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Chapter 7

SUMMARY AND GENERAL DISCUSSION 

Main findings

In chapter 2, chapter 3, and chapter 4 we showed that hormonal treatment is associated 
with a remarkable (but not complete) feminization of body composition and body fat 
distribution in adolescent and adult transwomen and a remarkable (but not complete) 
masculinization of body composition and body fat distribution in adolescent and adult 
transmen. In chapter 2, we performed a meta-analysis in adult trans people and observed 
that transwomen increased in total body fat and decreased in lean body mass after one 
year of treatment with anti-androgens and estradiol. In contrast, in transmen, a decrease in 
total body fat was seen with an increase in total lean body mass after one year of treatment 
with testosterone. Chapter 3 showed that transgender adolescents treated with puberty 
suppressants and gender affirming hormones from the mean age of 15 years until the age 
of 22 years underwent changes in body composition which were directionally concordant 
with changes as seen in adults. Start of treatment in early or mid-puberty did not result in a 
more desirable body composition in young adulthood than a start in late puberty. However, 
a start of treatment in early or mid-puberty did tend to result in a lower waist-hip ratio and 
thus a more feminine body shape in transwomen and a higher waist-hip ratio and thus a 
more masculine body shape in transmen.

In chapter 4, we showed that adult transwomen obtained a more female, peripheral body 
fat distribution with a decrease in waist-hip ratio after one year of anti-androgen and 
estradiol treatment, whereas adult transmen obtained a more masculine, central body fat 
distribution with a small increase in waist-hip ratio after one year of testosterone treatment. 
Further, we found that in transwomen, type of estradiol therapy did not affect changes in 
total or regional body composition or body shape. Also, no clear dose-response relation 
was found between estradiol levels and changes in total body fat, regional fat depots, 
or body shape. Transmen using testosterone esters experienced larger changes in 
various body composition measures than transmen using testosterone undecanoate or 
testosterone gel, possibly due to higher testosterone levels.

With regard to cardiovascular risk factors, we showed in chapter 5 that treatment with 
GnRHa and gender affirming hormones in transgender adolescents is generally safe 
regarding to BMI, blood pressure, glucose, insulin resistance, and lipids. Changes in 
various cardiovascular risk factors were similar to changes in cardiovascular risk factors 
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in the general adolescent population. However, obesity was more prevalent in a subset of 
young adult transwomen and transmen compared with the young adult general population.

In chapter 6 we showed that, in transwomen, the change in visceral fat appeared to 
depend on BMI at baseline. In normal-weight transwomen (BMI<25 kg/m2), visceral fat 
increased, while in overweight transwomen (BMI 25-30 kg/m2) and in obese transwomen 
(BMI>30 kg/m2) visceral fat decreased. In transmen, visceral fat did not change after one 
year of testosterone treatment, also not after stratification by BMI at baseline. Finally, 
changes in visceral fat or total body fat were not related to changes in cardiometabolic 
risk factors.

Mechanisms of action of sex steroids

The mechanisms by which sex steroids affect the regulation of the amount of body fat 
and body fat distribution are unclear1. Studies have shown that estradiol-, progesterone-, 
and testosterone receptors are present in adipose tissue, so their actions might be direct. 
As a direct effect, estrogens are thought to decrease lipolysis in adipose tissue2,3, which 
would result in more body fat. Also, estradiol was found to stimulate the multiplication 
of human adipocyte precursors in culture4. On the other hand, in animal studies, it was 
shown that ovariectomized animals have increased adiposity compared with animals with 
intact ovaries5. Treatment with estrogens in ovariectomized animals was associated with 
reduced body fat5. This suggests that estrogens protect against an excess gain in body 
fat. Also, indirect effects of estradiol on body fat are suggested, for example via food intake 
and energy expenditure6. Estrogen deficiency was suggested to induce a positive energy 
balance by increasing food intake and decreasing energy expenditure6. The binding of 
testosterone inhibits fat storage by reducing lipoprotein lipase (LPL) activity, which is the 
key enzyme conversing circulating triglycerides into free fatty acids which may pass into 
adipocytes. Also, testosterone might increase body fat lipolysis5,7. Furthermore, androgens 
stimulate an increase in muscle protein synthesis by inhibiting their differentiation into 
adipogenic cells and promoting their differentiating into cells of the myogenic lineage8.

Further, we do not have a complete understanding of the factors determining body fat 
distribution in men and women9. Our results, together with changes in body fat distribution 
in puberty and menopause, show a role for sex steroids in determining the regional 
deposition of body fat. Sex steroids might influence regional lipolysis or regional fatty 
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acid storage by affecting genomic mechanisms, non-genomic mechanisms, lipoprotein 
lipase (LPL) activity, and direct free fatty acid storage1,9.

In the genomic mechanism, estradiol and testosterone bind to their receptor and this 
steroid-receptor complex regulates the transcription of several genes. As described above, 
all three sex steroid receptors, the estrogen receptor, progesterone receptor and androgen 
receptor, are present in body fat tissue1,3. In both men and women, the estrogen receptor 
and progesterone receptor are higher in concentration in subcutaneous fat than in visceral 
fat1. The opposite is seen for the androgen receptor, which has a higher concentration in 
visceral fat than subcutaneous fat, also both in men and women. These regional differences 
in receptor concentrations might offer a possible explanation why men have more android 
body fat distribution and women a more gynoid body fat distribution1. In the non-genomic 
mechanism, the sex steroid hormone binds to its receptor on the cell membrane, after 
which second messengers are formed. This involves the cAMP cascade, affecting lipolysis, 
and phosphoinositide cascade, affecting preadipocyte proliferation and differentiation, but 
these mechanisms are not yet completely understood1.

Also, sex steroids affect LPL activity10. LPL activity differs between sexes and body 
regions10,11. Premenopausal women have a higher LPL activity than men10,11, suggesting 
a larger capacity to increase in body fat. Also, in women an increased LPL activity in 
gluteofemoral regions was seen compared to abdominal regions11, suggesting a preference 
for peripheral body fat storage. In contrast to men, who have a higher LPL activity in 
abdominal fat compared to gluteofemoral body fat, which suggests a preference for central 
body fat storage11. In women, LPL activity in the gluteofemoral region decreases after 
menopause, but not in the abdominal region12, which might contribute to the more central 
body fat distribution after menopause.

Further, the direct storage of free fatty acids can occur through passive diffusion or protein-
mediated diffusion of the adipocyte membrane13. The sex specific free fatty acid storage 
corresponds to the sexual dimorphism in fat distribution. Men store more free fatty acids 
in abdominal depots than in femoral depots14, whereas in women free fatty acid storage 
was larger in the femoral depots15. Further, after correction for age and body composition, 
direct free fatty acid storage was greater in postmenopausal women than in premenopausal 
women, which suggests a role for estradiol deprivation. Two proteins involved in the free 
fatty acid storage, acyl coa synthetase and diacylglycerol acyltransferase, were shown to 
be upregulated after menopause, indicating a greater potential to store free fatty acids16.
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Although these above described mechanisms still need to be unraveled, they might 
contribute to the changes in body fat distribution as observed in trans people.

Several studies described mechanisms in which estradiol and testosterone possibly affect 
cardiovascular risk factors such as blood pressure, lipids, and insulin resistance17-22. It has 
been suggested in mice studies that estradiol affects the vascular wall by decreasing the 
accumulation of connective tissue and alters the proportions of collagen and elastin so that 
the vessel is more distensible17. Also, estradiol might cause vasodilatation by the enhanced 
release of nitric oxide18. Androgens are thought to increase blood pressure by stimulating 
renin activity, resulting in more sodium absorption, and renal vasoconstriction19,23. 
Favorable effects on lipid profile of estradiol treatment have been observed before in 
postmenopausal women24. The mechanism behind this observation was studied by a 
group which labeled the primary protein component of LDL, Apolipoprotein B. They showed 
that estradiol increased LDL catabolism and this might explain the lower levels of LDL 
in the circulation20. Adverse effects on lipid profile by androgens, such as decreases in 
HDL cholesterol, might be due to increased hepatic lipase activity resulting in enhanced 
catabolism of HDL particles21. Few studies have been performed on the mechanisms 
of action of sex steroids on insulin resistance in both humans and animals22. A study 
in pregnant women suggested that estradiol interferes with the binding of insulin to the 
transmembrane receptor and therefore induces insulin resistance25. Orchidectomized male 
rats with low testosterone levels showed increased insulin resistance, reduced glucose 
uptake, and reduced incorporation of glucose into glycogen into skeletal muscle22 with an 
improvement in insulin resistance after testosterone replacement26. These results show that 
sex steroids affect insulin sensitivity, but the precise mechanisms are not yet unraveled22.

Comparison with other states of hormonal transition

In Table 1 we aimed to compare the hormonal transition in transgender people to 
other hormonal transitions with regard to sex steroid levels, body fat distribution, and 
cardiovascular risk factors. In women with PCOS, some of whom experience an androgen 
excess (Figure 1), an adverse metabolic profile has been observed compared with women 
without PCOS, including increased blood pressure, lipid levels, insulin resistance, and 
visceral fat (Table 1). However, in transmen with induced high testosterone levels (Figure 
1), we observed only small increases in lipids with a decrease in insulin resistance and 
no change in blood pressure or the amount of visceral fat (Table 1). This might suggest 
that androgens do not have such a harmful influence on cardiometabolic risk in women 
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as suggested before in observational studies27. PCOS is a syndrome that involves more 
than an androgen excess30, so there might be other factors than androgen levels that 
explain the adverse metabolic profile in women with PCOS. Another explanation for the 
discrepancy between findings in women with PCOS and our findings in transmen might 
be that supra-physiological high testosterone levels, as seen in transmen, have less 
harmful effects than lower testosterone levels, as seen in PCOS women (Figure 1). Women 
with an androgen excess as exemplified in PCOS and men with androgen deficiency 
have overlapping androgen levels50. This range of testosterone levels is associated with 
metabolically disadvantageous effects leading to the concept of the “metabolic valley of 
death’50. Possibly, men and women within this range have an increased metabolic risk 
compared to persons with higher androgen levels. If this theory applies, then that might 
explain why in transmen, with equal testosterone levels as in healthy men, no harmful 
effects of the hormonal treatment are seen.

Transwomen have comparable androgen levels as hypogonadal men and postmenopausal 
women using estradiol replacement (Figure 1). Transwomen showed, similar as in 
hypogonadal men, an increase in visceral fat and insulin resistance (Table 1). Similar as 
in postmenopausal women using estradiol replacement, transwomen showed decreases 
in waist-hip ratio, blood pressure, and lipids (Table 1). However, in several variables, 
transwomen showed different changes compared to changes in hypogonadal men and 
postmenopausal women using estradiol replacement (Table 1). Possibly, this is explained 
by the higher estradiol levels in transwomen compared to hypogonadal men, and the large 
decrease in testosterone levels in transwomen which does not occur in postmenopausal 
women using estradiol treatment.

Altogether, although several similarities are observed with other states of hormonal 
transition, the estradiol and testosterone levels and the estradiol/testosterone ratio differ 
between trans people and these other groups, which might explain the several different 
changes that are observed. Fortunately, the adverse metabolic profile as seen in several 
other states of hormonal transition28,29, is not seen in trans people and therefore the 
treatment with high dosages of sex hormones does not seem harmful with regard to 
cardiovascular risk.
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Figure 1. Spectrum of estradiol and testosterone levels in trans people, cis people, and people with 
other states of hormonal transition.

Table 1. Changes in sex steroid levels and cardiovascular risk factors in several states of hormonal 
transition.

TRANSWOMEN TRANSMEN PCOS 
women

Postmenopausal 
women with HRT

Hypogonadal 
men

Estradiol levels ↑ (30) ↓ (30) ↓ (31) ↑ (32) ↓ (29)

Testosterone 
levels

↓ (30) ↑ (30) ↑ (31) ↓ (32) ↓ (29)

Total body fat ↑ (33) ↓ (33) ↑ (34) = (35) ↑ (36)

Total lean body 
mass

↓ (33) ↑ (33) ↓ (34) = (35) ↓ (36)

Visceral fat ↑ (30) = (30) ↑ (37) ↓ (35) ↑ (29)

Waist-hip ratio ↓ (38) ↑ (38) ↑ (39) ↓ (40) ↑ (29)

Blood pressure ↓ (30) = (30) ↑ (39) ↓ (41) = (29)

Lipids ↓ (30) ↑ (30) ↑ (39) ↓ (41) ↑ (29)

Insulin 
resistance

↑ (30) ↓ (30) ↑ (42) ↓ (41) ↑ (29)

PCOS: polycystic ovary syndrome; HRT: hormone replacement therapy. ↑: increase in this variable, 
↓ decrease in this variable, = no change in this variable. Reference are shown between brackets.
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What is the clinical relevance for transgender health care?

First, this thesis provides a quantification of the changes in body shape, changes in total 
and regional body fat, and changes in lean body mass during endocrinological treatment 
in transgender people. Transgender adolescents and adults starting treatment can now 
be better informed on the extent to which their bodies will change and on what to expect 
of the results of such changes after one year of treatment or in young adulthood.

Second, we showed that type of estradiol treatment and estradiol levels in transwomen 
do not affect changes in body composition and body shape. Thus, transwomen can 
be informed that the two types of estradiol treatment do not have different effects and 
furthermore that striving for higher estradiol levels, for example by taking more medication, 
will not lead to more feminization. Transmen using testosterone esters have larger changes 
in some body composition measures than transmen using testosterone undecanoate or 
gel. However, we do not advise to routinely prescribe testosterone esters to all transmen, 
since not all transmen tolerate the supraphysiological testosterone peaks. Also, 
testosterone preparations with more stable testosterone levels are desirable in persons 
with psychological vulnerability.

Third, we showed that in transmen, body shape in young adulthood was more similar to the 
affirmed gender when treatment was started in early or mid-puberty than when treatment 
was started in late puberty. This tended to be the same in transwomen. This finding argues 
for an early start of treatment. However, it is of great importance that the diagnostic process 
is carried out carefully and that it is not put under pressure by advancing physical changes.

Fourth, treatment with GnRHa and gender affirming hormones in transgender adolescents 
is generally safe regarding cardiovascular risk factors. However, we showed that obesity 
was more prevalent in transmen prior to treatment and that a subset of adolescent 
transwomen became obese during gender affirming treatment. Because it is presently 
unknown whether early medical intervention in transgender youth increases the risk of 
cardiovascular morbidity or mortality later in life, clinicians are well-advised to incorporate 
body weight management as an important part of the hormonal treatment in transgender 
adolescents and young adults.
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Strengths and limitations of this thesis

Among the strengths of this thesis are the large sample sizes of the population studies. 
Results are presented from the largest prospective study on clinical effects of hormonal 
treatment in transgender adults so far (ENIGI). The multidisciplinary aspect of this 
study with several centers using the same treatment protocol and performing the same 
measurements resulted in a large sample size. Therefore, we were not only able to 
precisely calculate the effects on body shape and body composition, but also to examine 
the influence of several important factors on these effects, such as treatment type and 
hormone levels. Also in transgender adolescents, we presented results from the largest 
retrospective study performed in transgender people who started treatment with GnRHa 
and gender affirming hormones in their teens. Because of the large sample size, we were 
able to answer an important question in clinical practice, namely whether start of treatment 
at an early pubertal stage results in more favorable body shape or body composition values 
in young adulthood.

There are also several limitations that need to be considered in the interpretation of our 
results. First, measurement error could explain the fact that on average no changes in 
visceral fat were observed. Visceral fat was estimated by DXA using other measures of 
body fat and sex-specific formulas43. In a cross-sectional study, DXA was shown a valid 
method to estimate visceral fat44, but DXA has not been validated for measurement of 
change in visceral fat over time. In addition, we used the sex assigned at birth to analyze 
the DXA scans, both at baseline and after one year, and the influence of the hormonal 
treatment on the estimation of visceral fat by DXA is unclear. Therefore, studies on the 
effect of hormonal treatment in trans people with direct assessment of changes in visceral 
fat using MRI, a method that does not rely on sex, are warranted.

It must be noted that the performed studies in this thesis are observational studies and 
may therefore suffer from certain forms of bias, mainly confounding by indication. The 
occurrence of confounding by indication however is unlikely, because there is no link 
between the reason to start hormonal treatment, gender dysphoria, and the prognosis 
of the participants regarding their cardiovascular risk factors. Further, we did not include 
control groups. Therefore, it is impossible to conclude to what extent the observed changes 
are due to the hormonal treatment or to the natural course over time.
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At last, the hormonal treatment in adult transwomen does not only include estradiol 
treatment, but also treatment with progestagens to suppress the production of testosterone. 
Therefore, we were unable to distinguish whether the observed changes in transwomen 
are due to the effect of estradiol, the effect of progestagen, or the combination of both. 
To examine whether estradiol or progestagen exerts the largest effects in feminization or 
masculinization, or exerts the most unfavorable side-effects, a study should be performed 
in which those two are administered step by step.

Future perspectives

The Standards of Care for the Health of Transsexual, Transgender, and Gender-
Nonconforming People, Version 745 suggests that the expected maximum effect of body fat 
redistribution is reached after two to five years. However, this estimate is based on expert 
opinion and not on longitudinal data. This thesis provides data on the changes in body fat 
redistribution after one year of treatment in adults and after several years of treatment in 
adolescents. Future studies should examine changes in body composition and body fat 
redistribution after a longer period of treatment to determine when maximum effects are 
achieved and to what extent values of the desired sex are reached.

In addition, it is important to investigate whether the described changes in body composition 
and body shape also lead to a more feminine or masculine appearance of the separate 
body parts. In transwomen, we saw large increases in body fat in the limbs and hips and 
it would be good to examine whether the arms, legs and hips actually look rounder and 
more feminine. In the case of transmen, we actually saw a large decrease in body fat in the 
arms, legs and hips with an increase in muscle mass. It needs to be investigated whether 
these changes make these body parts look more muscular and masculine.

In chapter 3, we saw that the body shape of transmen in young adulthood was more 
similar to that of the affirmed gender when treatment was started in early or mid-puberty 
than when treatment was started in late puberty. However, the majority of these transmen 
already had their menarche and were in late puberty, with the transmen who started in 
early and mid-puberty being analyzed as one (small) group. Therefore, the difference 
in body shape at 22 years of age between the early puberty group and the mid-puberty 
group could not be investigated. Follow-up research with larger groups of transmen in both 
the early puberty group and the mid-puberty group will have to show whether there is a 
difference in outcome between them.
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Furthermore, ongoing prospective studies should be extended to examine the effects of 
hormonal treatment on cardiovascular profile and cardiovascular events on the long-term. 
A large cohort study in 2842 transwomen showed higher rates of venous thrombosis and 
ischemic stroke compared to ciswomen and cismen46. Transwomen in our study showed 
an increase in BMI, body fat, and insulin resistance after one year of hormonal treatment. 
A longitudinal study with extended follow-up in a large cohort will allow additional analyses 
on the relations between these changes in cardiovascular risk factors and cardiovascular 
events on the long-term.

Further, the dosages of gender affirming hormones to induce feminization or masculinization 
are now based on an expert opinion47,48. A randomized trial should be performed in 
transgender adolescents to study the most effective dosages of gender affirming hormone 
treatment. In adolescent transwomen, the endocrine guideline48 advices to use a puberty 
induction scheme with increasing dosages of estradiol to a maximum dosage of 2 mg. 
However, estradiol levels achieved with this estradiol dosage are lower than usually 
achieved in a pubertal female cycle. Also, the dosage of 2 mg is a lower dosage than 
usually prescribed in adult transwomen. Possibly, a higher dosage of gender affirming 
hormones in puberty will result in a body shape and body composition even more similar 
to the affirmed gender than what is achieved with current protocol.

Conclusions

In conclusion, in this thesis we demonstrated that hormonal treatment resulted in a 
remarkable, though not complete, feminization of body shape, body composition, and 
body fat distribution in adolescent and adult transwomen and a remarkable, though not 
complete, masculinization of these parameters in transmen. Concerning cardiovascular 
risk profile, hormonal treatment in transgender adolescents is generally safe regarding 
cardiovascular risk factors such as BMI, blood pressure, glucose, insulin resistance, and 
lipids. Although in adult transwomen with a BMI<25 kg/m2 an increase in visceral fat was 
found, this was not related to changes in cardiovascular risk factors. Transgender people 
can now be better informed on what to expect of the results of hormonal treatment on 
body shape, body fat distribution, and safety with regard to cardiovascular risk profile. 
We believe that the described results in these “bodies in transition” are truly reassuring.
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