 
of non-HDL-C is used as the primary target, these 
findings provide guidance on which statin types and 
intensities are most effective by reducing non-HDL-C in 
patients with diabetes.
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WHAT IS ALREADY KNOWN ON THIS TOPIC
In people with diabetes, statins are the basis of primary and secondary 
prevention of cardiovascular disease by reducing plasma levels of low density 
lipoprotein cholesterol (LDL-C), but evidence is lacking on the comparative 
effectiveness of statins on non-high density lipoprotein cholesterol (non-HDL-C)
Non-HDL-C is thought to be more strongly associated with the risk of 
cardiovascular disease than LDL-C in statin users, and therefore might be a 
better tool for assessing the risk of cardiovascular disease and the effects of 
treatment
Guidelines from the National Institute for Health and Care Excellence for adults 
with diabetes recommend that non-HDL-C should replace LDL-C as the primary 
target for reducing the risk of cardiovascular disease when taking lipid lowering 
agents

WHAT THIS STUDY ADDS
Rosuvastatin, given at moderate and high intensity doses, and simvastatin and 
atorvastatin, given at high intensity doses, were the most effective treatments 
in patients with diabetes, reducing concentrations of non-HDL-C by 2.20-2.31 
mmol/L over 12 weeks
In patients at high risk of major cardiovascular events (secondary prevention), 
atorvastatin at high intensity doses showed the largest reduction in non-HDL-C 
(~2.0 mmol/L)
These findings can guide decision making for clinicians and support policy 
guidelines for the management of lipid levels, with non-HDL-C as a primary 
target, in patients with diabetes
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Statin Use for the Primary Prevention of Cardiovascular Disease in Adults
Updated Evidence Report and Systematic Review for the US Preventive
Services Task Force
Roger Chou, MD; Amy Cantor, MD, MPH; Tracy Dana, MLS; JesseWagner, MA; Azrah Y. Ahmed, BA;
Rongwei Fu, PhD; Maros Ferencik, MD, PhD, MCR

IMPORTANCE A 2016 review for the US Preventive Services Task Force (USPSTF) found use of
statins for primary prevention of cardiovascular disease (CVD) was associated with reduced
mortality and cardiovascular outcomes.

OBJECTIVE To update the 2016 review on statins for primary prevention of CVD to inform
the USPSTF

DATA SOURCES OvidMEDLINE, Cochrane Central Register of Controlled Trials, and Cochrane
Database of Systematic Reviews (to November 2021); surveillance throughMay 20, 2022.

STUDY SELECTION Randomized clinical trials on statins vs placebo or no statin and statin
intensity in adults without prior cardiovascular events; large cohort studies on harms.

DATA EXTRACTION AND SYNTHESIS One investigator abstracted data; a second checked
accuracy. Two investigators independently rated study quality.

MAIN OUTCOMES ANDMEASURES All-cause and cardiovascularmortality, myocardial
infarction, stroke, composite cardiovascular outcomes, and adverse events.

RESULTS Twenty-six studies were included: 22 trials (N = 90624) with 6months to 6 years of
follow-up compared statins vs placebo or no statin, 1 trial (n = 5144) compared statin
intensities, and 3 observational studies (n = 417 523) reported harms. Statins were
significantly associated with decreased risk of all-cause mortality (risk ratio [RR], 0.92 [95%
CI, 0.87 to 0.98]; absolute risk difference [ARD], −0.35% [95% CI, −0.57% to −0.14%]),
stroke (RR, 0.78 [95% CI, 0.68 to 0.90]; ARD, −0.39% [95% CI, −0.54% to −0.25%]),
myocardial infarction (RR, 0.67 [95% CI, 0.60 to 0.75]; ARD, −0.85% [95% CI, −1.22% to
−0.47%]), and composite cardiovascular outcomes (RR, 0.72 [95% CI, 0.64 to 0.81]; ARD,
−1.28% [95% CI, −1.61% to −0.95%]); the association with cardiovascular mortality was not
statistically significant (RR, 0.91 [95% CI, 0.81 to 1.02]; ARD, −0.13%). Relative benefits were
consistent in groups defined by demographic and clinical characteristics, although data for
persons older than 75 years were sparse. Statin therapy was not significantly associated with
increased risk of serious adverse events (RR, 0.97 [95% CI, 0.93 to 1.01]), myalgias (RR, 0.98
[95% CI, 0.86 to 1.11]), or elevated alanine aminotransferase level (RR, 0.94 [95% CI, 0.78 to
1.13]). Statin therapy was not significantly associated with increased diabetes risk overall (RR,
1.04 [95% CI, 0.92 to 1.19]), although 1 trial found high-intensity statin therapy was
significantly associated with increased risk (RR, 1.25 [95% CI, 1.05 to 1.49]). Otherwise, there
were no clear differences in outcomes based on statin intensity.

CONCLUSIONS AND RELEVANCE In adults at increased CVD risk but without prior CVD events,
statin therapy for primary prevention of CVDwas associated with reduced risk of all-cause
mortality and CVD events. Benefits of statin therapy appear to be present across diverse
demographic and clinical populations, with consistent relative benefits in groups defined by
demographic and clinical characteristics.
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BACKGROUND
Lipoprotein(a) is a presumed risk factor for atherosclerotic cardiovascular disease. 
Olpasiran is a small interfering RNA that reduces lipoprotein(a) synthesis in the 
liver.

METHODS
We conducted a randomized, double-blind, placebo-controlled, dose-finding trial 
involving patients with established atherosclerotic cardiovascular disease and a 
lipoprotein(a) concentration of more than 150 nmol per liter. Patients were randomly 
assigned to receive one of four doses of olpasiran (10 mg every 12 weeks, 75 mg 
every 12 weeks, 225 mg every 12 weeks, or 225 mg every 24 weeks) or matching 
placebo, administered subcutaneously. The primary end point was the percent change 
in the lipoprotein(a) concentration from baseline to week 36 (reported as the placebo-
adjusted mean percent change). Safety was also assessed.

RESULTS
Among the 281 enrolled patients, the median concentration of lipoprotein(a) at 
baseline was 260.3 nmol per liter, and the median concentration of low-density 
lipoprotein cholesterol was 67.5 mg per deciliter. At baseline, 88% of the patients 
were taking statin therapy, 52% were taking ezetimibe, and 23% were taking a 
proprotein convertase subtilisin–kexin type 9 (PCSK9) inhibitor. At 36 weeks, the 
lipoprotein(a) concentration had increased by a mean of 3.6% in the placebo 
group, whereas olpasiran therapy had significantly and substantially reduced the 
lipoprotein(a) concentration in a dose-dependent manner, resulting in placebo-
adjusted mean percent changes of −70.5% with the 10-mg dose, −97.4% with the 
75-mg dose, −101.1% with the 225-mg dose administered every 12 weeks, and 
−100.5% with the 225-mg dose administered every 24 weeks (P<0.001 for all com-
parisons with baseline). The overall incidence of adverse events was similar across 
the trial groups. The most common olpasiran-related adverse events were injection-
site reactions, primarily pain.

CONCLUSIONS
Olpasiran therapy significantly reduced lipoprotein(a) concentrations in patients 
with established atherosclerotic cardiovascular disease. Longer and larger trials will 
be necessary to determine the effect of olpasiran therapy on cardiovascular disease. 
(Funded by Amgen; OCEAN[a]-DOSE ClinicalTrials.gov number, NCT04270760.)
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BACKGROUND
High triglyceride levels are associated with increased cardiovascular risk, but 
whether reductions in these levels would lower the incidence of cardiovascular 
events is uncertain. Pemafibrate, a selective peroxisome proliferator–activated re-
ceptor α modulator, reduces triglyceride levels and improves other lipid levels.
METHODS
In a multinational, double-blind, randomized, controlled trial, we assigned patients 
with type 2 diabetes, mild-to-moderate hypertriglyceridemia (triglyceride level, 200 
to 499 mg per deciliter), and high-density lipoprotein (HDL) cholesterol levels of 
40 mg per deciliter or lower to receive pemafibrate (0.2-mg tablets twice daily) or 
matching placebo. Eligible patients were receiving guideline-directed lipid-lower-
ing therapy or could not receive statin therapy without adverse effects and had 
low-density lipoprotein (LDL) cholesterol levels of 100 mg per deciliter or lower. 
The primary efficacy end point was a composite of nonfatal myocardial infarction, 
ischemic stroke, coronary revascularization, or death from cardiovascular causes.
RESULTS
Among 10,497 patients (66.9% with previous cardiovascular disease), the median 
baseline fasting triglyceride level was 271 mg per deciliter, HDL cholesterol level 
33 mg per deciliter, and LDL cholesterol level 78 mg per deciliter. The median 
follow-up was 3.4 years. As compared with placebo, the effects of pemafibrate on 
lipid levels at 4 months were −26.2% for triglycerides, −25.8% for very-low-density 
lipoprotein (VLDL) cholesterol, −25.6% for remnant cholesterol (cholesterol trans-
ported in triglyceride-rich lipoproteins after lipolysis and lipoprotein remodeling), 
−27.6% for apolipoprotein C-III, and 4.8% for apolipoprotein B. A primary end-
point event occurred in 572 patients in the pemafibrate group and in 560 of those 
in the placebo group (hazard ratio, 1.03; 95% confidence interval, 0.91 to 1.15), 
with no apparent effect modification in any prespecified subgroup. The overall 
incidence of serious adverse events did not differ significantly between the groups, 
but pemafibrate was associated with a higher incidence of adverse renal events and 
venous thromboembolism and a lower incidence of nonalcoholic fatty liver disease.
CONCLUSIONS
Among patients with type 2 diabetes, mild-to-moderate hypertriglyceridemia, and 
low HDL and LDL cholesterol levels, the incidence of cardiovascular events was not 
lower among those who received pemafibrate than among those who received 
placebo, although pemafibrate lowered triglyceride, VLDL cholesterol, remnant 
cholesterol, and apolipoprotein C-III levels. (Funded by the Kowa Research Institute; 
PROMINENT ClinicalTrials.gov number, NCT03071692.)
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ORIGINAL INVESTIGATIONS

Effect of Pelacarsen on Lipoprotein(a)
Cholesterol and Corrected Low-Density
Lipoprotein Cholesterol
Calvin Yeang, MD, PHD,a Ewa Karwatowska-Prokopczuk, MD, PHD,b Fei Su, MS,a Brian Dinh,a Shuting Xia, MS,b

Joseph L. Witztum, MD,c Sotirios Tsimikas, MDa,b

ABSTRACT

BACKGROUND Laboratory methods that report low-density lipoprotein cholesterol (LDL-C) include both LDL-C and

lipoprotein(a) cholesterol [Lp(a)-C] content.

OBJECTIVES The purpose of this study was to assess the effect of pelacarsen on directly measured Lp(a)-C and LDL-C

corrected for its Lp(a)-C content.

METHODS The authors evaluated subjects with a history of cardiovascular disease and elevated Lp(a) randomized to 5

groups of cumulative monthly doses of 20-80 mg pelacarsen vs placebo. Direct Lp(a)-C was measured on isolated Lp(a)

using LPA4-magnetic beads directed to apolipoprotein(a). LDL-C was reported as: 1) LDL-C as reported by the clinical

laboratory; 2) LDL-Ccorr ¼ laboratory-reported LDL-C � direct Lp(a)-C; and 3) LDL-CcorrDahlén ¼ laboratory LDL-C � [Lp(a)

mass � 0.30] estimated by the Dahlén formula.

RESULTS The baseline median Lp(a)-C values in the groups ranged from 11.9 to 15.6 mg/dL. Compared with placebo,

pelacarsen resulted in dose-dependent decreases in Lp(a)-C (2% vs �29% to �67%; P ¼ 0.001-<0.0001). Baseline

laboratory-reported mean LDL-C ranged from 68.5 to 89.5 mg/dL, whereas LDL-Ccorr ranged from 55 to 74 mg/dL.

Pelacarsen resulted in mean percent/absolute changes of �2% to �19%/�0.7 to �8.0 mg/dL (P ¼ 0.95-0.05) in LDL-

Ccorr, �7% to �26%/�5.4 to �9.4 mg/dL (P ¼ 0.44-<0.0001) in laboratory-reported LDL-C, and 3.1% to 28.3%/0.1 to

9.5 mg/dL (P ¼ 0.006-0.50) increases in LDL-CcorrDahlén. Total apoB declined by 3%-16% (P ¼ 0.40-<0.0001), but non-

Lp(a) apoB was not significantly changed.

CONCLUSIONS Pelacarsen significantly lowers direct Lp(a)-C and has neutral to mild lowering of LDL-Ccorr. In patients

with elevated Lp(a), LDL-Ccorr provides a more accurate reflection of changes in LDL-C than either laboratory-reported

LDL-C or the Dahlén formula. (J Am Coll Cardiol 2022;79:1035–1046) © 2022 The Authors. Published by Elsevier on

behalf of the American College of Cardiology Foundation. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).

A pproximately 60 years since its discovery,
lipoprotein(a) [Lp(a)] is now accepted as a
genetic, independent, and likely causal risk

factor for cardiovascular disease.1-3 Lp(a) is a risk

factor in primary prevention settings,4,5 as well as
in patients on statins and those enrolled in PCSK9 in-
hibitor trials.6,7 In particular, alirocumab provides
significant risk reduction in recurrent events
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BACKGROUND
A polypill that includes key medications associated with improved outcomes 
(aspirin, angiotensin-converting–enzyme [ACE] inhibitor, and statin) has been 
proposed as a simple approach to the secondary prevention of cardiovascular death 
and complications after myocardial infarction.

METHODS
In this phase 3, randomized, controlled clinical trial, we assigned patients with 
myocardial infarction within the previous 6 months to a polypill-based strategy or 
usual care. The polypill treatment consisted of aspirin (100 mg), ramipril (2.5, 5, 
or 10 mg), and atorvastatin (20 or 40 mg). The primary composite outcome was 
cardiovascular death, nonfatal type 1 myocardial infarction, nonfatal ischemic 
stroke, or urgent revascularization. The key secondary end point was a composite 
of cardiovascular death, nonfatal type 1 myocardial infarction, or nonfatal ische-
mic stroke.

RESULTS
A total of 2499 patients underwent randomization and were followed for a median 
of 36 months. A primary-outcome event occurred in 118 of 1237 patients (9.5%) 
in the polypill group and in 156 of 1229 (12.7%) in the usual-care group (hazard 
ratio, 0.76; 95% confidence interval [CI], 0.60 to 0.96; P = 0.02). A key secondary-
outcome event occurred in 101 patients (8.2%) in the polypill group and in 144 
(11.7%) in the usual-care group (hazard ratio, 0.70; 95% CI, 0.54 to 0.90; P = 0.005). 
The results were consistent across prespecified subgroups. Medication adherence 
as reported by the patients was higher in the polypill group than in the usual-care 
group. Adverse events were similar between groups.

CONCLUSIONS
Treatment with a polypill containing aspirin, ramipril, and atorvastatin within 
6 months after myocardial infarction resulted in a significantly lower risk of ma-
jor adverse cardiovascular events than usual care. (Funded by the European Union 
Horizon 2020; SECURE ClinicalTrials.gov number, NCT02596126; EudraCT num-
ber, 2015 - 002868 - 17.)
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Introduction
Imagine a 60-year-old patient with metabolic syndrome (obesity, 
hypertension, insulin resistance, and dyslipidemia) who is taking 
a statin and has an LDL-cholesterol (LDL-C) level of 70 mg/dL but 
also has elevated triglycerides (TGs; 200 mg/dL) and low HDL-cho-
lesterol (HDL-C; 30 mg/dL). What could be approaches to reduce 
atherosclerotic cardiovascular disease (CVD) risk in this patient? 
Approaches could first include further efforts to reduce LDL-C by 
maximizing the dose of potent statins, adding the cholesterol absorp-
tion inhibitor ezetimibe, or suppressing the LDL-R–regulating protein 
PCSK9 with monoclonal antibodies. While each of these treatments 
reduces CVD risk, they do not very consistently reduce TG levels and 
they still leave a substantial residue of CVD events (1–3). Treatment 
options for further lowering TGs might include fibrates or fish oils; 
however, the evidence for a beneficial effect of fibrates is not compel-
ling (4), and while some fish oils may reduce CVD (5), the underlying 
mechanisms and impact remain uncertain. Although low HDL-C is 
associated with increased CVD risk, there are currently no effective 
drugs for targeting low HDL, and the whole idea of raising HDL-C 
has been called into question (6). Thus, beyond LDL-C, there are no 
optimal current treatment options to address dyslipidemia, as exem-
plified by this typical patient with metabolic syndrome.

A major theme of this Review is that lowering levels of TG-rich 
lipoproteins (TRLs) by activation of lipolysis and enhanced hepat-
ic clearance of cholesterol-rich TRL remnants is likely to be bene-
ficial for CVD (Figure 1). Activation of lipolysis leads to reduction 
in the levels of atherogenic TRL as well as increased levels of HDL: 
both effects may reduce atherosclerosis. While diet, exercise, and 
weight loss can have an important role in lowering TGs and raising 
HDL-C (7–10), the emphasis here will be on treatments using nov-
el technologies to target new pathways that have been uncovered 
through genetic studies.

Trends in residual risk
CVD, including myocardial infarction and stroke, is the lead-
ing cause of death in the United States and accounts for 28% of 
overall mortality (11). CVD risk factors include age, sex, hyperten-
sion, diabetes, smoking, body mass index, and increased levels 
of LDL-C or TGs or reduced HDL-C levels (1, 12). Current ther-
apies for prevention of ischemic events focus on controlling risk 
factors, as well as suppressing thrombosis in at-risk individuals, 
and this approach has contributed to decades of improvement in 
CVD mortality (13). This trend has stalled in recent years, in part 
because of the rise of obesity, diabetes, and their associated dys-
lipidemias. The metabolic syndrome has become more prevalent 
in all sociodemographic groups in the United States, and now 
occurs in more than one-third of adults (14).

Both fasting and nonfasting TG levels associate with CVD 
risk. In a European population, 27% of adults had nonfasting 
TGs greater than 176 mg/dL, a level that was associated with an 
approximately 1.9-fold increase in risk of CVD (15). In individ-
uals with TGs greater than 580 mg/dL, the risk was increased 
even further to 5.1-fold for myocardial infarction and 3.2-fold for 

Despite the success of LDL-lowering drugs in reducing cardiovascular disease (CVD), there remains a large burden of residual 
disease due in part to persistent dyslipidemia characterized by elevated levels of triglyceride-rich lipoproteins (TRLs) and 
reduced levels of HDL. This form of dyslipidemia is increasing globally as a result of the rising prevalence of obesity and 
metabolic syndrome. Accumulating evidence suggests that impaired hepatic clearance of cholesterol-rich TRL remnants leads 
to their accumulation in arteries, promoting foam cell formation and inflammation. Low levels of HDL may associate with 
reduced cholesterol efflux from foam cells, aggravating atherosclerosis. While fibrates and fish oils reduce TRL, they have 
not been uniformly successful in reducing CVD, and there is a large unmet need for new approaches to reduce remnants and 
CVD. Rare genetic variants that lower triglyceride levels via activation of lipolysis and associate with reduced CVD suggest new 
approaches to treating dyslipidemia. Apolipoprotein C3 (APOC3) and angiopoietin-like 3 (ANGPTL3) have emerged as targets 
for inhibition by antibody, antisense, or RNAi approaches. Inhibition of either molecule lowers TRL but respectively raises or 
lowers HDL levels. Large clinical trials of such agents in patients with high CVD risk and elevated levels of TRL will be required 
to demonstrate efficacy of these approaches.

Addressing dyslipidemic risk beyond LDL-cholesterol
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Remnant Cholesterol Variability and Incident 
Ischemic Stroke in the General Population
Weijian Li , MD; Zegui Huang, MD; Wei Fang, MD; Xianxuan Wang, MD; Zefeng Cai, MD; Guanzhi Chen, MD;  
Weiqiang Wu, MD; Zhichao Chen, MD; Shouling Wu , MD; Youren Chen , MD

BACKGROUND: Studies have demonstrated that remnant cholesterol is correlated with the risk of ischemic stroke. However, it is 
unknown whether visit-to-visit variability in remnant cholesterol concentration affects ischemic stroke. We sought to examine 
the role of remnant cholesterol variability in the subsequent development of ischemic stroke in the general population.

METHODS: We performed a post hoc analysis including eligible participants from the Kailuan Study cohort who underwent 3 
health examinations and were free of atrial fibrillation, myocardial infarction, stroke, cancer, or known lipid-medication use 
from 2006 to 2010. Participants were followed up until the end of 2017. Variability was quantified as variability independent 
of the mean, average real variability, and SD. Multivariate analysis was performed using the Fine and Gray competing risk 
model to estimate subhazard ratios assuming death as a competing risk.

RESULTS: The final study cohort comprised 38 556 participants. After a median follow-up of 7.0 years, 1058 individuals were 
newly diagnosed with ischemic stroke. After adjusting for age (time scale), sex, smoking status, alcohol consumption, physical 
activity, hypertension, diabetes, family history of cardiovascular disease, body mass index, estimated glomerular filtration rate, 
low-density lipoprotein cholesterol, high-density lipoprotein cholesterol, triglycerides, and mean remnant cholesterol, the 
highest quartile (quartile 4) of variability independent of the mean of remnant cholesterol was associated with an increased 
ischemic stroke risk compared with the lowest quartile (quartile 1), (subhazard ratio, 1.27 [95% CI, 1.06–1.53]). For each 
1-SD increase in variability independent of the mean of remnant cholesterol, the risk increased by 9% (subhazard ratio, 1.09 
[95% CI, 1.03–1.16]). The association was also significant using average real variability and SD as indices of variability.

CONCLUSIONS: Greater remnant cholesterol variability was associated with a higher risk of ischemic stroke in the general 
population.

GRAPHIC ABSTRACT: A graphic abstract is available for this article.

Key Words: cardiovascular disease ◼ cholesterol ◼ ischemic stroke ◼ lipids ◼ lipoprotein

Remnant plasma cholesterol is emerging as a measure 
for the prediction of cardiovascular or cerebrovascular 
disease risk.1–4 The measure may explain—in part—the 

significant residual cardiovascular risk among statin-treated 
individuals, even in the context of aggressive treatment to 
reach LDL (low-density lipoprotein) cholesterol targets. 
The term remnant cholesterol describes the cholesterol in 
triglyceride-rich lipoproteins, composed of very low-density 
lipoproteins and intermediate-density lipoproteins in the 

fasting state, and these 2 lipoproteins together with chylo-
micron remnants in the nonfasting state.5

See related article, p 1942

The Copenhagen General Population Study and the 
Copenhagen City Heart Study have reported an association 
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In a recent retrospective matched- cohort study, 
Mansi et al.1 assessed the effect of statin initia-
tion on glycaemic control in patients with dia-
betes mellitus (diabetes mellitus type was not 
specified) covered by the US Department of 
Veterans Affairs (from 2003 to 2015). In brief,  
83,022 pairs of patients using statins or 
an active comparator drug (that is, proton 
pump inhibitors (PPIs) or H2  blockers) were 
analysed (mean age 60.1 years old, 94.9% men  
and 68.2% white participants). Statin users 
were significantly more prone to diabetes 
mellitus progression (defined as new diagno-
sis of ketoacidosis or uncontrolled diabetes 
mellitus, increased number of antidiabetic 
drugs, ≥5 measurements of fasting blood 
glucose (FBG) ≥200 mg dl−1 or insulin initia-
tion) compared with patients who used active 
comparators (OR 1.37, 95% CI 1.35–1.40; 
P < 0.001)1. Furthermore, the rate of each of 
these primary- outcome components was 
statistically significantly higher in patients 
who used statins than in those using active 
comparators. In secondary analyses, a dose–
response association was identified between 
statin use and the risk of the study outcomes. 
Finally, among patients with no comorbidities 
at baseline (n = 187,518), patients treated with 
statins had an even greater (than in the overall 
cohort) risk of diabetes mellitus progression 
(OR 1.56, 95% CI 1.52–1.60; P < 0.001) versus 
those using active comparators1.

(six studies, n = 734) or HbA1c (six studies, 
n = 342) compared with placebo; similar 
results were observed when ezetimibe was 
added to a statin3. In the same meta- analysis, 
ezetimibe plus a low- dose statin was shown 
not to change FBG (six studies, n = 521) or 
HbA1c (six studies, n = 526) compared with 
high- dose statin3. These ezetimibe- related 
neutral effects on glycaemic indexes were 
observed both in patients with and without 
diabetes mellitus3. Ezetimibe was also shown 
to improve glycaemic index values and insu-
lin sensitivity4. Also, the ezetimibe plus statin 
combination versus statin monotherapy stati-
stically significant decreased the incidence of 
vascular events in the Improved Reduction 
of Outcomes: Vytorin Efficacy International 
Trial (IMPROVE- IT) in patients with type 2 
diabetes mellitus5.

Of note, small but significant increases 
have been observed in FBG (weighted 
mean difference (WMD) 1.88 mg dl−1, 95% 
CI 0.91–2.68; P < 0.001) and HbA1c (WMD 
0.032%, 95% CI 0.011–0.050; P < 0.001)  
follo wing treatment with PCSK9 inhibitors  
for 78  weeks compared with placebo, as 
reported in a meta- analysis (20 randomized 
controlled trials, n = 68,123)6. More data are 
needed on the effects of these lipid- lowering 
drugs on glucose metabolism in the 
long- term.

PPIs and H2  blockers were the active 
comparators of statins in the Mansi et al. 
study1. PPIs were not associated with clini-
cally important effects on glucose and insulin 
metabolism in patients with type 2 diabe-
tes mellitus in a meta- analysis published in 
2020 (REF.7). However, another meta- analysis 
published in 2021 (seven studies, n = 342) 
reported significant decreases in HbA1c 
(WMD –0.36%, 95% CI –0.68 to –0.05; 
P = 0.025) and FBG (WMD –10.0 mg dl−1, 95% 
CI –19.4 to –0.6; P = 0.037) with PPI addition 
to standard therapy in patients with type 2 
diabetes mellitus8. Data on H2  blockers and 
glycaemic control in patients with diabetes 
mellitus are lacking. However, H2- receptor 
signalling has been suggested to affect glucose 

These findings highlight a potential nega-
tive effect of statins on insulin resistance and 
glycaemic control. In this context, statin use 
(long- term and at high doses) has previously 
been linked to new- onset diabetes mellitus, 
especially in high- risk populations2. However, 
statins offer an overall benefit in terms of 
 preventing vascular events in patients with 
diabetes mellitus2. Therefore, statin use is 
recom mended for patients with diabetes mel-
litus by the European Society of Cardiology 
(ESC) and European Atherosclerosis Society 
(EAS)2.

Mansi et al.1 did not evaluate the effects 
of each statin on diabetes mellitus progres-
sion; thus, more research is required to clarify 
whether different statins (for example, lipo-
philic versus hydrophilic) have different 
effects on glucose metabolism. Furthermore, 
they could not ascertain whether the out-
comes were due to statin use or due to a 
reduc tion in levels of LDL cholesterol1. In 
this context, the addition of ezetimibe could 
be helpful, both in achieving LDL cholesterol 
targets and minimizing the potential risk of 
statin- induced diabetes mellitus progres-
sion by allowing the administration of lower 
statin doses. Ezetimibe inhibits chole sterol 
absorption in the intestine, whereas stat-
ins inhibit cholesterol production mainly in 
the liver3. Indeed, a previous meta- analysis 
reported that ezetimibe did not affect FBG 

 D I A B E T E S

Statins and diabetes mellitus 
progression: a fly in the 
ointment?

Statins might exert diabetogenic effects, potentially increasing insulin 
resistance and worsening glucose control. However, patients with diabetes 
mellitus are at high or very high cardiovascular risk and, thus, statin use is 
strongly recommended. Adding ezetimibe to statins might be helpful in 
achieving lipid targets and reducing cardiovascular risk without adversely 
affecting glucose metabolism.

Refers to
matched- cohort study. JAMA Intern. Med. https://doi.org/10.1001/jamainternmed.2021.5714 (2021).
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These findings highlight 
a potential negative effect of 
statins on insulin resistance  
and glycaemic control

Association of Statin Therapy InitiationWith Diabetes Progression
A Retrospective Matched-Cohort Study
Ishak A. Mansi, MD; Matthieu Chansard; Ildiko Lingvay, MD, MPH, MSCS; Song Zhang, PhD;
Ethan A. Halm, MD, MPH, MBA; Carlos A. Alvarez, PharmD, MSc, MSCS

IMPORTANCE Statin therapy has been associated with increased insulin resistance; however,
its clinical implications for diabetes control among patients with diabetes is unknown.

OBJECTIVE To assess diabetes progression after initiation of statin use in patients with
diabetes.

DESIGN, SETTING, AND PARTICIPANTS This was a retrospectivematched-cohort study using
new-user and active-comparator designs to assess associations between statin initiation
and diabetes progression in a national cohort of patients covered by the US Department
of Veterans Affairs from fiscal years 2003-2015. Patients included were 30 years or older;
had been diagnosed with diabetes during the study period; and were regular users of the
Veterans Affairs health system, with records of demographic information, clinical encounters,
vital signs, laboratory data, andmedication usage.

INTERVENTIONS Treatment initiation with statins (statin users) or with H2-blockers or proton
pump inhibitors (active comparators).

MAIN OUTCOMES ANDMEASURES Diabetes progression composite outcome comprised the
following: new insulin initiation, increase in the number of glucose-lowering medication
classes, incidence of 5 or moremeasurements of blood glucose of 200mg/dL or greater,
or a new diagnosis of ketoacidosis or uncontrolled diabetes.

RESULTS From the 705 774 eligible patients, wematched 83022 pairs of statin users
and active comparators; the matched cohort had amean (SD) age of 60.1 (11.6) years; 78 712
(94.9%) weremen; 1715 (2.1%) were American Indian/Pacific Islander/Alaska Native, 570
(0.8%) were Asian, 17 890 (21.5%) were Black, and 56633 (68.2%) wereWhite individuals.
Diabetes progression outcome occurred in 55.9% of statin users vs 48.0% of active
comparators (odds ratio, 1.37; 95% CI, 1.35-1.40; P < .001). Each individual component
of the composite outcomewas significantly higher among statin users. Secondary analysis
demonstrated a dose-response relationship with a higher intensity of low-density
lipoprotein-cholesterol lowering associated with greater diabetes progression.

CONCLUSIONS AND RELEVANCE This retrospectivematched-cohort study found that statin use
was associated with diabetes progression, including greater likelihood of insulin treatment
initiation, significant hyperglycemia, acute glycemic complications, and an increased number
of prescriptions for glucose-lowering medication classes. The risk-benefit ratio of statin use
in patients with diabetes should take into consideration its metabolic effects.

JAMA Intern Med. 2021;181(12):1562-1574. doi:10.1001/jamainternmed.2021.5714
Published online October 4, 2021.
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Pcsk9 Deletion Promotes Murine 
Nonalcoholic Steatohepatitis and Hepatic 
Carcinogenesis: Role of Cholesterol
George N. Ioannou ,1-3 Sum P. Lee,2 Peter S. Linsley,4 Vivian Gersuk,4 Matthew M. Yeh,2,5 Yen- Ying Chen,5,6,* Yi- Jen Peng,5,7 
Moumita Dutta,8 Gabby Mascarinas,8 Bruk Molla,8 Julia Yue Cui,8 and Christopher Savard1-3

Proprotein convertase subtilisin/kexin type 9 (Pcsk9) binds to hepatic low- density lipoprotein receptor (LDLR) and 
induces its internalization and degradation. Pcsk9 inhibition increases LDLR expression by hepatocytes, which causes 
increased uptake of circulating LDL, thereby reducing plasma LDL- cholesterol. However, by increasing the uptake of 
LDL by the liver, Pcsk9 inhibition increases the exposure of the liver to cholesterol, which may result in higher risk 
of steatohepatitis and ever carcinogenesis. We compared Pcsk9- /-  knockout (KO) mice and appropriate wild- type (WT) 
controls of the same strain assigned to a high- fat (15%, wt/wt) diet for 9  months supplemented with 0.25%, 0.5%, 
or 0.75% dietary cholesterol. Pcsk9 KO mice on a high- fat, high- cholesterol diet exhibited higher levels of hepatic 
free cholesterol loading and hepatic cholesterol crystallization than their WT counterparts. Pcsk9 KO mice developed 
crown- like structures of macrophages surrounding cholesterol crystal- containing lipid droplets and hepatocytes, exhib-
ited higher levels of apoptosis, and developed significantly more hepatic inflammation and fibrosis consistent with fi-
brosing steatohepatitis, including 5- fold and 11- fold more fibrosis at 0.5% and 0.75% dietary cholesterol, respectively. 
When injected with diethylnitrosamine, a hepatic carcinogen, early- in- life Pcsk9 KO mice were more likely to develop 
liver cancer than WT mice. Conclusion: Pcsk9 KO mice on high- cholesterol diets developed increased hepatic free cho-
lesterol and cholesterol crystals and fibrosing steatohepatitis with a higher predisposition to liver cancer compared with 
WT mice. Future studies should evaluate whether patients on long- term treatment with anti- PSCK9 monoclonal an-
tibodies are at increased risk of hepatic steatosis, steatohepatitis or liver cancer, while accounting for concurrent use of 
statins. (Hepatology Communications 2022;6:780-794).

Proprotein convertase subtilisin/kexin type 9 
(PCSK9) is a circulating protein secreted pri-
marily by the liver; it binds to hepatic low- 

density lipoprotein receptor (LDLR) and induces 
its internalization and degradation. Thus, PCSK9 
reduces the expression of LDLR by hepatocytes 
and increases plasma LDL- cholesterol. Conversely, 

inhibition of PCSK9 increases LDLR expression by 
hepatocytes, which causes increased uptake of circulat-
ing LDL, thereby reducing plasma LDL- cholesterol. 
Accordingly, Pcsk9 knockout mice have hypocholester-
olemia, with high levels of hepatic LDLR protein and 
lower levels of LDL- cholesterol.(1) In humans, gain- 
of- function mutations in PCSK9 lead to extremely 

Abbreviations: AST, aspartate aminotransferase; ALT, alanine aminotransferase; ER, endoplasmic reticulum; HMW, high molecular weight; 
HOMA- IR, Homeostasis Model Assessment– Insulin Resistance; LDLR, low- density lipoprotein receptor; NAFLD, nonalcoholic fatty liver disease; 
NASH, nonalcoholic steatohepatitis; Pcsk9, proprotein convertase subtilisin/kexin type 9; TUNEL, terminal deoxynucleotidyl transferase– mediated 
deoxyuridine triphosphate nick- end labeling.
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(and lipid) meta bolism via peripheral actions 
in the liver and skeletal muscle9. Therefore, 
more evidence is needed to elucidate the 
effects of PPIs and H2  blockers on diabetes 
mellitus progression. This information will 
provide a better interpretation of the results 
of the Mansi et al. study1.

In the Mansi et al. study1, approximately 
77% of the overall cohort had no known 
cardiovascular disease at baseline. However, 
this population might have had subclinical 
atherosclerosis or other target- organ damage 
(for example, microalbuminuria, left ventri-
cular hypertrophy, diabetic neuropathy or 
retinopathy), and thus have been at very  
high cardiovascular risk according to the 
ESC–EAS guidelines2. In such patients, 
intensive statin therapy is mandatory to 

minimize cardiovascular risk (with a LDL 
cholesterol goal of <55 mg dl−1; 1.4 mmol l−1)2. 
It follows that patients with diabetes melli-
tus should be screened for the presence of  
these comorbidities and glycaemic control 
should also be monitored after initiation of 
statins10.

Overall, achieving LDL cholesterol goals 
in patients with diabetes mellitus is com-
pulsory, as these patients are at high or very 
high cardio vascular risk. Therefore, statins 
are reco mmended, despite the possibility of 
impairing glucose metabolism. The addi-
tion of ezetimibe might be promising both 
in terms of counteracting the adverse effects 
of high- dose statins on insulin sensitivity and 
achieving further cardiovascular risk reduc-
tion. More research is needed to elucidate the 
effects of both statins and PCSK9 inhibitors 
on glycaemic control. Future trials should 
look at the overall cost of treating patients 
with diabetes mellitus with statins as well as 
the long- term effects of any loss in glycaemic 
control.

Credit: Peter Dazeley
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Statins are recommended, 
despite the possibility of impai-
ring glucose metabolism
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HDL cholesterol levels and susceptibility to COVID-19
Vignesh Chidambaram,a Amudha Kumar,a Marie Gilbert Majella,b Bhavna Seth,c
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Summary
Background Host cell-membrane cholesterol, an important player in viral infections, is in constant interaction with
serum high-density lipoprotein-cholesterol (HDL-C) and low-density lipoprotein-cholesterol (LDL-C). Low serum
lipid levels during hospital admission are associated with COVID-19 severity. However, the effect of antecedent
serum lipid levels on SARS-CoV-2 infection risk has not been explored.

Methods From our retrospective cohort from the Arkansas Clinical Data-Repository, we used log-binomial regres-
sion to assess the risk of SARS-CoV-2 infection among the trajectories of lipid levels during the 2 years antecedent
to COVID-19 testing, identified using group-based-trajectory modelling. We used mixed-effects linear regression to
assess the serum lipid level trends followed up to the time of, and 2-months following COVID-19 testing.

Findings Among the 11001 individuals with a median age of 59 years (IQR 46-70), 1340 (12.2%) tested positive for
COVID-19. The highest trajectory for antecedent serum HDL-C was associated with the lowest SARS-CoV-2 infec-
tion risk (RR 0.63, 95%CI 0.46-0.86). Antecedent serum LDL-C, total cholesterol (TC), and triglycerides (TG) were
not independently associated with SARS-CoV-2 infection risk. In COVID-19 patients, serum HDL-C (-7.7, 95%CI
-9.8 to -5.5 mg/dL), and LDL-C (-6.29, 95%CI -12.2 to -0.37 mg/dL), but not TG levels, decreased transiently at the
time of testing.

Interpretation Higher antecedent serum HDL-C, but not LDL-C, TC, or TG, levels were associated with a lower
SARS-CoV-2 infection risk. Serum HDL-C, and LDL-C levels declined transiently at the time of infection. Further
studies are needed to determine the potential role of lipid-modulating therapies in the prevention and management
of COVID-19.

Funding Research reported in this publication was supported by the National Center for Advancing Translational
Sciences of the National Institutes of Health under Award Number UL1 TR003107.

Copyright Published by Elsevier B.V. This is an open access article under the CC BY license (http://
creativecommons.org/licenses/by/4.0/)

Keywords: SARS-CoV-2; Risk; LDL; Total cholesterol; Triglycerides

Introduction
The burden of Coronavirus disease-2019 (COVID-19)
continues to remain high worldwide1 and is currently
the most common cause of death due to a single infec-
tious agent.2 There is a persistent need to understand
the host factors that can lead to increased susceptibility
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Long-term efficacy and safety of inclisiran in patients with 
high cardiovascular risk and elevated LDL cholesterol 
(ORION-3): results from the 4-year open-label extension of 
the ORION-1 trial
Kausik K Ray, Roel P T Troquay, Frank L J Visseren, Lawrence A Leiter, R Scott Wright, Sheikh Vikarunnessa, Zsolt Talloczy, Xiao Zang, 
Pierre Maheux, Anastasia Lesogor, Ulf Landmesser

Summary
Introduction Whether long-term treatment with the twice-yearly, siRNA therapeutic inclisiran, which reduces hepatic 
production of proprotein convertase subtilisin/kexin type 9 (PCSK9), results in sustained reductions in LDL cholesterol 
with an acceptable safety profile is not known. The aim of this study was to assess the effect of long-term dosing of 
inclisiran in patients with high cardiovascular risk and elevated LDL cholesterol.

Methods ORION-3 was a 4-year open-label extension study of the placebo-controlled, phase 2 ORION-1 trial,  
conducted at 52 sites across five countries. Patients with prevalent atherosclerotic cardiovascular disease or high-risk 
primary prevention and elevated LDL cholesterol despite maximally tolerated statins or other LDL-lowering 
treatments, or with documented statin intolerance, who had completed the ORION-1 trial were eligible. Patients  
receiving inclisiran in ORION-1 received twice-yearly 300 mg subcutaneous inclisiran sodium throughout ORION-3 
(inclisiran-only arm), whereas patients receiving placebo in ORION-1 first received subcutaneous evolocumab 140 mg 
every 2 weeks until day 360 thereafter transitioning to inclisiran twice-yearly for the remainder of ORION-3 study 
(switching arm). The primary efficacy endpoint was the percentage change in LDL cholesterol with inclisiran from 
the start of ORION-1 through to day 210 of the open label extension phase in the inclisiran-only arm (approximately 
570 days of total inclisiran exposure in the modified intention-to-treat population). Secondary and exploratory 
endpoints included changes in LDL-C cholesterol and PCSK9 concentrations levels up to day 1440 (4 years) in each 
arm, and safety. ORION-3 is registered with ClinicalTrials.gov, NCT03060577.

Findings Of the original ORION-1 cohort of 497 patients, 290 of 370 patients allocated to drug continued into the 
inclisiran-only arm and 92 of 127 patients allocated to placebo entered the switching-arm in the ORION-3 extension 
study conducted between March 24, 2017, and Dec 17, 2021. In the inclisiran-only arm, LDL cholesterol was reduced 
by 47·5% (95% CI 50·7–44·3) at day 210 and sustained over 1440 days. The 4-year averaged mean reduction of LDL-C 
cholesterol was 44·2% (95% CI: 47·1–41·4), with reductions in PCSK9 ranging from 62·2% to 77·8%. Adverse 
events at the injection site were reported in 39 (14%) of 284 patients in the inclisiran-only arm and 12 (14%) of 
87 patients in the switching arm. The incidence of treatment-emergent serious adverse events possibly related to the 
study drug was 1% (three of 284) in the inclisiran-only arm and 1% (one of 87) in the switching arm.

Interpretation Twice-yearly inclisiran provided sustained reductions in LDL cholesterol and PCSK9 concentrations 
and was well tolerated over 4 years in the extension study. This is the first prospective long-term study to assess repeat 
hepatic exposure to inclisiran.

Funding Novartis Pharma.

Copyright © 2023 The Author(s). Published by Elsevier Ltd. This is an Open Access article under the CC BY 4.0 license.

Introduction
Lowering LDL cholesterol is an established, effective, 
phar macological approach to reduce the risk of 
atheroscle rotic cardiovascular disease (ASCVD). Current 
guidelines recommend risk-based LDL cholesterol goals 
with the aim of maintaining lower LDL cholesterol 
concentrations long term for those patients at greatest 
risk of future ASCVD-related events.1–3 Statin 
monotherapy results in only 20–40% of very high-risk 
patients achieving new, lower, recommended LDL 

cholesterol goals, meaning that those not at goal will not 
only be required to use combination therapies, but also 
to be adherent to the additional medication prescribed.1,3 
Injectable therapies directed against proprotein con-
vertase subtilisin/kexin type 9 (PCSK9) have emerged, 
which further reduce LDL cholesterol concentrations, 
with two approaches currently available. The most 
common regimen used globally are monoclonal 
antibodies (mAbs) that bind circulating PCSK9. These 
require subcutaneous injections every 2 weeks, 
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Wireless Non-Invasive Monitoring of Cholesterol Using a
Smart Contact Lens

Hayoung Song, Haein Shin, Hunkyu Seo, Wonjung Park, Byung Jun Joo, Jeongho Kim,
Jeonghyun Kim,* Hong Kyun Kim,* Jayoung Kim,* and Jang-Ung Park*

Herein, a wireless and soft smart contact lens that enables real-time
quantitative recording of cholesterol in tear fluids for the monitoring of
patients with hyperlipidemia using a smartphone is reported. This contact
lens incorporates an electrochemical biosensor for the continuous detection
of cholesterol concentrations, stretchable antenna, and integrated circuits for
wireless communication, which makes a smartphone the only device required
to operate this lens remotely without obstructing the wearer’s vision. The
hyperlipidemia rabbit model is utilized to confirm the correlation between
cholesterol levels in tear fluid and blood and to confirm the feasibility of this
smart contact lens for diagnostic application of cholesterol-related diseases.
Further in vivo tests with human subjects demonstrated its good
biocompatibility, wearability, and reliability as a non-invasive healthcare
device.

1. Introduction

Cardiovascular diseases (CVDs) are the leading cause of prema-
ture deaths globally, and, according to the World Health Organi-
zation (WHO), they accounted for 38% of the deaths. in 2019.[1]

Hyperlipidemia, a strong risk factor of CVDs, generally refers to
elevations of cholesterol concentrations caused by genetic or en-
vironmental factors, including unhealthy diets.[2] The cholesterol
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any medium, provided the original work is properly cited.
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concentrations are maintained consistently
by the homeostasis of cholesterol essential
for the metabolic functions of the human
body.[3] However, excessive cholesterol due
to the breakdown of the homeostasis can
cause apoptosis resulting in necrotic cores
which form the plaques.[4] The limited
blood flow by the accumulation of plaques
in an artery can induce CVDs. Hyperlipi-
demia can be diagnosed when the total
cholesterol concentration of blood exceeds
the threshold of 240 mg dL–1 (6.2 mm).
For diagnosing hyperlipidemia, the stan-
dardmethods for blood cholesterol quantifi-
cation are the isotope-dilution mass spec-
trometry and the modified Abell–Kendall
method, which are conducted in hospi-
tals and laboratories. Although cholesterol

tests are recommended every 4–6 years for healthy individu-
als, individuals aged 35 and older with increased risk for CVDs
should have cholesterol tests more frequently, as hyperlipidemia
shows no symptoms and cholesterol levels can be affected grad-
ually by life patterns or daily diet.
Wearable healthcare devices that can monitor various physi-

ological signals of the human body have been developed vigor-
ously due to the increase in the awareness of wellness, which
refers to the state of being in good health, and due to the

J. Kim
Department of Electronics Convergence Engineering
Kwangwoon University
Seoul 01897, Republic of Korea
E-mail: jkim@kw.ac.kr
H. K. Kim
Department of Ophthalmology
Bio-Medical Institute
School of Medicine
Kyungpook National University Hospital
130 Dongdeok-ro, Jung-gu, Daegu 41944, Republic of Korea
J. Kim
Department of Medical Engineering
College of Medicine
Yonsei University
Seoul 03722, Republic of Korea
E-mail: jayoungkim@yonsei.ac.kr
J.-U. Park
KIURI Institute
Yonsei University
Seoul 03722, Republic of Korea

Adv. Sci. 2022, 9, 2203597 © 2022 The Authors. Advanced Science published by Wiley-VCH GmbH2203597 (1 of 11)

 21983844, 2022, 28, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/advs.202203597 by Schw

eizerische A
kadem

ie D
er, W

iley O
nline Library on [10/01/2023]. See the Term

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline Library for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons License

ARTICLE

A global lipid map reveals host dependency factors
conserved across SARS-CoV-2 variants
Scotland E. Farley1,2, Jennifer E. Kyle 3, Hans C. Leier1, Lisa M. Bramer 3, Jules B. Weinstein 1,

Timothy A. Bates 1, Joon-Yong Lee 3, Thomas O. Metz 3, Carsten Schultz2 & Fikadu G. Tafesse 1✉

A comprehensive understanding of host dependency factors for SARS-CoV-2 remains elu-

sive. Here, we map alterations in host lipids following SARS-CoV-2 infection using non-

targeted lipidomics. We find that SARS-CoV-2 rewires host lipid metabolism, significantly

altering hundreds of lipid species to effectively establish infection. We correlate these

changes with viral protein activity by transfecting human cells with each viral protein and

performing lipidomics. We find that lipid droplet plasticity is a key feature of infection and

that viral propagation can be blocked by small-molecule glycerolipid biosynthesis inhibitors.

We find that this inhibition was effective against the main variants of concern (alpha, beta,

gamma, and delta), indicating that glycerolipid biosynthesis is a conserved host dependency

factor that supports this evolving virus.

https://doi.org/10.1038/s41467-022-31097-7 OPEN
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