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Abstract

®
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It is well known that sex steroids, particularly estrogen, play a crucial role in the attainment and maintenance of peak bone density
in all people. Transgender (trans) have been frequently observed to have low bone density prior to initiation of gender-affirming
hormone therapy, while trans men generally do not. With pharmacologic estrogen, many studies show improving bone density in
trans women. With pharmacologic testosterone, bone density in trans men remains largely unchanged although androgens have
indirect effects on bone health via changes in fat and lean mass. Much remains unknown about best practices to optimize bone
health, interpret DXA scans and assess fracture risk in trans adults.
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Introduction

An estimated 1.4 million people (0.6% of the adult US popu-
lation) identify as transgender (trans), meaning their gender
identity does not align with the sex they were assigned at birth
[1]. Despite increasing media attention, trans individuals fre-
quently report negative experiences with the health-care sys-
tem, fears of discrimination and mistreatment, and lack of
health-care coverage for gender-affirming hormone therapy
(GAHT) and surgery (GAS) [2]. Providers report limited to
no training in trans health and many desire more educational
opportunities [3-5]. There is growing awareness of health dis-
parities that need to be addressed [6] and this review will focus
on the current data available regarding bone health in adult
transgender men and women as well as adolescents. Table 1
provides definitions for terms that will be used in this paper.
Much has been learned in the last 25 years about the role of
sex steroids in the attainment of peak bone mass and mainte-
nance thereafter. Estrogen is a key regulator of bone health, and
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estrogen deficiency plays an important role in both the rapid
decline in bone mineral density (BMD) seen in postmenopausal
cisgender (cis) women as well as the more gradual loss seen
with aging in cis men [7, 8]. For trans people who desire med-
ical transition, GAHT can include estrogen with or without anti-
androgen therapy for trans women and testosterone therapy for
trans men. As we examine the current available data on bone
health in trans people, it is clear that exogenous estrogen ben-
efits BMD. However, many of the studies are small and from
European centers of excellence, where the population has dif-
ferent age at initiation of GAHT, type of GAHT, race, ethnicity,
body mass index (BMI), current tobacco use rates, and gonad-
ectomy status, compared to other trans populations around the
world. New guidelines from the International Society of
Clinical Densitometry (ISCD) will be available in 2019 to ad-
dress some of the issues regarding screening recommendations
and dual-energy X-ray absorptiometry (DXA) interpretation in
trans people. However, at this time, many questions remain as
to the overall prevalence of low BMD, fracture risk and best
screening practices in the trans population. Also unknown are
the long-term effects of puberty blockade, the effect of changes
in body composition and the optimal type, timing, dosage, and
route of administration of GAHT for bone outcomes. We also
recognize that many individuals identify as gender non-binary
(i.e., not singularly male or female), and may seek GAHT in
different doses than traditionally prescribed or recommended
by clinical practice guidelines. However, the use of hormones
in non-binary people falls outside the scope of this review, as
available studies have been restricted to trans men, those whose
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Table 1 Terminology used in this

paper Term/phrase

Definition

Cisgender or “cis” (e.g., cis
women, Cis men)

Transgender or “trans”

Trans man
Trans woman

Gender-affirming hormone
therapy (GAHT)

Gender-affirming surgery
(GAS)

Sex assigned at birth (SAB)

Gender non-binary

Those whose gender identity and/or gender expression align with their sex
assigned at birth (i.e., not transgender).

Encompasses those whose gender identity and/or gender expression differs
from their sex assigned at birth; independent of the decision whether to use
gender-affirming hormone therapy or undergo surgery, and inclusive of
gender non-binary people.

Sex assigned at birth was female but gender identity is male or more
masculine.

Sex assigned at birth was male but gender identity is female or more
feminine.

Treatment for those who want to adapt their bodies in line with their gender
identity by means of hormones.

Treatment for those who want to adapt their bodies in line with their gender
identity by means of surgery.

Refers to sex assigned/designated at birth which in most countries is restricted
to either female (assigned female at birth, AFAB) or male (assigned male at
birth, AMAB)

Those who may identify and present themselves as both or alternatively male
and female, as neither male nor female, or as a gender outside the
male/female binary. Inclusive of gender fluid, pangender, polygender,
agender.

sex assigned at birth was female but gender identity is male or
more masculine, and trans women, those whose sex assigned at
birth was male but gender identity is female or more feminine.

The Effect of Sex Steroids on the Bone in Natal
Puberty

During puberty, both linear bone growth and radial expansion
occur as bone length, width, and density increase. Growth hor-
mone and IGF-1 are crucial for linear bone growth but andro-
gens and estrogens contribute via indirect effects on these hor-
mones [9]. At the growth plate, osteoclasts resorb calcified
cartilage and osteoblasts replace mineralized bone via endo-
chondral bone formation. Appositional growth or expansion
occurs with increased resorption at the endosteal surface of
the bone and increased bone formation at the periosteum [10].
During puberty, net cortical bone thickness increases as perios-
teal apposition is greater than endocortical resorption. Although
puberty starts earlier in girls, it lasts longer in boys and their
marrow cavity enlarges more. With increased periosteal bone
formation and a greater marrow cavity enlargement in boys, the
cortex is further away from the neutral axis and adult men end
up with larger bones and greater bending strength [10, 11].
Case reports and animal models have helped us under-
stand the key role estrogen plays on peak bone mass at-
tainment in all people. Estrogen has effects on both bone
formation and resorption as it inhibits sclerostin, decreases
osteoblast and osteocyte apoptosis, suppresses RANK-L,
and induces apoptosis in osteoclasts [12]. In males and
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females with aromatase mutations and high endogenous
levels of testosterone, growth spurt and subsequent fusion
do not occur until treatment with estrogen [13]. In males
and females described with an estrogen alpha receptor mu-
tation, BMD was strikingly low and not responsive to es-
trogen administration despite increases in serum estradiol
(E2) [14, 15].

The role of testosterone during puberty in humans is less
clear cut. At the end of puberty, cisgender boys have stronger
bones thought to be related to increased strength to load ratio
and increased trabecular volume [16]. How much of this is a
direct effect of androgens on bone cells is harder to elucidate,
partially because data from animal models and humans have
differing results [9]. Androgen receptor knockout mice show
reduced periosteal bone formation, but BMD is mainly report-
ed as normal in patients with complete androgen insensitivity
syndrome (CAIS) who have non-functional androgen recep-
tors. The studies in CAIS patients that do show lower BMD
are confounded by varying degrees of estrogen replacement as
well as timing of gonadectomy [17]. In a male with aromatase
deficiency, E2 treatment led to increased longitudinal bone
growth as well as increased cross-sectional area and cortical
thickness, measured by peripheral quantitative computed to-
mography (pQCT) [18]. It may be that both androgens and
estrogens are required for optimal bone expansion [19].
During puberty, young men are reported to have greater cor-
tical porosity, which does correlate with a time of increased
fracture. Toward the end of puberty, trabecular bone volume is
increased and cortical porosity decreases [9, 16, 20].
Additionally testosterone is known to increase muscle mass
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Fig. 1 A schematic representation of differences in total bone size and
cortical bone density for girls (G) and boys (B) across puberty (assessed
using the method of Tanner [T]). For our purposes, we defined Tanner
stage 1 as prepuberty (PRE), Tanner stages 2 and 3 as early puberty
(EARLY), Tanner stage 4 as peripuberty (PERI), and Tanner stage 5 as
postpuberty (POST). Significant differences between girls and boys are

and decrease body fat which relate to observed changes in
BMD [16, 19]. (Fig. 1).

We also understand that E2 plays a key role in bone main-
tenance in adult cisgender men. In an elegant study of mecha-
nism [21], Finkelstein and colleagues administered goserelin
acetate (a GnRH agonist) and then added back testosterone in
varying doses (0/1.25/2.5/5/10 g daily topical gel) to one group
and testosterone in the same doses with the addition of an
aromatase inhibitor to another group. They had a third control
group of men, untreated, reflecting endogenous testosterone,
and E2 production. In the group with add back testosterone,
areal bone mineral density (aBMD) trended down in concor-
dance with lower testosterone levels but did not significantly
differ from controls. However, in the group with testosterone
plus aromatase inhibition, aBBMD declined 1-2% in all groups
independent of testosterone level. Changes were more apparent
by qCT measurements where E2 deficiency reduced trabecular
BMD independent of testosterone dose as well as cortical and
trabecular volumetric BMD (vBMD) at the tibia and radius.
Serum C-telopeptide (CTX) increased significantly when tes-
tosterone was <200 ng/dl or serum E2 was < 10 pg/ml. Other
studies have also shown correlations with E2 levels and osteo-
porosis in cisgender men. Data from MrOS showed a higher

shown for finite element estimated failure load, where boys' values
exceed girls' after early puberty, and cortical porosity (Ct.Po), where
boys' values exceed girls' after prepuberty. (Diagram not exact scale.).
With permission from: Nishiyama et al Journal of Bone and Mineral
Research, Volume: 27, Issue: 2, Pages: 273-282, First published: 25
October 2011

prevalence of osteoporosis among men with deficient levels of
E2 [22]. Another study looking at the effect of DHEA treatment
on BMD showed an association with E2 levels [23]. A more
recent trial showed that in hypogonadal men treated with tes-
tosterone, a 15 pg/mL increase in E2 was associated with a
6.3% increase in spine trabecular vVBMD [24].

The understanding of the role estrogen plays at trabecular
versus cortical bone is evolving. Historically, estrogen was
thought to affect mainly trabecular bone, but data show tra-
becular bone loss occurs during the third decade of life, prior
to sex steroid deficiency [3, 12]. Cortical bone is maintained
through much of adulthood but then decreases linearly in
older adults, although cortical bone is lower in post meno-
pausal cis women vs age-matched cis men. This is thought
to be related to rapid bone loss during menopause [25]. It may
also be that the effects of E2 at low levels are different than at
pharmacologic levels. At high levels of E2, all bone turnover
is suppressed but at lower levels the effects on cortical bone
may be more apparent. Androgen levels may need to be higher
to act on trabecular bone and may not have as dominant a role
in cortical bone. Additionally, cellular senescence and changes
related to aging need to be taken into consideration as they are
inexorably linked with bone loss [16, 26].
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Bone Health in Trans Women

Studies have shown a high prevalence of low bone mass in
trans women when compared with reference men both prior to
GAHT initiation and while on GAHT. A study of 50 trans
women in Ghent, Belgium, post-orchiectomy and on GAHT
for 3 years, found Z-scores <—2.0 in 26% of subjects at the
lumbar spine and 2% of subjects at the hip, while no subjects
in the reference population had low bone mass [27]. An addi-
tional study of 50 trans women, average age of 43 + 10 years and
all post-orchiectomy on a variety of types of estrogen, found that
23.4% had T-scores of <—2.5 at the lumbar spine and overall
average Z-scores were — 1.0+ 1.4 [28]. A recent study of 142
trans women in Brazil on GAHT for a variable amount of time
found 18% had low bone mass for age while none of the refer-
ence men and women did [29].

It was initially thought that the lower BMD was related to
inadequate estrogen treatment or loss of testosterone, but inter-
estingly, multiple studies have shown alterations in BMD mea-
surements in trans women prior to any hormonal treatment. In
one study, 25 treatment-naive trans women aged 2842 years
had lower aBMD compared to age-matched control men [30].
Additionally, the trans women had thinner radial cortices and
lower cortical area at the radius and tibia as measured by pQCT
as well as lower muscle mass and grip strength measured by
dynamometry. In this cohort, baseline physical activity ques-
tionnaires did not differ significantly, but vitamin D levels
were lower in the trans women when compared with both
age-matched cis men and the larger male reference population.

A later study of 49 trans women also utilized pQCT to exam-
ine cortical volume at the dominant mid-radius and tibia and
trabecular parameters at the metaphysis of the dominant radius
prior to GAHT and matched to 49 cis men controls [31]. At
baseline, the outer circumference and cortical bone area and thick-
ness of the trans women were significantly smaller than that of the
control men. Trabecular vBMD at the radius in the trans women
was lower (p=0.013), as was aBMD at the lumbar spine, hip,
femoral neck and radial forearm. Additionally, trans women had
lower grip strength and muscle mass as reflected by muscle cross-
sectional area. These differences may be explained in part by
lifestyle as the trans women had lower vitamin D and higher
parathyroid hormone (PTH) and reported lower weekly sports
activity. FSH was also slightly higher in the trans women at base-
line. Some authors have argued that FSH may have effects on the
bone independent of sex steroids, although this is disputed [12,
32]. Early studies of trans women treated with estrogen also pos-
tulated a correlation between higher LH and lower BMD after
GAS [33], although more recent studies have not confirmed this
[34, 35]. As mentioned above, there may also be differing re-
sponse to estrogen at cortical vs trabecular bone. Genetics is
thought to play a large role in attainment of peak bone mass,
but dietary composition, exercise, puberty timing and lifestyle
factors such as smoking and alcohol use are influential in
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determining peak bone mass and likely play a role in these base-
line differences.

With the initiation of estrogen, many studies report a positive
change in BMD in trans women [36] (Fig. 2B). After 1 year of
GAHT, a study of 231 trans women from Ghent and
Amsterdam reported BMD increases at the lumbar spine (+
3.67%, 95% CI 3.20-4.13%, p <0.001), total hip (+0.97%,
95% CI 0.62-1.31%, p<0.0001), and femoral neck (+
3.67%, 95% CI 3.20-4.13, p<0.001) [37]. A recent meta-
analysis [38] reviewed 13 studies with 392 total trans women
and showed significant gains overall in lumbar spine BMD at
both 12 months (+0.04 g/em?®; 95% CI +0.03 to +0.060 g/
cm?) and 24 months (+ 0.06 g/em?; 95% CI +0.04 to +0.08 g/
cm?), which is within a range often considered clinically signif-
icant. Changes at the hip were not significant. A larger cohort of
711 trans women from Amsterdam has now been studied for
10 years [35]. At baseline, they were without GAHT or orchi-
ectomy, median age was 35 years, 97.2% reported White eth-
nicity and 34.9% reported current tobacco use. Absolute BMD
was 0.976+0.140 g/cm? with 21.9% having low BMD (de-
fined as Z-score <—2.0 using reference male population).
After 10 years of GAHT, DXA was reassessed in 102 trans
women (14%) and, although lumbar spine BMD did not show
a significant change (+ 0.006; 95% CI-0.005 to +0.017) there
was a significant increase in Z-score. There was also an asso-
ciation between serum E2 and lumbar spine BMD where the
trans women in the highest tertile of E2 (mean 443 pmol/L or
121 pg/ml) had a significant increase in lumbar spine BMD (+
0.044 g/cmz; 95% CI + 0.025 to + 0.063) (Fig. 2C) while those
in the lowest tertile of estradiol (mean 118 pmol/L or 32 pg/ml)
had a significant decrease in lumbar spine BMD (—0.036 g/
em?; 95% CI— 0.044 to — 0.009 g/cm?) [Fig. 2C). There was no
association with LH or degree of testosterone suppression. This
is the longest study to date although there are several limita-
tions; follow-up visits did not address lifestyle measures, and
there were variations in gonadectomy timing from initiation of
GAHT, type of hormone therapy as well as a change in the
densitometer used during the study, although calibration mea-
sures were performed [35]. None of these studies have been
powered to look at fracture outcomes. However, these data
support the concept that pharmacologic estrogen, even in the
setting of testosterone suppression, can increase bone density.

Body composition changes also occur with GAHT that likely
influence bone health. A study of 142 trans women in Brazil
assessed appendicular lean mass, as an approximation of muscle
mass, derived by DXA measurements [29]. The mean age in the
study was 33.7+ 10.3 years with mean BMI 25.4 £4.6 kg/m”.
The study was done 3 months into a care program, but 86% had
been on GAHT before for variable amounts of time and 33%
had undergone GAS. Appendicular lean mass in trans women
was similar to reference women but lower than in reference men
at the baseline measurement. Trans women had significantly
lower lumbar spine BMD, femoral neck BMD, femoral neck
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Z-score, total femur BMD and total femur Z-score in compari-
son with reference men. There was a positive correlation be-
tween appendicular lean mass and total fat mass with lumbar
spine BMD which explained 14.9% of BMD variation. In the
previously described cohort of 49 trans women [31], after 1 and
2 years of GAHT, there were decreases in muscle mass, lean
body mass, and strength with increases in fat mass with im-
provements in aBMD and decreases in bone turnover markers
(both resorption and formation). IGF-1 levels did increase in the
first year of treatment. However, there were no changes in cor-
tical bone parameters. The 2-year time frame may not have been
long enough to see the full effect of GAHT on pQCT parameters
and perhaps estrogen-independent factors may also be playing a
role in BMD changes. There were variations in type of estrogen
used and rates of gonadectomy in this group as well. The ques-
tion has been raised as to whether some of the changes in DXA
may be artifactual as DXA is affected by fat mass. However, the
correlation between markers of bone turnover and BMD chang-
es would dispute this. Future studies using HRpQCT and larger
groups with controlled dosing and type of estrogen should help
to delineate these changes further. (Fig. 2).

Bone Health in Trans Men

Several small studies show more reassuring baseline bone health
in trans men than trans women [36]. Prior to the initiation of
GAHT, a study of 23 trans men and 23 control women showed
similar areal BMD, trabecular, and cortical vVBMD by QCT and
bone turnover markers despite higher rates of smoking and low-
er vitamin D levels in the trans men [39]. Another study of 16
trans men prior to hormonal treatment were compared to age-

matched cis women and again DXA and body composition
measures were similar, as was reported physical activity [40].

Gains in BMD with testosterone treatment are reported less
consistently in trans men compared to trans women receiving
E2 [30]. After 1 year of treatment with testosterone,
undecanoate therapy in 23 trans men mentioned above, bone
formation and resorption markers both increased; however,
aBMD measures did not change significantly [39]. An early
study of 15 trans men showed a 7.8% increase in BMD at the
femoral neck but no change at the spine over 2 years. One-
third had undergone oophorectomy. The findings were similar
among the testosterone-naive patients as well as those previ-
ously treated [41]. A larger study of 199 trans men studied at
baseline and then 1 year after testosterone treatment showed
statistically significant increases in the total hip BMD (+
1.04%, 95% CI 0.64-1.44%, p <0.001) but not the femoral
neck. The lumbar spine BMD changes were the most pro-
nounced in trans men over age 50 years (+4.32%, CI 2.28—
6.36%, p=0.001) compared to younger trans men (+ 0.68%,
95% C10.19-1.17%, p = 0.007) which led the authors to pos-
tulate a role for increased estradiol action via aromatization. A
2017 meta-analysis examining 247 trans men showed no sig-
nificant difference seen in BMD at 12 and 24 months com-
pared with baseline prior to hormone initiation at the at the
lumbar spine, femoral neck, or total femur [38].

Recently, 10-year data was published on a group of 543 trans
men followed with serial DXA [35] (Fig. 3C). Again, low BMD
was not seen at the start in trans men with overall Z-scores of 0.01
+1.14 g/em? although 4.3% of subjects had low BMD for age
(defined as Z-score <—2.0). In the group that had DXA repeated
at 10 years (n=70), BMD was similar but L-spine Z-score had
increased by 0.34. Again, the improvement was largely driven by

Bone Density Changes in Trans Women on Gender-Affirming Hormone Therapy

A
Pre-GAHT

Post-Puberty

Cis Men Trans Women

Increasing BMD  =——————————p

BMD gray scale

Fig. 2 Prior to GAHT, many trans women have lower aBMD, smaller
periosteal circumference, cortical bone area and thickness when compared
to cis men (panel A). After 2 years, there were not significant changes in bone
geometry by qCT but many studies show a gain in aBMD (panel B). There
does not appear to be further improvement after 10 years of GAHT and there
may in fact be a decline toward baseline (panel C). There was an association

B C
10 years

2 years

seen between serum E2 and lumbar spine BMD (not pictured). We do not
have qCT data at 10 years (speculation/extrapolation represented by
horizontal lines in panel C). Adapted with permission: Van Caenegem E,
T’Sjoen G. Bone in trans persons. Curr Opin Endocrinol Diabetes Obes.
2015;22(6):459—66.

@ Springer



82

Clinic Rev Bone Miner Metab (2019) 17:77-85

Bone Density Changes in Trans Men on Gender-Affirming Hormone Therapy

Post-Puberty Pre 2 AHT

Cis Women Trans Men

Increasing BMD =

BMD gray scale

Fig.3 Prior to GAHT, trans men have a similar aBMD and bone geometry
to cis women controls (Panel A). After 2 years, most studies showed
aBMD to be stable and qCT data did not show differences compared
with baseline. Recent data suggest an increase in aBMD in those who
initiated GAHT at or after age 40 years. (Panel B). These data also showed
aBMD continues to be stable at 10 years in those under 40 years but those

a change in the oldest age group (over age 40 years at the time of
GAHT initiation) of + 0.054 g/em? in LS BMD (95% CI 0.032—
0.076 g/em®). This older group had lower baseline E2 levels and
the group with the highest tertile of E2 had significant change in
LS BMD although this did not remain significant after multi-
variable analysis. There was not an association with testosterone
although there were larger gains seen in trans men with lower LH
levels. Low LH did correlate with change in BMD and may be a
marker of adequate testosterone treatment. As mentioned above,
this is the longest study to date although there are limitations and
these studies were not powered to look at fracture outcomes.
Although the overall increases in BMD in trans men are not
significant across studies, it is reassuring that there is not a
decline in BMD despite the relative reduction in E2 levels.
This may relate to some the effects of testosterone on body
composition as well as direct effects on the bone. Several
studies have reported body composition changes with testos-
terone that include an increase in muscle mass and decrease in
fat mass [39, 40, 42]. A study of 50 Belgian trans men (aged
37 £ 8 years) treated with testosterone for an average of 9 years
after GAS were compared to 50 cis women (aged 38 + 8 years)
[40]. The trans men had 9% more lean body mass and almost
30% lower fat mass with a higher waist:hip ratio and higher
grip strength [40]. LH, but not serum testosterone level, was
associated with fat mass (p =0.010) and inversely associated
with total body lean mass (p =0.007) in this group. The au-
thors postulate that variations in levels and timing of testos-
terone injections may explain this discrepancy. However, oth-
er studies have reported an increase in visceral fat mass [43].
There may be other additional hormonal factors; a 1996 paper
from the Netherlands examined 35 trans men and found
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over 40 years at the time of GAHT initiation had ongoing gains (Panel C).
Some data suggest a larger cortical size in trans men on testosterone versus
cis women and again qCT parameters at this time are unknown
(speculations/extrapolations are represented by dots and lines in panel
C). Adapted with permission: Van Caenegem E, T’Sjoen G. Bone in
trans persons. Curr Opin Endocrinol Diabetes Obes. 2015;22(6):459-66

significant increases in IGF-1 after testosterone administration
for a year despite no change in BMD [44].

There may also be differences in gain in cortical vs trabecular
bone where aBMD by DXA cannot discriminate. Although sev-
eral studies have shown higher BMD at cortical sites by DXA
[41, 45, 46], peripheral QCT allows us to look at changes in
cortical and trabecular bone more precisely. Statistical models
were used to compare trans men before and after GAHT with
female controls and found a positive association with bone size
and endosteal circumference at the radius even after adjusting for
grip strength suggesting a direct effect of testosterone on the bone
(p=0.003) [40]. There was a larger cortical bone size but a lower
cortical vBMD. This may be related to higher cortical porosity as
described during puberty in cis men [20]. Further studies using
high resolution pQCT may help delineate changes in different
bone types and the roles of androgens versus estrogens (Fig. 3).

The Effect of Pubertal Blockade on Bone
Health in Trans Adolescents

GnRH analogues are frequently employed to provide puberty
blockade in adolescents with gender incongruence or gender
dysphoria. From their use in other medical conditions such as
prostate cancer, their deleterious effects on the bone are well
known, although these have the potential to be reversible if treat-
ments are stopped or add back therapies can be given [47, 48].

Thirty-four adolescents were treated with GnRH analogues
followed by GAHT and studied with serial bone densities until
age 22 [49]. Many were already in later stages of puberty as the
average age of GnRHa initiation was 14.9 + 1.9 years for the 15
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trans girls and 15.0 4 2.0 for the 19 trans boys. Low-dose GAHT
began at 16.6 + 1.4 years for the trans girls and 16.4 for the trans
boys. Gonadectomy was considered at a minimum age of 18 with
continuation of GAHT afterwards. Similar to adult trans women,
the trans girls had lower baseline Z-scores than the population
mean prior to initiation of any therapy (areal BMD Z-score —

0.77 £ 0.89, bone mineral apparent density (BMAD) Z-scores —

0.44 +1.10). During GnRH monotherapy in the trans girls, Z-
scores did show a non-significant decrease but after initiation of
GAHT, despite an increase in absolute aBMD, the Z-score at age
22 was lower than at the start of treatment, with 6 subjects (40%)
with a LS a BMD Z-score of < —2.0. The baseline Z-scores in the
trans boys were better with average areal BMD Z-score 0.17 +

1.18, BMAD Z-score 0.28 +£0.90). However, Z-scores in the
trans boys also showed an expected drop during GnRHa treat-
ment. Similarly, they did not fully “make up” their bone loss as
Z-scores at age 22 were still lower than baseline (aBMD Z-score
—0.33+1.12 and BMAD Z-score average —0.033 +0.95), de-
spite a small increase in absolute aBBMD. One transman at age 22
had a Z-score of <—2.0.

This group also reported on bone density and turnover
markers in a trial of adolescents/young adults [50] (median age
13.5 range 11.5-18.3) which included some overlapping study
participants treated with GnRHa followed by GAHT. In both the
young trans men and trans women BMAD Z-scores decreased
during treatment with GnRHa and increased after initiation of
GAHT but remained below the population average and below
baseline levels even after 24 months of GAHT. They also looked
at bone turnover markers, which did not completely correlate
with DXA findings. GnRHa resulted in lower formation and
resorption markers, as measured by PINP and ICTP, which is
consistent with GnRHa use in cis adolescents. Despite initiation
of GAHT, these markers continued to decrease although BMAD
increased as described above. This may be in line with findings at
the end of puberty, but many require further study as to the
impact of other hormones or lifestyle on bone health in young
trans adults.

Another recent study looked at the use of pro-androgenic and
anti-androgenic progestins (lynestrenol and cyproterone acetate)
as a potential way to avoid the negative bone effects of GnRHa
[51]. Twenty-one late pubertal trans girls (Tanner 4 with mean
bone age at the start of 17.1+1.28) and 44 trans boys (mean
bone age of 16.4 +£1.08) were treated with cyproterone acetate
and lynestrenol respectively. After 1 year of therapy, the trans
gitls treated with cyproterone acetate had a loss of lean mass and
gain of fat mass as well as a decrease in Z-scores seen most
profoundly at the lumbar spine (before —0.765 = 1.083, after —
1.145+0.936; p=0.002) but also at the femoral neck and total
hip. Areal BMD changes decreased at the total hip, but stayed
stable at the spine and femoral neck. This indicates that some of
the changes seen in Z-score may be related to comparing trans
girls to cis boys during a typical age of rapid BMD gain. In the
trans boys lean mass and grip strength increased significantly and

there were gains in areal BMD and Z-scores (although they
remained less than O at all sites). Serum testosterone levels did
not change although the testosterone/estradiol ratio was increased
with lynestrenol. This is an area that requires further study, par-
ticularly since youth today are starting pubertal blockade earlier
than in these studies, which may have varying effects on skeletal
development. Additionally, the length of time on GnRH agonists
or other agents may differ between different centers and could
impact peak bone density as well.

Lifestyle and Clinical Recommendations
for Screening

Given concems about health disparities and access to care, transgen-
der individuals may not have optimal lifestyle measures to obtain
and maintain peak bone mass. A small US survey of 31 trans men
and women found their reported calcium intake to be an average of
800 mg daily which is below the recommended adult guidelines
[52, 53]). Four (12.9%) of the participants were taking supplemental
calcium and seven (22.6%) were taking vitamin D. Participants
reported average daily walking activity of 16.67 min per day (SD
14.46) without differences between trans men vs trans women.
Seven (22.6%) respondents were smoking cigarettes and 42% re-
ported alcohol use with a mean intake of 0.46 glasses/day [52].

The Endocrine Society clinical practice guidelines for gender
dysphoric/incongruent people suggest checking bone density in
patients who have traditional risk factors for osteoporosis and
specifically in those who stop hormones after gonadectomy [54].
However, given the high prevalence of low BMD even prior to the
initiation of GAHT or GAS in trans women, they and others note it
may be reasonable to assess a baseline DXA earlier in trans wom-
en [36, 54]. Most current adult trans patients went through puberty
with the hormones of their sex assigned at birth; however, this is
changing as more younger trans patients receive GAHT with or
without puberty blockade. At this time, there are no guidelines as
to what database to use for interpretation although some have
suggested utilizing both male and female databases for reference
in DXA reports [55]. For monitoring, trans patients should be
compared to themselves with changes reported in g/cm”. For
youth, BMD and BMAD have been reported with the use of Z-
scores, typically compared with children in the database consistent
with sex assigned at birth. There are no data on how to utilize
FRAX or other risk assignment calculators in the trans population.
Updated guidelines expected this year from the ISCD as well as
the World Professional Association of Transgender Health should
give us further guidance in this area.

Conclusion

In summary, bone density changes seen in trans people on
GAHT largely relate to the known effects of sex steroids on
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the bone. However, BMD in trans women runs low even prior
to initiation of GAHT. Lifestyle factors likely contribute to
this. Studies to date show the baseline bone density in trans
men is similar to the general population. When estrogen is
initiated in trans women, there are positive changes in BMD
and some measures of bone quality; however, the effect on
fracture rates is not fully known as studies have not been
powered to examine this end point. When testosterone is ini-
tiated in trans men, the changes in BMD are not as robust, but
body composition changes and direct effects of testosterone
on the bone likely protect BMD. Low levels of estradiol likely
still offer bone protection in trans men as in cis men.
Questions remain as to the effect of type and route of es-
trogen and testosterone utilized for GAHT as well as the effect
of GnRH agonists, gonadectomy and anti-androgens. The US
trans population, which may have differences in ethnicity,
average BMI and lifestyle habits as well as types of GAHT
regimens used and rates of gonadectomy, has not been well
studied and certain measures bear repeating. Future studies
using estradiol measurements via LCMS/MS and newer
HRpQCT may offer further insights. Updates in guidelines
from professional societies are expected to address some of
the clinical scenarios regarding screening and DXA interpre-
tation in trans people. We should continue to emphasize the
role of nutrition and weight-bearing exercise, particularly in
young people who have not yet attained peak bone mass.
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