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Abstract

Both in the United States and Europe, the number of minors who present at transgender 
healthcare services before the onset of puberty is rapidly expanding. Many of those 
who will have persistent gender dysphoria at the onset of puberty will pursue long-term 
puberty suppression before reaching the appropriate age to start using gender-affirming 
hormones. Exposure to pubertal sex steroids is thus significantly deferred in these 
individuals. Puberty is a critical period for bone development: increasing concentrations 
of estrogens and androgens (directly or after aromatization to estrogens) promote 
progressive bone growth and mineralization and induce sexually dimorphic skeletal 
changes. As a consequence, safety concerns regarding bone development and increased 
future fracture risk in transgender youth have been raised. We here review published data 
on bone development in transgender adolescents, focusing in particular on differences 
in age and pubertal stage at the start of puberty suppression, chosen strategy to block 
puberty progression, duration of puberty suppression, and the timing of re-evaluation 
after estradiol or testosterone administration. Results consistently indicate a negative 
impact of long-term puberty suppression on bone mineral density, especially at the lumbar 
spine, which is only partially restored after sex steroid administration. Trans girls are more 
vulnerable than trans boys for compromised bone health. Behavioral health measures that 
can promote bone mineralization, such as weight-bearing exercise and calcium and vitamin 
D supplementation, are strongly recommended in transgender youth, during the phase of 
puberty suppression and thereafter.

Introduction

Transgender and gender diverse (TGD) adolescents 
experience a gender identity that is different from the 
gender assigned at birth and this often results in severe 
psychological distress, defined as gender dysphoria (GD). 
Although the spectrum is broad, most TGD youngsters 
identify as either trans boys (experiencing a male gender 
identity although being assigned female at birth, AFAB) 
or trans girls (experiencing a female gender identity 

although being assigned male at birth, AMAB). Some 
TGD adolescents experience this binary concept of 
gender as inappropriate and identify as non-binary or 
gender fluid (1, 2).

The prevalence of GD among adolescents is difficult 
to determine. Official reports from the United States 
estimate that 0.7% of Americans aged 13–24 years are 
transgender (3), and in many European countries, after 
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the introduction of pediatric gender identity services, the 
yearly number of referrals has increased manifold in the last 
decade (4, 5). Pediatric gender identity services are highly 
specialized clinics dedicated to young people presenting 
with uncertainties regarding their gender identity, in order 
to support and help the youngsters and their families 
to understand and accept the range of gender identity 
presentations. However, most of the available data derive 
from self-report surveys (the adolescent autonomously 
answers the questions, without any external interference 
or control), which typically results in higher incidence 
numbers (4). According to a recent systematic review, 
the prevalence of transgender identity among children 
and adolescents is estimated between 1.2 and 2.7% and 
increases to 2.5–8.4% when a broader concept of gender 
diversity is investigated (6). Also, in the last decades, a 
predominance of AFAB seeking medical care has been 
registered, showing an inversion of the previous trend (7). 
The age of onset of GD is difficult to estimate as in most 
studies only the mean age of referral at the gender services 
is reported, being 13.2 years (s.d. ± 0.9), according to a 
recent systematic review (8).

During the diagnostic phase, a mental health 
professional will assess the presence of a precise set of 
diagnostic criteria, specified in the DSM-V manual (9). The 
subsequent psychosocial and medical management of this 
condition requires a multidisciplinary team approach. In 
many TGD adolescents, the initial bodily changes that 
characterize the onset of puberty are associated with 
worsening of GD and decreased global functioning and well-
being, and as such, this represents an additional diagnostic 
landmark. In these adolescents, puberty suppression, 
once the diagnosis of persistent GD is confirmed, serves 
multiple goals: it can provide time and mental space for the 
adolescents to explore their gender identity, start a social 
transition, and live in the social role of the experienced 
gender. At the same time, the development of secondary 
sex characteristics is halted. Thus, many TGD adolescents 
who will seek further transition in the future will not need 
specific surgeries to reverse physical characteristics they are 
deeply uncomfortable with (e.g. mammectomy for AFAB or 
voice feminization surgery for AMAB). Importantly, most 
of the effects of puberty-suppressing agents are reversible, 
with sex steroid production and pubertal development 
resuming once the medication is discontinued.

Several strategies are available to suppress pubertal 
development and/or the effects of endogenous sex 
steroids in the context of TGD youth healthcare. Current 
guidelines recommend the use of GnRH analogs (GnRHa) 
to suppress puberty and prevent the development of 

secondary sexual characteristics. At ages 15–16 years, 
gender-affirming hormones (GAH) are usually added (non-
binary adolescents often hesitate whether to start GAH or 
not) (10). For TGD adolescents presenting at later pubertal 
stages, anti-androgens (for AMAB, e.g. cyproterone acetate 
12.5-25 mg/day) or high dose progestins (for AFAB, e.g. 
lynestrenol 5-10 mg/day) are sometimes used instead of 
GnRHa (11, 12), with the choice of the treatment depending 
on the center and country-specific reimbursement 
regulations (13, 14).

The increasing number of pre-pubertal children 
presenting with GD and seeking medical care from the 
earliest phase of puberty onward has raised questions 
about the safety of such a prolonged period of unopposed 
puberty suppression. Puberty occurring at an appropriate 
time may represent a unique window of opportunity for 
certain sexually dimorphic traits to develop. Especially 
pubertal bone mass accrual and adult bone health require 
further investigation in this context. Some studies in men 
who had constitutionally delayed puberty suggest that 
this condition resulted in reduced bone mineralization in 
adulthood (15). Other studies could not confirm these data 
(16, 17).

In this review, we will first discuss how sex hormones 
induce sexually dimorphic pubertal bone mass acquisition. 
Next, we will review current knowledge on bone 
development in TGD adolescents who receive puberty-
suppressing medication, focusing particularly on data that 
describe bone health outcomes when puberty suppression 
is started from the earliest stages of puberty onward.

Effects of sex steroids on bone mass 
acquisition during puberty

Approximately 95% of the skeletal bone and muscle mass 
is acquired before the age of 18 years. Thus, childhood and 
puberty represent an essential time frame to build a strong 
musculoskeletal system (18). Whereas skeletal growth is 
heavily influenced by the genetic background, several 
other factors influence the bone structure and quality (e.g. 
chronic systemic illnesses, muscular disorders, metabolic 
disorders, and some medications). Also, a healthy lifestyle, 
with an adequate calcium intake and regular physical 
activity, plays an important role.

Bone mass accrual is not constant during growth. 
After a rapid expansion phase in the first 2 years of life, a 
more steady rate of bone mass acquisition characterizes 
childhood, followed by a sharp acceleration from the 
onset of puberty onward, up to early adulthood. During 
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puberty, the growth hormone (GH)/insulin-like growth 
factor (IGF)-1 axis and sex steroids become the main 
determinants of bone development, acting on bone both 
through direct and indirect effects, such as stimulation 
of muscle mass development. As a result, bone mass 
doubles and important changes occur in bone geometry 
and longitudinal growth (19). While bone features do not 
show significant sex (In this review, we use the term ‘sex’ to 
refer to biological aspects of male or female development, 
whereas we use the term ‘gender’ to refer to an individual’s 
self-reported sense of gender.) differences before puberty, 
skeletal sexual dimorphism becomes gradually apparent 
during puberty and, at the end of growth, males display a 
greater cross-sectional bone area and are on average taller 
than females. Thus, sex differences in bone parameters are 
likely regulated by pubertal sex steroids. Although males 
will reach a higher peak bone mass, a greater bone size, and 
a stronger skeleton as compared to females (20, 21), the 
volumetric bone mineral density (vBMD) will not differ 
between males and females, as bone mineral acquisition in 
long bones occurs in proportion to the volume of the bone 
(22). In both sexes, the increase in longitudinal growth 
during the growth spurt is faster than the mineralization 
process, resulting in a physiological decrease in lumbar 
and femoral BMD around mid-puberty, with subsequent 
temporary increased risk of fractures (23). A higher 
prevalence of fractures has been reported in males (24).

While serum levels of sex hormones and IGF-1 
progressively increase during successive pubertal stages, 
the concomitant skeletal growth is not linear. Both 
androgens and estrogens contribute to bone size expansion 
and mineralization in both sexes, with the first process 
mainly driven by androgens and the second by estrogens 
(25). However, since in males, part of the androgens are 
aromatized into estrogens, the relative contribution of 
androgens and estrogens to bone expansion is difficult 
to disentangle and still not completely understood, as 
will be discussed in more detail later. Furthermore, an 
important part of the sex steroid effects on bone mass 
acquisition occurs through interaction with GH/IGF-1 
signaling, and also this interaction is complex and still not 
fully understood (26). Also, the timing of puberty seems 
to be relevant in this context. Finkelstein et al. reported a 
significantly lower lumbar and radial areal BMD (aBMD) 
in men who had a history of pubertal delay compared 
to men who went through puberty at a physiological 
age (15). Yap et  al. confirmed this finding but reported 
an adult vBMD within age- and sex-specific references, 
both at the lumbar spine (LS) and the femoral neck (FN). 
However, this was associated with reduced limb bone mass 

and size, suggesting an impaired periosteal expansion 
during puberty in men with pubertal delay (27). Even 
lower BMD values were observed in males with congenital 
hypogonadotropic hypogonadism (28). A reduced peak 
bone mass was also reported in females with delayed 
puberty and amenorrhea (29, 30). The importance of 
appropriate timing of puberty has been emphasized by 
Gilsanz et  al., who showed that healthy girls starting 
puberty a year earlier had approximately 5% greater bone 
mineral content and 2.5% greater BMD values at skeletal 
maturity than girls who had started puberty a year later. 
Similar findings, although slightly less pronounced, were 
observed in healthy boys (31).

Women with complete androgen insensitivity 
syndrome have been studied to better understand 
androgen actions on bone. These studies show that aBMD 
and vBMD are reduced in comparison with both female 
and male reference values, supporting a relevant direct 
effect of androgens on bone (32, 33). Reduced BMD in men 
affected by prostatic cancers and treated with androgen 
receptor antagonists further supports the idea of direct 
androgen action on the bone (34, 35, 36, 37).

A cross-sectional study performed in 199 healthy boys 
aged 6–19 years confirmed that estrogens are positively 
associated with bone mineralization (estimated by both 
aBMD and vBMD) while being negatively associated with 
endosteal circumference. On the other hand, testosterone 
promotes the increase of bone area (both at trabecular and 
at cortical sites) and periosteal expansion (38).

Bone expansion happens through longitudinal 
growth at the epiphyseal growth plates (mediated by 
chondrocytes) and appositional growth at the periosteal 
surface (mediated by osteoblasts). Concomitantly, 
the resorption at the endosteal surface (mediated by 
osteoclasts) leads to the expansion of the marrow cavity. 
Sex hormones are important regulators of all three of these 
processes (26).

Early preclinical studies reported that sex steroid 
deficiency, induced by ovariectomy or orchidectomy, 
increases vs decreases radial bone growth in female and 
male rodents, respectively (39). Therefore, androgens have 
traditionally been considered to promote and estrogens to 
inhibit periosteal apposition. In line, higher serum levels 
of testosterone have been associated with a larger periosteal 
circumference in the long bones of young adult men (40). 
However, this traditional view has been challenged by the 
clinical case of a boy with aromatase deficiency. In this 
patient, estrogen treatment significantly increased cross-
sectional bone area (41), implying that both androgens and 
estrogens contribute to radial bone expansion in males. 
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In females, the situation is even more complex, with the 
effect of sex hormones on periosteal apposition depending 
on pubertal stage and crosstalk with the GH/IGF-1 axis 
(42). Importantly, this crosstalk plays an important role 
in determining sex differences in bone mass acquisition, 
as skeletal sexual dimorphism fully disappears in mice 
with a constitutional deletion of the GH receptor and low 
circulating IGF-1 (43).

At the end of growth, the greater final bone strength 
in boys will rely mainly on the achievement of a greater 
cortical diameter due to more periosteal apposition, while 
the cortical thickness will be only slightly bigger, because of 
the parallel greater expansion of the medullary cavity and 
subsequent greater endocortical diameter (44). Of note, the 
earlier idea that girls have more endosteal apposition than 
boys might be erroneous. Indeed, the current consensus is 
that the medullary cavity enlarges during puberty in both 
sexes as a result of dominant endosteal resorption, but less 
so in females, due to the inhibitory effect of estrogens on 
osteoclast activity (45).

Apart from influencing radial bone expansion, sex 
steroids are also critical regulators of longitudinal growth. 
In particular, the current consensus is that estrogens 
regulate this process in a biphasic mode. During early 
puberty when estrogen levels are low, they promote linear 
growth in both sexes by interacting with the GH/IGF-1 axis 
(26). In contrast, during late puberty when estrogen levels 
are high, they block longitudinal expansion in both sexes, 
mainly through direct inhibition of the chondrocytes at 
the level of the growth plate (46) although more recent 
work suggests that central estrogen signaling might also 
be involved (47). The essential role of estrogens in male 
longitudinal growth is further illustrated by the final tall 
stature of males with estrogen deficiency due to estrogen 
receptor defects or aromatase deficiency (48). Of note, 
androgens also modulate linear growth, in part through 
GH/IGF-1 stimulation by adrenal androgens (26).

Trabecular bone volume at the end of puberty is higher 
in males, at least in the appendicular skeleton. This is mainly 
due to a greater trabecular thickness, although some studies 
also report a higher trabecular number (26). Rodent studies 
have shown that both androgens and estrogens promote 
trabecular bone development during growth in both sexes 
(42). In fact, trabecular bone is the compartment showing 
the highest sensitivity to circulating sex steroids (43, 49).

In conclusion, sex hormones interact with the  
GH/IGF-1 axis to regulate different steps in the process 
of bone growth and bone mass acquisition in boys and 
girls. These combined actions result in an important 
skeletal sexual dimorphism at the end of puberty, 

with men having longer and wider bones compared 
to women, mostly due to sex differences in periosteal 
apposition and endosteal resorption, but with similar 
bone mineralization in both sexes (Fig. 1).

Thus, based on the aforementioned impact of sex 
steroids and pubertal timing on bone development, bone 
health in transgender adolescents has been questioned in 
several studies.

Gender-affirming treatment and bone health

The effects of puberty suppression and GAH on bone 
mineralization and growth are not fully understood. 
Current guidelines for the treatment of TGD youth 
highlight the importance of monitoring BMD, at baseline 
and every 1–2 years during puberty suppression and 
GAH, until the age of 25–30 years or until attainment of 
peak bone mass (10). Also the International Society of 
Clinical Densitometry (ISCD) recommends to perform 
dual-energy X-ray absorptiometry (DXA) at baseline 
in all transgender individuals who use treatments that 
lower their endogenous sex steroid levels, irrespective of 
age. Particular attention should be given to those who 

Figure 1
Skeletal sexual dimorphism at the end of puberty. Before puberty, male 
and female bone geometry is similar. The GH/IGF-1 axis, active from 
infancy to adulthood, stimulates mainly longitudinal growth at the level of 
the epiphyseal plates. At puberty, sex hormones play a key role in skeletal 
growth. Both estrogens (E) and androgens (A) contribute to bone size 
expansion and mineralization in both sexes, although estrogens action is 
predominant in females and androgens action in males. In females, 
endosteal resorption occurs at a lower rate; in males, periosteal 
apposition is more pronounced, with consequent achievement of a bigger 
cortical diameter (a). Because of the concomitant greater endosteal 
resorption, the endocortical diameter (b) is also greater in males than in 
females. Consequently, cortical thickness (c) is similar in both sexes. At 
the end of growth, males will have bigger bones (longer and wider) than 
females, although the volumetric bone mineral density will not be 
significantly different. Trabecular bone volume, regulated by both 
estrogens and androgens, will be greater in males, mainly due to a 
greater trabecular thickness.
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have co-morbidities impairing bone mineralization (e.g. 
chronic corticosteroid therapy, hyperparathyroidism, 
chronic illness, etc.) and to individuals who do not 
intend to initiate GAH or have suboptimal compliance 
for GAH (50). Interestingly, the ISCD recommends 
expression of BMD as T-scores, for all transgender 
adults, using normative ranges for a Caucasian female 
healthy population and using a cut-off of <−2.5 s.d. 
for the diagnosis of osteoporosis. This derives from the 
observation that BMD in transgender women is closer 
to female than male values, while for transgender men 
the evidence is more contradictory, and also because 
some manufacturers use outdated reference values for 
men (51). Therefore, the use of female reference values 
for all transgender adults would reduce heterogeneity. 
Nonetheless, experts rely on local autonomy in the choice 
of the database to use. In addition, T-scores should always 
be interpreted in the light of personal and family medical 
history and the presence of other risk factors, considering 
that the particular hormonal milieu of transgender people 
differs from both cis-females and cis-males (52). In TGD 
youth, the use of Z-scores is recommended, based on 
comparison with a normative population matched for 
age and for the experienced gender in trans adolescents, 
and for the sex assigned at birth in non-binary youth. A 
Z-score of ≤−2.0 is ‘below the expected range for age’. The 
ISCD argues that in particular for adolescents who had 
puberty suppression from an early Tanner stage onward, 
matching with the sex assigned at birth could result 
in non-reliable Z-scores, as these individuals did not 
acquire the characteristic changes in bone mass and bone 
geometry that are typical for pubertal development in 
line with the chromosomal sex. Currently, however, most 
studies on bone health in TGD youth have reported BMD 
Z-scores for the sex assigned at birth.

Although DXA is considered the golden standard 
technique for the evaluation of BMD, it has the limitations 
of being a 2D technique, thus providing an areal density 
that can result in an underestimation of BMD in short 
bones. To overcome this limitation, the bone mineral 
apparent density (BMAD) can be calculated and represents 
an estimated volumetric BMD; however, it is not commonly 
used in clinical practice (53, 54).

Another relevant limitation of DXA is the inability to 
differentiate the trabecular bone compartment from the 
cortical one; however, it is known that vertebrae are mainly 
made by trabecular bone while the hip rather represents 
the cortical bone compartment. As a consequence, 
measurements performed at the LS spine are used to 
estimate trabecular bone density while measurements 

performed at the hip (total hip or femoral neck depending 
on the study) mainly reflect cortical bone density.

Prior to start of any treatment and irrespective of 
age, lower aBMD Z-scores at lumbar spine (aBMD-LS) 
and femoral neck or total hip (aBMD-FN/TH) have been 
reported in trans girls as compared to trans boys in almost 
all studies performed to date. Moreover, the mean aBMD 
Z-score (for AMAB) in trans girls at the start of treatment is 
consistently reported to be below 0 (range −0.84 to −0.33 
for aBMD-LS and −0.81 to −0.43 for aBMD at the hip) (55, 
56, 57, 58). Similar findings have been reported in adult 
trans women (59). In the absence of studies that provide 
mechanistic insight, one can only speculate that trans girls 
may be less physically active and may have less exposure 
to sunlight (many trans adolescents prefer to wear body-
covering clothes) as compared to their cis-peers. Other 
involved factors could be unhealthy food behaviors and 
low intake of calcium, but a genetic predisposition or the 
need for specific reference values for transgender people 
cannot be excluded and remain open questions. Adequate 
intake of calcium with the diet (at least 1000 mg per day), 
vitamin D supplementation, an active lifestyle, and weight-
bearing physical activity is advised for all TGD youth (10).

Several studies indicate that, during GnRHa treatment 
for a mean period of 1.5 years (range 0.97–2.5 years), 
Z-scores at both LS and hip further decline in trans girls (55, 
56, 57, 60). However, only very few studies provide data on 
TGD youth who start GnRHa at the beginning of puberty 
(Tanner II–early III) and/or use GnRHa as monotherapy 
for a duration of more than 2 years. These studies show 
that the decrease in BMD does not stop after the first 
year of treatment but progresses as long as the puberty 
suppression continues, although the further decline after 
the second year of treatment is not always significant and 
stabilization of BMD Z-scores may occur at a certain point 
(57, 60, 61). In particular, the study by Vlot and colleagues 
divides the study population into young (bone age below 
15 years) and older (bone age above 15 years) trans girls. 
After GnRHa administration for a mean duration of 2.5 
years, a significant decrease in BMAD-LS Z-scores was 
registered only in the group of ‘young trans girls’, but this 
was not associated with a significant decrease in BMAD-TH 
Z-scores (61).

As an alternative to GnRHa, anti-androgens such as 
cyproterone acetate can be administered to trans girls to 
decrease androgen production and its effects. The impact 
of these drugs on bone health has also been investigated, 
showing a significant decrease in aBMD Z-scores at the 
hip and LS, similar to GnRHa. Hence, it is hypothesized 
that cyproterone acetate impairs pubertal periosteal bone 
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expansion and trabecular bone acquisition to the same 
extent as GnRHa (58).

Some studies have investigated the potential of 
estrogens administered following puberty suppression, 
to restore bone mineralization Although an increasing 
trend in aBMD or BMAD Z-scores after the first 2–3 years 
of estrogen therapy has been observed, the increase is 
not always significant and Z-scores (for the sex assigned 
at birth) often remain below baseline values (57, 61, 62). 
However, it can be argued that this time frame of GAH 
administration is too short to elicit a maximal promoting 
effect on bone mineralization, especially considering 
that GAHs are administered in TGD youth generally 
starting with low doses, and trans girls will only receive an 
adult estradiol dose of 2-4 mg/day after at least 1-2 years. 
Nevertheless, this hypothesis is not supported by the 
study of Klink et al., who evaluated aBMD at the age of 22 
(mean duration of GAH in trans girls 5.8 years, following 
1.3 years of puberty suppression with GnRHa). The authors 
showed aBMD-LS Z-scores after GAH were still well below 
the values at baseline, while the aBMD-FN Z-scores were 
almost restored (56).

In trans boys, aBMD/BMAD Z-scores at LS and hip 
assessed at baseline seem to be usually within the age-
specific reference range (for sex assigned at birth), around 
0 (from −0.40 to +0.38 for the LS and from −0.86 to +0.93 
for the hip) (55, 56, 57, 58, 60, 63). As in trans girls, also in 
trans boys, GnRHa administration for a mean period of 1.2 
years (range 0.67–1.8) results in a significant decrease of 
aBMD-LS and hip Z-scores (55, 56, 57, 60, 63). In line with 
what has been reported in trans girls, very few studies have 
included trans boys starting puberty suppression at an 
early Tanner stage and/or receiving GnRHa for more than 
2 years. Also in trans boys, a more reduced aBMD/BMAD is 
seen in association with prolonged puberty suppression, 
with a similar or even greater decrease in Z-scores than 
in trans girls (57, 60, 61, 63). For example in the study 
by Vlot  et  al., a significant decrease in BMAD-LS and TH 
Z-scores is seen in the end-pubertal trans boys during 
GnRHa treatment but not in the group of end-pubertal 
trans girls, for whom Z-scores remained stable (although 
lower than in trans boys) (61).

Different from trans girls, the use of progestins in 
trans boys (e.g. lynestrenol) as an alternative treatment to 
GnRHa does not impact bone health (58). If confirmed by 
future independent studies, lynestrenol could represent 
a good alternative to GnRHa in trans boys starting the 
transition at late pubertal stages, especially when risk 
factors for bone health impairment and/or low BMD at 
baseline are present.

Testosterone administration significantly increases 
aBMD/BMAD Z-scores after at least 2 years of treatment, 
although in most cases the baseline values are not restored 
(56, 57, 61, 63), with the exception of the study by Schagen 
et al., in which the early-pubertal trans boys who had long-
term GnRHa followed by 3 years of GAH had improved 
aBMD/BMAD-LS and FN as compared to the baseline (57).

A detailed overview of the cited studies is offered 
in Table 1 and Supplementary Table 1 (see section on 
supplementary materials given at the end of this article). 
These studies investigated mainly the decrease of BMD; 
however, it is important to keep in mind that a reduced 
BMD in the absence of a history of fractures occurring 
without a major trauma is insufficient to diagnose 
osteoporosis in the pediatric population (64). Moreover, 
as mentioned, bone strength relies also on bone geometry. 
Therefore, long-term follow-up studies are needed to assess 
the risk of fractures. To date, only studies performed in 
adults can offer a few insights into the fracture risk among 
transgender individuals. However, the fracture risk can 
differ between transgender persons starting the transition 
as adults and those who start medical treatments already 
in adolescence. Dobrolinska et  al. reported a significant 
decrease in BMD-TH (but not in BMD-LS) for both trans 
men and trans women after 15 years of GAH (65). On the 
other hand, Wiepjes and colleagues showed an increase 
in BMD-LS Z-score by +0.22 in trans women and +0.34 in 
trans men after 10 years of GAH (66). The occurrence of 
low BMD in adult trans women has been associated with 
low compliance for estrogen therapy and consequently low 
serum estradiol levels (67).

No differences in bone geometry have been found in 
both trans men and trans women after GAH of variable 
duration, while the trabecular bone score (an index of 
trabecular microarchitecture) was increased in trans 
women and decreased in trans men, supporting the 
promoting role of estrogens on trabecular bone (68).

The effect of 18 years of testosterone administration 
was evaluated by Broulik et al. in 35 trans men, with BMD 
at the hip statistically higher than female values and equal 
to male values. The T-score at the lumbar spine was not 
significantly different from both female and male controls 
matched by age (69). No such long-term outcome studies 
have been reported so far in individuals who started GAH 
during puberty.

In the light of the presented literature data, we 
believe that long-term follow-up studies in TDG youth 
are needed to fully understand the effects of GAT on 
bone growth and mineralization, assessing the changes 
in bone parameters after the peak bone mass is reached 
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and GAHs have been taken at an adult dose for several 
years. In doing so, it is of particular importance in our 
view to discriminate between puberty suppression 
started in (almost) puberty-naïve children, as compared 
to adolescents who had endogenous sex steroids acting 
on bone prior to puberty suppression. In the meanwhile, 
and in order to gain further mechanistic insights, the use 
of specific animal models could support the expansion of 
this research field (49).

Conclusions

Puberty represents a window of opportunity to build a 
strong skeleton. In TGD youth, the particular hormonal 
milieu and the altered timing of puberty can have a 
negative impact on bone growth and mineralization. To 
date, available literature data suggest to monitor BMD 
in order to protect bone health in all TGD adolescents 
undergoing puberty suppression for several years. In 
particular, trans girls present with BMD Z-scores below 
zero already at the start of gender transition and have a 
higher risk for impaired bone mass accrual. A calcium-
rich diet, physical activity,, and weight-bearing exercise 
are encouraged for all TGD adolescents, and particular 
attention should be paid to those adolescents who have 
other risk factors for bone fragility or an unhealthy 
lifestyle.

After the start of GAH, bone mineral density increases, 
although the negative effect of prolonged puberty 
suppression is not always fully restored. In this respect, the 
recently proposed induction of puberty at a younger age, 
e.g. at the age of 15 years (10), in those adolescents who are 
mentally ready for it, and who have clearly persistent GD, 
could reduce the gap between BMD Z-scores at baseline 
and BMD Z-scores at the end of the growth.
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