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Sent: Monday, October 17, 2022 4:57 PM PDT

Stephen M. Rosenthal, M.D.

Professor of Pediatrics

Division of Pediatric Endocrinology

Medical Director, Child and Adolescent Gender Center
University of California, San Francisco

Mission Hall: Global Health and Clinical Sciences

550 16th St., 4th Floor, #4635

San Francisco CA 94143-0434
Pronouns: he/him/his

Director, World Professional Association for Transgender Health
Past Vice President and Director, Endocrine Society
Past President, Pediatric Endocrine Society

Tel.: (415) 476-2266

Fax: (415) 476-5356
email: Stephen.Rosenthal@ucsf.edu
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Abstract

Increasing numbers of transgender and gender-diverse (TGD) youth, from
early puberty through late adolescence, are seeking medical services to bring
their physical sex characteristics into alignment with their gender identity—
their inner sense of self as male or female or elsewhere on the gender
spectrum. Numerous studies, primarily of short- and medium-term duration
(up to 6 years), demonstrate the clearly beneficial—even lifesaving—mental
health impact of gender-affirming medical care in TGD youth. However,
there are significant gaps in knowledge and challenges to such care. Long-
term safety and efficacy studies are needed to optimize medical care for
TGD youth.
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INTRODUCTION

Increasing numbers of transgender and gender-diverse (T GD) youth, from early puberty through
late adolescence, are seeking medical services to bring their physical sex characteristics into align-
ment with their gender identity—their inner sense of self as male or female or elsewhere on the
gender spectrum. While gender-affirming care for TGD youth is a relatively new field, close to
25 years of published research support current models of care. This review focuses on current
concepts of TGD youth, the impact of gender-affirming care, gaps in knowledge, challenges to
care, and priorities for research.

UPDATE ON PREVALENCE AND TERMINOLOGY

The size of the TGD youth population is difficult to accurately discern. Survey-based studies
estimate that the percentage of teenagers in the United States who identify as TGD ranges from
0.7% to 2.7% (1-3). Clinics worldwide have reported on the growing number of TGD youth
presenting for gender-affirming hormone treatment (GAHT) (4, 5). Terminology in this field is
constantly evolving, with sex and gender as distinct entities. Sex is typically designated at birth,
based on physical or chromosomal features, and may be male, female, or intersex. Gender identity
exists separately on a spectrum that can be binary male or female, nonbinary, gender fluid, or
agender (6).

OVERVIEW OF CURRENT CLINICAL PRACTICE GUIDELINES
FOR THE GENDER-AFFIRMING MODEL OF CARE

In recent years, a new model of care for TGD youth has emerged: the gender-affirming model.
The basic premise is that every individual is entitled to live in the gender that is most authentic to
them (7). Professional societies have published evidence-based guidelines encompassing care of
TGD youth since 1998. The World Professional Association for Transgender Health (WPATH)
has updated its Standards of Care (SOC) in 2022, now referred to as SOCS8 (8), and the Endocrine
Society last updated its Clinical Practice Guideline in 2017 (9).

Following a thorough assessment by a mental health gender specialist, TGD youth may be
eligible for gender-affirming medical care after they have reached Tanner Stage 2 of puberty (6).
Such treatment may include a reversible gonadotropin-releasing hormone agonist (GnRHa), or
pubertal blocker, to pause puberty, prevent otherwise permanent development of secondary sex
characteristics that are not aligned with a person’s affirmed gender identity, and allow time for fur-
ther gender exploration. In adolescents >14 years of age, there are currently no data to indicate
whether pubertal blockers can be used as a monotherapy without potentially compromising bone
mineral density (BMD). Older adolescents may request phenotypic transition with GAH'T, either
estradiol (in combination with an antiandrogen) or testosterone. While current clinical practice
guidelines recommend initiation of GAHT in eligible adolescents once they have reached 16 years
of age, the guidelines also recognize that there may be compelling reasons to initiate such treat-
ment before age 16 in some adolescents, on a case-by-case basis (9). Like pubertal blockers, GAHT
should be initiated only after a thorough assessment by a qualified mental health gender special-
ist. Detailed protocols for use of pubertal blockers (including alternatives to GnRHa) as well as
for pubertal induction with GAHT, including guidelines for physical examination and laboratory
surveillance, have been described (9).

Menstrual suppression is often desired by transmasculine and nonbinary youth designated
female at birth. Treatment options may include oral, injectable, intradermal, or intrauterine
progestins and continuous combined oral contraceptives (10). For those TGD youth initiating
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testosterone, this treatment is generally effective in induction and maintenance of amenorrhea,
although it should be noted that testosterone is not a form of contraception (10).

OUTCOMES OF CURRENT MODELS OF CARE
Mental Health

TGD youth have an increased prevalence of autism spectrum disorder and are also at increased
risk for mood disorders, anxiety, depression, suicidal ideation, and suicide attempts (11-19). Based
on survey data from transgender youth, the frequency of internalizing disorders appears to be im-
pacted by degree of family support: TGD youth with “very supportive” parents reported a greater
degree of positive self-esteem and life satisfaction and a decreased frequency of depression and
suicide attempts in comparison to those youth whose parents were “somewhat to not at all sup-
portive” (20). Such findings underscore the concept that many of the mental health challenges
faced by TGD youth are not intrinsic to their gender identity but rather likely reflect lack of so-
cietal acceptance. Notably, TGD youth presenting for gender-affirming medical care at earlier
pubertal stages demonstrated better mental health and sense of well-being at baseline in compar-
ison to older adolescents presenting at later pubertal stages, suggesting the potential benefits of
gender-affirming medical treatment earlier in life (21, 22).

Only limited mental health outcomes data are available to support current clinical practice
guidelines and standards of care for TGD youth. However, in recent years, a medium-term
study (up to 6 years) and several shorter-term studies have demonstrated the positive and poten-
tially life-saving impact of gender-affirming medical care for TGD youth (23-29). A prospective
2-year study of 70 gender-dysphoric adolescents in the Netherlands observed that treatment with a
GnRHa/pubertal blocker was associated with a decrease in depression and an improvementin gen-
eral mental health functioning (29). None of the 70 patients withdrew from this study, and all went
on to GAHT (29). After treatment with pubertal blockers, a 6-year follow-up study of 55 individ-
uals from this original cohort reported on mental health outcomes after subsequent GAHT and
genital reassignment surgery (23). At the conclusion of this observation period, gender dysphoria
was reported to have resolved, general psychological function improved, and, remarkably, sense
of well-being was equivalent or superior to that seen in age-matched controls from the general
population (23).

Subsequent reports have confirmed the positive mental health impact of gender-affirming
medical care for TGD adolescents and young adults. In particular, a cross-sectional survey of
more than 20,000 transgender adults (aged 18-36 years) found significantly lower odds of life-
time suicidal ideation (p = 0.001) in those who had been treated with pubertal blockers during
adolescence in comparison to those who wanted such treatment but did not receive it (24). Several
shorter-term longitudinal studies have demonstrated that gender-affirming medical care was as-
sociated with improved body image, decreases in body dissatisfaction, and improved psychological
functioning (25-28).

A 2020 survey of 11,914 transgender or nonbinary youth, aged 13-24 years, of whom 14%
were receiving GAHT, demonstrated that such treatment was associated with lower odds of recent
depression and serious consideration of suicide compared to those who wanted such care but did
notreceive it (30). A separate survey study demonstrated that patients with access to GAHT during
adolescence had lower odds of past-year suicidal ideation (p = 0.0007) than those who accessed
such care during adulthood (31).

Physiological Considerations

The goal of gender-affirming medical care is to bring a person’s physical characteristics into
alignment with their gender identity, and to do so in a way that minimizes adverse physiological
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27.4

outcomes. The use of pubertal blockers and/or GAHT may have adverse impacts on a variety of
physiological/metabolic processes, as described below.

Bone. Since 2015, when the first study examining the effects of GAHT on bone health in TGD
adolescents showed low pretreatment BMD by dual-energy X-ray absorptiometry (DXA) and
impaired bone mass accrual in transgender women who initiated GnRHa in late puberty and were
treated with more than 5 years of estradiol (32), additional studies have focused on the skeletal
effects of gender-affirming medical therapy in TGD youth (32-35). These groups have shown
lower BMD in transfeminine youth, with less concerning data in transmasculine youth (33-36).
Because the studies were retrospective, no specific determinants of bone health were implicated
for potential interventions.

A prospective study of early pubertal TGD individuals in the United States about to begin
GnRHa treatment demonstrated a greater prevalence of low baseline BMD in both those desig-
nated male and those designated female at birth, although the percentage of those with low BMD
was higher in those designated male at birth (37). Prospective collection of dietary calcium in-
take, serum 25-hydroxyvitamin D, and physical activity assessments revealed that calcium intake
was globally low and that low physical activity was predictive of low BMD (37). Another recent
study showed that T'GD individuals have bone geometry trajectories matching gender curves if
GnRHa was initiated in early puberty (38), suggesting that TGD individuals initiating treatment
in early puberty have skeletal trajectories distinct from those initiating treatment in late puberty
or adulthood.

All studies to date have analyzed BMD Z-scores using sex designated at birth reference stan-
dards, and the International Society for Clinical Densitometry (ISCD) has not produced specific
guidance on how to interpret DXA in TGD youth. A recent study has described how interpreta-
tion of BMD Z-score may be impacted by skeletal age, which reflects pubertal timing, and by the
sex reference standard used (39), and proposes that guidance on interpretation of DXA in TGD
youth be considered at the next ISCD Pediatric Position Development Conference.

Growth. Early studies investigating height velocity, growth potential, and adult height attainment
in TGD youth are still emerging, although variation in genetic height potential and pubertal stages
at initiation of GAHT produces significant challenges to data interpretation (40). A study inves-
tigating growth in T'GD youth during the first year of GnRHa treatment showed height velocity
similar to prepubertal children except when GnRHa was initiated in later puberty (Tanner Stage
4), in which case height velocity was significantly below the height velocity seen in prepubertal
youth (41).

Cardiometabolic parameters and lipids. Investigations on the effects of puberty suppression
and GAHT on cardiometabolic parameters such as blood pressure, body composition, body mass
index (BMI), and lipids in TGD youth are underway. In 36 transgender girls and 41 transgender
boys at a median Tanner Stage 4 of pubertal development, one year of GnRHa increased fat per-
centage, decreased lean body mass percentage, and increased BMI (42). A small study compared
nine transgender boys and eight transgender girls with age-, sex designated at birth-, and BMI-
matched cisgender controls and found lower estimated insulin sensitivity and higher glycemic
markers and body fatin TGD youth on GnRHa, but the study was of relatively short duration (43).

A cross-sectional study of older TGD adolescents (both designated males at birth and desig-
nated females at birth) on GAHT showed significant body composition differences from cisgender
controls and higher insulin resistance in transfeminine youth than in cisgender male controls (44).
A retrospective study of late pubertal transgender boys compared with BMI-matched cisgender
girls revealed increased BMI and decreased high-density lipoprotein (HDL) in the transgender
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boys a relatively short time after starting testosterone therapy (<12 months) (45). Examination
of a cohort of TGD individuals aged 22 years (71 trans women and 121 trans men) treated with
GnRHa and GAHT showed increased BMI as well as obesity prevalence of 9.9% in trans women
and 6.6% in trans men, compared with 2.2% in cis women and 3.0% in cis men (46). Another
study demonstrated pretreatment HDL in T'GD youth to be slightly lower when compared with
age-matched controls but otherwise similar to an age-matched National Health and Nutritional
Examination Survey (NHANES) comparison group for BMI, blood pressure, and baseline labora-
tory measurements (47). Following treatment with GAHT, transgender girls have been shown to
have increases in HDL and transgender boys to have decreases in HDL (48-50), with differences
influenced by the presence of obesity (51).

Brain. Limited studies have evaluated the impact of gender-affirming medical care on neurocog-
nitive development in TGD youth (for a review, see 6). A small study from the Netherlands
demonstrated no apparent adverse impact of GnRHa on the acquisition of executive functioning,
a developmental milestone typically achieved during puberty (52). A single case report demon-
strated lack of expected white matter fractional anisotropy and a nine-point drop in operational
memory after approximately 2 years of GnRHa treatment (53).

Other. A retrospective study of 611 TGD adolescents who were 13-24 years old at initiation of
GAHT and remained on the therapy for a median duration of 574 days showed no incidental
occurrence of arterial or venous thrombosis associated with GAHT (54). The expected increases
in hemoglobin and hematocrit with testosterone therapy have been shown in TGD youth, with
no significant adverse effects reported (34, 48, 50).

Fertility

A discussion about fertility preservation is an essential part of the evaluation of every TGD
youth prior to initiation of either pubertal blockers or gender-affirming sex hormones. While
late pubertal/postpubertal adolescents are likely able to provide a sperm sample or undergo egg
cryopreservation, TGD youth treated with GnRHa during early puberty are at increased risk for
compromised fertility if they then undertake transition with GAHT (6). An important advance
in fertility preservation has been the demonstration of in vivo oocyte maturation in a gender-
dysphoric designated female at birth with a male gender identity. This patient was treated with
GnRHa at Tanner Stage 2, resulting in pubertal suppression, and concurrently underwent a short
course of ovarian stimulation with follitropin-alpha and human chorionic gonadotropin (55). In
vivo maturation of sperm in a gender-dysphoric designated male at birth with a female gender
identity who was treated with GnRHa at Tanner Stage 2 has not yet been reported.

Surgical Care

In earlier years, gender-affirming surgeries had not been considered in TGD individuals younger
than the age of majority. Current clinical practice guidelines recommend delaying gender-
affirming genital surgery until the patient is at least 18 years old or the legal age of majority
in his or her country, though the WPATH SOCS does not give specific age guidelines (8, 9).
In accordance with clinical practice guidelines, gender-affirming surgeons have performed chest
masculinization surgeries at younger ages; timing is based on the physical and mental health status
of the individual patient (8, 9, 56). A larger study of 68 transmasculine youth undergoing chest re-
construction surgery included patients 13-24 years of age, 33 of whom were <18 years at the time
of surgery (16 of whom were <15 years), compared with 68 transmasculine youth who did not
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undergo surgery. This study showed a significant improvement in chest dysphoria in the postsur-
gical group (57). A smaller study of 14 TGD youth ranging in age from 13.4 to 19.7 years who pur-
sued chest reconstructive surgery reported high satisfaction rates with no regret and minor surgical
complications of keloid, seroma, and hematoma in five individuals (58). More recently, surgeons
have performed vaginoplasty surgeries on TGD youth under 18 years of age, on an individualized
basis, adjusting the surgical approach for those who initiated GnRHa in early puberty (59).

GAPS IN KNOWLEDGE AND CHALLENGES TO CARE

In addition to the need for long-term safety and efficacy studies to evaluate current clinical prac-
tice guidelines and standards of care, significant gaps in knowledge remain with respect to optimal
management of TGD youth. For example, increasing numbers of youth identifying as gender
nonbinary are presenting for care, for whom no formal guidelines currently exist (60-66). In ad-
dition, a putative condition termed rapid-onset gender dysphoria (ROGD) has been proposed to
describe adolescents who first experience gender dysphoria either in the later stages of puberty or
after puberty has been completed (67). However, significant methodological concerns have been
raised calling into question the existence of ROGD; for example, only parents and none of the
adolescents with gender dysphoria participated in the study, and the parents were recruited from
websites not thought to be supportive of transgender youth (68). Additional gaps in knowledge
exist, in particular, with respect to the impact of GnRHa/pubertal blockers on fertility, skeletal
health, and neurocognitive development, as recently described (6).

In addition to the above-noted gaps in knowledge, there are significant challenges to care of
TGD youth. All hormonal interventions for TGD youth are considered “off-label” and are often
denied coverage by insurance companies. Furthermore, lack of formalized training limits access
to optimal care (69). Another notable challenge to care pertains to sexual anatomy: Designated
males at birth treated with GnRHa in early puberty who subsequently transition with estrogen
and request vaginoplasty after reaching the age of legal majority will likely require a more complex
surgical procedure than that typically required for designated males at birth who request vagino-
plasty after completing endogenous, testosterone-mediated puberty (70). Most notably, there are
unprecedented challenges to the care of TGD youth, both in the United States and abroad, with
policies and in some cases state-based legislation banning gender-affirming medical care to TGD
minors and criminalizing medical providers of such care (6). As noted in recent position statements
sponsored by the Endocrine Society, Pediatric Endocrine Society, and United States Professional
Association for Transgender Health, these legislative efforts are thought to “lack scientific merit
and in some cases misinterpret or distort available data” (71, p. 1; see also 72).

SUMMARY

Key advances in the care of TGD youth include the recognition that being transgender or gender
diverse is not rare, and that being TGD is no longer considered a mental illness, but rather repre-
sents an example of human diversity (6). Numerous studies, primarily of short- and medium-term
duration (up to 6 years), demonstrate the clearly beneficial—even life saving—mental health im-
pact of gender-affirming medical care in TGD youth. Long-term safety and efficacy studies are
needed to optimize medical care for TGD youth.
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Abstract

Context: Transgender adolescents can receive gonadotropin-releasing hormone analogues (GnRH) and genderaffirming hormone therapy
(GAHT), but little is known about effects on growth and adult height. This is of interest since height differs between sexes and some transgender
girls wish to limit their growth.

Objective: This work aims to investigate the effects of GnRHa and GAHT on growth, and the efficacy of growth-reductive treatment.

Methods: This retrospective cohort study took place at a specialized tertiary gender clinic. A total of 161 transgender girls were treated with
GnRHa and estradiol at a regular dose (2 mg) or high growth-reductive doses of estradiol (6 mg) or ethinyl estradiol (EE, 100-200 pg). Main out-
come measures included growth, adult height, and the difference from predicted adult height (PAH) and target height.

Results: Growth velocity and bone maturation decreased during GnRHa, but increased during GAHT. Adult height after regulardose treatment
was 180.4 + 5.6 cm, which was 1.5 cm below PAH at the start GnRHa (95% CI, 0.2 cm to 2.7 cm), and close to target height (-1.1 cm; 95% ClI,
—2.5cm to 0.3 cm). Compared to regulardose treatment, high-dose estradiol and EE reduced adult height by 0.9 cm (95% ClI, 0.9 cm to 2.8 cm)
and 3.0 cm (95% ClI, 0.2 cm to 5.8 cm), respectively.

Conclusion: Growth decelerated during GnRHa and accelerated during GAHT. After regular-dose treatment, adult height was slightly lower
than predicted at start of GnRHa, likely due to systematic overestimation of PAH as described in boys from the general population, but not sig-
nificantly different from target height. High-dose EE resulted in greater reduction of adult height than high-dose estradiol, but this needs to be
weighed against possible adverse effects.

Key Words: transgender, adolescents, puberty blockers, estradiol, growth, adult height

Abbreviations: ACOG, Amsterdam Cohort of Gender Dysphoria; BA, bone age; CA, chronological age; CAIS, complete androgen insensitivity syndrome; EE,
ethinyl estradiol; GAHT, gender-affirming hormone therapy; GnRH, gonadotropin-releasing hormone; GnRHa, gonadotropin-releasing hormone analogues; IGF-1,
insulin-like growth factor 1; IQR, interquartile range; LC-MS/MS, liquid chromatography—tandem mass spectrometry; PAH, predicted adult height; PS, puberty
suppression.

Gender dysphoria is defined as distress caused by incongru-
ence between one’s gender identity and the sex assigned at
birth. These feelings concerning gender identity can already
occur in early childhood (1). When gender incongruent feel-
ings persist or arise in adolescence, physical changes associ-
ated with puberty that are incongruent with gender identity
may increase dysphoric feelings (2). To reduce distress, med-
ical treatment can be considered (3).

When carefully executed, early diagnosis and treatment
of gender dysphoria can be beneficial for transgender youth.
Puberty suppression (PS) using gonadotropin-releasing

hormone analogues (GnRHa) from an early pubertal stage
can prevent irreversible physical changes such as lowering of
the voice and enlargement of the Adams apple. Another irre-
versible characteristic associated with gender is height. In the
Dutch population, men reach a mean adult height of 183.8 cm,
which is more than 13 cm taller than women (170.7 cm) (4).
Many adolescents and their parents have questions about the
effect of PS and gender-affirming hormone therapy (GAHT)
on adult height. However, only few data are available on
the effects of this treatment on growth and adult height in
transgender adolescents. Ghelani et al (§) and Schagen and
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colleagues (6) reported a significant decrease in height SD
score (SDS) in transgender girls during GnRHa treatment. In
both studies, most individuals were in late puberty at the start
of PS. In a study by Hannema et al (7), estradiol was shown
to induce growth acceleration resulting in an adult height of
-0.2 SDS compared to male references and +1.9 SDS com-
pared to female references. However, data on predicted adult
height before the start of treatment or on target height were
not included in that study, and thus it was not clear if treat-
ment had influenced growth and adult height.

Some transgender girls wish to reduce their growth in order
to reach an adult height within the normal female range.
Surgical treatment, that is, an epiphysiodesis, can be used
to limit growth (8, 9). According to the Endocrine Society
Guidelines, transgender girls may also be treated with a high
dose of estrogen to reduce growth (3). However, the effective-
ness of this medical treatment option has been studied only in
constitutionally tall girls (10).

The aim of this study is to describe the effects of GnRHa
and estradiol treatment on growth in transgender girls, and
to evaluate if a high dose of estradiol or ethinyl estradiol (EE)
reduces growth and adult height.

Materials and Methods

Participants

The study used data from the Amsterdam Cohort of Gender
Dysphoria (ACOG) database, a large, retrospective clin-
ical data set from individuals who were seen at the Center
of Expertise on Gender Dysphoria in Amsterdam from 1972
until December 2018 (11). For the present study we analyzed
data of transgender girls if they had initiated GnRHa treat-
ment before age 18 years, received estrogen therapy, and had
reached adult height, defined as bone age (BA) greater than
or equal to 16 years assessed according to the Greulich and
Pyle male standard (12), or growth velocity of less than 2 cm/
year and assessed in those who had reached age 18 years at
time of data collection. A subset of these data has previously
been published by Schagen et al (6). Individuals with genetic
disorders known to affect growth or who had discontinued
treatment before adult height was reached were excluded. To
collect additional data on the effect of high-dose EE treat-
ment, data from all individuals who had received such treat-
ment but had reached adult height after 2018 (and whose
adult height data were therefore not in the ACOG database)
were also included. The entire cohort was then divided into
2 groups based on growth potential. The pubertal group con-
sisted of individuals with a BA of less than 16 years at the
start of PS. The postpubertal group, which served as a con-
trol group, consisted of individuals with a BA greater than or
equal to 16 years and those who had finished growth based
on clinical data and therefore had no BA measurements at the
start of PS.

Treatment Protocol

To confirm the diagnosis of gender dysphoria according to the
Diagnostic and Statistical Manual of Mental Disorders, fourth
and later fifth edition (13, 14), all individuals were assessed
by a mental health professional. Medical treatment consisted
of subcutaneous or intramuscular triptorelin (Decapeptyl-CR
(Ferring) 3.75 mg every 4 weeks or Pamorelin (Ipsen)

The Journal of Clinical Endocrinology & Metabolism, 2022, Vol. 107, No. 9

11.25 mg every 10-12 weeks) to suppress puberty. From age
15 to 16 years, GAHT was initiated. Regular-dose estrogen
treatment consisted of daily oral tablets of 17f-estradiol with
a starting dose of 5 microgram/kilogram/day (ug/kg/d), which
was increased every 6 months by 5 ug/kg/d up to an adult dose
of 2 mg/d. In those who had nearly completed endogenous
puberty, the starting dose was 1 mg, which was increased to
2 mg/d after 6 months (3). If a very tall adult height was ex-
pected, substantial growth potential remained, and the ado-
lescent wished to limit growth, growth-reductive treatment
with high-dose estrogen was offered. Two different treatment
options were used depending on the preference of the treating
physician. In the first approach, the 17p-estradiol dose was
increased to a dose of 6 mg/d in a period of 10 weeks. The
second approach consisted of daily oral tablets of EE in a
dose of 100 or 200 pg. In some cases, both treatment op-
tions were used consecutively. For analyses, individuals were
classified according to the treatment that was used longest. If
both treatments had been prescribed for a period 6 months
or longer, the treatment group was defined as “combined”
and data from these individuals were not included in the es-
trogen regimen—specific analysis. None of the adolescents in-
cluded in the present study underwent epiphysiodesis to limit
growth. GnRHa was continued during estrogen therapy until
gonadectomy had been performed. Only those aged 18 years
or older who had used estradiol treatment for at least 1 year
were eligible for a gonadectomy.

Measurements

Height and weight were evaluated at the start of PS and
then every 3 to 6 months. Height was measured using a
wall-mounted stadiometer, and weight was measured using
a digital floor scale. Height SDS was calculated according to
Dutch male reference data (4) and body mass index SDS was
calculated according to reference data from Cole et al (15).
Target height was calculated as follows: target height = (pa-
ternal height + maternal height)/2 + 6.5 (16). BA was deter-
mined at the start of PS and GAHT and, depending on clinical
need, repeated yearly to every 2 years until (near) adult height
was reached. To determine BA, x-rays of the left hand were
analyzed according to Greulich and Pyle using male refer-
ences (12). The PAH was determined using BoneXpert Adult
Height Predictor version 3.0. according to male gender and
White North European ethnicity.

Laboratory Investigations

Serum estradiol levels were measured using liquid chromatog-
raphy-tandem mass spectrometry (LC-MS/MS; VUmc) with
an interassay coefficient of variation of 7% and a limit of
quantitation of 20 pmol/L from July 2014. Serum estradiol
levels from before this date were converted to LC-MS/MS
values as described by Wiepjes et al (17).

Until June 2006, insulin-like growth factor 1 (IGF-
1) was measured on the Nichols Advantage Specialty
System (Nichols Institute Diagnostics) using the 2-site
immunochemiluminometric technique. Between June 2006
and April 2012, the Immulite 2500 laboratory assay (Siemens
Medical Solutions Diagnostics) was used. For conversion, the
formula Immulite = 0.99* Advantage + 1.2 was used. Since
April 2012, a chemiluminescence immunoassay (LIAISON,
DiaSorin) was used to analyze IGF-1 (interassay coefficient
of variation 7%). The formulas Liaison = 1.040*Immulite +
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1.785 (if < 30 nmol/L) and Liaison = 0,692*Immulite + 8.8
(if > 30 nmol/L) were used for conversion. After June 2013,
IGF-1 serum levels were harmonized, which resulted in 20%
lower values. Therefore all values from before this date were
multiplied by 0.8.

Statistical Analyses

The statistical analyses were performed using STATA 15.1
(StataCorp). Data are presented as number (%), mean = SD
when normally distributed, or median (interquartile range;
IQR) when not normally distributed. Linear regression ana-
lysis was used to analyze differences in continuous baseline
characteristics between the treatment schedules.

Growth velocity was compared between the first and second
year of PS treatment using mixed-model regression analysis
with measurements clustered within participants. The change
in height SDS during PS was evaluated using mixed-model
regression analyses where effect modification of duration of
PS was applied. Bone age minus chronological age (BA-CA)
and PAH were compared between start of PS and start of
GAHT using mixed-model regression analyses. Duration of
PS in years as effect modifier was applied in the mixed-model
regression analysis of BA-CA.

Mixed-model regression analysis was used to evaluate dif-
ferences in height SDS between start GAHT and adult height.
Efficacy of growth reductive treatment was analyzed by com-
paring the difference between PAH at the start of GAHT and
adult height between the treatment groups. To minimize dif-
ferences at baseline between the 3 treatment groups, 2 sub-
group analyses were performed: 1 in individuals with a PAH
of 180 cm or greater and 1 in individuals with a BA less than
or equal to 14 years at the start of GAHT. Difference between
target height and adult height was analyzed with linear re-
gression; adjustment for BA at the start of GAHT was per-
formed separately.

Ethics

The protocol for data collection for the ACOG data set was
assessed by the local medical ethical committee, which deter-
mined that the Medical Research Involving Human Subjects
Act (WMO) did not apply to this data collection. Owing to
the retrospective design of the study and the size of the co-
hort, informed consent was not required. The 10 individuals
treated with EE from whom additional data were collected
all provided informed consent for the use of their data in this
study.

Results

The ACOG data set contained 8831 individuals, of whom
5350 were birth-assigned males. After selection for GnRHa
initiation before age 18 years, estrogen use, and age
18 years or older at the last visit from which data were
available, a total of 176 participants remained. Fifteen in-
dividuals were excluded, 9 because of missing BA at the
start of PS, 3 because of genetic disorders known to affect
growth, 2 because of missing height measurements, and 1
because of temporary discontinuation of treatment before
reaching adult height.

Baseline Characteristics

A total of 161 individuals were included, of whom 88 with
growth potential formed the pubertal group. Data from this
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group will be described in detail. Data from the other 73 in-
dividuals (postpubertal group) are briefly described at the end
of the results section. Baseline characteristics are presented
in Table 1. Participants who received growth reductive treat-
ment were younger, had a less advanced Tanner stage at the
start of PS, and their target height and PAH were higher than
in transgender girls treated with a regular dose.

Puberty Suppression

The mean duration of PS was 2.4 = 0.8 years. Individuals had
an average growth velocity of 5.3 = 2.2 cm/year in the first
year of treatment. This decreased to 3.5 = 1.3 cm/year in the
second year (decrease —1.9 cm; 95% CI, -2.4 cm to —1.4 cm).
This resulted in a continuous decrease of height SDS during
PS (-0.37/year; 95% CI, —-0.47 to =0.27) (Figs. 1A and 2). At
baseline, BA was within the physiological range for CA with
a BA-CA of 0.2 = 0.9 years. During PS bone maturation de-
creased, resulting in a BA delayed by 1.6 + 0.8 years at the
start of GAHT. A longer duration of PS resulted in a greater
delay of bone age (-0.5 years/year of PS; 95% CI, -0.8 to
-0.2). PAH increased by 1.5 cm (95% CI, 0.5 ¢m to 2.6 cm)
between the start of PS and start of GAHT.

Regular-dose Estradiol Treatment

Transgender girls treated with a regular estradiol dose (n = 47)
had a mean duration of PS of 2.3 + 0.8 years and initiated
GAHT at age 16.2 = 0.5 years. Individuals on a 2 mg dose had
average serum estradiol levels with a median of 130 pmol/L
(IQR, 105 to 183) (n = 24). Growth velocity in the first year of
GAHT was 2.8 + 1.8 cm/year, which decreased to 1.4 = 1.2 cm/
year in the second year. From the start of GAHT, height in-
creased by 5.9 cm (95% CI, 5.7 cm to 6.2 ¢cm) to an adult
height of 180.4 = 5.6 cm (male height SDS —0.48 + 0.78; female
height SDS + 1.55 = 0.89) (Table 2). Height SDS increased by
0.17 cm (95% CIL, 0.04 cm to 0.29 cm) from the start of GAHT
to adult height but remained below height SDS at start PS (Figs.
1B and 2). Adult height was 1.5 =+ 4.2 cm lower than PAH at
start PS, and 1.8 + 2.2 cm below PAH at start GAHT, but just
above target height by 1.1 = 4.5 cm (Fig. 3).

Growth-reductive Estradiol Treatment

A total of 22 transgender girls were treated with 6 mg estra-
diol. They had a mean duration of PS of 2.3 = 0.6 years and
were aged 15.4 + 0.8 years at start GAHT. In 5 individuals,
the high dose was initiated within 6 months from the start
of GAHT. In the remaining 17 participants, a high dose was
prescribed 1.4 = 0.5 years after the initial start of regular-dose
estradiol treatment. Average serum estradiol levels at the time
of treatment with a 6 mg dose were significantly higher than
the regular group, with a median of 597 pmol/L (IQR, 507
to 679 pmol/L) (n = 14). From the start of GAHT, height in-
creased by 9.9 cm (95% CI, 9.6 cm to 10.2 ¢cm) to an adult
height of 185.3 + 5.6 cm (male height SDS 0.21 = 0.80; female
height SDS + 2.33 = 0.90) (see Table 2). Height SDS increased
by 0.30 cm (95% CIL,0.01 cm to 0.58 cm) between the start of
GAHT and adult height. Adult height was 0.3 = 4.3 cm above
PAH at the start of PS and 2.7 + 4.3 ¢cm below PAH at the
start of GAHT, but only 1.3 cm (IQR, -5.3 ¢m to 3.4 c¢m)
below target height (Fig. 3).

Growth-reductive Ethinyl Estradiol Treatment

Eleven transgender girls received EE to limit growth.
The mean duration of PS was 2.6 + 0.9 years. GAHT
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Table 1. Baseline characteristics of the pubertal group (those with bone age < 16 years) stratified by estrogen treatment regimen, and of the postpubertal group (those who had nearly/completely finished

linear growth)

Pubertal group Postpubertal group Total
Regular dose High dose EE Combined
Participants 47 22 11 8 73 161

Age at start of PS, y
Tanner stage at start of PS
G2
G3
G4
GS
Missing
Height at start of PS, cm
Missing
Bone age at start of PS, y
Missing
Predicted adult height at start of PS, cm
Missing
Target height, cm
Missing

13.5 (13.2 to 14.5)

7 (16)

14 (31)

9 (19)

17 (36)
0(0)

165.8 = 8.4

0(0)
13.5 (13.0 to 14.0)

0(0)

182.9 (177.0 to 186.7)
0(0)

180.0 (176.5 to 184.0)
5(11)

13.1 (12.1 to 13.6)

9 (41)
11 (50)
1(5)
1(5)
0(0)
163.4+7.2
0(0)
13.0 (12.5 to 13.5)
0(0)
184.2 (180.7 to 188.6)
0 (0)
184.0 (181.0 to 189.5)
1(5)

12.4 (12.1 to 14.0)

6(55)
3(27)
1(9)
1(9)
0(0)
160.8 = 6.3
0(0)
13.0 (12.0 to 13.5)
0(0)
185.2 (180.4 to 187.5)
0(0)
(178.5 t0 186.3)
3

180.3 (1
27)

12.6 (11.9 to 13.5)

0(0)
161.0 6.1
0(0)
13.0 (12.0 to 13.25)
0(0)
184.3 (182.8 to 187.0)
0(0)
184.8 (182.0 to 187.5)
0(0

)

16.8 (16.1 to 17.3)

176.7 + 6.9
7 (10)
8 (17 to 18)
8 (52)
177.9 (171.9 to 184.1)
9 (53)
3(177.0 to 183.5)
1(42)

179.

14.7 (13.3 to 16.7)

169.5+9.7
7(4)
13.3 (13.0 to 13.9)
8 (24)
181.4 (177.1 to 186.5)
9 (24)
181.0 (178.0 to 185.5)
0(25

25)

Data are presented as number (%), mean = SD, or median (interquartile range).
Abbreviations: combined, both EE and 6 mg had been prescribed consecutively for a period 6 months or more; EE, ethinyl estradiol 100-200 pg/d to reduce growth; high, high-dose estradiol of 6 mg/d to reduce
growth; GAHT, gender-affirming hormone therapy; PS, puberty suppression; regular, regular pubertal induction regimen up to estradiol 2 mg/d.
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Figure 1. Height SD score (SDS) during A, puberty suppression (PS), and B, genderaffirming hormone therapy (HT), in 3 different treatment groups

(regulardose estradiol, high-dose estradiol, and ethinyl estradiol [EE]).

was initiated at a mean age of 15.6 = 0.5 years. Seven
individuals started with EE within 6 months from the
start of GAHT; the other 4 subjects started with EE
1.5 = 0.4 years after the start of GAHT. Two participants
were treated with 100 pg EE, 3 with 200 pg EE, and 6
started with 100 pg, which was increased to 200 pg EE.
Height increased by 7.6 cm (95% CI, 7.1 cm to 8.0 cm)
during GAHT to an adult height of 180.1 = 5.8 cm (male
height SDS -0.53 = 0.82; female height SDS 1.48 = 0.93)
(see Table 2). Height SDS increased by 0.05 cm (95%
CI, -0.23 c¢m to 0.33 cm). Adult height was 4.7 = 4.1 cm
below PAH at the start of PS, 4.8 = 3.8 cm below PAH
at the start of GAHT, and slightly below target height by
1.8 = 7.3 cm (see Fig. 3).

Efficacy of Growth Reduction

Adult height was lower than PAH at the start of GAHT in all
groups, but this difference was 3.0 cm larger in transgender
girls treated with EE when compared to individuals who re-
ceived regular-dose estradiol treatment (95% CI, 0.2 cm
to 5.8 cm) (see Fig. 3). This difference was considered the
achieved growth reduction. High-dose estradiol did not result
in a significant growth reduction (0.9 cm; 95% CI, -0.9 cm
to 2.8 cm). Because BA differed between the groups and this
might influence the accuracy of adult height prediction, we
performed a subgroup analysis in participants with a BA of
14 years or less at the start of GAHT. This also showed a
larger growth reduction in the EE group (2.7 ¢cm [95% CI,
—-0.7 ¢m to 6.2 cm], n = 6) than in the high-dose estradiol
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Figure 2. Mixed-model analysis of height during puberty suppression (PS) and gender-affirming hormone therapy (GAHT) of 20 individuals who initiated
PS at age 13 and GAHT at age 16 and were treated with regulardose estradiol, plotted on the growth chart for Dutch boys from Schénbeck et al (4).

Table 2. Growth during estrogen treatment in the different treatment groups

Regular-dose High-dose High vs regular EE EE vs regular
estradiol, 2 mg estradiol, 6 mg (95% CI) 100-200 pg (95% CI)
No. of participants 47 22 11
Duration PS, y 2.3+0.8 2.3=+0.6 0.0 (0.4 to 0.4) 2.6+0.9 0.2 (0.3 to 0.7)
Bone age start of GAHT, y 14.5+0.8 13.8 0.4 -0.7 (-1.1 to =0.3) 13.8 0.4 -0.8 (-1.3 t0o -0.2)
PAH at start of GAHT 181.6 = 6.1 187.5+6.3 5.9(2.1t09.8) 185.8 9.6 4.2 (-1.6 to 10.0)
Missing 14 (30) 4(18) 5 (45)
Height, cm
Start PS 165.8 + 8.4 163.4+7.2 2.5 (=6.5 t0 1.6) 160.8 = 6.3 -5.0 (=10.2 t0 0.2)
Start GAHT 174.8 £ 6.8 1759 +6.4 1.1 (-2.3 to 4.5) 1729« 5.5 -1.9 (-6.3t0 2.4)
Adult height 180.4 = 5.6 1853 5.6 4.8 (4.2 10 5.5) 180.1 5.8 0.3 (<0.8 to 1.3)
Male height SDS
Start of PS -0.15 +0.83 0.23 = 1.09 0.38 (-0.09 to 0.85) -0.09 = 0.86 0.06 (-0.55 to 0.67)
Start of GAHT -0.63 = 0.83 -0.08 = 1.08 0.59 (0.12 to 1.05) -0.59 £ 0.65 0.04 (-0.55 to 0.64)
Adult height -0.48 = 0.78 0.21 = 0.80 0.69 (0.28 to 1.10) -0.53 +0.82 0.05 (-0.58 to 0.47)
Target height -0.54 (-1.03 to 0.02) 0.02 (-0.40 to 0.80) 0.68 (0.60 to 0.77) -0.50 (-0.75 to 0.28 (0.12 to 0.44)
0.34)

Data are presented as mean = SD or as median (interquartile range).

Abbreviations: EE, ethinyl estradiol 100-200 pg/d to reduce growth; GAHT, gender-affirming hormone therapy; high dose, high-dose estradiol of 6 mg/d to
reduce growth; PAH, predicted adult height; PS, puberty suppression; regular, regular pubertal induction scheme up to estradiol 2 mg/d; SDS, SD score.

group (0.7 cm [95% CI,-1.7 cm to 3.2 cm], n = 17), although
in these small groups neither difference was statistically sig-
nificant. A subgroup analysis in participants with a PAH
greater than or equal to 180 c¢m at the start of GAHT showed
a growth reduction of 3.9 cm (95% CI, 0.5 ¢m to 7.2 c¢m)
in individuals treated with EE (n=35) and 0.9 cm (95% CI,

-1.4 ¢cm to 3.2 c¢m) in individuals who received high-dose es-
tradiol (n = 15). Adult height was below target height in both
growth-reductive treatment groups. When compared to the
group with regular-dose estradiol treatment, this difference
was more pronounced in the participants treated with EE
(2.9 cm; 95% CI,-1.4 cm to 7.1 cm) than those treated with
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Figure 4. The difference between adult height (AH) and predicted adult
height (PAH) at start genderaffirming hormone therapy (GAHT) by bone
age in the different treatment groups (regular-dose estradiol, high-dose
estradiol, ethinyl estradiol [EE]). Negative values indicate that AH was
lower than predicted.

a high dose of estradiol (0.8 cm; 95% CI, -2.2 ¢cm to 3.8 cm).
These values were similar after adjustment for BA at the start
of GAHT (data not shown). Individual growth curves are
shown in Supplementary Figs. 1A to 1C (18).

Timing of Treatment

Individuals who started GAHT at a lower BA reached an
adult height that was 1.6 cm/year (95% CI, 0.6 to 2.7) fur-
ther below PAH at the start of GAHT (Fig. 4).

Serum Insulin-like Growth Factor 1 During
Treatment

Besides a mild increase in IGF-1 serum levels in the first
6 months, no changes were observed during PS. During
GAHT, IGF-1 levels decreased slightly (Fig. 5). No significant
differences between participants treated with the regular and
the high dose of estradiol were observed. IGF-1 levels from
individuals treated with EE are not shown because those were
available in only one person.

Adolescents With Little/No Growth Potential
(Postpubertal Group)

A total of 73 transgender girls had little to no growth po-
tential at the start of PS. In 22 participants (30%) height did
not increase during treatment. Height at the start of PS was
missing in 7 individuals. Height increased in 44 individuals

2202 4990120 0€ Uo Jasn Ateiqi [eybiq eluioped Aq L01LE099/S08E9/6/L01/2I01HE/Wadl/0d dnoolwapeo.)/:sd)y Wol) papeojumod

Figure 3. Shown are the differences A, between adult height and (66%) by a median of 1.0 cm (0.5 cm to 2.0 ¢cm) until an
predicted adult height (PAH) at start of puberty suppression (PS); B, adult height of 177.8 + 6.7 cm (male height SDS -0.85 = 0.94;
between adult height and PAH at start of gender-affirming hormone female height SDS + 1.12 = 1.07) was reached. Adult height

therapy (GAHT); and C, between adult height and target height in the
different treatment groups (regulardose estradiol, n = 47; high-dose
estradiol, n = 22; ethinyl estradiol [EE], n = 11) and in the postpubertal

was 2.7 cm lower (95% CI, -7.9 ¢cm to -0.4 cm) compared
to adult height in the regular-dose group. Furthermore, adult

group who had already reached (near) adult height before the start of height was 0.5 = 1.0 cm below PAH at the start of PS (n = 34).
any treatment and can therefore be seen as a control group (n = 73). Adult height was 2.4 = 5.0 cm below target height (n = 42);
Negative values indicate that adult height was lower than predicted. this difference was significantly larger compared to the group
Boxes represent interquartile range, whiskers represent 5th to 95th with regular—dose treatment (3.4 cm; 95% CI, 1.1 c¢m to
percentile, and circles represent outliers. * P value less than .05. 5.7 cm; Fig. 3C).
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Figure 5. Insulin-like growth factor 1 (IGF-1) serum levels during A, puberty suppression (PS), and B, gender-affirming hormone therapy (GAHT), in
2 different treatment groups (regulardose estradiol, high-dose estradiol). IGF-1 levels from individuals treated with ethinyl estradiol are not shown

because those were available in only one person.

Discussion

In this study, we investigated the effects of both GnRHa
and estrogen treatment on growth and adult height in trans-
gender girls. As expected, treatment with GnRHa resulted in
a decrease of growth velocity and bone maturation. During
GAHT, growth velocity and bone maturation increased. In the
group that received the regular treatment, that is, PS followed
by normal-dose estradiol, adult height was close to PAH at
baseline and close to target height. In contrast, treatment with

high-dose EE resulted in growth reduction, whereas high-dose
estradiol did not significantly reduce growth.

During the PS phase, a decrease in height SDS of —0.45
was observed. This is comparable to the findings of Ghelani
et al (5), who described a height SDS decrease of 0.17 in the
first year of treatment. Besides a decrease in height SDS, bone
maturation also decelerated during PS. While BA was close to
CA at start PS, BA was delayed by —1.6 years at the start of
GAHT. These first findings of bone maturation rate during PS
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in the transgender population are in line with several studies
in boys with central precocious puberty that also reported a
decrease in bone maturation during treatment with GnRHa
(19-21).

After the decrease of height SDS during PS, a slight increase
was observed during GAHT. The fact that this is an observa-
tional uncontrolled study makes it challenging to determine
the effect of the treatment on adult height. We have analyzed
the effect on adult height in 4 ways: 1) the change in height
SDS from start of treatment to adult height; 2) the differ-
ence between adult height and PAH at the start of treatment;
3) the difference between adult height and target height; and
4) the comparison of adult height and difference between
adult height and target height between those who started
treatment before and after completing growth (pubertal and
postpubertal group).

In transgender girls treated with a regular estradiol dose,
adult height SDS remained 0.32 below height SDS at the start
of PS. This may be because girls with an expected tall height,
who may have ended up at a height SDS that was higher than
that at the start of PS, received growth reduction, so that
the remaining group consisted of girls who ended up with
a slightly lower height SDS. This is supported by the finding
that adult height was close to what was predicted at the start
of PS in this treatment group. Adult height was 1.5 = 4.2 cm
lower than predicted, which is comparable to findings from
a validation study of the BoneXpert adult height prediction
method in White boys, where for BAs 11 to 15 years adult
height was on average between 0.5 cm lower to 1.5 cm higher
than predicted (22).

Another finding that suggests that the treatment does not
affect adult height is the small difference between adult height
and target height of 1.1 4.5 cm. Interestingly, individuals
who had nearly/completely finished their growth before the
start of treatment (postpubertal group) reached a shorter adult
height than individuals from the pubertal group. In addition,
in the postpubertal individuals mean adult height was below
target height. This was significantly different from those who
had started treatment earlier and had received a regular dose
of estradiol, where adult height was 1.1 = 4.5 cm above target
height. This suggests that treatment may actually have a small
positive effect on adult height. However, target height was
available for only 58% of individuals from the postpubertal
group so these results need to be interpreted with caution.
It is possible that physicians inquired about parental height
more often in shorter adolescents. Thus, taken together, ana-
lysis of change in height SDS during treatment, comparison
of adult height to PAH and target height, and comparison of
adult height in groups treated before and after completion of
linear growth indicates that although PS and GAHT alter the
growth pattern, they have little effect on adult height.

With regard to growth reduction, the finding that adult
height was 3.0 cm further below PAH in the group that re-
ceived EE than in the regular-dose estradiol group indicates
a growth-reductive effect of EE. This is the first report on
high-dose EE reducing adult height in transgender girls, but
the treatment has previously been used in constitutionally tall
girls. Normann and colleagues (23) described a difference be-
tween PAH and adult height ranging from 3.1 ecm (95% CI,
2.5 cm to 3.7 cm) to 5.2 cm (95% CI, 4.2 cm to 6.2 cm) in
98 individuals treated with 100 pg EE with a BA of 13 years or
greater and less than 12.5, respectively. The study by de Waal
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et al (10) showed a difference of 1.7 = 2.2 cm (CA > 15 years)
to 5.9+3.0 cm (CA <11 years) in girls treated with 100
to 300 pg EE. This is comparable to our finding that in the
EE-treated group adult height was 4.7 = 4.1 cm below PAH
at the start of PS.

In tall boys treated with high-dose testosterone, adult
height was 2.9 = 3.7 cm (CA =15 years) to 10.6 = 11.3 cm
(CA <12 years) lower than PAH according to B&P. However,
after correction for CA, BA, and height prediction, the
growth-reductive effect was smaller, and in those with BA
greater than 14.1 years no growth reduction was seen at
all (10). The median BA in transgender girls at the start of
GAHT was 13.8 years; based on the data from de Waal et al
(10) high-dose testosterone treatment would have resulted in
a growth reduction of only approximately 1 cm.

The larger growth reduction we observed after high-dose
EE treatment might be explained by the important role that
estrogen plays in epiphyseal fusion. Several studies revealed
this importance by describing unfused epiphyses and ex-
tremely delayed BA in cisgender men with estrogen deficiency
or estrogen insensitivity (24, 25). Although testosterone is
partially converted to estradiol, high-dose EE will result in
much higher estrogen levels than high-dose testosterone treat-
ment and this most likely accounts for more effective epi-
physeal closure (26). In several girls, EE treatment was started
only after they had received regular-dose estradiol treatment
for some time up to 2 years. The treatment would likely have
been more effective in reducing adult height if it had been
started as soon as GAHT was initiated, as we found a nega-
tive correlation between BA at the start of GAHT and the
difference between AH and PAH.

In this study, EE was prescribed in doses of 100 to 200 ng.
Numbers were not sufficient to study if the growth-reductive
effect was dose dependent. However, several studies in con-
stitutionally tall girls showed a comparable effect of 100 pg
and higher doses of EE, but more side effects with the higher
doses (23,27). In this study, side effects of high-dose estradiol
and EE were not evaluated. Earlier studies described nausea,
vomiting, and headache as the most common side effects of
EE (28, 29). Thromboembolic events have been described but
were mainly observed in individuals with other risk factors
for thromboembolisms (28-30). Concerns regarding an in-
creased cancer risk have been expressed but the limited data
available on this subject are not conclusive (31). In cisgender
girls EE is no longer used to limit growth because it has been
found to reduce later fertility (32). The risk of infertility due
to gender-affirming treatment is an important topic for trans-
gender adolescents too, but it currently is not clear if this risk
is different after estradiol compared to EE treatment.

Because of the increased risk of venous thromboembolism
with the use of high-dose EE, treatment with high-dose estra-
diol was introduced in our clinic as an alternative method to
reduce growth. However, the present study shows that this
does not significantly reduce adult height. The delayed intro-
duction of the high dose, often more than 1 year after the
start of GAHT, may have limited its efficacy. However, the
higher potency of EE compared to estradiol might also ex-
plain the difference in effect between high-dose EE and high-
dose estradiol. The “high” dose of 6 mg estradiol is likely not
bioequivalent to 100 to 200 pg of EE. Kirk et al (33) stated
that 1 pg of EE is an approximately 4- to 10-fold higher dose
than 1 mg of 17p-estradiol. Another, more effective but also
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more invasive, alternative to reduce growth is epiphysiodesis,
which results in a growth reduction of approximately 7 cm,
depending on BA (8, 9).

In addition to side effects, other outcomes of estrogen treat-
ment may differ between regular-dose estradiol and growth-
reductive treatment. For transgender girls, breast development
generally is one of the most important treatment goals and fu-
ture studies should investigate the effect of different treatment
regimens on outcomes such as breast size, shape, and develop-
ment of striae. Another topic for future research is the effect
of different treatment strategies on bone mineral density.

During PS, there was no change in IGF-1 serum levels ex-
cept for a mild transient increase during the first months. This
shows that the increasing level of sex hormones can induce
the onset of the IGF-1 increase but that this increase con-
tinues despite the absence of these hormones. This is in line
with findings in individuals who were treated with GnRHa
for precocious puberty where no or little effect on IGF-1
levels was found (34, 35). However, a decrease in free IGF-1
has been reported, which might explain the reduced growth
rate (36, 37). During GAHT we observed a decrease of IGF-1
as have previously been described during oral estradiol and
EE treatment but levels remained within the physiological
range (38, 39).

This study also provides insight into the regulation of
growth and the role of sex hormones vs sex chromosomes.
The finding that transgender girls, who have XY chromo-
somes and are treated with estradiol, reach an adult height
close to the population mean for males suggests a minor role
for sex hormones. This is in line with findings from studies in
individuals with complete androgen insensitivity syndrome
(CAIS) or XY complete gonadal dysgenesis in whom adult
height was closer to male target height or average height in
the male population (40, 41). This supports the idea that
genetic factors, rather than sex hormones, are important in
the regulation of growth (41, 42). However, the fact that in
the transgender girls treatment with estradiol was initiated
after a prolonged period of PS should not be overlooked.
As mentioned before, estradiol has an important role in
closure of the growth plates. In transgender girls, this oc-
curs at a later age than during physiological female puberty,
after height has continued to increase slowly but consist-
ently during PS. The importance of the timing of estrogen
exposure is apparent from a study in women with CAIS by
Han et al (43), who described a correlation between shorter
adult height and younger age of gonadectomy and introduc-
tion of estradiol treatment. This suggests that earlier initi-
ation of estradiol in transgender girls might result in shorter
adult height.

This study has strengths and limitations. Strengths are
the large cohort, the standardization of the 3 different
treatment regimens, and the inclusion of a control group
of transgender adolescents who had nearly or completely
finished linear growth before the start of treatment. A limi-
tation is the retrospective character of the study with some
missing data. Another limitation is the delayed introduc-
tion of the growth-reductive treatment in some individuals
and the difference in baseline characteristics between the
3 treatment groups. However, we tried to minimize the ef-
fect of these differences by performing subgroup analyses in
groups that were more comparable. Last, side effects were
not assessed in the present study; this is an important topic
for future research.

The Journal of Clinical Endocrinology & Metabolism, 2022, Vol. 107, No. 9

Conclusion

With the results of this study, it is possible to counsel trans-
gender girls about the effect of PS and GAHT on growth.
Growth and bone maturation decelerate during PS and then
accelerate again after the start of GAHT. Overall, regular
treatment seems to have little effect on adult height. When
predicting adult height after PS, at the start of GAHT, it is im-
portant to realize that BoneXpert slightly overestimates adult
height. If tall transgender girls have a strong wish for hor-
monal growth reduction, treatment with 100 pg EE is recom-
mended after counseling about possible side effects. A 6 mg
dose of estradiol is not effective to reduce growth and there-
fore not recommended. Future research is needed to assess
whether treatment with a higher dose of 200 pg leads to a
larger growth reduction than 100 pg EE. In addition, side ef-
fects of EE in transgender girls should be investigated. Finally,
it is important not to pathologize tall stature and also dis-
cuss the possibility of refraining from any growth-reductive
intervention.
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Abstract

Context: Growth is an important topic for many transgender boys. However, few studies have

investigated the impact of puberty suppression (PS) and gender affirming hormone treatment (GAHT) on

growth and adult height.
Objective: To evaluate the effect of PS and GAHT on growth and adult height.
Design: Retrospective cohort study.

Setting: Specialised gender identity clinic.

Participants: 146 transgender boys treated with GnRH a

"SDS was similar to baseline, adult height was taller than predicted based on BA at baseline,
egi)ecially in those who started treatment at a younger BA. It is reassuring that PS and GAHT do not have
a negative impact on adult height in transgender boys and might even lead to a slightly taller adult height,

especially in those who start at a younger age.
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Introduction

Gender dysphoria involves an incongruence between the experienced gender and the sex assigned at birth

(1). Medical treatment for adolescents consists of puberty suppression (PS) and subsequent .gender

phase, GAHT may be initiated from the age of approximately 16 years to induge development of

secondary sex characteristics congruent with the affirmed gender (1)

In transgender boys (female sex assigned at birth, male gend@"fld ity);{GAHT consists of intramuscular

or transdermal testosterone. This induces physical changes™§tich as increased facial and body hair,
increased muscle mass, and lowering of the voice. G szanid predicted adult height are also topics of

interest during consultation. Since Dutch male mean adult height which is 13.1 cm taller than

Dutch females (2), height is also considered a Sex. characteristic. When treatment is initiated before adult

height has been reached, transgen ys imay ask how treatment will impact their growth and whether

one can induce catch-up growth and reverse the changes in height SDS that occur during GnRHa

reatment.

The timing of treatment initiation might also play a role in the effects on growth. It has been suggested
that treatment with PS and GAHT might have a negative impact on adult height (7). Therefore, some

clinicians argue that postponing treatment with GnRHa until growth is (nearly) finished may result in a

Obtained via CPRA by Judicial Watch, Inc.
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taller adult height. This poses a dilemma for young transgender boys between achieving maximal growth
and preventing the development of unwanted secondary sex characteristics such as breast development.

The latter may give great distress, the need to wear binders for several years and the wish to undergo a

mastectomy (8).

transgender adolescents have not been studied.

With this cohort study, we aim to evaluate the of'GnRHa and testosterone treatment on growth in

transgender boys. Furthermore, the impact of mmg of treatment, tempo of dose increase, and BMI will

be investigated. We hypothesise { will result in a decrease of growth velocity and GAHT will result

in subsequent catch-up growthigvhich: may be greater when the testosterone dose is slowly increased.

Additionally, we ex cts to be larger in subjects with a younger bone age (BA) at start of PS.

Thls study is part of the Amsterdam Cohort of Gender dysphoria (ACOG) study which includes the
complete population of all ages seen at the gender identity clinic of the Amsterdam University Medical
Center, location VUmc from 1972 until December 2018 (9). Transgender boys were eligible for inclusion

if they had started puberty suppression (PS) before age 16 years, received testosterone treatment for a

Obtained via CPRA by Judicial Watch, Inc.
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minimum of 6 months, and if they had reached the age of 18 years at the time of data collection.
Transgender boys were excluded if they had not reached adult height which was defined as height at

skeletal age >14 years or a growth velocity <2 cm per year. The cohort was divided into two subgroups

based on growth potential. The pubertal group consisted of subjects with BA <14 years at start
BA was not available, menarche <1 year before start PS. The postpubertal group, whij

control group, consisted of subjects who had BA >14 years or menarche >1 year bef;
Treatment protocol

Adolescents were diagnosed with gender dysphoria by mental H professionals according to the

criteria of the Diagnostic and Statistical Manual of Mental D Eourth and later Fifth Edition (10,

11). All individuals received PS for at least 6 months foll AHT from the age of 15 to 16 years.

PS consisted of GnRHa (triptorelin 3.75 mg every 4 isubcutaneously or intramuscularly; or 11.25

mg every 10 to 12 weeks intramuscularly). GAF isted of intramuscular testosterone injections with

which was increas 25 mg every two weeks after 6 months. Treatments were individualised by

treating clifuciansiBetore 2014, subjects were treated with GnRHa until gonadectomy, which nearly all

hosé to undergo as this was required before a legal sex change was possible. After a law
2014 it became more common to leave the ovaries in situ. Thereafter, the protocol was adapted

d GnRHa was discontinued when an adult dose of testosterone was reached.
Measurements

Height and weight were assessed every 3 to 6 months from start of PS. Height was measured using a wall-

mounted stadiometer, and weight was measured using a digital floor scale. Height SDS were calculated

Obtained via CPRA by Judicial Watch, Inc.

UCSF-DCNF-01250



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

Obtained via CPRA by Judicial Watch, Inc.

according to Dutch reference data from Schonbeck et al. (2) and BMI SDS were calculated according to
reference data from Cole et al. (12). Midparental height was calculated using the following formula:

Midparental height = (paternal height + maternal height)/2 - 6.5 (13). BA was determined at start of PS

and at start of GAHT by evaluating X-rays of the left hand using female reference data from thg
and Pyle atlas (14). Predicted adult height (PAH) was determined using the female
fidividuals

according to Bayley and Pinneau (15). Parental height and BA were not routinely obta

in whom it was clinically obvious that they had attained their adult height.
Laboratory investigations

To determine serum testosterone levels a competitive immun@'é (Architect, Abbott, Abbott Park, IL,

USA) was used (interassay CV 6-10%, lower limit o on (LOQ) 0.1 nmol/L) from January

2013. Serum estradiol levels were measured using hrbmatography—tandem mass spectrometry
(LC-MS/MS; VUmc) with an interassay co ffici variation of 7% and a (LOQ) of 20 pmol/L. from

July 2014. All values <20 pmol/L were entered ‘5,20 pmol/L. Serum testosterone and estradiol levels from

measurements heto e pril 2012 were converted to Liaison values as described by Boogers et al (3).

Luteinizing LH) and follicle stimulating hormone (FSH) were measured using an

$say (Delfia, PerkinElmer) until June 2011 (interassay CV <7%, LOQ 2 U/L for LH and
CV <5%, LOQ 2 U/L for FSH). After June 2011, an immunometric assay (Architect, Abbott)
vas wsed (interassay CV <6%, LOQ 0.1 U/L for LH and interassay CV <5%, LOQ 0.1 U/L for FSH) using
the formula Architect = 0.91*Delfia—0.01 for conversion of LLH and Architect = 1,04 Delfia + 0,001 for
conversion of FSH. Blood withdrawals were untimed in relation to the administration of medication, since

they were taken at the day of the appointment with the clinician.

Obtained via CPRA by Judicial Watch, Inc.
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Statistical Analyses

All data were analysed using STATA 15.1 (StataCorp, College Station, TX, USA). Categorical data are
presented as number (%) and continuous variables as mean + SD for normally distributed values, or

median (IQR) for non-normally distributed data.

Change in height and height SDS between start of PS and start of GAHT were evaluated usitig mixed
model regression analysis with measurements clustered within participantg fit variables as

outcome and time as determinant. The use of mixed model analyses all of all available data

more mature BA (>12 years) at start PS. Height SDS a

using linear regression analysis. Mixed models anal

osterone dose was increased until adult dose (125 mg/2 weeks) in less than one year versus more than
one year. Linear regression analysis was used to compare the baseline characteristics and adult height of
the subjects between the two groups. Linear regression was also used to assess the effect of time to adult

dose as a continues variable on the difference between adult height and PAH at start of PS and GAHT.

Obtained via CPRA by Judicial Watch, Inc.
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Ethical Approval

The protocol for data collection for the ACOG dataset was assessed by the local medical ethical

committee who determined that the Medical Research Involving Human Subjects Act (WMO) did not

apply to this data collection. The need for informed consent was waived due to the retrospecti

the study and the size of the cohort.

Results

The ACOG dataset consisted of 8831 individuals, 3481 of wh 01516 assigned female at birth of

whom 1320 had their first appointment before the age 187y er selection for GnRHa use (n=693),
testosterone use (n=533), age >18 years at last vis hich data were available (397), GnRHa
initiation before the age of 16 years (148), dhe subject who had not reached adult height, and

one subject who was treated with oxandrolone, of 146 transgender boys were included.

Baseline characteristics

The study population (fj .was divided into two subgroups based on growth potential. The pubertal

group consisted of.6 sgender boys with a mean age of 12.7 + 1.0 years and BA of 12.4 + 1.0 at start

of PS. The-postpit

4l group with little or no growth potential, consisted of 85 individuals with a mean

.+ 0.9 years and BA of 15.7 £ 1.1 at start PS (Table 1). The outcomes of the pubertal group

willihe described in detail. Data from the postpubertal group will be briefly described at the end of the

< section.

Puberty suppression

The mean duration of PS was 3.1 + 0.9 years. At baseline, mean height was 158.3 + 8.5 cm (female height

SDS +0.1 £ 1.5, male height SDS -0.1 + 1.5). During the puberty suppressive phase, height increased by

Obtained via CPRA by Judicial Watch, Inc.
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8.6 cm (95% C1 7.5 t0 9.6) to 166.9 + 7.0 cm at start of GAHT. Female height SDS decreased to -0.2 £ 1.0

(decrease of -0.2; 95% CI -0.5 to 0.1). Transgender boys with BA >12 at start PS declined more in height

SDS during PS compared to transgender boys with BA <12 (difference between groups -0.6; 95% CI -0.8

those with BA <12 at start PS compared to those with BA >12 (difference 0.7 ars 0.21t01.2). At

start of GAHT, the difference between BA and CA further increased to -2, rs (change since start
of PS -1.9 years; 95% CI -2.2 to -1.6). PAH increased by 2.4 cm (95% C1'1.3 %o 3.4) between start PS and

start GAHT.
Hormone treatment

GAHT was initiated at a mean age of 15. From start GAHT, height increased by 5.0 cm

(95% C1 4.3 to 5.8) to an adult height of 172.

(female height SDS +0.2 + 1.1, male height SDS -1.7
+ 1.0) (Figure 2). Female height § ncreased by 0.3 SDS from start GAHT to adult height (95% CI 0.2
to 0.5) (Table 2 & Figu owever, adult height SDS did not differ from height SDS at start PS

(difference 0.1; 95% 0 0.4). Compared to male reference data, 22 subjects (36%) had an adult

height below -2: BA-CA remained stable in the first 18 months of GAHT but after that BA

progressi In 45 subjects (74%) adult height was taller than PAH at start PS. Adult height

Factors influencing growth

When comparing subjects who reached the adult testosterone dose within one year (n=21, 10.8 months to

adult dose (IQR, 9.5 to 11.6)) to those in whom the adult dose was reached after one year (n=39, 13.6

10
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months to adult dose (IQR, 12.8 to 15.9)) no differences in change in height SDS during GAHT were

observed (Figure 3). Additionally, adult height did not differ between the two dosing regimens (difference

between groups 0.8 cm; 95% CI -3.0 to 4.6). Both groups were comparable at baseline regarding age,

‘tnedian FSH 1.1 U/L (IQR 0.8 to 1.7)). Median serum estradiol levels were 20 pmol/L, which was
the lower limit of detection (IQR 20 to 20). IGF-1 levels did not significantly change after initiation of PS
and remained stable during PS. Mean testosterone levels in the first year of GAHT were not significantly
higher in subjects who reached adult dose within 12 months compared to >12 months (95% CI -18.2 to

18.5 nmol/L). When adult testosterone dose was reached, median serum testosterone levels were 20

11

Obtained via CPRA by Judicial Watch, Inc.
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1 nmol/L (IQR 11 to 35) and free testosterone was 599 pmol/L. (IQR 338 to 1179). IGF-1 levels slightly
2 increased by 3.6 nmol/L (95% CI 0.9 to 6.4) after initiation of testosterone and remained stable thereafter

3  with a mean serum level of 32.3 + 5.9 nmol/L. No significant differences in IGF-levels during GAHT

4 between participants who reached adult dose within 12 months and those who reached adu

5 months were observed.

6  Adolescents with little or no growth potential (postpubertal group)

7  Intotal, 85 transgender boys had little or no growth potential at start of BS ¢Table 1). The mean duration

8  of PS was 1.2 £ 0.8 years. Height at start PS was missing in 4 subjeets. From §tart PS, height increased by

9 2.5 cm (95% CI 2.1 to 3.0) to an adult height of 169.0 £ 6. ale height SDS -0.3 + 1.1, male

10  height SDS -2.1 £ 1.0) (Table 2). In 70 (82%) subjects he reased >1 cm during treatment. Adult

11 height was 3.0 £ 4.7 cm above midparental height.(n= 8 + 2.0 cm above PAH at start PS (n=37).

12 When comparing adult height in the pube that in the postpubertal group, individuals in the N

13 pubertal group were taller (difference 3.0 cm; 10.7 to 5.2). However, the difference between adult

14  height and midparental height wag signgficantly different between the groups (difference 0.9 cm; 95%

15 CI-1.0to 3.0).

16

17

18 ‘the first to investigate the effect of both GnRHa and testosterone treatment on growth and

eight in transgender boys. We observed a decrease in growth velocity and bone maturation during
20 P and an increase in growth during GAHT. Adult height was taller than predicted at start of the treatment ¥

21  and this difference was more pronounced when the treatment was initiated earlier. In contrast, the tempo

22 of the testosterone dose increase did not affect growth. N

12
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During the puberty suppressive phase, we observed a mean decrease in height SDS of -0.2. Ghelani et al.

reported no significant changes in height SDS of GnRHa treatment (6). This was due to the fact that their

subjects were older (median age of 16.6 years) and were only followed for one year. Our data showed a

) the difference between adult height and midparental height and 4) comparison of growth data from

tﬁe pubertal group with the ‘control’ group of postpubertal adolescents with little/no growth potential at

start of the treatment.

Obtained via CPRA by Judicial Watch, Inc.
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Adult height SDS was comparable to height SDS at start PS which would imply that PS and GAHT have

no impact on adult height.

In contrast, adult height was 3.0 + 3.6 cm above PAH at start PS. This deviation was greater than the

to try and understand if short stature was fami

When all four methods to evalk fect on adult height are combined, we conclude that treatment

with PS and GAHT does.ttat ne influence adult height in transgender boys. When comparing adult

height to height predicted at the start of treatment, to midparental height and to height in the control group,

there even seet slight positive effect of PS and GAHT on growth.

Ffactors which might influence growth, tempo of testosterone dose increase was not found
fowth or adult height. In boys with constitutional delay of growth and puberty and central
pogénadotropic hypogonadism it is thought that higher doses of testosterone induce accelerated skeletal

maturation and thereby compromise adult height (23-25). We did not observe such an effect in

transgender boys, nor was there a significant difference in testosterone levels, but this might also be
attributed to the untimed blood tests resulting in a wide variation of serum testosterone levels. Based on

these findings, gradually increasing the dose over the first year of GAHT seems to allow adolescents to
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attain their growth potential. However, we did not investigate side effects of testosterone treatment, like
mood changes, aggression and increased hematocrit, which may be more common with a fast dose
increase (21). This should also be taken into account when deciding on an optimal schedule to induce

puberty.

Interestingly, we found that a younger BA at start of PS had a positive impact on the ¢ e between

adult height and PAH at start PS. This might partly be due to the slight under on ofadult height

using the prediction method of G&P which has been reported to be larger ingyounger ‘girls (22). However,

this does not account for the 1.2 cm increase of adult height per ye started earlier that we

describe. Furthermore, adult height was also slightly further above ‘midp ental height in those with a

younger BA which also indicates a positive impact of startin - at a younger BA on adult height.

This contradicts findings in girls with early-normal puberty hom treatment with GnRHa did not result

in an increase of adult height (26). An explana might be found in the different treatment regimens.

Puberty suppression until the age of 16 years. wed by puberty induction with testosterone may have

different effects on the epiphyseal“growth plates compared to a shorter period of PS followed by

endogenous puberty with estragdio

ince 36% of the transgender boys had an adult height <-2 SDS compared to the male population, which

many, in our clinical experience, are sad about, future research should investigate possible therapeutic
options to enhance adult height. Since estradiol has an important role in epiphyseal closure, aromatase

inhibition alongside GnRHa and testosterone might be an effective treatment (29). However, there are no
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efficacy or safety data on such an approach in transgender boys and it may have a negative impact on bone
mineral accrual which is already attenuated by GnRHa treatment. An American study by Grimstad et al.

reported a 5 cm taller height in transgender boys treated with oxandrolone, an androgen which cannot be

aromatised to estrogen, compared to untreated individuals (30). However, the relatively small.: ol
this study were not comparable with regard to age at start of treatment. The use of oxands
currently not available in Europe, or aromatase inhibitors to promote adult height mi ht

needs further research.

This study has strengths and limitations. Strengths are the reasonable cphort si d the comparison with

individuals who (nearly) reached adult height before the start of; treatfieritsds controls. The retrospective

character of the study is a limitation since this resulted in spme thissiftg data. Other limitations are the fact

that X-rays for BA were assessed by various radiologists, pdssibly resulting in interobserver variability,

and the fact that hormone regimens were indiv _making it more difficult to compare treatment

strategies.

Conclusion

This study has provided ne; n on the impact of GnRHa and testosterone treatment on growth

who have a strong wish to increase adult height into the male reference range, such as oxandrolone or

aromatase inhibitors.
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1  Data availability statement

2 The dataset generated during and analysed during the current study is not publicly available because of

3 privacy regulations.
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Continuation of gender-affirming hormones in transgender
people starting puberty suppression in adolescence: a cohort
study in the Netherlands

Maria Anna Theodora Catharina van der Loos, Sabine Elisabeth Hannema, Daniel Tatting Klink, Martin den Heijer, Chantal Maria Wiepjes

Summary

Background In the Netherlands, treatment with puberty suppression is available to transgender adolescents younger
than age 18 years. When gender dysphoria persists testosterone or oestradiol can be added as gender-affirming
hormones in young people who go on to transition. We investigated the proportion of people who continued gender-
affirming hormone treatment at follow-up after having started puberty suppression and gender-affirming hormone
treatment in adolescence.

Methods In this cohort study, we used data from the Amsterdam Cohort of Gender dysphoria (ACOG), which included
people who visited the gender identity clinic of the Amsterdam UMC, location Vrije Universiteit Medisch Centrum,
Netherlands, for gender dysphoria. People with disorders of sex development were not included in the ACOG. We
included people who started medical treatment in adolescence with a gonadotropin-releasing hormone agonist (GnRHa)
to suppress puberty before the age of 18 years and used GnRHa for a minimum duration of 3 months before addition
of gender-affirming hormones. We linked this data to a nationwide prescription registry supplied by Statistics
Netherlands (Centraal Bureau voor de Statistiek) to check for a prescription for gender-affirming hormones at follow-
up. The main outcome of this study was a prescription for gender-affirming hormones at the end of data collection
(Dec 31, 2018). Data were analysed using Cox regression to identify possible determinants associated with a higher risk
of stopping gender-affirming hormone treatment.

Findings 720 people were included, of whom 220 (31%) were assigned male at birth and 500 (69%) were assigned
female at birth. At the start of GnRHa treatment, the median age was 14 -1 (IQR 13-0-16- 3) years for people assigned
male at birth and 16-0 (14-1-16-9) years for people assigned female at birth. Median age at end of data collection
was 20-2 (17-9-24-8) years for people assigned male at birth and 19-2 (17-8-22-0) years for those assigned female
at birth. 704 (98%) people who had started gender-affirming medical treatment in adolescence continued to use
gender-affirming hormones at follow-up. Age at first visit, year of first visit, age and puberty stage at start of GnRHa
treatment, age at start of gender-affirming hormone treatment, year of start of gender-affirming hormone treatment,
and gonadectomy were not associated with discontinuing gender-affirming hormones.

Interpretation Most participants who started gender-affirming hormones in adolescence continued this treatment
into adulthood. The continuation of treatment is reassuring considering the worries that people who started treatment
in adolescence might discontinue gender-affirming treatment.

Funding None.

Copyright © 2022 Published by Elsevier Ltd. All rights reserved.

Introduction
Transgender people diagnosed with gender dysphoria
experience distress due to gender incongruence—ie,
a discrepancy between their gender identity and sex
assigned at birth. Many transgender people desire to align
their physique to match their gender identity. Consequently,
the development of secondary sex characteristics during
puberty can aggravate distress for transgender adolescents.
Around 1998, a revolutionary treatment protocol
to suppress pubertal development was introduced
in the Netherlands for transgender adolescents."? Fol-
lowing a thorough diagnostic evaluation, suppression
of pubertal development is usually achieved with use of
a gonadotropin-releasing hormone agonist (GnRHa).

Such suppression of puberty can avert stressful changes
in physical characteristics while providing time for a
young person’s exploration of their gender identity, and
bridging the time until a person becomes eligible for
gender-affirming hormones. The effects of GnRHa on
the gonadal axis are fully reversible.’

This protocol became known as the Dutch Protocol
and has become part of routine care for adolescents
diagnosed with gender dysphoria in many gender
identity clinics internationally. However, puberty
suppression for individuals under 18 years has recently
become a subject of public debate and legal measures
have even been taken to ban its use.** Although short-
term studies have shown beneficial effects of puberty
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Research in context

Evidence before this study

Medical treatment consisting of puberty suppression and
gender-affirming hormones for people younger than

18 years diagnosed with gender dysphoria has been
surrounded by controversy since it was introduced around
20 years ago. Although there has been a steep increase in
people requesting this treatment, concerns exist regarding
possible regret and discontinuation of gender-affirming
hormones in adulthood. To collect evidence on this topic,
we searched PubMed with “gender dysphoria”, “puberty
suppression”, and related terms, for literature published
between database inception and Aug 31, 2022. A previous
study found that 74-4% of individuals who had started
gender-affirming hormones before age 18 years were still on
gender-affirming hormone treatment 4 years after starting
medical treatment. However, it remains unclear what
proportion of people who started medical treatment for
gender dysphoria specifically with puberty suppression

suppression for mental and physical outcomes,® the
treatment is regarded by some people as experimental
because long-term follow-up is lacking.

As increasing numbers of adolescents are referred to
gender identity clinics around the globe, it is important
to answer outstanding questions, such as whether the
desire for gender-affirming treatment in adolescence lasts
throughout adult life.” Steensma and colleagues reported
in 2011 that 45% of adolescents (ages 14-18 years) with
gender incongruence in childhood no longer wanted to
transition when they reached adolescence or adulthood.”
In contrast, a recent study of children (ages 3-12 years)
who had socially transitioned (ie, live in their identified
gender) found that only 7% did not continue to identify as
transgender after 5 years." However, this study did not
assess long-term continuation rates of gender-affirming
hormone treatment in people who started treatment at
a young age. Furthermore, in recent years, an increase
in referrals of predominantly people assigned female at
birth has been recorded; however, the reason for this is
not yet clarified.” "

The aim of this study was therefore to assess the
proportion of people who continue gender-affirming
hormone treatment in adulthood, after they started
GnRHa and gender-affirming hormone treatment in
adolescence according to the Dutch Protocol. Additionally,
we set out to study whether timing of treatment initiation,
reflected by age at first visit, age and puberty stage at
start of medical treatment, duration of GnRHa mono-
treatment (ie, the period between start of GnRHa
treatment and addition of gender-affirming hormones)
were correlated with gender-affirming hormone treat-
ment discontinuation rates. We also aimed to assess
whether sex assigned at birth, year of first visit, and
year in which gender-affirming hormone treatment was

before age 18 years, and who then received gender-affirming
hormones, continue gender-affirming hormone treatment
into adulthood.

Added value of this study

We found that most (98%) individuals diagnosed with gender
dysphoria who started medical treatment with puberty
suppression when younger than 18 years and went on to
receive gender-affirming hormones were still receiving gender-
affirming hormones at follow-up. Studies on continuation rates
of medical treatment in this particular population were absent.
Our findings could help guide the public and legal debate
regarding initiation of medical treatment for gender dysphoria
inyoung people.

Implications of all the available evidence

Discontinuation of medical treatment for gender dysphoria in
adulthood, among those who start treatment before age

18 years appears to be uncommon in the Netherlands.

started were associated with discontinuation of treat-
ment. We additionally investigated whether people
who had undergone gonadectomy were more likely to
continue treatment.

Methods

Study population and design

In this cohort study, we used data from the Amsterdam
Cohort Of Gender dysphoria (ACOG)." All individuals—
children, adolescents, and adults—visiting the gender
identity clinic of the Amsterdam UMC, location Vrije
Universiteit Medical Center, Netherlands, at least once
between its establishment (1972) and Dec 31, 2018, were
included in the ACOG dataset. The ACOG dataset
contains demographic and clinical data on all of its
8831 participants, extracted from medical records. The
ACOG dataset did not include people with disorders of
sex development. We included only people receiving a
minimum duration of 3 months of GnRHa, which was
started when younger than age of 18 years, preceding
the start of gender-affirming hormone treatment (start
of gender-affirming hormone treatment when younger
than 18 years was not a requirement for inclusion).

Procedures and outcomes

Adolescent individuals could be medically treated at our
gender identity clinic if referred by a physician, usually a
general practitioner, and were diagnosed with gender
dysphoria (Diagnostic and Statistical Manual of Mental
Disorders [DSM-IV-TR 2000 or DSM-5 2013], American
Psychiatric Association) by the gender identity clinic.
People could start on intramuscular or subcutaneous
triptorelin, a GnRHa, 3-75 mg every 4 weeks or 11-25 mg
every 12 weeks when a Tanner genital stage II or higher
for people assigned male at birth or Tanner breast stage II
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or higher for those assigned female at birth was reached,
usually around age 12 years. If gender dysphoria remained
present after treatment was started, and participants met
all criteria as defined by the Endocrine Society’s guideline
for treatment of people with gender dysphoria,®” gender-
affirming hormones could be added to induce puberty in
eligible adolescents 16 years or older. Gender-affirming
hormone treatment consists of oestrogen in people
assigned male at birth, and testosterone in those assigned
female at birth.” Over time, the Dutch Protocol was
adapted, enabling adolescents who had already been
treated with GnRHa for several years to start gender-
affirming hormones from age 15 years. Occasionally,
some people started gender-affirming hormones at a
younger age than 15 years, for example to reduce growth
in case a tall adult height was predicted. GnRHa was
usually discontinued in people assigned female at birth
when they were on the full, adult dose of testosterone.
In people assigned male at birth, GnRHa treatment
was continued until gonadectomy. After at least 1 year of
gender-affirming hormone treatment, and at a minimum
age of 18 years, people became eligible for gender-
affirming surgeries. After gonadectomy, treatment with
sex hormones become indicated lifelong.

The main outcome of this study was a prescription for
gender-affirming hormones at the end of data collection
(Dec 31, 2018), which was used as an indicator of ongoing
use of gender-affirming hormones. A prescription at the
end of data collection was defined in one of two ways:
firstly, a gender-affirming hormone prescription in the
hospital’s prescription registry in 2018. However, at the
gender identity clinic of the Amsterdam UMC, long-term
follow-up visits are advised at least once every 3 years but
some people choose to have these evaluations at another
clinic and therefore might have received a prescription
from clinicians elsewhere. Therefore, secondly, we
(MATCvdL and CMW) linked our study population to
data supplied by the national statistical office, Statistics
Netherlands (Centraal Bureau voor de Statistiek; CBS)
that contained information regarding all drug pre-
scriptions reimbursed under basic health insurance. In
the Netherlands health insurance covering basic medical
expenses is mandatory for everyone living or working in
the country. All gender-affirming hormone treatment
must be prescribed by a medical doctor and is fully
covered by this basic health insurance. Therefore, all
gender-affirming hormones prescribed in the Netherlands
are available in the CBS data. In addition, gender-
affirming hormone medication is readily available at local
pharmacies. It was therefore unlikely that, contrary to
some other countries, gender-affirming hormones in the
Netherlands are obtained through other resources after
the first prescription.

Drug prescriptions in the CBS-database are classified
by the Anatomical Therapeutic Chemical (ATC) system.”
We (MATCvdL and CMW) searched for hormone pre-
scriptions within the following subgroups: A14A, GO3A,

GO03B, G03C, GO3D, GO3F, GO3H, G03X, G04C, HO1C,
L02A, and L02B. We only searched for people for whom
a prescription could not be found in the hospital’s
2018 prescription registry.

Statistical analyses

We reported continuous variables as mean (SD) for
normally distributed data. Non-normally distributed
data were described as median with IQR. Dichotomous
variables were presented as proportions. We used a
Cox proportional-hazards model to analyse data. We
calculated analysis time as the number of years between
the start of gender-affirming hormone treatment and
the first terminating event for each participant.
Terminating events were either date of last found
prescription in people who did not have a prescription
at the end of follow-up (Dec 31, 2018) or, where no
prescription was found, the date of last visit to the
clinic. We censored data for people who had pre-
scriptions at the end of the study. We also censored data
of individuals who were deceased or had moved abroad
at the time of death or emigration; if the date of death
or emigration was not available, the date of last visit to
the clinic was used.

Independent variables were sex assigned at birth,
age at first visit to the clinic, age at start of GnRHa and
at start of gender-affirming hormone treatment, puberty
stage at start of GnRHa treatment, duration of GnRHa
monotreatment, year of start of gender-affirming
hormone treatment, year of first visit, and whether a
gonadectomy was done. We did both a univariable
analysis and a multivariable analysis. In the multi-
variable model, we excluded people who had already
started hormone treatment elsewhere because year of
first visit did not reflect their initial visit to a gender
identity clinic, and this would bias the results.
Individuals with missing data were also excluded from
the particular analysis. The proportional-hazards
assumption was tested on the basis of the Schoenfeld
residuals in the multivariable model and was not met
for sex assigned at birth. Therefore, we stratified the
analyses by sex assigned at birth. To check for
collinearity, we calculated the variance inflation
factor (VIF) for each variable. A VIF greater than
10 was regarded as significant collinearity. Collinearity
was found between duration of GnRHa monotreatment,
and age at start of GnRHa treatment and age at start
of gender-affirming hormone treatment. Duration of
GnRHa monotherapy was therefore removed from the
model. In the multivariable model without duration
of GnRHa monotherapy, all VIF were below 10.

Except for age, which was modelled as a continuous
variable, independent variables were dichotomous or
categorical. Puberty stage at start of GnRHa treatment
was divided into early or late puberty. For people assigned
male at birth, a maximum testicular volume of 9 mL was
considered early puberty, and a testicular volume above
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8831 people in the ACOG database
5350 who were assigned male at birth
3481 who were assigned female at birth

8111 excluded
7822 did not start GnRHa
6978 too old (=18 years)
262 too young (<12 years)
31 started GAH without previous
use of GnHRa
551 other*
60 started GnRHa older than 18 years or
had been given GnRHa for less than
3 months
229 started GnRHa but no GAH

A 4

720 included
220 who were assigned male at birth
500 who were assigned female at birth

3 deceased
2 moved abroad

v

v

667 VUmc prescription found

188 who were assigned male at birth
479 who were assigned female at birth

48 no VUmc prescription found
30 who were assigned male at birth
18 who were assigned female at birth

v

32 CBS prescription found
21 who were assigned male at birth
11 who were assigned female at birth

Figure 1: Flowchart of participants

ACOG=Amsterdam Cohort of Gender dysphoria. CBS=Centraal Bureau voor de Statistiek (Statistics Netherlands).
GAH=gender-affirming hormones. GnRHa=gonadotropin-releasing hormone agonist. VUmc=Vrije Universiteit
Medical Center prescription registry. *These people could still be in the diagnostic phase or were not diagnosed

with gender dysphoria.

9 mL was considered late puberty. For people assigned
female at birth, a Tanner breast stage II was considered
early puberty, and stage III or greater was considered late
puberty.

To investigate whether there was a difference in
continuation of gender-affirming hormones between
earlier and more recent years, year of start of gender-
affirming hormones was divided in two categories
(<2012 or =2012). We chose 2012 as the cutoff point
because previous research has shown that the sharp
increase in referrals of people assigned female at birth
occurred around that time.”

Our gender identity clinic also provided care to youth
who had already started medical treatment elsewhere.
The initial dates of start of GnRHa and gender-affirming
hormone treatment (taken from the referral letter) were
registered for these people and used in the analyses. To
avoid bias, these people were excluded when analysing
age at first visit in our centre.

Use of CBS data is bound by strict rules to ensure
anonymity. Due to low numbers, anonymity could not be
guaranteed when stratifying people for both gonadectomy

and sex assigned at birth. Therefore, this analysis was
only done for the overall study population. We used
STATA (15.1) for all data analyses.

Before initiation of the study, the local Medical Ethics
Committee confirmed that the Medical Research Involving
Human Subjects Act (WMO) did not apply to this study
due to the retrospective design, and absence of inter-
ventions. The collaboration between the Amsterdam
UMC, location Vrije Universiteit Medical Center, and
Statistics Netherlands has been approved by the privacy
officer of the Amsterdam UMC, location Vrije Universiteit
Medical Center, and a lawyer from Statistics Netherlands.
All data were reviewed by Statistics Netherlands to verify
that the results did not contain any identifiable data.

Role of the funding source
There was no funding source for this study.

Results

In total, 720 people (529 [96%)] White; 171 had missing
ethnicity data) were included in this study (figure 1), of
whom 220 (31%) were assigned male at birth and
500 (69%) were assigned female at birth. Their baseline
characteristics are shown in table 1. Median duration
of gender-affirming hormone treatment by the time of
study analysis was 3-5 (IQR 1-5-7-6; range 0-1-20-0)
years for people assigned male at birth, and 2-3 (1-2—4-8;
range 0-0-15-5) years for those assigned female at
birth. Median age at end of data collection was 20-2
(17-9-24-8) years for people assigned male at birth and
19-2 (17-8-22-0) years for those assigned female at
birth. Overall, 282 (59%) of all 480 eligible (ie, minimum
age of 18 years and at least 1 year of gender-affirming
hormone treatment) participants had gonadectomy.

Of all participants, three died and two had moved
abroad during the study. For 667 (93%) of the remaining
715 individuals, we found a prescription for gender-
affirming hormones consistent with the affirmed gender
in the hospital's 2018 prescription registry. For an
additional 32 (4%), we found a prescription in the CBS-
linked database. There were 16 (2%) people for whom no
prescription was found. Of these, nine were assigned
male at birth (4% of all 220 people assigned male at
birth) and seven were assigned female at birth (1% of
all 500 those assigned female at birth). Figure 2 shows
a Kaplan-Meier curve for the proportion of people
prescribed gender-affirming hormones and duration of
gender-affirming treatment. Of the 16 people for whom
no prescription was found, 12 (75%) had undergone
gonadectomy. For these individuals, no prescriptions
were found for sex hormones of the sex assigned at birth
either.

In the multivariable model, none of the assessed
variables were correlated with finding a prescription or
not. Year of start of gender-affirming hormone treatment
(<2012 or =2012) could not be assessed because the event
rate was too low in the groups starting medical treatment
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in 2012 or after. All people assigned female at birth for
whom a prescription was not found were in late puberty
at start of GnRHa treatment. Therefore, we could not
assess the association between puberty stage and finding
a prescription or not finding a prescription in people
assigned female at birth.

Because more people could be included in the uni-
variable models than in multivariate models (ie, the
people who had been externally referred and had already
started medical treatment elsewhere were excluded from
the multivariable model to avoid bias based on the year of
first visit), the overall group could be assessed in the
univariable models. In the univariable models, age at
first visit, at start of GnRHa, and at start of gender-
affirming hormone treatment were not associated with us
finding a prescription or not, nor were puberty stage at
start of GnRHa treatment, whether or not gonadectomy
was done, year in which people first visited, or year in
which gender-affirming hormone treatment was started
(table 2).

Discussion

In this cohort study, we show that most people who had
started medical transition with puberty suppression in
adolescence followed with gender-affirming hormone
treatment, continued using gender-affirming hormones
in adulthood. Ongoing gender-affirming hormones use
was not associated with age at first visit, nor was age
at start of GnRHa treatment, age at start of gender-
affirming hormone treatment, puberty stage at start of
GnRHa treatment, nor gonadectomy.

In recent years, a surge of referrals of predominantly
people assigned female at birth has been seen at our
gender identity clinic.” Some people have raised concerns
about gender-affirming treatment for adolescents because
of poor diagnostic certainty of gender dysphoria, especially
in light of the increasing demand for this treatment.”
However, Arnoldussen and colleagues” have already
shown that the proportion of adolescents diagnosed with
gender incongruence has not changed between 2000 and
2016 at the gender identity clinic of the Amsterdam UMC,
location Vrije Universiteit Medical Center, suggesting that
current referrals are similar with regard to gender
dysphoria to those from earlier years. We have now shown
that there is no difference in continuation of treatment
between people who started gender-affirming hormones
before 2012 and those who started treatment after 2012
in the Netherlands, corroborating Arnoldussen and col-
leagues™ statement. When assessing the association
between not finding a prescription and age at first visit, at
start of GnRHa treatment, and at start of gender-affirming
hormone treatment, the chance of discontinuing treatment
seemed to increase with older age at all these timepoints in
people assigned female at birth in this Article. However,
these * were not statistically significant.

We were unable to find a prescription for only 2% of
people in our cohort. These people might have stopped

Overall

No prescription found

People assigned
male at birth
(n=220)

People assigned
female at birth
(n=500)

People assigned
male at birth
(n=9)

People assigned
female at birth
(n=7)

Age at start of GnRHa
treatment, years

Early puberty at start of
GnRHa treatment,
Testicular volume at
start of GnRHa
treatment, mL
Menarche before GnRHa
initiation
Monotherapy with
GnRHa, years

Age at start of gender-
affirming hormone
treatment, years

Age at end of data
collection, years

Age at last found
prescription, years

141 (13-0-16-3)

64 (30%)*

15 (8-20)t

NA

17(07-2-6)

160 (15-5-17-1)

20-2 (17-9-24-8)

NA

160 (14-1-16-9)
16 3%)*

NA

335 (81%)T
0-8 (0-5-1-9)

167 (16:0-17-5)

19-2 (17-8-22:0)

NA

14-6 (13-3-15-2) 16-6 (16:5-16-9)

3(33%) 0

20 (6-22)t NA

NA 7 (100%)t
24 (11-27) 07 (0-5-1-0)

16-0 (16:0-16-6)  17:6 (17-0-17-7)

29-3(27-8-31-2) 253 (19:6-26-5)

24-6 (22:8-25-9) 20-7(17-7-231)

Data are median (IQR) or n (%). Early puberty in people assigned male at birth was considered as testicular volume

<9 mLand in people assigned female at birth considered as Tanner breast stage Il. GAH=gender-affirming hormones.
GnRHa=gonadotropin-releasing hormone agonist. NA=not applicable. *Data on puberty stage at start of GnRHa was
missing for three people who were assigned male at birth and seven people who were assigned female at birth.

tFor eight people who were assigned male at birth, including two without a prescription at the end of follow-up,
testicular volume was missing; for 85 people who were assigned female at birth, including one without a prescription

at the end of follow-up, data on menarche were missing.

Table 1: Characteristics of all participants

75
50

25

Proportion prescribed
gender-affirming hormones (%)

—— Assigned female at birth

—— Assigned male at birth

0 T T T 1
0 5 10 15 20

Years of gender-affirming hormone treatment

Number at risk
Assigned female at birth 500 117 33 2 0
Assigned male at birth 220 83 31 7 1

Figure 2: Kaplan-Meier curve for proportion of people prescribed gender-
affirming hormones and duration of gender-affirming hormone treatment,
stratified by sex assigned at birth

using gender-affirming hormones. There are several
plausible reasons for discontinuation of treatment. There
might be a lack of knowledge on the importance of
continued hormone treatment after gonadectomy, or the
side-effects of medication could have led to stopping of
medication. Any participants with a non-binary gender
identity might require only short-term medical treatment.
No prescriptions for any kind of sex hormones (ie, neither
for the sex assigned at birth or the experienced gender)
were found, suggesting that people might not have
stopped treatment because of regret of transition or
change of gender identity; if people who had gonadectomy
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Univariable  Univariable Multivariable  Univariable Multivariable
model, model, people  model*, people model*, model, people
overall assigned male  assigned male  people assigned
at birth at birth assigned female at
female at birth  birth
Age at first visit* 121 1.04 1.09 169 0-89
(0-95-1-54) (0-76-1-41) (0-62-1-92) (0-97-2-93) (0-31-2-53)
Age at start of 121 0-99 0-62 1.86 2-60
GnRHatreatment  (0-91-1-59) (0-67-1-45) (0-23-1-69) (0-97-3-56) (0-37-18-4)
Age at start of 137 120 2:47 1.94 070

gender-affirming (0-85-220)  (0:67-2-16) (0-60-10-1) (0-89-4-26) (0-08-6-20)
hormone
treatment

Puberty stage at start of GnRHa treatment

Early puberty Reference Reference Reference Reference Reference
Late puberty 0-62 0-62 0-56 Omittedt Omittedt
(018-218)  (0-15-2:48) (0-08-3-71)
Year of first visit* 1.03 0-85 0-83 1-24 1-09

(0-89-119)  (0-67-1-08) (0-63-1-09) (0-95-1-64) (0-80-1-49)

Year of start of gender-affirming hormone treatment

<2012 Reference Reference Reference Reference Reference
>2012 0-68 0-90 Omittedt 0-53 Omittedt
(017-276)  (0-07-11-43) (0-10-2-85)
Gonadectomy§
No Reference
Yes 043
(0-11-1-63)

Data are in hazard ratio (95% Cl). Early puberty in people assigned male at birth was considered as testicular volume

<9 mLand in people assigned female at birth was considered as Tanner breast stage Il. GnRHa=gonadotropin-releasing
hormone agonist. NA=not applicable. *External referrals excluded. tAnalyses not possible because all people assigned
female at birth for whom a prescription was not found were in late puberty at start of GnRHa treatment. $Analyses not
possible because the event rate was too low in the group starting gender-affirming hormones after 2012. SNot stratified
by sex assigned at birth to ensure anonymity.

Table 2: Association between independent variables and the outcome of no prescription found

regretted their transition they might have started
treatment with sex hormones of their sex assigned
at birth. A survey study by Turban and colleagues®
found that, even among adult participants with a
history of detransitioning, very few reported internal
factors, including uncertainty about gender identity,
as the reason for detransitioning. Alternatively a non-
supportive, or even disapproving, attitude towards tran-
sitioning from an individual’s environment, could have
compelled participants to discontinue treatment due to
social rejection.”

Roberts and colleagues® reported that, 4 years after
hormone initiation, 74-4% of individuals who had started
gender-affirming hormones before age 18 years continued
treatment. However, it is unclear how many of these
adolescents used puberty suppressing treatment before
gender-affirming hormone treatment, and to what extent
they underwent diagnostic evaluation before initiation of
medical treatment. At our gender identity clinic, adolescents
go through a meticulous diagnostic process before the start
of GnRHa and gender-affirming hormone treatment.
Perhaps differences in diagnostic evaluation and criteria to
starttreatment contribute to the discrepancy in continuation
rates found Dbetween studies. In a small study from

Germany,” the main objective of which was to assess
satisfaction with transition-related care, three (9%) of
32 adolescents discontinued gender-affirming hormone
treatment, none due to regret of transition. The higher
proportion than in our study of discontinuation found by
these authors® might be explained by their select and
small study population. Whereas we were able to include
the complete adolescent population seen at our centre,
Nieder and colleagues® only included people who actively
participated in their follow-up study. In a UK-based gender
identity clinic, nine (5-1%) of 175 participants who had
started gender-affirming hormones when at least age
17 years, discontinued this treatment.* However, this
population started gender-affirming hormone treatment at
a later age than our participants, without previous GnRHa
treatment, and were discharged from their gender identity
clinic.

Of all people for whom a prescription was not found at
follow-up, 12 (75%) of 16 underwent gonadectomy and
appeared to not use any sex hormones. This particular
fact is troublesome as these individuals are at increased
risk of complications such as osteoporosis. The pro-
portion of people undergoing gonadectomy might be
higher compared with in other countries because, in
the Netherlands, gonadectomy was obligatory (until
July 1, 2014) for transgender people to change their legal
sex. Our findings underline the importance of careful
counselling of young adults considering gonadectomy
about the need for ongoing hormone treatment after
gonadectomy.

To our knowledge, this study is the first to assess
continuation of gender-affirming hormones in a large
group of transgender individuals who started medical
treatment with puberty suppression in adolescence.
A valuable asset to our study is the link with a national
prescription registry, yielding information on hormone
use of all people who were treated at our centre.
A limitation of our study is that gender-affirming
hormones being prescribed does not necessarily mean
that people are using the medication, possibly over-
estimating the number of people still using gender-
affirming hormones. The results over the most recent
years should be regarded with caution, as duration of
follow-up is of course limited by time. This limitation
by time is represented by the gradually decreasing
number of people at risk with an increasing duration
of gender-affirming hormone treatment in the Kaplan-
Meier curve. Unfortunately, due to data limitations,
we could only speculate about reasons why people
might have stopped using gender-affirming hormones.
Another limitation is that we were unable to do a power
and sample size calculation in advance of the study
because we could not find a study providing an
estimation on the number of expected events in
this population. Because the event rate in our study
was very low, the regression analyses regarding
determinants of stopping gender-affirming hormone
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treatment might have been underpowered. Lastly,
prescriptions might have been not recorded for people
obtaining treatment outside of the regular health
system. However, this would mean we overestimated
the number of people stopping use of gender-affirming
hormones, and would not alter the key message that
the vast majority of this particular group continued
using gender-affirming hormones.

Overall, 98% of people who had started gender-
affirming medical treatment with puberty suppression in
adolescence in this study continued gender-affirming
hormones. This proportion is reassuring considering the
public concern regarding regret of transition when
started in adolescence. Factors associated with possibly
stopping treatment were not identified; future research
should identify reasons why young adults stop taking
gender-affirming hormones. In the meantime, educating
all young people who undergo gender-affirming treat-
ment on the need for continued hormone treatment and
on the health risks of discontinuing treatment should be
a priority.
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is unknown, and the risk for liver toxicity needs to be investigated
in larger sample sizes and over a longer duration of time.

The limitations of this study are its small size, minimal laboratory
testing, and retrospective nature. Another limitation is that the ef-
ficacy of androgen suppression can only be monitored clinically, as
testosterone levels actually increase. However, our results suggest
that bicalutamide may be an option for transgender MTF adolescents
who are denied GnRHas and are also ready for physical feminization.
Bicalutamide is also significantly less costly than GnRHas, which
costs thousands of dollars per dose. Larger, prospective studies with a
more diverse patient population are needed to further evaluate the
safety and potential role of bicalutamide in the therapeutic arma-
mentarium for the treatment of transgender MTF youth.
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From: Rosenthal, Stephen

Sent: Thursday, November 03, 2022 2:28 PM PDT

To: SGMRO@NIH.gov <SGMRO@NIH.gov>

Subject: RFI: Gender-Affirming Care Scientific Workshop

Hello,

I am responding to the RFI for the upcomingScientific Workshop on Gender-Affirming Care for Transgender and Gender-
Diverse Populations. I'm delighted to offer what | think are important priorities for the pediatric/adolescent population:

1.

Understanding the long-term mental health and physiological impact of gender-affirming medical care for
transgender/gender diverse adolescents. | am one of the Pls (multiple Pl format) of a 4-site NIH R01, now in its 2" 5-
year cycle (currently funded by the NICHD through January, 2026), entitled; "The Impact of Early Medical Treatment
in Transgender Youth". If we are going to meaningfully address long-term impacts of such care, continued longitudinal
research will be critical.

. Understanding the specific impacts of gender-affirming medical care on skeletal health, neurocognitive function, and

fertility.

Assuring inclusivity of racial and ethnic minorities to minimize health disparities in studies on the impact of gender-
affirming medical care

With increasing numbers of non-binary gender-diverse adolescents presenting for care (without currently existing
clinical practice guidelines for such individuals), understanding how to best enable an individual to achieve their
gender-embodiment goals and how to do so safely (e.g. without compromising skeletal health).

| would be pleased to be a participant in this workshop.

Thank you,

Steve Rosenthal

Stephen M. Rosenthal, M.D.

Professor of Pediatrics

Division of Pediatric Endocrinology

Medical Director, Child and Adolescent Gender Center
University of California, San Francisco

Mission Hall: Global Health and Clinical Sciences

550 16th St., 4th Floor, #4635
San Francisco CA 94143-0434
Pronouns: he/him/his

Director, World Professional Association for Transgender Health
Past Vice President and Director, Endocrine Society
Past President, Pediatric Endocrine Society

Tel.: (415) 476-2266
Fax: (415) 476-5356
email: Stephen.Rosenthal@ucsf.edu
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From: Sexual & Gender Minority Research Office <SGMRO@nih.gov>
Sent: Friday, November 04, 2022 7:17 AM PDT

To: Rosenthal, Stephen <Stephen.Rosenthal@ucsf.edu>

CC: Sexual & Gender Minority Research Office <SGMRO@nih.gov>
Subject: RE: RFI: Gender-Affirming Care Scientific Workshop

This Message Is From an External Sender
This message came from outside your organization.

Thank you, Steve. Acknowledging receipt of your response to the RFI.
Best,

Irene

Irene Avila, PhD

Assistant Director, Sexual & Gender Minority Research Office
Division of Program Coordination, Planning, and Strategic Initiatives
Office of the Director, NIH

(301) 594-9701

avilai@mail.nih.gov
Pronouns: she, her, ella(why? Be an ally)

Join the NIH SGM Listserv

From: Rosenthal, Stephen <Stephen.Rosenthal@ucsf.edu>

Sent: Thursday, November 3, 2022 5:29 PM

To: Sexual & Gender Minority Research Office <SGMRO@nih.gov>
Subject: [EXTERNAL] RFI: Gender-Affirming Care Scientific Workshop

Hello,

| am responding to the RFI for the upcomingScientific Workshop on Gender-Affirming Care for Transgender and Gender-
Diverse Populations. I'm delighted to offer what | think are important priorities for the pediatric/adolescent population:

1. Understanding the long-term mental health and physiological impact of gender-affirming medical care for
transgender/gender diverse adolescents. | am one of the Pls (multiple Pl format) of a 4-site NIH R01, now in its 2" 5-
year cycle (currently funded by the NICHD through January, 2026), entitled; "The Impact of Early Medical Treatment
in Transgender Youth". If we are going to meaningfully address long-term impacts of such care, continued longitudinal
research will be critical.

2. Understanding the specific impacts of gender-affirming medical care on skeletal health, neurocognitive function, and
fertility.

3. Assuring inclusivity of racial and ethnic minorities to minimize health disparities in studies on the impact of gender-
affirming medical care

4. With increasing numbers of non-binary gender-diverse adolescents presenting for care (without currently existing
clinical practice guidelines for such individuals), understanding how to best enable an individual to achieve their
gender-embodiment goals and how to do so safely (e.g. without compromising skeletal health).

| would be pleased to be a participant in this workshop.

Thank you,

Steve Rosenthal

Stephen M. Rosenthal, M.D.
Professor of Pediatrics
Division of Pediatric Endocrinology

Medical Director, Child and Adolescent Gender Center
University of California, San Francisco
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Mission Hall: Global Health and Clinical Sciences

550 16th St., 4th Floor, #4635

San Francisco CA 94143-0434
Pronouns: he/him/his

Director, World Professional Association for Transgender Health
Past Vice President and Director, Endocrine Society
Past President, Pediatric Endocrine Society

Tel.: (415) 476-2266
Fax: (415) 476-5356

email: Stephen.Rosenthal@ucsf.edu

CAUTION: This email originated from outside of the organization. Do not click links or open attachments unless you recognize the sender and are
confident the content is safe.
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Sent: Wednesday, November 09, 2022 7:47 PM PST

Stephen M. Rosenthal, M.D.

Professor of Pediatrics

Division of Pediatric Endocrinology

Medical Director, Child and Adolescent Gender Center
University of California, San Francisco

Mission Hall: Global Health and Clinical Sciences

550 16th St., 4th Floor, #4635

San Francisco CA 94143-0434
Pronouns: he/him/his

Director, World Professional Association for Transgender Health
Past Vice President and Director, Endocrine Society
Past President, Pediatric Endocrine Society

Tel.: (415) 476-2266

Fax: (415) 476-5356
email: Stephen.Rosenthal@ucsf.edu
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They Paused Puberty, but Is There a Cost?

Puberty blockers can ease transgender youths’ anguish and buy time to weigh options. But concerns are growing about long-term
physical effects and other consequences.

By Megan Twohey and Christina Jewett
Nov. 14,2022 Updated 9:45 a.m. ET

The medical guidance was direct.

Eleven-year-old Emma Basques had identified as a girl since toddlerhood. Now, as she worried about male puberty starting, a Phoenix
pediatrician advised: Take a drug to stop it.

At 13, Jacy Chavira felt increasingly uncomfortable with her maturing body and was beginning to believe she was a boy. Use the drug, her
endocrinologist in Southern California recommended, and puberty would be suspended.

An 11-year-old in New York with deepening depression expressed a desire to no longer be a girl. A therapist told the family the drug was
the preteen’s best option, and a local doctor agreed.

“‘Puberty blockers really help kids like this,” the child’s mother recalled the therapist saying. “It was presented as a tourniquet that would
stop the hemorrhaging.”

As the number of adolescents who identify as transgender grows, drugs known as puberty blockers have become the first line of
intervention for the youngest ones seeking medical treatment.

Their use is typically framed as a safe — and reversible — way to buy time to weigh a medical transition and avoid the anguish of growing
into a body that feels wrong. Transgender adolescents suffer from disproportionately high rates of depression and other mental health
issues. Studies show that the drugs have eased some patients’ gender dysphoria — a distress over the mismatch of their birth sex and
gender identity.

https://www.nytimes.com/2022/11 /14/hea|th/puberty-bIo&%&sﬁrg&%ﬂg@ga}&ngfEjtln\dﬂg%i]m?gﬁ’lq%ia:email&referringSource=articIeShare&smid=n.. .7
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Emma, now 14, has identified as a girl since toddlerhood and feels that she’s on the right path. Verénica G. Cardenas for The New York Times

“Anxiety drains away,” said Dr. Norman Spack, who pioneered the use of puberty blockers for trans youth in the United States and is one of
many physicians who believe the drugs can be lifesaving. “You can see these kids being so relieved.”

But as an increasing number of adolescents identify as transgender — in the United States, an estimated 300,000 ages 13 to 17 and an
untold number who are younger — concerns are growing among some medical professionals about the consequences of the drugs, a New
York Times examination found. The questions are fueling government reviews in Europe, prompting a push for more research and leading
some prominent specialists to reconsider at what age to prescribe them and for how long. A small number of doctors won’t recommend
them at all.

Dutch doctors first offered puberty blockers to transgender adolescents three decades ago, typically following up with hormone treatment
to help patients transition. Since then, the practice has spread to other countries, with varying protocols, little documentation of outcomes
and no government approval of the drugs for that use, including by the U.S. Food and Drug Administration.

But there is emerging evidence of potential harm from using blockers, according to reviews of scientific papers and interviews with more
than 50 doctors and academic experts around the world.

Behind Our Reporting on Puberty Blockers
Megan Twohey and Christina Jewett
Reporting for the Investigations Desk

As growing numbers of adolescents who identify as
transgender are prescribed drugs to block puberty, the
treatment is becoming a source of confusion and
controversy.

We spent months scouring the scientific
evidence, interviewing doctors around the
world and speaking to patients and families.

Here’s a closer look at what we found —
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The drugs suppress estrogen and testosterone, hormones that help develop the reproductive system but also affect the bones, the brain
and other parts of the body.

During puberty, bone mass typically surges, determining a lifetime of bone health. When adolescents are using blockers, bone density
growth flatlines, on average, according to an analysis commissioned by The Times of observational studies examining the effects.

Jacy Chavira, 22, thinks puberty blockers were prescribed to her too quickly. After treatment with blockers starting at 13, followed by testosterone, she has resumed her
female identity. Verénica G. Cardenas for The New York Times

Many doctors treating trans patients believe they will recover that loss when they go off blockers. But two studies from the analysis that
tracked trans patients’ bone strength while using blockers and through the first years of sex hormone treatment found that many do not
fully rebound and lag behind their peers.

That could lead to heightened risk of debilitating fractures earlier than would be expected from normal aging — in their 50s instead of 60s
— and more immediate harm for patients who start treatment with already weak bones, experts say.

“There’s going to be a price,” said Dr. Sundeep Khosla, who leads a bone research lab at the Mayo Clinic. “And the price is probably going
to be some deficit in skeletal mass.”

Many physicians in the United States and elsewhere are prescribing blockers to patients at the first stage of puberty — as early as age 8 —
and allowing them to progress to sex hormones as soon as 12 or 13. Starting treatment at young ages, they believe, helps patients become
better aligned physically with their gender identity and helps protect their bones.

https://www.nytimes.com/2022/11/14/heaIth/pubeﬂy-blo&ﬁg—ﬁrg&ﬁg@gﬁwgfEjtaa-#ggivm?gﬁjq%ia:emaiI&referringSource=articIeShare&smid=n.. .37

UCSF-DCNF-01636



11/14/22, 9:57 AM Pube%g{gﬁgg \%SWATW%WS%IW&{EHS I'm:e_re a Cost? - The New York Times

But that could force life-altering choices, other doctors warn, before patients know who they really are. Puberty can help clarify gender,
the doctors say — for some adolescents reinforcing their sex at birth, and for others confirming that they are transgender.

“The most difficult question is whether puberty blockers do indeed provide valuable time for children and young people to consider their
options, or whether they effectively ‘lock in’ children and young people to a treatment pathway,” wrote Dr. Hilary Cass, a pediatrician
leading an independent review in England of medical treatments of adolescents presenting as transgender.

“There’s going to be a price,” said Dr. Sundeep Khosla, who leads a bone research lab at the Mayo Clinic. “And the price is probably going to be some deficit in skeletal
mass.” Jenn Ackerman for The New York Times

On her recommendation, England’s National Health Service last month proposed restricting use of the drugs for trans youths to research
settings. Sweden and Finland have also placed limits on the treatment, concerned not just with the risk of blockers, but the steep rise in
young patients, the psychiatric issues that many exhibit, and the extent to which their mental health should be assessed before treatment.

In the United States, though, there is no universal policy, and the public discussion is polarized.

Republican governors and lawmakers in more than a dozen states are working to limit or even criminalize the treatments, as some in their
party also seek to restrict access to sports and bathrooms, ban discussion of gender in public schools, and call into question whether
transgender identity even exists. (This month, the Florida medical board banned medications and surgeries for new patients under 18.)
Meanwhile, the Biden administration describes transgender medicine as a civil right. And some advocates criticize anyone who questions
the treatments’ safety.

Long-awaited research funded by the National Institutes of Health could provide more guidance. In 2015, four prominent American gender
clinics were awarded $7 million to examine the effects of blockers and hormone treatment on transgender youth. In explaining their study,
the researchers pointed out that the United States had produced no data on the impact or safety of blockers, particularly among
transgender patients under 12, leaving a “gap in evidence for this practice.” Seven years in, they have yet to report key outcomes of their
work, but say the findings are coming soon.

Many young patients and their families have concluded that the benefits of easing the despair of gender dysphoria far outweigh the risks
of taking blockers. For others, the limited studies and politicization of trans medicine can make it difficult to fully evaluate the decision. A
Reuters examination of a range of transgender treatments also found scant research into the long-term effects.
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Three years after starting the drugs, Emma Basques believes she’s on the right path.
Jacy Chavira, now 22, decided that the medical treatment was not appropriate for her and resumed her female identity.

And the New York adolescent had such a significant loss in bone density after more than two years on blockers that the parents halted use
of the drugs.

“We went into this because we wanted to help,” the mother said. “Now I worry that we got into a situation with a very powerful drug and
don’t understand what the long-term effects will be.”

Emma’s mother, Cherise Basques, right, and father let her grow her hair longer and take other
steps to socially transition when she was 5. Verénica G. Cardenas for The New York Times

“Time to Start’

It didn’t take long for Cherise and Arick Basques to realize that their toddler was different. The child rejected pants, toy trucks and sports
in favor of dresses, Barbie dolls and ballet. When Ms. Basques ran into a friend at a restaurant in their Phoenix suburb and introduced her
then-4-year-old as her son, the child shouted: “No! I’'m your daughter!”

The couple worked with children — Ms. Basques as an occupational therapist, her husband as a teacher and school administrator — but
this was unfamiliar territory. None of the therapists the parents called felt equipped to help. Their pediatrician offered only that things
could change once the child started school, Ms. Basques said. Eventually, the couple discovered a local support group for parents of
transgender children.

The next year, they allowed the child, then 5, to begin using the name Emma, grow longer hair and take other steps to socially transition.
In 2019, when Emma turned 11, a physician at a local gender clinic advised starting blockers.

“At the first subtle signs of puberty, it was like: ‘Yep, that’s it. Time to start!’” recalled Ms. Basques. Along with her husband and Emma,
she asked that their full names be used because they consider themselves advocates of the treatment.

For decades, transgender medical treatment in multiple countries was restricted to patients 18 and older. But in the 1990s, a hospital clinic
in Amsterdam began treating adolescents.

https://www.nytimes.com/2022/11 /14/hea|th/puberty-bIo&%&sﬁrg&%ﬂg@ga}&ngfEjt&afg%Fm?gﬁ’Iq%ia:email&referringSource=articIeShare&smid=n.. . 517
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By the time Emma began taking blockers, in 2019, multiple medical groups had endorsed their use for gender dysphoria. Verénica G. Cardenas for The New York Times

Puberty blockers can be given as an injection or an implant. (The best known is Lupron, made by AbbVie.) They were being used in the
United States and elsewhere, with approval by the ED.A. and its counterparts overseas, to treat prostate cancer; endometriosis, a painful
disease that causes uterine tissue to grow elsewhere in the body; and the unusually early onset of puberty, typically age 6 or 7. If blockers
were safe for patients with that rare condition, known as central precocious puberty, the Dutch doctors reasoned, they were likely to be
safe for trans adolescents too.

The first trans patient treated with blockers, from age 13 to 18, moved on to testosterone, the male sex hormone. Halting female puberty
had offered emotional relief and helped him look more masculine. As the Dutch clinicians prescribed blockers, followed by hormones, to a
half-dozen other patients in those early years, the medical team found that their mental health and well-being improved.

“They were usually coming in very miserable, feeling like an outsider in school, depressed or anxious,” recalled Dr. Peggy Cohen-Kettenis,
aretired psychologist at the clinic. “And then you start to do this treatment, and a few years later, you see them blossoming.”

In 1998, she worked with a small international group — which would later expand and become known as the World Professional
Association for Transgender Health, or WPATH — to include puberty blockers and hormones for adolescents in their treatment guidelines.

The Dutch doctors had yet to publish any research findings, she acknowledged. Some other physicians, including the one overseeing
transgender medical treatment in England, were wary of potential harm.

But doctors in the group considered the early results from Amsterdam as reassuring enough to move forward. They were eager to treat
the psychological distress observed in many trans adolescents.

https://www.nytimes.com/2022/11/14/health/puberty-bIo&ﬁaﬁrggﬁgn&gﬁxngf5t&a#g%vm%l%lqgig=emaiI&referringSource=articIeShare&smid=n... 6/17
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“It was just really exciting,” Emma said of starting her transition. “I finally got to be who I was.” Verénica G. Cardenas for The New York Times

Doctors debated about whether “starting the puberty blockers would somehow damage the children,” recalled Dr. Walter Meyer, a Texas
pediatric endocrinologist and psychiatrist involved with the 1998 standards of care.

“The Dutch were saying, ‘Oh, no, it’s not causing a problem,” said Dr. Meyer, who continues to support the use of the drugs.

Dr. Cohen-Kettenis hoped physicians in other countries would adopt the Dutch protocol, and document and share the outcomes as she and
her colleagues in Amsterdam planned. Her clinic treated only patients who had consistently presented as transgender since early
childhood and did not suffer from distinct psychiatric disorders that could interfere with diagnosis or treatment. They had to be at least 12
for puberty blockers, with the option of moving on to hormones at 16.

The international standards of care advised similar criteria. But they were recommendations, not requirements. Soon, the use of puberty
blockers spread. In the United States and Canada, countries without centralized health systems, protocols were largely left to the
discretion of individual clinics and practitioners. Dr. Spack, the pediatric endocrinologist who led U.S. adoption of the treatment, opened
the first American clinic in 2007 at Boston Children’s Hospital; others eventually followed in nearly every state.

Some started children on blockers at the first signs of puberty and prescribed testosterone or estrogen to patients 14 or younger. Doctors
believed that earlier treatment would lead to more successful medical transitions, and wanted to spare patients the difficulty of watching
their peers develop while their own bodies remained unchanged.

The doctor in Arizona who treated Emma, for example, tells preteen patients that if he prescribed blockers and didn’t start hormones for
five years, they would look 12 at age 16.

https://www.nytimes.com/2022/11/14/health/puberty-blo; %ﬁ-ﬁrgaiﬂgrggﬁxngfEjt&a#ggivm?gﬁ‘lq%ig=emaiI&referringSource=articIeShare&smid=n... 777
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Dr. Peggy Cohen-Kettenis was a psychologist in the Dutch clinic that pioneered treatments for transgender youths. “They were usually coming in very miserable,” she
recalled. With treatment, she said, “you see them blossoming.” Marlena Waldthausen for The New York Times

Transgender activists across the country pushed for early and easy access to the treatment. At a 2006 Philadelphia medical convention,
Jenn Burleton, an advocate from Oregon, heard Dr. Spack describe his experience starting to treat adolescents with blockers. Like others
of her generation, Ms. Burleton, now 68, could not medically transition until adulthood, and puberty had been traumatic. Treating
adolescents with blockers was “game-changing,” she said.

Back home, Ms. Burleton prodded pediatric endocrinologists to adopt the practice for their patients. “We have a chance to prevent them
from being emotionally broken,” she recalled saying.

Advocates successfully pushed Oregon, Massachusetts, California and other states to allow for Medicaid coverage of puberty blockers for
adolescents identifying as trans. They also helped win approval in Oregon for a variety of medical workers — doctors, nurse practitioners,
naturopaths — to administer blockers if overseen, even long-distance, by an endocrinologist.

“It went so quickly that not even centers but individual clinicians, people who were not knowledgeable, were just giving this kind of
treatment,” said Dr. Cohen-Kettenis, the Dutch psychologist. “There was a great concern.”

By the time Emma Basques began taking blockers in 2019, multiple medical groups had endorsed their use for gender dysphoria. Among
them were the American Academy of Pediatrics and the international Endocrine Society, which in 2017 had described the limited research
on the effects of the drugs on trans youth as “low-quality.” Still, the organizations were encouraged by what they saw as a promising
treatment.

Many doctors point out that it’s not unusual for research to lag behind the launch of new treatments and for drugs to be used off-label on
patients without ED.A. approval, especially in pediatric medicine.

https://www.nytimes.com/2022/11 /14/hea|th/puberty-bIo&%&sﬁrg&%ﬂg@ga}&ngfEjtln\dﬂg%i]m?gﬁ’lq%ia:email&referringSource=articIeShare&smid=n.. . 8n7
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Jenn Burleton, an advocate from Oregon, speaking at a support group for parents whose children identify as transgender. Verénica G. Cardenas for The New York Times

An ED.A. spokeswoman said in a statement that doctors have the discretion to do so, but also noted that just because a drug has been
approved for one class of patients doesn’t mean it’s safe for another.

There is no centralized tracking of blocker prescriptions in the United States. Komodo Health, a health technology company, compiled
private and public insurance data for Reuters, showing a sharp increase in the number of children ages 6 to 17 diagnosed with gender
dysphoria, from about 15,000 in 2017 to about 42,000 in 2021. During that time, 4,780 patients with that diagnosis were put on puberty
blockers covered by insurance, the data shows, with new prescriptions growing each year. But the data does not capture the many cases in
which insurance does not cover the drugs for that use, leaving families to pay out of pocket.

Some leading American practitioners asked AbbVie and Endo Pharmaceuticals, maker of another blocker, to seek FED.A. approval for the
drugs’ use among trans adolescents. The drugmakers would have to fund research for a patient population that made up just a small part
of their market. But the physicians argued that regulatory approval could help establish the safety of the treatment and broaden insurance
coverage of the drugs, which can cost tens of thousands of dollars a year. In the end, AbbVie and Endo said no. The companies declined to
comment on the decision.

Emma Basques was on blockers for two years. Then, after she turned 13 in October of last year, a doctor in the Portland, Ore., suburb
where her family had moved, prescribed estrogen, starting her transition. It had become increasingly awkward to feel left behind as her
classmates physically matured. And she felt confident that she was ready.

“It was just really exciting,” Emma said. “I finally got to be who I was.”

https://www.nytimes.com/2022/11 /14/hea|th/puberty-bIo&%ﬁ-ﬁ@a%ﬂg@gﬁw&?Ejtaa—#g%pmﬁi:lﬁ’lqﬁi&:email&referringSource=articIeShare&smid=n.. .7
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A skeleton model at the Baylor College of Medicine in Houston. A full accounting of blockers’
risk to bones is not possible. Because most treatment is provided outside of research studies,
there’s little public documentation of outcomes. Callaghan O'Hare for The New York Times

‘We Need to Give This a Chance’

The 11-year-old in New York, who had begun puberty and started at a new school, was increasingly distressed — refusing to bathe or go to
class and, for the first time, expressing a desire to no longer have a girl’s body.

When the parents consented to blockers in 2018, they hoped the drug would bring emotional stability and time to consider next steps.

“If everyone thinks this will help, and it’s reversible, then we need to give this a chance,” said the mother, who asked that her name be
withheld to protect the family’s privacy.

The first two years were promising, with the patient, by then a teen, taking Prozac in addition to the blockers. But at the start of the third
year, a bone scan was alarming. During treatment, the teen’s bone density plummeted — as much as 15 percent in some bones — from
average levels to the range of osteoporosis, a condition of weakened bones more common in older adults.

The doctor recommended starting testosterone, explaining that it would help the teen regain bone strength. But the parents had lost faith
in the medical counsel.

“I was furious,” the mother recalled. “I’m thinking, ‘I worry we’ve done permanent damage.””

https://www.nytimes.com/2022/11/14/health/puberty-bIo&%ﬁ-ﬁrgg%ﬁgﬂ&gﬁwgfEjt&a#g%p%%&l%lg%ig=emai|&referringSource=articIeShare&smid=. .. 1017
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INTERPRETATION:

L-Spine (L1 to L4) 0.575 g/cm2 Bone Mineral Density (BMD), -5.7 T-Score, -4.9 Z-Score.
Based on the patient's age and weight, the patient's bone density is below the 1st percentile.
IMPRESSION:

Bone mineral density below 1st percentile indicating osteoporosis.
RECOMMENDATIONS:

Since the diagnosis and treatment of osteoporosis in children 1s usually associated with other disease processes, the referring
physicians should determine individual treatments based on the need of each patient.

A Texas teenager had very low bone density in the lumbar spine after a year on blockers, records show. No baseline bone scan had been performed at the outset of
treatment. The New York Times

A full accounting of blockers’ risk to bones is not possible. While the Endocrine Society recommends baseline bone scans and then repeat
scans every one to two years for trans youths, WPATH and the American Academy of Pediatrics provide little guidance about whether to
do so. Some doctors require regular scans and recommend calcium and exercise to help to protect bones; others do not. Because most
treatment is provided outside of research studies, there’s little public documentation of outcomes.

But it’s increasingly clear that the drugs are associated with deficits in bone development. During the teen years, bone density typically
surges by about 8 to 12 percent a year. The analysis commissioned by The Times examined seven studies from the Netherlands, Canada
and England involving about 500 transgender teens from 1998 through 2021. Researchers observed that while on blockers, the teens did
not gain any bone density, on average — and lost significant ground compared to their peers, according to the analysis by Farid Foroutan,
an expert on health research methods at McMaster University in Canada.

The findings match what practitioners of the treatment have seen, including Dr. Catherine Gordon, a pediatric endocrinologist and bone
researcher at Baylor College of Medicine in Houston. “When they lose bone density, they’re really getting behind,” said Dr. Gordon, who is
leading a separate study on why the drugs have such an effect.

Many doctors caring for young trans patients are reassured by the rebounds seen in the children who take blockers for unusually early
puberty. In most cases, their bone strength fully recovers after they stop the drugs at about age 11 and resume full puberty, which can last
up to five years. But patients identifying as trans take the drugs later, interrupting their normally timed puberty and limiting that crucial
period of development.

“That’s the difference,” Dr. Gordon said. “You shorten that critical window of puberty.”

So far, only two small studies, published by Dutch doctors, have tracked the bone development of trans patients from beginning blockers
through early hormone treatment. In both studies, dozens of patients started blockers at 14 or 15, on average, and began estrogen or
testosterone at 16. The participants, followed in one study through age 18, and in the other through age 22, saw their bones strengthen, on
average, once on hormones. Still, most patients continued to lag behind their peers; trans men neared average levels, but trans women fell
far below.

https://www.nytimes.com/2022/11 /14/heaIth/puberty-bIo&%&sﬁrg&%ﬂg@g&}&ngfEjtadﬂg%i\m?gﬁ’lci%ia:emaiI&referringSource=articIeShare&smid=. .17
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Dr. Catherine Gordon, a pediatric endocrinologist and bone researcher at Baylor, is leading a study on the effects of puberty blockers on bone development in transgender
youths. Callaghan O'Hare for The New York Times

“I think there’s a false sense of security,” said Dr. Khosla, the Mayo Clinic specialist, who is skeptical that all trans patients can catch up.

Dr. Khosla and Dr. Gordon don’t believe the effects on bones are reason for medical providers to halt use of the drugs in adolescents. But
they think the risks should be factored into patient decisions and that bones should be carefully monitored.

If any harm resulted from the use of blockers, it likely would not be evident until decades later, with fractures. However, for children who
already have weak bones as they start treatment, the dangers could be more immediate. While there is no systematic record-keeping of
such cases, some anecdotal evidence is available.

After more than a year on blockers, a 15-year-old in Texas, who had not had a baseline scan, showed spinal bone density so low that it was
below the first percentile for the teen’s age and weight, indicating osteoporosis, according to medical records from earlier this year.

https://www.nytimes.com/2022/11/14/hea|th/puberty-bIo&%ﬁ-ﬁrgg%ﬂg@gﬁw&aEjtaa—#g%ilm?(i:l%’lcmig_:emaiI&referringSource=articIeShare&smid=. 12117
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Emma takes calcium, makes an effort to exercise and has undergone scans showing that her bones are healthy. Verénica G. Cardenas for The New York Times

A transgender adolescent in Sweden who took the drugs from age 11 to 14 with no bone scans until the last year of treatment developed
osteoporosis and sustained a compression fracture in his spine, an X-ray showed in 2021, as reported earlier in a documentary on Swedish
television.

“The patient now suffers from continued back pain,” medical records note, describing a “permanent disability” caused by the blockers.

Some practitioners in the United States and Australia do not provide the drugs to patients who are well into puberty, concerned that the
treatment poses the greatest threat to bones in that period.

“You're potentially taking on risks that I felt should be avoided,” said Dr. Stephen Rosenthal, medical director of the University of
California, San Francisco, Child and Adolescent Gender Center.

He won’t prescribe blockers as a stand-alone treatment to anyone over 14. That includes the growing number of nonbinary youths who
don’t want to mature into either male or female bodies. “We make it very clear that no one stays on a blocker;” he said.

Dr. Rosenthal is a principal investigator in the yearslong N.I.H. study, which also involves gender clinics in Los Angeles, Chicago and
Boston. Asked why they have yet to report on key outcomes, he said their research was delayed when the pandemic halted in-person
treatment. Papers on the effects of blockers on bones and other findings should be published next year, he said.

Like many physicians, Dr. Rosenthal believes the benefits of using blockers to alleviate gender dysphoria are much greater than any risks
to bones. (He was among the doctors who filed statements in a lawsuit against an Alabama ban on medical treatment of trans youth.)

Emma Basques, for example, takes calcium, makes an effort to exercise and has undergone scans that showed her bones are healthy. “I
can’t even imagine how life would be for Emma,” said her mother, Ms. Basques, “if she was not given blockers and had to go through male
puberty.”

Emma added: “I wouldn’t like my body at all.”

But the parents in New York insisted on ending treatment for their teen, who has yet to have a follow-up scan to see if bone density has
improved since going off blockers.

https://www.nytimes.com/2022/11 /14/heaIth/puberty-bIo&bﬁasl-ﬁrgaiﬂgrﬁgawgfEjt&gfg%i]m?gﬁ’lqgig_:emaiI&referringSource=articIeShare&smid=. .. 1317
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“I don’t think we have the science behind them to be prescribing these drugs,” the mother said.

“I wish I hadn’t been steered into transitioning the way I was, and that I had been told there
were other ways to cope with the discomfort of puberty,” Ms. Chavira said. Verénica G. Cardenas
for The New York Times

‘I Wish There Had Been More Questions’

Jacy Chavira, in Southern California, had already cut her hair short and begun binding her chest when she was prescribed blockers at age
13. A therapist and her parents agreed that gender dysphoria, a condition Jacy learned about from a magazine, could explain the mounting
anxiety and discomfort that she was experiencing during early puberty.

Once on blockers, Ms. Chavira said, she became fixated on moving ahead with a medical transition. She was thrilled shortly after turning
16 when her pediatric endocrinologist prescribed testosterone. But soon she started having doubts. Her body was growing more
masculine, but she was secretly putting on dresses. At 17, in a consultation for breast removal, she worried aloud about the potential loss of
feeling in the nipples. To her, this was a sign of not wanting to go through with the surgery.

She came to realize that her anguish had stemmed from a larger inner conflict, and that continuing with a gender transition would be a
mistake. “I believe it was an issue with my identity, accepting who I was, and not just the physical female portion of it,” she said.

Like Ms. Chavira, most patients who take puberty blockers move on to hormones to transition, as many as 98 percent in British and Dutch
studies. While many doctors see that as evidence that the right adolescents are getting the drugs, others worry that some young people
are being swept into medical interventions too soon.

Over the past decade, growing numbers of medical providers have lowered the ages at which they prescribe the treatments. Today, the
WPATH and Endocrine Society advise that blockers can be prescribed at the first signs of puberty and hormone treatment, in some cases,
earlier than 16. The American Academy of Pediatrics says blockers can be provided anytime during puberty and hormones from “early
adolescence onward.”

Some doctors and researchers are concerned that puberty blockers may somehow disrupt a formative period of mental growth. With
adolescence comes critical thinking, more sophisticated self-reflection and other significant leaps in brain development. Sex hormones
have been shown to affect social and problem-solving skills. It’s believed that brain growth is connected to gender identity, but research in
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these areas is still very new.

Jacy at age 14, while on blockers. “I believe it was an issue with my identity,” she said, “accepting who I was, and not just the physical female portion of it.” Verénica G.
Cardenas for The New York Times

In a 2020 paper, 31 psychologists, neuroscientists and hormone experts from around the world urged more study of the effects of blockers
on the brain.

“If the brain is expecting to receive those hormones at a certain time and doesn’t, what happens?” said Dr. Sheri Berenbaum, head of a
gender research lab at Penn State, and one of the authors of the paper. “We don’t know.”

The physicians in the Amsterdam clinic, where the treatment began, have lowered their minimum ages for starting blockers and
hormones. But they are very cautious in selecting patients.

“Our concern is always: When is gender identity fixed or not fluid anymore? And when do you fully understand the lifelong consequences
of such treatment?” said Dr. Annelou de Vries, head therapist at the clinic.

For some medical professionals across the country, there are too many uncertainties about the effects of blockers to provide the treatment.

Among them are seven pediatric endocrinologists and pediatric endocrine nurse practitioners in Florida who recently wrote to the state
health department that evidence to support the use of those treatments in adolescents “is simply lacking” and asking that it be confined to
research settings.

“Without much data, it’s hard to make a conclusion that we’re doing the right thing,” said Dr. Matthew Benson, an assistant professor of
pediatrics at Mayo Clinic College of Medicine in Jacksonville and an author of the letter. (He also voiced concerns at a state hearing in July
on whether to stop allowing Medicaid coverage in Florida for transgender medical treatment.)
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Ms. Chavira halted her medical treatment at 18, but she is left with a voice that sounds like a man’s and other enduring physical changes. Verénica G. Cardenas for The New
York Times

Even enthusiasts, like Emma and her parents, acknowledge it can be hard to fully grasp all the potential results of treatment. Infertility is
among other lasting effects for patients who start blockers at the first stage of puberty and proceed to hormones and surgery. Emma was
advised that, to possibly preserve fertility, she would need to pause treatment at some point down the line, with the hopes of developing
and freezing sperm.

“I knew what I wanted,” Emma said of her medical transition. “But all this other stuff was kind of just confusing.” Her father said, “We
worked really hard to talk to her at her age level to make sure she understood some of these more complicated things.”

When Dutch doctors launched the use of blockers and hormones on trans youth decades ago, they warned in their early papers of the
possibility of “false positives” — patients who medically transition, then later declare they are not transgender.

There’s no official tracking of those cases and many practitioners believe the total numbers are small. So far, scores of accounts have
emerged in social media, news stories and published research.

Keira Bell, who was prescribed blockers at age 16, then moved on to testosterone and breast-removal surgery, no longer identified as
transgender five years after starting to transition. She sued the Tavistock gender clinic in London where she had been treated. (A judge
ruled that patients under 16 were unable to consent to puberty blockers — a decision later overturned on appeal.)

Jacy Chavira, looking back on her own experience, thinks that drugs were prescribed too quickly. At 18, she halted her medical treatment
and resumed her female identity. Now, she is left with a voice that sounds like a man’s and other enduring physical changes.

“I wish there had been more questions asked by the doctors,” she said. “I wish I hadn’t been steered into transitioning the way I was, and
that I had been told there were other ways to cope with the discomfort of puberty.”

Alarmed by the uncertain number of cases like Jacy’s, as well as the rising numbers of patients with gender dysphoria and the psychiatric
disorders many display, Sweden is working to standardize adolescent transgender medical treatment and restrict it to research settings.

Finland is also limiting treatment, more closely following the Dutch protocol, and doctors there remain concerned about the physical
effects of blockers, including on brain development, said Dr. Riittakerttu Kaltiala, chief of adolescent psychiatry at a gender clinic in
Tampere. (Dr. Kaltiala testified this fall before the Florida medical board as it was considering its ban on treatment.)
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As European countries continue to examine and tailor their treatment, in the United States the public discourse about transgender care is
growing more incendiary.

Last month, the American Academy of Pediatrics and other medical groups wrote to Attorney General Merrick B. Garland, urging the
Justice Department to investigate growing threats of violence against physicians and hospitals that provide transgender medical
treatment to adolescents. As more Republicans frame the treatment as child abuse, some doctors have become wary of discussing their
work for fear of becoming targets.

More than a dozen doctors declined to be interviewed for this article, and several who spoke to The Times — some who support treatment,
others who question it — asked not to be named.

The climate could have a chilling effect on research, said Dr. Natalie NoKoff, assistant professor of pediatric endocrinology at the
University of Colorado, who recently conducted a soon-to-be-published study showing that a longer treatment period on puberty blockers
was associated with a lower bone density.

“It’s leading to concerns that people’s well-intentioned scientific research could be misconstrued” and exploited for political gain, she said.

The prospect of such an outcome is disheartening for the families of Emma Basques, Ms. Chavira and the teen in New York. Despite their
differing experiences, they share the same hopes for transgender medicine: less vitriol, more science.

Methodology

The analysis commissioned by The Times examined the findings of seven observational studies from the Netherlands, England and Canada, documenting the association
between puberty blockers and bone density in about 500 adolescents.

In each study, bone density was measured at the spine and the hip using Dual-energy X-ray absorptiometry, or DEXA scan. The analysis looked at group means, because not
every study released individual person data. Each study’s findings were weighted based on its number of participants.

The change in bone density while adolescents were on blockers was observed to be zero. The analysis also showed that the adolescents’ Z-scores, a measure of bone density
that is benchmarked to peers, consistently fell during treatment with blockers.

The studies included are:

“Bone Mass in Young Adulthood Following Gonadotropin-Releasing Hormone Analog Treatment and Cross-Sex Hormone Treatment in Adolescents With Gender Dysphoria,”
Klink et. al, Journal of Clinical Endocrinology & Metabolism, 2015

“Effect of Pubertal Suppression and Cross-Sex Hormone Therapy on Bone Turnover Markers and Bone Mineral Apparent Density (BMAD) in Transgender Adolescents,” Viot et.
al, Bone, 2017

“The Effect of GnRH Analogue Treatment on Bone Mineral Density in Young Adolescents With Gender Dysphoria: Findings From a Large National Cohort,” Joseph et. al, Journal
of Pediatric Endocrinology and Metabolism, 2019

“Physical Changes, Laboratory Parameters and Bone Mineral Density During Testosterone Treatment in Adolescents With Gender Dysphoria,” Stoffers et. al, The Journal of
Sexual Medicine, 2019

“Bone Development in Transgender Adolescents Treated With GnRH Analogues and Subsequent Gender-Affirming Hormones,” Schagen et. al, Journal of Clinical Endocrinology
& Metabolism, 2020

“Short-Term Outcomes of Pubertal Suppression in a Selected Cohort of 12- to 15-Year-Old Young People With Persistent Gender Dysphoria in the U.K.,” Carmichael et. al,
PLOS One, 2021

“Pubertal Suppression, Bone Mass and Body Composition in Youth With Gender Dysphoria,” Navabi et. al, Pediatrics, 2021

Julie Tate contributed research.

Megan Twohey is a prize-winning investigative reporter and a best-selling author who has focused much of her work on the treatment of women and children.
@mega2e . Facebook

Christina Jewett covers the Food and Drug Administration. She is an award-winning investigative journalist and has a strong interest in how the work of the F.D.A. affects the
people who use regulated products. @By_Cjewett

A version of this article appears in print on , Section A, Page 1 of the New York edition with the headline: Pressing Pause on Puberty
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https://downloads.aap.org/DOFA/DOJ%20Letter%20Final.pdf
http://admin.endocrine.org/news-and-advocacy/news-room/2022/longer-treatment-with-puberty-delaying-medication-leads-to-lower-bone-mineral-density
https://academic.oup.com/jcem/article/100/2/E270/2814818?login=false
https://www.sciencedirect.com/science/article/abs/pii/S8756328216303337?via%3Dihub
https://www.degruyter.com/document/doi/10.1515/jpem-2019-0046/html
https://www.jsm.jsexmed.org/article/S1743-6095(19)31273-1/fulltext
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7524308/
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0243894
https://publications.aap.org/pediatrics/article/148/4/e2020039339/181264/Pubertal-Suppression-Bone-Mass-and-Body?autologincheck=redirected?nfToken=00000000-0000-0000-0000-000000000000
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