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Abstract

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 1 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 1 year of hormone
therapy were related to lipids and insulin resistance [homeostatic model assessment of
insulin resistance (HOMA-IR)] with linear regression analysis.

Results In trans women, total body fat increased by 4.0 kg (95% CI 3.4, 4.7), while the
amount of visceral fat did not change (-2 grams; 95% Cl -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 g; 95% CI -10, 16; range —372, 311), increasing the VAT/TBF
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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/TBE

Key Words: visceral fat, transgender, hormone therapy, insulin resistance, lipids

Abdominal obesity—in particular, an excess of visceral fat—
is strongly related to cardiovascular risk factors such as in-
sulin resistance, dyslipidemia (1-3), and the development of
type 2 diabetes and cardiovascular disease (4,5). The hy-
pothesized mechanisms for a specific harmful role of excess
visceral fat are its high secretion rate of proinflammatory
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 con-
centrations were associated with increased visceral fat in
women and decreased visceral fat in men (8). Likewise, in
hypogonadal men, low testosterone concentrations are as-
sociated with visceral obesity (9). On the contrary, women
with polycystic ovary syndrome (PCOS) have higher testos-
terone concentrations and visceral fat compared to women
without PCOS (10). In addition, during menopause, estra-
diol levels decrease, while the amount of visceral fat in-
creases (11). Altogether, this suggests a role for sex steroid
hormones in the deposition of visceral fat (7).

Trans women (birth-assigned males, female gender iden-
tity) receive antiandrogen and estradiol treatment to induce
feminization, and trans men (birth-assigned females, male
gender identity) 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 therapy (12). 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 1990s, 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 1 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 vis-
ceral fat in larger populations with a wider body mass index
(BMI) range and contemporary treatment protocols have
not been performed yet.

Our study group previously showed favorable changes
in blood lipids in trans women and unfavorable lipid
changes in trans men after 1 year of hormone therapy (17).
Another recent study reported that masculinizing hormone
therapy decreased insulin resistance, while feminizing hor-
mone therapy induced insulin resistance (18). However,
the underlying 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 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 partici-
pate in the study when they were 18 years or older and
had gender dysphoria according to definition in the fourth
edition, text revision, or fifth edition of the Diagnostic and
Statistical Manual of Mental Disorders (21, 22). Persons
were not eligible when they started in a different treatment
protocol than described in the following discussion or in
case of previous gender-affirming hormone use or genital
surgery, insufficient knowledge of the Dutch language, or
psychological vulnerability. Participants visited the out-
patient clinic every 3 months during the first year of hor-
mone 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 dif-
ferent types of DXA scanners results in noncomparable
body composition data, only participants from Amsterdam
and Ghent were selected for the present study. Further,
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persons were included if they started hormone therapy be-
tween February 2010 and March 2015 and if they com-
pleted 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 be-
tween 10 months and 14 months after the start of hormone
therapy. The participant inclusion flow chart has been pre-
viously published (23).

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 ac-
cording to the institutional guidelines.

Treatment Protocol

Hormone therapy in trans women included in this study
consisted of cyproterone acetate 50 mg/day in combination
with oral estradiol valerate 4 mg/day or a transdermal es-
tradiol patch 100 mcg/24 h 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 1 of the fol-
lowing testosterone formulations: testosterone gel 50 mg/
day, testosterone undecanoate 1000 mg intramuscular once
per 12 weeks, or testosterone esters 250 mg intramuscular
once per 2 weeks. Participants were eligible for genital sur-
gery after 12 months of hormone therapy. Thus, no parti-
cipants 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. BMI was calculated as body weight in kilo-
grams divided by height in meters squared (kg/m?).

Total Body Fat, Lean Body Mass, and Visceral
AdiposeTissue Estimation by DXA

Total body fat, lean body mass, and visceral fat were esti-
mated using DXA (24-26) before and after approximately
12 months of hormone therapy. All DXA scans were ana-
lyzed 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 2-dimensional method to
examine body composition. The DXA scanner produces
2 beams of high and low energies that are attenuated in
the body (27). Adipose tissue has a different X-ray attenu-
ation than lean body mass because 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 previously described, the body fat in
this 2-dimensional image is a sum of the visceral fat inside
the abdominal cavity and the subcutaneous fat on the an-
terior and posterior side of the body. Therefore, additional
software was used to estimate solely visceral fat (24, 235).
A 5-cm-wide region was placed across the abdomen just
above the iliac crest at a level that approximately coin-
cides 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 anterior and posterior subcutaneous
fat is estimated by measuring the subcutaneous fat on
the sides of the body. Then, a total amount of subcuta-
neous fat is estimated, and this is subtracted from the total
amount of abdominal fat, which gives the amount of vis-
ceral fat in grams (24, 25). 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, high-density lipo-
protein (HDL)-cholesterol, and triglycerides were meas-
ured using Roche Cobas chemistry analyzers (¢701 module
or ¢501 module; Modular, Roche Diagnostics, Mannheim,
Germany). The interassay 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 chem-
istry analyzers (c701 module or ¢502 module; Modular,
Roche Diagnostics, Mannheim, Germany). The interassay
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 assess-
ment for insulin resistance (HOMA-IR) was calculated
using the following formula: HOMA-IR = (fasting glucose/
fasting insulin in mU/L)/22.5 (28). low-density lipoprotein
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(LDL)-cholesterol was calculated using the Friedewald for-
mula (29).

In Amsterdam, estradiol was measured using a competi-
tiveimmunoassay (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 chromatog-
raphy 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 fol-
lowing formula was used: liquid chromatography-tandem
mass spectrometry = 1.60 * Delfia — 29. Testosterone was
measured using a radioimmunoassay (RIA; Coat-A-Count;
Siemens, Los Angeles, CA, USA) 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 com-
petitive immunoassay (Architect; Abbott, Abbott Park, IL,
USA) 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, estra-
diol was measured using an E170 Modular (Gen II; Roche
Diagnostics, Mannheim, Germany) until March 19, 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 estra-
diol values measured before March 19,2015, the following
formula was used: GenIII = 6.687940 + 0.834495 * Gen IL
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 (interquartile range) or as percentage.
First, linear mixed model regression analyses with observa-
tions clustered within center and within participants were
performed to examine changes in visceral fat, total body
fat, VAT/TBE, 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 meas-
ures of body fat distribution and body composition were
calculated.

During treatment, persons who were overweight (BMI
25-30 kg/m?) or obese (BMI > 30 kg/m?) were advised to
maintain a healthy lifestyle to lose body weight. In the latter
group, this was even more emphasized because of require-
ments regarding body weight when applying for genital
surgery (BMI between 18 and 30 kg/m? for vaginoplasty
or phalloplasty). Since these lifestyle advices might have af-
fected 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 influ-
ence of BMI at start on the change in VAT/TBE. BMI at start
was defined by the following categories: BMI < 25 kg/m?,
BMI 25-30 kg/m?, and BMI > 30 kg/m”.

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 re-
gression analyses were performed to study associations be-
tween 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 be-
tween 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 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 were in-
cluded. Baseline characteristics and hormone levels be-
fore 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 estradiol. For trans women
at baseline, the mean amount of visceral fat was 353 g, and
the mean amount of total body fat was 19.1 kg. For trans

Table 1. General characteristics

Trans women Trans men
(n=179) (n=162)
At baseline
Age (years) 29 (23,43) 24 (21, 33)
Body mass index (kg/m?) 23.0 (20.5,26.6) 24.6 (21.7,29.1)
Smokers (%) 25 28
Alcohol consumption 0(0,2) 0(0,2)
(unit/day)
White (%) 98 93
Median hormone concentrations at start
Estradiol level (pmol/L) 97 (80, 116) 144 (76, 311)
Testosterone level 18.9 (14.0, 22.0) 1.3(1.0,1.6)
(nmol/L)
Median hormone concentrations during treatment
Estradiol level (pmol/L) 204 (145,327) 173 (121, 254)
Testosterone level 0.7 (0.5, 0.9) 27.5(19.0, 39.0)

(nmol/L)

Data are presented as median (25th, 75th percentile).
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men, the mean amount of visceral fat was 277 g, 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 g
(95% CI -15, 11) with reflects 1% (95% CI -5, 3), with
a large range from -318 g to 281 g. In trans men, the mean
change in visceral fat was 3 g (95% CI -10, 16), which
reflects 1% (95% CI -4, §), ranging from -372 to 311 g.
VAT/TBF decreased by 17% (95% CI -19, -15) in trans
women and increased by 14% (95% CI 11, 18) in trans
men. Absolute changes in measures of body fat distribu-
tion 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 choles-
terol (- 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 by 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 (Fig. 2).

Relation Between Changes in Measures of Body
Fat Distribution Lean Body Mass With Changes in
Cardiometabolic Risk Factors

No statistically significant or clinically relevant associ-
ations were observed between changes in VAT/TBF and
changes in blood lipids or HOMA-IR after 1 year of hor-
mone 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 1 SD change in visceral fat, VAT/
TBE, total body fat, and lean body mass with changes in

Table 2. Absolute changes in measures of body fat distribution, body composition, and cardiometabolic risk factors during

1 year of hormone therapy in trans women and trans men

Start of treatment Mean change (95% CI)
Trans women (n =179)
Body composition
Visceral fat (g) 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) 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) 6 (4.5,4.8) -0.6 (-0.7,-0.5)
HDL-cholesterol (mmol/L) 4(1.3,1.4) -0.2 (-0.2,-0.1)
LDL-cholesterol (mmol/L) 7 (2.6,2.9) -0.3 (-0.4,-0.3)
Triglycerides (mmol/L) 1(1.0,1.2) -0.2 (-0.3,-0.1)
HOMA-IR? 0(1.8,2.3) +0.9 (0.6, 1.3)
Trans men (n = 162)
Body composition
Visceral fat (g) 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) 6(4.4,4.7) 0(-0.1,0.1)
HDL-cholesterol (mmol/L) 5(1.5,1.6) —0 2 (-0.3,-0.2)
LDL-cholesterol (mmol/L) 6(2.5,2.7) 2(0.1,0.3)
Triglycerides (mmol/L) 9(0.8,1.0) 2(0.1,0.3)
HOMA-IR? 6(2.3,2.9) -0.7 (-1.0,-0.3)

Data are shown as mean (95% CI).

Abbreviations: HDL, high-density lipoprotein; HOMA-IR, homeostatic model assessment of insulin resistance; LDL, low-density lipoprotein; VAT/TBE, visceral

adipose tissue/total body fat ratio.

“Eight trans women and 6 trans men were excluded from the specific analysis for having diabetes mellitus.
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Figure 1. Relative changes in measures of body fat distribution and body composition during 1 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); and lean
body mass: -3% (95% Cl -4, -2). Trans men: visceral adipose tissue: 1% (95% CI -4, 6); total body fat: —=11% (95% Cl -13, -8); VAT/TBF: 14% (95% CI
10, 17); and lean body mass 10% (95% CI 9, 11). Abbreviation: VAT/TBF, visceral adipose tissue/total body fat ratio.
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Figure 2. Change in VAT/TBF per BMI category in trans women and trans men during 1 year of hormone therapy. Trans women: relative change in
VAT/TBF: BMI < 25 kg/m?* -17% (95% Cl -21, —14); BMI 25-30 kg/m?*: —16% (95% Cl —22, —1); and BMI > 30 kg/m? -15% (95% CI —23, —9). Trans men:
relative change in VAT/TBF: BMI < 25 kg/mz: 15% (95% CI =10, —18); BMI 25-30 kg/mz: 6% (95% CI 11, 16); and BMI > 30 kg/mZ: 15% (95% CI 9, 19).
Abbreviation: BMI, body mass index; VAT/TBF, visceral adipose tissue/total body fat ratio.

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 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 [see Supplemental Table 1 (30)].

Discussion

In this study, we aimed to investigate the effects of 1 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, how-
ever, 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 un-
related to changes in cardiometabolic risk factors observed
during 1 year of hormone therapy.

In cis women (gender identity equal to sex assigned
at birth), a large cross-sectional study (8) observed posi-
tive associations between both testosterone and estradiol
levels and visceral fat. Trans men have high testosterone
levels and, instead of cyclic estradiol peaks, stable estra-
diol levels due to aromatization of testosterone into estra-
diol. 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. Two
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Figure 3. Associations between the change in VAT/TBF and change in cardiometabolic risk factors during 1 year of hormone therapy in 179 trans
women and 162 trans men. Eight trans women and 6 trans men were excluded from the analysis on HOMA-IR for having diabetes mellitus.
Abbreviations: HDL, high-density lipoprotein-cholesterol; HOMA-IR, homeostatic model assessment of insulin resistance; LDL, low-density lipopro-
tein cholesterol; TC, total cholesterol; TG, triglycerides; VAT/TBF, visceral adipose tissue/total body fat ratio.
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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%, respectively)
and trans men (6%-18%) after 1 year of hormone therapy
(13, 16), but these studies were very small (n range 17-20),
all with a mean BMI of 21 kg/m?.

In this study, visceral fat did not significantly change in
trans women (-1%) nor in trans men (1%). Possibly, the re-
ported changes in previous small studies may have been by
chance, as we have observed a large interindividual 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, 31, 32).
Therefore, we hypothesized that in trans women, with sup-
pressed 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/TBE. The large interindividual range of
change in visceral fat suggests that other factors (eg, 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 trans men and trans women
did observe changes after 1 year of sex hormone therapy
(13, 16). In addition, lifestyle interventions have shown
changes in visceral fat after 12 weeks of diet or exercise
(33). Therefore, a duration of 1 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, favorable changes in lipid profile
were observed in trans women, and unfavorable changes,
in trans men (17). Based on earlier studies (1, 7, 31, 34-37),
we hypothesized that unfavorable 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 interindividual
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 accounts for changes in subcuta-
neous fat, which is often related with changes in visceral fat
(38) 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 associ-
ations 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 unfavorable 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 unfavorable lipid profile was observed in trans men—op-
posite 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
favorable, instead of expected unfavorable 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 ef-
fects of hormone therapy (39-41).

We observed large changes in insulin resistance, with an
increase in trans women and a decrease in trans men after
1 year of hormone therapy, which is in line with a previous
report evaluating changes in HOMA-IR after 1 year of
hormone therapy (18). Despite strong associations between
visceral adiposity and insulin resistance in the general
population (36), 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/TBE. The in-
crease 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 between lean body
mass and HOMA-IR in this study. Another plausible ex-
planation for the increase in HOMA-IR can be found in a
recent study by Gava et al (42)., who compared metabolic
effects of the antiandrogen agents cyproterone acetate and
gonadotropin-releasing hormone analogues. The authors
observed an increase in HOMA-IR only in trans women
using cyproterone acetate and suggested that cyproterone
acetate may have direct effects on insulin resistance (42).
A potential mechanism by which cyproterone acetate may
induce insulin resistance is through activation of the gluco-
corticoid receptor (43). 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 testos-
terone 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 hor-
mone 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 glucose transporter type 4 on skeletal muscle and may
enhance insulin-mediated glucose uptake (44).
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Estradiol and testosterone seem to play a key role in body
fat distribution in both men and women (45). 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 not only with increased visceral fat but also
with other adverse metabolic consequences such as insulin
resistance, increased prevalence of type 2 diabetes, cardio-
vascular disease, and even premature mortality. These obser-
vations have led to the concept of the “metabolic valley of
death” as a metabolically adverse window of low androgen
concentrations (46). In both sexes, low testosterone levels
would exert prolipogenic 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 an-
drogen deficiency and women with androgen excess have
metabolic disturbances, and this is not seen in men using
hormone replacement treatment (47-49). 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 cor-
rect, 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 clin-
ically relevant metabolic disturbances. In our study, it was
unknown whether 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.

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 con-
sequence 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 gen-
eral 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 magnetic resonance 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 studies (24). Although DXA has been
shown a valid and precise method to estimate visceral fat
in cross-sectional studies in men and women (25, 26), DXA
has not been validated for measurement of change in vis-
ceral fat over time.

Although DXA has been shown a valid method to esti-
mate visceral fat in cross-sectional studies (25, 26), 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,
which conform to previous literature (2, 3). These results
support that DXA provides an accurate estimation of vis-
ceral fat. However, an intervention study comparing changes
in visceral fat by DXA and MRI measurements is necessary
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 accu-
mulation of visceral fat mass are unknown, it is possible
that our results do not apply to populations in which other
antiandrogen agents are prescribed (eg, spironolactone or
gonadotropin-releasing hormone analogues).

In conclusion, hormone therapy in trans women and
trans men resulted in large changes in VAT/TBE, mainly due
to changes in total body fat, with only small mean changes
in visceral fat, albeit with a large interindividual variation.
Changes in visceral fat and VAT/TBF were not associated
with the unfavorable changes in cardiometabolic risk fac-
tors 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 in-
direct effect mediated by changes in visceral fat or VAT/
TBE Future studies with direct assessment of whole volume
visceral fat using MRI are needed to confirm our results.
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