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Abstract 
Context: Hormonal interventions in adolescents with gender dysphoria may have adverse effects, such 
as reduced bone mineral accrual.
Objective: To describe bone mass development in adolescents with gender dysphoria treated with 
gonadotropin-releasing hormone analogues (GnRHa), subsequently combined with gender-affirming 
hormones.
Design: Observational prospective study.
Subjects: 51 transgirls and 70 transboys receiving GnRHa and 36 transgirls and 42 transboys receiving 
GnRHa and gender-affirming hormones, subdivided into early- and late-pubertal groups.
Main Outcome Measures: Bone mineral apparent density (BMAD), age- and sex-specific BMAD z-scores, 
and serum bone markers.
Results: At the start of GnRHa treatment, mean areal bone mineral density (aBMD) and BMAD values were 
within the normal range in all groups. In transgirls, the mean z-scores were well below the population mean. 
During 2 years of GnRHa treatment, BMAD stabilized or showed a small decrease, whereas z-scores decreased 
in all groups. During 3  years of combined administration of GnRHa and gender-affirming hormones, a 
significant increase of BMAD was found. Z-scores normalized in transboys but remained below zero in 
transgirls. In transgirls and early pubertal transboys, all bone markers decreased during GnRHa treatment.
Conclusions: BMAD z-scores decreased during GnRHa treatment and increased during gender-affirming 
hormone treatment. Transboys had normal z-scores at baseline and at the end of the study. However, 
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(P < 0.001) after 3  years of gender-affirming hormone 
treatment (Fig. 3, Table 4). The BMAD of the femoral neck 
showed a significant increase in both groups of transgirls 
and in the early-pubertal transboys (P < 0.05). In the late-
pubertal transboys the increase was not significant.

Bone mineral apparent density z-scores. The BMAD 
z-scores of the lumbar spine significantly increased in all 
4 groups (Fig.  3, Table  4). Z-scores of the femoral neck 
showed a significant increase in both groups of transgirls 
and in the early pubertal transboys. The increase of the 
z-score in late-pubertal transboys was not significant.

Three transgirls had a z-score of the femoral neck below 
−2 and 3 individuals had a z-score of the lumbar spine 
below −2 after 3 years of gender-affirming hormone treat-
ment. None of the transboys had a z-score below −2 after 
3 years of gender-affirming hormone treatment.

Serum bone markers. The mean serum levels of the bone 
markers prior to gender-affirming hormone administration 
are shown in Fig. 4. Serum levels of P1NP, P3NP, and 1CTP 
were significantly higher in the early pubertal transgirls 

than in the late-pubertal transgirls. In the transboys, 
baseline serum levels of P1NP and P3NP were significantly 
higher in the early pubertal group compared with the late-
pubertal group. Levels of all 4 markers changed little in 
the late-pubertal transboys, whereas in the early pubertal 
transboys and late-pubertal transgirls, osteocalcin, P1NP, 
and P3NP showed a pronounced decrease during the 
first year of gender-affirming hormone treatment, after 
which levels stabilized. Remarkably, in the early-pubertal 
transgirls an initial increase in the P1NP, P3NP, and 1CTP 
levels was found followed by a decrease. After 3 years of 
gender-affirming hormone treatment, all 4 bone markers 
had significantly decreased in both early and late-pubertal 
transgirls. In transboys, osteocalcin, P1NP, and 1CTP 
significantly decreased. In both early and late-pubertal 
transboys, serum levels of P3NP did not significantly change.

Discussion

This study examined the impact of puberty suppression 
and subsequent addition of gender-affirming hormones 

Figure 1. Estimated marginal means and standard error of the mean of BMAD prior to and during 2 years of GnRHa administration in transgirls and 
transboys. Significant changes during the 2 years of GnRHa administration are indicated by an asterisk. Abbreviations: BMAD: bone mineral ap-
parent density; FM, femoral neck; LS, lumbar spine.
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Table 3. aBMD and aBMD Z-Scores During 3 Years ofGnRHa Treatment

Sex Age at Start  
(Range)

Duration  
GnRHa(yrs)

Start 12 Months 24 Months 36 Months P

Transgirls 12.6  
(12.1-12.8)

3.45 (0.43) aBMD LS (g/cm^2) 
mean(± SD) (n = 4)

0.73 (0.9) .74 (0.10) 0.77 (0.11) 0.77 (0.11) 0.14

Z-score LS mean  
(± SD) (n = 4)

−0.43 (1.41) −0.92 (1.40) −1.05 (1.31) −1.15 (1.00) 0.07

aBMD Hip (g/ 
cm^2) mean  
(± SD) (n = 4)

0.80 (0.04) 0.82 (0.4) 0.83 (0.05) 0.85 (0.06) 0.07

Z-score hip mean  
(± SD) (n = 4)

−0.18 (0.50) −0.65 (0.34) −1.08 (0.42) −1.08 (0.42) 0.007

Transboys 12.7  
(11.9-14.0)

3.30 (0.50) aBMD LS (g/cm^2) 
mean (± SD) (n)

0.85 (0.13) (11) 0.88 (0.10) (11) 0.90 (0.11) (11) 0.90 (0.9) (11) 0.29

Z-score LS mean  
(± SD) (n)

0.42 (1.01) (9) −0.52 (0.83) (10) −0.35 (0.96) (11) −0.53 (0.78) (11) 0.008

aBMD Hip (g/ 
cm^2) mean  
(± SD) (n)

0.88 (0.09) (9) 0.88 (0.71) (11) 0.87 (0.08) (11) 0.88 (0.09) (11) 0.95

Z-score hip mean  
(± SD) (n)

0.86 (0.71) (8) 0.40 (0.71) (8) −0.18 (0.67) (9) −0.30 (0.67) (10) 0.12

Abbreviations: aBMD, areal bone mineral density; LS, lumbar spine; SD, standard deviation.

Figure 2. Estimated marginal means and negative standard error of the mean of osteocalcin, P1NP, P3NP, and 1CTP prior to and during 2 years of 
GnRHa administration in transgirls and transboys. Significant changes during the 2 years of GnRHa administration are indicated by asterisk.
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completed breast development may prefer lynestrenol to 
GnRHa treatment.

In most individuals with prolonged (3-4 years) GnRHa 
treatment, no further decrease in aBMD z-scores was ob-
served in the last year, suggesting that z-scores might sta-
bilize. Data from a larger cohort of adolescents treated 
with GnRHa for longer periods of time are needed, es-
pecially now that adolescents are presenting at younger 
ages at gender identity clinics and starting treatment at the 
onset of puberty.

During gender-affirming hormone treatment, a signifi-
cant increase in the BMAD of the lumbar spine was found 
in all groups, and of the femoral neck in all but the late-
pubertal transboys. In line with previous studies, BMAD 
z-scores were close to zero in transboys after 3  years of 
testosterone treatment (8-10). The increase in z-scores was 
most pronounced in the early pubertal transboys whose 
z-scores were slightly higher after 3  years of androgen 
treatment than at the start of GnRHa treatment.

The BMAD z-scores remained well below zero in 
transgirls in line with previous studies (8, 10). However, 
BMAD z-scores in early-pubertal transgirls increased more 
during estrogen treatment and were higher after 36 months 
than the scores reported by Vlot et al after 24 months (8). 

This might be due to the extra year of estrogen treatment 
in the current study, although the z-score of BMAD at the 
femoral neck no longer seemed to increase between 24 and 
36 months. In contrast, the BMAD z-scores of the femoral 
neck in the late-pubertal transgirls were much lower after 
36 months in the current study than previously reported 
(8). This may be due to the lower z-scores at the start of 
GnRHa treatment (−1.01 vs −0.44) and at the start of es-
trogen treatment (−1.36 vs −0.36) in the current study com-
pared with the study by Vlot et al.

An important limitation of this study is the lack of 
an untreated control group. As discussed above, z-scores 
in transgirls were already well below 0 at the start of 
treatment, and these might have further decreased even 
without treatment, as low BMD was also observed in adult 
transwomen before the start of any treatment (16, 17).

Another issue is which reference population should be used 
to calculate BMD or BMAD z-scores. In transgirls who started 
treatment in early puberty, bone architecture may be more 
similar to that of cisgender females than to cisgender males. 
A recent study did not find changes in cortical bone geometry 
in response to estrogen treatment in adult transwomen, but 
the authors suggested that this might have been different if 
they had started treatment during puberty (21).

Figure 3. Estimated marginal means and standard error of the mean of BMAD prior to and during 3 years of GnRHa + gender-affirming treatment in 
transgirls and transboys. Significant changes during the 3 years of GnRHa + gender-affirming treatment are indicated by an asteriks.
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GnRHa are not only used in transgender children, but 
also in other populations, mainly in children with preco-
cious or early puberty. A recent publication from an inter-
national consortium on the use of GnRHa concluded from 
the available evidence in this group that the treatment was 
safe with regard to bone mineral density, with attenuated 
bone mineral accrual reported during treatment but re-
covery by late adolescence (22). Different findings in chil-
dren with precocious puberty compared with transgender 
adolescents may be due to the different timing of GnRHa 
treatment, the use of gender-affirming hormones, with cur-
rent estradiol dose possibly insufficient (23), versus en-
dogenous puberty, and due to differences in baseline BMD 
between the groups.

In transgirls and early-pubertal transboys, all bone 
markers decreased during the first year of GnRHa treat-
ment while BMD levels remained stable. However, in the 
late-pubertal transboys bone turnover markers were lower 
at baseline and did not change. This suggests that the decline 
of the bone markers during GnRHa treatment may not be 
due to reduced bone mineral accrual but may rather reflect 

reduced growth velocity after initiating treatment. The late-
pubertal transboys had likely already reached (near) adult 
height, which could explain the lower and stable levels of 
bone turnover markers. We previously observed a similar 
decrease of alkaline phosphatase during GnRHa treatment, 
but only in those who had not yet completed growth (24). 
The opposite effect was seen during the first year of treat-
ment with gender-affirming hormones, where bone markers 
increased in the early pubertal transgirls, who likely had 
most growth potential. In adults, changes in P1NP were 
also found to be only weakly correlated to changes in BMD 
in transwomen and not significantly correlated in transmen 
(25). A previous study of bone turnover markers in ado-
lescents observed a similar pattern of changes in P1NP 
and 1CTP to the current study (8). However, changes in 
osteocalcin were only seen in late-pubertal transboys, pos-
sibly due to the small number of subjects in that study 
with large interindividual differences in the changes of 
osteocalcin levels (8).

Based on the current study we propose that it is suf-
ficient to perform DXA scans at the start of GnRHa 

Figure 4. Estimated marginal means and standard error of the mean of osteocalcin, P1NP, P3NP, and 1CTP prior to and during 3 years of GnRHa + 
gender-affirming treatment in transgirls and transboys. Significant changes during the 3 years of GnRHa + gender-affirming treatment are indicated 
by an asteriks.
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Abstract
Introduction: Concerns about future regret and treatment discontinuation have led to restricted access to gender-affirming medical treatment 
for transgender and gender-diverse (TGD) minors in some jurisdictions. However, these concerns are merely speculative because few studies 
have examined gender-affirming hormone continuation rates among TGD individuals.
Methods: We performed a secondary analysis of 2009 to 2018 medical and pharmacy records from the US Military Healthcare System. We 
identified TGD patients who were children and spouses of active-duty, retired, or deceased military members using International Classification 
of Diseases-9/10 codes. We assessed initiation and continuation of gender-affirming hormones using pharmacy records. Kaplan-Meier and Cox 
proportional hazard analyses estimated continuation rates.
Results: The study sample included 627 transmasculine and 325 transfeminine individuals with an average age of 19.2 ± 5.3 years. The 4-year 
gender-affirming hormone continuation rate was 70.2% (95% CI, 63.9-76.5). Transfeminine individuals had a higher continuation rate than 
transmasculine individuals 81.0% (72.0%-90.0%) vs 64.4% (56.0%-72.8%). People who started hormones as minors had higher continuation 
rate than people who started as adults 74.4% (66.0%-82.8%) vs 64.4% (56.0%-72.8%). Continuation was not associated with household in-
come or family member type. In Cox regression, both transmasculine gender identity (hazard ratio, 2.40; 95% CI, 1.50-3.86) and starting hor-
mones as an adult (hazard ratio, 1.69; 95% CI, 1.14-2.52) were independently associated with increased discontinuation rates.
Discussion: Our results suggest that >70% of TGD individuals who start gender-affirming hormones will continue use beyond 4 years, with 
higher continuation rates in transfeminine individuals. Patients who start hormones, with their parents’ assistance, before age 18 years have 
higher continuation rates than adults.
Key Words: transgender gender dysphoria, sex-hormones, treatment, adolescent, adult
Abbreviations: ICD, International Classification of Diseases; MHS, Military Healthcare System; TGD, transgender and gender-diverse

Approximately 1 in 250 adults or almost 1 million adults in 
the United States identify as transgender (1). The frequency 
of adults, and especially younger adults, reporting a gender-
diverse identity has increased over time (1). Some persons 
who identify as transgender or gender-diverse (TGD) will 
seek treatment with gender-affirming hormones to align 
their bodies more closely with their gender identity (2). 
Medical treatment of people who identify as transgender im-
proves body satisfaction, quality of life, and mental health 
(2, 3). However, many of these treatments are not entirely 
reversible (4).

Some adolescents or adults who take gender-affirming 
hormones subsequently elect to stop treatment (5, 6). Most 

adults who stop gender-affirming hormones report doing so 
for reasons unrelated to a change in gender identity, such as 
pressure from family, difficulty obtaining employment, or 
discrimination (7). Also, discontinuation of gender-affirming 
hormones does not necessarily represent a failure in treat-
ment or initial decision-making. Some TGD adolescents and 
adults who start and then discontinue gender-affirming hor-
mones experience use of hormones as an important part of 
consolidating their gender identity and experience no regret 
over the use of hormones despite some permanent effects  
(5, 7, 8). However, a portion of TGD individuals who pursue 
gender-affirming medical or surgical affirmation do express 
regret over the permanent effects of treatment (5, 9, 10). In a 
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In a Cox regression model containing assigned gender and 
age at initiation of hormones, transmasculine individuals 
were more than twice as likely to stop obtaining hormones 
in the MHS compared with transfeminine individuals (hazard 
ratio 2.40; 95% CI, 1.50-3.86) and people who started hor-
mones after turning 18 years of age were more likely to stop 
obtaining gender-affirming hormones compared with people 
who started hormones before age 18  years (hazard ratio, 
1.69; 95% CI, 1.14-2.52) (Table 2).

Discussion
Our study documented higher gender-affirming hormone con-
tinuation rates among transfeminine individuals and by pa-
tients who started hormones before reaching the age of legal 
majority in a population with universal insurance and access 
to low or no-cost medical and pharmaceutical care. Family 
socioeconomic status, family member type, and the official 
status of gender-affirming care as a TRICARE-covered benefit 
at the time the patient began taking gender-affirming hor-
mones had no influence on continuation of gender-affirming 
hormones.

We noted a higher hormone continuation rate among TGD 
individuals who were younger than 18 years old at the time of 
first use of gender-affirming hormones compared with those 
who were aged 18 years and older when starting hormones. 
This has not been documented in previous studies.

The patients who started before turning 18  years would 
require parental consent for this treatment, whereas those 
aged 18 years and older do not. Parents who consent to use 

Figure 1. Age at initiation of gender-affirming hormones by sex assigned 
at birth.

Figure 2. Incidence of gender-affirming hormone initiation over time. Figure 4. Continuation of gender-affirming hormones by age at initiation.

Table 2. Multivariate regression: independent association of age and 
gender identity on discontinuation of gender-affirming hormones

Demographic factor Risk of discontinuing of 
gender-affirming hormones 

Gender identity Hazard ratio (95% CI)

 Transfeminine Reference

 Transmasculine 2.40 (1.50-3.86)

Age at initiation of gender-affirming hormones

 <18 years old Reference

 ≥18 years old 1.69 (1.14-2.52)

Figure 3. Continuation of gender-affirming hormones by gender identity.
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Abstract
Purpose of Review Results of long-term studies of adult transgender populations failed to demonstrate convincing improve-

ments in mental health, and some studies suggest that there are treatment-associated harms. The purpose of this review is 

to clarify concerns about the rapid proliferation of hormonal and surgical care for the record numbers of youth declaring 

transgender identities and seeking gender reassignment procedures.

Recent Findings Systematic reviews of evidence conducted by public health authorities in Finland, Sweden, and England 

concluded that the risk/benefit ratio of youth gender transition ranges from unknown to unfavorable. As a result, there has 

been a shift from “gender-affirmative care,” which prioritizes access to medical interventions, to a more conservative approach 

that addresses psychiatric comorbidities and psychotherapeutically explores the developmental etiology of the trans identity. 

Debate about the safety and efficacy of “gender-affirming care” in the USA is only recently emerging.

Summary The question, “Do the benefits of youth gender transitions outweigh the risks of harm?” remains unanswered 

because of a paucity of follow-up data. The conclusions of the systematic reviews of evidence for adolescents are consist-

ent with long-term adult studies, which failed to show credible improvements in mental health and suggested a pattern of 

treatment-associated harms. Three recent papers examined the studies that underpin the practice of youth gender transition 

and found the research to be deeply flawed. Evidence does not support the notion that “affirmative care” of today’s adolescents 

is net beneficial. Questions about how to best care for the rapidly growing numbers of gender-dysphoric youth generated 

an intensity of divisiveness within and outside of medicine rarely seen with other clinical uncertainties. Because the future 

well-being of young patients and their families is at stake, the field must stop relying on social justice arguments and return 

to the time-honored principles of evidence-based medicine.

Keywords Transgender · Gender dysphoria · Gender incongruence · Puberty blockers · Gender-affirming care · The Dutch 

protocol

Introduction

The fundamental basis for concern about “gender-affirming” 

interventions for adolescents, and socially transitioned children 

who will soon be adolescents, is how they will fare in the ensu-

ing decades [1•]. There are significant knowledge gaps about 

the balance of benefits and harms as patients live their lives. 

Medicine has provided treatments for transgender-identified 

adolescents for over 25 years [2–6]. These treatments emerged 

in the late 1980s to early 1990s in large part in response to the 

suboptimal outcomes of transitioned adults, with the hope that 

early gender transition may improve outcomes [3]. Despite 

claims of the lifesaving nature of gender transition for adults, 

none of the many studies convincingly demonstrated endur-

ing psychological benefits. The longest-term studies, with the 

strongest methodologies, reported markedly increased morbid-

ity and mortality and a persistently high risk of post-transition 

suicide among transitioned adults [7, 8••, 9].

The lack of credible evidence of benefits of gender tran-

sition has come into focus for today’s transgender-identified 

youth, whose numbers have sharply increased. The presenta-

tion of gender dysphoria has markedly changed in recent years 

[10]: the sex ratio of youth presenting in medical settings has 
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