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Introduction
The term transgender is an umbrella term that 
describes a person whose gender expression and 
identity differs from what is typically expected 
with the sex assigned at birth.1 Transgender peo-
ple may require treatment to affirm their gender 
identity.2,3 Treatment for gender affirmation may 
include social gender transition, psychotherapy, 
gender-affirming hormone therapy (GAHT) and 
gender-affirming surgery (GAS).4 Not all these 
steps are necessary, and each individual under-
takes those required to alleviate distress and to 
achieve a good quality of life.

GAHT should be modulated according to the 
patient’s goals, the risk/benefit ratio of the drugs, 
presence of other medical conditions and the assess-
ment of socio-economic issues. GAHT has been 
proven effective and safe in alleviating dysphoria in 
most patients.5 If dysphoria begins in childhood or 
at puberty, suspending puberty with gonadotropin-
releasing hormone (GnRH) analogues (GnRHa) 

prevents the development of secondary sexual char-
acteristics that are not aligned with the established 
identity and provides time to explore their own 
identity. In later adolescence, usually around 16 
years of age, GAHT is initiated if gender identity 
remains incongruent with the sex assigned at birth.1

With puberty blockers and in adults treated with 
GAHT, unintended systemic biological changes 
may occur which may increase the risk of chronic 
diseases, such as osteoporosis. Sex hormones are 
well known in playing a crucial role in bone acqui-
sition at puberty,6 and in adulthood, it regulates 
bone homeostasis.7–9 Therefore, hormone treat-
ments (puberty blockers and GAHT) can affect 
bone health both in adolescents who undergo 
puberty suspension and in transgender adults.

This narrative review has the aim of providing an 
updated description of what is known of the 
effects of GAHT on bone health, osteoporosis 
and fracture risk in the transgender people.
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Background

Sex steroid hormones and bone physiology
Oestrogens (Es) and testosterone (T) are crucial 
for bone health.

In ciswomen during puberty, Es stimulate peri-
osteal apposition and the growth spurt through 
GH-IGF1 axis stimulation.10 IGF-1 is a bone-
trophic hormone that promotes bone formation 
by acting on osteoblasts and collagen synthesis.10 
During adulthood, Es promote the maintenance 
of normal bone mineral density (BMD) and tra-
becular bone mass due to the inhibition of osteo-
clasts and activation of osteoblasts.11

In cismen, bone health is maintained either as a 
direct anabolic effect of T on bone mediated by the 
activation of androgen receptor or indirectly 
through peripheral aromatization to estradiol. 
Cellular studies document that T stimulates the 
proliferation of preosteoblasts and differentiation 
of osteoblasts while the converted E suppresses 
osteoclast formation.12 In cismen, bioavailable Es 
are better correlated with BMD than T and play an 
important role in male age-associated bone loss.13

The effect on muscle mass is another indirect bone 
benefit of T: T increases lean mass and this gain 
induces an increased mechanical load on the bone, 
which may potentially stimulate bone formation.

Hormone treatment in transgender youth
Puberty is marked by the onset of the secretion of 
gonadal sex hormones and is a crucial period for 
bone accrual.14 In young patients with gender dys-
phoria, blocking puberty prevents the develop-
ment of unwanted secondary sexual characteristics 
of the sex assigned at birth and inhibits menstrua-
tion in transboys and erection and hair growth in 
transgirls. Puberty suspension with GnRHa or 
progestins is indicated as early as Tanner’s stage 2 
of pubertal development, while hormone therapy 
with Es or T is typically prescribed around the age 
of 16 years.1 Puberty suspension allows time for 
transgender adolescents to explore their gender 
identity without experiencing incongruent and 
often distressing pubertal development.

GnRHa promotes prolonged activation of the 
receptor, leading to desensitization and conse-
quently to suppression of luteinizing hormone 
(LH) and follicle stimulating hormone (FSH) 

secretion with a subsequent reduction in Es or T 
levels.15

Progestins are not able to induce full pubertal sup-
pression but they can also be used to modulate the 
development of potentially distressing features of 
incongruent puberty and therefore constitute a 
valid alternative, especially in countries where 
GnRHa are not available or restricted by cost or 
by other reasons. Menstruation in transboys can 
be suppressed with androgenic progestins and 
erections or hair growth in transgirls can be sup-
pressed with antiandrogenic progestins.16

The accrual of bone mass during puberty is a 
major determinant of peak bone mass and, 
thereby, therapy with GnRHa or progestins that 
block the physiological production of endogenous 
sex hormones, can affect peak bone mass in early 
adulthood and increase the risk of osteoporosis 
and fractures in later life. Little is known, how-
ever, about BMD or long-term consequences of 
early pubertal suppression on skeletal health in 
these youths.

GAHT in adult transwomen
In transwomen, before gonadectomy, GAHT 
includes antiandrogen administration or GnRHa 
plus Es.1 The most common antiandrogens are 
spironolactone or, where available, cyproterone 
acetate (CA). Spironolactone is an antagonist of 
aldosterone with moderate androgen receptor 
antagonist activity. Spironolactone is not able to 
reduce T concentrations to female reference 
ranges17 but promotes feminization due to its 
antiandrogen activity and additional oestrogenic 
activity. The antiandrogen effects of CA are the 
result of its antigonadotropic effect that leads to 
suppression of gonadal T production and of its 
competitive blocking of androgen action at the 
androgen receptor.18

There is not enough evidence to establish the 
superiority of one antiandrogen from the other in 
inducing feminization.19 Indeed, they work 
through different mechanisms (suppression of T 
production or antagonism at the androgen recep-
tor or both) and therefore the serum T level is not 
a good marker of effectiveness. Instead, breast 
growth, change in body fat distribution and 
reduction of facial and body hair should be com-
pared to evaluate effectiveness; however, support-
ing data regarding this are lacking.
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These antiandrogens are generally given in combi-
nation with Es. The dose and type of E molecules 
used are important for bone maintenance (ethinyl 
estradiol, conjugated Es, estradiol valerate or 
micronized estradiol). In transwomen, estradiol 
can be prescribed using different routes (oral, 
transdermal and parenteral). Ethinyl estradiol 
should be avoided due to the increased thrombo-
embolic risk20 and also it cannot be detected by 
laboratory assay which therefore makes dose opti-
mization and therapy monitoring difficult.21 In 
addition, in functional hypothalamic amenorrhea, 
current literature suggests that oral ethinyl estra-
diol is less effective in BMD improvement when 
compared to transdermal estradiol22 probably due 
to a reduction in IGF1 levels. Whether this is also 
true in transwomen is unknown. There are not 
enough data on the effectiveness of different oral 
E formulations on bone health in transwomen.

GAHT in adult transmen
In transmen, T is a lifelong therapy, even after 
surgery. T can be administered by oral, parenteral 
or transdermal formulations. Because it requires 
frequent intake, generates fluctuating T levels, 
oral T is not used in this population. Short-acting 
injectable T enanthate or cypionate is often used. 
They generate supra-physiological levels after 
injection with a significant decline a few days 
before the next administration. These fluctuating 
levels are often perceived by the subjects and may 
generate mood swings.23,24 The long-acting intra-
muscular formulation of T undecanoate main-
tains more stable T levels and therefore may be 
preferred because of the lower effect on mood  
in addition to the advantage of requiring less  
frequent injections but it is more expensive  
compared to the short-acting formulations. 
Transdermal formulations (patch or gel) mimic 
the physiological male circadian release of T 
allowing for stable T levels with minimal plas-
matic oscillations.24 We do not currently know 
how different routes of administration or different 
formulations may affect bone balance. A short-
term study comparing transdermal, short- and 
long-acting T formulations did not report any dif-
ference in BMD after 1 year of administration.25

GAS in trans people
Not all trans people require surgery, but for many 
of them, GAS is an essential step to alleviate dys-
phoria.1,2 In trans people, GAS may include  

surgical removal of the gonads that leads to iatro-
genic hypogonadism that can negatively affect 
bone homeostasis if GAHT is not consistently 
continued.

Methods
A literature search within the PubMed database 
was conducted. The search used the terms: 
‘transgender’, ‘transmen’, ‘transwomen’, 
‘transgender youth’, ‘gender’, ‘gender dysphoria’, 
‘bone’, ‘bone mineral density’, ‘bone health’, 
‘gender affirming hormone therapy’, ‘osteoporo-
sis’, and ‘fracture’.

An additional search was completed within the 
references provided in the included publications.

Bone health in transgender youth
Before GnRHa, in early and late puberty, trans-
girls have lower BMD Z-score than cisgender ref-
erence men. Most, but not all studies, report a 
slightly lower BMD Z-score also in transboys 
compared to cisgender reference women. Low 
BMD Z-score in young trans adolescents has 
been potentially related to lifestyle, including sub-
optimal calcium intake, vitamin D deficiency and 
decreased physical activity, in particular, in 
transgender girls.26–28

In young trans people during GnRHa monother-
apy, absolute BMD or bone mineral apparent 
density (BMAD) does not change over time while 
BMD Z-score or BMAD Z-score decreases or 
remains stable27–33 reflecting a reduction of BMD 
when compared to peers.

Some authors report a reduction in absolute 
BMD or BMAD especially in late-pubertal trans-
boys treated with GnRHa.28,30,32 This may be 
related to a greater reliance on sex hormones to 
maintain bone mass during late puberty.

Tack et al.16 investigated the effect on bone mass 
of the androgenic progestin lynestrenol in trans-
boys and an antiandrogenic progestin CA in 
transgirls. Lynestrenol did not affect physiologi-
cal bone development and transboys showed sim-
ilar increases in BMD as their age-matched 
female peers and no major changes were seen in 
cortical thickness. However, with lynestrenol, 
gonadotropins were not completely suppressed 
and adverse effects, such as metrorrhagia and 
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acne, occurred34 which may increase discomfort 
in transboys and reduce adherence to therapy.

CA treatment in transgirls appears to be well tol-
erated with few adverse effects and is capable of 
inducing feminizing clinical changes.35 Data on 
bone health during CA in transgirls showed that 
CA limited normal bone expansion and reduced 
pubertal bone mass accrual: prior to starting 
Z-score for BMD was low and BMD did not 
increase during the study period, similar to the 
data in transgirls on GnRHa.16

Further studies are therefore needed to establish 
the feasibility of using these two drugs in young 
trans people.

It is crucial to investigate whether bone density 
recovery occurs once GnRHa therapy is com-
bined with GAHT. In transgender youth, after 
years of combined administration of GnRHa and 
GAHT, absolute BMD/BMAD and relative 
Z-score were reported to be significantly increased 
compared to values obtained during GnRHa 
monotherapy.28,31,32 Generally, during GAHT, 
Z-score normalized in transboys but remained 
below zero in transgirls according to lower pre-
treatment values.28,30,32

In conclusion, although data are still incomplete 
on the effects of early treatments in the young 
trans population, close monitoring of bone health 
is recommended, together with lifestyle counsel-
ling to improve bone health including optimizing 
dietary calcium and vitamin D intake and exer-
cise, such as weight-bearing. Larger long-term 
studies are required to evaluate the real impact of 
these changes in BMD on the fracture risk later 
in life.

Bone health in transwomen

Before GAHT
A few studies have reported BMD in transwomen 
before any kind of GAHT or surgery and these 
suggest that transwomen have lower bone mass 
and smaller bone size compared to cismen.36–40

Van Caenegem et al.40 found that before starting 
GAHT, transwomen had lower muscle mass and 
strength and lower areal BMD (aBMD) at lumbar 
spine, femoral neck and total hip compared with 
control cismen, in spite of comparable T levels.

Low BMD values at baseline correlate with a 
higher prevalence of osteopenia and osteoporosis 
in transwomen than in cismen. Osteopenia, using 
the female reference range to calculate the T-score, 
was observed in 28% of the transwomen com-
pared with 12% in age-matched male controls.36 
Osteoporosis was less frequent than osteopenia in 
transwomen but still showed a prevalence of 
8–11%, higher than in male controls (2–4%).36,40

A more recent study39 also reported that 14% of 
711 transwomen studied had osteoporosis 
(T-score ⩽ −2.5) and 22% had osteopenia 
(Z-score < −2.0 for age).

The lower BMD and bone size in transwomen 
before starting therapy compared to male controls 
suggest a hormone-independent difference in 
bone health in this population. The reason for this 
finding is unclear, but in addition to a genetic pre-
disposition, an interaction with environmental 
factors has been suggested.37,38 In various studies, 
transwomen showed a high prevalence of low vita-
min D36,39,40 and eating disorders.41 Transwomen 
participate less in sport and physical activity than 
age-related control men and women.36,42 A high 
prevalence of substance abuse, including alcohol, 
cannabis, amphetamines and opiates, has been 
reported in this population.43 All these factors may 
contribute to the poor bone health at baseline in 
transwomen when compared to cismen.

However, most of the data that specifically ana-
lysed BMD before GAHT come from the studies 
performed in Northern Europe (Amsterdam, 
Belgium and Norway) and include mostly white 
subjects. Only one small study reports lower 
BMD in eight Korean transwomen.44 Therefore, 
whether this is true in other trans female popula-
tions is unknown.

Prior to starting GAHT, fracture prevalence in 
transwomen has been reported to be similar to 
cismen.36,40 A less sportive and less active lifestyle 
in transwomen may be related with a lower risk of 
traumatic fracture despite the higher prevalence 
of osteoporosis.36

During GAHT
Cross-sectional studies show that BMD does not 
change significantly or is slightly higher during 
GAHT compared to the reference population 
included in the studies (Table 1(a)).45–48 Only 
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Table 1. 30-years overview of literature on bone health in transwomen.

a. Cross-sectional studies.

Cross-sectional 
studies

N Control group Treatment Duration of GAHT 
(mean/range)

Lumbar spine 
BMD versus 
control group

Femur neck or total 
hip BMD versus 
control group

Reutrakul et al.46 11
17

Cismen
Cismen

EE or oCEE or EV i.m. or 
mestranol

⩽2 years
>2 years

=
↑

↓ FN ↓ TH
↑ FN

Sosa et al.48 27 Cismen CA or LNG or NET + EE or 
oCEE or EV i.m. or mestranol

3–35 years (average 
16.5 years)

↑ ↑ FN

Ruetsche et al.45 24 Cismen
Ciswomen

CA before GAS + EE or EV 
i.m. or micronized 17-beta 
estradiol

12.5 years =
=

=FN =TH
=FN =TH

T’Sjoen et al.50 50 Cismen CA (before GAS) + TE or oral 
EV or EE or estriol

3–33 years
(average 7.6 years)

↓ ↓ TH

Lapauw et al.49 23 Cismen CA (before GAS) + TE or oral 
EV or oral EE or oCEE

8 years ↓ ↓ TH

Miyajima et al.47 15 Transmen no GAHT E dipropionate i.m. 19.2 and 32.4 years ↑ n.a.

Dobrolińska 
et al.51

68 / CA (before GAS) + oral E 
(unspecified) or E s.c.

10 and 15 years n.a. ↓ TH after 15 versus 
10 years

b. longitudinal studies.

Longitudinal studies n Treatment Duration of follow-up Lumb ar spine Femur or total hip

van Kesteren et al.52 56 Mixed treatments: CA + EE or TE or oCEE or EV 1 year ↑ n.a.

van Kesteren et al.53 20 EE (+CA before GAS) 1 year
28–36 months

↑
↓

n.a.

Mueller et al.54 40 GnRHa + oral EV 1, 2 years ↑ ↑ FN

Dittrich et al.55 60 GnRHa + oral EV 2 years ↑ =FN

Haraldsen et al.38 12 EE oral 3, 12 months = =FN

Mueller et al.56 84 GnRHa + EV i.m. 1, 2 years ↑ =FN

Van Caenegem et al.40 49 CA alone (before GAS) or + oral EV or TE 1, 2 years ↑ ↑ FN =TH

Gava et al.57 40 CA or Leu + TE 1 year = n.a.

Wiepjes et al.58 231 CA + EV or TE 1 year ↑ ↑ FN ↑ TH

Fighera et al.59 142 Spironolactone or CA + oral EV or TE or CEE 31.3 ± 6.5 months = =FN =TF

Wiepjes et al.39 102 Spironolactone or CA (before GAS) + oral EV 
or TE

10 years = =FN =TH

Gava et al.60 50 CA or Leu + oral EV or TE 5 years ↑ n.a.

Yun et al.44 11 CA or spironolactone + oral or i.m. EV 6 months ↑ =FN =TF

BMD, bone mineral density; CA, cyproterone acetate; EE, ethinyl estradiol; EV, estradiol valerate; FN, femur neck; GAS, gender-affirming surgery; GnRHa,  
gonadotropin-releasing hormone agonist; Leu, leuprolide; LNG, levonorgestrel; NET, norethisterone; oCEE, oral conjugated oestrogens; TE, transdermal estradiol;  
TF, total femur; TH, total hip; n.a., data non-available.
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two studies report a lower BMD in transwomen 
after an average of 8 years of GAHT.49,50 In these 
studies, low BMD could be related to 1 year of 
antiandrogen therapy administered alone prior to 
starting GAHT or to baseline differences observed 
prior to starting GAHT, such as lower physical 
activity and muscle mass.49,50

A recent cross-sectional study of 68 transwomen 
who had undergone gonadectomy showed that total 
hip BMD after 15 years of GAHT was significantly 
lower compared to 10 years of GAHT.51 Indeed, 
transwomen with bone loss are mainly those who 
did not take GAHT after gonadectomy thus empha-
sizing the protective role of these treatments.

By definition, cross-sectional studies have no 
dimension of time; therefore, they cannot support 
conclusions on the risk of disease or on causal 
relationships. In cross-sectional studies, it is not 
possible to define whether the change in BMD is 
due to GAHT or physiological ageing. 
Furthermore, the limit of cross-sectional studies 
is that they do not consider baseline values and 
currently we know that transwomen have lower 
BMD than cismen before GAHT. Without longi-
tudinal data, it is not possible to establish a true 
cause and effect relationship.

When we analyse the short-term longitudinal 
studies, data show a stable or slightly increased 
lumbar spine and femur BMD38,40,44,52,54–60 
[Table 1(b)].

Van Kesteren et al.53 report that BMD increased 
significantly after 1 year of GAHT. However, 
after 28–63 months, BMD is reduced but remains 
higher than baseline. The authors suggest that the 
decrease in BMD could be a result of insufficient 
E dosage after gonadectomy.

A recent follow-up study found that lumbar spine 
BMD is similar to baseline after 10 years of 
GAHT. Lumbar spine Z-score (calculated using 
the BMD of the sex assigned at birth) is higher 
when compared to baseline.39 Normally, BMD 
decreases after the peak bone mass, but in trans-
women, it remains stable after 10 years of GAHT. 
These data may further suggest that GAHT does 
not have a negative effect on BMD.39

However, no longitudinal study has investigated 
the effect of GAHT after more than 10 years. 
This may be due to the limits of these types of 

studies which are expensive, long and require a 
large sample size.

A meta-analysis and systematic review of 812 trans-
women showed a significant increase in lumbar 
spine BMD at 12 and 24 months after initiation of 
GAHT while changes in femoral neck or total neck 
BMD were not statistically significant.61

After GAS
In transwomen, Es are considered a lifelong ther-
apy and are generally administrated in monother-
apy after gonadectomy. Current literature agrees 
that the reduction of BMD after gonadectomy 
seems to be related to poor compliance or under-
dosing of GAHT rather than being a direct effect 
of gonadectomy. In support of this, years after 
surgery, transwomen with reduced BMD values 
have lower estradiol or higher LH levels that 
reflect the incorrect GAHT intake. Some authors 
found that BMD correlated inversely with LH 
levels to support the use of LH to monitor GAHT 
on bone,45,51,53 but these data have not been sup-
ported by other studies.39,49,50

Influence of GAHT on osteoporosis  
and fracture risk
Osteopenia and osteoporosis are not uncommon 
in transwomen despite GAHT. Current literature 
shows that low bone mass (Z-score that matches 
gender assigned at birth) has been observed in 
12.9–40% of transwomen during GAHT and is 
related to lower basal BMD, lower lean body 
mass, lower estradiol levels and lower compliance 
to GAHT.49,50,59,62,63

The prevalence of osteoporosis (according to 
male reference) is around 20% in transwomen 
after more than 10 years of GAHT.45,51,64

The direct consequence of a weak bone is an 
increased risk of fracture but transwomen do not 
seem to experience this.48,65 In a nationwide 
cohort study, Wiepjes et  al.66 analysed fracture 
incidence in transgender people using long-term 
GAHT compared to an age-matched reference 
population. A total of 1089 transwomen younger 
than 50 years of age and 934 transwomen older 
than 50 years of age using GAHT for a median 
time of 8 and 19 years, respectively, were included. 
Globally, fractures occurred in 3.3% of the trans-
women (67 out of 2023 patients) and the overall 
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fracture incidence was no greater in transwomen 
compared with age-matched reference men or 
women. Interestingly, after stratification of 
patients according to age (younger/older than 50 
years), transwomen younger than 50 years tended 
to have an increased fracture risk compared with 
age-matched reference women although not when 
compared with men. Transwomen above 50 years 
of age had a similar fracture risk compared with 
age-matched reference women (4.4% versus 
4.2%, respectively) but higher compared to age-
matched reference men (2.4%). The higher frac-
ture risk in young transwomen compared to 
ciswomen may be explained by lower initial BMD 
even before the start of GAHT while similar frac-
ture risk in older transwomen and ciswomen may 
be explained by the decrease in BMD in control 
women due to the loss of Es after menopause. 
Furthermore, fracture location reported among 
transwomen showed more frequent involvement 
of hip, spine, forearm and humerus, which was 
comparable to the fracture distribution among 
ciswomen (low BMD) rather than cismen (frac-
tures due to accidents).66

Another cross-sectional study showed that the 
10-year fracture risk was in the low-risk range on 
average according to DeFRA (adapted version of 
FRAX score based on Italian epidemiological 
studies)63 and only one out of seven transwomen 
in this study showed an intermediate to high 
10-year fracture risk but none of the patients had 
fragility fractures.

Long-term longitudinal studies reporting fracture 
risk in this population have not been carried out.

Bone health in transmen

Before GAHT
In contrast to transwomen, transmen do not seem 
to have low BMD before starting GAHT.38,67 
Areal BMD, trabecular and cortical BMD and 
cortical bone size in transmen are similar to cis-
women.68 The rates of osteoporosis or osteopenia 
before GAHT are low (2.4% and 4.3%, respec-
tively)39 and are in line with the general popula-
tion. Participation in sports and physical activity 
is higher in transmen than in transwomen with a 
preference for sports that develop body muscles, 
such as bodybuilding.69 Physical activity corre-
lates with the development of muscle mass and 
strength which are the key factors for healthy 

bone growth and the reaching of peak bone 
mass.70,71 The high rate of participation in physi-
cal activity could lead to proper bone mineraliza-
tion in transmen but studies are required to prove 
this.

Fracture prevalence is similar to matched con-
trols and this may be related to a preserved BMD 
before GAHT.68

During GAHT
Cross-sectional studies show that lumbar spine 
and femur neck BMD after many years of GAHT 
in transmen are in line with the reference popula-
tion included in the studies [Table 2(a)].45,65,67 
According to Dobrolińska et al.,51 total hip BMD 
was highest between 10 and 15 years of GAHT 
and significantly lower after 15 years. This long-
term data, even if it resulted from a cross-sec-
tional study, suggest that GAHT has no negative 
effect on bone. Two studies showed lower BMD 
in transmen than controls 47,72 but this could be 
due to poor compliance with the therapy.72 A 
recent small case–control study found a lower 
femur neck BMD in 19 transmen compared to 19 
cismen and attributed it to the lower muscle mass 
found in transmen.73 Overall, the authors claimed 
that T therapy had a positive effect on bone as the 
remaining parameters (lumbar spine and total 
femur BMD, and the respective T-score and 
Z-score) were similar to the reference 
population.73

The results of cross-sectional studies are rein-
forced by longitudinal studies [Table 2(b)]. In 
fact, some short-term follow-up studies show that 
the femur, lumbar and total body BMD do not 
change.25,38,52,75,77 Also, T therapy may have a 
positive effect on the bone demonstrated by a 
slight improvement of BMD.58,68,74,76 Wiepjes 
et  al.58 reported that in post-menopausal trans-
men, lumbar spine BMD increased more than 
other age groups after 1 year of GAHT in respect 
to baseline values. At baseline, post-menopausal 
transmen had lower estradiol levels than trans-
men of other age groups. During GAHT, T levels 
increased in both post-menopausal and younger 
transmen, while estradiol levels (due to T aroma-
tization) increased only in post-menopausal 
transmen. We can assume therefore that the 
increase in BMD in transmen may be related to 
the concentration of estradiol rather than a direct 
effect of T.
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Table 2. 30-years overview of literature on bone health in transmen.

a. Cross-sectional studies.

Cross-sectional 
studies

N Control group Treatment Duration of GAHT 
(mean/range)

Lumbar spine BMD 
versus control group

Femur neck or total hip 
BMD versus control group

Goh et al.72 5 Transmen before 
GAHT and ciswomen

T i.m. 1–3 years ↑ n.a.

27 Transmen before 
GAHT and ciswomen

T i.m. 2–12 years ↓ n.a.

32 Transmen before 
GAHT and ciswomen

T i.m. non-compliant 
or stopped GAHT

0.5–8 years ↓ n.a.

Ruetsche 
et al.45

15 Ciswomen
Cismen

T i.m. 7.6 years =
=

=FN =TH
=FN =TH

Van Caenegem 
et al.67

50 Ciswomen T i.m. or TD 9.9 (range 
3.2–27.5) years

= =FN =TH

Miyajima et al.47 50 Transmen no GAHT T i.m. 15.2 and 33.4 years ↓ n.a.

Broulik et al.65 35 Cismen
Ciswomen

T i.m. or oral 18 years =
↑

=FN
↑ FN

Dobrolińska 
et al.51

43 / T i.m. or TD 10, 15 years n.a. ↓ TH after 15 years versus 
10 years

Andrade et al.73 19 Cismen T i.m. or TD 2 years = ↓ FN =TH

b. Longitudinal studies.

Longitudinal studies n Treatment Duration of follow-up Lumb ar spine Femur or total hip

van Kesteren et al.52 35 T i.m. or oral 1 year = n.a.

van Kesteren et al.53 19 T i.m. or oral 1 year = n.a.

 28–36 months ↓  

Turner et al.74 15 T i.m. 1 year = =FN

 2 years = ↑ FN

Haraldsen et al.38 21 T i.m. 1 year = =FN

Meriggiola et al.75 15 T i.m. 1 year = n.a

Mueller et al.76 45 TU i.m. 1, 2 years = =FN

Pelusi et al.25 45 T i.m. or TU i.m. or TD 1 year = n.a.

Van Caenegem et al.68 23 TU i.m. 1 year = =FN ↑ TH

Wiepjes et al.58 199 T i.m. or TD 1 year ↑ =FN ↑ TH

Wiepjes et al.39 70 T oral, TD and T i.m. 10 years = =FN =TH

Gava et al.77 16 TU i.m. 1 year = =

BMD, bone mineral density; FN, femur neck; GAHT, Gender-affirming hormone therapy; i.m., intramuscular; n.a., not available; T, testosterone; TD, transdermal 
testosterone; TH, total hip; TU, testosterone undecanoate.

https://journals.sagepub.com/home/tae


G Giacomelli and MC Meriggiola

journals.sagepub.com/home/tae 9

Again, one follow-up study (average 3.5 years of 
GAHT) reported a significantly lower BMD 
measured after 1 year of therapy suggesting an 
inadequate uptake of GAHT.53

In support of the fact that T treatment has no neg-
ative effects on bone health, a longitudinal study 
demonstrated that after 10 years of GAHT, lum-
bar spine BMD maintains values similar to base-
line whereas lumbar spine Z-score increased.39

A short-term meta-analysis of 487 transmen con-
firmed that femur neck BMD, total neck BMD 
and lumbar spine BMD do not differ significantly 
after GAHT.61

After GAS
Ovariectomy affects BMD but T therapy may miti-
gate this effect in transmen. In ovariectomized 
transmen, circulating estradiol is also important. 
According to peripheral aromatization of T to estra-
diol, the addition of letrozole (aromatase inhibitor) 
to T therapy leads to lower BMD than T alone, 
whereas the addition of dutasteride (5a-reductase 
inhibitor) to T does not affect BMD.75

Therefore, a reduction in BMD is possible in 
transmen who have undergone gonadectomy,47 
particularly if they are not maintained at adequate 
post-operative T levels. In fact, operated trans-
men on regular GAHT showed no changes in 
BMD during follow-up, whereas operated trans-
men who either had stopped or were on irregular 
GAHT showed a lower BMD which increased 
again when treatment was resumed regularly.72 
The decrease in BMD correlated with the 
increased LH levels but not with the time between 
ovariectomy and the last visit.53

Influence of GAHT on osteoporosis  
and fracture risk
The low prevalence of osteopenia and osteoporo-
sis at baseline combined with BMD values main-
tained during GAHT results in a low rate of 
osteoporosis after years of GAHT.64,73

In transmen, data on fractures are scarce possibly 
due to the fact that osteoporosis is infrequent in 
transmen.

A cross-sectional study found no difference in 
fracture between transmen and controls.65

The largest fracture risk study showed that after a 
median time of 9 years of GAHT, the fracture 
risk was not increased in young transmen and was 
similar to age-matched reference women but 
lower compared with age-matched reference 
men. Authors suggest that transmen may be more 
careful or participate less in physical activities 
than the general male population leading to fewer 
accident fractures.66

More studies are needed to investigate the preva-
lence of osteoporosis and the fracture risk in 
transmen.

Z-SCORE: gender identity or sex  
assigned at birth?
To assess the risk of osteopenia/osteoporosis in 
transgender people, the most important question 
is whether to use the sex of the gender identity or 
the sex assigned at birth as the reference 
population.

In 2019, the International Society of Clinical 
Densitometry (ISCD) determined how to calcu-
late T-score and Z-score to better define the diag-
nosis and bone care in the trangender population.78 
According to this position statement, T-score 
should be calculated using a Caucasian genotypic 
female reference for all transgender people aged 50 
years or older regardless of ethnicity while Z-score 
should be used in transgender people below the 
age of 50 years and calculated using the database 
that matches the patient’s gender identity.78

The main problem is that most trans people start 
GAHT after puberty and therefore they have 
already reached the age of peak bone mass that is 
in line with the sex assigned at birth. A recent 
study shows that in young trans people, the refer-
ence curves for subperiosteal width and endocor-
tical diameter are in line with that of the gender 
experienced only when puberty was stopped at an 
early stage.79 Participants who start puberty 
blockers during mid-to-late puberty remain 
within the reference curve of the gender assigned 
at birth.79

Currently, the debate on which reference should 
be used remains open. For this reason, when per-
forming dual-energy x-ray absorptiometry 
(DXA), it may be appropriate to request Z-score 
calculated from both male and female normative 
databases.
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Novel imaging techniques
DXA is the gold standard imaging tool in assessing 
BMD, osteoporosis and fracture risk but this tech-
nique has limitations. One of these is that it meas-
ures areal BMD by only two-dimensional analysis 
and does not evaluate bone structure, which is a 
necessary parameter in defining bone strength.

Recent advances in imaging permit a more accu-
rate assessment of bone. Peripheral quantitative 
computed tomography (pQCT) is a three-dimen-
sional imaging technique that quantitatively 
measures volumetric BMD (vBMD) at the 
peripheral skeletal sites (distal radius and distal 
tibia) and has the capacity to differentiate between 
cortical and trabecular bone compartments.80 
pQCT has already been successfully used in many 
contexts81 and it could be useful in transgender 
population to understand if and how structural 
changes occur in the bone after GAHT.

The data with the use of this technique in the 
transgender population are still scanty, but a recent 
cross-sectional study showed that transwomen on 

GAHT had a lower cross-sectional area (CSA), 
cortical vBMD and trabecular bone volume than 
cismen at the tibia and radius. Furthermore, bone 
had less thickness and greater porosity at the corti-
cal level while the trabecular component had 
thicker trabeculae than controls.82 These findings 
are in line with previous cross-sectional studies.49,50 
Lower cortical and trabecular vBMD values were 
recorded even before GAHT in transwomen36 sug-
gesting the importance of environmental and social 
factors as previously discussed. In support of this 
hypothesis, a longitudinal study showed that corti-
cal and trabecular bone is preserved during the 
first 2 years of GAHT.40

In transmen using T increased bone size, trabecu-
lar vBMD and thicker trabeculae were reported 
with the use of pQCT while cortical parameters 
remain unchanged.67,68,82

The modification of trabecular vBMD may be 
related to the indirect effects of T therapy, such as 
peripheral aromatization to estradiol or increased 
muscle mass and mechanical load on bone.

Clinical education

How and when to check BMD during puberty 
suspension in transgender youth?

 • Performing a DXA before starting therapy and repeating it every 1–2 years until 
the start of GAHT1

How and when to check BMD during puberty 
induction with GAHT in transgender youth?

 • Performing a DXA every 1–2 years at least until peak bone mass is reached 
(around 25–30 years)1

How and when to check BMD during GAHT in 
adult transwomen?

 • Consider performing a DXA at baseline1

 • If there are no risk factors for osteoporosis, repeat it at 60 years.1

 • In case of risk factors, such as past use of puberty blockers, poor compliance or 
suspension of GAHT after GAS, evaluate execution of DXA every 1–2 years (up to 
at least stable BMD values, then extend the intervals).1,78

How and when to assess BMD during GAHT 
in adult transmen?

 • In case of presence of risk factors, such as past use of puberty blockers, poor 
compliance or suspension of GAHT after GAS, evaluate execution of DXA every 
1–2 years (up to stable BMD values, then extend the intervals).1,78

What reference should be used to calculate 
the Z-score?

 • No agreement exists and according to ISCD, the Z-scores of the gender identity 
could be used.78 Both gender identity and sex assigned at birth should be used 
as a reference population to better define the bone profile assessment because 
data are lacking.

How to support bone health?  • Vitamin D and physical activity should be encouraged for transgender youth and adults.
 • Encourage proper intake of GAHT especially after GAS
 • There is no evidence on the safety and efficacy of antiresorptive or anabolic 

therapy in the treatment of osteoporosis in transgender populations. Clinicians 
are encouraged to follow the guidelines for cisgender populations.83

BMD, bone mineral density; DXA, dual-energy x-ray absorptiometry; GAHT, gender-affirming hormone treatment; GAS, gender-affirming surgery; 
ISCD, International Society of Clinical Densitometry.
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Conclusion
The medical care of transgender persons is a 
field of medicine that has been neglected for a 
long time and, as a consequence, still presents 
numerous challenges due to the scarcity of scien-
tific evidence. GAHT may affect the health of 
various physiological systems, the skeleton being 
one of these. Data reported thus far are quite 
reassuring suggesting that, with adequate com-
pliance, bone health is preserved in adult trans 
people undergoing GAHT.84 However, data on 
fracture risk are still sparse and the long-term 
effects of puberty blockers on bone health remain 
uncertain.

The impaired bone health in young and adult 
transgender people before GAHT when com-
pared to cisgender people highlights that neglect-
ing the needs of transgender people, including 
difficulties in social acceptance, psychological fra-
gilities and poor medical care, plays an important 
– probably the most important – role in their 
health. Scientists should aim to fill this gap in 
knowledge and sensitize the entire medical com-
munity towards the needs of these persons.

Future research to improve current knowledge on 
bone health in transgender people should include 
the following:

 • Long-term longitudinal studies on transgen-
der youth undergoing puberty blocking and 
subsequent GAHT.

 • Evaluation of factors, such as physical activ-
ity, social behaviour and vitamin D intake, 
that could influence bone health in hor-
mone-naive transgender population.

 • Understand the effects of different hormo-
nal formulations or dosages on bone health

 • Evaluation of fracture risk in the transgen-
der population

 • Implementation of research on bone mor-
phology using new technologies, such as 
pQCT
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