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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
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ABSTRACT

Objective 
Cross-sex hormonal therapy (CHT) in trans persons affects their total body fat and total 
lean body mass. However, it is unknown how separate body regions are affected and 
whether these changes alter body shape. Therefore, the aim of this study was to determine 
the effects on body fat and lean body mass in separate body regions and on body shape 
after one year of CHT.

Design and Methods
In a multicenter prospective study at university hospitals, 179 male-to-female gender 
dysphoric persons, referred to as transwomen, and 162 female-to-male gender dysphoric 
persons, referred to as transmen, were included. All underwent whole body dual-energy 
X-ray absorptiometry and anthropometric measurements before and after one year of CHT.

Results
In transwomen, increases in body fat ranged from +18% (95% CI 13%;23%) in the android 
region to +42% (95% CI 37%;46%) in the leg region and +34% (95% CI 29%;38%) in the 
gynoid region. In transmen, changes in body fat ranged from -16% (95% CI -19;-14%) in 
the leg region and -14% in the gynoid region (95% CI -16%;-12) to no change in the android 
region (+1%, 95% CI -3%;5%). Waist-hip ratio (WHR) decreased in transwomen (-0.03, 
95% CI -0.04;-0.02) mainly due to an increase in hip circumference (+3.2 cm, 95% CI 
2.3;4.0). Transmen decreased in hip circumference (-1.9 cm, 95% CI -3.1;-0.7) resulting in 
an increase in WHR (+0.01, 95% CI 0.00;0.02).

Conclusions
CHT causes a more feminine body fat distribution and a lower WHR in transwomen and a 
more masculine body fat distribution with a lower hip circumference in transmen.
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INTRODUCTION

Endogenous sex steroids such as testosterone and estradiol play important roles in the 
accumulation and distribution of body fat and lean body mass and thus in the feminization 
and masculinization of body composition1. This is illustrated in puberty, when, due to 
increasing estrogens, girls develop more total body fat and mainly store fat in the gluteal 
and femoral regions (so-called ‘pear’ or gynoid body shape), whereas boys obtain more 
muscle mass and store body fat predominantly in the abdominal area (‘apple’ or android 
body shape), presumably due to higher testosterone levels1.

Persons with gender dysphoria are treated with exogenous sex steroids or “cross-sex 
hormonal therapy” (CHT) to obtain the physical characteristics of the desired sex, including 
a feminine or masculine body fat distribution, musculature and body shape. Male-to-
female gender dysphoric persons, referred to as transwomen, are treated with estradiol 
preparations in combination with an anti-androgen, whereas female-to-male gender 
dysphoric persons, referred to as transmen, receive testosterone preparations. In a recent 
meta-analysis, we showed that, during the first year of CHT, total body fat increases and 
total lean body mass decreases in transwomen, while the opposite occurs in transmen2. 
However, little is known about whether the extent of changes in body fat and lean body 
mass differs between body parts and whether the preferred site of fat deposition changes 
during CHT3,4.

Both untreated transwomen and transmen reported to be unsatisfied with their figure, waist 
region and hip region before hormonal therapy5. Some transwomen even inject silicone 
liquids into their femoral region in order to obtain broader hips, showing the great desire for 
a feminine body shape phenotype6. Changes in body composition and body fat distribution 
might also affect body shape. So far, only few small studies reported on these effects in 
the first year of treatment and showed inconsistent effects on waist and hip circumferences 
and waist-hip ratio (WHR)4,7,8.

Therefore, the aim of our study was to determine the effects of CHT on body fat and lean 
body mass in separate body regions and the effects on measures of body shape as waist 
and hip circumferences and waist-hip ratio (WHR). In addition, we evaluated whether 
factors such as medication type, serum sex hormone levels, BMI at start, and age affect 
the changes in aforementioned measures.
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METHODS

Study population and study design
This study is embedded in the European Network for the Investigation of Gender 
Incongruence (ENIGI) project, a prospective observational study conducted in four 
collaborating gender clinics in Amsterdam, Ghent, Oslo, and Florence. The full protocol 
has been published elsewhere9 and the study is registered at https://clinicaltrials.gov/
ct2/show/NCT01072825. All persons of 18 years and older diagnosed with GD10,11 and 
starting CHT between 2010 and April 2016 were eligible for participation in the study. 
Persons were not eligible when they started in a different treatment protocol (e.g. the use 
of spironolactone) or in case of previous cross-sex hormone use, insufficient knowledge 
of the spoken language, or psychological vulnerability. Participants visited the outpatient 
clinic every three months during the first year of CHT for clinical data collection (e.g. the 
use of other medication), the measurement of anthropometrics, and laboratory tests to 
examine whether appropriate sex hormone levels were reached.

For the present analyses, participants were included if they completed one year of CHT 
and had undergone whole-body dual-energy X-ray absorptiometry (DXA) at the start and 
after one year of CHT. In participating centers, different type of DXA scanners were used 
(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 these 
analyses. Persons were excluded if the baseline DXA was made <90 days before the start 
of CHT or >31 days after the start of CHT. In addition, persons were excluded if the follow-
up DXA was obtained <10 months or >14 months after the start of CHT. The participant 
inclusion flow chart is shown in Figure 1.

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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Figure 1. Flowchart of the participant inclusion.
CHT: Cross-sex hormonal therapy; DXA: Dual-energy X-ray absorptiometry.
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Treatment protocol
Transwomen were treated with 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 latter was recommended if persons were above 40 years old or if they had a history 
of cardiovascular disease, hormone-sensitive malignancies, or thromboembolic events. 
Transmen received testosterone (T) gel 50 mg/day, T undecanoate 1000 mg intramuscular 
(im) once per 12 weeks, or T esters 250 mg im once per 2 weeks.

Anthropometrics
Body weight was measured in light indoor clothing without shoes. Waist circumference, 
defined as the smallest abdominal circumference, and hip circumference, measured at 
the level of the trochanter major, were determined with a tape measure. These measures 
were used to calculate the WHR.

Body composition by DXA
Body fat, lean body mass, and total mass of the whole body and specific regions as the 
arm region, leg region, trunk region, android region, and gynoid region were measured 
using DXA. The same type of DXA scanner was used in both centers (Hologic Discovery 
A, Hologic Inc., Bedford, MA, USA). All scans were analyzed using software, version 
13.5.3. The separate body regions were defined using the software provided by Hologic 
(Supplemental Figure 1)12. The main outcome measures for regional body composition 
were the percentage change in body fat and lean body mass in the arm region, leg region, 
trunk region, android region, and gynoid region.

Blood sampling and sex hormone concentrations
Serum estradiol (pmol/L) and testosterone (nmol/L) levels were determined at baseline 
and after 3 and 12 months of CHT. In Supplementary Table 2 and 3, the type of assays 
used in both centers is described with their inter-assay coefficients of variation and lower 
limits of quantification.

Statistical analyses
Baseline characteristics were expressed as numbers, percentages, means with a standard 
deviation in case of a normal distribution, or medians with the minimum and maximum 
value in case of a non-normal distribution.

All outcome variables were normally distributed and therefore no log-transformation had to 
be performed before analyses. For the regional body composition outcomes, we calculated 
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a mean relative increase of body fat or lean body mass by dividing the change in the 
outcome measure by the value at baseline multiplied by 100. This was first done per 
participant, after which a mean change with a 95% confidence interval was calculated. For 
body shape outcome measures (waist, hip, WHR), a mean change with a 95% confidence 
interval and a p-value was calculated with a Student t-test. After these analyses on the 
crude changes, we performed linear regression to adjust these changes for age and BMI 
at start.

Next, we performed stratified linear regression analyses to examine whether subgroups 
of type of hormonal treatment, sex hormone levels, BMI at start, age, or the use of other 
medication that affects body composition (antidepressants, antipsychotics, corticosteroids, 
or anti-epileptic drugs) influenced the changes in outcome measures.

Subgroups of type of hormonal treatment were T esters, T gel, and T undecanoate for 
transmen. Subgroups in transwomen were oral estradiol and transdermal estradiol. In these 
analyses, only transwomen and transmen using the same type of treatment during the 
whole year were included. Analyses on sex hormone levels were performed in quartiles 
of Z-scores, which is described in more detail below. BMI at start was analyzed in the 
categories BMI<20, BMI 20-25, BMI 25.1-30, and BMI>30 kg/m2 and the categories for age 
were defined based on quartiles, resulting in the following categories: <22, 22-26, 27-38, 
>38 years. Analyses on the use of other medication were performed in two subgroups 
(yes or no). Analyses were performed both crude and adjusted for age and BMI at start. 
Analyses on BMI at start were only adjusted for age, and analyses on age were only 
adjusted for BMI at start. For all analyses, persons with missing data were excluded.

Because different biochemical assays were used in Amsterdam and Ghent, the analyses 
on the effect of sex hormone levels on outcome measures were performed using Z-scores. 
A mean serum estradiol or testosterone level was calculated for each person by summing 
up the levels determined at the 3-month and 12-month visit and divided by 2. Mean (SD) 
estradiol levels in transwomen were 251138 pmol/L in Amsterdam and 268162 pmol/L in 
Ghent. Mean (SD) testosterone levels in transmen in Amsterdam were 3118 nmol/L and 187 
nmol/L in Ghent. These mean levels were standardized to a mean of zero and a standard 
deviation of one, where after individual Z-scores could be calculated. Subsequently, 
the Z-scores were analyzed in categories based on quartiles, resulting in the following 
categories (<-0.7, -0.7 to 0, 0 to 0.7, >0.7) for both transwomen and transmen. Statistical 
analyses were performed using STATA version 13.1 (StataCorp).
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RESULTS

In total, 179 transwomen and 162 transmen were included with a mean (SD) follow-up 
time of 377 (22) and 380 (22) days, respectively. The baseline characteristics of the study 
population are shown in Table 1. During the first year of CHT, in transwomen, body weight 
(+3%; 95% CI 2%;5%, P<0.001) and total body fat (+28%; 95% CI 24%;32%, P<0.001) 
increased, whereas total LBM decreased with -3% (95% CI -4%;-2%, P<0.001). Transmen 
gained +3% (95% CI 2%;4%, P<0.001) in body weight with a decrease in total body fat of 
-9% (95% CI -12%;-7%, P<0.001) and an increase in total LBM of +10% (95% CI 9%;11%, 
P<0.001).

Changes in regional body fat, regional lean body mass, and WHR in transwomen
In transwomen, regional changes in body fat ranged from +18% (95% CI 13%;23%, 
P<0.001) in the android region to +42% (95% CI 37%;46%, P<0.001) in the leg region. 
Body fat in the gynoid region increased with +34% (95% CI 29%;38%, P<0.001). Regional 
changes in LBM ranged from 0% (95% CI -1%;2%, p=0.61) in the android region to -6% 
(95% CI -7%;-5%, P<0.001) in the arm region (Figure 2). Transwomen changed -0.7 cm 
(95% CI -1.7;0.3, p=0.23) in waist circumference and +3.2 cm (95% CI 2.3;4.0, P<0.001) 
in hip circumference after adjustment for age and BMI at start, resulting in a decrease in 
WHR (-0.03, 95% CI -0.04;-0.02, p<0.001) (Figure 3).

Changes in regional body fat, regional LBM, and WHR in transmen
While transmen lost most body fat in the leg region (-16%, 95% CI -19%;-14%, p<0.001) and 
the gynoid region (-14%, 95% CI -16%;-12%, p<0.001), body fat in the android region (+1%, 
95% CI -3%;5%, p=0.63) did not change. LBM increased in all body parts, ranging from 
+9% (95% CI 8%;10%, p<0.001) in the trunk to +19% (95% CI 18%;21%, p<0.001) in the 
arm (Figure 2). Transmen changed -0.3 cm (95% CI -1.6;0.9, p=0.53) in waist circumference 
and -1.9 cm (95% CI -3.1;-0.7, p<0.002) in hip circumference after adjustment for age and 
BMI at start and thus increased in WHR (+0.01, 95% CI 0.00;0.02, p=0.03) (Figure 3).
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Table 1. Baseline characteristics of the 179 transwomen and 162 transmen included in Amsterdam 
and Ghent between 2010 and 2016.

TRANSWOMEN TRANSMEN

Total number of participants (n) 179 162

VU University Medical Center Amsterdam (n) 127 139

Ghent University Hospital (n) 52 23

Age at baseline (years) 29 (18-66) 24 (18-58)

Current smoking at baseline (%) 25 28

Body weight (kg) 74.5±12.7 70.3±14.3

BMI (kg/m2) 23.3±3.8 25.0±4.6

Waist circumference (cm) 82.6±11.1 80.1±12.3

Hip circumference (cm) 95.6±8.3 100.6±10.7

WHR 0.86±0.08 0.80±0.08

BODY FAT

Total body (kg) 17.6±5.8 24.1±7.7

Arm region (kg) 1.0±0.3 1.4±0.5

Leg region (kg) 3.1±0.9 5.1±1.5

Trunk region (kg) 7.9±3.1 9.9±3.8

Android region (kg) 1.3±0.5 1.7±0.7

Gynoid region (kg) 3.0±0.9 4.7±1.2

LEAN BODY MASS

Total body (kg) 57.2±8.3 46.9±8.1

Arm region (kg) 3.4±0.5 2.5±0.4

Leg region (kg) 9.7±1.4 7.8±1.4

Trunk region (kg) 26.9±3.9 22.6±3.6

Android region (kg) 3.9±0.7 3.3±0.7

Gynoid region (kg) 8.6±1.3 7.4±1.3

Data are presented as number, percentage, mean (standard deviation), or median (minimum and 
maximum value).
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Figure 4. Percentage changes in body fat outcomes and total lean body mass per medication type 
in transwomen and transmen.
T=testosterone. Data are presented as means+95% confidence intervals
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Type of cross-sex hormonal treatment
Sixty-five transwomen using oral estrogens, 49 transwomen using transdermal estro-
gens, 41 transmen using T esters, 34 transmen using T gel, and 30 transmen using T 
undecanoate were included. Crude analyses in transwomen showed a trend toward a 
larger change in some body fat outcomes in persons using oral estradiol compared with 
persons using transdermal estradiol, but after adjustment for BMI at start and age, these 
differences disappeared (Supplementary Table 1). Transmen using T esters tended to 
experience larger changes than transmen using T gel or T undecanoate in all body fat 
and lean body mass outcomes. The effects of T gel and T undecanoate were similar in 
most outcome measures (Figure 4, Supplementary Table 1).

Serum estradiol and testosterone level measurements
In transwomen, no evident associations between mean serum estradiol levels during 
CHT and total body and regional effects were found on body fat and lean body mass 
(Supplementary Table 2). In transmen, however, a trend was seen toward a higher decrease 
in body fat outcomes with increasing T levels (Supplementary Table 3).

Influence of BMI at start, age, and the use of other medication
A higher BMI at start of CHT was related to smaller increases in body fat and larger 
decreases in LBM outcomes in transwomen. In transmen, a higher BMI at start was 
related to larger decreases in body fat and smaller increases in lean body mass outcomes 
(Supplementary Table 4). Age at start of therapy was, after adjustment for BMI at start of 
therapy, not related to changes in body fat and lean body mass outcomes (Supplementary 
Table 5).

The use of other medication such as antidepressants, antipsychotics, corticosteroids, and 
anti-epileptics did not clearly affect the change in total body fat (difference in percentage 
change in users versus non-users; transwomen: +3%, 95% CI -6;13, p=0.51, transmen: 
+4%, 95% CI -2;9, p=0.23), total lean body mass (difference in percentage change in 
users versus non-users; transwomen +2%, 95% CI 0;4, p=0.07, transmen: -1%, 95% CI 
-3;1, p=0.41), or regional outcome measures before and after adjustment for age and BMI 
at start.

4
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DISCUSSION

This prospective study in 179 transwomen and 162 transmen with measurements before 
and after 12 months of cross-sex hormone treatment showed that in transwomen the 
percentage increase in body fat is larger in the gynoid region than in the android region, 
consistent with a more feminine body fat distribution and a lower WHR. In transmen, 
percentage body fat in the gynoid region decreased with no change in the android region, 
consistent with a more masculine body fat distribution and a lower hip circumference. 
Further, we found that type of hormonal therapy or the concentration of estradiol did not 
affect changes in regional body fat or lean body mass in transwomen. However, transmen 
using T esters seem to experience larger changes in body composition than transmen 
using T gel, possibly due to our other finding that transmen with higher T levels showed 
larger changes in body fat and lean body mass. In addition, BMI at start appears to be a 
determinant of changes in body composition. Trans persons with a BMI <20 underwent 
larger changes in all body fat measures (transwomen) or body fat in the android region 
(transmen) in comparison with their normal-weight (BMI 20-25), overweight (BMI 25-30), 
and obese (BMI >30) counterparts. Whether these observations are due to their low BMI 
or to the fact that overweight and obese patients were probably keen on losing weight (a 
BMI of <30 is required for sex reassignment surgery in our centers) is unknown.

Our results largely support the results of the few small studies that have been performed 
so far3,4,7. A previous study with magnetic resonance imaging examined transverse 
images of the abdomen, hip, and thigh and also showed larger changes in body fat in the 
gluteofemoral region than in the abdominal region in both transwomen and transmen3. 
More recent studies reported similar effects on body fat and lean body mass in the arms 
and legs with comparable changes in waist and hip circumferences4,7, although one study 
reported an increase in waist circumference of 4 centimeters in transwomen8.

This is the first large prospective observational study in transgender persons presenting 
the effects of CHT on regional body composition by objective DXA measures, whereas 
in previous studies, changes in these regions were only estimated by anthropometry7,13. 
Owing to the large sample size, we were able to examine the influence of several important 
factors on the effects. A limitation of this study is that, because of the multicenter design, 
different laboratories using different assays were involved, resulting in different serum 
estradiol and testosterone concentrations. However, we used z-scores to be able to 
combine the analyses of the two different centers.
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Percentage changes in regional body fat and regional lean body mass up to 42% occurred 
in the first year of CHT, which all contributed to the feminization or masculinization of 
separate body parts. Percentage body fat in the arm in transwomen after 12 months of 
CHT is almost the same as seen in women (Table 2). However, this is not the case in 
other body parts in which the reference values of the desired sex are approached but not 
achieved after 12 months of CHT. Possibly, body composition values of the desired sex 
are achieved after prolonged CHT, but this is yet unknown.

Despite that the same dose of CHT was given to all transwomen, varying estradiol levels 
were achieved, possibly partly due to a different expression of the estradiol receptor. 
However, this present study showed that higher serum estradiol levels did not result in 
larger changes in body fat and lean body mass. This is a relevant finding since in clinical 
practice, many transwomen wonder whether they would experience larger effects if their 
hormone dosage would be increased. In transmen, larger effects of T esters on many 
outcome measures were observed compared with T gel and T undecanoate. However, 
the use of T esters involves highly fluctuating testosterone levels which poorly resemble 
the male hormonal milieu compared with other testosterone preparations14. Therefore, on 
the basis of our results only it cannot be concluded that T esters are the optimal treatment 
option.

This study describes the effects of CHT on body composition in the context of feminization 
and masculinization by examining objective measures such as regional fat depots and 
WHR. Future research should focus on whether these effects in trans persons are also 
reflected in a changing physical appearance and body image. For example, to determine 
whether the increase in body fat and the decrease in lean body mass in the arm of 
transwomen causes the arm to look more feminine and to feel softer. Furthermore, studies 
with long-term follow-up are needed in order to examine whether transwomen and transmen 
ultimately obtain the body composition of the desired sex. In addition, further research into 
the effects of CHT on body fat distribution is needed in the context of cardiovascular risk. 
An excess of intra-abdominal or visceral fat may alter free fat acid metabolism and the 
release of adipokines and thereby play an important role in the onset of insulin resistance 
and the metabolic syndrome15. Therefore, present studies should be extended to assess 
the effects of CHT on visceral fat volume and the consequent change in metabolic risk 
profile in trans persons.

4
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Table 2. Percentage body fat or lean body mass in a specific body region before and after one year 
of cross-sex hormonal therapy in 179 transwomen and 162 transmen with reference values of the 
desired sex

TRANSWOMEN Body fat and lean body mass of total mass in specific body regions

Baseline 12 months Reference value cis women
BODY FAT
Arm region (%) 24 (0.5) 30 (0.5) 31 (16)
Leg region (%) 25 (0.4) 32 (0.4) 36 (16)
Trunk region (%) 23 (0.5) 26 (0.5) 36 (17)
Android region (%) 26 (0.6) 29 (0.5) 35 (18)
Gynoid region (%) 26 (0.4) 32 (0.4) 42 (18)
LEAN BODY MASS
Arm region (%) 76 (0.5) 70 (0.5) 61 (16)
Leg region (%) 75 (0.4) 68 (0.4) 62 (16)
Trunk region (%) 77 (0.5) 74 (0.5) 64 (17)
Android region (%) 74 (0.6) 71 (0.5) NR
Gynoid region (%) 74 (0.4) 68 (0.4) NR
TRANSMEN

Baseline 12 months Reference value cis men
BODY FAT
Arm region (%) 37 (0.6) 30 (0.6) 14 (16)
Leg region (%) 40 (0.5) 33 (0.5) 18 (16)
Trunk region (%) 31 (0.6) 28 (0.6) 18 (19)
Android region (%) 34 (0.7) 32 (0.6) 25 (20)
Gynoid region (%) 39 (0.4) 33 (0.4) 24 (20)
LEAN BODY MASS
Arm region (%) 63 (0.6) 70 (0.6) 81 (16)
Leg region (%) 60 (0.5) 67 (0.5) 78 (16)
Trunk region (%) 69 (0.6) 72 (0.6) 76 (19)
Android region (%) 66 (0.7) 68 (0.6) NR
Gynoid region (%) 61 (0.4) 67 (0.4) NR

Data are presented as percentages with standard error;
CHT: cross-sex hormonal therapy; NR: not reported.
Age categories for reference values; Women: (16) category 20-29 years old, (17) median 31 years old 
(range 18-62), (18) mean 20.8 years old (SD 1.9); Men: (16) category 20-29 years old, (19) median 
31 years old (range 18-55), (20) mean 21.3 years old (SD 2.2)
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In conclusion, CHT causes a more feminine body fat distribution and a lower WHR in 
transwomen and a more masculine body fat distribution with a lower hip circumference 
in transmen. Type of estradiol therapy or the concentration of estradiol does not affect 
changes in regional body fat or lean body mass in transwomen, while transmen using T 
esters experience larger changes in some outcomes than others, possibly due to higher 
T levels.
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Changes in regional body fat, lean body mass and body shape in adult trans persons

Supplemental Figure 1. Body regions as defined by Hologic Discovery A, Hologic Inc., Bedford, 
MA, USA.
Arm region: The arm line is positioned between the head of the humerus and scapula at the glenoid 
fossa and placed in such a manner that the arm region does not include soft tissue of the chest and 
thighs. Trunk region: The upper boundary is at the neck line, just under the persons’ jaw. The lower 
boundary coincides with the upper pelvic line just above the iliac crest. The lateral boundaries coin-
cide with the arm lines. Android region: The lower boundary of this region coincides with the pelvic 
horizontal line. The height equals 20% of the distance from the pelvic horizontal line to the neck 
line. The lateral boundaries coincide with the arm lines. Gynoid region: The upper boundary of this 
region is below the pelvic horizontal line by 1.5 times the height of the android region. The gynoid 
region equals twice the height of the android region. The lateral boundaries coincide with the arm 
lines. Leg region: The leg region is bounded by the lower pelvic divider line which separate the legs 
and the trunk by crossing the femoral neck. The leg lines are positioned in such a manner to include 
as much of the soft tissue in the thighs as possible without including the persons hand or fingers12.
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