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Context: Female-to-male transsexual persons (transsexual men) undergo extreme hormonal
changes due to ovariectomy and testosterone substitution, allowing studies on sex steroid effects
on bone geometry and physiology in the adult.

Objective: The objective of the study was to examine the effects of cross-gender sex steroid ex-
posure on volumetric bone parameters in transsexual men.

Design: This was a cross-sectional study.

Setting: Participants were recruited from the Center for Sexology and Gender Problems at the
Ghent University Hospital (Ghent, Belgium).

Participants: Fifty transsexual men after sex reassignment surgery with 50 age-matched control
women and an additional 16 transsexual men before testosterone substitution and sex reassign-
ment surgery with 16 control women participated in the study.

Main Outcome Measures: The main outcome measures were areal and volumetric bone param-
eters using dual-energy X-ray absorptiometry and peripheral quantitative computed tomography,
body composition (dual-energy X-ray absorptiometry), sex steroids, markers of bone turnover and
grip strength.

Results: Before hormonal treatment, transsexual men had similar body composition and bone
geometry as female controls. The transsexual men on long-term testosterone therapy, however,
demonstrated a higher lean body mass and muscle mass and a greater grip strength as well as a
lower body and subcutaneous fat mass and a larger waist and smaller hip circumference compared
with female controls (all P < 0.001). We observed a larger radial cortical bone size (P < 0.001) and
lower cortical volumetric bone mineral density at the radius and tibia (P < 0.05) in transsexual men
on testosterone therapy.

Conclusions: Transsexual men on testosterone substitution therapy present with a different body
composition with more muscle mass and strength and less fat mass as well as an altered bone
geometry with larger bones compared with female controls. (J Clin Endocrinol Metab 97:
2503-2511, 2012)
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quantitative computed tomography; SRS, sex reassignment surgery; vBMD, volumetric
bone mineral density.
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ex steroids are important determinants of bone acqui-
S sition during puberty and bone homeostasis in adult-
hood. During puberty, men develop a larger bone mass
and size than women (1, 2). Indeed, testosterone stimu-
lates the process of periosteal apposition, causing a greater
cortical bone size in men (3), whereas pubertal girls ex-
perience less periosteal expansion and more endocortical
apposition compared with boys (4, 5). As female-to-male
transsexual persons (will be referred to as transsexual
men) undergo ovariectomy and follow life-long testoster-
one substitution therapy, studies on bone geometry and
body composition allow studying sex steroid actions on
bone physiology in adults.

Previous studies in transsexual men demonstrated that
during the first 2 yr of cross-sex hormonal therapy, an-
drogen administration could prevent possible bone loss
due to estrogen deficiency (6-8). Areal bone mineral den-
sity (aBMD) was higher at cortical sites (8, 9), and a his-
tomorphometric study showed a significantly larger cor-
tical thickness in transsexual men compared with controls
(10). Evaluations after a longer exposure time (respec-
tively 7.6 and 1.5-5.3 yr) to androgens described a pre-
served aBMD (9, 11). However, a decline in aBMD after
amedian of 45 months of cross-sex hormonal therapy was
reported, possibly due to inadequate substitution therapy
because there was an inverse correlation between LH or
FSH and aBMD (11).

Mechanical loading and physical activity play an im-
portant stimulatory role on the skeleton and were found to
be associated with a larger cortical thickness (2,12, 13).In
transsexual men, the mechanical loading on bone in-
creases through the higher muscle mass, induced by an-
drogens (14).

All previous studies on bone mass in transsexual men
were conducted using dual-energy x-ray absorptiometry
(DXA), which has limitations in assessing bone geometry.
Due to the two-dimensional view, bone mineral density of
larger bones can be overestimated (1, 15). Peripheral
quantitative computed tomography can evaluate accu-
rately the volumetric bone mineral density (VBMD) and
differentiate trabecular from cortical bone. In this study,
we assessed volumetric bone parameters and body com-
position in relation to sex steroids and muscle strength in
a population of transsexual men before and after a long
period of cross-sex hormonal therapy, compared with age-
matched healthy control women.

Materials and Methods

Study design and population
All transsexual participants were diagnosed with gender
identity disorder (Diagnostic and Statistical Manual of Mental
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Disorders-1V, 302.85; International Classification of Dis-
eases, 10th revision, F64.0) and were recruited from the center
for Sexology and Gender Problems at the Ghent University
Hospital (Ghent, Belgium). Every patient was treated follow-
ing the World Professional Association for Transgender
Health standards of care (16).

Fifty transsexual men, will be referred to as the treatment
group and used testosterone substitution therapy and had un-
dergone sex reassignment surgery (SRS; hysterectomy, ovariec-
tomy, and mastectomy) before inclusion in this study. On aver-
age, these patients were 8.7 yr after SRS, with a minimum of 9
months and a maximum of 22 yr. Forty-six of them underwent
phalloplasty, of whom eight had a previous metaidoioplasty (n =
9), only one person had metaidoiplasty alone, and three trans-
sexual men did not have further genital surgery. Current cross-
sex hormonal therapy consisted of intramuscular testosterone
treatment with either a mixture of testosterone esters (testoster-
one decanoate 100 mg, testosterone isocaproate 60 mg, testos-
terone fenylpropionate 60 mg, testosterone propionate 30 mg/
ml) per 2 or 3 wk (n = 35) or testosterone undecanoate 1000 mg
per 12 wk (n = 7) or transdermal testosterone 50 mg daily (n =
8). One participant used both oral testosterone undecanoate 40
mg (one daily) and testosterone gel 50 mg per 5 g, 50 mg daily.
The type of treatment (testosterone esters IM, testosterone un-
decanoate IM, or transdermal testosterone gel) was not associ-
ated with serum testosterone or LH levels or with body compo-
sition or bone parameters. Almost all the participants were
Caucasian (48 Belgians and one Dutch), and one participant was
Iranian. Additionally, 16 Belgian transsexual men, who will be
referred to as the untreated group, were recruited in the diag-
nostic phase and just before the start of cross-sex hormonal ther-
apy and thus before SRS. The female control population for both
groups, matched for age (*2 yr, median 1 yr) was healthy women
who responded to posters spread in the Ghent University Hos-
pital and on its web site.

All participants were currently in good physical health and
completed questionnaires about previous illness and medication
use, current and past smoking habits, and physical activity by
recording the weekly frequency of both recreational and/or
working activities (using Baecke’s questionnaire) (17). Gyneco-
logical history and previous fractures were registered. In the
treatment group, a history of menstrual irregularities and poly-
cystic ovary syndrome (PCOS) was found to be unreliable due to
the long-time course and previous hysterectomy and ovariec-
tomy. In the untreated group, one transsexual man had PCOS.
None of the control women had PCOS. Exclusion criteria were
defined as illnesses or medication use known to affect body com-
position, hormone levels, or bone metabolism such as current,
prolonged, or previous use (in the last 2 yr) of glucocorticoste-
roids, (anti)androgens (except for cross-sex hormonal therapy in
transsexual men), oral contraception, calcium, and/or vitamin D
supplements (was allowed for transsexual men; n = 3), insulin,
antiepileptic drugs, calcitonin, bisphophonates; presence of hy-
pogonadism, untreated hyperthyroidism, cystic fibrosis, malab-
sorption, or current eating disorders or disorders of collagen
metabolism or bone development; and chronic renal failure, al-
cohol abuse, or autoimmune rheumatoid disease. In the un-
treated group, cerebral palsy was present in one participant who
did have an active lifestyle and two participants had an episode
of eating disorder in the past. After exclusion of these patients
and their age-matched controls, the presented results did not
change substantially. Control women aged 45 yr and older with
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serum levels of LH 20 Ulliter or greater were considered to be
perimenopausal (n = 5). After exclusion of these women and
their matched transsexual men, results remained the same.
The study protocol was approved by the Ethics Review Board
of the Ghent University Hospital (study protocol no. EC2009/
266), and all participants gave their written informed consent.

Body composition, muscle strength, and aBMD

Body weight and anthropometrics were measured in light
indoor clothing without shoes. Standing height was measured
using a wall-mounted Harpenden stadiometer (Holtain, Ltd.,
Crymuch, UK).

Grip strength at the dominant hand was measured using an
adjustable handheld standard grip device (JAMAR hand dyna-
mometer; Sammons and Preston, Bolingbrook, IL). The maxi-
mum strength of three attempts was assumed to best reflect the
current status and history of their musculoskeletal adaptation
and was expressed in kilograms.

Body fat and lean mass, bone mineral content (BMC), bone area
and aBMD at the lumbar spine, and left proximal femur (total hip
and femoral neck region) were measured using DXA with a Hologic
QDR-4500A device (software version 11.2.1; Hologic, Inc., Bed-
ford, MA). The coefficient of variation for both spine and whole-
body calibration phantoms was less than 1%, as calculated from
daily and weekly measurements, respectively.

vBMD and cross-sectional muscle/fat area

A peripheral quantitative computed tomography (pQCT) de-
vice (XCT-2000; Stratec Medizintechnik, Pforzheim, Germany)
was used to evaluate the cortical volumetric bone parameters at
the dominant midradius and tibia (at 66% of bone length) and
trabecular bone parameters at the metaphysis (at 4% of bone
length) of the dominant radius. Procedure details were as de-
scribed previously (18).

Biochemical determinations

Venous blood samples were obtained between 0800 and
1000 h after overnight fasting in the treatment group of trans-
sexual men (n = 50). Blood samples in the female control group
matched to the treatment group (n = 50) were collected through-
out the day. All samples were stored at —80 C until analysis.
Commercial immunoassay kits were used to determine serum
concentrations of SHBG (Orion Diagnostica, Espoo, Finland),
testosterone, LH, estradiol, IGF-I, C-terminal telopeptides of
type I collagen (CTX) as a marker of bone resorption, and pro-
tocollagen 1 aminoterminal propeptide (P1NP), which reflects
bone formation (Modular; Roche Diagnostics, Mannheim, Ger-
many). IGF-binding protein 3 (IGFBP3) was determined by an
extraction method (DSL-5600; Diagnostic System Laboratories,
Webster, TX). The intra- and interassay coefficients of variation
for all assays were less than 10%.

Statistical analysis

Descriptives are expressed as mean and sp or median (first
to third quartile) when criteria for normal distribution were
not fulfilled. P < 0.05 was considered to indicate statistical
significance, and all tests were two tailed. Comparison of gen-
eral, anthropometric, biochemical, and hormonal determina-
tions between groups were made with an independent ¢ test or
Mann-Whitney U test when variables were not normally dis-
tributed (Tables 1 and 2). Multiple regression analysis was
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TABLE 1. Descriptives of general and anthropometric
determinations in transsexual men before start of cross-
gender hormonal treatment and sex reassignment
surgery

Transsexual Female controls

men (n = 16) (n = 16)
Age (yr) 26 £7 26 +7
Weight (kg) 57.7 (54.3-79.0) 66 (59.1-72.5)
Height (cm) 164 + 0.05° 169 = 0.06
BMI (kg/mz) 22.6(20.7-27.3) 22.8(21.1-26.1)
Current smoking (%) 31 13
Pack-years (yr) 0 (0-3) 0 (0-1)
Parity 0 (0-0)7 0(0-2)
Physical activity index 9.1 2.1 8.1+13
Grip strength (kg) 337 32*5

Descriptives are expressed as mean *+ sp or as median (first to third
quartile) when not normally distributed. Variables were compared
between groups using independent t tests or Mann-Whitney U test
when not normally distributed. @ 0.01 < P = 0.05 ® using x? test.

used to compare bone and body composition in transsexual
men of the treatment group compared with controls (Tables
3-5) and used models included height, weight, and a grouping
variable (transsexual or control group) as independents. The
P value of this grouping variable is shown, similarly to other
publications of our group (19).

We evaluated sex steroids, muscle strength, physical activity,
bone turnover markers, and smoking in relation to body com-
position and volumetric bone parameters in the treatment group
and controls using separate multiple regression models.

We evaluated the effect of cross-sex hormonal treatment us-
ing a multiple regression model with transsexual men before and
on testosterone substitution and their respective control women
together (n = 132). Independent variables in this model were age,
height, weight, treatment (whether one had used testosterone
substitution or not), and the grouping variable (transsexual per-
son or not), and outcome variables were volumetric bone pa-
rameters. Data were analyzed using SPSS software, version 19
(SPSS Inc., Chicago, IL).

Results

Transsexual men before the start of cross-sex
hormonal therapy

Untreated transsexual men (n = 16) had similar age,
weight, body mass index (BMI), smoking and physical
activity habits, and muscle strength compared with an age-
matched control group of women (n = 16) (Table 1). Con-
trol women were taller than transsexual men of this un-
treated group. No significant differences in body
composition were found in the untreated group compared
with controls, and bone parameters measured by DXA
were comparable with female controls comparable with
the exception of lumbar spine area (mean 56.2 vs. 60.9,
P = 0.046) (online Supplemental Tables 1 and 2, pub-
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TABLE 2. Descriptives of general, anthropometric,
hormonal, and biochemical determinations of
transsexual men on long-term cross-gender hormonal
treatment and after sex reassignment surgery

TABLE 3. Descriptives of measures of body
composition of transsexual men on long-term cross-
gender hormonal treatment and after sex reassignment
surgery

Transsexual Female controls

men (n = 50) (n = 50)
Age (yr) 37+8 38+8
Weight (kg) 675 *= 115 69.7 = 10.9
Height (cm) 165 +7 167 + 6
BMI (kg/mz) 248 £ 38 25.1 = 3.6
Current smoking (%)? 289 12
Pack-years 7 +12¢ 3+6
Parity 0(0-0) 2 (0-2)
Physical activity index 84 +18 83+15
Grip strength (kg) 37 + 6° 29+5
Hematocrit (%) 48.8 + 2.8° 40.1 +5.9
Creatinine (mg/dl) 0.93 +0.13° 0.75 = 0.1
Cholesterol (mg/dl) 207 =+ 35° 185 + 31
LH (mU/ml) 3.7 (0.2-28.5) 6.0 (3.5-10.3)
SHBG (nmol/liter) 32+11° 63 + 27
Estradiol (ng/liter) 34 (25-50)P 73 (45-118)
Testosterone (ng/dl) 729 + 375° 21+9
PTINP (ng/ml) 50 * 24° 40 = 12
CTX (ng/ml) 0.36 = 0.15° 0.20 = 0.10
IGF-I (ng/ml) 225 = 65 214 =70
IGFBP3 (ng/ml) 3312 = 352 3420 = 310

Descriptives are expressed as mean = sp or as median (first to third
quartile) when not normally distributed. Variables were compared
between groups using independent t tests or Mann-Whitney U test
when not normally distributed. To convert nanograms per liter to
picomoles per liter for estradiol, multiply by 3.671; to convert
nanograms per deciliter to nanomoles per liter for testosterone,

multiply by 0.0347.

2 Using x? test; © P =< 0.001; €0.001 < P = 0.01;90.01 < P = 0.05.

lished on The Endocrine Society’s Journals Online web site
at http://jcem.endojournals.org).

Transsexual men on long-term cross-sex hormonal

therapy

General characteristics, anthropometry, and hor-

mone levels

The treatment group of transsexual men (n = 50) had

Transsexual Female
men controls
(n = 50) (n = 50)
Waist circumference (cm) 84.2 + 10.67 77.8 = 8.1
Hip circumference (cm) 97.7 +7.1° 1042 +79
Waist-hip ratio 0.9 +0.17 0.7 = 0.1
Whole body?
Fat mass (kg) 15.9 + 5.7 225 +6.9
Lean body mass (kg) 495 +6.7° 449 £ 5.2
Proximal forearm®
Fat CSA (cm?) 8.6 =4.2° 145+ 5.1
Muscle CSA (cm?) 36.3 = 5.4° 26.8 = 3.8
Proximal tibia“
Fat CSA (cm?) 18.0 + 7.8 32.6 = 10.5
Muscle CSA (cm?) 74.8 = 10.8° 67.5+94

Descriptives are expressed as mean = sp. All variables were corrected
for weight and height.

4P =0.001.
b Measured with DXA.
¢ Measured with pQCT.

formation and resorption, respectively, PINP and CTX,
were found to be higher in that group.

Body composition

In transsexual men on testosterone substitution, a dif-
ferent body composition with a significantly larger waist
and smaller hip circumference and a higher waist-hip ratio
than the female group was found (Table 3). The treatment
group had almost 30% less body fat mass and 9% more
lean body mass compared with the female controls. More-

TABLE 4. Descriptives of bone parameters as
measured by DXA at the lumbar spine and left hip of
transsexual men on long-term cross-gender hormonal
treatment and after sex reassignment surgery

Transsexual men Female controls

been using cross-sex hormonal therapy for about 10 yr (on
average 9.9 yr, range 3.2-27.5 yr). Age, body weight,
height, and BMI were comparable between transsexual
men and control women (Table 2). There were more
smokers in this group compared with controls, and the
mean amount of pack-years was significantly higher. As
expected, the treatment group had a markedly higher se-
rum testosterone and a lower SHBG and estradiol levels
than females, within normal ranges for healthy men (Table
2). Serum estradiol levels were strongly associated with
testosterone in those transsexual men (P < 0.001), reflect-
ing peripheral aromatization. Hematocrit, creatinine, and
total cholesterol levels were all significantly higher in the
treatment group vs. the female controls. Markers of bone

(n = 50) (n = 50)

Lumbar spine

Bone area (cm?) 59.4 + 6.1 595+ 55

BMC (g) 61.3 +10.2 63.2 = 10.8

aBMD (g/cm?) 1.03 = 0.10 1.06 = 0.11
Femoral neck

Bone area (cm?) 5.1 + 0.532 50+0.3

BMC (g) 41 +0.7 42 +0.5

aBMD (g/sz) 0.82 = 0.11 0.84 +£0.10
Total hip

Bone area (cm?) 35.3 +3.0° 345+29

BMC (g) 33.9 = 5.09 329x44

aBMD (g/cm?) 0.96 = 0.12 0.95 = 0.10

Descriptives are expressed as mean = sp. All variables were corrected

for weight and height.

20.01 <P=0.0520.001<P=0.01.
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TABLE 5. Descriptives volumetric bone parameters as
measured by pQCT at the distal (trabecular parameters)
and proximal proximal radius and proximal tibia (cortical
parameters) of transsexual men on long-term cross-
gender hormonal treatment and after sex reassignment
surgery

Transsexual Female
men controls
(n = 50) (n = 50)
Radius
Trabecular vBMD (mg/cm?) 221 + 40° 198 =+ 41
Trabecular bone area (mm?) 145 = 20 144 = 19
Cortical vBMD (mg/cm?) 1106 = 44 1123 = 33
Cortical bone area (mm?) 81+ 11° 77 =9
Cortical thickness (mm) 22+03 22+03
Periostal circumference (mm) 44 + 4° 42 + 3
Endosteal circumference (mm) 31 + 52 29+ 4
Tibia
Cortical vBMD (mg/cm?) 1118 = 28> 1126 = 20
Cortical bone area (mm?) 291 = 36 284 + 28
Cortical thickness (mm) 3.9+0.5 3.8+04
Periostal circumference (mm) 87 +6 86+ 6
Endosteal circumference (mm) 62 +7 62 +8

Descriptives are expressed as mean = sp. All variables were corrected
for weight and height. Logarithmic transformation was used when
variables were not normally distributed.

20.001 <P=0.01;20.01 <P=0.05P=0.001.

over, this group showed a greater muscle cross-sectional
area (CSA) and a lower fat CSA, reflecting subcutaneous
fat, at both the forearm and lower leg vs. female controls.
Transsexual men on testosterone substitution therapy also
demonstrated a significantly higher grip strength com-
pared with the control subjects (Table 2), whereas in the
untreated transsexual men, no difference in grip strength
was observed (Table 1).

aBMD using DXA

No significant differences were found in aBMD in the
treatment group compared with age-matched control
women (Table 4). A significantly higher BMC and bone
area of total hip and bone area at the femoral neck were
observed in the treatment group compared with the female
controls.

Volumetric bone parameters at the upper and
lower limb using pQCT

At trabecular sites (distal radius), the treatment group
scored significantly higher on vBMD, whereas trabecular
area was similar (Table 5). At the proximal radius, a cor-
tical site, the treatment group showed a significantly
higher cortical bone area and a larger bone size, with a
greater periosteal (+4.5%) and endosteal (+6.7%) diam-
eter at the proximal radius. There was also a trend toward
higher cortical bone area in the treatment group at the
proximal tibia. Furthermore, at both cortical sites (prox-
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imal radius and tibia), a lower cortical vBMD was ob-
served in the treatment group compared with the female
controls (Table 5 and Fig. 1).

When evaluating a statistical model that included trans-
sexual men before and during testosterone substitution
and their respective female controls (n = 132), treatment
with testosterone appeared to be positively associated
with bone size [periosteal (8 = 3.215; P = 0.010) and
endosteal (8 = 3.474; P = 0.026) circumference]| at the
radius and negatively with cortical vBMD (P = 0.049).
Before treatment, no differences in bone parameters be-
tween groups were observed in this model (Fig. 1).

Sex steroids, muscle strength, physical activity,
age, and smoking in relation to body composition
and volumetric bone parameters

The effect of different variables on volumetric bone
parameters and body composition was assessed in the
treatment group (n = 50) and the female control group
(n = 50) using separate multiple regression models. All
analyses were adjusted for age, body weight, and height,
and no unadjusted associations were determined. We
found that grip strength was independently positively
associated with trabecular and cortical bone parameters
at the radius in transsexual men and control women (all
P <0.001). After adjusting for grip strength, differences
between transsexual men and control women remained
significant for trabecular and cortical vBMD at the ra-
dius, indicative for a direct effect of testosterone on
bone (P = 0.003). Similarly, muscle mass was positively
associated with bone area and periosteal circumference
at the radius and tibia in transsexual men and control
women (all P = 0.0135).

An inverse relationship was observed between markers
of bone turnover (CTX and P1NP) and cortical vBMD at
both radius and tibia in transsexual men (all P < 0.022).
Physical activity was positively associated with bone area
and periosteal circumference at the tibia in transsexual
men (both P = 0.005) but not in the control population.
No interactions between testosterone and the level of
physical activity level were observed in these models (data
not shown).

SHBG proved to be an independent positive predictor
of bone size (periosteal and endosteal circumference) at
the tibia in transsexual men and female controls (P =
0.002). Volumetric bone parameters were neither associ-
ated with testosterone, estradiol, and LH nor with IGF-1,
IGFBP3, and smoking (amount of pack-years).

Serum testosterone concentrations were not related to
muscle or fat mass, apart from a negative association with
fatarea at the forearm in transsexual men (P = 0.010). We
found that LH was positively associated with total body
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FIG. 1. Cortical bone parameters at the radius. Bars represent mean and whiskers 1 sem. From left to right, First cluster: gray bar shows the
untreated group of transsexual men (n = 16) and age-matched control group in black bar (n = 16); second cluster: gray bar represents treatment
group of transsexual men (n = 50) and age-matched control group (n = 50) in black bar. ***, P =< 0.001; **, 0.001 <P =0.01; *,0.01< P =

0.05.

fat mass (P = 0.010) and inversely associated with total
body lean mass (P = 0.007) and muscle area at the forearm
and lower leg (respectively, P = 0.040 and P = 0.023) in
transsexual men. The length of time on cross-sex hor-
monal therapy was not associated with volumetric bone
parameters or body composition.

Smoking, expressed as pack-years, was an independent
positive predictor of waist-hip ratio in transsexual men (P
= 0.027) but not in controls. After adjusting for smoking,
the differences in waist-hip ratio between transsexual men
and control women remained significant (P < 0.001).

Discussion

We found that transsexual men, after long-term treatment
with testosterone substitution therapy and SRS, had a dif-
ferent body composition with more muscle mass and
strength and less fat mass as well as larger bones and lower
vBMD compared with age-matched female subjects. To
evaluate whether these differences could already be pres-
ent at baseline, we additionally recruited 16 transsexual
men before the start of hormonal therapy and SRS. They
had similar bone and body composition compared with an
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age-matched female control group. To our knowledge,
this is the first study to report data on volumetric bone
parameters in a sizable group of transsexual men, by use
of pQCT. This technique, which is more discriminative
than DXA, reveals an increased trabecular vBMD,
whereas cortical bone sites are characterized by decreased
vBMD and larger endosteal and periosteal bone circum-
ferences in transsexual men on cross-gender hormonal
therapy. Thus, these findings indicate that exposure of
adult bones to cross-gender hormonal treatment has a sig-
nificant impact not only on lean and fat mass but also on
the adult skeleton.

The expected anabolic effect of testosterone adminis-
tration on muscle mass is clearly reflected in our data.
Although a direct relationship of testosterone with muscle
mass or strength was not found, we did observe an inde-
pendent negative association of lower serum LH with
higher total and regional muscle mass of the treatment
group, indicating a dose effect relationship between tes-
tosterone treatment and gain in muscle mass. The lack of
associations with serum testosterone is not unexpected.
Considering the differences in types of testosterone ad-
ministration, the variable timing of sampling in relation to
the last testosterone dosing, the pharmacokinetic profile,
and the single-point testosterone levels in these men, the
measured serum testosterone cannot be expected to reli-
ably reflect testosterone exposure.

The demonstrated lower total and subcutaneous fat
mass together with the smaller hip and larger waist cir-
cumference in the treatment group of transsexual men are
indicative for a more central fat distribution. These find-
ings are consistent with previous studies that showed an
android pattern of fat distribution in transsexual men after
cross-sex hormonal therapy (14). In fact, men have on
average more visceral fat than women (20). Elbers ez al.
(14) already observed an increase of visceral fat depots and
a decrease of subcutaneous fat in transsexual men after 1
yr of testosterone administration. After 3 yr of follow-up,
the decrease in subcutaneous fat was no longer significant,
but the increase in visceral fat remained important (14).
Concordant with this finding, the android pattern of fat
distribution is also found in women with hyperandro-
genism (PCOS) (21, 22) and postmenopausal women un-
dergoing estrogen-testosterone hormonal substitution
therapy (23-26). The total cholesterol is higher in trans-
sexual men compared with the control women because of
the effects of testosterone. Together with the central pat-
tern of fat distribution, this might mean that the transsex-
ual men have a less favorable metabolic profile compared
with the control women.

Our results demonstrated the presence of a higher tra-
becular vBMD in transsexual men on cross-sex hormonal
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treatment compared with age-matched women. First, the
androgen-induced increased muscle mass and strength ap-
peared to be strong positive predictors of trabecular bone
parameters independent of weight and height. This is in
line with earlier reports on the positive association of grip
strength with trabecular vBMD at forearm sites (27). A
second explanation may be found in the altered trabecular
microstructure in the treatment group. In their study with
high-resolution pQCT, Khosla et al. (28) observed thicker
trabeculae in young men, which were positively associated
with IGF-I but not with sex steroids, indicating the devel-
opment of thicker trabeculae during youth. Supraphysi-
ological doses of testosterone in transsexual men could
induce greater trabecular thickness by interaction with the
IGF-I axis. However, in our study with normal-resolution
pQCT, volumetric trabecular bone parameters were not
associated with IGF-I or IGFBP3. Third, the exogenously
administered testosterone may exert a dual favorable ac-
tion on trabecular bone (29) with a direct effect mediated
through the androgen receptor, whereas aromatization to
estrogens could contribute to maintenance of trabecular
bone despite endogenous estrogen deprivation due to
ovariectomy, although no associations between estradiol
and trabecular bone parameters were found. The observed
higher trabecular vBMD in the treatment group of trans-
sexual men does not confirm results of a histomorpho-
metric study that found similar trabecular bone structure
in transsexual men vs. a male and postmenopausal con-
trols, although an anabolic effect of testosterone on cor-
tical bone was also observed in this study (10).

The current DXA results confirm earlier reports stating
maintained aBMD after cross-sex hormonal therapy in
transsexual men. The higher bone area but similar aBBMD
at the femoral neck and total hip in the treatment group
compared with controls are in partial agreement with pre-
vious studies, describing an increased aBMD at cortical
sites. An increase in aBMD at the femoral neck was ob-
served in 15 transsexual men after a follow-up of 2 yr of
testosterone administration (8) and at the whole body and
tibia in a cross-sectional study with 15 transsexual men
after median duration of 7.6 yr testosterone administra-
tion (9). The present findings show that unchanged aBMD
in transsexual men is a possibly the result of decreased
cortical vBMD and increased bone size.

Several explanations for the observed differences in
cortical vBMD and bone size in transsexual males in the
treatment group vs. healthy females can be put forward.
Mechanical loading, through muscle mass and strength,
proved to be an independent predictor of volumetric cor-
tical bone parameters and cortical bone size. Mechanical
loading can trigger periosteal apposition (mechanostat
theory), which could explain the larger periosteal circum-
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ference (13, 30). As previously observed in a group of
young healthy men, SHBG was positively associated with
bone size (31). Additionally, there could be interplay be-
tween the effects of increased mechanical loading and
drastic changes in sex hormones on bone size. In the pres-
ent study, no significant difference was found in physical
activity between groups, yet physical activity was posi-
tively associated with periosteal circumference in trans-
sexual men of the treatment group but not in control
women. This might support the hypothesis formulated
from observations in mouse models stating that estrogens,
through estrogen receptor-g signaling, may limit the re-
sponse to mechanical loading in females and low levels of
estrogen may decrease the set point of the mechanostat,
thereby favoring periosteal apposition in conditions of
low estrogens (2, 4). So, in transsexual men, the androgen-
induced muscle mass would trigger periosteal apposition
by increasing the mechanical loading and, additionally,
the mechanosensitivity would be higher due to lower es-
trogens. This combination could then explain the higher
periosteal circumference in transsexual males.

Finally, we found higher markers of bone formation
and resorption in transsexual men, presumably related to
the larger bone size or higher intracortical remodeling,
leading to lower cortical vBMD (5). Previous studies
found higher (6, 11) and lower (10) as well as normal
markers of bone formation (9), all in combination with
preserved aBMD in transsexual men. Bone resorption did
notseem to alter with testosterone administration in trans-
sexual men, although blood sampling in our study was
performed throughout the day (6, 9, 11).

Our study has a couple of limitations. First of all, the
cross-sectional design does not allow establishing causal
relationships. Transsexual men of the treatment group
could have practiced more and more typically masculine
sports during childhood and adolescence, which could
have led to larger bone size than same biological sex peers
(32). However, the differences observed between treated
transsexual men and controls were not seen in the younger
group of transsexual men before start of hormonal ther-
apy compared with their controls. Furthermore, we
should consider the effects of smoking on body composi-
tion and bone because there were more smokers and the
mean amount of pack-years was higher in the treatment
group of transsexual men. Smoking is independently as-
sociated with larger waist-hip ratio, and we could support
this with our data, although this was found only in trans-
sexual men (33). However, differences in waist-hip ratio
between groups were still significant after adjusting for
smoking. Although smoking is a negative factor for bone
health (34), it could not explain the variance in volumetric
bone parameters in our study, and differences between
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treatment group and controls remained unchanged after
correcting for number of pack-years. As stated before, the
different testosterone administration methods and single-
point serum testosterone dosages could cloud possible as-
sociations between testosterone and body composition or
volumetric bone parameters.

Conclusion

We observed that transsexual men with cross-sex hor-
monal therapy and after SRS had a more masculine bone
and body composition compared with age-matched fe-
male controls. They had less fat mass and a more central
pattern of adiposity and more muscle mass and strength in
relation to a larger cortical bone size. These differences
were not observed in a group of transsexual men before
treatment compared with age-matched female controls.
The differences described may result from direct effects of
long-term testosterone administration and of diminished
estrogen exposure and/or from indirect effects through
muscle mass and strength. Our results indicate that trans-
sexual men on long-term hormonal therapy do nothave an
increased risk of low bone mass, but metabolic changes
and associated cardiovascular risk factors are important
to address.
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