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Chapter 1 General introduction

Many transgender people have a deep-seated wish to change their body in a way that 
it becomes more in accordance with their experienced gender. Hormone therapy is an 
important way to alter body shape and muscle tone but has also a huge impact on body 
composition. The overall aim of this thesis is to study the metabolic sequelae that follow 
the changes in body composition that bring about these desired effects, and to discuss 
whether metabolic alterations in transgender hormone therapy impact long-term safety 
in transgender individuals. This general introduction consists of multiple parts. Part 1 
provides general information about gender dysphoria and the current hormone therapy 
regimen. Part 2 summarizes our current knowledge on the effects of transgender hormone 
therapy on body composition and shape. Part 3 highlights the effects of sex hormones on 
metabolism and cardiometabolic health (e.g. regarding factors related to cardiovascular 
disease and type 2 diabetes mellitus) in cisgender (gender identity aligns with birth sex) 
and transgender individuals. Finally, current knowledge gaps with regard to metabolic 
alterations in transgender hormone therapy are discussed and an outline of the current 
thesis is given.

Gender dysphoria
Definitions
Gender dysphoria is defined as distress caused by a discrepancy between one’s assigned 
gender and one’s gender identity. The term transgender is an umbrella term used to 
describe individuals who have a gender identity that does not align with the assigned 
gender at birth1. Following this definition, a trans man is an individual with a male gender 
identity and female assigned gender. A trans woman is an individual with a female gender 
identity and an assigned male gender. The umbrella term gender non-binary is used to refer 
to individuals with a neither strictly female nor male gender identity, including individuals 
who have a fixed non-binary gender identity, individuals who move between genders 
(genderfluid) or individuals who do not recognize the binary classification of gender and 
may refer to themselves as ‘genderqueer’2.

The first diagnostic label related to gender dysphoria was in the third edition of the 
Diagnostic and Statistical Manual of Mental Disorders (DSM-III) in 1980. At that time 
‘transsexualism’ was characterized by the discomfort about one’s anatomic sex and wish 
to be rid of one’s own genitals and live as a member of the opposite sex. In the DSM-
IV in 1994, transsexualism was replaced by the term ‘gender identity disorder’, with less 
emphasis on the desire for hormone therapy or surgical intervention3. In 2013, the diagnosis 
of gender dysphoria was introduced in the DSM-V, replacing the diagnosis of gender 
identity disorder. In this current definition of gender dysphoria, there is room for a broad 
spectrum of different gender identities. The main focus however remains on the presence 
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of incongruence between one’s assigned gender and identified gender in combination 
with clinically significant distress.

Prevalence of gender dysphoria
The number of individuals with gender dysphoria seems to have rapidly increased over 
the last decades. In 1996, Van Kesteren et al. described an increasing trend in prevalence 
from 1975 to 1989 and estimated the prevalence rates of gender dysphoria (termed 
transsexualism at the time) in 1996 at 1:11.900 in men and 1:30.400 in women4. In a more 
recent study in 2018, the prevalence of gender dysphoria was estimated to be 1:3.600 in 
men and 1:5.200 in women5. However, as these estimates were based on the numbers of 
individuals seeking medical attention, the true rates of gender dysphoria in the general 
Dutch population may have been underestimated in these studies. This is supported by a 
2014 study examining self-reported gender identity in a sample of 8000 Dutch individuals 
between 15-70 years old. The authors found that 0.6% of men and 0.2% of women reported 
an incongruent gender identity combined with a dislike of their male/female body and 
a desire to obtain hormone therapy or surgery6. While this study was subject to some 
limitations, such as non-response bias, the large difference in prevalence rates in the general 
population and rates based on hospital data may highlight that, for whatever reason, not 
all individuals with gender incongruence or dysphoria seek medical treatment.

Endocrine care in transgender individuals
Transgender individuals often receive gender affirming hormone therapy to achieve sexual 
characteristics associated with the identified gender. If gender dysphoria is diagnosed 
prior to onset of or during puberty, puberty suppression with gonadotropin-releasing 
hormone (GnRH) agonists may be initiated to delay the development of secondary sex 
characteristics. At a later age, sex hormones are added to aid in the development of the 
desired sex characteristics. In either adolescents or adults, the cornerstones of hormone 
therapy are the sex hormones testosterone and estradiol. Transgender men are often treated 
with testosterone, while transgender women receive 17β-estradiol in combination with an 
antiandrogen agent to suppress the endogenous testosterone production. Treatment with 
an antiandrogen agent is generally discontinued after gonadectomy is performed.

As treatment wishes in the spectrum of gender non-binary individuals differ, the current 
thesis focuses solely on the metabolic effects of hormone therapy in transgender men and 
transgender women.

Testosterone
Testosterone is the main hormone in the class of androgens. In male physiology, 
testosterone is the dominant sex hormone. Testosterone exerts its effect by binding 
to the androgen receptors present on a vast amount of different tissues in the human 
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body. Through aromatase, an enzyme which is present in reproductive tissue, adipose 
tissue, blood vessels, brain and skin, testosterone is partially converted to estrogens. The 
concentrations of estrogens are however lower than mean concentrations of estrogens 
in female physiology. A feedback loop is present to regulate the serum concentration of 
testosterone. In case of high testosterone levels, endogenous production of testosterone is 
decreased by inhibition of GnRH release by the hypothalamus (a process mediated by the 
estrogen receptor), which subsequently inhibits the release of luteinizing hormone (LH) by 
the anterior pituitary. The absence of LH, in turn, inhibits the production of testosterone in 
testicular Leydig cells. This process is reversed in case of low testosterone concentrations.

In masculinizing hormone therapy, testosterone concentrations are raised through 
exogenous administration. Different formulations and routes of administration for 
testosterone are available. In this thesis, testosterone is either applied topically (Androgel®) 
or by intramuscular injections of either a mix of testosterone esters (Sustanon®) or 
testosterone undecanoate (Nebido®).

Estrogens
Estrogens are a class of steroid hormones and are considered the female sex hormones. 
Their primary site of production is in the ovaries. Testosterone concentrations in females 
are considerably lower compared to males and play a smaller role in female physiology. In 
female physiology, 17β-estradiol is the predominant and most potent circulating estrogen 
and exerts its effects on tissues through binding with the ERα, ERβ and G-protein coupled 
estrogen receptors. The same feedback cycle mediated by GnRH is present in female 
physiology, which inhibits or stimulates the production of estrogens. In females, this is 
specifically important for maintaining the cyclical hormonal fluctuations that regulate the 
menstrual cycle. In feminizing hormone therapy, 17β-estradiol is prescribed as it is the 
most potent of estrogens. In the Netherlands, 17β-estradiol is administered either through 
a transdermal route of administration (gel or patches) or orally in the form of tablets. A 
transdermal administration is preferred in transgender women above 40 years old, as the 
risk of thrombosis at this age may be increased with oral administration of 17β-estradiol.

Antiandrogens
Antiandrogens are often prescribed in transgender women to suppress endogenous 
testosterone concentrations. In general, antiandrogens are discontinued after gonadectomy 
has been performed. There is a large variation in the type of antiandrogen prescribed among 
geographical regions. In Europe, cyproterone acetate (CPA), a steroid with progestin-like 
properties, is one of the most prescribed products. Historically, the product finds its origin 
as a treatment for prostate cancer. CPA causes androgen deprivation through competitive 
blocking of the androgen receptor and an anti-gonadotropic effect. Over the years, safety 
issues have been raised, especially regarding an increased risk of meningioma in high 
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cumulative doses op CPA. These concerns have led to a gradual daily dose reduction of 
CPA from 100mg to 10mg over the past 20 years.

In the United States, spironolactone is the antiandrogen of choice. Spironolactone 
is a potassium-sparing diuretic primarily used in the treatment of hypertension and 
hyperaldosteronism. Although serum testosterone concentrations are relatively unaffected 
in comparison to CPA, spironolactone competitively blocks the androgen receptor, inducing 
feminization at higher doses. The final class of antiandrogens are GnRH-analogues, which 
for example are primarily prescribed in the United Kingdom. GnRH-analogues initially 
stimulate the release of LH and follicle-stimulating hormone, but eventually causes a down-
regulation of GnRH-receptors on the pituitary gland, leading to a decreased production of 
androgens and estrogens.

In the studies performed in this thesis, CPA has been the main antiandrogen prescribed, 
mainly in a dose of 25 to 50mg per day.

Effects of sex hormones on body shape and composition
Aside from the well-known differences in body height between women and men in 
the general population, there is also a clear sexual dimorphism present in the regional 
distribution of body weight. The differences arise after puberty, with females tending 
towards an hourglass body shape while males tend towards an inverted triangle with 
broad shoulders and a narrow waist. These changes in body shape are strongly correlated 
to changes in body composition. The female hourglass shape is correlated with higher fat 
mass, while the broad shoulders of the young adult male are correlated with a higher lean 
body mass 7. The differences in body shape and composition between men and women are 
smaller at both ends of the body weight spectrum (i.e. underweight and obesity), but also 
decreases with increasing age. In later stages of life (i.e. after the 5th decade) the differences 
in body shape and composition diminish primarily due to changes in female body shape8. 
The female preferential storage compartment of body fat in the leg and hip regions shifts 
towards the abdominal region in later life, which is considered the preferential storage site 
of body fat in males.

The evolution of the sex differences in body shape and composition during different 
endocrine life events such as the adrenarche and menopause highlight the strong 
association with sex hormones. The hormonal effects on body shape and composition are 
especially visible in transgender hormone therapy. Indeed, acquiring a more feminine body 
shape or an increase in muscle tone are among the most sought-after effects of hormone 
therapy in transgender women and transgender men, respectively9. In a study evaluating 
the changes in regional body fat and lean mass during twelve months of hormone therapy, 
Klaver et al. showed that feminizing hormone therapy increased body fat in the leg region 
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by 42% and by 34% in the hip region. In masculinizing hormone therapy, body fat in these 
regions decreased, while total body lean mass increased by 10% (Figure 1). Subsequently, 
these changes in regional body composition also led to changes in body shape metrics 
such as waist circumference and waist-to-hip ratio10.

Figure 1. Changes in regional body composition

Reprinted with permission from Klaver et al. European journal of Endocrinology, 2018

Sex hormones, metabolism and cardiometabolic health in cisgender 
individuals
The changes in regional body composition induced by hormone therapy in transgender 
individuals highlight that sex hormones exert control over the accumulation, metabolism 
and storage of fat and also have net anabolic or katabolic effects with regard to muscle 
mass. The mechanisms underlying these specific effects are vast and complex. For example, 
in the entire process from ingestion of food to the storage of fatty acids in adipose tissue, 
sex hormones interact with almost all metabolic pathways involved in a sex specific manner. 
Sex specific effects are observed in – but not limited to – the handling and storage of 
free fatty acids, triglyceride metabolism, sex hormone and insulin signaling in adipocytes, 
hepatic estrogen signaling, and cholesterol metabolism11.

While the specific mechanisms through which sex hormones affect body composition 
and metabolism are difficult to unravel, the associations between sex specific metabolic 
phenotypes and cardiometabolic health are very clear. This association is best exemplified 
by the ‘metabolic syndrome’ or ‘insulin resistance syndrome’. The metabolic syndrome is 
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a complex of symptoms first described by Gerald Reaven in 1988, who observed that 
certain cardiovascular risk factors tend to cluster together12. The metabolic syndrome is 
characterized by hypertension, elevated triglycerides, low high density lipoprotein (HDL)-
cholesterol, insulin resistance and abdominal obesity13. The syndrome and its components 
are strongly related to deterioration in cardiometabolic health, with an increased risk of 
cardiovascular disease, type 2 diabetes mellitus and mortality14-16. Most of the individual 
components of the metabolic syndrome are more prevalent in cis men compared to 
premenopausal cis women, while the differences decrease after menopause. This holds 
true for abdominal obesity, as described earlier, but is also observed in the prevalence of 
hypertension17, lower levels of HDL-cholesterol18 and insulin resistance19. The unfavourable 
risk profile in middle-aged cis men is also reflected in their increased risk of cardiovascular 
disease and type 2 diabetes mellitus. This would suggest that testosterone may have 
harmful and that estradiol may have protective effects with regard to cardiometabolic 
health.

However, the relationship between sex hormones and cardiometabolic health has 
proven to be more complex. For example, the complicated interplay between estrogen 
and cardiometabolic health is highlighted in studies on estrogen supplementation in 
postmenopausal cis women. In the randomized trial of the Women’s Health Initiative, risk 
of cardiovascular disease was lowered in postmenopausal cis women using hormone 
replacement therapy (HRT) if initiated within the first decade after menopause, but 
not when HRT was initiated after this period20. The so-called ‘timing hypothesis’ was 
corroborated by the ELITE-trial, which showed reduced carotid intima-media thickness 
due to HRT in the group of younger postmenopausal cis women compared to older age 
group21. An example of the varying effects of testosterone is the amelioration of insulin 
resistance by HRT in cis men with obesity or hypogonadism22, 23, but not in older cis men 
with normal or low-normal testosterone concentrations24, 25. These two examples are a brief 
illustration and a very small subset of numerous studies that show that the effects of sex 
hormones regarding cardiometabolic health may differ by age, sex, ethnicity, hormonal 
status, exogenous administration or endogenous production, route of administration and 
many other variables. These factors should be considered in the interpretation of all studies 
regarding sex hormones, sex differences and cardiometabolic health.

Biological differences between cisgender and transgender individuals
Expanding on the concept of the confounding variables that interact with sex hormones, 
it is especially difficult to extrapolate results of studies on the metabolic effects of sex 
hormones in the cisgender population to the transgender population. Sex hormones are 
a major contributor to the sex differences between men and women, but there are other 
important differences to consider. Sex chromosomes for example may also exert effects 
on metabolism. To specifically study and separate hormonal and chromosomal effects, 
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the four-core genotype mouse model was introduced26. In this model, the deletion of the 
testis-determining Sry gene from the Y-chromosome and insertion of the Sry gene on an 
autosome of a male mouse creates offspring with four different genotypes: XX and XY 
gonadal females, and XX and XY gonadal males. Through the use of this model, multiple 
studies have shown sex specific genetics effects on energy metabolism, adiposity, and 
glucose homeostasis – as summarized by Link et al. 27. Another important factor contributing 
to sex differences is that males undergo a perinatal testosterone surge which is paramount 
for the masculinization and organization of the brain and other tissues. Multiple studies 
in female rodents have shown that postnatal exposure to testosterone induces a male 
metabolic phenotype at adult age, regardless of hormone levels28-30. While more research on 
this subject is needed–especially in humans–it is important to recognize that sex differences 
with regard to metabolic programming are readily present in early stages of life. The effects 
of hormone therapy in transgender individuals are thus unique and difficult to compare to 
hormonal effects observed in cisgender individuals.

Cardiometabolic health in transgender individuals during hormone 
therapy
The strong but complex associations of sex hormones with cardiometabolic health 
along with the unique life-long hormone therapy in transgender individuals warrant for 
a thorough evaluation of the metabolic effects of hormone therapy in this population. 
Over the years, multiple studies have been performed to evaluate metabolic alterations 
during transgender hormone therapy. These studies have mostly been hampered by a 
small study population, inability to study different modalities of hormone therapy, or were 
based on currently outdated treatment protocols. Two important observational studies 
have revealed an increased risk of cardiovascular disease in transgender women, but the 
underlying mechanisms responsible for this increased risk remain poorly understood 31, 

32. While cardiovascular risk was also increased in transgender men, both studies were 
unable to draw robust conclusions due to a smaller number of participants with a relatively 
younger age and shorter follow-up duration compared to the transgender women in these 
reports. Thus, the long-term safety of masculinizing hormone therapy is still uncertain. 
Similar uncertainties are present regarding changes in classical risk factors of cardiovascular 
disease and determinants of cardiometabolic health. For example, reports on the effects 
of transgender hormone therapy on blood pressure and alterations in lipid profile are 
conflicting33. Previous studies have also reported on unfavourable changes in other 
components of the metabolic syndrome. For example, earlier studies by Elbers et al. 34, 35 
reported an increase in insulin resistance in feminizing hormone therapy and an increase 
in visceral adiposity in masculinizing hormone therapy, although these studies were small 
and based on older treatment protocols. Visceral adiposity and insulin resistance are strong 
precursors of type 2 diabetes. However, to date it is still unclear if the incidence of type 2 
diabetes mellitus is increased in transgender individuals during hormone therapy.
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Thus, there is a lack of robust evidence and knowledge regarding the mechanisms that 
affect determinants of cardiometabolic health in transgender individuals receiving 
hormone therapy.

Currently, the number of transgender individuals receiving hormone therapy is rapidly 
increasing. As a result, general practitioners will soon also be confronted with the 
management of cardiometabolic risk in this specific population. The current guidelines 
on the management of cardiometabolic risk in primary care are highly protocolized and 
sex dependent and thus do not specifically address risk management in this group. In this 
thesis, we aim to address the current knowledge gaps regarding cardiometabolic risk in 
transgender individuals and subsequently provide recommendations for the management 
of cardiometabolic health in primary care.

Aims and outline of this thesis

Previous research at the Amsterdam University Medical Center has described the substantial 
changes in body shape and body composition induced by hormone therapy in transgender 
people. The overall aim of this thesis is to further investigate the effects of hormone 
therapy in transgender individuals with regard to cardiometabolic health. Previous studies 
have indeed reported increased cardiovascular risk – especially in transgender women, 
but the mechanisms responsible are poorly understood. Unravelling the mechanisms 
responsible and identifying individuals at risk may provide more targeted cardiovascular 
risk management in transgender individuals using hormone therapy.

Outline
A previous meta-analysis concluded that current studies on changes in blood lipid 
concentrations of transgender individuals receiving hormone therapy were too small and 
heterogenous with regard to treatment protocols to draw robust conclusions33. In chapter 
2, we thus studied the changes in blood lipid concentrations and blood pressure in a large 
group of transgender men and transgender women after 12 months of hormone therapy.

Variations in concentrations of blood lipids are well-known risk factors for cardiovascular 
disease. Recent studies have however reported that differences in functional properties 
of blood lipids also convey additional cardiovascular risk, independent of their respective 
serum concentration. In chapter 3, we performed an exploratory study on a group of 
transgender individuals, evaluating the changes in functional metrics of HDL-cholesterol.

Visceral obesity is associated with an increased risk of cardiometabolic disease. In chapter 
4, we evaluate whether hormone therapy induces the accumulation of visceral fat mass in 
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transgender individuals. As visceral fat itself is metabolically active, we investigated whether 
changes in visceral fat could be associated with the previously observed changes in blood 
lipid concentrations.

With regard to changes in body composition and shape, previous studies have solely 
focused on mean effects. In practice, doctors are regularly confronted with large variations 
in the changes in body composition and shape. For transgender individuals, the change 
in body shape is an important effect of hormone therapy, as it brings about the sexual 
characteristics of the identified gender. However, in some cases, individuals report no 
change in body shape after a substantial period of hormone therapy. To evaluate this issue, 
in chapter 5, we report on the variation and variability in body composition change (which 
reflects the change in body shape) in transgender individuals and attempt to identify factors 
predicting a lack of change in body composition.

Hormone therapy in transgender women may induce substantial weight gain and has been 
associated with insulin resistance, while opposite effects have been reported in transgender 
men. However, whether or not these metabolic alterations affect the risk of type 2 diabetes 
mellitus in transgender individuals is unknown. In chapter 6, we address this question by 
comparing incidence rates of type 2 diabetes mellitus in transgender individuals using 
hormone therapy with rates from the general population, expecting an increased risk of 
type 2 diabetes mellitus in transgender women and a decrease in transgender men.

In chapter 7, we provide a summary of the main findings of this thesis, along with a critical 
appraisal of its strengths and limitations. Further, we discuss how the main findings impact 
clinical practice and give recommendations for the management of cardiometabolic risk 
and provide areas for future research.

Background of study cohorts
All chapters in this thesis contain data derived from two large cohorts, the European 
Network for the Investigation of Gender Incongruence (ENIGI) study or the Amsterdam 
Cohort of Gender dysphoria (ACOG) study.

European Network for the Investigation of Gender Incongruence study
Chapters 2 to 5 contain data from the ENIGI study. The ENIGI project is an international 
collaboration among gender clinics in Amsterdam, Ghent, Oslo, Florence and Tel Aviv. This 
multicenter prospective study was initiated in 2010 and is still ongoing to date. The cohort 
contains prospectively collected data from transgender individuals starting hormone 
therapy with comparable treatment protocols among the different gender clinics. Data 
collection at start of hormone therapy and during scheduled follow-up visits included 
laboratory measurements, dual energy X-ray absorptiometry and questionnaires. Informed 
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consent was obtained by all participants and the study protocol was approved by the local 
ethical committees of the participating study centers. An outline of the endocrine part of 
the ENIGI study has been previously published36. In chapters 2 to 5, data from the Ghent 
and Amsterdam gender clinics were used.

Amsterdam Cohort of Gender dysphoria study
Chapter 6 contains data from the ACOG study. The ACOG study includes all individuals 
who have visited the gender clinic of the Amsterdam University Medical Center in the 
Netherlands between 1972 and 2018. At the time of writing, the ACOG study contains 
over 8000 transgender individuals. The cohort contains retrospectively collected data 
from medical files regarding medical history, hormone therapy, surgical interventions and 
laboratory results. Compared to the ENIGI study, treatment protocols vary over time, but the 
ACOG study has a substantially longer follow-up and population size. The size and follow-up 
of the ACOG study make it suitable for studying prevalence and incidence rates of disease 
in transgender individuals. The ACOG study has therefore been linked to a nationwide data 
registry (Statistics Netherlands), which collects information on Dutch citizens, including 
information on health status and received healthcare. The study protocol and the joining 
of the ACOG study with the nationwide data registry were approved by the local ethics 
committee and the necessity for informed consent was waived. The study design and the 
initially included study population of this cohort have been described in more detail in a 
previous report5.

Methodology
The studies performed with data from the ENIGI cohort, with the exception of chapter 
5, report changes in determinants after twelve months of hormone therapy. In chapter 
2, these changes were evaluated through the use of linear regression adjusting for age 
differences. Paired t-tests were used in the small explorative study group in chapter 3. In 
chapter 4, linear mixed models with a fixed slope and random intercept were used to study 
changes in visceral fat mass. In chapter 5, ridgeplots (multiple density plots over time) 
were created to display change in fat percentage and lean body mass over 24 months of 
hormone therapy and mixed models were used for the longitudinal data analyses.

The aim of chapter 6 was to study and compare the incidence rate of type 2 diabetes 
in transgender men and women, compared to individuals with the same birth sex in 
the general population. For all inhabitants in the Netherlands, data on the dispense of 
medication by a pharmacy is recorded by Statistics Netherlands. This data was combined 
with the ACOG and used to determine the diagnosis of type 2 diabetes. Specifically, the 
date of the first dispense of a glucose lowering agent was considered the date of diagnosis 
of diabetes. However, data on medication dispense by Statistics Netherlands was only 
available from 2006 to 2018, which narrowed the observation window of the study. If an 

 General introduction | 17 

1



individual had received diabetes related medication in 2007, we were unable to determine 
if this was the first dispense of diabetes related medication, as information on dispense 
in prior years was unavailable. Incident cases of diabetes could thus only be determined 
from 2007 to 2018. As only incident cases of diabetes were of interest, individuals who 
developed diabetes before 2007 were excluded. This created a dataset containing left-
truncated data, which means that events developed before a certain milestone (2007 in 
this case) are not observed in the data. Left-truncated data may lead to downward bias, 
as individuals who are more susceptible to the event are more likely to experience the 
event in an earlier stage (e.g. before 2007) and thus be excluded from the study, leading 
to an underestimation of risk37. To minimize the risk of bias, we restricted our analysis to 
compare only incidence rates of diabetes in the transgender population from 2007 to 
2018 with rates from the general population in the same time period. To do so, we used 
an actuarial life table approach described by Dickman et al.38. A ‘popmort’ file was created 
containing incidence rates of diabetes in the general population for every combination of 
age, sex and calendar year using data provided by Statistics Netherlands. This ‘popmort’ 
dataset was used as a reference file to which incidence rates in transgender individuals 
were compared. Through this method, incidence ratios standardized by age, sex and year 
of diagnosis (standardized incidence ratios or SIRs), were calculated for both transgender 
men and transgender women. Figure 2 provides a timeline of the data collection and data 
used in this thesis.

Figure 2. Timeline overview of the ENIGI cohort and ACOG

Prospective data collection

Retrospective data collection

ENIGI

19
80

19
72 19

90
20

00
20

10 20
20

ACOG

Availability of diabetes data
20182007

18 | Chapter 1



References

1. Cooper K, Russell A, Mandy W & Butler C. The phenomenology of gender dysphoria in adults: A 

systematic review and meta-synthesis. Clin Psychol Rev 2020 80 101875.

2. Richards C, Bouman WP, Seal L, Barker MJ, Nieder TO & T’Sjoen G. Non-binary or genderqueer 

genders. Int Rev Psychiatry 2016 28 95-102.

3. Cohen-Kettenis PT & Pfafflin F. The DSM diagnostic criteria for gender identity disorder in 

adolescents and adults. Arch Sex Behav 2010 39 499-513.

4. van Kesteren PJ, Gooren LJ & Megens JA. An epidemiological and demographic study of 

transsexuals in The Netherlands. Arch Sex Behav 1996 25 589-600.

5. Wiepjes CM, Nota NM, de Blok CJM, Klaver M, de Vries ALC, Wensing-Kruger SA, de Jongh RT, 

Bouman MB, Steensma TD, Cohen-Kettenis P, Gooren LJG, Kreukels BPC & den Heijer M. The 

Amsterdam Cohort of Gender Dysphoria Study (1972-2015): Trends in Prevalence, Treatment, 

and Regrets. J Sex Med 2018 15 582-590.

6. Kuyper L & Wijsen C. Gender identities and gender dysphoria in the Netherlands. Arch Sex Behav 

2014 43 377-385.

7. Wells JC. Sexual dimorphism of body composition. Best Pract Res Clin Endocrinol Metab 2007 21 

415-430.

8. Wells JC, Treleaven P & Cole TJ. BMI compared with 3-dimensional body shape: the UK National 

Sizing Survey. Am J Clin Nutr 2007 85 419-425.

9. Masumori N, Baba T, Abe T & Niwa K. What is the most anticipated change induced by treatment 

using gender-affirming hormones in individuals with gender incongruence? Int J Urol 2021 28 

526-529.

10. Klaver M, de Blok CJM, Wiepjes CM, Nota NM, Dekker M, de Mutsert R, Schreiner T, Fisher AD, 

T’Sjoen G & den Heijer M. Changes in regional body fat, lean body mass and body shape in trans 

persons using cross-sex hormonal therapy: results from a multicenter prospective study. Eur J 

Endocrinol 2018 178 165-173.

11. Palmisano BT, Zhu L, Eckel RH & Stafford JM. Sex differences in lipid and lipoprotein metabolism. 

Mol Metab 2018 15 45-55.

12. Reaven GM. Banting lecture 1988. Role of insulin resistance in human disease. Diabetes 1988 37 

1595-1607.

13. Alberti KG, Zimmet P, Shaw J & Group IDFETFC. The metabolic syndrome—a new worldwide 

definition. Lancet 2005 366 1059-1062.

14. Dekker JM, Girman C, Rhodes T, Nijpels G, Stehouwer CD, Bouter LM & Heine RJ. Metabolic 

syndrome and 10-year cardiovascular disease risk in the Hoorn Study. Circulation 2005 112 

666-673.

15. Mottillo S, Filion KB, Genest J, Joseph L, Pilote L, Poirier P, Rinfret S, Schiffrin EL & Eisenberg MJ. 

The metabolic syndrome and cardiovascular risk a systematic review and meta-analysis. J Am 

Coll Cardiol 2010 56 1113-1132.

 General introduction | 19 

1



16. Lorenzo C, Okoloise M, Williams K, Stern MP, Haffner SM & San Antonio Heart S. The metabolic 

syndrome as predictor of type 2 diabetes: the San Antonio heart study. Diabetes Care 2003 26 

3153-3159.

17. Sandberg K & Ji H. Sex differences in primary hypertension. Biol Sex Differ 2012 3 7.

18. Swiger KJ, Martin SS, Blaha MJ, Toth PP, Nasir K, Michos ED, Gerstenblith G, Blumenthal RS & 

Jones SR. Narrowing sex differences in lipoprotein cholesterol subclasses following mid-life: 

the very large database of lipids (VLDL-10B). J Am Heart Assoc 2014 3 e000851.

19. Tramunt B, Smati S, Grandgeorge N, Lenfant F, Arnal JF, Montagner A & Gourdy P. Sex differences 

in metabolic regulation and diabetes susceptibility. Diabetologia 2020 63 453-461.

20. Manson JE, Chlebowski RT, Stefanick ML, Aragaki AK, Rossouw JE, Prentice RL, Anderson G, 

Howard BV, Thomson CA, LaCroix AZ, Wactawski-Wende J, Jackson RD, Limacher M, Margolis KL, 

Wassertheil-Smoller S, Beresford SA, Cauley JA, Eaton CB, Gass M, Hsia J, Johnson KC, Kooperberg 

C, Kuller LH, Lewis CE, Liu S, Martin LW, Ockene JK, O’Sullivan MJ, Powell LH, Simon MS, Van Horn 

L, Vitolins MZ & Wallace RB. Menopausal hormone therapy and health outcomes during the 

intervention and extended poststopping phases of the Women’s Health Initiative randomized 

trials. JAMA 2013 310 1353-1368.

21. Hodis HN, Mack WJ, Henderson VW, Shoupe D, Budoff MJ, Hwang-Levine J, Li Y, Feng M, Dustin L, 

Kono N, Stanczyk FZ, Selzer RH & Azen SP. Vascular Effects of Early versus Late Postmenopausal 

Treatment with Estradiol. N Engl J Med 2016 374 1221-1231.

22. Wittert G, Bracken K, Robledo KP, Grossmann M, Yeap BB, Handelsman DJ, Stuckey B, Conway 

A, Inder W, McLachlan R, Allan C, Jesudason D, Fui MNT, Hague W, Jenkins A, Daniel M, Gebski 

V & Keech A. Testosterone treatment to prevent or revert type 2 diabetes in men enrolled in a 

lifestyle programme (T4DM): a randomised, double-blind, placebo-controlled, 2-year, phase 3b 

trial. Lancet Diabetes Endocrinol 2021 9 32-45.

23. Dhindsa S, Ghanim H, Batra M, Kuhadiya ND, Abuaysheh S, Sandhu S, Green K, Makdissi A, 

Hejna J, Chaudhuri A, Punyanitya M & Dandona P. Insulin Resistance and Inflammation in 

Hypogonadotropic Hypogonadism and Their Reduction After Testosterone Replacement in 

Men With Type 2 Diabetes. Diabetes Care 2016 39 82-91.

24. Basu R, Dalla Man C, Campioni M, Basu A, Nair KS, Jensen MD, Khosla S, Klee G, Toffolo G, Cobelli 

C & Rizza RA. Effect of 2 years of testosterone replacement on insulin secretion, insulin action, 

glucose effectiveness, hepatic insulin clearance, and postprandial glucose turnover in elderly 

men. Diabetes Care 2007 30 1972-1978.

25. Huang G, Pencina KM, Li Z, Basaria S, Bhasin S, Travison TG, Storer TW, Harman SM & Tsitouras 

P. Long-Term Testosterone Administration on Insulin Sensitivity in Older Men With Low or Low-

Normal Testosterone Levels. J Clin Endocrinol Metab 2018 103 1678-1685.

26. Arnold AP & Chen X. What does the “four core genotypes” mouse model tell us about sex 

differences in the brain and other tissues? Front Neuroendocrinol 2009 30 1-9.

27. Link JC, Chen X, Arnold AP & Reue K. Metabolic impact of sex chromosomes. Adipocyte 2013 2 

74-79.

20 | Chapter 1



28. Eisner JR, Dumesic DA, Kemnitz JW, Colman RJ & Abbott DH. Increased adiposity in female rhesus 

monkeys exposed to androgen excess during early gestation. Obes Res 2003 11 279-286.

29. Nohara K, Waraich RS, Liu S, Ferron M, Waget A, Meyers MS, Karsenty G, Burcelin R & Mauvais-

Jarvis F. Developmental androgen excess programs sympathetic tone and adipose tissue 

dysfunction and predisposes to a cardiometabolic syndrome in female mice. Am J Physiol 

Endocrinol Metab 2013 304 E1321-1330.

30. Nilsson C, Niklasson M, Eriksson E, Bjorntorp P & Holmang A. Imprinting of female offspring 

with testosterone results in insulin resistance and changes in body fat distribution at adult age 

in rats. J Clin Invest 1998 101 74-78.

31. Nota NM, Wiepjes CM, de Blok CJM, Gooren LJG, Kreukels BPC & den Heijer M. Occurrence of 

Acute Cardiovascular Events in Transgender Individuals Receiving Hormone Therapy. Circulation 

2019 139 1461-1462.

32. Getahun D, Nash R, Flanders WD, Baird TC, Becerra-Culqui TA, Cromwell L, Hunkeler E, Lash 

TL, Millman A, Quinn VP, Robinson B, Roblin D, Silverberg MJ, Safer J, Slovis J, Tangpricha V & 

Goodman M. Cross-sex Hormones and Acute Cardiovascular Events in Transgender Persons: A 

Cohort Study. Ann Intern Med 2018 169 205-213.

33. Maraka S, Singh Ospina N, Rodriguez-Gutierrez R, Davidge-Pitts CJ, Nippoldt TB, Prokop LJ & 

Murad MH. Sex Steroids and Cardiovascular Outcomes in Transgender Individuals: A Systematic 

Review and Meta-Analysis. J Clin Endocrinol Metab 2017 102 3914-3923.

34. Elbers JM, Asscheman H, Seidell JC, Megens JA & Gooren LJ. Long-term testosterone 

administration increases visceral fat in female to male transsexuals. J Clin Endocrinol Metab 1997 

82 2044-2047.

35. Elbers JM, Giltay EJ, Teerlink T, Scheffer PG, Asscheman H, Seidell JC & Gooren LJ. Effects of 

sex steroids on components of the insulin resistance syndrome in transsexual subjects. Clin 

Endocrinol (Oxf) 2003 58 562-571.

36. Dekker MJ, Wierckx K, Van Caenegem E, Klaver M, Kreukels BP, Elaut E, Fisher AD, van Trotsenburg 

MA, Schreiner T, den Heijer M & T’Sjoen G. A European Network for the Investigation of Gender 

Incongruence: Endocrine Part. J Sex Med 2016 13 994-999.

37. Cain KC, Harlow SD, Little RJ, Nan B, Yosef M, Taffe JR & Elliott MR. Bias due to left truncation and 

left censoring in longitudinal studies of developmental and disease processes. Am J Epidemiol 

2011 173 1078-1084.

38. Dickman PW, Coviello, E. Estimating and modeling relative survival. Stata Journal 2015 15 186-

215.

 General introduction | 21 

1



2CHAPTER 2



Cardiometabolic effects of testosterone 
in trans men and estrogen plus 
cyproterone acetate in trans women: 
results from the European Network 
for the Investigation of Gender 
Incongruence (ENIGI)

D.M. van Velzen1,2, A. Paldino1,3, M. Klaver1, N.M. Nota1, J. Defreyne4,  
G.K. Hovingh5, A. Thijs1, S. Simsek1,2, G. T’Sjoen4, M. den Heijer1

1. Department of Internal Medicine, Division of Endocrinology, Amsterdam University 
Medical Center, Amsterdam, the Netherlands
2. Department of Endocrinology, Northwest Clinics, Alkmaar, the Netherlands
3. Cardiothoracic Department, Azienda Sanitaria Universitaria Integrata (ASUITS) and 
University of Trieste, Trieste, Italy
4. Department of Endocrinology, Ghent University Hospital, Ghent, Belgium; Center for 
Sexology and Gender, Ghent University Hospital, Ghent, Belgium
5. Department of Vascular Medicine, Amsterdam University Medical Center, Amsterdam, the 
Netherlands

Published: Journal of Clinical Endocrinology & Metabolism, 2019



A
bs

tr
ac

t

Context

The impact of gender affirming hormone therapy on cardiometabolic parameters is 

largely unknown.

Objective

We assessed whether treatment with one year of oral or transdermal administration of 

estrogen (+ cyproterone) and transdermal or intramuscular application of testosterone 

have an impact on serum lipids levels and blood pressure.

Design and method

This prospective observational study was conducted as a sub-study in the European 

Network for the Investigation of Gender Incongruence (ENIGI). Measurements were 

performed prior to and after 12 months of hormone therapy in 242 trans women and 

188 trans men receiving hormone therapy from 2010 to 2017.

Results

In trans men, diastolic BP increased (2.5%, 95% CI: 0.6 to 4.4). Hormone treatment 

further increased total cholesterol (TC) (4.1%, 95% CI: 1.5 to 6.6), LDL-cholesterol 

(13.0%, 95% CI: 9.2 to 16.8), triglycerides (36.9%, 95% CI: 29.8 to 44.1) and decreased 

HDL-cholesterol (10.8%, 95% CI: -14.0 to -7.6). No apparent differences were found 

among different administration routes of testosterone. In trans women, hormone 

treatment slightly decreased blood pressure (BP) in trans women (systolic BP: -2.6%, 

95% CI: -4.2 to -1.0, diastolic BP: -2.2%, 95% CI: -4.0 to -0.4). Further, hormone therapy 

decreased TC (-9.7%, 95% CI: -11.3 to -8.1), LDL-C (-6.0%, 95% CI: -8.6 to 3.6), HDL-

cholesterol (-9.3%, 95% CI: -11.4 to -7.3) and triglycerides (-10.2%, 95% CI: -14.5 to -5.9). 

Decreases in cholesterol and triglycerides seemed larger in subjects using transdermal 

application of estrogen.

Conclusion

Unfavourable changes in lipid profile were observed in trans men, and a favourable 

effect was noted in trans women, which may be more pronounced in transdermal 

than oral application of estrogen in combination with cyproterone. Effects of hormone 

treatment on blood pressure were negligible. Long-term studies are warranted to 

assess whether, and to which extent hormone therapy in trans individuals results in 

a differential effect on cardiovascular disease outcomes.



Introduction

The prevalence of cardiovascular disease (CVD) in men and women differ. Male sex has 
been shown to be a CVD risk factor in numerous prospective studies, and, as such, is used 
in all CVD risk algorithms 1. The difference in CVD risk between men and women is most 
pronounced when comparing men and pre-menopausal women, while in postmenopausal 
women the risk for CVD tends to be similar to men. This widely acknowledged gender 
related difference in CVD has led to extensive research focusing on the effect of sex 
hormones on different aspects of CVD risk.

Initial observational studies demonstrated that supplementation of estrogen was associated 
with lower mortality rates in users of postmenopausal estrogen supplementation2, 3 and 
randomized trials have shown that estrogen induces favorable alterations of the lipid 
profile4. However, the randomized trials of the Women’s Health Initiative assessing the 
effects of postmenopausal estrogen and estrogen/progestin supplementation were 
discontinued due to an increased incidence of breast cancer and stroke5, 6. 

Similar debate surrounds the role of testosterone in CVD. While some studies have shown 
beneficial effects of testosterone replacement such as a reduction of exercise induced 
myocardial ischemia7 or favorable lipid alterations8, other studies have shown an increased 
risk of cardiovascular events 9. The most recent large randomized trial showed an increased 
coronary artery plaque volume after one year of testosterone replacement in hypogonadal 
men. This study was, however, not powered to detect differences in major adverse 
cardiovascular events10.

Despite years of research, the role of sex hormones in CVD still remains to be fully elucidated. 
In the meanwhile, the field of transgender medicine is growing and the cardiovascular 
implications of long-term gender affirming hormone therapy (from here on referred to as 
hormone therapy) remain unclear. Studies concerning the cardiovascular effects of long-
term hormone therapy are important to assess the safety of this treatment and may lead 
to novel insights regarding the effects of sex hormones in cardiovascular physiology.

A recent meta-analysis by Maraka et al.11 has summarized the available knowledge on 
changes in lipids during hormone therapy in trans individuals and suggests a decrease in 
high density lipoprotein-cholesterol (HDL-C) and an increase of low density lipoprotein-
cholesterol (LDL-C) levels and triglycerides in trans men (female sex assigned at birth, male 
gender identity), whereas oral estrogen may increase triglycerides in trans women (male sex 
assigned at birth, female gender identity). However, the authors noted these conclusions 
were based on a few low-quality studies containing a small number of participants. The 
results of the studies within this meta-analysis are conflicting. For example, the largest 
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English study reported increased LDL-C, triglycerides, total cholesterol (TC) and decreased 
HDL-C in 79 trans women treated with transdermal estradiol gel and cyproterone acetate 
(CPA) for two years12. The second largest study shows a decrease in HDL-C and triglycerides 
in 15 trans women treated with transdermal 17β-estradiol and CPA, but an increase in HDL-C 
and triglycerides in 15 trans women treated with oral ethinyl estradiol and CPA13. Another 
study showed an increase in HDL-C in trans women treated with ethinyl estradiol and 
CPA and no effect of testosterone on total cholesterol and LDL-C in 17 trans men treated 
with intramuscular testosterone esters14, in contrast to the results of Maraka et al. Another 
meta-analysis noted similar limitations when comparing changes in blood pressure during 
hormone treatment in trans men15. The differences between these studies suggest that 
different types and administration routes of estrogens and androgens may have different 
effects on cardiometabolic parameters.

Due to the varying results in previous small studies, in the present study we aimed to 
assess the changes in serum lipids and blood pressure during hormone therapy in a large 
population of transgender individuals.

Methods

Study Design
ENIGI is a partnership of currently four European gender identity clinics in Amsterdam (the 
Netherlands), Ghent (Belgium), Oslo (Norway) and Florence (Italy). ENIGI was initiated to 
obtain more insight in the potential diversity in diagnostics and treatment of transgender 
individuals. Starting from 2010, participants were included in the ENIGI endocrine study 
when they started gender affirming hormone therapy. Subjects were eligible to participate 
if they had not used sex hormones before and if they had sufficient knowledge of the native 
languages. At the start of hormone therapy, subjects received oral and written information 
of the ENIGI endocrine protocol by their physician and informed consent was obtained 
according to the institutional guidelines. A full overview of the ENIGI endocrine protocol 
has been published previously16, 17.

In this study all participants included in the ENIGI endocrine protocol from June 2010 
to November 2017 in Amsterdam or Ghent were eligible for inclusion, due to detailed 
information on medication alterations. Participants were excluded if laboratory 
measurements at baseline or at 12 months follow-up were missing. We analysed all 
participants using the same type of hormonal medication for the last year and excluded 
those who had switched to a different form of hormone administration. None of the 
participants underwent gender affirming genital surgery. The final study population 
consisted of 242 trans women and 188 trans men.
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Treatment protocol
Trans women
Cyproterone acetate, which is an anti-androgen agent with progestational properties, in 
a once daily dose of 50 mg was started in combination with an estradiol agent. Estradiol 
valerate was dosed 2 mg twice daily (Progynova®). Although not well established, the ENIGI 
medical team felt that risk of thrombosis from estrogens was greater with oral agents 
than with transdermal preparations, perhaps due to the “first pass effect” in the liver. 
Therefore, the protocol calls for transdermal estrogens for subjects older than 45 years of 
age. Transdermal estrogens (Systen®) were prescribed in the form of estradiol patches in a 
dose of 100 mcg/24 hours. The current guidelines suggest target estradiol levels between 
100-200 pg/mL and testosterone levels below 50 ng/dL18.

Trans men
As not all testosterone treatment regimens are reimbursed in the different European 
countries, treatment protocols differ between the clinical centers. In Ghent, testosterone 
undecanoate 1000 mg once per 12 weeks (Nebido®) was prescribed. In the Netherlands, 
currently testosterone undecanoate injections are not covered by health insurance 
companies, so most subjects used either testosterone gel in a daily dose of 50 mg 
(Androgel®) or a combination of testosterone esters in 250 mg injections (Sustanon®) every 
2 weeks. Testosterone undecanoate injections were prescribed to those who preferred 
this form of therapy. The current guidelines suggest target testosterone levels between 
320-1000 ng/dL, although this is highly dependent on the use of assay and time of 
measurement18.

Data collection
Venous blood samples were obtained after overnight fasting. Measurements were 
performed prior to the start of hormone therapy (baseline) and after 12 months of follow-up. 
Samples were analysed at the local laboratory. Serum measurements included hematocrit, 
creatinine, TC, triglycerides, HDL-C and LDL-C. In Amsterdam and Ghent, cholesterol and 
triglycerides were measured using an enzymatic method (Roche® Cobas 8000 module 
c502), with an inter assay coefficient of variation (CV) of 1.6% and 1.9%, respectively. In 
both centers, LDL-C values were derived using the Friedewald formula.

In Amsterdam, estradiol was measured using a competitive immunoassay (Delfia, 
PerkinElmer, Turku, Finland) with an inter assay CV of 10% to 13% and a lower limit of 
quantitation (LOQ) of 5.45 pg/mL until July 2014. After July 2014, estradiol was measured 
using LC-MS/MS (VUmc, Amsterdam the Netherlands) with an interassay CV of 7% and a 
LOQ of 5.45 pg/mL. For conversion of the Delfia values, the formula LC-MS/MS = 1.60 * 
Delfia – 29 was used. Testosterone was measured using a radioimmunoassay (RIA) (Coat-
A-Count, Siemens, Los Angeles, CA, USA) with an inter assay CV of 7% to 20% and a LOQ of 
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29 ng/dL until January 2013. Thereafter, testosterone was measured using a competitive 
immunoassay (Architect, Abbott, Abott Park, IL, USA) with an inter assay CV of 6% to 16% 
and a LOQ of 2.9 ng/dL. The RIA values were converted to the competitive immunoassay 
values. For testosterone below 231 ng/dL, the formula Architect = 1.1 * RIA + 0.2 was used. 
For testosterone levels above 231 ng/dL, the formula Architect = 1.34 * RIA – 1.65 was used.

In Ghent, estradiol was measured using a E170 Modular (Gen II, Roche Diagnostics, 
Mannheim, Germany) until March 19, 2015. Thereafter, estradiol was measured using a 
E170 Modular (Gen III, Roche Diagnostics, Mannheim, Germany), with an inter assay CV of 
3.2% and a LOQ of 25 pg/mL. For conversion of estradiol values measured before March 
19, 2015, the formula Gen III = 6.687940 + 0.834495 * Gen II was used. E170 Modular was 
also used to measure testosterone with an inter assay CV of 2.6% and a LOQ of 12 ng/dL.

Blood samples were performed at scheduled visits to the clinic and do not necessarily 
represent sex hormone peak or trough levels. Body weight was measured at baseline and 
after 12 months in light indoor clothing without shoes. Blood pressure was measured 
during scheduled visits at the clinic using an electronic blood pressure monitor with the 
participant in sitting position. Body mass index (BMI) was calculated by dividing body 
weight by height squared.

Statistical analysis
Baseline characteristics are presented as percentage, mean with standard deviation or 
median with interquartile range according to their distribution. One-way ANOVA, Wilcoxon 
rank sum test, or chi-square test were used to test differences in baseline characteristics 
between different administration routes of androgens or estrogen. Statistical significance 
was determined at p-values < 0.05.

Linear regression was used to assess the age adjusted means. The difference between 
baseline and follow-up values are reported in absolute difference and percental change. 
Spearman’s rank test was used to test correlation between changes in lipids and blood 
pressure and changes in estradiol or testosterone. Linear regression was used to assess 
differences between administration routes. Statistical significance was determined at a 
p-value of < 0.05. A sensitivity analysis was performed by excluding all trans men using 
progestogens (used as a contraceptive and to suppress menses) at baseline. An additional 
sensitivity analysis was performed limiting analysis to trans women between 30 and 45 
years old to assess bias due to age differences between estrogen formulations.
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Results

At the date of datalock for this substudy, the initial study population with detailed recording 
of hormonal medication use throughout twelve months of follow up consisted of 558 
participants (264 trans men and 294 trans women). One participant (trans women) was 
excluded for using sex hormones prior to baseline measurements. Hormonal route of 
administration changed during follow-up in 61 participants (46 trans men and 15 trans 
women) and were therefore excluded from analysis. Finally, 66 participants (30 trans 
men and 36 trans women) were excluded due to missing biochemical data at baseline or 
follow-up. The final study population comprised of 188 trans men and 242 trans women, 
all originating from either the Netherlands or Belgium. 

In the final study population, 47 (25%) trans men used Androgel®, 62 (33%) Sustanon® 
and 79 (42%) Nebido®. Twenty-four (12.8%) trans men also used a progesterone analog, 
to stop menstrual bleeding, and 23 (12.2%) had a progesterone analog prescribed before 
the baseline measurements. In the trans women study population, 98 (40.5%) used 
a transdermal application of estrogen (Systen®) and 144 (59.5%) an oral preparation 
(Progynova®), prescribed in combination with cyproterone acetate (Androcur®) in all 
participants. The dosage of cyproterone acetate was unaltered throughout follow-up. The 
baseline characteristics of the final study populations are displayed in Table 1 and Table 2. 

As Nebido® was not covered by health insurance in the Netherlands, a large proportion 
of Nebido® users were derived from the study location in Ghent, Belgium. In the trans 
men group, there was a difference between the use of progestogen among different 
testosterone formulations (25.3% of Androgel® users 14.8% of Sustanon® users and 3.9% 
in the Nebido® group). 

As dictated by the study protocol, transdermal estrogen application was mainly prescribed 
in those above 45 years of age, which is reflected in the mean age between these groups 
(41.4±13.6 versus 26.2±6.9 years), or in those with an increased risk of thrombosis. 
Participants who were prescribed a transdermal form of estrogen had a higher BMI 
compared to those prescribed an oral estrogen formula. In addition, they had a higher 
mean blood pressure, total cholesterol and LDL-cholesterol at baseline.

Hormone levels
In trans men, testosterone levels were 38 ng/dL (IQR: 28-50 ng/dL) at baseline and 720 ng/
dL (IQR: 518-1008 ng/dL) after 12 months of hormone treatment. Estradiol levels were 38 
pg/mL (IQR: 24-96 pg/mL) at baseline and 44 pg/mL (IQR: 32-58 pg/mL) after follow-up. In 
trans women, testosterone levels were 588 ng/dL (IQR: 434-781 ng/dL) at baseline and 22 
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ng/dL (IQR: 14-29 ng/dL) after 12 months of hormone treatment. Estradiol levels were 29 
pg/mL (IQR: 24-37 pg/mL) at baseline and 63 pg/mL (IQR: 41-96 pg/mL) after follow-up.

Blood pressure
In trans men, no changes were observed in systolic blood pressure. Diastolic blood pressure 
slightly increased 3 mmHg (95% CI 1 to 5) in the pooled analysis. The increase in diastolic 
blood pressure did not differ among formulations of testosterone. In trans women, systolic 
blood pressure decreased 3 mmHg (95% CI 1 to 5) and diastolic blood pressure decreased 
2 mmHg (95% CI 0 to 3). Decrease in systolic and diastolic blood pressure was comparable 
between oral and transdermal application of estrogen. Changes in blood pressure did not 
correlate to changes in testosterone or estradiol levels in trans men and trans women.

Table 1. Baseline characteristics of the trans men group treated with testosterone, stratified 
by different routes of administration of testosterone

Transdermal 
testosterone 
therapy 
(Androgel®)
N = 47

Intramuscular 
testosterone 
therapy 
(Sustanon®)
N = 62

Intramuscular 
testosterone 
therapy
(Nebido®)
N = 79

Total
N = 188

Age 28.6 (±11.6) 25.1 (±7.5) 26.2 (±8.3) 26.4 (±9.1)

Study center (N in 
Amsterdam/Ghent)

47/0 62/0 18/61 127/61*

Use of progesterone (%) 12 (25.3%) 9 (14.8%) 3 (3.9%) 24 (12.8%) *

Current smoker 11 (23.4%) 21 (33.9%) 23 (29.5%) 55 (29.4%)

Alcohol (units/week) 0 (0-2) 0.5 (0-2) 0 (0-2) 0 (0-2)

BMI (kg/m2) 23.6 (21.3-28.8) 25.0 (21.9-29.3) 22.9 (20.6-25.8) 23.5 (21.3-28.2)

Systolic BP (mmHg) 127 (±13) 123 (±12) 117 (±20) 122 (±14)

Diastolic BP (mmHg) 78 (±11) 74 (±9) 74(±13) 75(±10)

Total cholesterol (mmol/L) 4.47 (±1.07) 4.40 (±1.00) 4.37(±0.92) 4.41 (±0.98)

HDL (mmol/L) 1.56 (±0.46) 1.54 (±0.42) 1.52 (±0.39) 1.53 (±0.42)

LDL (mmol/L) 2.54 (±0.93) 2.57 (±0.96) 2.48 (±0.77) 2.49 (±0.88)

Triglycerides (mmol/L) 0.80 (0.50-1.00) 0.68 (0.53-1.00) 0.69 (0.52-0.95) 0.70 (0.52-1.00)

Testosterone (ng/dL) 46 (36-60) 47 (34-53) 33 (21-42) 38 (28-50)

Estradiol (pg/mL) 28 (10-99) 50 (19-103) 35 (25-66) 38 (24-96)

Hematocrit (L/L) 0.41 (±0.03) 0.41 (±0.03) 0.41 (±0.02) 0.41 (±0.02)

Creatinine (µmol/L) 67 (±9) 66(±9) 69 (±11) 67 (±10)

Data are presented as. mean ± standard deviations or median with interquartile range in case of skewed data
* Difference in baseline values among groups (p < 0.05)
Abbreviations: BMI, body mass index; BP, blood pressure; HDL, high-density lipoprotein; LDL, low-density lipoprotein
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Lipids 
In trans men, LDL-C levels increased 0.32 mmol/L (95% CI 0.22 to 0.42), HDL-C levels 
decreased 0.17 mmol/L (95% CI 0.12 to 0.21) and triglycerides increased 0.26 mmol/L 
(95% CI 0.21 to 0.31). No differences in lipid alterations were found between formulations 
of testosterone. Changes in lipids did not correlate to the amount of change in serum 
testosterone or estradiol levels.
In trans women, LDL-C levels decreased 0.16 mmol/L (95% CI 0.09 to 0.22), HDL-C levels 
decreased 0.13 mmol/L (95% CI 0.10 to 0.16) and triglycerides decreased 0.09 mmol/L (95% 
CI 0.05 to 0.13). Changes in lipids did not correlate to the amount of decrease in serum 
testosterone or increase in estradiol levels.

Body mass index, hematocrit and creatinine
BMI slightly increased in both trans men and trans women, but did not vary between 
administration routes.

Table 2. Baseline characteristics of the trans women group treated with estrogen and 
cyproterone, stratified by different routes of administration of estrogen

Transdermal estrogen 
therapy (Systen®)
N = 98

Oral estrogen therapy 
(Progynova®)
N = 144

Total
N = 242

Age 41.4 (±13.5) 26.2 (±6.9) 32.3 (±12.6) *

Study center (N in 
Amsterdam/Ghent)

70/28 69/75 139/103 *

Use of cyproterone (%) 100% 100% 100%

Current smoker 19 (19.6%) 29 (20.1%) 48 (19.8%)

Alcohol (units/week) 0 (0-2) 0 (0-2) 0 (0-2)

BMI (kg/m2) 23.8 (22.0-27.7) 21.7 (20.1-25.7) 22.8 (20.5-26.5) *

Systolic BP (mmHg) 131 (±25) 126 (±14) 129 (±15) *

Diastolic BP (mmHg) 82 (±17) 78 (±10) 80 (±11) *

Total cholesterol 
(mmol/L)

4.74 (±1.01) 4.34 (±0.80) 4.50 (±0.96) *

HDL (mmol/L) 1.43 (±0.34) 1.37 (±0.36) 1.39 (±0.35)

LDL (mmol/L) 2.77 (±0.83) 2.49 (±0.81) 2.60 (±0.83) *

Triglycerides (mmol/L) 0.98 (0.70-1.40) 0.89 (0.65-1.24) 0.91 (0.68-1.30)

Testosterone (ng/dL) 576 (433-781) 610 (444-750) 588 (434-781)

Estradiol (pg/mL) 27 (23-34) 29 (24-38) 29 (24-37)

Hematocrit (L/L) 0.45 (±0.03) 0.45 (±0.02) 0.45 (±0.03)

Creatinine (µmol/L) 78(±10) 78 (±10) 77 (±10)

Data are presented as. mean ± standard deviations or median with interquartile range in case of skewed data 
* Difference in baseline values among groups p < 0.05
Abbreviations: BMI, body mass index; BP, blood pressure; HDL, high-density lipoprotein; LDL, low-density lipoprotein
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As expected, opposite effects of hematocrit and creatinine were observed between trans 
men and trans women. 
In trans men, larger increases in creatinine were observed in Sustanon® users compared to 
Androgel® or Nebido® and hematocrit increased more in Androgel® and Sustanon® users 
compared to Nebido® users.

Relative changes in all outcome measurements after 12 months of follow up are visually 
represented in Figure 1 and Figure 2 and are reported in supplemental Table S1 and Table 
S2. A sensitivity analysis excluding trans men using progestogens at baseline (n = 24), 
yielded similar results (data not shown). Limiting analysis in trans women between 30 
and 45 years old (n = 52), yielded noticeable – but statistically non-significant–differences 
between oral and transdermal application of estrogen, the latter showing a larger decrease 
in triglycerides, total cholesterol, LDL-C and HDL-C (table S3, S4 and Figure S1). Within this 
subset, mean age between groups was comparable (36.5±3.9 versus 38.6±4.2).

Figure 1. Percentage change of measurements in the trans men group treated with 
testosterone, stratified by different routes of administration of testosterone

Abbreviations: BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; HDL, high-density 
lipoprotein; LDL, low-density lipoprotein
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Discussion

In this large prospective observational study of 242 trans women and 188 trans men 
undergoing a 12-month hormone therapy, we show that testosterone had negative effect 
on lipids and lipoprotein concentrations, while estrogen + CPA resulted in a more favourable 
lipid profile. In addition, testosterone therapy was associated with increases, and estrogen 
+ CPA with decreases in blood pressure, hematocrit and creatinine. BMI slightly increased 
in both groups. The increases in creatinine and hematocrit were more pronounced in 
the Sustanon® group compared to the Androgel® and Nebido® group. No differences in 
lipid profiles were observed among these groups. Among the different forms of estrogen 
therapy, changes in lipid profile and blood pressure were comparable, but a sensitivity 
analysis in trans women of comparable age yielded more favorable lipid alterations with 
application of transdermal estrogen + CPA.

Blood pressure
In trans men, the slight increase in blood pressure is comparable to the results of a recent 
review by Velho et al15. Literature regarding blood pressure change in trans women is scarce 
and conflicting, with studies showing increases, decreases or no change at all in systolic 

Figure 2. Percentage change of measurements in the trans women group treated with 
estrogen and CPA, stratified by different routes of administration of estrogen

Abbreviations: BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; HDL, high-density 
lipoprotein; LDL, low-density lipoprotein
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and diastolic blood pressure. However, comparability between studies is limited due to 
variation in estrogen formulations, dosage of estrogen, study follow-up duration and 
inclusion criteria. Despite statistically significant differences observed in this study and in 
literature, it is unlikely the magnitude of these changes are of clinical relevance.

Lipids
Regarding changes in serum lipids and lipoproteins, our results are partially in line with 
the results from the most recently published meta-analysis by Maraka et al11. The reported 
increase in LDL-C in trans men is comparable to our findings (0.29 mmol/L 95% CI 0.14 to 
0.44 versus 0.32 mmol/L 95% CI: 0.22 to 0.42), as is the decrease in HDL-C (0.21 mmol/L 
95% CI: 0.15 to 0.27 versus 0.17 mmol/L 95% CI: 0.12 to 0.21). In contrast, we also showed 
an increase in triglycerides after 12 months of treatment with testosterone (0.17 mmol/L 
95% CI: -2.7 to 32.1 vs. 0.26 mmol/L 95% CI: 0.21 to 0.31). In trans women, we observed 
decreases in TC, LDL-C, HDL-C and triglycerides, whereas Maraka et al. report only an 
increase in triglycerides in trans women using oral estrogens. In other studies, an increase 
in HDL-C is reported19. The different results within the trans women population compared 
to existing literature may be due to a small number of participants and heterogeneity (I2 
> 80%) between studies in the meta-analysis but are more likely influenced by the co-
administration of progestogens (CPA) in trans women.

Testosterone
To date, very few studies have shed light on the mechanisms explaining the alterations 
in lipid profile during gender affirming hormone therapy. In addition, the mechanisms 
underlying sex specific differences in lipid profile and metabolism within the general 
population have only partially been elucidated. The current knowledge is derived from 
relatively small studies in several clinical settings such as testosterone replacement 
therapy in hypogonadal males, androgen deprivation therapy in prostate cancer, estrogen 
replacement in postmenopausal women and hyperandrogenic polycystic ovarian syndrome 
(PCOS) women. The effects and clinical sequelae of androgens differ within these various 
clinical settings. For instance, testosterone replacement in hypogonadal men has been 
shown to induce a favorable lipid profile, with decreases in triglycerides and TC, along 
with improvements of HDL-C20. In contrast, decreases in HDL-C and increases in LDL-C are 
observed in men using anabolic steroids21. Further, hyperandrogenaemia in women with 
PCOS has also been associated with increased LDL-C, triglycerides and decreased HDL-C 
concentrations22. Hormone therapy in trans men can be compared to the latter group. 
Indeed, the lipid alterations described in PCOS women are in line with the results from the 
trans men group in this study.

The mechanisms behind the lipid altering properties of androgens in females and trans men 
are complex and not well understood. A mechanism that may explain the unfavourable 
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lipid alterations in trans men may be found in insulin signaling. Testosterone treatment in 
hypogonadal men with type 2 diabetes mellitus has shown to decrease insulin resistance, but 
may decrease insulin sensitivity in men using anabolic steroids23, 24. Hyperandrogenaemia 
in women with PCOS has been associated with hyperinsulinemia and insulin resistance25. 
Testosterone induces selective insulin resistance in female adipocytes in vitro and inhibits 
insulin stimulated uptake of glucose through an androgen receptor mediated mechanism26. 
Likewise, a small study showed that treatment with androgens induced insulin resistance 
in trans men27. Insulin resistance of muscle and adipose tissue leads to hyperinsulinemia, 
which subsequently increases hepatic very low-density lipoprotein-triglyceride (VLDL-
TG) secretion. This hypertriglyceridemic profile is also accompanied by smaller (more 
atherogenic) LDL-C particles and a lower HDL-C concentration due to greater transfer of 
cholesterol from HDL to VLDL by cholesteryl ester transfer protein (CETP)28. Differences 
in insulin signaling between men and women have been previously described29. To test 
whether regulation of lipid metabolism by insulin is impacted by androgen therapy, 
detailed studies within the trans men population are needed.

The decrease in HDL-C can also be explained by upregulation of hepatic lipase and SR-B1 
by testosterone, which are an enzyme and protein involved in the uptake and catabolism 
of HDL-C in the liver14, 30. In addition, androgen therapy has been shown to decrease the 
production rate of HDL-C and apolipoprotein-A131. LDL-C concentrations may be increased 
due to attenuation of estrogen-receptor mediated induction of the hepatic LDL receptor 
by androgens 32.

Changes in body fat distribution caused by androgens may also play a role towards shifts in 
lipid profile and metabolism. Body fat distribution changes to a more masculine or feminine 
distribution during hormone therapy in trans men or women, respectively33. Men have 
more visceral adipose tissue (VAT) compared to women. VAT, which has a higher density 
of androgen receptor compared to subcutaneous fat, has a larger contribution to free fatty 
acid delivery to the liver compared to subcutaneous adipose tissue34. An increase in the 
volume of metabolically more active VAT, may further contribute to increased VLDL-TG 
secretion and the observed changes in lipoprotein concentrations35. In addition, increases 
in muscle mass (supported by the finding that creatinine levels increased during androgen 
therapy) may also lead to increased use of lipids for energy expenditure.

The exact mechanisms by which androgens alter lipid profile and metabolism in men 
and women remain unclear. Mechanistic studies of testosterone treatment in women are 
especially lacking. Studies on the sexual dimorphism in body fat distribution and lipid 
metabolism show that several components are not influenced by sex hormones and 
suggest a role for genes on the Y-chromosome or escape genes on the X-chromosome. 
Studies using the four-core genotype mouse model show that HDL-C concentrations are 
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dependent on X-chromosome dosage and that LDL-C concentrations are dependent on the 
presence of the Y-chromosome 36, 37. Although lipid metabolism and kinetics in mice and 
humans are substantially different, it seems likely that similar mechanisms apply to humans. 
Therefore, mechanistic studies in male study populations do not necessarily translate to 
our study population. Schiffer et al. 38 recently summarized the sexually dimorphic role of 
androgens in human metabolic disease.

To our knowledge, no studies have reported substantial differences in lipid profile between 
different routes of administration of testosterone within this study population. We observed 
a larger increase in hematocrit and creatinine in users of Sustanon® compared to Androgel® 
and Nebido®, which in a previously published study has been suggested to be the result of 
supraphysiologic spikes of testosterone levels in Sustanon® users 39. No differences in lipid 
profile were found among different testosterone formulations.

Estrogen and progestin
The influence of estrogen on lipid profile and metabolism has been more extensively 
studied in several populations, due to a number of randomized controlled studies 
evaluating estrogen as a potential agent for reducing cardiovascular risk5, 40, 41.

Randomized trials have shown that estrogen therapy causes higher triglycerides and 
HDL-C and decreased LDL-C concentrations 56, 57. Estrogen therapy causes increased VLDL-
TG production leading to higher triglyceride levels42. The effects on HDL-C and LDL-C may 
be caused by an increased production of apolipoprotein A1 and an increased fractional 
catabolic rate of LDL apolipoprotein B100, as observed in postmenopausal women43. 

Interestingly, in contrast to oral application, transdermal application of 17β-estradiol did 
not show alterations in LDL-C or HDL-C concentrations and even a modest decrease in 
triglyceride concentrations within several different study populations44, 45.

In this study, comparing different administration routes of estrogen in a population 
with a comparable age, larger decreases in cholesterol and triglycerides were seen after 
application of transdermal estrogen compared to oral estrogen. The contrasting findings 
in our study (decrease in triglycerides and decrease in HDL-C) are possibly caused by 
the coadministration of the progestogenic CPA. Progestogen, even in combination with 
estrogen has been shown to decrease HDL-C and triglycerides in pre- and postmenopausal 
women due to increased VLDL triglyceride clearance rates and net decreased concentration 
of apolipoprotein A146, 47. Fung et al. compared 123 trans women using either CPA or 
spironolactone during cross-sex hormone therapy and found a slight decrease in HDL-C 
in the CPA group (-0.07 mmol/L ± SD 0.21) and an increase in the spironolactone group 
(+0.10 mmol/L ± SD 0.24)48. In addition, a study of 40 trans women comparing CPA to 
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leuprolide acetate (a GnRH analogue) as an anti-androgen agent showed a significant 
decrease of HDL-C in the CPA group (1.5± 0.4 to 1.3±0.3 mmol/L) compared to an increase 
in the leuprolide acetate group (1.5±0.4 to 1.7±0.5 mmol/L)49. Wynn et al. examined the 
effects of CPA alone, and in conjunction with ethinyl estradiol, and found a decrease in 
HDL

2
-subfraction in CPA monotherapy, which persisted in combination therapy50. These 

studies suggest the decrease of triglycerides and HDL-C in our population may be due to 
lipid altering properties of CPA. The results from this study suggest that the actions of CPA 
seem to be counteracted in a greater degree by oral estrogen compared to transdermal 
estrogen.

Mediators
It is important to remember that the concentrations of lipids and lipoproteins measured in 
serum reflect a resultant of lipid ingestion and storage in muscle and adipose tissue versus 
lipid uptake used for energy expenditure. We have discussed possible mechanisms by which 
sex hormones directly affect lipid metabolism, but must also consider indirect effects of 
hormonal therapy on lipid metabolism. Behavioral factors such as physical activity and 
diet have significant effects on lipid metabolism and may also have changed during the 
course of hormonal therapy. A recent study in the United Kingdom showed that the level 
of physical activity in transgender individuals was greater in those on gender affirming 
hormone therapy compared to those who were not51. To our knowledge no studies have 
evaluated changes in dietary pattern before and during hormone therapy, but gender 
dysphoria and body dissatisfaction are associated with eating disorders and hormonal 
treatment may alleviate eating disorder symptoms52. Although not recorded in this study, 
we emphasize that behavioral changes should be considered when interpreting effects of 
gender affirming hormone therapy.

Clinical relevance
Testosterone and estrogen + CPA seem to have negligible effects on blood pressure. 
However, it can be postulated that testosterone has unfavourable and estrogen + CPA 
favourable lipid altering properties. The clinical relevance of these findings remains a 
matter for debate, as long-term studies assessing clinical outcomes in cross-sex hormone 
are lacking. Asscheman et al. conducted a case control study with 7 years of follow-up and 
found three times increased cardiovascular mortality rates in trans women with current use 
of ethinyl estradiol53. Earlier findings of increased incidence of thrombosis54 had already 
led to a change in current estrogen prescription and ethinyl estradiol is currently no longer 
prescribed. Robust data about the long-term cardiovascular effects of 17β-estradiol in 
gender affirming hormone therapy is scarce. The largest study showed increased rates of 
venous thromboembolism in trans women compared to cisgender men and increased 
rates of myocardial infarction and ischemic stroke in trans women who initiated hormone 
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therapy during follow-up. The evidence was insufficient to allow conclusions regarding 
risk among trans men55.

Despite unfavorable lipid changes, Asscheman et al. did not report an increased mortality 
rate within trans men compared to the expected mortality rate in the general population. 
The authors however noted that the number of participants was small, especially in trans 
men of older age.

As studies in gender affirming hormone treatment represent a mismatch between sex 
hormone and opposite natal sex chromosomes, data from studies in cisgender populations 
cannot be extrapolated to transgender medicine. 

For now, until large trials assessing clinical outcomes in gender affirming hormone therapy 
are available, preventive measurements such as a healthy diet, exercise and smoking 
cessation which apply to the general population are also applicable in transgender 
medicine.

Limitations
First, although our results are corroborated by the large size of the study population, 
changes in behavioral factors as discussed above may have influenced the results. Second, 
biochemical measurements of androgens were not strictly scheduled to represent peak or 
trough levels, thus limiting comparability in and between patients. As the study protocol 
dictated transdermal estrogen therapy for trans women older than 45 years due to a 
presumed increased risk of venous thrombosis, the comparison between different routes 
of administration of estrogen was limited, although we were able to perform a sensitivity 
analysis without the bias of age difference. Finally, as all trans women used estrogen in 
combination with an anti-androgen such as CPA, the observed effects cannot be attributed 
to estrogen therapy alone, but rather a combined effect.

Conclusion

In conclusion, this large prospective observational study of trans men and trans women 
undergoing hormone therapy showed no relevant changes in blood pressure, but did 
show unfavourable increases in cholesterol during testosterone therapy in trans men and 
decreases in cholesterol during estrogen + CPA therapy, along with a decrease in HDL-C 
in trans women, which seemed more pronounced in transdermal application of estrogen. 
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Future studies should focus on clinical outcomes related to cardiovascular disease in 
long term hormone therapy. To fully understand the effect of hormone therapy in trans 
individuals on changes in lipids and body fat, additional detailed studies are needed.
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Supplemental table 1. Percentage change of measurements in trans men, stratified by 
different dosage forms of testosterone

Transdermal 
testosterone 
therapy (Androgel®)
N = 47

Intramuscular 
testosterone 
therapy (Sustanon®)
N = 62

Intramuscular 
testosterone 
therapy 
(Nebido®)
N = 79

Total
N = 188

BMI (kg/m2) -0.7% (-3.1, 3.0) 2.2% (-0.1, 4.5) 2.3% (0.3, 4.4) 1.7% (0.4, 3.1)

Systolic BP (mmHg) -0.5% (-2.9, 1.8) 2.3% (-0.2, 4.8) 1.0% (-2.2, 4.2) 1.2% (-0.4, 2.8)

Diastolic BP (mmHg) 1.3% (-2.3, 4.9) 4.2% (1.1, 7.3) 1.9% (-1.3, 5.1) 2.5% (0.6, 4.4)

Total cholesterol 
(mmol/L)

6.0% (1.9, 10.1) 1.2% (-2.8, 5.1) 5.3% (0.6, 10.0) 4.1% (1.5, 6.6)

HDL (mmol/L) -7.0% (-13.8, -0.1) -13.8% (-19.5, -8.1) -9.7% (-14.3, -5.2) -10.8% (-14.0, -7.6)

LDL (mmol/L) 13.7% (6.2, 21.2) 11.5% (4.0, 19.0) 13.3% (7.7, 18.9) 13.0% (9.2, 16.8)

Triglycerides (mmol/L) 38.5% (23.5, 53.5) 30.2% (19.0, 41.4) 41.6% (29.6, 53.6) 36.9% (29.8, 44.1)

Hematocrit (L/L) 13.4% (9.3, 17.5) 15.4% (13.1, 17.8) 8.7% (7.0, 10.3) 11.2% (0.8, 12.6)

Creatinine (µmol/L) 16.1% (12.2, 20.0) 23.6% (19.9, 27.4) 13.4% (8.5, 18.4) 17.6% (15.0, 20.3)

Data are presented as percentage change compared to baseline values, adjusted for age
Abbreviations: BMI, body mass index; BP, blood pressure; HDL, high-density lipoprotein; LDL, low-density lipoprotein

Supplemental table 2. Percentage change of measurements in trans women, stratified by 
different administration routes of estrogen.

Transdermal estrogen 
therapy (Systen®)
N = 98

Oral estrogen therapy
(Progynova®)
N = 144

Total
N = 242

BMI (kg/m2) 5.1% (3.5, 6.7) 5.0% (2.5, 7.5) 4.6% (3.3, 5.8)

Systolic BP (mmHg) -1.8% (-4.4, 0.8) -3.5% (-6.7, -0.4) -2.6% (-4.2, -1.0)

Diastolic BP (mmHg) -1.0% (-4.7, 2.6) -3.4% (-6.4, -0.4) -2.2% (-4.0, -0.4)

Total cholesterol (mmol/L) -11.3% (-14.3, -8.3) -10.1% (-12.9, -7.3) -9.7% (-11.3, -8.1)

HDL (mmol/L) -11.0% (-14.7, -7.2) -8.3% (-12.0, -4.6) - 9.3% (-11.4, -7.3)

LDL (mmol/L) -8.4% (-13.0, -3.8) -6.5% (-11.0, -2.0) -6.0% (-8.6, -3.6)

Triglycerides (mmol/L) -9.9% (-18.1, -1.7) -11.2% (-18.8, -3.6) -10.2% (-14.5, -5.9)

Hematocrit (L/L) -6.8% (-8.6, -5.0) -8.4% (-9.7, -7.1) -8.1% (-9.0, -7.3)

Creatinine (µmol/L) -6.9% (-9.1, -4.7) -3.5% (-5.8, -1.1) -5.3% (-6.5, -4.1)

Data are presented as percentage change compared to baseline values, adjusted for age
Abbreviations: BMI, body mass index; BP, blood pressure; HDL, high-density lipoprotein; LDL, low-density lipoprotein

Cardiometabolic effects of hormone therapy in transgender individuals | 45 

2



Supplemental table 3. Baseline characteristics of trans women between 30 and 45 years old, 
stratified by different administration routes of estrogen.

Transdermal estrogen 
therapy (Systen®)
N = 20

Oral estrogen therapy
(Progynova®)
N = 32

Total
N = 52

Age 38.6(±4.2) 36.5 (±3.9) 37.3 (±4.1)

Study center (N in 
Amsterdam/Ghent)

17/3 15/17 32/20*

Use of cyproterone (%) 100 100 100

Current smoker 4 (20.0%) 8 (25.0%) 12 (23.1%)

Alcohol (units/week) 0.5 (0-2) 0 (0-4) 0 (0-3)

BMI (kg/m2) 23.6 (22.6-28.4) 23.4 (21.1-26.0) 23.6 (21.7-26.8)

Systolic BP (mmHg) 132 (±15) 127 (±16) 129 (±16)

Diastolic BP (mmHg) 82 (±10) 79 (±8) 81 (±9)

Total cholesterol (mmol/L) 4.89 (±0.98) 4.65 (±0.88) 4.74 (±0.92)

HDL (mmol/L) 1.45 (±0.46) 1.33 (±0.38) 1.38 (±0.42)

LDL (mmol/L) 2.90 (±1.00) 2.70 (±0.75) 2.78 (±0.85)

Triglycerides (mmol/L) 1.10 (0.85-1.43) 1.08 (0.72-1.40) 1.10 (0.74-1.40)

Hematocrit (L/L) 0.45 (±0.02) 0.45 (±0.03) 0.45 (±0.03) 

Creatinine (µmol/L) 82 (±8) 78 (±10) 80 (±10)

* Difference in baseline values among groups: p < 0.05
Data are presented as mean ± standard deviation or median and inter-quartile range in case of skewed data.
Abbreviations: BMI, body mass index; BP, blood pressure; HDL, high-density lipoprotein; LDL, low-density lipoprotein

Supplemental table 4. Percentage change of measurements in trans women between 30 and 
45 years old, stratified by different administration routes of estrogen.

Transdermal estrogen 
therapy (Systen®)
N = 20

Oral estrogen therapy
(Progynova®)
N = 32

Total
N = 52

BMI (kg/m2) 2.2% (-3.6, 8.1) 2.1% (-2.4, 6.7) 2.4% (-1.2, 6.0)

Systolic BP (mmHg) -4.5% (-11.0, 2.0) -10.6% (-21.0, -0.1) -8.5% (-15.5, -1.5)

Diastolic BP (mmHg) 0.5% (-9.2, 10.2) -0.6% (-6.8, 5.6) -0.3% (-5.4, 4.8)

Total cholesterol (mmol/L) -19.6% (-26.2, -13.1) -6.7% (-13.3, -0.2) -10.2% (-15.3, -5.2)

HDL (mmol/L) -16.4% (-29.6, -3.2) -5.9% (-16.2, 4.4) -8.7% (-16.8, -0.7)

LDL (mmol/L) -11.4% (-26.2, 3.3) -5.1% (-15.5, 5.3) -6.6% (-14.9, 1.8)

Triglycerides (mmol/L) -30.9% (-47.6, -14.2) -5.7% (-20.6, 9.1) -12.6% (-24.2, -1.1)

Hematocrit (L/L) -3.3% (-10.4, 3.7) -8.6% (-12.8, -4.3) -7.7% (-11.3, -4.1)

Creatinine (µmol/L) -5.2% (-11.0, 0.6) -2.1% (-7.4, 3.2) -2.8% (-6.8, 1.3)

Data are presented as percentage change compared to baseline values, adjusted for age
Abbreviations: BMI, body mass index; BP, blood pressure; HDL, high-density lipoprotein; LDL, low-density lipoprotein
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Supplemental figure 1. Percentage change of measurements in trans women between 30 
and 45 years old, stratified by different administration routes of estrogen.

Abbreviations: BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; HDL, high-density 
lipoprotein; LDL, low-density lipoprotein
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Background and aims

A decrease in HDL-cholesterol concentrations during transgender hormone therapy 

has been shown. However, the ability of HDL to remove cholesterol from arterial 

wall macrophages, termed cholesterol efflux capacity (CEC), has proven to be a 

better predictor of cardiovascular disease (CVD) largely independently of HDL-

concentrations. In addition, the serum capacity to load macrophages with cholesterol 

(cholesterol loading capacity, CLC) represents an index of pro-atherogenic potential. 

As transgender individuals are exposed to lifelong exogenous hormone therapy, it 

becomes of interest to study whether HDL-CEC and serum CLC are affected by HT. HDL-

CEC and serum CLC have been evaluated in 15 trans men treated with testosterone 

and in 15 trans women treated with estradiol and cyproterone acetate at baseline 

and after 12 months of HT.

Methods

Total HDL-CEC from macrophages and its major contributors, the ATP-binding cassette 

transporters (ABC) A1 and ABCG1 HDL-CEC and HDL-CEC by aqueous diffusion were 

determined by a radioisotope assay. CLC was evaluated in human THP-1 macrophages. 

Results

In trans women, total HDL-CEC decreased by 10.8% (95%CI: -14.3;-7.3; p< 0.001), 

ABCA1 HDL-CEC by 23.8% (-34.7; -12.9; p<0.001) and aqueous diffusion HDL-CEC 

by 4.8% (-8.4;-1.1; p<0.01). In trans men, only aqueous diffusion HDL-CEC decreased 

significantly, -9.8% (-15.7;-3.9; p<0.01). ABCG1 HDL-CEC did not change in either group. 

Serum CLC and HDL subclass distribution were not modified by HT in both groups.

Conclusions

Total HDL-CEC decreased during HT in trans women, with a specific reduction in 

ABCA1 CEC. This finding might contribute to their higher CVD risk.



Introduction

Sex hormones have long been associated with cardiovascular disease (CVD) and CV risk 
factors1. Estrogen was previously considered to have protective effects on CVD, whereas 
detrimental effects on CVD were ascribed to testosterone. Currently, long-term data on 
CVD risk in estrogen replacement therapy is conflicting. Supplementation in younger 
postmenopausal women may be beneficial, but CVD risk may increase when hormone 
therapy is initiated in late menopause 2. Regarding testosterone replacement therapy, long-
term data on CVD risk is lacking 3, 4. Over the years, the relationship between sex hormones 
and CVD has turned out to be even more complex, as androgens and estrogens have been 
shown to exert a number of direct and indirect effects on different biological processes 
and may act in a sex-specific manner. In studies on sex disparities in health and disease, it 
has remained difficult to differentiate sex hormone specific effects from other sex specific 
factors, such as genetic and epigenetic aspects 5.

For transgender individuals who receive lifelong exogenous hormone therapy (HT),6 to 
match physical characteristics of their gender identity 7, studying the effects of sex hor-
mones on CV risk factors is especially important, as effects described in the cisgender 
population do not necessarily apply to transgender HT. Trans men (female sex recorded 
at birth, male gender identity) are treated with testosterone, whereas trans women (male 
sex recorded at birth, female gender identity) are treated with estrogens and, in general, 
with an anti-androgen agent (i.e. cyproterone acetate).

In a previous report, our study group reported changes in blood lipids during HT in 
transgender individuals8. In trans women, a decrement in LDL-cholesterol (LDL-C), total 
cholesterol 9 and triglycerides was found, whereas increased LDL-C, total cholesterol 
and triglycerides were observed in trans men. In both trans men and trans women, the 
concentrations of HDL-cholesterol (HDL-C) were reduced.

Concerning HDL and CV risk, there is increasing attention to the measurement of HDL 
function rather than concentration, as the former appears to be a better predictor of CVD 
risk. The interest in HDL function was prompted by studies with cholesteryl ester transfer 
protein (CETP)-inhibitors leading to a raise in HDL-C concentrations with no reduction in 
CV events10, in contrast to opposite conclusions that were reported by epidemiological 
studies11. The main atheroprotective function of HDL is presumed to be the promotion of 
reverse cholesterol transport (RCT), defined as the removal of cholesterol from peripheral 
cells and transfer back to the liver.

Cholesterol efflux capacity (HDL-CEC) is a functional assessment of HDL, measuring the 
first step of RCT, namely the ability of HDL to remove cholesterol from peripheral cells12. 
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HDL-CEC is an independent predictor of CVD13 and a better predictor of coronary heart 
disease (CHD) risk compared to plasma HDL-C concentrations14. HDL-CEC can be divided 
into different components: a passive process termed aqueous diffusion, usually correlated 
to the HDL-C concentrations and an active process regulated by the ATP-binding cassette 
(ABC) A1 and ABCG1 proteins. The ABCA1-mediated cholesterol efflux is a process generally 
independent of the HDL-C concentration15. The ABCA1 protein is the major regulator of 
cholesterol efflux and can contribute up to 80% of total HDL-CEC16.

Several studies have reported associations between sex hormones and HDL-CEC, but the 
direction and magnitude of these have varied markedly among different populations. HDL-
CEC was decreased in hypogonadal males17, but it was also reduced in body builders using 
anabolic steroids18. A single study reported small reductions in HDL-CEC in trans women 
during hormone therapy, but the hormone treatment regimen differed from standard 
practice and the individual components of HDL-CEC were not assessed19.

In this scenario, it is worth mentioning that lipid trafficking is the end result of cholesterol 
efflux and influx, the latter leading to direct cholesterol accumulation in arterial wall 
macrophages20. The serum cholesterol loading capacity (CLC) offers another functional 
index of the proatherogenic potential, since it is raised in pathological conditions leading 
to a higher CV risk 21.

Thus, with increasing evidence of the relationship between HDL-CEC and CV risk and 
previous associations of HDL-CEC with testosterone and estrogen treatments, the primary 
objective of this study focused on the effects of transgender HT treatment on HDL-CEC. 
In order to investigate whether hormonal treatment of trans women and trans men may 
lead to changes in HDL function, the overall CEC and the individual pathways have been 
assessed. In view of the critical role of cholesterol loading in macrophages, an additional 
objective has been the assessment of serum CLC.

Patients and Methods

Study design
The European Network for the Investigation of Gender Incongruence (ENIGI) is a partnership 
of five European gender identity clinics in Amsterdam, the Netherlands; Ghent, Belgium; 
Oslo, Norway; Florence, Italy and Tel Aviv, Israel. ENIGI was initiated in order to obtain more 
insight into the potential diversity in diagnostics and treatment of transgender individuals. 
The ENIGI started in 2010. Participants were included in the ENIGI endocrine study when 
they started HT. Subjects were eligible to participate if they had not used HT before and if 
they had sufficient knowledge of the native languages. At the start of HT, subjects received 

52 | Chapter 3



oral and written information on the ENIGI endocrine protocol from their physician and 
informed consent was obtained according to the institutional guidelines. A full overview 
of the ENIGI endocrine protocol has been published previously 6, 22.

Study population
In this study, a random sample of 15 trans men and 15 trans women was drawn from 
participants included in the ENIGI endocrine protocol from June 2010 to November 2017 
in Amsterdam. Participants were free of CV disease and medications altering cholesterol 
levels (i.e. statins or beta-blockers) 23. Functional measurements were performed at baseline 
and after 12 months of HT. Based on the preference of each participant, trans men were 
treated with: (i) testosterone gel (Androgel®) at a daily dose of 50mg, 24 a mix of testosterone 
esters (Sustanon®) in 250 mg injections once per three weeks or (iii) 1000 mg injections of 
testosterone undecanoate (Nebido®) once per twelve weeks. Trans women were treated 
with twice daily oral estradiol valerate (Progynova®) 2 mg tablets (total dose 4 mg daily), 
or a transdermal preparation in the form of patches in a twice weekly dose of 100 µg/day 
(Systen®). Cyproterone acetate (daily dose of 50 mg), was prescribed as a testosterone-
blocking agent to all trans women. There was no change in dose and route of administration 
of all hormones during the 12 months of treatment. No participant had undergone gender-
affirming genital surgery.

Data collection
All measurements were performed during out-patient clinic visits. Data regarding lifestyle 
habits, medical history and use of other types of medications were recorded by the 
treating physician. Body weight was measured at baseline and after 12 months of therapy 
in light indoor clothing without shoes. Blood pressure was measured using an electronic 
blood pressure monitor with the patient in the sitting position. Body mass index (BMI) 
was calculated by dividing body weight in kilograms by height in meters squared. Venous 
blood samples were obtained after overnight fasting. Measurements were performed 
before the start of HT (baseline) and after 12 months of follow-up. Serum measurements 
included TC, triglycerides, LDL-C and HDL-C. TC, triglyceride and HDL-C levels, were 
measured using enzymatic methods (Roche Cobas 8000 module c502, Roche Diagnostics, 
Mannheim, Germany), with an inter-assay coefficient of variation (CV) of 1.6%, 1.9% and 
1.3%, respectively. LDL-C values were calculated using the Friedewald formula.

Estradiol was determined using liquid chromatography tandem mass spectrometry 
(Amsterdam University Medical Center, location VUmc, Amsterdam, the Netherlands) with 
an inter-assay coefficient of variation of 7% and limit of quantification (LOQ) of 20 pmol/L. 
Testosterone was measured using a competitive immunoassay (Architect; Abbott, Abbott 
Park, IL) with an inter-assay CV range of 6% to 16% and a LOQ of 0.1 nmol/L. Comparability 
between the measurement of testosterone by the Architect immunoassay and LC-MS/MS 
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is excellent and has been previously published (slope 1.05, r 0.97)25, 26. Luteinizing hormone 
(LH) was measured using an immunometric assay (Architect, Abbott) with an interassay 
CV <6% and LOQ of 2 U/L.

HDL-CEC
HDL-CEC was evaluated on the HDL fraction, isolated from whole serum by precipitating 
the apoB-containing lipoproteins with polyethylene glycol27.This procedure, that allows 
to obtain biological samples containing only HDL, is comparable to isolation of HDL by 
ultracentrifugation for the study of CEC 28.

In order to avoid any lipoprotein remodeling, sera were slowly defrosted in ice immediately 
before the procedure. HDL-CEC by the main cholesterol efflux pathways was evaluated by 
a standardized and widely used radioisotopic cell-based technique 17, 29.

Total, aqueous diffusion and ABCA1 HDL-CEC
Total HDL-CEC, the parameter inversely associated to CV risk, and its major contributors, the 
aqueous diffusion process and the efflux mediated by the ATP-binding cassette transporter 
A1 (ABCA1) was evaluated in the J774 murine macrophage cell model. In particular, J774 
in basal conditions were used to evaluate aqueous diffusion, whereas J774 cells incubated 
with a cAMP analogue (cpt-cAMP 0.3 mM; Sigma Aldrich, Milano, Italy) inducing ABCA1 
expression 30 were used to measure total HDL-CEC. The specific ABCA1-mediated efflux 
contribution was calculated as the difference between total and aqueous diffusion HDL-
CEC. J774 macrophages were seeded in 10% fetal calf serum (FCS) containing DMEM (both 
FCS and DMEM from Lonza, Verviers, Belgium) in the presence of antibiotics (penicillin–
streptomycin from Thermo Fisher Scientific, MA, USA). Cells were then labelled with 
[1,2-3H] cholesterol (PerkinElmer, MA) at 2µCi/ml for 24 hours in the presence of 2 µg/
ml of an inhibitor of the esterifying enzyme acyl-coenzyme A: cholesterol acyltransferase 
(Sandoz 58035; Sigma-Aldrich) to prevent accumulation of cholesteryl esters. J774 cells 
were incubated in the absence or presence of the cAMP analogue in 0.2% BSA-containing 
medium for 18 hours (BSA from Sigma-Aldrich). Cells were then exposed for 4 hours to 
the HDL fraction of sera from trans women and trans men at baseline and after 12 months 
of HT at 2% (v/v) in medium. HDL-CEC was expressed as the percentage of radiolabeled 
cholesterol released into the medium over total radioactivity incorporated by cells. To check 
for adequate cell responsiveness, lipid-free human apolipoprotein A-I (Sigma-Aldrich) and 
the HDL fraction of a standard serum obtained from a pool of normolipidemic subjects, 
not using HT, were tested together with serum samples in each assay. The relative HDL-CEC 
values were used to normalize the different experiments in order to correct for the inter-
assay variability. Intra-assay CV for HDL-CEC assays were < 10%.
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ABCG1 HDL-CEC
Serum HDL-CEC mediated by the ATP binding cassette transporter G1 (ABCG1) was 
evaluated by using Chinese hamster ovary (CHO) cells transfected and not transfected with 
the human ABCG1 gene. The specific ABCG1 contribution was calculated as the difference 
between HDL-CEC obtained in ABCG1-transfected cells and HDL-CEC obtained in non-
transfected cells. Specifically, CHO cells were seeded in 10% FCS-containing Ham’s F-12 
(both from Lonza) in the presence of antibiotics (penicillin-streptomycin and zeocin from 
Thermo Fisher Scientific). CHO cells, after labelling with [1,2-3H] cholesterol at 1µCi/ml, 
underwent an equilibration period in 0.2% BSA-containing medium for 90 minutes. Cells 
were then exposed for 6 hours to the HDL fraction of sera from trans women and trans men 
before and after HT at 1% (v/v) in the medium. HDL-CEC was expressed as the percentage of 
radiolabeled cholesterol released into the medium over total radioactivity incorporated by 
cells. To check for adequate cell responsiveness, human isolated HDL and the HDL fraction 
of a standard serum from a pool of normolipidemic subjects, not using HT were tested 
together with the serum samples in each assay.

Human isolated HDL (d 1.063-1.21 g/mL) was purified by sequential ultracentrifugation 
from the plasma of healthy volunteers not using HT. The relative HDL-CEC values were used 
to normalize the different experiments to correct for the inter-assay variability. Intra-assay 
CV for HDL-CEC assays were < 10%.

Serum CLC
To avoid lipoprotein remodeling, sera were slowly defrosted in ice immediately before 
CLC measurement 31. Whole serum CLC was evaluated on human monocyte-derived THP-
1 macrophages with a fluorometric technique 32. Human THP-1 monocytes were grown 
in 10% FCS containing RPMI (both from Lonza) in the presence of antibiotics (penicillin–
streptomycin). Cells were plated in the presence of 100 ng/mL phorbol 12-myristate 
13-acetate (Sigma-Aldrich) for 72 hours to allow differentiation into macrophages. Cells 
were then incubated with 5% lipoprotein-deficient serum (Sigma-Aldrich) for 24 hours 
and exposed for 24 hours to 10% (v/v) whole serum from trans women and trans men 
before and after HT. At the end of the incubation, cell monolayers were lysed in 1% sodium 
cholate solution (Sigma-Aldrich), supplemented with 10 U/mL DNase (Sigma-Aldrich). 
Cholesterol was then measured fluorometrically using the Amplex Red Cholesterol Assay 
Kit (Molecular Probes, Eugene, OR) following manufacturer’s instructions. An aliquot of 
cell lysates was used to measure cell proteins by the bicinchoninic acid assay (Thermo 
Fisher Scientific). CLC was expressed as micrograms of cholesterol/milligram of protein. To 
check for adequate cell responsiveness, sera obtained from pools of normolipidemic and 
hypercholesterolemic subjects were tested together with serum samples in each assay. The 
relative CLC values were used to normalize the different experiments in order to correct for 
inter-assay variability. Intra-assay CV for the CLC assays was < 10%.
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HDL subclass distribution
HDL subclass distribution was evaluated on a subset of samples (n= 6 trans women and n= 6 
trans men all with significantly impaired CEC pathways) by two-dimensional electrophoresis. 
The first dimension was in a 0.5% agarose gel electrophoresis (Hydragel protein(e) kit, Sebia 
PN4120) in which 10 μl of plasma were separated by charge. Afterwards, agarose gel strips 
containing the pre-separated lipoproteins were transferred to a home-made nondenaturing 
3–20% polyacrylamide gradient gel, where separation by size was performed at 30 mA for 
three hours. Separated particles were then blotted onto a nitrocellulose membrane and 
incubated with a human anti-apoA-I antibody (Sigma Aldrich) 33. Densitometric analysis 
was performed with a GS-690 Imaging Densitometer and the Multi-Analyst software (Bio-
Rad Laboratories, Hercules, CA, USA). The relative content of distinct HDL subclasses was 
calculated by using the Bio Rad Multi-Analyst /PC Software, and expressed as percentage 
of total apoA-I.

Statistical analysis
G*Power software (Düsseldorf, Germany) was used for a priori sample size estimation. Based 
on data from a previous study 34, a baseline level of total HDL-CEC of 8.0±1.5 was assumed, 
with a within-person correlation of 0.8. An effect size of 10% was assumed as clinically 
relevant, based on data from Salaheen et al.14. With an alpha of 0.05 and power of 80%, a 
sample size of at least 14 individuals per group was required.

Statistical analyses were performed using GraphPad Prism version 7.0 (GraphPad Software, 
La Jolla, CA, USA). Each sample was run in triplicate. Data are reported as mean ± SD or 
median with interquartile (IQR) range (25th to 75th percentile) for parameters with normal 
and skewed distribution, respectively. Differences between baseline and treatment 
were evaluated by using the paired two-tailed Student t test or the Wilcoxon matched-
pairs signed rank test for parameters with normal and skewed distribution, respectively. 
The analyses were repeated after stratifying for different formulations of estrogen and 
testosterone. Independent samples t test, one way ANOVA, Wilcoxon rank sum test or 
Kruskal-Wallis test were used to test for differences in measures of HDL-CEC and serum 
hormone concentrations between treatment modalities. The relationship between 
parameters was assessed by correlation analysis using an univariate logistic regression. 
Pearson or Spearman correlation coefficient (r) were reported for data with normal and 
skewed distribution, respectively. Statistical significance was defined as p < 0.05.
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Results

Patient characteristics
The baseline characteristics of the study population are displayed in Table 1. It consisted of 
15 trans women and 15 trans men. Mean age of trans women was 33±12 years and mean 
BMI 23.3±4.5. They were treated with estradiol valerate (N=4, 27%) or estradiol patches 
(N=11, 73%). All trans women were prescribed cyproterone acetate at a dose of 50 mg once 

Table 1. Baseline characteristics of the study population

Trans women (N = 15) Trans men (N = 15)

Baseline 12 months HT Baseline 12 months HT

Age (years) 33 ± 12 28 ± 13

Testosterone 
formulation (N, %)

n/a Testosterone gel (4, 27%)
Testosterone esters (6, 40%)
Testosterone undecanoate (5, 33%)

Estrogen 
formulation (N, %)

Estradiol valerate (4, 27%)
Estradiol patches (11, 73%)

Anti-androgen 
(N, %)

Cyproterone acetate 1dd 50mg (15, 100%)

Medical history 1x Depression,  
1x hypertension,  
1x ADHD

1x Depression,  
1x ADHD

Co-medication 1x ACE-inhibitor, 
1x proton pump 
inhibitor,  
1x methylphenidate

1x methylphenidate
1x SSRI
1x iron supplement

Smoking (%) 33% 20%

Alcohol (units/
week)

1 (0-2) 0 (0-4)

BMI (kg/m2) 23.3 ± 4.5 24.3 ± 4.5 * 24.8 ± 4.2 24.4 ± 4.2

Testosterone 
(nmol/L)

22 (16-34) 0.6 (0.5-1.1)* 1.4 (1.1-1.7) 24 (18-40)*

Estradiol (pmol/L) 93 (78-116) 157 (103-505)* 141 (76-323) 158 (103-214)

LH (IU/L) 3.4 (2.7 – 4.3) 0.1 (0.1-0.1) 4.5 (2.9 – 12.7) 3.3 (0.3-5.1)

Total cholesterol 
(mmol/L)

4.80 (4.33 – 5.70) 4.47 (4.06 – 4.80) * 4.40 (3.68 – 5.00) 4.36 (3.93–4.90)

LDL cholesterol 
(mmol/L)

2.97 (2.70 – 3.67) 2.84 (2.15 – 3.26) * 2.06 (1.70 – 2.91) 2.53 (2.09 – 2.90)

HDL cholesterol 
(mmol/L)

1.32 (1.13 – 1.66) 1.17 (1.00- 1.44) * 1.61 (1.34 – 1.99) 1.31 (1.16 – 1.57) *

Triglycerides 
(mmol/L)

0.70 (0.60 – 0.91) 0.84 (0.58 – 0.94) 0.72 (0.59 – 1.00) 0.90 (0.71–1.10) *

Data are presented as mean ± SD or median with interquartile range (25th to 75th percentile). * p< 0.05. ADHD, 
attention deficit hyperactivity disorder; HT, hormone therapy; SSRI, selective serotonin reuptake inhibitor; BMI, body 
mass index; LH, luteinizing hormone.
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a day. In these individuals, plasma testosterone dropped from 22 nmol/L to 0.6 nmol/L and 
LH decreased from 3.4 to 0.1 UI/L, whereas estradiol rose from 93 pmol/L to 157 pmol/L.

The mean age of trans men was 28±13 years and mean BMI 24.8±4.2. Trans men were 
treated with testosterone gel (N=4, 27%), testosterone esters (N=6, 40%) or testosterone 
undecanoate (N=5, 33%). After treatment, testosterone rose from 1.4 nmol/L to 24 nmol/L, 
whereas no significant changes were found for LH and estradiol. No statistically significant 
differences were observed between the different treatment modalities in terms of estrogen 
and testosterone levels in trans women and trans men, respectively (Table 2).

Effect of hormone therapy on BMI and lipid profile
The effects of HT, in both groups, are described in Table 1. In trans women, HT led to a 
slight increase of BMI. In the case of lipids, a reduction of TC and LDL-C, but no changes 
in triglycerides were observed in trans women. Additionally, HDL-C decreased by 14.3% 
(95%CI: -22.2;-6.4). No differences in BMI were found in trans men before and after 12 
months of treatment. Changes in lipids and lipoproteins were modest, with non-significant 
variations in TC and LDL-C and a significant rise in triglycerides. HDL-C was reduced by 
19.6% (95%CI: -33.5; -5.6;).

Effect of hormone therapy on cholesterol efflux capacity
In trans women, 12 months of HT led to a decrement in total HDL-CEC by -10.8% (95%CI: 
-14.3;-7.4), with a -23.8% (95%CI: -34.7;-12.9) reduction of ABCA1 mediated HDL-CEC and 
a -4.8% reduction (95%CI: -8.4;-1.1) of aqueous diffusion mediated HDL-CEC (Figure 1, 
panels A, B and D respectively). Non-significant decreases in total HDL-CEC, i.e., -6.7% 
(95%CI: -13.7;0.2; p =0.06), and ABCA1 mediated HDL-CEC -0.7% (95%CI: -15.0;13.7) were 
observed in trans men. Conversely, aqueous diffusion mediated HDL-CEC significantly 
dropped by -9.8% (95%CI: -15.7;-3.9; p < 0.01) (Figure 1, panels E, F and H, respectively). In 
both trans women and trans men, no changes were found in ABCG1 mediated HDL-CEC 
(Figure 1, panels C and G, respectively). Figure 1 graphically displays absolute changes in 
HDL-CEC related parameters in trans women and trans men. Table 2 reports the relative 
changes in HDL-CEC related parameters stratified by different formulations of estrogen and 
testosterone. No statistically significant differences were found between different treatment 
modalities.

Effect of hormone therapy on serum cholesterol loading capacity
As cell cholesterol content is the resultant of cholesterol efflux and influx, evaluation of 
the proatherogenic potential of whole serum before and after HT was evaluated by the 
determination of CLC in human THP-1 monocyte-derived macrophages. CLC did not change 
after HT in both trans women and trans men. Specifically, at baseline, CLC was 12.78±5.19 
μg cholesterol/mg protein in trans women vs 11.9±4.33 μg cholesterol/mg protein after 
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Figure 1. Cholesterol efflux capacity in trans women and trans men at baseline and after 
hormone therapy.

Each point of the scatter plot represents the mean percentage of triplicate analyses of each serum 
sample. The horizontal, solid line is the mean of each group. Panels A and E depict changes in total 
HDL-CEC, B and F in ABCA1-mediated HDL-CEC, C and G in ABCG1-mediated HDL-CEC and D and 
H in aqueous diffusion mediated HDL-CEC. CEC, cholesterol efflux capacity; M0, baseline; M12, 
twelve-month follow-up; ABCA1, ATP-binding cassette transporter A1; ABCG1, ATP-binding cassette 
transporter G1
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12 months of treatment (Figure 2A). In trans men, CLC was 12.57±2.9 μg cholesterol/mg 
protein at baseline and 11.91±2.94 μg cholesterol/mg protein after 12 months of treatment 
(Figure 2B).

Effect of hormone therapy on HDL subclasses
In trans women, percentages of both large α-migrating HDL particles and small preβ-
HDL did not differ after 12 months of hormonal treatment. Percentage of preβ-particles 
before treatment was 9.24±6.88 and after treatment was 7.33±4.22 (Figure 3A). Similar 
conclusions were reached in trans men: no significant changes of HDL subclass distribution 
were observed after HT. The percentage of preβ-particles before treatment was 13.65±10.26 
and after treatment was 17.51±9.38 (Figure 3B).

Correlation of HDL-CEC with HDL-C concentrations, hormone levels and body weight
The relationship between HDL-CEC, HDL-C concentrations, sex hormones as well as indexes 
of body weight was evaluated. In trans women, HDL-C concentrations were correlated with 
aqueous diffusion HDL-CEC (r= 0.408, p= 0.025; Figure 4B), not with total HDL-CEC, ABCA1 
HDL-CEC or ABCG1 HDL-CEC (Figure 4, panels A, C and D). Although weak, total HDL-CEC 
was positively correlated with testosterone (r= 0.357, p= 0.05) and LH (r= 0.374, p = 0.045) 
and inversely associated with estradiol (r = -0.474; p = 0.008); (Figure 1S, panels A, E and I, 
respectively). Additionally, ABCA1 mediated HDL-CEC was directly correlated with LH (r= 
0.460, p= 0.012) and inversely with estradiol (r= -0.463, p= 0.010) (Figure 1S panels G and 
J, respectively).

In trans men, total and aqueous diffusion HDL-CEC were positively correlated with 
absolute HDL-C levels (r = 0.533, p < 0.01 and r = 0.624, p < 0.01) (Figure 4, panels E and F, 
respectively). No correlation was instead present between either ABCA1 HDL-CEC or ABCG1 

Figure 2. Cholesterol loading capacity in trans women and trans men at baseline and after 
hormone therapy.

Each point of the scatterplot represents the mean percentage of triplicate analyses of each serum 
sample. The horizontal, solid line is the mean of each group. M0, baseline; M12, twelve months 
follow-up.
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HDL-CEC and HDL-C levels (Figure 4, panels G and H). In trans men, no correlations between 
HDL-CEC and testosterone and LH were found (data not shown).

Finally, in both trans women and trans men, CEC measurements did not correlate either 
with BMI or body weight (data not shown).

Correlation among HDL-CEC pathways
The possible correlations between total HDL-CEC and each HDL-CEC pathway were also 
analyzed. In both trans women and trans men, total HDL-CEC was strongly and positively 
associated with aqueous diffusion CEC (r = 0.593; p = 0.0005 in trans women; r = 0.720; p 
< 0.0001 in trans men) and with the ABCA1-mediated HDL-CEC (r = 0.682; p < 0.0001 in 
trans women; r = 0.677; p < 0.0001 in trans men). No significant correlations were found 
between the other cholesterol efflux mechanisms (data not shown).

Figure 3. 2D electrophoretic analysis of HDL of trans women and trans men at baseline and 
after hormone therapy.

In a subset of trans women (n = 6; panel A) and trans men (n = 6; panel B), α- and preβ-migrating 
HDL subclasses have been separated by 2D electrophoresis and immunodetected with an anti 
apoA-I antibody. Red circles indicate preβ-HDL subclasses. A representative image is shown.
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Discussion

The current study evaluated whether HDL function measured as HDL-CEC was affected by 
transgender HT and whether or not these effects were dependent on the decrease in HDL-C 
concentrations. In trans women, HT significantly reduced total HDL-CEC (11%), an effect 
mainly driven by the ABCA1 pathway. The latter is the major regulator of cholesterol efflux 
and is independent of HDL-C concentration 35. However, no clear differences were observed 
among treatment modalities in trans women. Total HDL-CEC and ABCA1-mediated HDL-
CEC seemed to decrease slightly more with transdermal compared to oral administration 
of estradiol, but this may also reflect the larger change in estradiol levels in trans women 
treated with patches compared to tablets. Different conclusions were reached in trans 
men, namely, a non-significant decrement in total HDL-CEC and a significant reduction 
only in the aqueous diffusion mediated HDL-CEC. The latter could be simply consequent 
to the reduced concentrations of HDL-C, as previously reported 15, an evidence in line with 
the positive correlation that we found between aqueous diffusion mediated HDL-CEC and 
HDL-C. No differences between treatment modalities were observed in trans men.

Concerning the blood lipid profile, similar directional changes were found as described in 
our previous report 8, with the exception of a lack of triglyceride reduction in trans women. 
This is possibly attributable to a lack of power in the current study, as we observed a broader 
range of triglyceride changes in trans women in our previous report.

Relative to body weight, in trans women, it generally increases during HT36, as found in the 
present study. This coincided with the HDL-CEC changes. In prior studies, body weight and 
HDL-CEC were associated, although no clear causal mechanism was apparent. Consistently, 
weight loss after bariatric surgery raised total HDL-CEC from ABCA1-overexpressing 
macrophages 37, 38. Further, in non-obese, non-diabetic individuals, increased BMI is 
associated with changes in the protective functions of HDL, such as reduced HDL-CEC and 
increased antioxidant activity 39. Despite the above described association between body 
weight and HDL-CEC, in the present study no correlations between BMI/body weight with 
cholesterol efflux capacity were found. This suggests that the effects on cholesterol efflux 
are independent of weight gained during the 12 months of HT.

Cholesterol efflux capacity and sex hormones
HDL-CEC appears to be a more sensitive index of the CV risk versus HDL-C or other 
biochemical risk markers. Although the seminal study by Rohatgi et al 13 showed that the 
lowest quartile of HDL-CEC was associated with a 67% higher risk of CVD, comparison 
with the present findings are difficult due to methodological differences in the assessment 
of HDL-CEC. To put the present evidence into a clinical perspective however, a better 
comparison can be made with the nested case-control study from the prospective Epic-
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Norfolk cohort, also using the validated ex-vivo radiotracer method adopted in our study. 
The Epic-Norfolk study indicated that a 10% reduction of total HDL-CEC, as found in our 
trans women, is associated with an approximate 15% rise of the odds ratio (OR) for the 
incidence of coronary heart disease (CHD) 14. However, controversy still exists on the role 
of HDL-CEC as an independent CVD predictor. In a recent Health Professionals Follow-Up 
Study, that included middle-aged and older cisgender men, HDL-CEC was not associated 
with CHD after adjustment for HDL-C concentrations 40. In addition, in a nested case-control 
study within the JUPITER-trial with rosuvastatin, no significant association was found 
between baseline CEC and incidence of CV events 41. These contrasting results highlight 
the need for additional studies (e.g. studying sex-specific effects) to better understand the 
underlying pathophysiological mechanisms of HDL-CEC in CVD.

Studies evaluating the influence of sex hormones on HDL-CEC have provided mixed 
results. In the case of estrogens, HDL-CEC was correlated with endogenous estrogens 
in pre-menopausal women, but the correlation was lost after menopause 9. Increased 
HDL-CEC was instead reported after administration of conjugated equine estrogen and 
medroxyprogesterone in a different study 42. The unclear association between estrogens 
and HDL-CEC suggests that the reduced total HDL-CEC, that we observed in trans women, is 
more likely to be ascribed to the drop in testosterone levels. This is supported by a previous 
observation by our group, showing a markedly decreased HDL-CEC comparing primary or 
secondary hypogonadal patients to controls 17.

Studies on the association between testosterone and HDL-CEC have not provided conclusive 
information, e.g. no differences were observed in HDL-CEC before and after treatment in 
chemically castrated healthy adult males or older hypogonadal men 43, 44. This finding is 
similar to the absence of changes in HDL-CEC in trans men in the present study. Wultsch 
et al evaluated changes in HDL-CEC during transgender HT 19, with findings comparable to 
the current study (decreased HDL-CEC in trans women but not in trans men), despite the 
addition of finasteride to the treatment protocol for trans women, which is a non-standard 
procedure in practice 7. The authors also used a different cell model and did not specify the 
contribution of different pathways of HDL-CEC.

The contrasting results described above underline the fact that association between sex 
hormones and HDL-function may vary among different populations and are thus not easily 
comparable, as reviewed by Schiffer et al 45. The addition of the anti-androgen cyproterone 
acetate (or other agents) to the HT of trans women makes it difficult to isolate effects 
driven by estrogen, consequent to testosterone suppression or to specific side-effects of 
the anti-androgen. Indeed, HDL-C concentrations are reduced in trans women treated with 
cyproterone acetate, whereas they increase with other anti-androgens (i.e. spironolactone 
or a GnRH-analog)46, 47. In our study the decreased HDL-CEC in trans women is likely to be 
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attributed to the use of cyproterone acetate; which, aside from the anti-androgen activity 
also exert progestogen-like effects. This hypothesis is in line with the data by Wultsch et al19 
who found a smaller decrease in HDL-CEC in trans women, despite estradiol levels being 
higher than in the current study. These differences highlight the need for randomized 
studies comparing different treatment modalities to study CV risk in transgender endocrine 
care.

In this complex scenario, in order to investigate whether impairment in ABCA1 HDL-CEC 
found in trans women was linked to a depletion in lipid-poor pre-β HDL, a two-dimensional 
electrophoretic separation was performed in a subset of participants. Indeed, it is believed 
that lipid-poor pre–β HDL particles are the primary acceptors of cholesterol efflux from 
macrophages through ABCA1 48. Neither the percentage of mature α-HDL nor that of pre-β 
HDL was affected by 12 months HT in both trans women and trans men. Thus, the ABCA1 
HDL-CEC changes observed in trans women likely reflect possible HDL compositional 
modifications that occur after HT 44 and may impact cholesterol efflux pathway without 
affecting HDL subclass distribution 34.

It has been shown that LDL can induce cholesterol efflux from cultured macrophage 
foam cells via the ABCA1 transporter 49. In our experimental setting we may exclude 
the contribution of LDL to cholesterol efflux since CEC studies have been performed by 
incubating cells with the serum fraction containing only HDL. However, in order to evaluate 
the contribution of LDL, we analyzed the CLC of whole sera from all transgender individuals 
before and after HT. Although this was an indirect method to exclude the involvement of 
LDL in RCT, HT did not affect CLC either in trans women or in trans men. Moreover, it should 
be underlined that HT did not significantly increase LDL-C in either group, instead in trans 
women LDL-C was reduced.

Limitations
The present results should be interpreted within the context of potential limitations, 
e.g. its observational nature. While the study was sufficiently powered to support the 
overall changes in total HDL-CEC, additional analyses comparing treatment modalities 
were underpowered and should be interpreted with caution. Moreover, the international 
variations in treatment modalities limit the ability to generalize results to other populations. 
Secondly, the contribution of SR-BI on HDL CEC was not evaluated. SR-BI-promoting 
cholesterol efflux from macrophages is generally associated to atheroprotection 50. 
Considering that the main activity of SR-BI is to facilitate the aqueous diffusion efflux 51, 
the impact of HT on SR-BI HDL-CEC is expected to be quite similar to that observed in the 
case of aqueous diffusion HDL-CEC. Finally, lipid composition of the HDL particles 24, as well 
as HDL proteome, or HDL paroxonase-1 have not been evaluated 44. However, it is worth 
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mentioning that the current study is the second to study HDL-CEC during transgender HT 
and the first to specify pathways through which HDL-CEC is mediated in these individuals.

Conclusion

As recently summarized by Connelly et al.52, the pathways by which sex hormones affect 
CV risk are numerous and complex and the net risk change induced by transgender HT can 
be interpreted as the resultant of effects on all these different pathways. In this context, 
the current findings suggest that, especially in trans women, a decrease in HDL-CEC during 
feminizing HT could contribute to a higher CV risk. Indeed, while HDL-C concentrations 
decrease in both trans men and trans women, HDL-CEC is independently lowered in trans 
women through a decrease in ABCA1-mediated HDL-CEC.
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Introduction 

Excess visceral fat increases the risk of type 2 diabetes and cardiovascular disease and 

is influenced by sex hormones. Our aim was to investigate changes in visceral fat and 

the ratio of visceral fat to total body fat (VAT/TBF), and their associations with changes 

in lipids and insulin resistance after one year of hormone therapy in trans persons.

Methods 

In 179 trans women and 162 trans men, changes in total body and visceral fat 

estimated with dual-energy X-ray absorptiometry before and after one year of 

hormone therapy were related to lipids and insulin resistance (HOMA-IR) with linear 

regression analysis. 

Results 

In trans women, total body fat increased with 4.0 kg (95% CI 3.4; 4.7), while the amount 

of visceral fat did not change (-2 grams, 95% CI -15; 11), albeit with a large range from 

-318 to +281, resulting in a decrease in the VAT/TBF ratio of 17% (95% CI 15; 19). In 

trans men, total body fat decreased with 2.8 kg (95% CI 2.2; 3.5), while the amount of 

visceral fat did not change (+3 grams, 95% CI -10; 16, range -372; +311), increasing 

the VAT/TBF ratio by 14% (95% CI 10; 17). In both groups, VAT/TBF was not associated 

with changes in blood lipids or HOMA-IR.

Conclusions 

Hormone therapy in trans women and trans men resulted in changes in VAT/

TBF, mainly due to changes in total body fat and were unrelated to changes in 

cardiometabolic risk factors, which suggests that any unfavorable cardiometabolic 

effects of hormone therapy are not mediated by changes in visceral fat or VAT/TBF.



Introduction

Abdominal obesity, and in particular an excess of visceral fat, is strongly related to 
cardiovascular risk factors such as insulin resistance, dyslipidemia, 1-3 and the development 
of type 2 diabetes and cardiovascular disease 4, 5. The hypothesized mechanisms for a 
specific harmful role of excess visceral fat are its high secretion rate of pro-inflammatory 
cytokines, and the high rate of lipolysis, resulting in an excess of free fatty acids drained 
by the portal vein to the liver 1.

Sex hormones play a major role in the regulation of both adipose tissue distribution 
and function 6. Whereas women have more total body fat and subcutaneous adipose 
tissue than men, men have more visceral fat than women 7. In a population-based study 
higher testosterone concentrations were associated with increased visceral fat in women, 
and decreased visceral fat in men 8. Likewise, in hypogonadal men low testosterone 
concentrations are associated with visceral obesity 9. On the contrary, women with 
polycystic ovary syndrome (PCOS), have higher testosterone concentrations and visceral 
fat compared to women without PCOS 10. In addition, during menopause, estradiol levels 
decrease, while the amount of visceral fat increases 11. Altogether, this suggests a role for 
sex steroid hormones in the deposition of visceral fat 7.

Trans women (birth assigned males) receive antiandrogen and estradiol treatment to induce 
feminization and trans men (birth assigned females) may be treated with testosterone 
to induce masculinization. In a previous study among trans women and trans men, we 
observed major changes in total body fat during the first year of hormone therapy12. Based 
on the changes in visceral fat observed in hypogonadal men and women with PCOS, we 
hypothesize increases in visceral fat in trans women with suppressed testosterone levels 
and in trans men with increased testosterone levels.

In the 1990’s, Elbers et al. 13 pioneered by measuring visceral fat with magnetic resonance 
imaging (MRI) in small groups of lean trans women (n=20) and trans men (n=17). After one 
year of hormone therapy, they showed an increase in visceral fat of 18% in trans women 
and 13% in trans men 13-16. However, studies investigating changes in visceral fat in larger 
populations with a wider BMI range and contemporary treatment protocols have not been 
performed yet.

Our study group previously showed favourable changes in blood lipids in trans women 
and unfavourable lipid changes in trans men after one year of hormone therapy 17. Another 
recent study reported that masculinizing hormone therapy decreased insulin resistance, 
while feminizing hormone therapy induced insulin resistance 18. However, the underlying 
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mechanisms responsible for the metabolic effects observed during hormone therapy are 
unknown, and may be associated with changes in visceral fat.

The aim of the present study is therefore twofold. First, we aimed to investigate changes in 
the amount of visceral fat and the ratio of visceral fat to total body fat (VAT/TBF), as a more 
accurate measure of body fat distribution – in transgender individuals after the first year of 
hormone therapy. Second, we aimed to examine whether changes in visceral fat and the 
ratio of VAT/TBF were related to changes in blood lipids and insulin resistance.

Methods

Study design and study population
This study is embedded in the ENIGI project (European Network for the Investigation of 
Gender Incongruence), a multicenter prospective observational study 19, 20. From 2010, 
transgender persons were eligible to participate in the study when they were 18 years 
or above, and had gender dysphoria according to the DSM-IV or DSM-V definitions 21, 22. 
Persons were not eligible when they started in a different treatment protocol than described 
below or in case of previous gender affirming hormone use or genital surgery, insufficient 
knowledge of the Dutch language, or psychological vulnerability. Participants visited the 
outpatient clinic every three months during the first year of hormone therapy for clinical 
data collection 19.

Different type of dual-energy X-ray absorptiometry (DXA) scanners were used in 
participating gender clinics (Amsterdam and Ghent: Hologic Discovery A, Oslo: Lunar, 
Florence: Hologic Delphi). Because the use of different types of DXA scanners results in 
non-comparable body composition data, only participants from Amsterdam and Ghent 
were selected for the present study. Further, persons were included if they started hormone 
therapy between February 2010 and March 2015 and if they completed the first year of 
hormone therapy. Also, the baseline DXA had to be performed within 3 months before the 
start of hormone therapy or 1 month after the start of hormone therapy. The follow-up 
DXA had to be performed between 10 months and 14 months after the start of hormone 
therapy. The participant inclusion flow chart has been previously published12 .

The Ethics Committee of Ghent University Hospital, Belgium approved the overall study 
protocol. The other participating centers also obtained approval of their local ethical 
committees. Informed consent was obtained according to the institutional guidelines.
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Treatment protocol
Hormone therapy in trans women included in this study consisted of cyproterone acetate 
(CPA) 50 mg/day in combination with oral estradiol valerate 4 mg/day or a transdermal 
estradiol patch 100 mcg/24h twice a week. The estradiol patch was preferred if persons were 
above 40 years old or if they had a history of cardiovascular disease or thrombo-embolic 
events. Trans men were treated with one of the following testosterone formulations: 
testosterone gel 50 mg/day, testosterone undecanoate 1000 mg intramuscular (im) once 
per 12 weeks, or testosterone esters 250 mg im once per 2 weeks. Participants were eligible 
for genital surgery after 12 months of hormone therapy. Thus, no participants in the current 
study had received genital surgery during the observation period.

Clinical data collection
Body height was measured to the nearest centimeter using a Harpenden stadiometer. Body 
weight was measured to the nearest 0.1 kg. Body mass index (BMI) was calculated as body 
weight in kilograms divided by height in meters squared (kg/m2).

Total body fat, lean body mass, and visceral adipose tissue estimation 
by DXA
Total body fat, lean body mass, and visceral fat were estimated using DXA 23-25 before and 
after approximately 12 months of hormone therapy. All DXA scans were analyzed with 
Hologic software version 13.5.3 according to the sex assigned at birth using the user’s 
instruction manual.

Whole body DXA is a two-dimensional method to examine body composition. The DXA 
scanner produces two beams of high and low energies that are attenuated in the body 26. 
Adipose tissue has a different x-ray attenuation than lean body mass, since adipose tissue 
has a higher hydrogen content. In every pixel, the attenuation is measured and every high 
and low energy attenuation pair is related to a unique combination of fat mass and fat-free 
mass. The amount of total body fat or total lean body mass was calculated as the sum of 
body fat and lean body mass in every pixel and is expressed in both grams and percentages.

For the estimation of visceral fat, we restricted to the adipose tissue within the abdominal 
cavity. When body fat is measured as described above, the body fat in this two-dimensional 
image is a sum of the visceral fat inside the abdominal cavity and the subcutaneous fat 
on the anterior and posterior side of the body. Therefore, additional software was used to 
estimate solely visceral fat 23, 24. A 5-centimeter-wide region was placed across the abdomen 
just above the iliac crest at a level that approximately coincides with the fourth lumbar 
vertebrae. In this region, the abdominal cavity is indicated by a lighter grey color because 
the musculature in the abdominal wall appears lighter than the (darker) subcutaneous fat 
tissue outside the abdominal cavity. To estimate the amount of visceral fat, the amount of 
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anterior and posterior subcutaneous fat is estimated by measuring the subcutaneous fat 
on the sides of the body. Then, a total amount of subcutaneous fat is estimated and this 
is subtracted from the total amount of abdominal fat which gives the amount of visceral 
fat in grams 23, 24. The ratio of visceral fat to total body fat (VAT/TBF) was calculated and 
expressed in percentage.

Laboratory measurements
Fasting venous blood samples were obtained at the start of hormone therapy and after 
12 months of treatment. In Ghent total cholesterol, glucose, insulin, HDL (high density 
lipoprotein)-cholesterol, and triglycerides were measured using Roche Cobas chemistry 
analyzers (c701 module or c501 module) (Modular, Roche Diagnostics, Mannheim, 
Germany). The inter-assay coefficients of variation (CV) were: total cholesterol 1.3%, 
glucose 0.9%, insulin 2.3%, HDL-cholesterol 1.8%, and triglycerides 2.5%. In Amsterdam, 
total cholesterol, glucose, HDL-cholesterol, and triglycerides were measured using Roche 
Cobas chemistry analyzers (c701 module or c502 module) (Modular, Roche Diagnostics, 
Mannheim, Germany). The inter-assay coefficients of variation (CV) were as follows: total 
cholesterol 1.4%, glucose 1.1%, HDL-cholesterol 0.9%, and triglycerides 1.8%. Insulin was 
measured using an immunometric assay (Luminescence Advia Centaur, Siemens Medical 
Solutions Diagnostics, USA) with a CV of 7%. The homeostatic model assessment for insulin 
resistance (HOMA-IR) was calculated using the following formula: HOMA-IR = (fasting 
glucose/fasting insulin in mU/L)/22.5 27. LDL (low density lipoprotein)-cholesterol was 
calculated using the Friedewald formula 28.

In Amsterdam, estradiol was measured using a competitive immunoassay (Delfia; 
PerkinElmer, Turku, Finland) with an interassay CV range of 10% to 13% and a lower 
limit of quantitation (LOQ) of 20 pmol/L until July 2014. After July 2014, estradiol was 
measured using liquid chromatography tandem mass spectrometry (VUmc, Amsterdam, 
the Netherlands) with an interassay CV of 7%and an LOQ of 20 pmol/L. For conversion of 
the Delfia values, the following formula was used: liquid chromatography–tandem mass 
spectrometry = 1.60 * Delfia – 29. Testosterone was measured using an RIA (Coat-A-Count; 
Siemens, Los Angeles, CA) with an interassay CV range of 7% to 20% and an LOQ of 1 
nmol/L until January 2013. Thereafter, testosterone was measured using a competitive 
immunoassay (Architect; Abbott, Abbott Park, IL) with an interassay CV range of 6% to 16% 
and an LOQ of 0.1 nmol/L. The RIA values were converted to the competitive immunoassay 
values. The following formula was used: Architect = 1.34 * RIA – 1.65. In Ghent, estradiol was 
measured using an E170 Modular (Gen II; Roche Diagnostics, Mannheim, Germany) until 
19 March 2015. Thereafter, estradiol was measured using a E170 Modular (Gen III; Roche 
Diagnostics), with an interassay CV of 3.2% and an LOQ of 25 pmol/L. For conversion of 
estradiol values measured before 19 March 2015, the following formula was used: Gen III 
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= 6.687940 + 0.834495 * Gen II. E170 Modular was also used to measure testosterone, and 
had an interassay CV of 2.6% and an LOQ of 0.4 nmol/L.

Statistical analyses
Baseline characteristics of trans women and trans men were expressed as median with 
interquartile range, or as percentage. First, linear mixed model regression analyses with 
observations clustered within center and within participants were performed to examine 
changes in visceral fat, total body fat, VAT/TBF, lean body mass, blood lipids and HOMA-IR 
during the first year of hormone therapy. For all analyses with HOMA-IR, participants with 
diabetes mellitus were excluded. Both absolute and relative changes in measures of body 
fat distribution and body composition were calculated.

During treatment, persons with overweight (BMI 25-30 kg/m2) and persons with obesity 
(BMI>30 kg/m2) were advised to maintain a healthy lifestyle in order to lose body weight. In 
the latter group, this was even more emphasized because of requirements regarding body 
weight when applying for genital surgery (BMI between 18 and 30 kg/m2 for vaginoplasty 
or phalloplasty). Since these lifestyle advices might have affected changes in measured of 
body fat distribution, BMI at start, and the interaction between BMI at start and time were 
added to the linear mixed model to examine the influence of BMI at start on the change 
in VAT/TBF. BMI at start was defined by the following categories: BMI <25 kg/m2, BMI 25-30 
kg/m2, BMI >30 kg/m2.

Next, linear regression analyses were performed to examine the associations between 
changes in VAT/TBF and changes in cardiometabolic risk factors. These analyses were 
adjusted for change in lean body mass. Additional regression analyses were performed to 
study associations between visceral fat, total body fat, and lean body mass with changes 
in cardiometabolic risk factors. As a sensitivity analysis, we evaluated the cross-sectional 
associations between visceral fat and VAT/TBF with cardiometabolic risk factors at baseline, 
adjusted for either lean body mass and total body mass (visceral fat) or lean body mass 
(VAT/TBF).

Results

In this study, 179 trans women and 162 trans men were included who started hormone 
therapy between February 2010 and March 2015 in Amsterdam (n=266) and Ghent (n=75) 
and who completed the first year of treatment. Baseline characteristics and hormone levels 
before and during treatment are shown in Table 1. Estradiol levels increased in transgender 
women, while testosterone sharply decreased. In transgender men, testosterone levels 
increased. Estradiol levels slightly increased, due to the aromatization of testosterone to 
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estradiol. For trans women at baseline, the mean amount of visceral fat was 353 grams and 
the mean amount of total body fat was 19.1 kg. For trans men, the mean amount of visceral 
fat was 277 grams and the mean amount of total body fat was 26.0 kg.

Changes in visceral fat, other body composition measures and 
cardiometabolic risk factors
The mean change in visceral fat in trans women was -2 grams (95% CI -15; 11) with reflects 
-1% (95% CI -5; 3), with a large range from -318 grams to +281 grams. In trans men, the 
mean change in visceral fat was +3 grams (95% CI -10; 16), which reflects +1% (95% CI -4; 5), 
ranging from -372 grams to +311 grams. The VAT/TBF ratio decreased with 17% (95% CI -19; 
-15) in trans women and increased with 14% (95% CI 11; 18) in trans men. Absolute changes 
in measures of body fat distribution and body composition are reported in Table 2 and the 
relative changes of these measures are shown in Figure 1. Table 2 additionally presents the 
absolute changes in cardiometabolic risk factors. In trans women, total cholesterol (-12%, 
95%CI -15; -11), HDL-cholesterol (-11%, 95%CI -15; -9), LDL-cholesterol (-12%, 95%CI -16; 
-9), and triglycerides (-18%, 95%CI -28; -9) decreased. HOMA-IR increased with 47% (95%CI 
32; 64). In trans men, total cholesterol did not change (0%, 95%CI -3; 3), but HDL-cholesterol 
(-15%, 95%CI -19; -11) decreased, and LDL-cholesterol (7%, 95%CI 3; 10) and triglycerides 
(19%, 95%CI 10; 27) increased. HOMA-IR decreased with 25% (95%CI -39; -13). The changes 
in VAT/TBF were similar among different BMI categories (Figure 2).

Table 1. General characteristics

Trans women
N = 179

Trans men
N = 162

At baseline

Age (years) 29 (23, 43) 24 (21, 33)

Body mass index (kg/m2) 23.0 (20.5, 26.6) 24.6 (21.7, 29.1)

Smokers (%) 25 28

Alcohol consumption (unit/day) 0 (0, 2) 0 (0, 2)

White (%) 98 93

Median hormone concentrations at start 

Estradiol level (pmol/l) 97 (80, 116) 144 (76, 311)

Testosterone level (nmol/l) 18.9 (14.0, 22.0) 1.3 (1.0, 1.6)

Median hormone concentrations during treatment 

Estradiol level (pmol/l) 204 (145, 327) 173 (121, 254)

Testosterone level (nmol/l) 0.7 (0.5, 0.9) 27.5 (19.0, 39.0)

Data were presented as median (25th, 75th percentile).
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Relation between changes in measures of body fat distribution lean body mass with 
changes in cardiometabolic risk factors
No statistically significant or clinically relevant associations were observed between changes 
in VAT/TBF and changes in blood lipids or HOMA-IR after one year of hormone therapy. 
Figure 3 shows the associations between the relative change in the ratio of VAT/TBF and 
the change in blood lipids and HOMA-IR in the total group of trans women and trans men. 
Table 3 contains an overview of the associations between one SD change in visceral fat, 
VAT/TBF, total body fat, and lean body mass with changes in cardiometabolic risk factors. 
In trans women, changes in visceral fat and total body fat were associated with changes in 
total and LDL cholesterol. An increase in total body fat was additionally associated with an 

Table 2. Absolute changes in measures of body fat distribution, body composition and 
cardiometabolic risk factors during one year of hormone therapy in trans women and trans 
men.

Trans women (N= 179) Start of treatment Mean change (95% CI)

Body composition

Visceral fat (grams) 353 (322;384) -2 (-15;11)

VAT/TBF (%) 1.84 (1.75;1.92) -0.31 (-0.35;-0.27)

Total body fat (kg) 19.1 (17.9;20.2) +4.0 (3.4;4.7)

Lean body mass (kg) 57.2 (56.0;58.4) -1.7 (-2.1;-1.3)

Cardiometabolic parameters

Total cholesterol (mmol/l) 4.6 (4.5;4.8) -0.6 (-0.7;-0.5)

HDL-cholesterol (mmol/l) 1.4 (1.3;1.4) -0.2 (-0.2;-0.1)

LDL-cholesterol (mmol/l) 2.7 (2.6;2.9) -0.3 (-0.4;-0.3)

Triglycerides (mmol/l) 1.1 (1.0;1.2) -0.2 (-0.3;-0.1)

HOMA-IR* 2.0 (1.8;2.3) +0.9 (0.6; 1.3)

Trans men (N = 162) Start of treatment Mean change (95% CI)

Body composition

Visceral fat (grams) 277 (249;306) +3 (-10;16)

VAT/TBF (%) 1.02 (0.95;1.09) +0.14 (0.11;0.18)

Total body fat (kg) 26.0 (24.4;27.6) -2.8 (-3.5;-2.2)

Total lean body mass (kg) 46.9 (45.7;48.2) +4.7 (4.2;5.1)

Cardiometabolic parameters

Total cholesterol (mmol/l) 4.6 (4.4;4.7) 0.0 (-0.1;0.1)

HDL-cholesterol (mmol/l) 1.5 (1.5;1.6) -0.2 (-0.3;-0.2)

LDL-cholesterol (mmol/l) 2.6 (2.5;2.7) +0.2 (0.1;0.3)

Triglycerides (mmol/l) 0.9 (0.8;1.0) +0.2 (0.1;0.3)

HOMA-IR* 2.6 (2.3;2.9) -0.7 (-1.0;-0.3)

Data are shown as mean (95% confidence interval). Abbreviations: HDL: High density lipoprotein, LDL: Low density 
lipoprotein. VAT/TBF, visceral adipose tissue/total body fat ratio, HOMA-IR, homeostatic model assessment of insulin 
resistance. *8 trans women and 6 trans men were excluded from the specific analysis for having diabetes mellitus.
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increase in HOMA-IR. In trans men, changes in measures of body fat distribution and body 
composition were not associated with changes in cardiometabolic risk factors.

As a sensitivity analysis, cross-sectional associations between visceral fat and VAT/TBF with 
total cholesterol, LDL-cholesterol, triglycerides and HOMA-IR at baseline were observed 
(Supplemental Table 129).

Figure 1. Relative changes in measures of body fat distribution and body composition 
during one year of hormone therapy in 179 trans women and 162 trans men.

Trans women: visceral adipose tissue: -1% (95% CI -4;3), total body fat +21% (95% CI 18;25), VAT/TBF: 
-17% (95% CI -19; -15), lean body mass: -3% (95% CI -4; -2). Trans men: visceral adipose tissue: +1% (95% 
CI -4;6), total body fat: -11% (95% CI -13; -8), VAT/TBF: +14% (95% CI 10;17), lean body mass +10% (95% 
CI 9;11). VAT/TBF, visceral adipose tissue/total body fat ratio.

Figure 2. Change in VAT/TBF per BMI category in trans women and trans men during one year 
of hormone therapy

Trans women: Relative change in VAT/TBF: BMI<25 kg/m2: -17% (95% CI -21;-14), BMI 25-30 kg/m2: -16% 
(95% CI -22;-1), BMI>30 kg/m2: -15% (95% CI -23;-9).
Trans men: Relative change in VAT/TBF: BMI<25 kg/m2: +15% (95% CI -10;-18), BMI 25-30 kg/m2: +6% 
(95% CI 11;16), BMI>30 kg/m2: +15% (95% CI 9;19).
VAT/TBF, Visceral adipose tissue/total body fat ratio.
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Figure 3. Associations between the change in VAT/TBF and change in cardiometabolic risk 
factors during one year of hormone therapy in 179 trans women and 162 trans men.

TC, total cholesterol; HDL High-density lipoprotein-cholesterol; LDL, low-density lipoprotein cholesterol; 
TG, triglycerides; VAT/TBF, Visceral adipose tissue/total body fat ratio. 8 trans women and 6 trans men 
were excluded from the analysis on HOMA-IR for having diabetes mellitus
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Discussion

In this study we aimed to investigate the effects of one year of hormone therapy on the 
amount of visceral fat and total body fat, and the relationship between changes in VAT/
TBF and changes in cardiometabolic risk factors in 179 trans women and 162 trans men. 
Hormone therapy resulted in only small mean changes in visceral fat. There was however 
a large individual range with regard to change in visceral fat in both trans women and 
trans men. Mean changes in VAT/TBF in both trans women and trans men were mainly the 
result of changes in total body fat. In both trans women and trans men, changes in VAT/
TBF were unrelated to changes in cardiometabolic risk factors observed during one year 
of hormone therapy.

In cis women (cis; gender identity equal to sex assigned at birth), a large cross-sectional 
study 8 observed positive associations between both testosterone and estradiol levels and 
visceral fat. Trans men have high testosterone levels and, instead of cyclic estradiol peaks, 
stable estradiol levels due to aromatization of testosterone into estradiol. Therefore, we 
hypothesized an increase of visceral fat in trans men. However, in the Multi-Ethnic Study on 
Atherosclerosis, estradiol was more strongly associated with visceral fat than testosterone, 
which suggests a more important role for estradiol in the accumulation of visceral fat in 
cis women 8. Since the estradiol level remained on luteal level and did not largely change 
in trans men (due to aromatization of testosterone to estradiol), this might explain why on 
average visceral fat did not change. The few previous MRI studies reporting on the effects 
of hormone therapy on visceral fat showed an increase in visceral fat in small groups of 
trans women (+17% and +18%) and trans men (+6% to +18%) after one year of hormone 
therapy13, 16, but these studies were very small (N ranging from 17 to 20)), all with a mean 
BMI of 21 kg/m2.

In this study, visceral fat did not significantly change in trans women (-1%) nor in trans men 
(+1%). Possibly, the reported changes in previous small studies may have been by chance, 
as we have observed a large inter-individual variation in the change in visceral fat, ranging 
from -57 to 52%. In cis men, both low testosterone levels and high estradiol levels 8 are 
associated with an increase in visceral fat 1, 30, 31. Therefore, we hypothesized that in trans 
women, with suppressed testosterone levels and high estradiol levels, visceral fat would 
increase. The mean change in visceral fat however was small and the concomitant increase 
in total body fat led to a decrease in VAT/TBF. The large inter individual range of change in 
visceral fat suggests that other factors (i.e. lifestyle factors) – possibly in combination with 
testosterone – play a more important role in the accumulation of visceral fat. 

Although a longer duration of hormone therapy may have resulted in more pronounced 
mean changes in visceral fat mass, previous studies in transgender men and women 
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did observe changes after one year of sex hormone therapy13, 16. In addition, lifestyle 
interventions have shown changes in visceral fat after 12 weeks of diet or exercise32. 
Therefore, a duration of one year should suffice to be able to observe changes in visceral fat 
and cardiometabolic risk factors. Future studies should investigate changes in visceral fat, 
preferably with MRI, and in cardiometabolic risk after a longer duration of hormone therapy.

In a previous study, favourable changes in lipid profile were observed in trans women, and 
unfavourable changes in trans men 17. Based on earlier studies1, 7, 30, 33-36, we hypothesized 
that unfavourable changes in lipid profile and HOMA-IR in trans men would be related 
to increases in visceral fat during the first year of hormone therapy. Although the mean 
changes in visceral fat were small, we still evaluated the associations between visceral fat 
and cardiometabolic risk factors due to the large inter-individual range observed in the 
change of visceral fat over time. VAT/TBF was specifically used as it is a better measure of 
relative body fat distribution, and additionally accounts for changes in subcutaneous fat, 
which is often related with changes in visceral fat 37 and may even represent a translocation 
of lipids from the visceral to subcutaneous areas. Our results suggest that in transgender 
hormone therapy, the directional changes in visceral fat and total body fat seem to 
dissociate, opposite to what is often observed in the general population. Although we 
confirmed previously reported cross-sectional associations of visceral fat and VAT/TBF with 
cardiometabolic risk factors in the general population, in the present study changes in 
visceral fat and VAT/TBF were not associated with the unfavourable changes in blood lipids 
in trans men. Possibly, the lack of a concomitant decrease in visceral fat with the decrease in 
total body fat observed may explain why an unfavourable lipid profile was observed in trans 
men – opposite to what is expected with the degree of total body fat loss observed in this 
group. Similarly, the observation that visceral fat on average did not change in trans women, 
despite a large increase in total body fat, may explain why favourable, instead of expected 
unfavourable effects on blood lipids were found in this group. However, both visceral fat 
and total body fat were independently positively associated with total cholesterol and LDL 
cholesterol in trans women. An alternate explanation, which may be more likely, is that 
the metabolic alterations observed in both trans men and trans women are additionally 
affected by direct hepatic effects of hormone therapy 38,39,40.

We observed large changes in insulin resistance, with an increase in trans women and a 
decrease in trans men after one year of hormone therapy, which is in line with a previous 
report evaluating changes in HOMA-IR after one year of hormone therapy 18. Despite strong 
associations between visceral adiposity and insulin resistance in the general population 35, 
changes in visceral fat and VAT/TBF were not related to the changes in HOMA-IR. In trans 
women, the increase in HOMA-IR was solely associated with an increase in total body fat, 
but not with VAT/TBF. The increase in total body fat and decrease in lean body mass may 
explain the increase in HOMA-IR in trans women, although we did not find an association 
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between lean body mass and HOMA-IR in this study. Another plausible explanation for 
the increase in HOMA-IR can be found in a recent study by Gava et al.41, who compared 
metabolic effects of the anti-androgen agents cyproterone acetate and gonadotropin-
releasing hormone analogues. The authors observed an increase in HOMA-IR only in trans 
women using cyproterone acetate, and suggest that cyproterone acetate may have direct 
effects on insulin resistance 41. A potential mechanism by which cyproterone acetate may 
induce insulin resistance is through activation of the glucocorticoid receptor 42. In contrast, 
the decrease in insulin resistance as seen in trans men is possibly explained by the increase 
in lean body mass as a result of the testosterone treatment. In the present study however, 
changes in lean body mass were also not associated with HOMA-IR. Possibly, the change 
in HOMA-IR in masculinizing hormone therapy is influenced by direct insulin-sensitizing 
effects on skeletal muscle at a cellular level instead. Testosterone, for example, is known 
to increase expression of GLUT-4 on skeletal muscle and may enhance insulin-mediated 
glucose uptake43.

Estradiol and testosterone seem to play a key role in body fat distribution in both men and 
women44. However, there seems to be a sexual dimorphism in the relationship between 
androgens and body fat. In cis men, androgens are negatively related to visceral fat, 
while this relation is reversed in cis women. Testosterone levels of men with androgen 
deficiency and women with androgen excess overlap and are in both sexes associated 
with increased visceral fat, but also with other adverse metabolic consequences such as 
insulin resistance, increased prevalence of type 2 diabetes, cardiovascular disease, and 
even premature mortality. These observations have led to the concept of the “metabolic 
valley of death”, as a metabolically adverse window of low androgen concentrations 45. In 
both sexes, low testosterone levels would exert pro-lipogenic effects on body fat, resulting 
in body fat expansion and an increase in insulin resistance. At higher levels, testosterone 
would have a net anabolic effect resulting in an increase in lean body mass and a decrease 
in insulin resistance. This would explain why men with androgen deficiency and women 
with androgen excess have metabolic disturbances and this is not seen in men using 
hormone replacement treatment46-48. The present study shows that in trans men with high 
testosterone levels, lean body mass increases and blood lipids only slightly increase. These 
observations might suggest that in both sexes, higher testosterone levels, in contrast to 
lower testosterone levels, are not metabolically disadvantageous. If this theory is correct, 
this would explain why, in contrast to PCOS women with lower testosterone levels and 
metabolic disturbances, trans men with higher testosterone levels do not show clinically 
relevant metabolic disturbances. In our study, it was unknown if PCOS was present among 
the trans men. However, we do not we do not expect that any presence of PCOS and 
associated hyperandrogenism at baseline may have affected the longitudinal changes in 
visceral fat mass and cardiometabolic risk factors as reported in this study.
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A strength of our study is that we examined longitudinal changes in visceral fat and VAT/TBF 
and relations with changes in cardiometabolic risk factors in a large cohort of trans persons 
receiving hormone therapy. This study is limited by the absence of a control group; thus 
we cannot rule out that the natural course of changes over time has affected our results. 
Nevertheless, the opposite direction of changes of lipids and insulin resistance in trans men 
and trans women support that the observed changes are not merely due to age-related 
changes but more likely a consequence of the initiated hormone therapy. Likewise, the 
directional changes in visceral fat and total body fat seemed to dissociate, opposite to what 
is often observed in the general population. Another limitation is that in our study DXA was 
used to estimate the whole volume of visceral fat, whereas previous studies in the general 
population used transverse MR images to assess visceral fat. DXA estimates visceral fat 
by using other measures of body fat and sex-specific formulas which are developed from 
previous performed studies23. Although DXA has been shown a valid and precise method 
to estimate visceral fat in cross-sectional studies in men and women24, 25, DXA has not been 
validated for measurement of change in visceral fat over time.

Although DXA has been shown a valid method to estimate visceral fat in cross-sectional 
studies24, 25, DXA has not been validated for measurement of change in visceral fat over 
time. In a cross-sectional analysis of the baseline of our study visceral fat and VAT/TBF 
were associated with total cholesterol, LDL-cholesterol, triglycerides and HOMA-IR conform 
literature2, 3. These results support that DXA provides an accurate estimation of visceral 
fat. However, an intervention study comparing changes in visceral fat by DXA and MRI 
measurements is necessary in order to assess whether DXA displays a precise representation 
of the total change in visceral fat, in particular in transgender persons during hormone 
therapy. Finally, all trans women in this study used cyproterone acetate as an antiandrogen 
agent. As the specific effects of this antiandrogen on accumulation of visceral fat mass 
are unknown, it is possible that our results do not apply to populations in which other 
antiandrogen agents are prescribed (i.e. spironolactone or GnRH-analogues).

In conclusion, hormone therapy in trans women and trans men resulted in large changes in 
VAT/TBF, mainly due to changes in total body fat, with only small mean changes in visceral 
fat, albeit with a large inter-individual variation. Changes in visceral fat and VAT/TBF were 
not associated with the unfavourable changes in cardiometabolic risk factors observed 
during hormone therapy. These results may suggest that the unfavorable changes in blood 
lipids in trans men and insulin resistance in trans women are likely due to direct effects 
of hormone therapy on insulin, the liver, skeletal muscle, or adipose tissue, instead of an 
indirect effect mediated by changes in visceral fat or VAT/TBF. Future studies with direct 
assessment of whole volume visceral fat using MRI are needed to confirm our results.
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Supplemental table 1. Cross-sectional relations of visceral fat and VAT/TBF with 
cardiometabolic risk factors at baseline

Trans women (N 
= 179)

Trans men (N = 
162)

Visceral fat VAT/TBF Visceral fat VAT/TBF

SD: 210 grams SD: 0.6 SD: 190 grams SD: 0.5

Total cholesterol 
(mmol/L)

0.35 (0.18;0.51) 0.23 (0.09; 0.37) 0.42 (0.25; 0.58) 0.34 (0.19; 0.49)

HDL-cholesterol 
(mmol/L)

-0.06 (-0.12; 0.01) 0.01 (-0.04; 0.06) -0.13 (-0.20; -0.07) -0.12 (-0.18; -0.05)

LDL-cholesterol 
(mmol/L)

0.25 (0.11; 0.39) 0.12 (0.00; 0.24) 0.39 (0.24; 0.54) 0.32 (0.19; 0.46)

Triglycerides (mmol/L) 0.34 (0.20; 0.48) 0.23 (0.11; 0.34) 0.35 (0.27; -0.43) 0.28 (0.20; 0.36)

HOMA-IR (ratio) 1.32 (1.20; 1.45) 1.09 (1.00; 1.19) 1.22 (1.11; 1.35) 1.14 (1.04; 1.25)

Data were expressed as difference in risk factor with 95% confidence intervals per standard deviation difference 
in visceral fat or VAT/TBF. Analyses with visceral fat were adjusted for total body fat and lean body mass. Analyses 
with VAT/TBF were adjusted for lean body mass. For HOMA-IR at baseline, the ratio change is reported due to log 
transformations; a ratio of 1.32 can be interpreted as a 32% higher HOMA-IR per SD of visceral fat in trans women. 
VAT/TBF, visceral adipose tissue/total body fat ratio. 8 trans women and 6 trans men were excluded from the specific 
analysis for having diabetes mellitus.
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Objective

Transgender individuals sometimes report a lack of physical change during 

hormone treatment, such as alterations in muscle tone or fat distribution. Identifying 

characteristics of this subgroup could be a step towards individualizing hormone 

therapy in transgender individuals. Therefore, we study the variation of changes in 

body composition and characteristics associated with a lack of change.

Design and methods

Body composition measures were recorded in 323 trans men and 288 trans women 

at every visit from start of hormone therapy to a maximum of 24 months follow-up. 

Absence of change was defined as trans men with a decrease in lean body mass or 

trans women with a decrease in fat percentage.

Results

A lack of change at 24 months was observed in 19 of 94 (20.2%) trans men and in 9 

of 96 (9.4%) trans women. The risk of not achieving change in body composition was 

related to lower testosterone levels and less suppression of LH in trans men (OR 0.67, 

95% CI: 0.48–0.94 per SD increase in testosterone and OR 1.36, 95% CI 1.01–1.83 per 

SD increase in LH).

Conclusion

There is a large variation in body composition changes during hormone therapy, with 

a substantial proportion of individuals with no measurable effects. In trans men, serum 

testosterone and LH were associated with a lack of change, but serum hormone levels 

were not associated with body composition changes in trans women. The results 

provide a rationale for individualizing hormone therapy in trans men, by considering 

individuals effects rather than solely relying on a standardized dosages of hormone 

therapy.



Introduction

Transgender people often desire to achieve body changes that brings their physical 
appearance closer to their experienced gender. Through initiation of hormone therapy, 
the concentration of the sex hormones estrogen or testosterone are raised to the levels of 
the experienced gender, with the hope and expectation that secondary sex characteristics 
will follow accordingly.

One important effect of hormone therapy is change in body composition to the direction 
of the experienced gender1. Trans men (birth assigned female, male gender identity) often 
seek an increase in muscle tone, while trans women (birth assigned male, female gender 
identity) often desire a more feminine fat distribution (e.g. increased fat in the hip region), 
which may be quantified by measurement of fat percentage and lean body mass (LBM). 
The level of fat percentage generally ranges between 10 and 20% in healthy adult men, 
whereas a range of 20 to 30% is more common in healthy adult women2.

Although many papers have reported mean effects of hormonal treatment on body 
composition, none of these papers report on the distribution and variability of hormonal 
effects 3-5. Such information is relevant, as in clinical practice, doctors are confronted with 
patients who report no change at all, despite adequate hormone levels. Such an experience 
is disappointing for the transgender person, but also for the treating physician who might be 
wondering whether the dosage of hormone therapy is adequate for this specific individual. 
Dosing in hormone therapy is currently solely based on arbitrary broad reference ranges 
of serum hormone levels with a standardized hormone dose for all, while individual effects 
of therapy are not considered1. Objectively measuring the effects of hormone therapy and 
studying the determinants of effect, may aid in tailoring hormone therapy to the individual.

To improve transgender care it would benefit physicians to get insight in the different 
response to hormone therapy among different transgender individuals. Identifying clinical 
differences between ‘good’ and ‘bad’ responders will probably aid in guiding hormone 
therapy in transgender individuals.

Therefore, the aim of the current study is to describe the variability of change in body 
composition measures among a large group of transgender individuals and to identify 
characteristics that may explain the observed lack of change. To do so, we study the 
dynamics of body composition measures during hormone therapy in all participants of 
the European Network for the investigation of Gender Incongruence (ENIGI) study in the 
Netherlands and Belgium, where bio-electrical impedance analysis (BIA) measurements 
are routinely performed at every clinic visit.
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Methods

Study design
The current study is embedded in the European Network for the Investigation of Gender 
Incongruence (ENIGI). ENIGI is a partnership of currently five gender identity clinics in 
Amsterdam (the Netherlands), Ghent (Belgium), Oslo (Norway), Florence (Italy) and Tel Aviv 
(Israel). ENIGI was initiated to obtain more insight in the potential diversity in diagnostics 
and treatment of transgender individuals. Starting from 2010, participants were included in 
the ENIGI endocrine study when they started gender affirming hormone therapy. Subjects 
were eligible to participate if they had not used transgender hormone therapy before and 
if they had sufficient knowledge of the native languages. At the start of hormone therapy, 
subjects received oral and written information of the ENIGI endocrine protocol by their 
physician and informed consent was obtained according to the institutional guidelines. 
The study was approved by the local ethics committee (METc VUmc, Amsterdam). A full 
overview of the ENIGI endocrine protocol has been published previously6.

In this study all participants included in the ENIGI endocrine protocol from January 2016 
to December 2019 in Amsterdam and Ghent were eligible for inclusion. Subjects with less 
than two clinic visits were excluded.

Treatment protocol
Trans men received either testosterone gel (50mg once daily), intramuscular (IM) injection 
of testosterone ester mixture (250mg once per three weeks) or IM injection of testosterone 
undecanoate (1000mg once every 12 weeks). Trans women were treated with oral or 
transdermal application of estradiol (2mg twice daily or 100µg patches every three days, 
respectively), usually in combination with the anti-androgen cyproterone acetate (25 or 
50 mg daily). During follow-up, dosage of hormones therapy were adjusted in case of 
inadequate serum testosterone or estradiol levels, according to standard clinical practice1. 
Participants were not eligible for gender-affirming genital surgery prior to completion of 
12 months of hormone therapy.

Data collection
Bioelectrical impedance analyses were performed using the Tanita MC-780 MA (Tanita 
Europe B.V., Amsterdam, The Netherlands) in both study centers. The Tanita MC-780 MA 
device consists of eight electrodes, measuring impedance using multi frequency (1,10, 
50, 250, 500, 1000 kHz) BIA. Machine outputted values of fat percentage were recorded. 
LBM and fat percentage were expressed as a proportion to the total amount of body 
fat. Measurements were performed in light clothing and bare feet with removal of any 
accessories with metal compounds. Body weight was measured to the nearest 0.1 kg using 
the integrated scale on the BIA device. Body height was measured to the nearest centimeter 
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using a Harpenden stadiometer. BMI was reported as the quotient of total of body weight 
in kilograms divided by height squared in centimeters. BIA measurements were routinely 
performed at each out-patient clinic visit.

In Amsterdam, estradiol was measured using liquid chromatography tandem mass 
spectrometry (LC-MS/MS) (AUMC, Amsterdam, the Netherlands) with an inter-assay CV of 
7% and an LOQ of 20 pmol/L. Testosterone and luteinizing hormone (LH) were measured 
using a competitive immunoassay (Architect; Abbott, Abbott Park, IL) with an inter-assay CV 
range of 6% to 10% and an LOQ of 0.1 nmol/L for testosterone and an inter-assay CV of 4-6% 
and LOQ of 2 IU/L for LH. After October 12th 2018, testosterone was measured using LC-MS/
MS (AUMC, Amsterdam, the Netherlands) with an inter-assay CV range of 4-9% and LOQ of 
0.1 nmol/L. Comparability between the measurement of testosterone by the competitive 
immunoassay and LC-MS/MS has been previously published (slope: 1.05, r: 0.97) 7, 8.

In Ghent, estradiol was measured using an electro-chemiluminescence immunoassay (ECLIA) 
on a E170 Modular (Gen III; Roche Diagnostics), with an inter-assay CV of 3.2% and an LOQ 
of 25 pmol/L. Measurement of estradiol by ECLIA was comparable to ID-GC/MS (slope 
1.00, r 0.99). ECLIA E170 Modular was also used to measure testosterone and LH in Ghent. 
For testosterone, the inter-assay CV was 5% and LOQ 0.4 nmol/L. For LH, the inter-assay 
CV was 6.4% and LOQ 1 IU/L. Comparability between ECLIA and LC-MS/MS with regard to 
testosterone measurement has been previously published (slope: 0.88, r: 0.98)9. 

BIA data and laboratory data were collected at the start of hormone therapy and during 
subsequent visits after three, six, 12, 18 and 24 months. Testosterone, estradiol and LH were 
determined in both trans men and trans women.

Statistical analysis
Variables are displayed as mean (± standard deviation) or median (interquartile range) in 
case of normal or non-normal distributed data, respectively. Ridgeplots (multiple density 
plots over time) were created to depict the distribution of fat percentage and LBM over 
time (e.g. 0, 3, 6, 12, 18- and 24-months follow-up) and to portray the individual change in 
fat percentage and LBM over time compared to the baseline value. A linear mixed model 
with a random intercept for subject, random slope for time and an unstructured covariance 
matrix was used to study mean changes over time.

Logistic mixed models with a random intercept for subject and study center were used to 
identify characteristics associated with a lack of change in body composition measures. 
A dichotomous variable was created indicating whether a change or no change in body 
composition had occurred. A lack of increase in LBM was considered the outcome variable 
for trans men and a lack of increase in fat percentage was entered as the outcome variable 
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for trans women. A ratio value smaller than 1 of the outcome variables at a certain timepoint 
compared to the baseline value was recorded as no change (e.g. a fat percentage level of 8% 
at 12 months compared to a level of 12% at baseline would result in a ratio of 0.67 and thus 
be recorded as no change in trans women, where an increase in fat percentage is expected).

Age at start of hormone therapy, baseline body mass index (BMI), duration of hormone 
therapy (expressed at number of clinic visits) and mean hormone levels (estradiol, 
testosterone and LH) were considered potential determinants and were entered as 
dependent variables. A final adjusted model was created using backward selection.

A separate analysis was performed to determine if the amount of change after three months 
of hormone therapy is an indicator change at later time points. To do this, change over time 
was plotted and stratified by four groups, which represent different quartiles of the amount 
of change after three months.

Baseline values (prior to the start of hormone therapy) were excluded from the mean 
hormone level calculations. Testosterone levels of trans men using testosterone ester 
mixture were excluded from the multivariate analyses using mean serum levels of 
testosterone as a covariate, due to the strongly fluctuating levels of serum testosterone in 
this specific group. As measurements were performed during scheduled clinic visits, blood 
withdrawal did not coincide with a fixed dosage interval (i.e. trough levels). Therefore, 
mean serum testosterone values in users of testosterone ester mixture yield unreliable 
information. A sensitivity analysis was performed including testosterone levels of trans 
men using testosterone ester mixture, to assess whether this influenced the final results.

Stata statistical software version 15.1 (StataCorp, College Station, Texas, USA) was used for 
statistical analyses and graphics were created using the R version 3.6.3 software package 
(R Core Team, Vienna, Austria).

Results

Variability of the change in body composition
The total study population consisted of 323 trans men and 288 trans women. The 
mean number of study visits was 4.0 (± 1.0) for both trans men and trans women. The 
characteristics of the study population are displayed in Table 1.

Fat and LBM percentage moved in opposite directions in trans men and trans women. 
After 24 months, a relative increase in LBM of 5.9% (95% CI 4.7 – 7.1) was observed in 
trans men with a range between -17% to +32%. In trans women, a relative increase in fat 
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percentage of 30.0% (95% CI 26.5 – 33.4) was observed, ranging between -21% and +190%. 
Figure 1 displays the population distribution of fat percentage and LBM values over time. 
Figure 2 displays the population distribution of the relative change in fat percentage and 
LBM compared to baseline.

Table 1. Population characteristics

Trans men n = 323 Trans women n = 288

Baseline characteristics

Study center (n Amsterdam/n Ghent) 280/43 263/25

Number of study visits 4.0 ± 1.0 4.0 ± 1.0

Age 21 (19 – 25) 25 (21 – 38)

Weight (kg) 67.1 (58.9 – 79.6) 71.9 (62.6 – 82.9)

Height (cm) 168 ± 7 179 ± 7

BMI (kg/m2) 23.2 (20.7 – 28.3) 22.3 (19.7 – 24.6)

Total body fat (kg) 20.6 (14.1 – 31.8) 12.1 (7.9 – 16.8)

Fat percentage (%) 31.3 (23.8 – 40.3) 16.6 (12.6 – 21.3)

Lean body mass (kg) 45.7 (42.4 – 49.9) 59.7 (54.4 – 66.0)

Lean body mass percentage (%) 68.7 (59.7 – 76.2) 83.3 (78.7 – 87.4)

Last used type of hormonal medication 

Testosterone gel 148 N/A

Testosterone ester mixture 77 N/A

Testosterone undecanoate 98 N/A

Estradiol tablets N/A 174

Estradiol patches N/A 114

Anti-androgen treatment: CPA/other or none† (n) N/A 276/10/2

CPA dose: 10, 25 or 50mg daily (n) N/A 9/217/50

Hormone levels at baseline

Estradiol (pmol/L) 168 (85 – 368) 79 (65 – 96)

Testosterone (nmol/L) 1.1 (0.8 – 1.4) 18 (13 – 23)

LH (IU/L) 3.7 (2.2 – 6.4) 3.3 (2.3 – 4.7)

Mean hormone levels during HT*

Estradiol (pmol/L) 144 (108 – 199) 230 (169 – 326)

Testosterone (nmol/L) 18.2 (14.0 – 24.5) 0.5 (0.4 – 0.8)

LH I(U/L) 3.8 (2 – 6.2) 0.1 (0.1 – 0.5)

† A single individual used a GnRH-analog and another used spironolactone as an anti-androgen agent
* Testosterone ester mixture users excluded due to fluctuating serum testosterone levels. Abbreviations: BMI, body 
mass index; CPA, cyproterone acetate; HT, hormone therapy; LH, luteinizing hormone
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Lack of change
As described earlier, a negative or zero percent change in LBM or fat percentage was defined 
as no change in trans men and trans women, respectively. Among all study visits, no change 
was present in 395 of 1658 observations (23.8% overall, 28.0% in trans men and 19.2% in 
trans women). After 12 months of hormone therapy, no change was observed in 65 of 242 
trans men (26.9%) and 38 of 229 trans women (16.6%). Of those that underwent a clinical 
visit at 24 months, the prevalence of no change decreased to 20.2% (n = 19 of 94) in trans 
men and 9.4% (n = 9 of 96) in trans women.

Figure 1. Distribution of fat percentage and lean body mass during hormone therapy

Both fat percentage and lean body mass are expressed as a fraction of total body weight
The y-axis represents the density of probability for a given value of fat percentage or lean body mass

Figure 2. Change in fat percentage and lean body mass during hormone therapy compared 
to baseline

The y-axis represents the density of probability for a given value of fat percentage or lean body mass
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Determinants of lack of change in body composition
In trans men, both low mean testosterone levels and high mean LH levels were associated 
with no change. A one SD increase in testosterone (SD: 10.9 nmol/L) was associated with 
lower odds of no change (OR 0.67, 95% CI 0.48 – 0.94) and a one SD increase in LH (SD: 
4.5 IU/L) with higher odds of no change (OR 1.36, 95% CI 1.01 – 1.83). In trans women, 
no associations were found between serum hormone levels and lack of change in fat 
percentage.

In both trans men and trans women, age at start of HT was not associated with a lack of 
change in body composition measures (OR 0.99, 95% CI 0.96 – 1.02 and OR 1.01, 95% 
CI (0.99 – 1.02) for trans men and trans women, respectively). The amount of change at 
three months was divided into quartiles to assess whether these results predicted change 
in body composition at later time points. The results are plotted in Figure 3, displaying 
the mean changes in body composition over time, stratified by quartiles of change after 
three months of hormone therapy. Figure 3 shows that individuals with a lack of change 
after 3 months of hormone therapy remained in the lowest quartile of change during 
the remainder of the study follow-up. Table 2 shows the results of logistic mixed model 
analyses evaluating all proposed determinants of no change in body composition measures. 
All reported associations remained present in a backwards selected model (final model OR’s 
presented below). A sensitivity analysis including serum testosterone levels from trans men 
using testosterone ester mixture did not yield different results (data not shown).

Table 2. Determinants of lack of change in body composition

Unadjusted Adjusted*

Trans men Trans women Trans men Trans women

OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)

Age at start of HT (years) 0.99 (0.96 – 1.02) 1.01 (0.99 – 1.02) N/A N/A

Duration of HT (per number 
of clinic visits)

0.56 (0.49 – 0.64) 0.49 (0.41 – 0.58) 0.60 (0.51 – 0.70) 0.48 (0.41 – 0.57)

BMI at start of HT (per 5 units 
increase)

0.71 (0.57 – 0.88) 1.63 (1.31 – 2.03) 0.72 (0.54 – 0.97) 1.76 (1.36 – 2.29)

Serum testosterone (per SD 
increase)

0.70 (0.51 – 0.96) 1.08 (0.86 – 1.37) 0.67 (0.48 – 0.94) N/A

Serum estradiol (per SD 
increase)

0.96 (0.73 – 1.26) 0.97 (0.76 – 1.25) N/A N/A

LH (per SD increase) (1.06 – 1.74) 1.08 (0.86 – 1.36) 1.36 (1.01 – 1.83) N/A

HT; hormone therapy, BMI; body mass index, LH; luteinizing hormone
* BMI at start of HT, duration of HT, serum testosterone and serum LH were included in the final model for trans men. 
Adjusted model for trans women included BMI at start of HT and duration of HT.
Standard deviations for trans men: testosterone 10.9 nmol/L, estradiol 105 pmol/L, LH: 4.5 IU/L
Standard deviations for trans women: testosterone 3.1 nmol/L, estradiol 149 pmol/L, LH: 1.8 IU/L
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Discussion

Previous literature on hormone therapy in transgender individuals has had a main focus 
on mean or group effects.

The observation that some transgender people report no effects of hormone therapy 
has shifted our attention to study the between-subject variability of hormone effects 
and explore the possibility of a personalized approach to hormone therapy, rather than 
a ‘one size fits all’ treatment regime. The current study has focused on changes in body 
composition as a measure for hormone effects, a key feature of this hormone therapy.

In 323 trans men and 288 trans women, the mean relative changes in body fat and LBM 
during hormone therapy were comparable to previous studies in literature 3-5, 10, 11. While 
most of the aforementioned studies have reported only data from two different time points 
(e.g. changes from baseline to 12 months follow up), we add by showing that the relative 
changes in body fat seem to follow a linear pattern over multiple measurements in time. A 
single study group has reported changes in body composition beyond one year of hormone 
therapy, and reported ongoing changes in body composition in trans women, but not in 
trans men10, 11. In concurrence, we found ongoing changes in body composition in trans 
women, but also in trans men. This may be explained by the fact this study presented 
LBM as a fraction of total body weight, thus also taking changes in total body weight into 
account, as opposed to reporting LBM in kilograms.

However, aside from mean changes, a large distribution or range in body composition 
change was observed in both trans men and trans women, which tended to increase 
over time. This observation highlights that over time, mean population changes are less 
applicable to the individual and that the variability of hormonal effects increases with the 
duration of hormone therapy. The latter observation is understandable, as the effects of 
hormone therapy may be complemented or negated by other variables (i.e. physical activity 
or dietary habits), of which the effects usually manifest over time.

Of particular interest was the proportion of observations without change in body 
composition. Of all individual observations, this proportion amounted to a total of 23.8%. 
The number of individuals characterized as no change (i.e. no increase in fat percentage in 
trans women, or no increase in LBM in trans men) decreased with the duration of hormone 
therapy, but was still present in as much as 20.2% of trans men and 9.4% of trans women 
after 24 months of hormone therapy. By comparing the characteristics of these people 
with the remainder of the population, we aimed to identify factors associated with a lack 
of change in body composition.

5

Variation in sensitivity and rate of change in body composition | 107 



First and most important, the association of a lack of increase in LBM with lower testosterone 
levels and higher LH levels suggests insufficiently dosed hormone therapy may often be the 
cause of a lack of change in trans men. This dose-response relationship was not present in 
trans women, in which neither estradiol nor testosterone levels were associated with a lack 
of change in body composition. Interestingly, this may highlight that the physical effects 
of hormone therapy are not linearly related to the serum estradiol level in trans women. 
Body composition change may therefore only be a suitable surrogate marker for hormone 
therapy in trans men, but not in trans women. However, more detailed information on 
estrogens in trans women may give additional insights regarding the effects of other 
sex steroids on body composition change. Estrone (E1) and the ratio of estradiol (E2) 
to E1 in particular are a subject of interest for future studies. In addition, determination 
of sex-hormone binding globulin would have yielded additional information regarding 
bioavailability of sex steroids. Although not reported in the current study, it is additionally 
important to note that different formulations of testosterone and estradiol had identical 
effects on changes in body composition in a previous report from our study group4.

Second, in trans women and particularly in trans men, the amount of change in body 
composition which had occurred after three months of hormone therapy was predictive 
of the response at future outpatient visits. While the overall odds of no change do decrease 
over time, Figure 3 shows that, on average, individuals with the least effect after 3 months 
do not make up for this lack of change as the duration of hormone therapy progresses.

Third, although many transgender persons are afraid of experiencing fewer effects when 
they start hormone therapy at an older age, our study did not find a relationship between 
age and effect of hormone therapy on body composition. While age may possibly affect 
other end points of feminizing or masculinizing hormone therapy, this does not seem to 
be true for changes in body composition. This finding is in line with a previous report on 
body composition change and a previous study on breast growth in trans women4, 12.

Further, trans men without change were characterized by an on average lower BMI at 
baseline, whereas the opposite was true for trans women. This might indicate that the 
lipolyzing effect of testosterone is less effective in those with a low amount of fat, and the 
lipogenic effects of estradiol are less effective in those with a surplus of body fat. However, 
the strong association with baseline BMI may also be partially explained by confounding. 
In our study center, a body mass index below 30 kg/m2 is a prerequisite for genital surgery 
eligibility (i.e. vaginoplasty or phalloplasty). With this in mind, it is possible that the 
association between a higher BMI and a lack of change (a decrease in fat percentage) in 
trans women is explained by a focus on weight loss in these individuals, rather than smaller 
hormonal effects. Similarly, BMI was higher in the group of trans men with an increase in 
LBM, which may also be the partial result of factors such as diet and physical exercise.

108 | Chapter 5



These results may have the following implications for clinical practice. First, the effects of 
hormone therapy on body composition in individuals may largely differ from the reported 
mean effects. As the large range of effect is not entirely explained by individual (measurable) 
characteristics, it is important to emphasize that changes in body composition are not 
wholly predictable and are not guaranteed. In order to manage expectations, it may be 
valuable to discuss this topic with individuals at the start of hormone therapy.

Second, but most important, the association of body composition changes with 
testosterone and LH levels in trans men (prescribed either testosterone gel or undecanoate) 
may provide a rationale for using body composition measurements as a clinical tool for 
guiding the dosing of hormone therapy in trans men. This approach would incorporate 
individual effects of hormone therapy into clinical decision making, rather than utilizing a 
standard treatment for all, as is currently suggested in guidelines1. For example, a higher 
testosterone dose may be given to individuals with low-normal testosterone levels and/or 
higher LH levels in combination with a recorded lack of effect, despite serum testosterone 
levels remaining within the appointed reference range. Change in body composition may 
also be especially useful for guiding hormone therapy in trans men using testosterone 
formulations that give fluctuating serum hormone levels, in whom random testosterone 
measurements thus yield little information. Finally, as a lack of change after three months 
of hormone therapy was predictive of the response at later outpatient visits, a higher dose 
of testosterone in this subgroup may be more easily considered.

While a more personalized approach to transgender hormone therapy is indeed already 
applied to some extent, it has not been previously supported by clinical research and is 
often based on subjective experiences. A viable method for objectively recording hormone 
effects has thus far been lacking. Based on these study results and considering the low-
cost and practicality of BIA, it may be a useful tool to incorporate into clinical practice. 
The current study has focused solely on body composition as a measure of effect of HT, 
as it illustrates and supports the concept of steering away from protocolized transgender 
endocrine care. However, it would be an interesting and important topic for future research 
to consider an identical study incorporating other end points and effects of HT such as bone 
health, suppression of menses or (facial) hair growth to identify ‘non-responders’.

The current study is the largest longitudinal study on body composition changes in 
transgender individuals during gender affirming hormone therapy and the first to focus 
on the variability of hormonal effects between individuals. In particular, this study is the 
first to discuss an individualized approach to hormone therapy in trans men. The absence 
of strict inclusion criteria in the ENIGI cohort makes the results fairly generalizable to 
the entire population of transgender individuals. Due to the low-cost and practicality of 
BIA measurements, we were able to perform multiple repeated measurements, which 
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would not have been possible using more expensive and labor-intensive methods such 
as DXA measurements. The study is also subject to a few limitations. First, although BIA 
measurements correspond highly to DXA measurements in healthy adults13, the results 
are not validated in transgender individuals and BIA measurements in obesity must be 
interpreted with caution. Nevertheless, our study results are comparable to previous studies 
using DXA to measure body composition3-5, of which one was performed in the current study 
population4, suggesting that BIA provides reliable estimates of fat percentage and LBM. 
Second, we used changes in total body fat as a marker for changes in body composition. 
However, with these data we cannot draw conclusions on changes in regional body fat and 
body fat distribution. It may be possible that a large shift in body fat distribution (i.e. from 
waist to hip region) is observed, while the total body fat percentage remains equal. Finally, 
we were unable to control for confounding by lifestyle factors such as physical exercise 
and diet, which may have partly explained the variability in hormonal effects between 
individuals. This may be especially important, as the prevalence rates of eating disorders 
in transgender persons are higher compared to the general population14.

In conclusion, even after two years of hormone therapy body composition changes are still 
progressing. However, there is a large inter-individual variation, with a total of 20% of trans 
men and 9% of trans women without measurable effects even after two years. The study 
results may aid in clinical counseling and supports a rationale for individualizing hormone 
therapy, based on our findings especially in trans men, by focusing on individual measures 
of effects, rather than following a standardized treatment for all. Further studies on variation 
in effects are indicated to individualize endocrine care of transgender persons.
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Background:

In trans women receiving hormone therapy, body fat and insulin resistance increases, 

with opposite effects in trans men. These metabolic alterations may alter the risk of 

developing type 2 diabetes in trans women and trans men. We aimed to compare the 

incidence of type 2 diabetes of adult trans women and trans men during hormone 

therapy with rates from their birth sex in the general population.

Methods:

Retrospective data from the Amsterdam Cohort of Gender Dysphoria with 

transgender individuals on hormone therapy between 1972 and 2018 were linked to 

a nationwide health data registry. Because no central registry of diabetes is available, 

the occurrence of diabetes was inferred from the first dispense of a glucose-lowering 

agent. Standardized incidence ratios (SIR) were computed for trans women and trans 

men in comparison with the same birth sex from the general population.

Results:

Compared to their birth sex in the general population, no difference in the incidence 

of type 2 diabetes mellitus was observed in trans women (N=2585, 90 cases, SIR 0.94 

95%CI 0.76–1.14) or trans men (N=1514, 32 cases, SIR 1.40 95%CI 0.96–1.92). 

Conclusion: Despite studies reporting an increase in insulin resistance in feminizing 

hormone therapy and a decrease in insulin resistance in masculinizing hormone 

therapy, the incidence of diabetes in transgender individuals after initiation of 

hormone therapy was not different compared to the general population.

Keywords: Diabetes mellitus, transgender endocrine care, hormone therapy



Introduction

Transgender individuals often receive gender-affirming hormone therapy to induce physical 
characteristics matching the experienced gender. Trans women (male sex assigned at birth, 
female gender identity) often receive estrogen with or without anti-androgen therapy to 
induce feminization, whereas trans men (female sex assigned at birth, male gender identity) 
often receive testosterone to induce masculinization1.

Aside from the changes in physical characteristics, such as breast development or hair 
growth2,3, hormone therapy also affects body composition and metabolism. Klaver et 
al. reported an increase in total body fat of 28% in trans women during the first year of 
hormone therapy, while total body fat decreased by 10% in trans men4, which is in line 
with data from a meta-analysis on body composition change in transgender individuals5. 
Another study showed changes in insulin sensitivity in transgender individuals during 
hormone therapy, measured by hyperinsulinemic clamp. A decrease in insulin sensitivity 
in trans women but no effect in trans men was observed6. Two larger and more recent 
studies confirmed the development of insulin resistance in trans women, estimated by 
homeostatic model assessment of insulin resistance (HOMA-IR), and noted an increase in 
insulin sensitivity in trans men7,8.

Changes in body weight and insulin sensitivity are strongly associated with risk of type 
2 diabetes 9,10. However, whether type 2 diabetes is indeed more frequently present in 
transgender individuals using hormone therapy compared to adults in the general 
population is still unknown. Based on the studies above, it may be hypothesized that trans 
women have a higher risk of type 2 diabetes compared to men in the general population, 
and that the risk is lower in trans men compared to women in the general population 
compared. This would be in line with the currently unexplained increased incidence of 
cardiovascular disease11 and cardiovascular related mortality in trans women12. Given the 
association of insulin resistance with type 2 diabetes, early recognition and prevention 
is paramount. If the incidence of type 2 diabetes is indeed increased in trans women, 
prevention may be especially important in this group, as hormone therapy is generally 
life-long and started at a young age.

Therefore, the aim of the current study is to investigate the incidence of type 2 diabetes in a 
large cohort of adult trans women and trans men during hormone therapy and to compare 
with the incidence rates of men and women in the general population.
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Methods

Study design and population
The current study is part of the Amsterdam Cohort of Gender Dysphoria (ACOG), which 
currently includes all individuals who have visited the gender identity clinic of the 
Amsterdam University Medical Centre in the Netherlands between 1972 and 2018. The 
study design and the initially included study population of this cohort have been described 
in more detail in a previous report13.

In the present study, we included only adult participants from the ACOG who had started 
with hormone therapy at 17 years of age or older and had not been using puberty blockers 
prior to the start of hormone therapy. Only participants with at least one follow-up visit after 
initiation of hormone therapy were included. Participants were excluded if the starting date 
of hormone therapy was unknown or if they had been alternating the use of testosterone 
and estradiol. The study was approved by the Medical Ethics Committee of the Amsterdam 
University Medical Centre, location VUmc. It was determined that the Medical Research 
Involving Human Subjects Act (WMO) does not apply to this study, and necessity for 
informed consent was waived.

As hormone therapy options for transgender individuals have changed over time, the 
cohort contains several options of treatment modalities. In trans women, hormone therapy 
consisted of anti-androgens in combination with estrogens. The most commonly prescribed 
estrogens were estradiol patches (50–150 μg/24 hours twice a week), oral estradiol valerate 
(2–4 mg daily), or estradiol gel (0.75–1.5 mg daily). In the past (until 2001, 2005 and 2014 
respectively), ethinyl estradiol (50–150 μg daily), conjugated estrogens (0.625–2.5 mg daily) 
and 17-beta estradiol implants (20–40 mg per 3 months), were mostly used. Cyproterone 
acetate (25–100 mg daily) was most often prescribed as anti-androgen, which was usually 
ceased after orchiectomy.

In trans men, hormone therapy consisted only of testosterone, administered in the form of 
either testosterone gel (20-60mg daily), intramuscular or oral testosterone undecanoate 
(1000mg per 12-14 weeks, or 40-240 mg daily, respectively), or intramuscular testosterone 
esters (250mg or 125mg every 2-3 weeks). When over 18 years of age and after at least 
one year of hormone therapy, transgender individuals were eligible for gender-affirming 
surgery which includes vaginoplasty with orchiectomy in trans women and hysterectomy 
with oophorectomy in trans men (hereinafter referred to as gonadectomy).

Nationwide data registry
Data from the ACOG was linked to a nationwide data registry (Statistics Netherlands, The 
Hague, the Netherlands). Using data from the National Civil Record Registry, age-, sex- and 
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calendar year- specific incidence rates of type 2 diabetes were calculated for both the study 
cohort and the general Dutch population.

Definition of type 2 diabetes
In the Netherlands, data registries recording certain diseases based on international 
classification of disease-codes are only available for healthcare received in hospital. As 
type 2 diabetes is generally diagnosed and treated by the general practitioner, no such data 
registry could be used to identify incident cases of type 2 diabetes. As an alternative, the 
dispense of medical products was used to identify type 2 diabetes cases. In the Netherlands, 
the dispense of a medical product by a pharmacy is recorded for all civilians in the National 
Civil Record Registry. The presence of diabetes was defined as the dispense of all glucose-
lowering agents, which were identified by codes A10A and A10B using the Anatomical 
Therapeutic Chemical (ATC) classification.

A clear distinction between type 2, type 1 diabetes, and gestational diabetes could not be 
made based on these data. To account for type 1 diabetes in men, all individuals below 35 
years of age who had solely received insulin-like products were considered type 1 patients. 
To account for type 1 diabetes mellitus and gestational diabetes in women, individuals 
below 50 years of age who had received solely insulin-like products were considered type 
1 or cases of gestational diabetes. As the incidences of type 1 diabetes and gestational 
diabetes above these age thresholds are very low14, the current definition approximates 
the incidence of type 2 diabetes in the general population. For a sensitivity analysis, 
incident cases were identified as the first use of any glucose-lowering product, thus also 
encompassing type 1 diabetes mellitus and gestational diabetes. The same criteria were used 
for both transgender individuals and men and women from the general population throughout 
this study.

Data availability
The registration of medication dispense by Statistics Netherlands was started in 2006. Thus, 
for the current study data on dispense of medication were available from 2006 to 2018 for 
the current study. To calculate incidence rates, the exact year of diagnosis had to be known. 
We defined diabetes as the first dispense of a glucose-lowering agent. Data of the year 2006 
could not be used, as we were unable to determine if this specific year was the first in which 
glucose-lowering products were prescribed. Therefore, the observation period in which 
incidence rates of diabetes could be calculated in both the study and reference population 
ranges from 2007 to 2018. As the current study could thus only include individuals who 
were at-risk of diabetes during the observation period, individuals who developed diabetes 
prior to this observation period were excluded.
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Data collection
For the transgender population, information on body mass index (BMI) at the start of 
hormone therapy, whether gonadectomy had been performed, smoking habits (yes or 
no), alcohol consumption (units consumed per week), comorbidity and comedication were 
retrospectively gathered from medical files. Data on prescribed comedication throughout 
follow-up were also available from the medication dispensation data provided by Statistics 
Netherlands. Censoring occurred in case of death or after reaching the end of the study 
period (end of 2018). Duration of hormone therapy was defined as the time between the 
starting date of hormone therapy and the development of type 2 diabetes or censoring.

For the general population, only data on a population level, but not individual participant 
data on the above-mentioned covariates were available. To circumvent this and allow for 
a comparison of characteristics between the cohort and the general population, age-
standardized means of characteristics (smoking, alcohol use, BMI) of the general population 
were calculated and compared to the age-standardized means from the study cohort 
(standardized to the Dutch age-structure of 2015). Data for the general population were 
derived from nationwide health surveys in the Netherlands15,16.

Statistical analysis
Calculation of standardized incidence ratios
Using an actuarial life table approach17, standardized incidence ratios (SIRs) were used to 
compare the incidence of type 2 diabetes of trans women and trans men with men and 
women from the general population, respectively. First, age- and sex-specific incidence 
rates for type 2 diabetes in the adult Dutch population were calculated using the previously 
defined definition of type 2 diabetes. This was performed by dividing the total number 
of individuals with incident type 2 diabetes by the total number of individuals at risk at 
the start of each calendar year (2007 to 2018). The total number of individuals at risk was 
defined as all individuals alive on January 1st for that current year, minus the number of 
prevalent type 2 diabetes cases. 

Second, the number of expected type 2 diabetes cases in the cohort was calculated 
by multiplying the age-, sex- and calendar year-specific incidence rates of the general 
population by the number of individuals within a specific age and sex and calendar 
year group. Finally, SIRs were calculated by dividing the number of observed cases by 
the expected cases. The corresponding graph was curtailed at 10% of total remaining 
observations to avoid interpretation of inconsequential data based on high uncertainty, 
as suggested by Pocock et al.18.

Transgender individuals were considered at risk from the start of hormone therapy. 
However, incidence rates could only be determined from 2007 to 2018. Therefore, risk 
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could not be evaluated for individuals who started hormone therapy at an earlier time 
until their follow up reached the observation period (2007 to 2018). A period analysis was 
therefore performed, specifying delayed study entry from 2007 to account only for the 
years in which an individual was effectively at risk.

The incidence of type 2 diabetes generally rises with increasing age. Analyses were thus 
repeated in different age categories at start of hormone therapy and calendar years in 
which hormone therapy was started, to study age and cohort-effects. A sensitivity analysis 
was performed using the alternate definition of type 2 diabetes, defined as the use of any 
glucose-lowering product.

Determinants of type 2 diabetes risk in transgender individuals
Characteristics of the transgender population are presented as mean with SD, median with 
interquartile range (IQR), or percentages. Within the cohort, Cox regression analyses were 
used to study determinants of type 2 diabetes risk in transgender individuals. Possible 
determinants of type 2 diabetes risk include effects of age at start of hormone therapy, 
BMI at start of hormone therapy, smoking and alcohol consumption. These determinants 
were analyzed separately for trans women and trans men. Age and BMI at start of 
hormone therapy were added as covariates if possible, as they were considered important 
confounding variables with regard to type 2 diabetes risk. Finally, among individuals with 
type 2 diabetes, comorbidity and use of medication at baseline were evaluated. If a certain 
disease or medication was present in more than 5% of type 2 diabetes cases, the frequency 
was compared to individuals without type 2 diabetes.

Missing data in the clinical characteristics of the study group (smoking, alcohol use, BMI at 
start of hormone therapy) were imputed using multiple imputation with predictive mean 
matching or logistic regression with 50 iterations and 50 imputations.

Statistical analyses were performed using STATA Statistical Software (StataCorp, College 
Station, TX, USA), version 16, utilizing the stsres relative survival add-on package to estimate 
SIRs17. For expediency, the control populations are referred to as general population men 
and general population women. We were unable to verify that none of these people were 
transgender.

Results

Study population
The total study population consisted of 8831 individuals. 3022 transgender individuals 
did not (yet) start hormone therapy. 574 started hormone therapy below 17 years of age 
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and an additional 294 people were excluded after previously being treated with puberty 
blockers. Follow-up data was unavailable in 335 individuals and 38 people were excluded 
for alternately using testosterone and estradiol. Individual data could not be matched with 
the civil data registry in 261 people. Finally, 208 transgender individuals had either passed 
away or had been diagnosed with type 2 diabetes prior to the start of the observation 
period. The final study population consisted 2585 trans women and 1514 trans men. 
Figure 1 presents a detailed overview of the final study population selection.

The median age at start of hormone therapy for trans women was 30 (23 – 41) and 23 
(20 – 31) years for trans men. The median follow-up period in years from start of hormone 
therapy until censoring was 11.3 (3.6 – 22.4) in trans women and 5.2 (2.2 – 16.4) in trans 
men. The effective median time under observation (from 2007 until censoring) in years 
was 9.0 (3.3 – 12.0) in trans women and 4.9 (2.2 – 12.0) in trans men. The total number of 
effective person years under observation (after 2007) was 20129 in trans women and 9492 
in trans men. During the observation period, 90 trans women and 32 trans men developed 
type 2 diabetes. The mean age of individuals who developed type 2 diabetes was 55 ± 11 
years in trans women and 50 ± 13 years in trans men. Additional characteristics of the study 
population are shown in Table 1.

Figure 1. Flow chart eligible study population

* Not currently living in the Netherlands, erroneous data on personal information needed to link with 
data registry or migration prior to recording of civil data

8,831 transgender people identified

5,350 birth-assigned males | 3,481 birth-assigned females

Exclusion:
- 3022 did not start hormone therapy
- 574 started hormone therapy <17 years of age
- 294 prior use of puberty blockers
- 335 no follow-up visit available
- 38 alternating testosterone and estradiol use

4,568 transgender people identified

2,927 trans women | 1,641 trans men

Exclusion:
- 261 no match with civil data registry*
- 94 passed away before observation period
- 114 type 2 diabetes cases before observation period

4,099 transgender people included

2,585 trans women | 1,514 trans men
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Risk of type 2 diabetes compared to the general population
The cumulative incidence of type 2 diabetes during the observation period (2007 to 2018) in 
trans women was 4.5 per 1000-person years. This corresponded to a SIR of 0.94 (95%CI 0.76 
– 1.14). In trans men, the cumulative incidence of type 2 diabetes was 3.4 per 1000-person 
years with a SIR of 1.40 (95%CI 0.96 – 1.92). The cumulative probability of developing type 
2 diabetes during follow-up is displayed in Figure 2.

Analyses were repeated in different age categories at start of hormone therapy and calendar 
years in which hormone therapy was initiated, to study age and cohort specific effects, 
but no differences between groups were observed. An overview is presented in Table 2.

Similar overall effects were found using the alternative definition of diabetes mellitus (the 
use of any glucose-lowering product) in a sensitivity analysis (SIR 0.92 [95% CI 0.74 – 1.13] 
for trans women and SIR 1.38 [95% CI 0.93 – 1.91] for trans men).

Risk factors for type 2 diabetes in the transgender population
BMI at start of hormone therapy was an important risk factor for type 2 diabetes in both 
trans women (Hazard ratio [HR] 1.12 [95% CI 1.06 – 1.19] for a 1-point increase in BMI and 

Table 1. Cohort characteristics and estimates from the general population

Men in the 
general 
population

Trans women Women in 
the general 
population

Trans men

Age-standardized characteristics

Body mass index (kg/m2) 25.6 24.4 25.0 26.7

Smoking (% yes) 32.2 35.8 24.7 38.9

Median number of cigarettes smoked daily 10 10 9 10

Alcohol use (% yes) 86.4 83.3 76.1 73.3

Median units of alcohol consumed weekly 8 3 4 3

Cohort-specific characteristics Trans women
N = 2585

Trans men
N = 1514

Age at start hormone therapy (years) 30 (23 – 41) 23 (20 – 31)

Age at end of study period (years) 48 (33 – 58) 32 (24 – 49)

Median follow up from 2007 (years) 9.0 (3.2 – 12.0) 4.9 (2.1 – 12.0)

Effective person years at risk from 2007 (years) 20129 9492

Number of cases (N) 90 32

Gonadectomy (% yes) 63.4 61.4

Data are presented as mean ± SD or median (interquartile range) in case of parametric or non-parametric 
distributed data, respectively.
Age-standardized characteristics are standardized to the age structure of the Dutch population of 2015
Characteristics from the general population were derived from a nationwide health survey performed in 2015 by 
Statistics Netherlands. 6
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trans men (1.09 [95% CI 1.01 – 1.18]). The HR associated with a 5-year increase in age was 
(HR 1.11 [95% CI 1.01 – 1.23]) in trans men and (HR 1.10 [95% CI 0.89 – 1.36] in trans women). 
No increased risk was observed for smoking or use of alcohol. Among individuals with 
type 2 diabetes, there was no frequently prescribed comedication or relevant comorbidity 
associated with increased diabetes risk present at start of hormone therapy.

Discussion

Due to the decrease in insulin sensitivity in feminizing hormone therapy and an increase 
in insulin sensitivity in masculinizing hormone therapy, we hypothesized an increase in 
incident type 2 diabetes in trans women and a decrease in trans men. However, in the 
present uniquely large cohort study including 4099 transgender individuals, we found no 
clear differences in the incidence of type 2 diabetes in trans women and trans men after 
initiation of hormone therapy.

When comparing transgender individuals to men from the general population, type 2 
diabetes incidence was not increased in trans women. These reassuring results refute the 
concerns of increased type 2 diabetes risk in trans women raised in previous reports. In 
trans men, the risk of type 2 diabetes tended to be higher (although no statistical difference 
was observed) compared to women in the general population, which is in contrast to 
the hypothesized decreased risk due to increases in peripheral insulin sensitivity. This 

Table 2. Standardized incidence ratios: age and cohort specific effects

Trans women
N = 2585

Trans men
N = 1514

N cases SIR ± 95% CI N cases SIR ± 95% CI

Overall 90 0.94 (0.76 – 1.14) 32 1.40 (0.96 – 1.92)

Age categories at start of HT

18-30 years old * 1.12 (0.75 – 1.56) 20 2.00 (1.22 – 2.96)

30-50 years old 53 1.00 (0.75 – 1.28) * 0.98 (0.49 – 1.64)

50+ years old * 0.48 (0.21 – 0.86) * 0.60 (0.02 – 2.21)

Decade of start HT

< 1980 14 1.65 (0.90 – 2.62) * 3.05 (0.83 – 6.68)

1980-1990 23 0.90 (0.57 – 1.30) 11 1.68 (0.84 – 2.81)

1990-2000 26 0.96 (0.63 – 1.36) * 1.46 (0.67 – 2.56)

2000-2010 15 0.59 (0.33 – 0.93) * 1.03 (0.38 – 2.00)

2010-2018 12 1.30 (0.67 – 2.13) * 0.65 (0.08 – 1.82)

SIR; standardized incidence ratio, HT; hormone therapy. * censored to avoid disclosure of cells with < 10 cases; the 
national data registry prohibits the display of cells with less than 10 observations to avoid disclosure of identity.
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seemingly higher relative risk compared to women was however partly explained by a 
higher bodyweight at start of hormone therapy in trans men as explained further on.

As incidence rates of type 2 diabetes in transgender individuals did not differ much from 
rates in the general population, we thus do not recommend routine additional screening 
for type 2 diabetes mellitus in transgender individuals. With regard to cardiometabolic risk, 
the current Endocrine Society guideline for transgender care only recommends routine 
evaluation of cholesterol 1. To add to this, it may still be beneficial to evaluate fasting glucose 
in older, obese transgender individuals for whom primary care is not readily available. 
Otherwise, the general focus should remain on counseling overweight patients on the 
importance of lifestyle management during clinic visits.

Individual participant data from the general population was unavailable in the current 
study, therefore our results may be subject to residual confounding. For example, trans 
women had a lower BMI at the start of hormone therapy compared to men from the general 
population, while the opposite was true for trans men. Accordingly, this would respectively 
decrease and increase the risk of type 2 diabetes in trans women and trans men compared 
to their same birth sex peers from the general population.

Using data from a large meta-analysis19 and similar point estimates for a 1-point difference 
in BMI observed in the current study, the magnitude of the effect of BMI differences 
between transgender individuals and the general population on incident diabetes risk 
can be estimated. In the current study, a 1-point difference in BMI in trans women was 
associated with a HR of 1.12 on diabetes risk. Compared to the general population, trans 
women on average had a 1.2 kg/m2 lower BMI than men in the general population. This 
means that if we accounted for differences in BMI between transgender women and men 
in the general population, we would expect a SIR of 0.90 (e.g. 1.09-1.2) for trans women. This 
estimate remains within the 95% confidence interval of the SIR reported for trans women 
in this study (SIR 0.94, 95% CI: 0.76 – 1.14) and thus strengthens our belief that hormone 
therapy does not increase incident diabetes risk in trans women. Using the same method, 
we would expect a SIR of 1.15 in trans men, based on a 1.7 kg/m2 difference in BMI between 
trans men and women in the general population and a HR of 1.09 for a 1-point difference 
in BMI. This finding also supports our belief that hormone therapy does not affect diabetes 
risk in trans men (SIR 1.40, 95% CI: 0.96 – 1.92).

There is evidence that socioeconomic factors such as lower income and lower education 
have negative health impact on transgender individuals compared to the general 
population and that these factors are comparable between trans women and trans men20. 
If these factors were significant confounding variables in this current study, we would have 
expected higher incidence rates of type 2 diabetes in both trans women and trans men. As 
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incidence rates in trans women and men were not different from the general population, 
we feel that, despite the inability to account for these factors, we can safely conclude that 
hormone therapy does not increase diabetes risk.

The results of the current study are different to what might be expected based on the 
studies reporting on large changes in insulin sensitivity in transgender individuals. 
Although the specific effects of hormone therapy on type 2 diabetes risk could not be fully 
distinguished in the current study, there are several mechanistic possibilities – aside from 
the methodological differences between these studies–that may explain the paradoxical 
finding that feminizing hormone therapy induces insulin resistance, but does not increase 
the risk of type 2 diabetes. First, while HOMA-IR has a good correlation to insulin resistance 
measured by the gold standard clamp technique21, it is uninformative with regard to β-cell 
function. B-cell dysfunction is a prerequisite for the development of type 2 diabetes, which 
is illustrated by the fact that most obese individuals do not develop the disease. Treatment 
with 17β-estradiol in rodents prolongs β-cell survival and activation of the three estrogen 
receptors (ERα, ERβ and GPER) each have beneficial effects on β-cell function and survival 
by increasing glucose-stimulated insulin biosynthesis and secretion, and mitigating 
proapoptotic stimuli22. These beneficial effects of estrogen may outweigh the decrease in 
peripheral insulin sensitivity.

Second, there are other factors associated with the development of type 2 diabetes aside 
from insulin resistance. Metabolic syndrome for example is strongly associated with incident 
diabetes, independent of insulin resistance23-25. Masculinizing hormone therapy has shown 
to negatively affect components of the metabolic syndrome, while effects in the opposite 
direction are reported in feminizing hormone therapy4,26. It is possible that these metabolic 
alterations also affect the long-term type 2 diabetes risk, opposite the direction of – and 
possibly outweighing – the risk encumbered with the changes in insulin sensitivity after 
twelve months of hormone therapy.

Finally, and possibly the most likely explanation, is that prior reports on the effects of 
hormone therapy on insulin sensitivity in transgender individuals have all been performed 
within the first year of hormone therapy. These studies were performed before gonadectomy 
and thus trans women were treated with an anti-androgen agent6,7. Cyproterone acetate 
(CPA), a steroid with progestogenic effects, was the anti-androgen agent prescribed in the 
cited studies. Previous studies have thus been unable to specifically attribute the observed 
effects on insulin sensitivity to either estrogen or CPA. However, a recent prospective 
observational study compared metabolic alterations after 5 years of hormone therapy 
with either CPA or the GnRH analogue leuprolide and found that HOMA-IR increased 
only in the CPA group27. While this study was small and there was a baseline difference in 
HOMA-IR between the CPA and leuprolide group, it is possible that the decrease in insulin 
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sensitivity could be attributed to CPA, rather than estrogen. Although uncertain, a possible 
mechanism could be through mild activation of the glucocorticoid receptor at higher doses 
of CPA28. As most individuals underwent gonadectomy in the current study, the subsequent 
discontinuation of CPA may be the most likely explanation for the contrasting results 
between the current study and previous reports on insulin resistance in trans women.

Strengths and Limitations
The main strength of the current study is the large study population and long follow-up 
duration. As incident cases could only be determined from 2007 to 2018, the analysis was 
limited to this observation period and individuals with diabetes before this period were 
excluded. While this did artificially lower the prevalence of diabetes in our cohort, it did not 
affect the validity of the calculated SIRs, as incident rates were also specifically standardized 
by calendar year of diagnosis.

This study however is also subject to some limitations. First, the lack of individual patient 
data from the control group (general population), made it difficult to control for potential 
confounding variables and separate hormonal effects from differences in lifestyle factors 
between transgender individuals and men and women from the general population. 
Another limitation of the study is the definition of type 2 diabetes through the use of 
glucose-lowering medication. As the first step in management of impaired fasting glucose 
or early disease is lifestyle management, a portion of individuals with type 2 diabetes 
in this study were undetected. We are thus unable to compare differences in incidence 
of mild cases of type 2 diabetes. However, we feel that the grounds to initiate glucose-
lowering medication are equal for transgender individuals and the general population 
and the direct comparison in our study should therefore be unbiased. However, especially 
younger transgender individuals make hospital visits more frequently than their peers 
in the general population, possibly leading to an earlier detection of metabolic changes 
(although glucose levels are not routinely checked in our hospital). Whether this would 
lead to earlier healthy lifestyle advice or earlier initiation of medical therapy – and how it 
would affect the study results–is uncertain. Another limitation was the relatively young age 
of transgender individuals (especially trans men) in the cohort. This led to a lower number 
of cases, as diabetes generally develops at an older age. Our study results are thus limited 
to transgender individuals below 70 years of age.

Finally, over 90% of the study population was white and therefore the results are not 
necessarily applicable to other geographical regions13.
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Conclusion

Despite earlier studies reporting a strong increase in insulin resistance in feminizing 
hormone therapy and an increase in insulin sensitivity in masculinizing hormone therapy, 
the incidence of type 2 diabetes in transgender individuals after initiation of hormone 
therapy was not different compared to the general population. These results are reassuring 
and suggest that there is no specific reason for routine screening of type 2 diabetes in this 
population. Earlier studies on the effect of cross-sex hormones on insulin sensitivity might 
have revealed specific effects of cyproterone acetate rather than effects of estradiol.
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Summary and General discussion

The number of people with gender dysphoria seeking hormone therapy has strongly 
increased over the past decade1, 2. While hormone therapy is known to induce large changes 
in body composition and shape3, 4, there is still uncertainty about concomitant metabolic 
effects and long-term safety with regard to cardiometabolic health. Cardiometabolic health 
is determined by multiple different factors (Figure 1). The aim of the current thesis was to 
further investigate the effects of hormone therapy in transgender individuals with regard 
to cardiometabolic health and some of its determinants.

In this chapter, the main findings will be presented and their clinical relevance and 
implications for transgender endocrine care will be discussed. Finally, strengths and 
limitations of the current thesis are discussed and suggestions for future research 
opportunities are discussed.

Blood pressure
In chapter 2, we evaluated the average change in systolic and diastolic blood pressure after 
twelve months of hormone therapy in transgender men and transgender women. Opposite, 
but small average effects were observed. Systolic and diastolic blood pressure increased 
by 1 and 3% respectively in transgender men. In transgender women, systolic blood 
pressure decreased 3% and diastolic blood pressure decreased by 2%. In both groups, the 
relative changes corresponded to small absolute changes ranging from 1 to 3 mmHg. The 
directional changes observed are in line with sex differences in blood pressure associated 
in the general population6. However, the magnitude of the changes in both groups seem 
too small to have any clinical implications.

Figure 1. Determinants of cardiometabolic health

Text In italic; risk factors not studied in this thesis. Figure reprinted and adapted with permission from 
Brunzell et al. Diabetes Care 20085

Cardiometabolic health 
(Cardiovascular disease & Diabetes risk)

Obesity

Visceral adiposity

Hypertension

Insulin resistance
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+ LDL
+ Triglycerides
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136 | Chapter 7



Lipids
Blood lipids are strongly associated with cardiometabolic risk. Cardiometabolic risk 
increases with higher concentrations of LDL-cholesterol7 and triglycerides8, and with lower 
concentrations of HDL-cholesterol9. In chapter 2, we studied the changes in lipid profile 
after twelve months of masculinizing or feminizing hormone therapy. In transgender men, 
unfavourable changes in lipid profile emerged. Total cholesterol, LDL-cholesterol and 
triglycerides increased by 4, 13 and 37%, respectively, while HDL-cholesterol decreased 
by 11% (Table 1). There were no clear differences in lipid alterations among different 
formulations of testosterone. In transgender men, the concentrations of lipids seem to 
change toward the reference concentrations of men in the general population. This is 
exemplified by comparing the baseline concentrations of lipids between transgender 
men and transgender women in chapter 2 before start of hormone therapy. Baseline 
concentrations of total cholesterol, LDL-cholesterol and triglycerides in transgender 
women were respectively 2, 4.5 and 30% higher compared to the baseline concentrations 
in transgender men. The 11% decrease in HDL-cholesterol observed in transgender men 
is also comparable to the difference of 9% observed between transgender women and 
transgender men at baseline. The changes in lipid concentrations to the male reference 
ranges in transgender men are in line with the limited data on cardiovascular risk in 
transgender men. For example, the incidence of myocardial infarction in transgender men 
is higher compared to cis women, but equal to cis men in the general population10.

In transgender women, more favourable changes in lipid profile were observed after twelve 
months of feminizing hormone therapy. Total cholesterol, LDL-cholesterol and triglycerides 

Table 1. Relative average changes in cardiometabolic parameters and body composition 
measures after twelve months of transgender hormone therapy

Relative average change in % (95% CI)

Cardiometabolic parameters Transgender women Transgender men

Systolic blood pressure -3 (-4; -1) +1 (0; 3)

Diastolic blood pressure -2 (-4; -0) +3 (1; 4)

Total cholesterol -10 (-11; -8) +4 (2; 7)

LDL cholesterol -6 (-9; -4) +13 (9; 17)

HDL cholesterol -9 (-11; -7) -11 (-14; -8)

Triglycerides -10 (-15; -6) +37 (30; 44)

HOMA IR +45 (30; 65) -27 (-38; +12)

Body composition measures

Body mass index +5 (3; 6) +2 (0; 3)

Total body fat +21 (18; 25) -11 (-8; -13)

Lean body mass -3 (-2; -4) +10 (9; 11)

Visceral fat -1 (-4; 3) +1 (-4; 6)
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decreased by 10, 6 and 10%, respectively. However, a 9% decrease in HDL-cholesterol was 
also observed in this group. No clear differences between oral or transdermal formulations 
of estradiol were observed. Similar to transgender men, concentrations of total cholesterol, 
LDL-cholesterol and triglycerides in transgender women moved toward the female reference 
ranges. HDL-cholesterol however decreased to below the male reference range. Two small 
studies evaluating metabolic effects in transgender women compared cyproterone acetate 
(CPA) to different antiandrogen agents (i.e. spironolactone and leuprolide) and found a 
decrease in HDL-cholesterol concentration only in transgender women treated with CPA11, 

12. The unexpected decrease in HDL-cholesterol concentration may thus be specifically 
attributed to the coadministration of CPA.

Current data suggest that cardiovascular risk is increased in transgender women, compared 
to both men and women in the general population. This increased risk is specifically 
reflected by an increased incidence of thromboembolic events and ischemic stroke10, 13. 
In the United States, spironolactone is generally used as an antiandrogen agent. As the 
increased incidence of cardiovascular events in transgender women was also reported in 
a North American cohort, the decrease in HDL-cholesterol, if mediated by CPA, does not 
provide an explanation for the increased cardiovascular risk in this group. In addition, CPA 
is discontinued after gender affirming genital surgery, which further minimizes its effect 
on long-term health risks in cohort studies.

With regard to cardiovascular risk and blood lipids, researchers have shifted their focus to 
functional metrics of blood lipids, rather than quantitative measurements. HDL-cholesterol 
for example, has multiple beneficial properties (i.e. anti-inflammatory, anti-oxidizing among 
others) which may not be adequately reflected by higher or lower serum concentrations14. 
One of these properties is the ability of HDL-cholesterol to promote the efflux of cholesterol 
from macrophages in the arterial wall (cholesterol efflux capacity). A decrease in cholesterol 
efflux capacity (CEC) is associated with increased cardiovascular risk, independent of the 
HDL-cholesterol serum concentration15, 16. In chapter 3, we performed an exploratory 
study in a small group of transgender men and women in which we evaluated CEC before 
and after twelve months of hormone therapy. We observed a decrease in CEC in both 
transgender men and transgender women, which was related to the decrease in HDL-
cholesterol concentration. In transgender women, we also found a specific decrease in 
ATP-binding cassette A1-mediated CEC, which is independent of the decrease in HDL-
cholesterol concentration. The study results thus specifically suggest a decrease in HDL-
cholesterol function in transgender women. Whether this specific finding contributes to 
an increased cardiovascular risk in transgender women is unclear given the novelty and 
experimental nature of the measurements performed. In addition, we were unable to 
separate the effects of estradiol and CPA on CEC in transgender women. Further research 
on this topic is thus needed to fully appreciate these findings.
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Visceral fat
Transgender hormone therapy has dramatic effects on body shape and body 
composition. In chapter 4, we specifically studied the changes in visceral fat during 
twelve months of hormone therapy, as a higher volume of visceral fat is associated 
with increased cardiometabolic risk17 and determinants of cardiometabolic risk such as 
hypercholesterolemia in insulin resistance18, 19. In the general population, cis men have 
more visceral fat than cis women. However, lower testosterone levels in cis men are 
associated with higher volumes of visceral fat. We thus expected increased visceral fat in 
both transgender men and transgender women.

After twelve months of hormone therapy, lean body mass increased and total body fat 
decreased in transgender men, while the opposite was observed in transgender women. 
The average change in visceral fat was small in both groups. However, the interindividual 
range in both transgender men and transgender women varied from a 50% decrease to 
a 50% increase in visceral fat. The change in visceral fat mass over time in some cases 
exceeded the expected natural change in visceral fat mass over a period of twelve months, 
as observed in the general population20. The results suggest that other factors (i.e. lifestyle 
factors such as diet and physical activity) are more important in determining the deposition 
of visceral fat. Perhaps hormone therapy may potentiate the effects of lifestyle factors 
in transgender individuals. A limitation of this study is the use of dual energy X-ray 
absorptiometry to measure visceral fat mass. While this method has been validated for 
single measurements of visceral fat, its ability to measure change in visceral fat mass over 
time is unclear. A future study using a validated approach, such as magnetic resonance 
imaging, is thus needed to confirm the results in this study.

Comparable changes in blood lipids as observed in chapter 2 were found in this study. In 
addition, we confirmed results from an earlier study21, showing that feminizing hormone 
therapy induced insulin resistance as measured by homeostatic model assessment of 
insulin resistance (HOMA-IR), while improvements were observed in masculinizing hormone 
therapy. A secondary objective in this chapter was to evaluate whether an increase in 
visceral fat could explain the observed these unfavourable changes in cardiometabolic risk 
factors. The ratio of visceral fat to total body fat (VAT/TBF) was used as a better measure of 
body composition, to account for the correlation between visceral fat and subcutaneous 
fat. The ratio of VAT/TBF increased in transgender men, due to decreases in total body 
fat, while the ratio decreased in transgender women due to an increase in total body fat. 
However, we found no association between VAT/TBF and the unfavourable changes in blood 
lipids or insulin resistance in transgender individuals. This suggests that the unfavourable 
cardiometabolic effects observed are not mediated by visceral fat, but are rather caused 
by direct effects of hormone therapy on the liver, pancreas or skeletal muscle.
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The lack of association between changes in visceral fat change and HOMA-IR change in 
transgender women may be specifically caused by the coadministration CPA. A recent 
study compared the effects of five years of feminizing hormone therapy with either the 
coadministration of the antiandrogen CPA or a GnRH-analogue22. An increase in HOMA-IR 
in this study was observed only in the transgender women treated with CPA. In line with 
this finding, all previous studies reporting an increase in insulin resistance had treated 
transgender women with CPA. A possible mechanism through which CPA induces insulin 
resistance is through mild activation of the glucocorticoid receptor at higher doses23. This 
direct effect of CPA would explain the lack of an association between changes in visceral 
fat and HOMA-IR in transgender women.

Insulin resistance and type 2 diabetes
In chapter 4, we observed a 45% increase in HOMA-IR in transgender women, while HOMA-
IR decreased by 27% in transgender men. A small previous study in 15 transgender women 
and 15 transgender men, measuring insulin resistance by hyperinsulinemic euglycemic 
clamp technique demonstrated comparable results24. These results raised the question 
whether transgender women have an increased risk of type 2 diabetes mellitus, which 
would be expected if insulin resistance was not caused by CPA. In chapter 6, we set out to 
answer this question by studying the incidence of type 2 diabetes in transgender individuals 
during hormone therapy in comparison to the incidence rates in the general population. To 
do so, the Amsterdam Cohort on Gender Dysphoria (ACOG), containing data from over 8000 
transgender individuals who had visited the Amsterdam gender clinic from 1972 until today, 
was linked to a nationwide data registry (Statistics Netherlands, CBS). In this data registry, 
dispense of medication by pharmacies is recorded for all inhabitants of the Netherlands. 
For each individual, the year of diagnosis of type 2 diabetes was then deferred from the first 
dispense of a glucose-lowering product. Incidence rates adjusted for age, sex and calendar 
year were then calculated. Standardized incidence rates (SIRs) were subsequently used to 
compare the incidence rates of transgender women and transgender men to same birth 
sex individuals in the general population.

In transgender men, opposite to what was expected, the incidence rate of type 2 diabetes 
was higher compared to the incidence rate of women in the general population. This finding 
is in line with the higher incidence of cis men compared to cis women in the general 
population. However, a possible explanation in the current study was the on average higher 
body weight of transgender men before the start of hormone therapy compared to age 
matched women in the general population. In addition, only 32 of 1514 transgender men 
were diagnosed with type 2 diabetes during the observation period, which is explained 
by the relatively young and short follow-up of transgender men in the ACOG study. These 
limitations make it difficult to draw robust conclusions with regard to type 2 diabetes risk 
in transgender men.
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The incidence rate of type 2 diabetes for transgender women was not higher compared 
to the incidence rate of men in the general population. As discussed earlier, the 
coadministration of CPA may be responsible for the dramatic increase in HOMA-IR in 
transgender women. CPA is generally discontinued after genital surgery. In addition, 
the standard dose of CPA has been lowered over the past years to minimize the risk of 
meningioma, which is associated with a higher cumulative dose of CPA25. The relatively 
short period in which CPA is prescribed (in a higher dose) may thus explain why the increase 
in HOMA-IR is not followed by an increase in the incidence of type 2 diabetes in the long 
term.

Individualizing transgender endocrine care
Management of hormone therapy is currently largely based on arbitrary reference ranges 
of serum hormone concentrations26. In clinical practice, physicians are often confronted 
by people who report a lack of physical change, despite adequate serum hormone 
concentrations. To aid in this dilemma, it would be helpful to have an objective measure 
of hormonal effects.

In chapter 5, we therefore touched upon the concept of individualizing transgender 
endocrine care on an outcome-based approach. Changes in body composition are one 
of the hallmark effects of hormone therapy and can be easily and repeatedly measured 
through bioelectrical impedance analysis. Changes in body composition (fat percentage 
and lean body mass) were measured during subsequent visits to our gender clinic. In this 
study we aimed to identify individuals with a lack of change (lean body mass in case of 
transgender men and fat percentage for transgender women) and to study characteristics 
of these individuals. A large interindividual variation in bodily changes was observed, with 
20.2% of transgender men and 9.4% of transgender women without any change during the 
two-year observation period. In addition, a lack of change after three months of hormone 
therapy was predictive of a lack at subsequent visits. The lack of change was associated 
with lower levels of testosterone in transgender men, but no association with estradiol 
was observed in transgender women. These results suggest that measuring changes in 
body composition could aid in managing hormone therapy in transgender men. It may 
be especially helpful in situations when testosterone formulations are prescribed that give 
varying testosterone levels over time. This concept however is in a premature state and 
must be further developed before it can be implemented into clinical practice. For example, 
while hormones do strongly alter body composition, there is also substantial variation due 
to lifestyle and genetic factors. In addition, an approach combining multiple measures of 
effect may be more feasible. Thus, similar studies on other measures of hormonal effects 
should be considered (i.e. hair growth, breast growth or regional distribution of body fat).
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Cyproterone acetate
CPA has been the most frequently prescribed antiandrogen in feminizing hormone therapy 
in the Netherlands and in other countries over the world. Surprisingly, we have observed 
signs throughout this thesis that some of the detrimental effects on determinants of 
cardiometabolic health in feminizing hormone therapy, may be specifically attributed to 
CPA – and not estrogens. In our center, the starting dose of CPA has been gradually reduced 
over the years due to an increased risk of meningioma with higher cumulative doses25 and 
has been recently replaced by GnRH analogues as the preferred antiandrogen agent. The 
possible associations between decreased HDL-cholesterol concentrations, an increase in 
HOMA-IR and the use of CPA (given in a daily dose of 25 to 50mg) further strengthens the 
notion to avoid this antiandrogen in feminizing hormone therapy, although the causal 
association between CPA and the induction of insulin resistance remains to be confirmed 
and a lower dose of CPA (10mg) may have less detrimental effects on HDL-cholesterol 
concentrations compared to the higher doses prescribed in the studies in this thesis27. CPA 
should especially be avoided in individuals without a desire for genital surgery who seek 
long-term androgen deprivation as a component of feminizing hormone therapy. In cases 
with a relative contra-indication for a GnRH-analogue (i.e. prolonged QT-interval) and no 
desire for genital surgery, clinicians should be aware of these additional potentially harmful 
side effects. In this case, spironolactone may be the antiandrogen of choice.

Clinical relevance of findings, implications for clinical practice and 
future research recommendations
To summarize, we have studied the effects of transgender hormone therapy on many 
parameters associated with cardiometabolic health and one of the constituents of 
cardiometabolic disease, which is type 2 diabetes.

In transgender men, we observed no relevant changes in blood pressure, changes in blood 
lipids toward male reference ranges and a decrease in insulin resistance during twelve 
months of hormone therapy. With regard to body composition changes, muscle mass 
increased and fat mass decreased, while visceral fat did not change. The incidence of type 2 
diabetes was higher in transgender men, compared to cis women in the general population. 
However, the limitations discussed earlier make it difficult to appreciate this result. The 
overall changes in the cardiometabolic parameters studied are in line with previous studies 
that did not find a clear increased risk of cardiovascular disease in transgender men10, 13, 
although these prospective studies were hampered by the same limitations of our diabetes 
study. Especially for transgender men, studies on the incidence of cardiovascular events 
and type 2 diabetes in the ACOG cohort should be repeated in a number of years, when 
a greater portion of participants have reached the age in which these events reach their 
peak incidence (i.e. 6th or 7th decade).
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In transgender women, we found no relevant changes in blood pressure, an improvement 
of blood lipid concentrations and only small mean changes in visceral fat. The observations 
associated with increased cardiometabolic risk (i.e. insulin resistance and lower HDL-
cholesterol) may be specific effects of CPA. Considering the recent trend in dose reduction 
or substitution of CPA by GnRH analogues (mainly due to meningioma risk), along with 
the discontinuation of antiandrogens after genital surgery, these risks may be of little 
significance regarding long-term cardiometabolic safety of hormone therapy. This is 
exemplified by the absence of an increase in the incidence of type 2 diabetes in transgender 
women, despite the induction of insulin resistance in the first year of hormone therapy.

Importantly, while reassuring, the results in this thesis do not provide an explanation for 
the increased cardiovascular risk observed in transgender women compared to both men 
and women in the general population10, 13. Further research is needed on other factors 
associated with cardiovascular risk to reveal the mechanisms responsible. One may consider 
either physiological factors such as hypercoagulability and inflammation, lifestyle factors 
such as increased smoking habits or a lack of physical activity or possibly a reluctance to 
seek professional healthcare.

Aside from the possible effects attributed to CPA, the mean changes in the cardiometabolic 
parameters studied in both transgender men and transgender women seem mild with 
regard to their contribution to cardiometabolic risk. Based solely on the average changes 
in cholesterol concentrations during hormone therapy, it may seem that there is no ground 
for routine evaluation of cholesterol concentrations, as recommended by guidelines26. 
However, considering the unexplained increased cardiovascular risk in transgender women 
and the uncertainties regarding cardiometabolic risk in transgender men, we recommend 
vigilance regarding cardiometabolic risk in this population. Considering the above, 
routine evaluation of cholesterol concentrations or other cardiometabolic risk factors may 
contribute to optimizing the prevention of cardiometabolic risk in transgender individuals.

Further, in chapters 4 and 5 we have shown that significant variation can occur within a 
group, despite small mean changes. A limitation, and possibly a key factor responsible 
for the interindividual variation reported in chapter 4 and 5 is the lack of information on 
lifestyle factors such as dietary habits and physical activity. It is possible that hormone 
therapy acts as a catalyst to the metabolic changes brought about by decreased physical 
activity or unhealthy dietary habits. We therefore recommend that physicians in gender 
clinics give ample information on lifestyle management before and during hormone 
therapy and consider an individualistic approach in the management of cardiometabolic 
risk in transgender individuals. This may be especially relevant for individuals reluctant to 
seek health care in general.
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Cardiovascular risk management in primary care 
With the growing number of transgender individuals receiving long-term hormone therapy, 
general practitioners will soon be confronted with the management of cardiovascular risk 
in this group. In primary care, the SCORE tables (Figure 2) are currently used to estimate a 
40 to 70-year-old individual’s 10-year risk of cardiovascular related death. A different table 
is present for men and women, leading to the question; which table should be used for 
transgender individuals?

The risk estimates in the SCORE tables are derived from a prediction study performed in a 
pooled dataset of 12 European cohorts28. Hazard ratios for risk factors were derived from 
analyses stratified by sex, meaning that the increased risk associated with a change in a 
certain risk factor is different for men and women. The SCORE charts currently give an 

Figure 2. SCORE-tables for the assessment of 10-year risk of cardiovascular death; which 
table applies to transgender people?

Reprinted with permission from Conroy et al. European Heart Journal 200328
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estimate of risk based on the following variables: age, smoking, systolic blood pressure 
and the ratio of total cholesterol to HDL-cholesterol (TC/HDL).

In this thesis, we have shown that hormone therapy in transgender individuals causes 
modest changes in blood pressure and changes cholesterol levels toward the reference 
ranges of the identified gender. This would mean that the TC/HDL ratio decreases in 
transgender women (assuming CPA is discontinued), while it increases in transgender 
men. One may thus intuitively consider to use the SCORE table for the identified gender 
(or opposite birth sex) to estimate the 10-year risk of cardiovascular death. However, there 
are several arguments to be made against this. First, while the reference ranges of TC/HDL 
change, the vast majority of individuals had TC/HDL ratios that remained below a ratio of 
5. Only higher levels are associated with substantial cardiovascular risk28, and are thus of 
clinical relevance. Second, and more importantly, using the risk table for the opposite sex 
assumes that the relative risk associated with a change in TC/HDL (or any other risk factor) 
also changes toward the sex specific estimates derived for the opposite sex, which might 
not be true. Finally, using the female chart for transgender women would underestimate the 
true cardiovascular risk, as the risk of cardiovascular mortality in this group is greater than 
in both men (SIR 1.4) and women (SIR 2.5) from the general population29. For transgender 
men, there is still insufficient data to conclude on the risk of cardiovascular mortality in 
this group.

To give a recommendation, we thus suggest to use the risk table for the individual’s birth 
sex to determine the 10-year risk of cardiovascular death in transgender individuals. This 
is in line with the methods of a study by Cocchetti et al., who evaluated changes in the 
30-year Framingham risk score during hormone therapy30. Until more is known about the 
factors explaining the increased cardiovascular risk in transgender women, risk estimates 
for transgender women should be multiplied by 1.4 to incorporate the higher risk in this 
group. We are aware this may give an overestimation of the true cardiovascular mortality 
risk, as the previously mentioned study for example, unlike the SCORE prediction model, 
did not adjust for lifestyle factors such as smoking habits. However, based on the available 
evidence, this adjustment provides the most accurate estimation of cardiovascular mortality 
risk in transgender women.

Conclusion

The average effects of estrogens and testosterone on the studied parameters associated 
with increased cardiometabolic risk in both transgender women and transgender men 
were mild. On the contrary, the antiandrogen CPA however may have detrimental effects 
on cardiometabolic health and should only be prescribed with caution in cases with a 
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relative contra-indication for other antiandrogen agents. Regarding the long-term 
safety of hormone therapy, the factors that explain the increased cardiovascular risk in 
transgender women remain unclear and need to be unraveled in future studies. Therefore, 
the cardiovascular health should be an integral part of the management of transgender 
people in both gender clinics and in primary care setting.
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Summary in Dutch

Transgender mensen
De term transgender is een parapluterm die mensen beschrijft met een genderidentiteit 
die niet overeenkomt met het toegewezen geslacht bij de geboorte. Transgender 
mensen kunnen genderdysforie ervaren. Genderdysforie wordt gedefinieerd als stress of 
onvrede veroorzaakt door een mismatch tussen iemands geboortegeslacht en iemands 
genderidentiteit.

Transgender mannen hebben een mannelijke genderidentiteit en een vrouwelijk 
geboortegeslacht en transgender vrouwen hebben een vrouwelijke genderidentiteit en een 
mannelijk geboortegeslacht. Iemand die is gediagnosticeerd met genderdysforie kan ervoor 
kiezen om een medische behandeling te ondergaan om uiterlijke geslachtskenmerken 
van het ervaren gender te verkrijgen. Deze kenmerken kunnen worden verkregen door 
hormoonbehandeling en/of chirurgische ingrepen. Bij transgender mannen bestaat 
deze hormoonbehandeling uit testosteron. Behandeling met testosteron bij transgender 
mannen leidt onder andere tot een lagere stem en een toename van haargroei. Bij 
transgender vrouwen bestaat de hormoonbehandeling uit het vrouwelijke hormoon 
oestrogeen en testosteronremmers. Deze hormoonbehandeling leidt onder andere tot 
borstgroei, een zachtere huid en een afname van haargroei. Wanneer transgender vrouwen 
een geslachtsoperatie ondergaan waarbij de zaadballen verwijderd worden, is het niet 
meer nodig om een testosteronremmer te gebruiken. De aanmaak van lichaamseigen 
testosteron is dan namelijk nagenoeg geheel verdwenen.

Bij zowel transgender mannen als transgender vrouwen is een ander belangrijk effect 
van de hormoonbehandeling het effect op de verandering in de hoeveelheid, locatie 
en verhouding van vet en spiermassa. De effecten van hormoonbehandeling op deze 
veranderingen, processen die hiermee gepaard gaan en de mogelijke gevolgen voor de 
gezondheid op de lange termijn staan in dit proefschrift centraal en worden uitvoerig 
besproken.

Lichaamssamenstelling en vetverdeling
Het percentage water, bot, vet en spier in het menselijk lichaam noemen we de 
lichaamssamenstelling. De lichaamssamenstelling (met name m.b.t. vet en spiermassa) 
verschilt sterk tussen mannen en vrouwen. Mannen hebben relatief gezien meer spiermassa 
en vrouwen meer vetmassa. De locatie, ofwel verdeling, van vet verschilt ook sterk tussen 
mannen en vrouwen. Vet verzamelt zich bij mannen vooral in de buik en bij vrouwen vooral 
in de billen en bovenbenen. De verschillen tussen mannen en vrouwen met betrekking 
tot lichaamssamenstelling en vetverdeling worden na de menopauze veel kleiner, wat 
een duidelijke relatie met de geslachtshormonen suggereert. Die relatie is ook duidelijk 
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zichtbaar bij transgender mensen die hormoonbehandeling ondergaan. Eerder onderzoek 
toonde aan dat transgender vrouwen die hormonen krijgen een lichaamssamenstelling 
krijgen die lijkt op dat van het vrouwelijk geslacht. In de bovenbenen en heupen werd na 
een jaar hormoonbehandeling een toename van vetmassa gezien van respectievelijk 42 
en 34%. Bij transgender mannen nam de vetmassa in deze regio’s juist af, terwijl er wel een 
toename in spiermassa van 10% werd gezien.

Cardiometabool risico
De toename van lichaamsvet in engere zin bij transgender vrouwen en de mogelijke 
toename van buikvet bij transgender mannen leidt tot de vraag of de hormoonbehandeling 
bij transgender mensen zou kunnen leiden tot het metabool syndroom, wat vaak wordt 
gezien bij mensen met een hogere hoeveelheid buikvet en hoger percentage lichaamsvet 
in het algemeen. Mensen met het metabool syndroom hebben vaak een combinatie van 
een verhoogde bloeddruk, een verhoogde waarde van triglyceriden (‘slechte’ vetten) 
in het bloed, een verlaagde waarde HDL-cholesterol (‘goed’ cholesterol) in het bloed, 
insulineongevoeligheid en een hoge middelomtrek (een maat voor buikvet). Van al deze 
risicofactoren is afzonderlijk bekend dat zij worden beïnvloed door geslachtshormonen. 
Zo komen deze risicofactoren vaker voor bij mannen dan bij vrouwen voor de menopauze, 
maar worden de verschillen tussen mannen en vrouwen kleiner na de menopauze.

Op basis van de lichamelijke veranderingen die worden gezien tijdens de hormoon-
behandeling bij transgender mensen kan men een toename van metabool syndroom 
verwachten bij zowel transgender vrouwen als transgender mannen. In hoeverre de 
hormoonbehandeling bij transgender mensen echter daadwerkelijk bijdraagt aan de 
ontwikkeling van het metabool syndroom, en of hormoonbehandeling daarbij het risico 
op hart- en vaatziekten en suikerziekte verhoogt, is onduidelijk. Eerdere onderzoeken die 
keken naar de effecten van hormonen op de afzonderlijke componenten van het metabool 
syndroom zijn uitgevoerd in kleine onderzoeksgroepen en rapporteerden tegenstrijdige 
resultaten. Een tweetal studies dat het risico van hormoonbehandeling op het krijgen van 
hart- en vaatziekten onderzocht, toonde een verhoogd risico bij transgender vrouwen, 
maar niet bij transgender mannen. De relatief korte observatieduur en de jonge leeftijd 
van voornamelijk transgender mannen maken het echter lastig om hieruit robuuste 
conclusies te trekken. Daarnaast is er voor het verhoogde risico op hart- en vaatziekten 
bij transgender vrouwen nog geen duidelijke verklaring gevonden. Tenslotte zijn er in 
de huidige literatuur geen gegevens bekend over het voorkomen van suikerziekte bij 
transgender mensen, en of het voorkomen hiervan toeneemt tijdens hormoonbehandeling. 
Daar de hormoonbehandeling bij transgender mensen vaak levenslang gegeven moet 
worden, is het essentieel om deze vragen te verhelderen, met het doel de kwaliteit van 
zorg voor transgender mensen te verbeteren.



154 | Chapter 8

Geslachtsverschillen tussen mannen en vrouwen – ook met betrekking tot de stofwisseling 
– worden niet alleen veroorzaakt door hormonen. Meerdere studies hebben aangetoond 
dat er genen op de geslachtsspecifieke X- en Y-chromosomen aanwezig zijn, die van 
invloed zijn op allerlei processen in het menselijk lichaam. Daarnaast worden mannen 
al in de baarmoeder blootgesteld aan een testosteronpiek die van invloed lijkt te zijn op 
de ontwikkeling en functie van cellen en weefsels later in het leven. Dit wordt foetaal 
programmeren genoemd. Onderzoek in diermodellen heeft aangetoond dat deze 
programmering een blijvend effect heeft, ongeacht de blootstelling aan oestrogenen of 
testosteron later in het leven. Hoewel de hormoonhuishouding van transgender mannen 
en vrouwen die hormonen gebruiken vergelijkbaar is met dat van respectievelijk cis gender 
mannen en vrouwen (cis: de genderidentiteit is gelijk aan het geboortegeslacht), zijn er dus 
nog steeds verschillen in geslachtschromosomen en de doorgemaakte geslachtsspecifieke 
ontwikkeling voor de start van hormonen. Om deze reden is het niet direct mogelijk om 
effecten van hormoonbehandeling in cis mannen en cis vrouwen (cis: de genderidentiteit 
is gelijk aan het geboortegeslacht) door te trekken naar de transgenderpopulatie. Specifiek 
onderzoek binnen de transgenderpopulatie is dus noodzakelijk en dit onderstreept het 
belang van dit proefschrift.

Doel proefschrift
Het doel van dit proefschrift is om meer te weten te komen over de effecten van 
hormoonbehandeling op cardiometabole risicofactoren (risicofactoren met betrekking 
op hart- en vaatziekten en suikerziekte) en het voorkomen van suikerziekte als uiting 
van deze risicofactoren bij transgender mannen en transgender vrouwen. Dit hebben 
we gedaan door te kijken naar de effecten van hormoonbehandeling op het metabool 
syndroom. Daarnaast hebben we gekeken naar de veranderingen in spier- en vetmassa 
gedurende een langere periode van hormoonbehandeling en is er specifieker gekeken 
naar veranderingen in orgaanvet (ofwel buikvet) tijdens de hormoonbehandeling. 
Tenslotte hebben we onderzocht of suikerziekte vaker voorkomt bij transgender mensen 
die hormoonbehandeling ondergaan. Dit hebben we gedaan door te kijken naar het 
voorkomen van suikerziekte bij transgender mannen en transgender vrouwen en de 
getallen te vergelijken met die van mensen met hetzelfde geboortegeslacht in de algehele 
Nederlandse bevolking.

Hoofdbevindingen
In hoofdstuk 2 beschrijven we de veranderingen in bloeddruk en vetten in het bloed 
gedurende een jaar hormoonbehandeling bij transgender mannen en transgender 
vrouwen. Zowel bij transgender mannen als transgender vrouwen vonden we geen 
duidelijke veranderingen in bloeddruk. Bij transgender mannen steeg het totaal cholesterol, 
LDL-cholesterol (‘slecht’ cholesterol) en het gehalte triglyceriden (‘slechte vetten’), terwijl 
het HDL-cholesterol daalde. Deze veranderingen waren niet afhankelijk van het type 
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hormonale medicatie dat voorgeschreven werd. Bij transgender vrouwen werd een daling 
gevonden van bovengenoemde lipiden. Vergeleken met eerder beschreven effecten 
van oestrogeentoediening in andere populaties, was de daling in het HDL-cholesterol 
bij transgender vrouwen onverwacht. Deze daling is mogelijk een nadelig effect van de 
testosteronremmer cyproteron acetaat.

Hormoonbehandeling met testosteron of oestrogeen lijkt de concentratie van de meeste 
lipiden te veranderen richting de referentiewaarden van respectievelijk het mannelijke of 
het vrouwelijke geslacht. Deze veranderingen zullen dan ook waarschijnlijk niet bijdragen 
aan een verhoogd risico op hart- en vaatziekten. De daling van het HDL-cholesterol bij 
transgender vrouwen – die al een lager gehalte HDL-cholesterol hebben dan het vrouwelijk 
geslacht – draagt mogelijk wel bij aan een verhoogd risico op hart- en vaatziekten in deze 
groep. Een dosisverlaging van cyproteron acetaat, een kortdurende behandeling of het 
voorschrijven van een andere testosteronremmer zou dit negatieve effect mogelijk kunnen 
opvangen.

Onderzoek van de laatste jaren heeft aangetoond dat niet alleen een lagere concentratie 
van HDL-cholesterol een verhoogd risico op hart- en vaatziekten geeft, maar ook een 
verminderde functie van het HDL-cholesterol. In hoofdstuk 3 keken we daarom in een 
kleine groep transgender mannen en transgender vrouwen naar één van de belangrijke 
functies van het HDL-cholesterol; cholesterol efflux.

Bij transgender vrouwen vonden we dat niet alleen de concentratie, maar ook de functie 
van het HDL-cholesterol afneemt. In dit relatief nieuwe aandachtsgebied is er echter meer 
onderzoek nodig om te kunnen bepalen of de gevonden effecten van hormonen op de 
functie van HDL-cholesterol in deze studie invloed hebben op het cardiometabole risico.

In hoofdstuk 4 onderzochten we de specifieke verandering in buikvet tijdens 
hormoonbehandeling. Buikvet is sterk geassocieerd met een verhoogd risico op hart- 
en vaatziekten en onderliggende risicofactoren zoals een verhoogd cholesterol en 
ongevoeligheid voor het hormoon dat suiker in het bloed verlaagt, insuline. In de algehele 
bevolking hebben mannen meer buikvet dan vrouwen. Om deze reden verwachtten 
we een toename van buikvet bij transgender mannen. Echter is er bij mannen in de 
algehele bevolking ook een relatie tussen lagere testosteron gehaltes en een hoger 
volume buikvet. Hierdoor verwachtten wij bij transgender vrouwen met een onderdrukt 
testosteron ook een toename in het buikvet. In dit onderzoek vonden we echter na een 
jaar hormoonbehandeling bij zowel transgender mannen als transgender vrouwen een 
lage gemiddelde verandering in het buikvet. De spreiding in de mate van verandering 
was echter groot. Bij zowel transgender mannen als transgender vrouwen varieerde de 
verandering in buikvet van een afname van 50% tot een toename van 50%. Onze resultaten 
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doen vermoeden dat andere factoren, bijvoorbeeld voeding en lichaamsbeweging, een 
belangrijkere rol spelen in de veranderingen van buikvet over tijd. Mogelijk kunnen 
hormonen de grootte van deze effecten kunnen versterken. Een belangrijke bijkomstige 
bevinding was het feit dat transgender vrouwen tijdens het eerste jaar ongevoeliger 
raken voor insuline, terwijl het omgekeerde werd gevonden bij transgender mannen. 
Deze bevinding is in overeenstemming met een eerdere studie naar de effecten van 
hormoonbehandeling op insulinegevoeligheid. Omdat een hoog volume buikvet is 
gerelateerd aan een verhoogd cholesterolgehalte en insulineongevoeligheid, onderzochten 
we of deze maten in de transgenderpopulatie met elkaar in verband stonden. Er werd geen 
relatie gevonden tussen de verandering in buikvet en de verandering in cholesterol of 
insulinegevoeligheid. De geobserveerde effecten lijken dus het gevolg te zijn van directe 
effecten van de hormonen op bijvoorbeeld de lever, spieren en de alvleesklier.

In de praktijk wordt hormoonbehandeling voorgeschreven volgens een vast protocol. De 
dosering van hormonen is met name afhankelijk van de hormoonwaarden in het bloed. 
In de praktijk komt het echter vaak voor dat mensen ontevreden zijn over de effecten 
van hormoonbehandeling, ondanks dat de hormoonwaarden in het bloed hoog genoeg 
zijn. In hoofdstuk 5 hebben we gefilosofeerd over de mogelijkheid om de dosering van 
hormoonbehandeling te baseren op de resultaten, met het doel de hormoonzorg van 
transgender mensen meer op maat te maken. Studies naar effecten van hormonen 
rapporteren vaak gemiddelde veranderingen, terwijl de verschillen tussen personen 
minstens zo informatief zijn, zoals is gebleken in hoofdstuk 4. In hoofdstuk 5 hebben 
we daarom specifiek gekeken naar de interindividuele verschillen in de verandering van 
lichaamsvet en spiermassa tijdens de hormoonbehandeling. Vervolgens is gezocht naar 
kernmerken van personen waarbij geen verandering was opgetreden. We vonden ook 
hier een grote verschillen in de verandering van lichaamsvet en spiermassa tijdens de 
hormoonbehandeling bij transgender mensen. Er trad geen verandering op bij 20.2% 
van de transgender mannen en bij 9.4% van de transgender vrouwen. We vonden tevens 
dat een gebrek aan verandering in spiermassa of vetmassa in de eerste drie maanden 
voorspellend was het voor het verdere verloop gedurende de behandeling van 24 
maanden. Het gebrek aan lichamelijke verandering was bij transgender mannen, maar 
niet bij transgender vrouwen verbonden met de hormoonconcentraties in het bloed. Onze 
resultaten doen vermoeden dat het meten van verandering in lichaamssamenstelling in 
ieder geval bij transgender mannen gebruikt zou kunnen worden om de dosering van 
hormonen te sturen. Deze methode zou in het bijzonder van toegevoegde waarde kunnen 
zijn bij het gebruik van testosteronpreparaten die wisselende hormoonwaarden geven. Om 
hormoonzorg ‘op maat’ verder te kunnen ontwikkelen moet in vervolgonderzoek worden 
gekeken naar andere effectmaten van hormoonbehandeling. Hierbij kan bijvoorbeeld 
worden gedacht aan verandering in vetverdeling, haargroei en borstgroei.
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In dit proefschrift staat cardiometabole gezondheid centraal. In de vorige hoofdstukken 
hebben we gekeken naar veranderingen in risicofactoren die zijn geassocieerd met 
hart- en vaatziekten of suikerziekte. In de laatste studie, hoofdstuk 6, is gekeken of 
hormoonbehandeling daadwerkelijk van invloed is op het voorkomen van suikerziekte 
bij transgender mensen. We zagen een sterke toename in insulineongevoeligheid bij 
transgender vrouwen, terwijl transgender mannen juist gevoeliger werden voor insuline. 
Om deze reden verwachtten we juist bij transgender vrouwen een toename te zien in het 
aantal nieuwe gevallen van suikerziekte.

In tegenstelling tot wat was verwacht, vonden we bij transgender vrouwen ondanks 
de toename in insulineongevoeligheid geen verschil in het aantal nieuwe gevallen van 
suikerziekte ten opzichte van mannen in de algehele bevolking. Een mogelijke verklaring 
is dat de toename van insulineongevoeligheid bij transgender vrouwen veroorzaakt wordt 
door cyproteron acetaat. Dit middel wordt alleen in het begin van de behandeling wordt 
gebruikt en wordt gestopt na een geslachtsoperatie, die meestal na één tot twee jaar 
na het starten van hormoonbehandeling plaatsvindt. Dit zou kunnen betekenen dat de 
veranderingen in insulinegevoeligheid maar van korte duur zijn en kunnen verklaren 
waarom er geen toename in het voorkomen van suikerziekte werd gevonden.

Bij transgender mannen werd juist een toename gezien in het aantal nieuwe gevallen van 
suikerziekte. Een mogelijke verklaring hiervoor is dat het lichaamsgewicht van de groep 
transgender mannen al vóór het starten van hormonen gemiddeld hoger was dan dat 
van vrouwen uit de algehele bevolking. Bij transgender mannen ontwikkelde daarnaast 
slechts 32 van de 1514 personen suikerziekte gedurende de onderzoeksperiode. Dit kan 
worden verklaard door de relatief jonge gemiddelde leeftijd en de korte onderzoeksperiode 
van transgender mannen in het onderzoek. Om deze reden is het binnen deze groep 
moeilijk om een robuuste conclusie trekken met betrekking tot het risico op suikerziekte 
bij hormoonbehandeling.

Betekenissen voor de praktijk
Samenvattend vonden we bij transgender vrouwen tijdens hormoonbehandeling 
gemiddeld genomen geen verandering in bloeddruk, een verbeterd lipidenprofiel 
en een toename in lichaamsvet, maar niet in buikvet. De daling in HDL-cholesterol en 
de toename in insulinegevoeligheid – beide factoren die bijdragen aan een verhoogd 
cardiometabool risico – lijken effecten te zijn die worden veroorzaakt door het gebruik 
van cyproteron acetaat. Het verhoogde risico op hart- en vaatziekten bij transgender 
vrouwen uit eerdere studies lijkt niet te worden veroorzaakt door de negatieve effecten 
van cyproteron acetaat. Een verhoogd risico op veneuze trombose en beroerte werd 
immers ook gevonden in een Amerikaanse studie, waar transgender vrouwen niet met 
cyproteron acetaat worden behandeld. Dit verhoogde risico kan tevens ook niet worden 
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verklaard door de veranderingen gemeten in dit proefschrift. Aanvullend onderzoek is 
nodig om een alternatieve verklaring voor het verhoogde risico op hart- en vaatziekten 
te vinden. Hierbij zou gedacht kunnen worden aan veranderingen in ontsteking in het 
lichaam of bloedstolling, maar ook in gedragsspecifieke factoren zoals roken, verminderde 
lichaamsbeweging of het mijden van reguliere zorg. Tenslotte vonden we ondanks de 
toename in lichaamsvet en insulineongevoeligheid geen verhoogd risico op suikerziekte. 
Het staken van cyproteron na een geslachtsoperatie of het verlagen van de dosering bij 
lange termijn gebruik zou hiervoor een verklaring kunnen zijn.

Bij transgender mannen vonden we geen verandering in bloeddruk, een lichte 
verslechtering van vetten en cholesterol in het bloed, een toename in spiermassa en afname 
in totale vetmassa (zonder verandering in buikvet) en daarmee ook een verbetering in 
insulinegevoeligheid. Ook deze veranderingen lijken niet bij te dragen aan een verhoogd 
cardiometabool risico, passend bij de twee eerdere studies die geen duidelijk verhoogd 
risico op hart- en vaatziekten aantoonden bij transgender mannen. Aanvullend onderzoek 
is nodig om het risico op suikerziekte bij transgender mannen preciezer in kaart te brengen. 
Het verhoogde risico in dit proefschrift kan vooralsnog worden verklaard door een hoger 
lichaamsgewicht van transgender mannen vóór start van hormonen, vergeleken met 
vrouwen in de algehele bevolking.

Zowel voor transgender mannen als transgender vrouwen geldt dus dat er in dit 
proefschrift geen aanwijzingen zijn gevonden dat hormoonbehandeling belangrijke 
effecten heeft op cardiometabole risicofactoren of het voorkomen van suikerziekte. 
Zoals besproken zijn de negatieve effecten van hormoonbehandeling op het HDL-
cholesterol en insulineongevoeligheid bij transgender vrouwen mogelijk effecten van 
het middel cyproteron acetaat. Mede door het verhoogde risico op meningeomen bij 
langdurig gebruik van cyproteron acetaat wordt dit product inmiddels niet meer of enkel 
in gereduceerde dosis voorgeschreven. Voor de dagelijkse praktijk zijn deze effecten dus 
minder relevant. Wanneer cyproteron acetaat toch wordt voorgeschreven (bijvoorbeeld 
wanneer het voorschrijven van een andere testosteronremmer niet mogelijk is), dient–met 
name bij patiënten die geen wens hebben voor geslachtsoperatie–rekening te worden 
gehouden met deze bijeffecten.

Op basis van de resultaten in dit proefschrift kan verder worden beargumenteerd dat er 
geen noodzaak is voor het routinematig meten van vet- of cholesterolconcentraties in het 
bloed, zoals in de huidige richtlijn wordt geadviseerd. Echter is er nog steeds sprake van een 
onverklaard verhoogd risico op hart- en vaatziekten bij transgender vrouwen en is het risico 
op hart- en vaatziekten en suikerziekte bij transgender mannen nog niet geheel duidelijk. 
Om deze reden zouden routinematige bepalingen van cholesterol of bloedsuikerwaarden 
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bij transgender mensen wel kunnen bijdragen aan het zo laag mogelijk houden van het 
risico op hart- en vaatziekten en suikerziekte in deze groep.

Ten slotte is het belangrijkste advies aan de behandeld arts om voldoende aandacht 
te besteden aan leefstijl adviezen. Hoewel dit in dit proefschrift niet specifiek is 
onderzocht, is het waarschijnlijk dat de bijdrage van een gezonde voeding en voldoende 
lichaamsbeweging aan het verlagen van het cardiometabole risico groter is dan de in dit 
proefschrift gevonden (nadelige) effecten van de hormoonbehandeling op cardiometabole 
risicofactoren.

Toekomstperspectieven
Hoewel er aanwijzingen zijn dat cyproteron acetaat verantwoordelijk is voor 
eerdergenoemde effecten in dit proefschrift, zijn er nog weinig studies die het middel in een 
vergelijkbare onderzoeksgroep met een andere testosteronremmer hebben vergeleken. 
Een GnRH-analoog is in Nederland tegenwoordig de testosteronremmer die bij voorkeur 
wordt voorgeschreven. In een toekomstige studie met een directe vergelijking tussen 
cyproteron acetaat en GnRH-analogen kunnen de specifieke bijeffecten van cyproteron 
acetaat beter worden onderzocht.

De deelnemers in dit proefschrift waren van relatief jonge leeftijd. Het percentage ouderen 
(>65 jaar oud) in de studies was daarom ook laag. Omdat het voorkomen van hart- en 
vaatziekten en suikerziekte juist in deze groep hoog is, is het zinvol om in de toekomst 
nogmaals het voorkomen van diabetes tijdens de hormoonbehandeling te onderzoeken. 
Op deze manier kan specifieker gekeken worden of het risico op suikerziekte verhoogd is 
bij transgender mannen die hormoonbehandeling ondergaan.

Conclusie
In dit proefschrift zagen we, behoudens de veranderingen in insulinegevoeligheid, slechts 
geringe gemiddelde veranderingen in de componenten van het metabool syndroom en 
het gehalte van buikvet na een jaar hormoonbehandeling bij transgender mensen. De 
toename van insulinegevoeligheid bij transgender vrouwen is mogelijk gekoppeld aan 
het gebruik van cyproteron acetaat en ging na lange termijn hormoonbehandeling niet 
gepaard met een toename van het aantal nieuwe gevallen van suikerziekte. Ondanks deze 
geruststellende resultaten blijft er onduidelijkheid over de oorzaak van het verhoogde 
risico op hart- en vaatziekten bij transgender vrouwen en zijn er te weinig gegevens over 
het voorkomen van hart- en vaatziekten bij transgender mannen. Om deze redenen moet 
cardiometabole gezondheid een belangrijk aandachtspunt blijven in de behandeling van 
transgender mensen.
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