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Chapter 1

GENERAL INTRODUCTION AND OUTLINE OF THIS THESIS

The overall aim of this thesis is to investigate the effects of hormonal therapy on body shape, 
body composition, body fat distribution, and on cardiovascular risk in transgender adults 
and adolescents. This general introduction describes the definition of gender dysphoria, 
the current knowledge on hormonal treatment and its effects on body composition and 
cardiovascular risk, and how the chapters in this thesis may contribute to our knowledge 
on these topics.

Terminology in the area of transgender health care is rapidly evolving and multiple terms 
are used in this thesis that need explanation (Box 1)1.

Box 1. Terminology in transgender health care

Sex (assigned at birth): The biological aspect of being a man or a women. The 
sex of a person is assigned at birth (male or female), 
usually based on the appearance of the external 
genitalia.

Gender identity: A person’s intrinsic sense of being male, female, or an 
alternative gender.

Transwomen: Persons who were assigned male at birth, but who 
have a female gender identity (before referred to as 
male-to-female transgender persons).

Transmen: Persons who were assigned female at birth, but who 
have a male gender identity (before referred to as 
female-to-male transgender persons).

Ciswomen: At birth assigned females with a female gender 
identity.

Cismen: At birth assigned men with a male gender identity.

Gender affirming hormones (GAH): Sex hormones (estradiol or testosterone) used to 
change secondary sex characteristics to affirm a 
person’s gender identity. Sometimes we also use 
“cross-sex hormones”.

Gender affirming surgery: Surgery to change primary and/or secondary sex 
characteristics to affirm a person’s gender identity.



11

General introduction and outline of this thesis

Gender dysphoria

Definition and history
Transgender people (or trans people) may experience gender dysphoria, which refers to 
the discomfort or distress that is caused by a discrepancy between a person’s gender 
identity and that person’s sex assigned at birth1.

Expressions of gender are described throughout history2. Hippocrates (460-370 AC) wrote 
about the Scythen, Indo-European nomads who lived in Central Asia. Rich Scythen men 
who did not get an erection anymore due to the horseback riding were “turned” into women. 
In the middle ages, Gregorius van Tours (538-594) wrote a story about a man who lived 
in the monastery as a nun and dressed and acted like a woman. François Timoléon de 
Choisy (1644-1724) was a French priest and writer and lived for long periods in his life as 
a woman. Much is known about his life since he wrote about his adventures as a young 
woman in “Histoire de la Comptesse de Barres”. The first description of transsexuality 
in medical literature is from Jean-Etienne Esquirol (1772-1840) who was the founder of 
a psychiatric hospital in France and wrote about a transgender person in his book “Des 
maladies metals considérées sous le rapport medical, hygiénique, et medico-légal.”. In 
the beginning of the 20th century, Magnus Hirschfeld (1868-1935) described that people 
can have both male and female characteristics and thereby started the development of 
tolerance towards homosexuality and transgenderism. For years it has been discussed 
whether the incongruity between body and mind had to be treated with psychotherapy 
or medical procedures on the body. Under the direction of Harry Benjamin (1885-1986), 
the latter approach got the upper hand, which resulted in the first medical guidelines of 
treatment (Standards of Care) around 1980. In the Netherlands, the first medical clinic for 
transgender health care was started in the 1970s in the VU Hospital by Louis Gooren2.

Prevalence
The number of trans people increased markedly in recent years. In 1996, a prevalence 
of 1:11.900 in men and in 1:30.400 in women was reported3. A recent study on gender 
dysphoria in the Netherlands reported a prevalence of 1:3.800 in men and 1:5.200 in 
women4. These data however, represent a group of trans people that actively sought 
treatment in our clinic, and not all trans people request medical treatment. Therefore, these 
numbers may still be an underestimation of the true prevalence.

1
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Etiology
The etiology of gender dysphoria is not clear. Probably, a complex interaction between 
biological, psychological and social factors contributes to the development of gender 
dysphoria2,5,6. Studies in the general population showed that prenatal testosterone 
levels in the mother predicted the degree of later male play behavior in both boys and 
girls6. Possibly, these levels also affect the development of gender identity and gender 
dysphoria2. Brain studies showed that in transwomen certain structures were similar to 
those in women, such as the size and volume of the bed nucleus stria terminalis and the 
interstitial nuclei 3 and 4 of the hypothalamus7-9. Also, functional magnetic resonance 
imaging (fMRI) showed that the exposure to certain odors activate the hypothalamus in 
transwomen in a female manner, possible through a different development of the brain10. 
A systematic literature review on case studies in gender dysphoric persons found that 
39% of the monozygotic twins were concordant on gender dysphoria, while none of the 
dizygotic twins were concordant, suggesting a role for genetics in the development of 
gender dysphoria11. Besides these biological factors, recent developmental psychology 
models assume that psychological factors play a role too. Studies showed that anxiety 
and depression are more prevalent in gender dysphoric children and that psychological 
problems are more prevalent in their parents. Presumably, there is a complex interplay 
of biological and psychological factors underpinning the etiology of gender dysphoria2.

Diagnosis
From 2000 to 2013, the Diagnostic and Statistical Manual of Mental Disorder 4th edition 
(DSM-IV) was in use to diagnose “gender identity disorder”12. In 2013, an updated version 
called the DSM-V became available in which the naming changed to “gender dysphoria”13 
(Box 2).
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Box 2. Current diagnostic criteria for gender dysphoria (DSM-V)

Current diagnostic criteria for both adolescents and adults are (DSM-V):

A) A marked incongruence between one’s experienced gender and assigned gender of at 
least 6 months’ duration, as manifested by at least two of the following: 

1) A marked incongruence between one’s experienced/expressed gender and primary 
and/or secondary sex characteristics (or in young adolescents, the anticipated 
secondary sex characteristics).

2) A strong desire to be rid of one’s primary and/or secondary sex characteristics 
because of a marked incongruence with one’s experienced gender (or in young 
adolescents, a desire to prevent the development of the anticipated secondary sex 
characteristics).

3) A strong desire for the primary and/or secondary sex characteristics of the other 
gender.

4) A strong desire to be of the other gender (or some alternative gender different from 
one’s assigned gender).

5) A strong desire to be treated as the other gender (or some alternative gender 
different from one’s assigned gender).

6) A strong conviction that one has the typical feelings and reactions of the other 
gender (or some alternative gender different from one’s assigned gender). 

B) The condition is associated with clinically significant distress or impairment in social, 
occupational, or other important areas of functioning.

 
Treatment
People with gender dysphoria can be treated with hormonal therapy or/and gender 
affirming surgery.

First, a psychologist will examine in detail what a person expects from treatment by care 
providers. If a person wants to start gender affirming treatment, the psychologist will 
check to which extent someone meets the criteria of the DSM-V to be able to diagnose 
gender dysphoria. Questionnaires such as the Utrecht Gender Dysphoria Scale or the 
Gender Dysphoria Scale14 can be used for this purpose. Further, psychological functioning, 
emotional and social stability, and the social support system are evaluated. During this 
psychological diagnostic phase, the person and psychologist discuss whether the wish 
to belong to the desired gender is consistent and whether a person is able to live in the 
desired gender role.

1
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After gender dysphoria is diagnosed by the psychologist, endocrinological treatment can 
be started. This treatment for both adolescents and adults is described in detail in the 
next paragraphs. In the Netherlands, the minimum age for gender affirming surgery is 18 
years. Options for surgery include mamma-augmentation, vaginoplasty, facial feminization 
surgery, and adam’s apple reduction in transwomen. In transmen, mastectomy, uterus 
extirpation, ovariectomy, colpectomy, metaoidioplasty, and phalloplasty can be performed. 
Further, speech therapy and hair removal therapy are available. Not all persons with gender 
dysphoria want to undergo endocrinological or surgical treatment, the treatment needs 
may vary per person.

Endocrine treatment in trans people

In order to be able to understand the treatment with puberty suppressants and gender 
affirming hormones in trans people, we will first describe the physiological system of 
production of sex steroids in men and women.

The two main classes of sex steroid hormones are androgens and estrogens, of which 
the most important derivatives are testosterone and estradiol, respectively. Testosterone 
and estradiol are produced in both men and women, but in different proportions. In men, 
the predominant hormone is testosterone which is produced mainly by the testes and to a 
lesser extent by the adrenals. The aromatase enzyme, also called estrogen synthase, is 
responsible for the conversion of testosterone into estradiol and is present in many tissues, 
mainly in adipose tissue, but also in the gonads, brain, blood vessels, skin and bone in 
both men and women15. In women, the predominant hormone estradiol is mainly produced 
in the ovaries and a small amount of testosterone is produced in the ovaries and adrenals.

Estradiol and testosterone are the final products of the hypothalamic-pituitary-gonadal axis. 
In the hypothalamic-pituitary-gonadal axis (Figure 1), gonadotropin-releasing hormone 
(GnRH) is secreted pulsatile from the hypothalamus to activate the anterior pituitary. This 
gland produces luteinizing hormone (LH) and follicle-stimulating hormone (FSH) which 
are released to act on the gonads. In the gonads, both gametogenesis (spermatogenesis 
and oogenesis) as well as steroidogenesis are induced. Major sex hormones estradiol and 
testosterone are produced in the gonads and secreted into the blood and give feedback 
at the level of the hypothalamus and pituitary to control normal reproductive function16.
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Figure 1. Hypothalamic-pituitary-gonadal axis.

 
Sex steroids exert their effects on target tissues through interaction with androgen 
receptors and estrogen receptors16. Target tissues for sex steroids hormones are the 
breast, the female reproductive tract (uterus and ovary), the male reproductive tract (testes 
and epididymis), bone, vascular system, central nervous system, gastrointestinal tract, 
immune system, skin, kidney, and lung.

Hormonal treatment in adolescents
With the onset of puberty and the start of development of the sex characteristics of the at 
birth assigned sex, feelings of gender dysphoria can increase in transgender adolescents. 
Because of this, the psychologist can decide to start treatment with puberty suppressants. 
This treatment prevents the development of the secondary sex characteristics of the at 
birth assigned sex and provides a possibility to extent the diagnostic phase until a final 
decision is made about the start of gender affirming hormones. Thus for adolescents, 
two stages of endocrine intervention can be distinguished. The first phase is puberty 
suppression, which is a fully reversible intervention with gonadotropin-releasing hormone 
agonists (GnRHa). The second phase is a partially reversible intervention with gender 
affirming hormonal treatment17.

1
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Treatment with GnRHa initially stimulates the secretion of LH and FSH, but after 
approximately 10 days a downregulation of the GnRH receptor is achieved with a 
subsequent drop in gonadotropin secretion18. Adolescents are eligible for this treatment 
with GnRHa when they are older than 12 years and when they reached Tanner stage 
2 or 3, in combination with pubertal levels of sex hormones. Further, they have to be 
suffering from life-long gender dysphoria that had increased around puberty, they have to 
be psychologically stable, and they have to be supported by their social network.

After the age of 16, adolescents are eligible for gender affirming hormone treatment to 
induce the pubertal development of the desired sex. Adolescent transwomen are initially 
treated with 17β-estradiol in a dosage of 5 mcg/kg per day, increasing the dose every six 
months with 5 mcg/kg per day, until a dose of 2mg per day is reached. Adolescent transmen 
are treated with testosterone esters, starting with 25 mg/m2 per 2 weeks intramuscular 
(im) which is increased with 25 mg/m2 every six months, until a dose of 250 mg per 3-4 
weeks is reached.

Hormonal treatment in adults
Transwomen are treated with anti-androgens and estradiol to induce feminization. The 
most commonly used anti-androgen is cyproterone acetate, a progestagen which has 
both an anti-gonadotropic effect through activation of the progestogen receptor on the 
pituitary gland and an androgen-receptor blocking effect. Other medicines with anti-
androgenic action in adults are gonadotrophin-releasing hormone agonists (GnRHa), and 
spironolactone, a diuretic which is additionally a potent and direct antagonist of the AR 
and has a small antigonadotropic effect19. 17β-estradiol is the most potent estrogen and 
is given orally or transdermally. Transdermal estradiol treatment is advised in transwomen 
with a history of thromboembolic events, or risk factors for thromboembolic events such 
as a higher age1,20.

Transmen are treated with androgens to induce masculinization. To achieve testosterone 
values in the normal male range, either intramuscular or transdermal preparations are used. 
A frequently used testosterone preparation is a mix of testosterone esters with testosterone 
propionate 30 mg, testosterone fenylpropionate 60 mg, testosterone isocoproaat 60mg, 
and testosterone decanoate 100 mg. Also, testosterone undecanoate alone or testosterone 
gel are prescribed frequently.
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Physical effects of hormonal treatment
GnRHa therapy in adolescents suppresses further puberty development and can even 
reduce already developed sex characteristics such as breast tissue in girls and testicular 
tissue in boys.

Feminizing effects in transwomen include breast growth, redistribution of body fat, a 
decrease in muscle mass and strength, a decrease in libido and erections, a decrease in 
testicular volume and sperm production, a decrease in body hair growth, and softening of 
the skin20. Side effects that can occur are fatigue, mood swings, or depressive feelings. 
Masculinizing effects in transmen include voice deepening, facial and body hair growth, 
hair loss on the scalp, an increase in muscle mass and strength, a decrease in body fat 
and redistribution of body fat, clitoral enlargement, and cessation of menses20. Side effects 
of testosterone treatment contain the occurrence of acne, fatty skin, increase of sweating, 
irritability, or aggression.

The effect of sex hormones on body composition and body shape

Women have, on average, more body fat than men21. This difference is already seen at 
birth, when girls, proportionally, have more body fat than boys. This difference persists in 
childhood and becomes even larger in puberty when girls start to develop more body fat 
and boys mainly increase in lean body mass21,22. In young adulthood, Dutch women and 
men have a body fat percentage of 35% and 11%, respectively23. Further in life, aging is 
associated with an increase in body fat in both men and women. In men, this increase 
is about 1% increase in body fat per year. In women, an increase in body fat of 9% 
after menopause is seen24-26. Besides sex differences in the amount of body fat, sexual 
dimorphism is also seen in body fat distribution and this is already present before puberty. 
Prepubertally, girls have already less waist fat (android fat) and more hip fat (gynoid fat) 
than boys27. During puberty, the magnitude of this difference is amplified27. Girls mainly 
store body fat in the hips and thighs resulting in a peripheral body fat distribution, while 
men depose body fat in the abdominal region resulting in a central body fat distribution21, 
including more intra-abdominal fat, also referred to as visceral fat28. After menopause in 
women, a shift of body fat from the hip region to the abdominal region is seen24-26.

It is well-established that sex steroids play a major role in the regulation of total body fat 
and body fat distribution, illustrated by these large changes in body fat distribution during 

1
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puberty, menopause25,29, and in trans people treated with sex hormones, as shown in 
previous studies.

In adolescent trans people, only two studies are performed on the effects of GnRHa 
and sex hormone treatment on body composition and body shape. One pilot study in 
transwomen (n=10)17 showed in the first year of GnRHa treatment an increase in total body 
fat and a decrease in lean body mass. The second study examined transwomen treated for 
one to three years (n=28) and showed a decrease in standardized body mass index (BMI), 
no changes in body fat percentage or lean body mass, and a decrease in waist-hip-ratio30.

In adult trans people treated with gender affirming hormones, several studies have been 
performed on body composition, specifically total body fat and total lean body mass31-36, 
and on body shape, determined with waist-hip-ratio31-33,37. In general, in transwomen an 
increase in total body fat was seen with a decrease in total lean body mass. In transman 
generally, a decrease in total body fat was observed with an increase in total lean body 
mass. Waist-hip ratio was examined in three previous studies in transwomen which found 
divergent results from a small increase in waist-hip ratio31 to a decrease in waist-hip ratio33. 
In transmen, no difference in waist-hip ratio32,34 or an increase in waist-hip ratio were 
found33,37.

However, most of these studies on both body composition and body shape included only 
a small number of participants ranging from 15 to 2931,32,34,37,38. Further, several of these 
studies used an outdated treatment protocol, prescribing ethinyl estradiol to transwomen31,37. 
Therefore, larger studies are needed to examine changes in total body fat, total lean body 
mass, and waist-hip ratio under current treatment protocols.

In addition, it is unknown whether hormonal treatment in adults affects body composition 
equally in different body regions. Since men and women have a different body fat 
distribution, the preferable site of fat deposition might change during hormonal treatment, 
resulting in a different body fat distribution and body shape than before treatment. However, 
the percentage change in body fat and lean body mass in different body regions has never 
been studied before.

Also, little research has been performed on the effects and timing of hormonal treatment in 
adolescents39. An important question is whether a better result is achieved when treatment 
is started at a younger age. In the current protocol, before hormonal treatment is initiated, 
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puberty must have started1. However, trans people can experience a progressive puberty 
as a time bomb which can cause complications in the diagnostic trajectory with the 
psychologist. For clarity for both care provider and patient, it is important to know whether 
starting treatment at an earlier pubertal stage affects physical appearance in adulthood.

Further, because different treatment modalities are available, in clinical care, many trans 
people ask their care providers whether these treatment modalities exert different effects 
on physical changes, for example on body shape. One study in transmen studied effects 
of three testosterone modalities (testoviron depot, testosterone gel, and testosterone 
undecanoate)34 after one year of treatment and showed an increase in waist-hip ratio in 
the testoviron group versus a decrease in waist-hip ratio in the testosterone undecanoate 
group. Nevertheless, only 15 transmen were in each treatment group. In transwomen, 
Wierckx et al.33 described changes in waist and hip circumferences stratified by oral or 
transdermal estradiol use. Both groups showed a decrease in waist-hip ratio, although 
no comparison was made between them. Different effects of types of estradiol treatment 
(oral or transdermal) and types of testosterone treatment (transdermal or parenteral) are 
suggested in postmenopausal women and older men40-42 and therefore one might expect 
different changes in the trans population.

Another question frequently asked in clinical care is whether the level of testosterone or 
the level of estradiol influences physical changes, for example in body composition. In 
ciswomen, endogenous testosterone is positively associated with lean body mass43, so 
this might be similar in transmen receiving testosterone treatment. In cismen, estradiol 
levels are associated with body fat44, so possibly this is the same in transwomen receiving 
estradiol treatment. However, this has never been studied before in trans people.

 
Sex steroids, body composition, and cardiovascular disease

Cardiovascular disease is a main cause of premature death and disability in the general 
population, resulting in 17.3 million deaths per year worldwide45,46. The traditional risk factors 
such as overweight and obesity are still the most important risk factors for cardiovascular 
disease in both men and women45. Obesity is associated with cardiovascular mortality 
and morbidity such as coronary heart disease and the development of type 2 diabetes28,47. 
Further, studies have shown that obesity and total body fat are positively associated with 
cardiovascular risk factors, such as hypertension and dyslipidemia. Even within normal 

1
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BMI range, weight gain during adult life or even during childhood and adolescence seems 
to have a great effect on cardiovascular risk48. However, it is believed that it is not obesity 
per se, but rather specific locations and dysfunction of body fat, through the associations 
with metabolic alterations, that promote future cardiovascular disease49. Even more than 
general obesity or total body fat, abdominal obesity is associated with cardiovascular risk 
factors, morbidity, and mortality50. Abdominal fat contains subcutaneous fat and visceral 
fat. Both are associated with cardiovascular risk factors51, but visceral fat is supposed to 
be most harmful.

Visceral fat is shown to be a strong, independent predictor of all-cause mortality52. An 
excess of visceral fat is associated with several cardiovascular complications, such as 
impaired glucose and insulin metabolism, insulin resistance, atherogenic dyslipidemia, 
hypertension, and metabolic syndrome28,53. An hypothesized mechanism for the harmful 
role of visceral fat is that the hyperlipolytic visceral fat is drained by the portal vein to 
the liver54. This results in an overexposure of nonesterified fatty acids to the liver and to 
impairment of liver function, such as an overproduction of triglycerides, increased hepatic 
glucose production, and reduced hepatic degradation of insulin contributing to systemic 
hyperinsulinemia. Also, visceral obesity is associated with a low-grade inflammatory state. 
Both inflammatory cells (macrophages) and adipocytes in visceral fat secrete hormones 
and pro-inflammatory cytokines, such as interleukin-6 and TNF-α, that can impact tissues 
locally and systematically28,48. This chronic state of inflammation alters glucose and lipid 
metabolism and is thought to contribute to the higher cardiovascular risk of individuals 
with visceral obesity28.

In general, men have more visceral fat than women28,51, possibly due to a different hormonal 
status. Studies in men and women using hormone replacement therapy show that visceral 
fat is affected by sex steroids55,56. Older men using testosterone experienced a small 
significant decrease in visceral fat, while older men in the placebo group increased in 
visceral fat after one year55. Postmenopausal women using estradiol treatment (plus an 
exercise intervention) decreased more in visceral fat than postmenopausal women only 
receiving the exercise intervention56. Further, an observational study showed associations 
between androgens levels and visceral fat, although they differed by sex57. Higher 
testosterone levels were associated with more visceral fat in women, and with less visceral 
fat in men57. Thus, androgens may have different effects on visceral fat in men and women.
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Besides visceral fat, sex steroids also affect other cardiovascular risk factors. Estrogens 
have a regulating effect on metabolic factors such as lipids, inflammatory markers, 
coagulation, and vasodilation58. The menopause, when a decline in estradiol levels occurs, 
is associated with a deterioration of cardiovascular risk factors, for example an increase 
in systolic blood pressure and increases in total cholesterol and LDL cholesterol levels58. 
These changes are thought to contribute to the higher prevalence of cardiovascular 
disease in postmenopausal women in comparison with premenopausal women. Similar 
as in visceral fat, androgens appear to have an opposite effect on other cardiovascular risk 
factors in men and women59. A female androgen excess and male androgen deficiency are 
both associated with an adverse metabolic phenotype, including insulin resistance, type 2 
diabetes mellitus, and non-alcoholic fatty liver disease59. A female androgen excess is seen 
in women with for example polycystic ovary syndrome (PCOS)60-62 or non-classic congenital 
adrenal hyperplasia63. PCOS women with an androgen excess have a higher risk for 
insulin resistance60, and higher levels of LDL cholesterol64 and triglycerides64 compared 
with PCOS women without an androgen excess. This suggests an adverse effect of high 
androgen levels in women on their cardiovascular profile. On the other hand, in men, 
low testosterone levels are associated with high total cholesterol, LDL cholesterol, and 
triglyceride levels, and low HDL cholesterol levels59. Further, increased arterial stiffness in 
older hypogonadal men has been reported compared to age- and weight-matched controls, 
which was partly reversible by testosterone supplementation59. Thus, although the effects 
of sex steroids might differ per sex, it is evident that sex steroids affect visceral fat and 
other cardiovascular risk factors.

In adolescent trans people using GnRHa treatment with subsequent gender affirming 
hormones, only two studies examined changes in cardiovascular risk factors. Delemarre 
et al.17 described no changes in lipid metabolism in both transwomen (n=10) and transmen 
(n=11). The other study examining 16 transwomen after three years of GnRHa and 
estradiol treatment, found an increase in BMI of 0.7 kg/m2, and no changes in systolic 
blood pressure30. In adolescent transmen treated with only testosterone, two studies found 
a trend towards an increase in total cholesterol, LDL cholesterol, triglycerides65,66, and 
HOMA-IR65, with a decrease in HDL cholesterol66. In two studies in adolescent transwomen 
using other types of anti-androgens and estradiol, no changes in total cholesterol, HDL 
cholesterol, LDL cholesterol, and triglycerides were found66,67. Regarding standardized BMI 
scores (BMI-SDS), some studies showed a trend towards an increase in BMI-SDS68, while 
others found no change69, or a decrease in BMI-SDS30. In transmen, both BMI-SDS as 

1
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absolute BMI scores increased during GnRHa treatment in combination with testosterone 
or solely testosterone treatment.

In adult trans people, one study group70 investigated the change in visceral fat in 18 
transwomen and 17 transmen using magnetic resonance imaging (MRI). After one year 
of treatment, visceral fat increased in both transwomen and transmen70. Ten transmen 
were re-examined after 3 years and then showed an even larger increase in visceral fat71.

In the previous studies in cardiovascular risk factors in adolescents, only small groups 
of transwomen (n=10 to n=49) and transmen (n=11 to n=72) were examined, mostly with 
only GnRHa or only sex hormone treatment, and over a short period of time (max 1-3 
years)17,30,65-67,69. Long term studies in a large number of adolescent trans people are 
needed to examine whether the current treatment protocol affects cardiovascular risk 
profile. Further, because previously a higher BMI in young adult trans people was found 
compared to their age-matched peers68, the prevalence of obesity or dyslipidemia in young 
adulthood should be assessed. This will provide clinicians with more knowledge on the 
cardiovascular risk in transgender adolescents.

The previous studies on visceral fat in adult trans people were performed in a small group 
of trans people, with an outdated treatment protocol in transwomen (ethinyl estradiol). Also, 
these studies were performed in a group of lean transwomen and transmen, while obesity 
seems more prevalent in trans people compared with their peers72. It is unknown whether 
the same changes in visceral fat would be observed in overweight or obese trans people. 
Moreover, the relations between change in visceral fat and change in blood pressure, lipid 
levels, or insulin resistance have never been studied. Such as study will provide us with 
a better understanding of the possible mechanisms of how hormonal treatment affects 
cardiovascular risk factors.

Aims and outline of this thesis

Aims
The overall aim of this thesis was to investigate the changes in body shape, body 
composition, body fat distribution, and cardiovascular risk profile in trans people. Changes 
in total and regional body composition affect both physical appearance as metabolism 
and cardiovascular risk. Insight in these aspects is important in transgender health care 
in order to provide information on the extent to which physical changes will occur and on 
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what to expect of the results after treatment. In addition, it is important for care providers to 
know which metabolic changes take place, so appropriate cardiovascular risk management 
can be provided.

Outline
In chapter 2, we performed a meta-analysis to summarize the effects of hormonal treatment 
on total body weight, total body fat, and total lean body mass from previously performed 
small studies that reported on changes in total body weight and body composition in trans 
people.

Chapter 3 and chapter 4 focus on physical changes during hormone treatment in the context 
of a feminine or masculine appearance such as body shape and body fat distribution. In 
chapter 3, we investigated the changes in body shape, total body fat, and total lean body 
mass in transgender adolescents treated with GnRHa and gender affirming hormones. 
Further, we examined in this chapter whether they obtained the body shape and body 
composition of the affirmed gender in young adulthood and whether this was influenced 
by the pubertal stage at start of treatment. Further, in a large prospective multi-center 
study, the ENIGI study, we evaluated one-year changes in body shape and regional body 
composition in adult trans people. In chapter 4, we investigated the changes in waist and 
hip circumferences, and waist-hip ratio as measures of body shape and changes in regional 
body fat and lean body mass in the arm, leg, trunk, android region, and gynoid region 
in transgender adults after one year of hormonal treatment. Also, we evaluated whether 
factors such as medication type, serum sex hormone levels, BMI at start, and age affect 
changes in aforementioned measures.

Chapter 5 and chapter 6 focus on changes during hormone treatment in the context of 
cardiovascular risk. In chapter 5, we examined changes in cardiovascular risk factors such 
as BMI, lipids, insulin resistance, and blood pressure in transgender adolescents treated 
with GnRHa and gender affirming hormones from adolescence until young adulthood. 
Changes in visceral fat in adult trans people after one year of hormonal treatment and the 
relations with changes in cardiovascular risk factors such as glucose, insulin resistance, 
lipids, and blood pressure were investigated in chapter 6.

Chapter 7 provides a summary of the main findings of this thesis, discusses its strengths 
and limitations, and provides implications and recommendations for future research.

1
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Study populations and data used in this thesis

Cohort of transgender adolescents
Chapter 3 and chapter 5 use data from the cohort of transgender adolescents that started 
treatment with GnRHa and subsequently gender affirming hormones in the VU Medical 
Center. In this retrospective study, the medical files of all transgender adolescents who 
attended the VU Medical Center gender clinic from 1975 to 2015 were checked. Hospital 
registries provided clinical data such as medical diagnoses, medication prescriptions, 
surgical interventions, laboratory test results, and visit dates. All medical files were checked 
manually to record aforementioned data when missing in the hospital registries. Also 
other clinical data were noted such as medical history, medication use, prior gender 
affirming hormone use, and type of gender affirming hormone treatment. Of these people 
additional anthropometric data were retrieved from the medical records such as body 
weight, body height, waist circumference, and hip circumferences if measured. The local 
ethics committee waived the necessity for informed consent.

European Network of the Investigation of Gender Incongruence (ENIGI)
Chapter 4 and chapter 6 use data from the European Network for the Investigation 
of Gender Incongruence (ENIGI) project. The ENIGI project is an unique scientific 
collaboration between mental health professionals and endocrine specialists working in 
multiple European gender clinics73. It is an ongoing multicenter prospective cohort study, 
which started in 2010 and inclusion is still ongoing. The ENIGI project is performed at the 
Ghent University Hospital in Ghent (Belgium), the Rikshospitalet in Oslo (Norway), the 
University Hospital in Florence (Italy), and the VU University Medical Center in Amsterdam 
(The Netherlands). The same mental health and endocrine treatment protocol was used in 
all centers. Data collection included clinical measurements (every visit), blood samples (at 
start, and after 3 and 12 months), questionnaires (at start, and after 3, 6, and 12 months), 
and dual-energy X-ray absorptiometry (at start and after 12 months). The endocrine 
protocol has been published before74. 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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Assessment of body composition by dual-energy X-ray absorptiometry (DXA)
For examining body composition, simple measurements such as skinfold thickness, waist 
circumference, or calculating BMI are useful as easy baseline and follow-up measurements. 
Though, they have poor accuracy and don’t allow distinction between (a change in) body 
fat and lean body mass. Magnetic resonance imaging (MRI) and computed tomography 
(CT) have shown to provide very accurate assessments of body fat and lean body 
mass75,76. However, these methods are limited available, are expensive, time-consuming 
and/or require radiation77. Dual-energy X-ray absorptiometry (DXA), on the other hand, 
is easily available, relatively inexpensive, requires minimal radiation exposure, and body 
composition parameters obtained by DXA are strongly related to those obtained by CT or 
MRI in adults and adolescents of normal weight78-80. Also, in a validation study in 272 South 
African women with a mean age of 29 years, DXA was shown a valid method to estimate 
visceral fat compared to CT (r=0.93)81.

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 body82. 
Body fat has a different x-ray attenuation than lean body mass, since body fat 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 body fat and lean body mass. 
After measuring body fat and lean body in every pixel, the amount of total body fat or total 
lean body mass is calculated.

For a quantification of visceral fat, we aimed to measure only 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 used81,83. 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 calculate solely the amount of visceral fat, 
the amount of 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 fat81,83.
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