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CHAPTER 1

History of Care of Transgender Youth
NORMAN SPACK, MD

To write about “endocrine treatment” of transgender/
gender nonconforming juveniles younger than 16 years
is an oxymoronic act. Prior to the past decade, gender
dysphoria, like homosexuality until 1973, was consid-
ered a psychiatric disease codified in the Diagnostic
and Statistical Manual of Mental Disorders. It was
unthinkable that a physician would prescribe cross-sex
steroids to a gender dysphoric juvenile and risk stunted
growth and induce precocious puberty. The only alterna-
tive thenwas psychiatric referral despite the prevalence of
reparative therapy and its negative attitude toward any
cross-gender behavior.1 Efficacy of reparative therapy,
which has been called into question, is based on the
experience of a few investigators. They posit that only a
minority of dysphoric juveniles will persist as trans-
gender at puberty, with many who desist becoming
gay. These data, like most studies on prepubertal gender
nonconforming youth, were skewed by the nature of the
institution in which they were seen, which in the case
above was a psychiatric clinic. From the perspective of
transgender individuals who seek treatment for the first
time as adults, the overwhelming majority recall cross-
gender feelings before the age of 10 years and many
before the age of 5 years.2 However, few parents
supported their child living in a cross-gender social role
in public, and the price was being bullied and rejected,
which contributed to self-harm and sometimes even
suicide.3

While some care for transgender adults has histori-
cally been provided in the United States, its fragmented
nature and the lack of long-term longitudinal care and
insurance coverage make outcome studies challenging.
The Dutch, however, have a unique ability to perform
such studies: they have one treatment center in a small
country with one national insurer covering 100%
care, including medical, surgical, pharmaceutical, and
counseling in a country that is open minded about
sexuality and gender. Despite all these favorable
supports, the Dutch have considered starting treatment
in adults a gigantic failure. In Louis Gooren’s study of
3500 patients over 20 years, the finding that 1200 had

already died was staggering. This is 51% higher than
the general population, and they didn’t die of hormonal
causes. They succumbed to “psychosocial deaths”:
suicide, substance abuse, alcoholism, homelessness,
underemployment, and homicide.4,5

Faced with these terrible outcomes for so many
transgender adults, Gooren and his associates at the
VU University Medical Center Amsterdam reasoned
that a totally different paradigm was necessary, one
that would spare carefully screened transgender adoles-
cents the indignity of going through their genetic
puberty and live as adults with a body that would not
match their affirmed gender identity. They reasoned
that merely starting cross-gender steroids early in
puberty would have inherent difficulties. Growth would
likely be stunted and the steroids would have irrevers-
ible side effects, such as infertility, and that it would
be too difficult for a 10- to 12-year-old girl or a 12- to
14-year-old boy to make a knowledgeable mature
judgment about these effects. The logical alternative
was pubertal blockade, as had been used for decades
for children with idiopathic central precocious puberty
(CPP). Before the advent of GnRH analogues (GnRHa),
before 1990, the treatment was 40e60 mg high-dose
progesterone daily to suppress the hypothalamic-
pituitary-gonadal axis. This regimen is far from perfect,
with a Cushingoid appearance due to the high-dose
progesterone binding to the cortisol receptor. Thus,
stress dosing for illness could be necessary, and the
skeletal bone age was often inadequately suppressed,
limiting height potential (personal communication,
John F. Crigler, Jr., MD).

The alternative treatment for CPP was begun
by a collaboration between the pediatric endocrine
departments of the Boston Children’s Hospital and
Massachusetts General Hospitals. They used GnRHa
which were successful and became the standard of
care.6 The patients stopped the GnRHa at an appro-
priate pubertal age, went on to fully experience full
pubertal development, menstruate, ovulate, and give
birth. The initial cohort has been followed for 30 years.

1



In a seminal moment, the Amsterdam group tried
GnRHa in a few transgender early adolescents (Tanner
2) on the assumption that their puberty was acting as
if it were precocious and noxious. When they later added
cross-sex steroids, around the age of 15 years, while the
endogenous hormones were still suppressed, the phys-
ical and psychological effects were remarkably positive.4

Their first paper outlining their treatment evaluation and
protocol for patients younger than 18 years was pub-
lished in the European Journal of Endocrinology in 2006.7

Inclusion of GnRHa into the therapeutic “mix” over a
22-year period was published by the same authors in
2011.8 They also reported no net loss of bone density
in patients treated with GnRH after the addition of sex
hormones. This was highly significant because suppress-
ing puberty is known to reduce bone mass acquisition.
Previous data, from the younger CPP patients who
took GnRH for twice as long as the transgender patients,
were skewed by the fact that CPP is associated with
advanced bone age and bone mineral density at the
time of diagnosis, and the transgender patients are not
advanced in either. Although bone mass acquisition
in transgender patients continues at a prepubertal
rate while only on GnRH, after 2 years of added
treatment with cross-sex steroids, they normalized for
age and affirmed sex. However, a more recent Dutch
study suggested that bone mineral density might be
compromised.9 Conceivably, the Dutch protocol which
raises cross-sex steroid dose relatively slowly could
be responsible, and this is a fertile area for future
investigation.

In evaluation of psychosocial functioning, virtually
all programs that treat using pubertal suppression
have noted a marked reduction in self-harm compared
to the pretreatment era. Equally important, is the
remarkable outcome in psychosocial well-being for
patients treated with all components of the Dutch
protocol: GnRHa treatment in early puberty, gender-
affirming hormones added around the age of 15 years,
and all surgeries completed at the age of 18 years.8

When individuals were studied again at the age of
20e22 years, living in the complete social role of their
affirmed gender, their psychosocial well-being not
only compared favorably with age-matched nontrans-
gender Dutch peers but was also often better.10

Awakening the American pediatric endocrine
audience to their potentially pivotal role in the care
of transgender youth was no easy matter. With its
designation as a psychiatric disease, many endocrine
division and pediatric department leaders would have
preferred that these patients remain in the psychiatric
clinics. Multidisciplinary care was expensive and the

probability of funding for clinical care in a medical
clinic for a psychiatric disorder was questionable.
Furthermore, insurance coverage for GnRHa, that cost
hundreds to thousands of dollars, was invariably
not covered. In the late 1990s, two conferences were
held for combined European and American physicians
and mental health professionals interested in becoming
involved with transgender youth. At the first, in Lon-
don, the Dutch team presented their plan for what
became known as the “Dutch Protocol” of pubertal
suppression. Shortly after, at a working group confer-
ence at VU University Medical Center Amsterdam
(VUMC), Peggy Cohen-Kettenis offered to share her
psychological testing materials to confirm severe gender
dysphoria with the then Boston Children’s Hospital
psychologist Laura Edwards-Leeper, PhD. In 1998, Hen-
riette Delemarre, MD, from VUMC presented her pre-
liminary findings on the Dutch cohort of pubertally
suppressed adolescents at an endocrine division confer-
ence at the Boston Children’s Hospital and gave special
attention to their preliminary studies, showing that
2 years of cross-sex hormones protected against dimin-
ished bone mineral density.

Also in 1998, this author began to bring older teens
on cross-sex hormones into the Endocrine Teaching
Clinic, inspiring several of the Boston Children’s
Hospital’s endocrine fellows and some rotating internal
medicine fellows to get involved.Within a decade,many
of these physicians would have transgender patients of
their own. In the final analysis, interacting with trans-
gender patients and their parents convinced other physi-
cians, mental health staff, nurses, and administrators
that transgender adolescents were not mentally ill, yet
were in profound danger of suicide and bullying. The
patient numbers were not large enough to guarantee
that they would ever knowingly see a transgender pa-
tient. Yet, many departments heard about the number
of patients we were seeing and wanted to be better
informed. A decision was made to let the patients do
the talking, and indeed, they captured the hearts and
minds of the hospital community. The hospital admin-
istration was so proud of being the first such clinic in
North America that a semiannual glossy magazine sent
out by the development office featured the clinic we
named “GeMS,” the Gender Management Service.

By 2005, the Boston clinic had an endocrinologist, a
psychologist skilled in testing, and a social worker and
was ready to open the doors to new patients who
were gender dysphoric and between Tanner 2 and 18
years of age. To make full use of the clinic space and
broaden the range of patients to be seen, half the
patients were not transgender but had disorders of sex
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development and were cared for collaboratively by
urologists and endocrinologists. Regrettably, the clinic
was not yet able to provide counseling and support
groups for younger or prepubertal children, and for
the immediate high demand for the new services
provided.

The clinic was a favorite for observation by medical
students and residents from a variety of disciplines.
Since the clinic session lasted a whole day, cases of
the day were discussed with the entire team during a
lunch conference including the medical “visitors.”
Several of the attendees at the clinic, like Stanley Vance,
MD, have made their marks as leaders of new programs
for transgender adolescents around the continent.
Vance began coming to our clinic as a first-year Harvard
Medical student and is now on the adolescent medicine
staff of the University of California, San Francisco
(UCSF), and a key figure in that Center’s gender team.
He spent a year with the Amsterdam group on a
Fulbright grant while in medical school and coauthored
papers with us.

Our 2012 Pediatrics publication described our first
100 consecutive patients.2 Noteworthy findings were
the advanced age and degree of pubertal advancement
in genotypic females, averaging 15 years of age. Most
patients described feelings of being in the wrong body
as early as the age of 5 years. Forty-four percent had
significant psychiatric histories, 20% reported self-
mutilation and 9% had made suicide attempts. For
the past 5 years, the GeMS program has sponsored
one weekend day annually for each of the three groups:
families, health professionals, and school personnel.
Since 2015, with additional staff, prepubertal children
are being seen. Perhaps the most significant impact of
the GeMS clinic is the encouragement provided to other
clinicians across the nation who wished to create a
similar clinic of their own. In 2007, GeMS was the
sole clinic in any pediatric academic center on the conti-
nent. A decade later, there are approximately 60 pro-
grams, and the GeMS provided advice to most of them.

In 2008 a task force led by Wylie Hembree, MD, was
appointed by the President of the Endocrine Society to
compose “Guidelines for Treatment of Transgender
Adults and Adolescents.” For adolescents, the Guide-
lines endorsed the Dutch protocol of pubertal suppres-
sion using GnRHa. The document was ratified by the
Society membership and published in its main clinical
journal, The Journal of Clinical Endocrinology and Meta-
bolism, in 2009 and as a separate monograph.11 This
was the first time that a major international journal
had devoted such concern for the medical well-being
of the transgender adolescent population, and it

provided professional support at the highest level for
physicians working in academic medical centers. Now,
there are papers and symposia at every Endocrine Soci-
ety annual meeting and in other society meetings such
as the Society for Adolescent Health and Medicine, the
American College Health Association, and the Pediatric
Endocrine Society as well as others. Colleges and uni-
versities, especially those that were self-insured, began
to extend specific medical care and, in some cases, full
surgical benefits to transgender students. Several prom-
inent women’s colleges that had already accepted appli-
cants who had transitioned to their affirmed female
gender also allowed enrolled students who were
accepted as women but transitioned to men once they
had matriculated.

In 2010 Nick Teich established Camp Aranu’tiq as a
week-long summer overnight camp in a rented space in
southern New England, serving 40 campers. It was the
first-ever summer camp established for transgender
and gender-variant/gender-nonconforming youth.
Camp and travel costs were free for all those who
needed it and campers came from as far as Hawaii.
Many of the staff were transgender or gender-variant.
For the first time in this “regular” camp, transgender
campers met other individuals like themselves, devel-
oping firm friendships which lasted well beyond the
camp week via social media. After the camp, 82% of
campers said they felt more confident in themselves
than before attending Aranu’tiq. In 2014, Teich and
his board purchased a 116-acre New Hampshire
property and added 4 weeks of camping to serve 500
campers and off-season family weekends in a heated
main building.

In 2014, this author was asked to do an 18-minute
TedTalk, “How I help transgender teens be who they
want to be.” By 2017, it had 2 million views and had
become a teaching instrument in universities and high
schools.

In 2015, the National Institutes of Health announced
a multimillion dollar grant for the first multicenter
longitudinal 4-year study of adolescents to study the
long-term impact of early medical care for transgender
youth. Awardees were the Ann & Robert H. Lurie
Children’s Hospital of Chicago, UCSF, Children’s
Hospital of Los Angeles, and CHB. Also in 2015,
Ximena Lopez, MD, and Jerry Olshan, MD, with the
assistance of Steve Rosenthal, MD, President of the Pedi-
atric Endocrine Society, obtained “Special Interest
Group” status for attendees at the Society meetings.
This guaranteed that time and space will always be
available for those who wish to meet about transgender
care.
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By 2017, many directors of gender clinics noticed a
change in the population of new patients coming
through their front doors. Far more claimed to be
“gender fluid” or “gender queer” and showed little
interest in evaluation. Rather, parents of the youth
seeking help raising an adolescent who does not
identify in a binary fashion. This patient group presents
new challenges for providers as well, in tailoring
potential interventions to the individual’s desires.

All the above success belies the reality that improve-
ment in care is not evenly distributed to transgender
youth across the United States. Access to care and insur-
ance coverage are limited by insufficient training and
knowledge which are sometimes fueled by cultural
and religious beliefs and sometimes coalesce into polit-
ical prejudices. This varies by state and mapping clinics
by states looks like the red and blue national election
map. The operating clinics are overly distributed on
the more liberal coasts, and large centers in the center
and south are left without services. But, worst of all,
we are experiencing direct antipathy and discrimination
at the highest level of our government, manifest in
restrictions of restroom rights and attempts to deny
service in our military to transgender people.

We have so far to go, and taking care of transgender
people requires more than prescriptions. It requires
advocacy and a commitment to educating medical
students, trainees, and our peers.

DEDICATION
Dedicated to the memory of Henriette Delemarre, MD,
who taught us by example in pure collaboration.
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CHAPTER 2

Models of Care and Current Guidelines
for Care of Transgender Individuals
J. WHITEHEAD, MD • LISA SIMONS, MD

As general awareness about gender diversity has
increased over the past decade, more transgender and
gender-diverse (TGD) youth and their families are
seeking gender-related education, support, and medical
and mental healthcare services. The terms “transgender”
and “gender-diverse” describe youth whose gender
identity, gender expression, and/or behaviors do not
align with culturally defined norms for their birth-
assigned sex.1 In response to the growing need to
support these youth, the number of pediatric clinics
providing specialized care to TGD youth has steadily
increased across the United States in recent years.
Though we are far from a universal consensus, the
gender-affirming approach is increasingly embraced as
the optimal approach to management of gender
dysphoria, a term referring to the emotional distress
that may arise due to incongruence between an individ-
ual’s birth-assigned sex and gender identity.2,3 In addi-
tion, it is widely agreed upon that comprehensive care
for TGD youth is best delivered by a multidisciplinary
team that includes medical and mental healthcare clini-
cians who have experience working with children and
adolescents.4,5 The authors of this section join with
many specialized pediatric gender clinics, health organi-
zations, and medical societies across the United States
who embrace a “gender-affirming” approach to care.
In this chapter, we define gender-affirming care, discuss
components of a comprehensive multidisciplinary pro-
gram model, and review clinical practice guidelines
(CPG) for treating gender dysphoria in adolescence.

GENDER-AFFIRMING CARE
The gender-affirming approach acknowledges a wide
spectrum of gender identities and expressions beyond
the gender binary (a system which recognizes only
two gendersdmale and female). The gender-affirming
approach also recognizes that gender expression and

identity may be fluid and change over time within an
individual.6 Although gender nonconforming identities
and expressions may transgress cultural norms, the
gender-affirming model views the gender spectrum as
part of the human experience and does not regard
gender diversity as pathologic.6 These foundational
tenets of the gender-affirming model of care inform
every interaction with transgender youth.

“Gender affirmation” refers broadly to any interac-
tion that recognizes, validates, and supports a person’s
experienced gender identity and gender expression.
For example, using a person’s preferred name and
gender pronouns is a form of gender affirmation. Allow-
ing youth the opportunity to play on the sports team of
their experienced gender and use locker rooms or
restrooms consistent with their experienced gender
are other examples of gender affirmation. Gender-
affirming care neither views gender nonconformity as
a mental illness nor presumes the trajectory of any
gender nonconforming youth’s gender identity. Rather,
gender-affirming care posits that all youth deserve a safe
space for active gender exploration.6

Unlike a corrective approach, which redirects gender
nonconforming behaviors or expressions with the goal
of reducing them and ultimately aligning gender
behavior and identity with one’s birth-assigned sex,
the gender-affirming approach promotes gender explo-
ration and supports youth living in the way that is most
comfortable for them.6 TGD people represent a hetero-
geneous group of people with different goals and
desires for themselves. The gender-affirming approach
recognizes that not all TGD people experience gender
dysphoria. For those who do, transitioning, the process
by which one begins to live in their affirmed gender
role, may alleviate distress and improve well-being.7e9

Thus, the gender-affirming model recognizes the need
for an individualized approach to care, and all interven-
tions (social, medical, and surgical) are implemented
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with the goal of reducing an individual’s gender
dysphoria.2 Gender-affirming clinicians often educate
patients with gender dysphoria and their families about
options for transitioning and support them as they
make decisions about their future.

Long-term prospective research on the impact of
gender-affirming care for TGD youth is needed to better
inform clinical practice. To date, several studies
examining the impact of gender-affirming care for
gender dysphoria have demonstrated associations
with positive outcomes. For example, one study of
socially transitioned prepubertal transgender children
showed that they did not have higher depression scores
and had only marginally higher anxiety scores than
age-matched cisgender children.9 A Canadian study of
transgender youth showed that those who reported
strong parental support also reported higher self-
esteem and more positive mental health.10 Gender-
affirming treatment for gender dysphoria has also
been associated with decreased rates of adverse negative
psychosocial outcomes such as depression, suicidality,
and homelessness.6 While research regarding long-
term clinical outcomes of those receiving gender-
affirming care is lacking, these early studies reflect the
experience of gender-affirming specialists, who observe
that youth who are accepted and supported by family
and community and who are given the opportunity to
live as they feel most comfortable are less likely to
experience distress.

MULTIDISCIPLINARY CARE
The multidisciplinary care model is widely used for
chronic pediatric conditions.11 Multidisciplinary clinics
increase communication between providers to deliver
more comprehensive, efficient, and organized care.
For patients seeing multiple providers, this model
may also reduce the burdens associated with travel costs
and time off from work and/or school.11

The archetype of a multidisciplinary pediatric gender
program first opened its doors in 1987 at the VU Uni-
versity Medical Center in Amsterdam, Netherlands,
and is now called the Center of Expertise on Gender
Dysphoria.12 In the United States, the first multidisci-
plinary gender clinics for TGD youth emerged in the
mid- to late-2000s, and the number of clinics has
steadily increased over the past decade.13 Multidisci-
plinary clinics not only provide medical and mental
healthcare but may also offer nonclinical services,
including, but not limited to, peer and parent support
groups, referrals for legal assistance, and school-
related advocacy.1 These ancillary services, described

in greater detail in subsequent sections, often make
powerful differences in youths’ daily lives.

PRACTICE GUIDELINES
Currently, two publications offer recommendations to
clinicians on the provision of care to TGD people,
each with sections specifically focused on care for
children and adolescents. Both publications are based
on the best available research and expert consensus. In
1979, the World Professional Association for Trans-
gender Health (WPATH) published its first Standards
of Care (SOC) which is currently in its seventh version.5

The WPATH SOC aim to be comprehensive in their dis-
cussion of gender-affirming treatment for transgender
and gender-nonconforming people and include recom-
mendations for various health professionals working
with this population. The WPATH SOC categorize med-
ical treatment for gender dysphoria into fully reversible,
partially reversible, or irreversible interventions and
also outline the roles of mental health professionals.
In September 2017, the Endocrine Society published
Endocrine Treatment of Gender Dysphoric/Gender Incon-
gruent Persons, an update to their 2009 CPG.4,14 The
Endocrine Society Clinical Practice Guideline (CPG),
which focus primarily on medical treatment of indi-
viduals experiencing gender dysphoria, distinguish
evidence-based recommendations from value judg-
ments or practice preferences of experts in the field.

Both sets of guidelines are meant to serve as flexible
frameworks for providers, and clinicians are encouraged
to apply the guidelines while simultaneously taking
into account individual considerations and the socio-
cultural context. The guidelines have undergone and
will continue to undergo revisions as both the scientific
basis of recommendations and the cultural landscape in
which care is provided continue to evolve. The
remainder of this chapter will discuss the provision of
gender-affirming care for transgender youth in a multi-
disciplinary setting, referring to these guidelines as
applicable to the current practice landscape.

MENTAL HEALTHCARE
Identifying as transgender or expressing gender identity
in ways that do not conform to cultural expectations is
not “wrong” or pathologic. While gender incongruence
or nonconformity alone should never be considered a
form of mental illness, many (but not all) TGD youth
do experience psychosocial stressors and mental health
issues, which are believed to be related in great part to
society’s treatment of TGD people. For example,
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transgender youth may suffer rejection due to their
gender identity or expression on an interpersonal level
(e.g., family members, peers), a community level (e.g.,
school, spiritual/faith group), and a systemic level
(e.g., discriminatory government policies). In addition,
TGD youth commonly face verbal harassment, physical
assault, and bullying both in person and online.15,16

Lack of financial support and inadequate housing are
other common psychosocial challenges for TGD
youth.15,16 Several studies have reported high rates of
mental health concerns in TGD youth seeking care,
most frequently depression and anxiety.17,18 Mental
health concerns and needs of TGD adolescents vary,
and treatment should be individualized to each
patient’s unique needs.

Thus, mental health clinicians are essential members
of the multidisciplinary care model for transgender
youth. The roles of mental health professionals working
with children and adolescents with gender dysphoria as
outlined in the WPATH SOC are (1) assessment of
gender dysphoria, (2) provision of family counseling
and supportive psychotherapy to assist with exploring
gender identity, (3) assessment and treatment of coex-
isting mental health concerns, (4) referral to medical
providers for consideration of transition services, (5)
education and advocacy on behalf of children with
gender dysphoria, and (6) referral for peer and parent
support groups.5 For TGD youth who are not gender
dysphoric, providing education and support for
patients and families is the primary role, and referral
to medical providers for physical transitioning is not
indicated.

Families present to gender clinics for various reasons
and with varying amounts of knowledge or familiarity
with phenomenology related to gender. Therapists
frequently provide psychoeducation about gender
development, gender expression and identity, and
gender dysphoria. Family-based therapy may be useful
when family members struggle to understand or accept
a youth’s gender identity or expression or do not know
how to respond to a youth’s gender nonconformity.
Youth who are questioning their gender identity may
benefit from individual therapy with a mental health
clinician focused on gender exploration.

Mental health professionals routinely assess for the
presence of gender dysphoria and educate patients
and families about possible interventions to reduce
gender dysphoria. The Diagnostic and Statistical
Manual of Mental Disorders (DSM) provides specific
criteria for the diagnosis of gender dysphoria in children
and adolescents,2 and mental health providers should
be competent in using the DSM.

Families may present to a multidisciplinary gender
clinic to learn more about social transitioning. There
is no one “right way” or “right time” for youth to
socially transition. The decision to socially transition
is a personal one made by each patient and family,
and an individualized plan for transitioning should
aim to lessen discomfort while taking into account
factors such as patient preferences and personal safety.
Patients may choose to make any of a number of revers-
ible changes, including changing their name, preferred
gender pronouns, or elements of their gender expres-
sion or presentation such as clothing or haircut. Increas-
ingly, children initially presenting to multidisciplinary
gender clinics for care have already socially transi-
tioned,4 and the limited evidence available to date has
demonstrated positive mental health outcomes for
early social transition.9 Mental health clinicians may
support patients undergoing social transition and help
families navigate common issues such as how to
disclose to school and family members.

For gender dysphoric youth who have entered
puberty and who meet eligibility criteria, gender-
affirming medical treatment may be administered
with the goal of alleviating gender dysphoria. (For pre-
pubertal TGD youth, medical treatment is not indi-
cated.4) The Endocrine Society CPG recommend that
“all clinicians referring youth for services should be
knowledgeable about the diagnostic criteria for
gender-affirming treatment, have sufficient training
and experience in assessing psychopathology, and be
willing to participate in the ongoing care throughout
the transition.”4 Mental health clinicians play a role in
educating patients about medical interventions and in
assessing readiness to begin treatment.4,5 In a readiness
assessment, the mental health provider: (1) documents
the diagnosis of gender dysphoria, (2) confirms that any
mental health conditions or psychosocial concerns that
might interfere with treatment have been reasonably
addressed and do not compromise the patient’s ability
to make an informed decision, and (3) evaluates the
patient’s capacity to provide informed consent or
assent. In order to do so, providers must assess the
patient’s knowledge of the desired intervention
(including side effects and known and unknown risks,
benefits, and alternatives) and confirm that the patient
has reasonable expectations of the desired treatment.

While ongoing psychotherapy is not mandated
for youth receiving medical treatment for gender
dysphoria, it is strongly recommended that mental
healthcare be available to support youth before, during,
and after transitioning.4 TGD may benefit from therapy
focused on developing coping skills to counteract
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marginalization or stigma experienced due to gender
nonconformity.1 Youth with concomitant mental
health issues may benefit from engaging in ongoing
mental health treatment related to their specific mental
health conditions. As for all youth regardless of their
gender identity, psychiatric services may be indicated
for conditions such as depression, anxiety, posttrau-
matic stress disorder, or attention-deficit/hyperactivity
disorder. It can be exceptionally challenging for trans-
gender youth to work with providers who are not
gender-affirming since rapport between patient and
provider is vital to treatment success. Thus, identifying
gender-affirming and culturally sensitive psychologic
and psychiatric providers, either within or outside of
the multidisciplinary team, is crucial to optimizing
management of these conditions.

MEDICAL CARE
Upon presentation to a gender clinic, clinicians collect
gender development history and assess for the presence
of gender dysphoria. In some multidisciplinary clinics,
mental health providers and medical staff meet with
families and collect this information together.1 Treat-
ment is individualized and targeted at reducing distress,
when present. For some youth, gender-affirming psy-
chotherapy or social interventions may be sufficient to
reduce gender dysphoria, but for others, the experience
of an undesired puberty and the resulting incongruence
between one’s experienced gender identity and physical
appearance can be unbearable. Early medical interven-
tion to reduce gender dysphoria after puberty has begun
may prevent psychological harm.4

Gender-affirming medical interventions include
pubertal suppression with gonadotropin-releasing hor-
mone agonists (GnRHa) and gender-affirming hor-
mones (estrogen or testosterone). Pubertal suppression
is a reversible intervention that may be indicated for
youth whose long-lasting gender dysphoria intensifies
with puberty or for youth who are in the process of
exploring their gender identity and who are distressed
by puberty.4,5 Suppression of endogenous sex hormones
by GnRHa pauses puberty and, when administered
early, prevents the development of undesired and some-
times irreversible physical changes. Pubertal suppression
provides an opportunity for youth to explore their
gender or to continue living in their affirmed gender
without the distress associated with ongoing pubertal
development before they are ready to make decisions
about partially irreversible treatments (such as estrogen
or testosterone). For older adolescents who meet the

eligibility criteria, gender-affirming hormones are used
to reduce endogenous sex hormones and replace them
with those that more accurately match one’s affirmed
gender, thereby inducing secondary sexual characteris-
tics that are more aligned with one’s gender identity
and desired gender expression.

Current practice guidelines are based on the best
available research and also recognize expert opinion
in areas where research is insufficient. Both the
Endocrine Society CPG and WPATH SOC describe the
rationale for use of gender-affirming medical interven-
tions and specify the eligibility criteria to be met prior
to initiating treatment.4,5 The Endocrine Society CPG
offer clinicians guidance for management, including
timing of initiation of medical intervention, baseline
bloodwork and imaging, as well as protocols for medi-
cation dosing and monitoring.4

Medical providers with different specialties or
training may participate in the multidisciplinary care
of TGD youth, including pediatric endocrinologists,
general pediatricians, adolescent medicine specialists,
and nurse practitioners or other mid-level providers.
All clinicians should have a specific interest and exper-
tise in treating gender dysphoria and experience work-
ing with children and adolescents.

Endocrinologists play an important role in the man-
agement of pubertal suppression and gender-affirming
hormones, monitoring Tanner stage, gonadotropin
and sex steroid levels, metabolic parameters, bone
density, and growth rate. Adolescent medicine special-
ists may also have experience managing medical treat-
ment of gender dysphoria. In addition, they offer
knowledge of sexual and reproductive health, adoles-
cent development, symptomatology of mood disorders,
and screening for high-risk behaviors, which are essen-
tial health services. All medical providers involved in
the management of gender dysphoria should provide
accurate and comprehensive counseling regarding the
desired medical treatment’s potential benefits, known
and unknown risks, side effects, and alternatives. It is
helpful to assess patients’ understanding and expecta-
tions of medications. Counseling should review the
treatment’s anticipated effects in detail, including the
reversibility of each effect, the anticipated timeline
along which effects will occur, and how the intervention
might impact future considerations such as gender-
affirming surgical treatment or fertility. CPG highlight
the responsibility that providers have to counsel
patients about options for fertility preservation prior
to initiating treatment.4,5 Patients and families who
are interested in pursuing fertility preservation or
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learning more about fertility preservation options
should be referred to reproductive endocrinologists or
urologists for consultation.

Gender-affirming surgeries may be necessary to alle-
viate gender dysphoria for some TGD individuals;
therefore, surgeons are valued members of a multidisci-
plinary care team. Surgical procedures address an indi-
vidual’s unique experience of dysphoria with the goal
of reducing discomfort and allowing the patient to
more easily integrate into society in their affirmed
gender role. Desired surgeries may include various
genital surgeries, breast augmentation, mastectomy,
facial feminization surgeries, chondrolaryngoplasty,
and vocal cord surgeries. Plastic surgeons, otolaryngol-
ogists, urologists, and gynecologists are among the
providers who may be trained in these procedures.
Current guidelines recommend that patients desiring
surgery reach a minimum age of 18 years or the legal
age of majority in their country due to the irreversibility
of the procedures.4,5 The sole area of greater flexibility is
mastectomy, for which guidelines acknowledge that
there is insufficient evidence to recommend an age
requirement and suggest clinicians determine appro-
priate timing for surgical referral.5,14 Per practice guide-
lines, at least one readiness assessment conducted by a
mental health provider is required prior to surgery and
is analogous to the process described previously for
initiating medical treatment.

Primary care providers (PCPs) can play a critical role
in ensuring that TGD youth receive appropriate care.
PCPs conduct age-appropriate screening for depression
and anxiety, self-harm, disordered eating, family con-
flict, and substance use. They provide family planning
and contraception services, complete organ-specific
screening, and encourage routine wellness such as coun-
seling on nutrition and physical activity. Often, PCPs
have trusted relationships with families and may be a
parent’s first source of guidance regarding their child’s
gender nonconformity. Pediatricians may identify
youth in their practice who are struggling with gender
and provide reassurance, education, support, and refer-
rals for gender-affirming medical or mental health-
care.19 When families are unable to access care at a
multidisciplinary gender clinic, some PCPs, depending
on their experience and comfort level working with
TGD youth, may be willing to co-manage medical
treatment for gender dysphoria in consultation with
pediatric endocrinologists or other specialists. Other
PCPs may provide medical services such as menstrual
suppression to adolescents with gender dysphoria
associated with menses. Pediatricians may facilitate

necessary referrals and coordinate clinical and labora-
tory monitoring of youth receiving hormonal treatment
at specialized gender clinics.

All clinicians caring for TGD youth should be
familiar with nonhormonal and nonsurgical strategies
used by some individuals to reduce not only gender
dysphoria but also social anxiety related to “passing”
and risk of harassment and violence that can result
from being perceived as transgender or gender noncon-
forming. For those who have undergone an estrogen-
mediated puberty, chest binders may reduce the
appearance of breast tissue. Chest binding may be
associated with pain, skin irritation, and restriction of
movement and lung expansion20; therefore, providing
patients with guidance regarding safe binding strategies
is critical. Some community programs and clinics have
organized binder exchanges, as purchasing binders
can be cost-prohibitive for youth. For patients who
have undergone a testosterone-mediated puberty, facial
hair may cause distress and clinicians may provide refer-
rals for hair removal services such as laser treatment or
electrolysis. Transgender women may also seek infor-
mation on safe ways to “tuck” their genitals in order
to conceal their appearance. It is important to be aware
that some materials used for tucking can cause skin
irritation. Individuals of all gender identities may
benefit from vocal training services to learn strategies
to self-modulate their voice without incurring vocal
damage.5

ADJUNCTIVE SERVICES
TGD and their families may benefit from a number of
nonclinical services that support patient well-being. Ser-
vices continue to evolve in multidisciplinary gender
clinics in response to identified patient/family needs.
For instance, one multidisciplinary clinic has described
their experience in developing popular services such as a
vocal therapy group led by a speech therapist and a
wellness group led by a personal trainer focused on ex-
ercise training and nutritional counseling.1

While the number of gender-diverse children being
referred for gender-affirming medical care is increasing,
many youth and their caregivers feel isolated. Youth
and parent/caregiver support groups provide a space
for people to share experiences and strategies navi-
gating specific issues and to develop a community of
support. Some specialized gender programs have
formed their own support groups for children, adoles-
cents, young adults, siblings, and parents/caregivers,
while other programs connect interested families with
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local community-based groups. Either approach can
achieve the same goal of fostering a support network
for patients and families who might otherwise feel
isolated.1

For gender-diverse youth, school settings are often
stressful and sometimes dangerous, particularly when
students lack support or suffer discrimination and
harassment by school administrators, teachers, and
peers.1,21 For example, in one large survey, 75% of
transgender students reported feeling unsafe at school
because of their gender expression, and 12% had expe-
rienced harassment or assault based on their gender
expression.21 Laws protecting students from discrimina-
tion based on gender and/or sexuality vary from state to
state. Multidisciplinary programs serving youth should
consider offering outreach and education to school
and district personnel, who are often inadequately
trained to create gender-inclusive educational settings
or respond to student- or parent-led discriminatory
efforts.1 Professional development trainings can be tar-
geted to various school personnel on topics such as
respecting a student’s preferred name and gender pro-
nouns, navigating access to shared spaces (bathrooms,
locker rooms), and facilitating participation in sports,
which often strictly adhere to the gender binary. Clinical
or nonclinical providers can play an important role by
collaborating directly with school administrators, teach-
ers, and coaches. Alternatively, gender clinics may con-
nect families to existing local or national resources, such
as nonprofit organizations that offer advocacy services
for gender-diverse youth in schools and other settings.
Advocacy also ideally extends to other places where
youth may spend significant timedincluding but not
limited to community-mentoring programs, foster
care systems, the juvenile justice system, and homeless
shelters.22

The WPATH SOC highlight the importance of legal
knowledge in the care of transgender people and
emphasize that one role of a provider is to be aware
of the public policies that impact their patients’ lives.4,5

Legal consultation can be beneficial for assistance in
appealing for insurance denial of gender-related health-
care, for support navigating the process of legal name
and/or gender marker change, and for aid in combating
discrimination. Gender clinics should be aware of the
available resources for families and, whenever able, pro-
vide referrals to a network of legal support professionals
in the community. In addition, depending on local
legislation, medical or mental health providers are
commonly asked to provide documentation in support
of legal name or gender marker changes. Documenta-
tion change may also require costly processing fees,

and providers should be knowledgeable about available
resources to offset the financial burden of these legal
processes.

Finally, whenever possible, clinical and nonclinical
staff should engage in capacity building and advocacy,
on an individual or broader level. For example, mental
health or medical providers with gender-related exper-
tise can offer consultation to a patients’ primary thera-
pist or pediatrician when families are unable to access
treatment in a multidisciplinary clinic or when primary
providers are seeking more education.1 Clinical and
nonclinical staff may supervise trainees or conduct
community training on topics relevant to their area of
expertise such as pediatric gender diversity, the multi-
disciplinary approach to care for gender dysphoria,
and cultural competency in health, school, and legal
settings.1

BARRIERS TO CARE
Unfortunately, while transgender people continue to
suffer significant health disparities, limited research
has focused on the health system’s capacity to address
this population’s healthcare needs.23 Numerous bar-
riers, both within and outside of the healthcare system,
have been described.23,24 Overwhelmingly, the most
frequently cited barrier is a lack of access to healthcare
services due to healthcare providers’ lack of knowledge
about gender-affirming care. In one survey of trans-
gender adults, half of the respondents reported having
to educate their medical provider about transition-
related care, and over one-quarter described previously
experiencing harassment in medical settings.25 Other
cited barriers include cost of care, lack of insurance
coverage, inadequate transportation or long travel times
to specialized clinics, and previous negative healthcare
experiences.23,24

Electronic medical records (EMRs) pose challenges
to transgender people and their care providers. For
many transgender patients, sex assigned at birth, gender
identity (including identities outside the binary), and
the gender marker on their legal documents do not all
align. Current EMR systems vary in their flexibility
and ability to capture information such as preferred
name and pronouns, legal name, gender identity,
birth-assigned sex, and legal sex. EMR systems are
hampered in that they must contain identifying and
demographic information which matches the patient’s
insurance records for billing purposes. EMR systems
must document medical history in order to provide
appropriate care to the patient, while at the same time
maintaining the patient’s privacy.
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Inadequate nuance within the EMR is further
complicated by the health insurance system. In the
United States, which does not offer universal health-
care, insurance coverage of gender-affirming medical
care can vary widely by insurance policy and from state
to state. In many if not most cases, prior authorizations
are required for GnRHa and gender-affirming hormone
treatments. In some cases, insurance companies have
denied necessary sex-specific services based on the
gender marker on the patient’s insurance policy or
medical chart. For example, some insurance companies
have denied coverage for necessary screenings such as
pap smears for transgender males whose gender marker
in the EMR and on their insurance policy have been
updated to match gender identity rather than sex
assigned at birth. It can be helpful to have designated
staff members available to provide guidance around
issues which may arise due to legal documentation.
Presently, the interaction between health insurance
companies, EMRs, and care providers is a complicated
matter for transgender patients, which, while evolving
rapidly, remains far from standardized and fully
integrated.

SUMMARY
The multidisciplinary approach to care offers compre-
hensive services aimed at optimizing the emotional
and physical well-being of TGD youth. In areas where
the multidisciplinary model of care is not accessible,
partnering with community-based providers to deliver
gender-affirming services is essential. Gender-affirming
services are individualized and seek to support TGD
exploring their gender identity and living as they feel
most comfortable.
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CHAPTER 3

Puberty
DENNIS M. STYNE, MD

Puberty is not a solitary event but is one stage in the
process of development that continues until the end
of reproductive life. The hypothalamicepituitarye
gonadal axis is active in the fetus but quiescent during
childhood (known as the juvenile pause) until activity
increases in the peripubertal period, just before the
physical changes of puberty are noted. Increased secre-
tion of pituitary gonadotropins stimulate gonadal sex
steroid production which leads to secondary sexual
development and the pubertal growth spurt that
follows, until ultimately fertility is achieved. The age
of menarche has declined over the last 150 years
probably due to improvements in socioeconomic
conditions, nutrition, and, therefore, the general state
of health. However, the age of breast development
has decreased to a greater degree than the age of
menarche in some substantial studies, and this
discrepancy is possibly due to environmental endo-
crine disruptors since the standard endocrine changes
of puberty do not accompany this earlier appearance
of breast tissue. These trends toward an earlier
onset of thelarche are enhanced due to the effects of
the obesity epidemic. Early life adversities have been
also associated with earlier menarche. Early menarche
(before 11 years) is reported as more common in girl-
to-boy sex reassignment applicants than in a control
population.

Genetic and exogenous factors can alter age at the
onset of puberty. Obesity can decrease the age of onset
of puberty in girls, apparently by enhancing breast
development due to local aromatase activity in the
adipose tissue. Alternatively, a delay in puberty is
caused by illness and malnutrition. The age of
menarche between motheredaughter pairs reflect
the influence of genetic factors. Many genetic loci are
identified that are associated with the regulation of
menarche and puberty, but no single gene is control-
ling in normal subjects; some of the associations
with pubertal timing are also associated with cancer
risk, particularly breast, endometrial, and prostate
cancer. In the treatment of transgender youth with

gonadotropin-releasing hormone (GnRH) agonist to
delay the onset of pubertal development, it is impor-
tant to consider the familial pattern.

PHYSICAL CHANGES ASSOCIATED WITH
PUBERTY
Sexual maturation stages or, as often denoted, “Tanner
stages” describe pubertal development in males and
females. They allow objective recording of the progres-
sion of secondary sexual development. Self-assessment
of pubertal development using reference pictures is
utilized in clinical or research venues, but this may be
less reliable than a physical examination, especially in
male puberty assessment or in overweight or obese girls.

Female Changes
Breast development is the first sign of puberty noted by
most examiners but an increase in height velocity is
closely temporaly associated. Some girls first demon-
strate pubic hair appearance before breast development.
The first evidence of pubic hair is quite subtle and
often requires careful inspection. Breast development
(Fig. 3.1A) occurs due to ovarian estrogen secretion,
although other hormones are involved. Areolae become
more pigmented and erectile, and Montgomery glands
at the periphery of the areola appear more prominent
as development progresses. Standards are available for
the change in areolar (nipple) plateau diameter during
puberty but are used more often in research settings
than in the clinic. Transient thelarche in which breast
development starts earlier than the normal guidelines
and then regresses is recognized commonly in some
studies; the use of GnRH agonists in early puberty
may also lead to regression of breast tissue. Estrogen
also causes enlargement of the labia minora and
majora, cornification of the vaginal epithelium leading
to the dulling of the vaginal mucosa from its prepuber-
tal reddish appearance to pink, and the appearance of a
clear or slightly whitish vaginal secretion usually in the
months prior to menarche. Pubic hair development
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FIG. 3.1 (A) Stages of breast development and female pubic hair development, according to Marshall and
Tanner. Stage B1: Preadolescent; elevation of papilla only. Stage B2: Breast bud stage; elevation of breast
and papilla as a small mound, and enlargement of areolar diameter. Stage B3 (not shown): Further
enlargement of breast and areola with no separation of their contours. Stage B4: Projection of areola and
papilla to form a secondary mound above the level of the breast (not shown). Stage B5: Mature stage;
projection of papilla only, due to recession of the areola to the general contour of the breast. Stage P1:
Preadolescent; the vellus over the area is no further developed than that over the anterior abdominal wall (i.e.,
no pubic hair). Stage P2: Sparse growth of long, slightly pigmented, downy hair, straight or only slightly curled,
appearing chiefly along the labia. This stage is difficult to see on photographs and is subtle. Stage P3: Hair is
considerably darker, coarser, and curlier. The hair spreads sparsely over the superior junction of the labia
majora. Stage P4: Hair is now adult in type, but the area covered by it is still considerably smaller than in most
adults. There is no spread to the medial surface of the thighs. Stage P5: Hair is adult in quantity and type,
distributed as an inverse triangle of the classic feminine pattern. Spread is to the medial surface of the thighs
but not up the linea alba or elsewhere above the base of the inverse triangle. (B) Stages of male genital
development and pubic hair development, according to Marshall and Tanner. Genital: Stage G1:
Preadolescent. Testes, scrotum, and penis are about the same size and proportion as in early childhood.
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(Fig. 3.1B) is caused by adrenal and ovarian androgen
secretion. Although usually breast development and
growth of pubic hair proceed at similar rates, it is best
to stage breast development separately from pubic
hair progression since discrepancies occur especially in
disease states.

Ultrasonography demonstrates changes in uterine
size and shape with pubertal development. The fundus/
cervix ratio increases, causing a bulbous appearance to
the uterus, and the uterus elongates. An endometrial
stripe is an ultrasound feature that appears with the
rise in estrogen secretion at the onset of puberty but is
not found in premature thelarche. Ovaries also enlarge
with pubertal progression. Small cysts are normally pre-
sent in prepubertal girls and a multicystic appearance
develops during puberty, but the pathologic polycystic
appearance seen in polycystic ovarian syndrome is not
normally present. The developmental stage of the
uterus and ovaries is established by comparing these
finding with published standards.

Reproductive maturity may occur prior to physical
maturity in girls and certainly before psychologic
maturity.

Male Changes
An increase in the size of the testes to more than 2.5 cm
in the longest diameter, excluding the epididymis, is the
first sign of normal puberty in boys: pubertal testes have
a volume of 4 mL. This increase in testicular size is
mainly due to seminiferous tubular development due
to stimulation by follicle-stimulating hormone (FSH),
with lesser effect of Leydig cell stimulation by luteiniz-
ing hormone (LH). Increased adrenal and testicular
androgen secretion cause genital and pubic hair devel-
opment which should be classified separately in boys
as well as girls, as noted in Fig. 3.1. Some suggest
ADDING a pubic hair stage 2a (absence of pubic hair

in the presence of a testicular volume of 3 mL or
more) to the classic 5 stages of pubertal development
as further pubertal development usually soon follows
this stage.

As in girls, boys achieve reproductive maturity prior
to physical maturity and psychologic maturity.

Age at Onset
The Lawson Wilkins Pediatric Endocrine Society
defined the diagnosis of precocious puberty as second-
ary sexual development starting prior to 6 years in
African-American girls and prior to 7 years in Cauca-
sian girls who are otherwise healthy. However, girls
with normal body mass index (BMI) values rarely
have breast or pubic hair development before 8 years.
Since grave diagnoses such as central nervous system
(CNS) tumors can cause early puberty, it is essential to
establish that a girl who begins puberty prior to 8 years
shows absolutely no signs of neurologic or other conditions
that might pathologically advance puberty.

Boys who are overweight (BMI >85 to<95th percen-
tile for age and gender) tend to have earlier onset of pu-
berty, while obese boys (BMI�95th percentile) may start
later. However, 9 years is still used as the lower limit of
normal pubertal development inmales, whereas 14 years
is the upper limit of normal development (although
13½ years is used by some SOURCES). Caucasian girls
have a mean age of menarche later (12.9 years) than
African-American girls (12.3 years).

Delayed onset of pubertal development above the
upper age limit of normal may indicate hypothalamic,
pituitary, or gonadal failure or, alternatively, normal
variation (constitutional delay). The time from the
onset of puberty until adult development is complete
and is also of importance; significant delays in reach-
ing subsequent stages may indicate any type of
hypogonadism.

Stage G2: The scrotum and testes have enlarged, and there is a change in the texture and some reddening of
the scrotal skin. There is no enlargement of the penis. Stage G3: Growth of the penis has occurred, at first
mainly in length but with some increase in breadth; further growth of testes and scrotum. Stage G4: Penis
further enlarged in length and girth with development of glans. Testes and scrotum further enlarged. The scrotal
skin has further darkened. Stage G5:Genitalia adult in size and shape. No further enlargement takes place after
stage G5 is reached. Pubic hair: Stage P1: Preadolescent. The vellus is no further developed than that over the
abdominal wall (i.e., no pubic hair). Stage P2: Sparse growth of long, slightly pigmented, downy hair, straight or
only slightly curled, appearing chiefly at the base of the penis. This is subtle. Stage P3: Hair is considerably
darker, coarser, and curlier and spreads sparsely. Stage P4: Hair is now adult in type, but the area it covers is
still considerably smaller than in most adults. There is no spread to the medial surface of the thighs. Stage P5:
Hair is adult in quantity and type, distributed as an inverse triangle. Spread is to the medial surface of the thighs
but not up the linea alba or elsewhere above the base of the inverse triangle. Most men have further spread of
pubic hair. ((A) and (B) Drawings from Styne, Pediatric Endocrinology: A Clinical Handbook. Springer
International Publishing; 2016, with permission.)

=
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Growth Spurt
The prominent increased growth velocity characteristic
of puberty (pubertal growth spurt) is under complex
endocrine control. Hypothyroidism decreases or elim-
inates the pubertal growth spurt. Growth hormone
(GH) secretion increases in puberty and causes
increased production of insulin-like growth factor.
Estrogen, as well as growth hormone, is important in
the pubertal growth spurt; when either or both are
deficient, the growth spurt is decreased or absent.
Estrogen is the most important factor in stimulating
maturation of the chondrocytes and osteoblasts, ulti-
mately leading to epiphysial fusion. Estrogen is also
of great importance in increasing bone density during
puberty.

In girls, the pubertal growth spurt begins in early
puberty and is mostly completed by menarche. In
boys, the pubertal growth spurt occurs toward the end
of puberty, at an average of 2 years later than in girls.
A normal boy who is short but appears to have reached
only early puberty has a likelihood of significant growth
left. The age at onset of the pubertal growth spurt is
negatively associated with the BMI in childhood.

Changes in Body Composition
Prepubertal boys and girls start with equal lean body
mass, skeletal mass, and body fat, but at maturity,
men have approximately 1½ times the lean body
mass, skeletal mass, and muscle mass of women,
whereas women have twice as much body fat as men.
Attainment of peak values of percentage of body fat,
lean body mass, and bone mineral density occurs earlier
by several years in girls than in boys, as does the earlier
peak of height velocity and velocity of weight gain in
girls.

Bone accretion mainly occurs during infancy and
during puberty. Girls reach peak mineralization
between 14 and 16 years of age, whereas boys reach
a later peak at 17.5 years; both milestones occur after
peak height velocity. Decreased bone mass is found
in familial patterns demonstrating the influence of
genetic factors. Delayed puberty from any cause
including suppression by long-term gonadotropin-
releasing hormone agonist therapy for an extended
period may cause a significant decrease in bone
accretion and a delay in reaching peak bone mineral
density. While moderate exercise can increase bone
mass, excessive exercise in girls leads to the female
athletic triad which is the combination of exercise-
induced amenorrhea, premature osteoporosis, and
disordered eating/anorexia.

Only a minority of US adolescents receive the recom-
mended daily allowance of calcium (>1000 mg/day
depending on age) and vitamin D (400 U), which
likely will affect their adult bone health. It is especially
important to recommended appropriate calcium and
vitamin D intake in teenagers with delayed or absent
puberty as well as in patients receiving GnRH agonists.

Other Changes of Puberty
There is extensive change in the anatomy of the brain
with pruning of dendritic connections at the beginning
of puberty and later increased myelinization of axons.
These changes do not cease until at least 25 years of
age. The poor judgment and risk-taking behaviors found
in early to midpuberty, related to increased dopami-
nergic activity during this period, contrasts with the
maturation of cognitive and executive functions,
including judgment, found in later pubertal develop-
ment, which is related to the later development of the
prefrontal cortex. Many significant psychiatric disorders
including depression have their onset during puberty.
Sleep patterns change during puberty; in the free living
state with no light or social cues, adolescents will
awaken later (owl-like) than do younger children
(lark-like). Then sleep patterns change from “lark-like”
to “owl-like” pattern until 19e21 years of age when
this change starts to reverse.

PHYSIOLOGY OF PUBERTY
Endocrine Changes From Fetal Life to
Puberty
Pituitary gonadotropin secretion is controlled by the
hypothalamus, which releases pulses of GnRH into
the pituitary-portal system to reach the anterior pitui-
tary gland by 20 weeks of gestation. Control of GnRH
secretion is exerted by a hypothalamic pulse generator in
the arcuate nucleus. It is sensitive to feedback control
from sex steroids and inhibin, a gonadal protein prod-
uct that controls the frequency and amplitude of gonad-
otropin secretion during development in both sexes and
during the progression of menstrual cycle in females.

In males, LH stimulates the Leydig cells to secrete
testosterone, and FSH stimulates the Sertoli cells to pro-
duce inhibin. Inhibin feeds back on the hypothalamice
pituitary axis to inhibit FSH. In females, FSH stimulates
the granulosa cells to produce estrogen and the follicles
to secrete inhibin, and LH appears to play a minor
role in the endocrine milieu until menarche. With
menarche, LH triggers ovulation and later stimulates
the theca cells to secrete androgens.
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Changes at Birth and the Mini Puberty of
INFANCY
At term, serum gonadotropin concentrations are
suppressed by maternal estrogen, but with postnatal
clearance of high circulating estrogen concentrations,
negative inhibition is reduced and postnatal peaks of
serum LH and FSH are measurable for several months
to up to a few years after birth. While episodic peaks
of serum gonadotropins may occur until 2 years of
age (mini puberty of infancy), serum gonadotropin
concentrations are low during later years in normal
childhood. Sex steroids follow this pattern with higher
peaks in infancy than childhood.

The Juvenile Pause or the Mid-Childhood
Nadir of Gonadotropin Secretion
While serum gonadotropin concentrations are low in
mid-childhood, sensitive assays indicate that pulsatile
secretion occurs and that the onset of puberty is
heralded by an increase in amplitude of secretory
events and a change in frequency rather than a de
novo appearance of these pulses. Twenty-four-hour
mean concentrations of LH, FSH, and testosterone
rise measurably within 1 year before the development
of physical pubertal changes. Negative feedback inhi-
bition is active during childhood; without sex steroid
or inhibin secretion to exert inhibition, serum gonad-
otropin values are greatly elevated, as might be found
in an agonadal individual. During mid-childhood,
normal individuals and patients with primary hypogo-
nadism have lower serum gonadotropin levels than
they do in the neonatal period, but the range of serum
gonadotropin concentrations in primary hypogonadal
patients during mid-childhood is still higher than
that found in healthy children of the same age. The
decrease in serum gonadotropin concentrations in pri-
mary agonadal children during mid-childhood has
been attributed to an increase in the CNS inhibition
of gonadotropin secretion during these years. This in-
hibition is mediated by g-aminobutyric acid (GABA)
and other inhibitory neuropeptides. The recent discov-
ery of the MRKN3 gene (Makorin Ring Finger Protein
3) which is considered a CNS “brake” on the onset
of puberty adds considerably more understanding of
the juvenile pause; when this maternally imprinted
but paternally expressed gene is silenced, precocious
puberty occurs. MRNK3 mutations occur in 46%
of familial precocious puberty cases to date. More
recently, inactivating mutations of the Delta-like 1
homolog (DLK1) gene which is also expressed only
in the father were found in girls with precocious

puberty. Thus, the juvenile pause in normal children
and those with primary gonadal failure appears to be
due to CNS restraint of GnRH secretion.

Peripubertal Gonadotropin Increase
Before the onset of puberty there is a circadian rhythm
of low amplitude secretion of LH and FSH. Thus
the endocrine changes of puberty build on preexisting
patterns of hypothalamic pituitary hormone secretion.
As puberty begins, the secretion of GnRH increases
both in amplitude and frequency first in the early hours
of sleep. LH and FSH values rise in response. A few
hours after the gonadotropin peaks serum testosterone
and estrogen concentrations rise demonstrating the
biosynthesis of sex steroids and aromatization of testos-
terone to estrogen. Thus puberty is characterized by
increased amplitude of peaks of gonadotropins
compared to the prepubertal period. The peaks of
serum LH and FSH occur more often during waking
hours with the progression of puberty. As reproductive
maturation is achieved in late puberty gonadotropin
and sex steroid peaks occur throughout the day, and
there is no longer a circadian rhythm.

During the peripubertal period of endocrine changes
prior to secondary sexual development, gonadotropin
secretion becomes less sensitive to negative feedback in-
hibition. An equilibrium-balancing pubertal concentra-
tion of gonadotropins and sex steroids is reached, but at
the onset of puberty, both gonadotropins and sex ste-
roid concentrations remain at low levels which require
sensitive assays to detect.

Several neurotransmitters are invoked in bringing
about the onset of puberty, including GABA and
N-methyl-D-aspartate. KISS1, a human metastasis sup-
pressor gene at locus 19p13.3, codes for kisspeptin, an
important agent in the process. Kisspeptin is the
agonist for GPR54 (previously called kisspeptin
receptor), a Gq/11-coupled receptor of the rhodopsin
family (metastin receptor), found in the brain, mainly
in the hypothalamus and basal ganglia and the
placenta. KISS1 mRNA levels rise with the onset of
puberty in male and female monkeys as they develop
from the juvenile to the midpubertal stage. When
kisspeptin is infused into the brain GnRH-primed
juvenile female rhesus monkeys, GnRH is secreted,
while if GnRH antagonists are also infused, no
GnRH is secreted. Thus it appears that KISS1 exerts
its effects through the GPR54 receptor of the primate
hypothalamus and that at the end of the juvenile
pause, this signaling contributes to the pubertal in-
crease in pulsatile GnRH secretion. A decrease in
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expression of MKRN3, considered to act as a CNS
brake on pubertal development, occurs at the time of
puberty. Familial precocious puberty, passed down
through the father occurs with a decreased expression
of this imprinted gene.

Highly sensitive immunoradiometric and immuno-
chemiluminometric assays “third-generation assays”
and now high-performance liquid chromatography
(HPLC)etandem mass spectroscopy for gonadotropin
determination are sensitive enough to indicate the
onset of pubertal development with single basal sam-
ples usually eliminating the need to perform GnRH or
GnRH agonist testing. Basal LH values in the pubertal
range according to the laboratory reference ranges for
the laboratory being utilized in a child with early
sexual development indicate the onset of central pre-
cocious puberty or in an older child of normal
puberty as they are highly predictive of elevated peak
GnRH-stimulated LH. Values are laboratory specific,
but LH results over 0.3 mIU/mL are considered indic-
ative of pubertal development. Once the LH secretion
increases at the onset of puberty in boys, there is a
significant rise in testosterone secretion as the testic-
ular volume increases from a prepubertal volume of
1e2 mL to pubertal volumes equal to or exceeding
4 mL and extending up to 25 mL. As with LH and
FSH determinations, testosterone must be measured
by a laboratory that performs highly sensitive and
specific assays, usually by HPLC followed by tandem
mass spectroscopy, with the results compared to age-
and pubertal-stage-appropriate standards. To repeat,
standard LH, FSH, and testosterone assays are not
sensitive enough to detect the changes seen in early
pubertal development. Just requesting LH, FSH, or
testosterone determinations frequently leads to the
performance of less-sensitive assays used in adults.
Pediatric assays are usually indicated on order menus
as such.

Sex Steroid Secretion
Sex steroid secretion is temporally associated with the
development of gonadotropin secretion. During the
postnatal period of increased episodic gonadotropin
secretion, plasma concentrations of gonadal steroids
also rise indicating the functional stimulatory ability
of the newborn gonad. During the middle childhood
period of relatively suppressed gonadotropin secretion
(the juvenile pause), gonadal stimulatory activity
decreases as well. However, repeated administration
of human chorionic gonadotrophin can stimulate the
testes to secrete testosterone. There is a low level of

ovarian secretory activity in girls demonstrated by
measurable estradiol levels in sensitive assays. Serum
gonadal steroid concentrations progressively increase
with the onset of puberty along with increasing
gonadotropin concentrations. Although values vary by
laboratory, a prepubertal value of estradiol less than
16 pg/mL (58.7 pmol/L) or a testosterone value of
less than 8 ng/dL (0.3 nmol/L) are general guidelines
for prepubertal values. Although gonadal sex steroids
are secreted in a diurnal rhythm in early puberty, sex
steroids are bound to sex hormoneebinding globulin
(SHBG or TeBG), leading to a longer half-life of sex ste-
roids compared to gonadotropins. Because of this,
random measurement of gonadal sex steroids can be
used to determine pubertal staging more than random
measurements of serum gonadotropins. In spite of
that, there is a considerable variation in estradiol
secretion so that early pubertal girls may or may not
have pubertal values of estradiol on any given sample.

Most (97%e99%) of the circulating estradiol and
testosterone is associated with SHBG. Prepubertal
boys and girls have equal concentrations of SHBG,
but adult males have only half the concentration of
SHBG compared with adult females since testosterone
decreases SHBG and estrogen increases SHBG. Lower
SHBG levels in males amplify the effect of androgens
in men. Adult men have 20 times the amount of plasma
testosterone compared to adult women; however, adult
men have 40 times the amount of free testosterone than
adult women.

Sex steroid treatment may be started in the course
of treatment of appropriate patients after pubertal
suppression in the treatment of gender dysphoria.

Gonadotropin-Releasing Hormone
Stimulation
GnRH has been used as a test of pubertal development.
Response, primarily in LH, to exogenous GnRH changes
with age. Native GnRH is not available clinically, so the
use of GnRH agonists has been used for such testing as
well as for treatment in pubertal suppression. If GnRH
agonist is administered to children younger than 2 years
of age, pituitary secretion of LH and FSH increases in a
manner similar to pubertal children due to the mini pu-
berty of infancy. Later during the juvenile pause, when
endogenous GnRH secretion has decreased, GnRH
agonist exerts less effect on LH release. When puberty
begins, administration of the GnRH agonist again
brings about a higher peak of LH concentration in
boys and girls, and this response continues until adult-
hood. While there is no change in peak FSH secretion
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after GnRH agonist with the onset of puberty, there is a
greater release of FSH in females compared to males at
all stages.

Reference ranges of the LH concentration at different
stages of puberty vary between laboratories, but, in
general, if the basal concentration of plasma LH rises
above 0.3 or the plasma concentration of peak LH is
over 5.5 U/L, 1 hour after 10 mg/kg of subcutaneous
GnRH or GnRH agonist administration, the endocrine
changes of puberty had begun. More specifically, it is
reported that when boys have, after 10 mg/kg of leupro-
lide acetate, a 4-h LH value over 14.8e15 units per liter,
puberty has begun.

Endogenous GnRH is secreted episodically about
every 90e120 min in response to the CNS pulse gener-
ator, and gonadotropin secretion follows in a pulsatile
fashion. Exogenous GnRH can be used to stimulate
pubertal gonadotropin secretion when it is adminis-
tered to patients in episodic boluses by a programma-
ble pump program to reflect the natural secretory
episodes of GnRH. After only a few days of exoge-
nously administered GnRH boluses, a prepubertal
subject without initial significant gonadotropin peaks
will have reached a normal pubertal pattern of
episodic secretion of gonadotropins. Patients who
have no or inadequate gonadotropin secretion to
progress through reproductive development may reach
a pattern of normal adult episodic gonadotropin
secretion by this method of administration of pulsatile
GnRH administration. This phenomenon is used in
clinical practice to bring about ovulation or spermato-
genesis to foster fertility.

Alternatively, if GnRH is administered continu-
ously rather than in pulses, a brief period of increased
gonadotropin secretion is followed by LH and FSH
suppression. This phenomenon in which continuous
GnRH secretion ultimately decreases the number and
activity of the GnRH receptors was utilized in the
development of GnRH agonists. These agonists act as
a long-term continuous infusion of GnRH which sup-
presses gonadotropin secretion and thereby suppresses
gonadal steroid secretion. It is this phenomenon that is
utilized in treatment with GnRH analogs for therapeu-
tic effect in conditions such as central precocious
puberty and endometriosis, and can bring about a
chemical test castration in men with prostatic carci-
noma. It is the suppressive action of GnRH agonist
on pubertal progression that is utilized in the delaying
of pubertal development in gender dysphoria as
discussed elsewhere in this volume.

Leptin and Puberty
Leptin, produced in adipose cells, can suppress appetite
when it interacts with its receptor in the hypothalamus.
Leptin plays a major role in pubertal development in
mice and rats but has a modified role in human
puberty. An extremely obese leptin-deficient girl
aged 9 years had a bone age of 13 years which is
compatible with the onset of normal puberty. She had
no significant gonadotropin pulsatility and no second-
ary sexual development of puberty. After recombinant
DNA-derived leptin was administrated to her, she began
to demonstrate gonadotropin peaks, estrogen secretion
increased, and secondary sexual development occurred.
Individuals who are leptin resistant due to leptin recep-
tor deficiency or abnormality will also have disorders of
puberty. Leptin does not appear to trigger the onset of
puberty in normal adolescents as changes in plasma
leptin concentrations accompany pubertal changes
rather than precede them. Leptin is necessary but not
sufficient for pubertal development.

Ovulation and Menarche
Positive feedback of estrogen on the hypothalamice
pituitary axis is a late development during puberty
and is the phenomenon that allows ovulation and
menarche. Menarche usually follows thelarche by 2.5e
3 years. After midpuberty, estrogen in the appropriate
amount at the appropriate time can stimulate gonado-
tropin release, whereas higher doses of estrogen will
still suppress gonadotropin secretion. The ratio of LH
to FSH secretion rises as the frequency of pulsatile
GnRH release increases during the late follicular phase
of the normal menstrual cycle. Increased LH secretion
stimulates estrogen production from the ovary which
through positive feedback leads to the midcycle LH
surge that causes ovulation. As discussed above,
administration of GnRH in pulsatile fashion by a
programmable pump is utilized to allow fertility in
patients with hypogonadotropic hypogonadism or
hypothalamic GnRH deficiency as this pump can
mimic the natural pattern of gonadotropin secretion
and trigger ovulation.

However, even if the midcycle surge of gonadotro-
pins is present, ovulation may not occur during the first
menstrual cycles after menarche as 90% of menstrual
cycles are anovulatory in the first year after menarche.
By 5 years after menarche, about 80% of periods
are ovulatory. The high prevalence of anovulatory
periods during this period, however, may be less due
to development than unrecognized polycystic ovary
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syndrome. However, it is always important to realize
that some of the first cycles after menarche may be
ovulatory, and fertility is possible in the first cycle.

Adrenarche
Understanding of the control of adrenal androgen
secretion is incomplete. The adrenal cortex normally
secretes the weak androgens dehydroepiandrosterone
(DHEA), its sulfateddehydroepiandrosterone sulfate
(DHEAS), and androstenedione in increasing amounts
beginning at about 6e7 years of age in girls and
7e8 years of age in boys. This is several years before
the appearance of pubic hair or acne. A continued
rise in adrenal androgen secretion persists until late
puberty in normal individuals. Adrenarche is the onset
of the secretion of adrenal androgens, pubarche is the
appearance of pubic hair or acne or comedones, while
gonadarche is the secretion of gonadal sex steroids.
Adrenarche precedes gonadarche by several years in a
normal individual. The age at adrenarche does not
usually influence age at gonadarche. Furthermore,
since GnRH agonist can only inhibit gonadotropin
secretion, patients treated with a GnRH agonist prog-
ress through adrenarche despite their suppressed
gonadarche.

DELAYED PUBERTY OR ABSENT PUBERTY
(SEXUAL INFANTILISM)
Any girl of 13 years or boy of 14 years (13.5 years
in some sources) of age without signs of pubertal
development falls more than 2.5 standard deviations
(SDs) above the mean and is considered to have
delayed puberty. It is important to determine which
of these patients older than these guidelines have
constitutionally delayed puberty and which have
organic disease. A patient wishing gender reassignment
who has either of these diagnoses will not need GnRH
agonist therapy at the average age of puberty.

Constitutional Delay in Growth and
Adolescence
Constitutional delay in puberty should be considered
the diagnosis in a patient with delayed onset of sec-
ondary sexual development, whose stature is shorter
than that of age-matched peers but who consistently
maintains a normal growth velocity for bone age and
whose skeletal development is delayed more than 2
SDs from the mean, especially if there is a family his-
tory of a similar pattern of development in a parent
or sibling. These patients are at the older end of the
normal distribution curve describing the age at onset

of puberty. At the time of examination, the initial
elevation of gonadal sex steroids may have already
begun, even if the patient shows no physical signs of
puberty and their basal LH concentrations measured
by ultrasensitive third-generation assays or their
plasma LH response to intravenous GnRH or GnRH
agonist is pubertal. Boys who have an 8-a.m serum
testosterone value above 20 ng/dL (0.7 mmol/L) are
likely to begin secondary sexual development within
a period of 15 months.

In some cases, observation for endocrine or physical
signs of puberty must continue for a period of months
or years before the diagnosis is made. While signs of
puberty appear after the patient reaches a skeletal age
of 11 years (girls) or 12 years (boys), in general, there
is great variation. By 18 years of chronologic age, most
patients with constitutional delay in adolescence will
have secondary sexual development. Adrenarche is
reported to be delayeddalong with gonadarchedin
constitutional delay in puberty. Constitutional delay
is a diagnosis of exclusion and pathologic etiologies
of delayed puberty must be considered before this diag-
nosis is made.

Hypogonadotropic Hypogonadism
The absent or decreased ability of the hypothalamus to
secrete GnRH or of the pituitary gland to secrete LH
and FSH characterizes hypogonadotropic hypogonad-
ism. If the pituitary deficiency is limited to gonadotro-
pins, a patient’s stature is usually close to average
height for age until the usual age of the pubertal
growth spurt, in contrast to shorter patients with
constitutional delay. However, if GH deficiency
accompanies gonadotropin deficiency, severe short
stature will result.

Central nervous system disorders
Tumors. A CNS tumor involving the hypothalamus
or pituitary gland can interfere with hypothalamice
pituitaryegonadal function as well as control of GH,
adrenocorticotropic hormone, thyrotropin, prolactin,
and vasopressin secretion; the patient with acquired
anterior and posterior pituitary deficiencies is likely to
have a serious problem such as a CNS tumor. It
is imperative that a hypothalamicepituitary tumor
be eliminated as the cause of delayed puberty before
assigning another diagnosis such as constitutional
delay.

Other acquired central nervous system disorders.
Infiltrative lesions, tuberculous or sarcoid granulomas,
other postinfectious inflammatory lesions, vascular
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lesions, and trauma may cause hypogonadotropic
hypogonadism.

Developmental defects. Developmental defects of
the CNS may cause hypogonadotropic hypogonadism
or other types of hypothalamic dysfunction. Cleft palate
or other midline anomalies may also be associated with
hypothalamic dysfunction.

Radiation therapy. CNS radiation therapy involving
the hypothalamicepituitary area can lead to hypogona-
dotropic hypogonadism. However, GH is more
frequently affected than gonadotropin secretion. Other
hypothalamic deficiencies such as gonadotropin
deficiency, hypothyroidism, and hyperprolactinemia
occur more often with higher doses of radiation.

Isolated gonadotropin deficiency
Kallmann syndrome is the most common genetic form of
isolated gonadotropin deficiency. Gonadotropin defi-
ciency in these patients is associated with hypoplasia
or aplasia of the olfactory lobes and olfactory
bulb causing hyposmia or anosmia. This is a familial
syndrome of variable manifestations in which anosmia
may occur with or without hypogonadism in a given
member of a kindred. X-linked Kallmann syndrome is
due to gene deletions in the region of Xp22.3, causing
the absence of the KAL1 gene which codes for anosmin,
an adhesion molecule that plays a key role in the
migration of GnRH neurons and olfactory nerves to
the hypothalamus. Adult height is normal, although
patients experience delays reaching adult height.
Kallmann syndrome 2 is inherited in an autosomal domi-
nant pattern and is due to a mutation in the FGFR1
(fibroblast growth factor receptor 1) gene. Kallmann
syndrome 3 exhibits an autosomal recessive pattern
and appears to be related to mutations in PROKR2
and PROK2, encoding prokineticin receptor-2 and
prokineticin-2, respectively. FGF8may also be involved.

While kisspeptin and G proteinecoupled receptor
54 (GRP54) play important roles at the onset of
puberty, only rare patients have been reported with de-
fects in the kisspeptineGPR54 axis due to a loss of
functional mutation in the gene for the GRP54 recep-
tor. Mutations of the GnRH receptor gene, GnRHR,
were noted many years ago, and more recently, muta-
tions in the GnRH1 gene has been demonstrated.
Other mutations causing hypogonadotropic hypogo-
nadism without anosmia include the GPR54, SF-1
(steroidogenic factor 1), HESX-1 (Hesx-1 homeodomain),
LHX3 (LIM homeobox gene 3), and PROP-1 (prophet of
PIT1) genes. X-linked congenital adrenal hypoplasia

is associated with hypogonadotropic hypogonadism.
Adrenal hypoplasia congenital (AHC), glycerol kinase
deficiency, and muscular dystrophy have also been
linked to this syndrome. The gene locus is at Xp21.3-
p21.2 and involves a mutation in the DAX1 gene in
many but not all patients.

Idiopathic hypopituitary dwarfism (growth
hormone deficiency in the absence of defined
anatomic or organic defects)
Patients with congenital GH deficiency have early onset
of growth failure; this feature distinguishes them from
patients with GH deficiency due to hypothalamic
tumors, who usually have late onset of growth failure.
Even without associated gonadotropin deficiency,
untreated GH-deficient patients often have delayed
onset of puberty associated with their delayed bone
ages. Idiopathic hypopituitarism is usually sporadic
but may follow an autosomal recessive or X-linked in-
heritance pattern due to one of the gene defects listed
earlier.

Miscellaneous disorders
Several genetic conditions including PradereWilli
syndrome and BardeteBiedl syndrome combine syndromic
physical findings with delayed/absent pubertal development.

Chronic disease and malnutrition. A delay in sexual
maturation may be due to chronic disease or malnutri-
tion. Weight loss to less than 80% of ideal body weight,
caused by disease or voluntary dieting, may result in
gonadotropin deficiency; weight gain toward the ideal
usually restores gonadotropin function, but there is
often a delay after the weight gain.

Celiac disease can be found in approximately 1% of
the general population but in about 10% of type I dia-
betes patients. This immunological disorder of gluten
intolerance produces numerous clinical sequelae,
including late puberty, poor growth, delayed menarche,
and osteopenia.

Anorexia nervosa. Anorexia nervosa involves weight
loss associated with a psychologic disorder and carries
a significant risk of mortality. This condition usually af-
fects girls who develop a disturbed body image and
exhibit typical behavior such as avoidance of food
and induction of regurgitation after ingestion; boys
may be affected as well. Weight loss may be so severe
as to cause fatal complications such as immune
dysfunction, fluid and electrolyte imbalance, or circula-
tory collapse. Primary or secondary amenorrhea is a
classic finding in affected girls and has been correlated
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with the degree of weight loss, although there is evi-
dence that patients with anorexia nervosa may cease
to menstruate before their substantial weight loss is
exhibited. Prepubertal gonadotropin values, impaired
monthly cycles of gonadotropin secretion, and reten-
tion of a prepubertal diurnal rhythm of gonadotropin
secretion are found in anorexia nervosa patients, pat-
terns that indicate a reversion to an earlier stage of the
endocrine changes of puberty.

Increased physical activity. Strenuous athletics and
ballet dancing taken to the extreme may lead to the
female athletic triad of delayed menarche, irregular or
absent menstrual periods and decreased bone density.
The amenorrheamay be caused by the increased physical
activity rather than decreased weight, as some amenor-
rheic girls may resume menses while temporarily
bedridden even though their weight does not yet change.

Hypothyroidism. Hypothyroidism can delay all
aspects of growth and maturation, including puberty
and menarche. With thyroxine therapy, catch-up
growth and resumed pubertal development and
menses occur.

Hypergonadotropic Hypogonadism
Primary gonadal failure characterized by elevated
gonadotropin concentrations due to the absence of
negative feedback effects of gonadal sex steroids and
inhibin is called hypergonadotropic hypogonadism.
The most common causes are chromosomal abnormal-
ities which are usually associated with somatic abnor-
malities as in the syndrome of seminiferous tubule
dysgenesis (Klinefelter syndrome classically 47XXY)
and the syndrome of gonadal dysgenesis (Turner syn-
drome classically 46X), although isolated gonadal fail-
ure can also present with delayed puberty without
other physical findings.

PRECOCIOUS PUBERTY (SEXUAL
PRECOCITY)
All sources agree that the appearance of secondary
sexual development before the age of 9 years in boys
is precocious puberty. However, there remains contro-
versy over the lower limits of normal in girls. The Pedi-
atric Endocrine Society accepted that the appearance of
secondary sexual development before the age of 7 years
in Caucasian girls and 6 years in African-American girls
constitutes precocious sexual development, but others
remain concerned that pubertal development between
7 and 8 years for Caucasian and 6 and 8 years for
African-American girls indicates a pathological state.

Thus, if a girl has the onset of puberty before 8 years,
especially when there is no overweight or obesity, one
must have a high index of suspicion for pathology.
The child must have absolutely no sign of CNS disorder
or other possible cause that might trigger pathologic
precocious puberty. A careful search for historical or
physical features of organic disease must occur before
a girl with precocious puberty between 6 and 8 years
is considered normal. When the cause of precocious
puberty is premature activation of the hypothalamice
pituitary axis, and the condition is gonadotropin
dependent, the diagnosis is central (complete or true)
precocious puberty; if ectopic gonadotropin secretion
occurs in boys or autonomous sex steroid secretion
occurs in either sex, the condition is not gonadotropin
dependent, and the diagnosis is peripheral or incomplete
precocious puberty. In all forms of sexual precocity, there
is an increase in growth velocity, somatic development,
and skeletal maturation. This rapid skeletal develop-
ment leads to tall stature during childhood and the
paradox of the tall child growing up to become a short
adult because of early epiphysial fusion.

Central (Complete or True) Precocious
Puberty

Idiopathic central (complete or true) isosexual
precociious puberty. Affected children, with no fa-
milial tendency toward early development and no
organic disease, may be considered to have idiopathic
central isosexual precocious puberty. Pubertal develop-
ment may follow the normal course or may wax and
wane. Serum gonadotropin and sex steroid concentra-
tions and response to GnRH or GnRH agonists are
similar to those found in normal pubertal subjects.
Girls present with idiopathic central precocious puberty
more commonly than boys.

Genetic causes of central precocious puberty. The
MRKN3 gene is maternally imprinted, leading to
silencing of the maternal allele, but the paternal allele
is active. This gene is considered to exert a braking effect
on pubertal development, and thus, when a paternal
inactivating mutation occurs, since the maternal allele
is already silenced, the child experiences precocious pu-
berty. Defects in the DLK1 gene which is also paternally
inherited can also lead to precocious puberty.
1. CNS disorders. CNS tumors are more common causes

of central precocious puberty in boys than in girls, so
a high index of suspicion is essential. Optic gliomas
or hypothalamic gliomas, astrocytomas, ependy-
momas, germinomas, and other CNS tumors may
cause precocious puberty by interfering with the

22 Pubertal Suppression in Transgender Youth



neural pathways that inhibit GnRH secretion, thus
releasing the CNS restraint of gonadotropin secre-
tion. Central precocious puberty is usually amenable
to treatment with GnRH agonists once the under-
lying CNS condition is resolved.

Peripheral or Incomplete Isosexual
Precocious Puberty
If puberty does not emanate from pulsatile secretion
of GnRH from the CNS, the child has peripheral or
incomplete precocious puberty. In all cases, sex steroids
are elevated and gonadotropins are suppressed by the
sex steroids.
1. Peripheral or incomplete isosexual precocious puberty in

genotypic males. Premature sexual development in
the absence of hypothalamicepituitary maturation
may occur in males from either: (1) ectopic or
autonomous endogenous secretion of hCG or LH
or iatrogenic administration of human chorionic
gonatotropin (hCG), which can stimulate Leydig
cell production of testosterone or (2) autonomous
endogenous secretion of androgens from the testes
or adrenal glands or from iatrogenic exogenous
administration of androgens. (In females, secretion
of hCG does not by itself cause secondary sexual
development.)

Peripheral or incomplete isosexual precocious
puberty in genotypic females. Females with periph-
eral isosexual precocity have a source of excessive estro-
gens which may occur due to autonomous estrogen
secretion from the ovary or more rarely the adrenal
gland or from exogenous estrogen administration.

Variations of Puberty

Premature thelarche. The term premature thelarche
denotes unilateral or bilateral breast enlargement
without other signs of androgen or estrogen secretion.
Patients are usually younger than 3 years; the breast
enlargement may regress within months or remain until
actual pubertal development occurs at a normal age.
Areolar development and vaginal mucosal signs of estro-
gen effect are usually absent or minimal. Premature the-
larche may be caused by brief episodes of estrogen
secretion from ovarian cysts. Plasma estrogen levels are
usually low in this disorder, perhaps because blood sam-
ples are characteristically drawn after the initiating secre-
tory event.

Premature adrenarche. Premature adrenarche is the
early onset of adrenal androgen production which leads
to premature pubarche which is the early appearance of
pubic or axillary hair without other significant signs of

virilization or puberty. This condition allows the sec-
ondary sexual development of puberty to occur at the
normal age for puberty. It is not progressive. Premature
adrenarche is usually found in children older than
6 years and is more common in girls than in boys.
Plasma DHEAS levels are generally elevated to stage 2
pubertal levels, higher than normally found in this
age group but well below those seen with adrenal
tumors.
1. Adolescent gynecomastia. Transient unilateral or

bilateral gynecomastia occurs in up to 75% of boys,
usually beginning in stage 2 or 3 of puberty and
regressing about 2 years later. Serum estrogen and
testosterone concentrations are normal. Some
severely affected patients with extremely prominent
breast development may require reduction mam-
moplasty if psychologic distress is extreme, but
reassurance is usually all that is required.

Klinefelter syndrome and the syndromes of incom-
plete androgen resistance are also associated with
gynecomastia and must be differentiated from the
gynecomastia of normal pubertal development in
males. Certain medications list gynecomastia as a side
effect. Marijuana use can also elevate the risk for the
gynecomastia.
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CHAPTER 4

GnRH Analogs (Mechanism, Past
Studies, Drug Options, Use in
Precocious Puberty, Use in Gender-
Nonconforming Youth)
ANISHA GOHIL, DO • ERICA A. EUGSTER, MD

HISTORICAL PERSPECTIVE
The history that led to the discovery and development
of gonadotropin-releasing hormone analogs (GnRHas)
is a fascinating one. Gregor Popa and Una Fielding
discovered the hypophyseal portal system in 1930,
originally describing this network of blood vessels in
the rat.1,2 In 1937, Geoffrey Harris demonstrated that
the anterior pituitary was controlled by the central
nervous system, and his later research in the 1940s
and 1950s showed specifically that this control came
from the hypothalamus via the hypophyseal portal
system.1e3 In 1971, Schally et al. discovered that one
polypeptide, gonadotropin-releasing hormone (GnRH),
when isolated from porcine hypothalami stimulated
the release of follicle-stimulating hormone (FSH) and
luteinizing hormone (LH) from the pituitary gland
across species. They not only identified the structure
of this polypeptide but also created a synthetic form of
it that exhibited the same downstream effects.4 Roger
Guilleman worked independently in a competitive race
with Andrew Schally in the discovery of hypothalamic
regulatory hormones.1,5 In 1977, both were awarded
the Nobel Prize in Physiology or Medicine for their
scientific discoveries.6 A more refined physiological
understanding of GnRH was attained in 1978 when
Belchetz discovered that the pattern of GnRH delivery
affected gonadotropin secretion. Intermittent administra-
tion stimulated gonadotropin secretion while constant
administration resulted in a paradoxical downregulation
of the hypothalamicepituitaryegonadal (HPG) axis.7 It
was this seminal discovery that paved the way for the
development of the GnRHas and their subsequent utili-
zation in the clinical arena.

In the following years, potential applications of
GnRHas were investigated in numerous clinical set-
tings, including central precocious puberty (CPP),
female and male contraception, endometriosis, uterine
fibroids, polycystic ovarian disease, hirsutism, men-
strual cycle disorders, prostate cancer, and assisted
fertilization.6,8 GnRHas transformed the treatment of
CPP since their first reported use in 1981 and quickly
became the standard of care for this condition. By
1993, three different GnRHasdleuprolide, nafarelin,
and histrelindhad each received the Food and Drug
Administration’s (FDA) approval for the treatment
of CPP. The initial routes of administration were
restricted to intranasal and subcutaneous, both of
which required daily dosing.9 Subsequently, a depot
form of leuprolide was developed that allowed for
monthly intramuscular administration, and additional
extended-release formulations of GnRHas continue to
emerge.9e11 Currently, 3-monthly intramuscular injec-
tions, 6-monthly intramuscular injections, and yearly
subcutaneous implants are also available.12,13 Intra-
muscular preparations have also been administered
subcutaneously with good success by some providers
(personal communication).

The use of GnRHas to block puberty and suppress the
HPG axis in patients with gender dysphoria is associated
with improved physical and psychological outcomes.14

Following the first published case of the successful use
of the GnRHa, triptorelin, in a female-to-male (FTM) in-
dividual in 1998, this class of medications became
established as the treatment of choice for pubertal sup-
pression in the gender dysphoric patient.14e16 Fig. 4.1
illustrates a historical timeline of the discovery of
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GnRH and the clinical use of GnRHas in pediatric pa-
tients throughout the past century.

PHYSIOLOGY AND MECHANISM OF ACTION
GnRH is synthesized in the hypothalamus and secreted
into the hypophyseal portal system where it travels to
the anterior pituitary. Here it acts at the GnRH receptor
to stimulate the release of LH and FSH from the gona-
dotrope cells. The gonadotropins act on the ovary and
testis to stimulate production of sex steroids, which in
turn leads to the development of secondary sexual char-
acteristics. Sex steroids exert regulatory positive and
negative feedback at the level of the hypothalamus
and pituitary.8,17,18

Pulsatile release of GnRH is required for production of
LH and FSH. Pulses are released every 30e120 min. In
men, there is a consistent frequency of pulses, but in
women, the frequency varies depending on the phase of
the menstrual cycle.17 Several neuropeptides have been
identified that exert a modulatory influence on GnRH
secretion. Kisspeptin, which affects GnRH release, is widely
acknowledged to be the initial trigger involved in the initi-
ation of puberty. Neurokinin B and dynorphin are involved
in the regulation of kisspeptin, and collectively, these three
neuropeptides are known as KNDy neurons.19

GnRHas differ from native GnRH due to a chemical
amino acid substitution at positions 6 and 10 in the
GnRH molecule. This molecular change increases affin-
ity for the GnRH receptor and decreases clearance by
enzymatic removal.20 When GnRH is present at a sus-
tained continuous concentration, desensitization of
the GnRH receptor occurs. It appears that multiple
mechanisms may play a role in desensitization, one of
which includes decreased mobilization of intracellular
calcium. This occurs secondary to sustained stimulation

at the receptor by GnRH,17 which in turn is thought to
inhibit the release of LH.8 Another important mecha-
nism is related to an alteration in the levels of LH alpha
and beta subunits in the presence of continuous GnRH
exposure. While alpha subunit levels increase, the bio-
logically active beta subunit levels decrease.17 When
used therapeutically, gonadal suppression is entirely
reversed upon removal of GnRHa treatment.18

USE IN CENTRAL PRECOCIOUS PUBERTY
By far, the greatest source of knowledge regarding the
clinical use of GnRHas in the pediatric population
comes from experience with its use in CPP. When pu-
berty develops prior to the onset of norms for racial
background and ethnicity, it is considered precocious.19

Specifically, CPP involves premature activation of the
HPG axis21 and has traditionally been defined as
puberty starting before the age of 8 years in girls and
before the age of 9 years in boys.19 In addition to the
age criteria, assessment for rapid progression, linear
growth acceleration, and advancement of bone age are
important aspects of the evaluation.12,19 Many girls
with idiopathic CPP will have a gradual progression
of puberty with no compromise in final adult height.
The major rationale for treatment is preservation of
adult height potential, as there is a lack of evidence to
support using GnRHas to delay menarche or ameliorate
psychological outcomes. Girls younger than 6 years and
boys younger than 9 years with rapidly progressive
puberty have the greatest improvements in final height
as a result of GnRHa treatment.12

Since the mid-1980s, long-acting GnRHas have been
the standard of care for the treatment of CPP world-
wide.22 They have been shown to be effective and safe.
Rapid-acting intranasal and subcutaneous forms are
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available, but depot formulations are recommended as
compliance is improved with this method.12 Monthly
depot intramuscular injections are typically given at
a dose of 0.2e0.3 mg/kg per month.9,19 However,
3-monthly and 6-monthly forms are also now avail-
able.12,13 An additional option for extended release is
the histrelin subcutaneous implant which can be left
in place for 2 years.19,23 Table 4.1 summarizes formula-
tions available in the United States.12,13,24e27

Initiation of GnRHa treatment results in cessation
of pubertal progression, a return to a prepubertal
growth velocity, and a decrease in the rate of skeletal
maturation.22 There is no evidence to support the
need for routine laboratory monitoring while on treat-
ment as long as clinical parameters indicate pubertal
suppression. Response to treatment should be followed
clinically with physical examination, assessment of
growth, and intermittent determination of bone age.12

Apparent clinical progression of puberty can indicate
poor compliance, but treatment failure or the presence
of an alternate diagnosis should be considered.22

GnRHas are extremely well tolerated, and most side
effects are transient including rash, headaches, gastroin-
testinal issues, or hot flashes. Vaginal bleeding can occur
after administration of the first dose in girls due to an
initial flare in HPG axis activation with a concomitant in-
crease in sex steroid levels prior to suppression.22 Local
reactions can occur in about 10e15% of cases and sterile
abscesses have been reported. Anaphylaxis is very rare.12

The decision to stop treatment is individualized in
each patient and incorporates consideration of the
timing of normal puberty, individual height potential,
psychological components, and patient and family pref-
erence. The average age of treatment cessation is
10.6e11.6 years.12,22

OUTCOMES IN CENTRAL PRECOCIOUS
PUBERTY
Suppression of the HPG axis is reversible after discon-
tinuation of a GnRHa, but variable information exists

regarding long-term follow-up of treated patients.26

Reproductive function in girls treated with GnRHas is
not impaired. There are very limited data on outcomes
in boys, but three small studies show intact reproduc-
tive function in them as well at the age of 15e18 years.
While average time to menarche is approximately
16 months after stopping treatment, there is a wide
variation of 2e61 months.12 Time to menarche after
treatment cessation appears to be inversely propor-
tional to age,26 whereas other factors such as bone
age, breast Tanner stage, uterine development, or fre-
quency of injections have not demonstrated unifor-
mity with regard to affecting this interval of time.20

The regularity of menstrual cycles in treated girls
appears to be comparable to that observed in the
normal adolescent population.26 Although more data
are needed to assess newer extended-release formula-
tions, the mean time to menarche appears to be
equivalent or slightly shorter on average in those
treated with a histrelin implant compared with depot
intramuscular GnRHas.20,28 Fertility appears to be
normal in women who were treated for CPP. In fact,
GnRHa treatment appears to improve reproductive
function in patients with a history of CPP, as those
who are untreated require reproductive assistance
more frequently.20,29 Rates of pregnancy and live
births do not appear to differ from those seen in the
general population.19

The best height outcomes are achieved when
treatment is initiated in girls who start treatment
prior to the age of 6 years,19,20 with height gains of
9e10 cm,12 recognizing that height outcomes are vari-
able among studies.19 Evidence demonstrates that
GnRHas are successful in halting further bone age
advancement.20 Girls treated between the age of 6 and
8 years show a moderate benefit in height outcome,12

whereas those older than 8 years do not appear to
benefit in terms of an increase in adult height.19 There
are insufficient data to allow for the establishment of anal-
ogous age cut-offs regarding height outcomes in boys.12

TABLE 4.1
Gonadotropin-Releasing Hormone Analogs

(Limited to United States
Formulations) Brand Name Formulation Dosage Route

Leuprolide Lupron Monthly
3-monthly

0.2e0.3 mg/kg per month
11.25 mg or 30 mg every
3 months

Intramuscular injection
Intramuscular injection

Triptorelin Triptodur 6-monthly 22.5 mg every 6 months Intramuscular injection

Histrelin Supprelin Yearlya 50 mg every 12e24 monthsa Subcutaneous implant

Nafarelin Synarel Twice daily 800 mg twice daily (starting dose) Nasal spray

aCan be left in place for 2 years.
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It is known that girls with CPP have higher rates of
overweight and obesity prior to starting treatment
with a GnRHa. This weight status continues throughout
treatment and therefore does not appear to be second-
ary to the treatment itself. Body mass index does not
increase further during GnRHa treatment.19,26

Although only a few studies are available, bone min-
eral density (BMD) does appear to decrease during
GnRHa treatment, but once therapy is stopped, BMD
returns to normal and ultimate accumulation of bone
mass during adolescence is sufficient.12,20,26

There is controversy regarding an increased risk of
polycystic ovarian syndrome (PCOS) in girls with CPP
since studies suggest an increased incidence compared
to unaffected individuals, but not necessarily attributed
to the treatment itself.19 There is a similar prevalence of
PCOS in untreated patients with CPP which speaks
against GnRHas as the cause.26

While it is known that girls with early puberty have
earlier sexual risk-taking behaviors, it is unknown if
this also applies to the CPP population and how
GnRHas play into psychological outcomes.12,19 While
existing literature pertaining to psychosocial sequelae
of early puberty in girls is inconsistent, studies have
failed to find evidence of negative psychological conse-
quences of CPP either at baseline or after 1 year.30,31

Further studies are needed to investigate this topic.
There has been considerable interest in the poten-

tial use of GnRHas in children with normally timed
puberty in whom the prognosis for adult height is
deemed to be poor. This includes children with short
stature, growth hormone deficiency, congenital adre-
nal hyperplasia, and profound primary hypothyroid-
ism. Currently, there are insufficient data to support
the use of GnRHas for any of these indications
in routine clinical care, although more research is
indisputably needed.32

USE IN GENDER-NONCONFORMING YOUTH
While awareness of gender dysphoria increased in the
second half of the 20th century, recent years have
witnessed an exponential rise in the number of referrals
for gender-related concerns to pediatric endocrine and
adolescent medicine clinics.15 The World Professional
Association for Transgender Health provides updated
standard-of-care guidelines for the treatment of gender-
nonconforming youth. Additionally, the Endocrine Soci-
ety released updated clinical practice guidelines in
2017.33 Both recommend GnRHas as the preferred
method for pubertal suppression.14,15

Typically, the first stage of hormonal intervention
consists of a puberty blocker to halt the progression of
physical changes that are discordant with gender identity.
It is not recommended to treat prepubertal children since
intensification of gender dysphoria at the onset of pu-
berty serves to reinforce the diagnosis. In addition,
many children who are diagnosed in childhood ulti-
mately desist and do not end up as transgender adults.
Although a variety of strategies for suppressing endoge-
nous sex steroids are available, GnRHas are the preferred
approach. This allows the patient more time to reflect on
their gender identity prior to embarking on the next
phase of physical transition which consists of gender-
affirming hormone (GAH) treatment which is consid-
ered only partially reversible.14 When started in the early
stages of puberty, GnRHas also prevent the development
of secondary sexual characteristics, which often brings
about an escalation in feelings of gender dysphoria,
resulting in worse psychological outcomes in a popula-
tion already at high-risk for psychopathologic comorbid-
ities.33 Some characteristics such as the Adam’s apple,
deeper voice, taller stature, male hair pattern, and body
habitus in male-to-female (MTF) patients and breast
development, female body habitus, and shorter stature
in FTM patients are difficult or impossible to reverse
once they have occurred. Thus, preventing these physical
changes is associated with a more successful transi-
tion.14,34 Another advantage of GnRHas is the fully
reversible nature of this intervention. Once treatment is
withdrawn, endogenous puberty concurrent with the pa-
tient’s natal sex will resume and progress.14,15

Eligibility criteria for GnRHa treatment includes the
presence of a long-lasting and intense pattern of gender
dysphoria that worsens with the start of puberty, the
absence of significant psychosocial or medical prob-
lems, sufficient medical capacity on the part of the pa-
tient and parent or guardian to give informed consent,
and the presence of Tanner stage 2 or greater of pubertal
development confirmed by a pediatric endocrinologist
or other clinician.14,15 Criteria for hormonal treatment
also include confirmation of the diagnosis of gender
dysphoria by a qualified mental health provider, and
ongoing counseling during the period of transition is
considered essential. Part of the informed consent pro-
cess should involve the discussion of side effects and
options for fertility preservation.14 See Table 4.2 for a
list of these eligibility criteria.14,15

When GnRHas are prescribed during the early stages
of pubertal development, regression of existing physical
changes often occurs, and any further progression is
halted. For example, breast tissue and testicular size
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may decrease.14 Monitoring during treatment includes
anthropometric parameters (height, weight, Tanner
staging) and laboratory assessments (LH, FSH, testos-
terone in MTF, estradiol in FTM) at baseline and every
6 months. Determination of bone age X-ray in patients
with remaining growth potential and BMD assessed via
dual-energy X-ray absorptiometry are recommended
yearly.14,34

The age of initiation of GAH treatment varies, but
typically occurs around the age of 16 years. The optimal
length of time that a GnRHa should continue once GAH
therapy has been initiated is unknown. As initial doses
of testosterone or estrogen are not high enough to sup-
press gonadotropin production, it is important to
continue the patient on a GnRHa at least during the
early stages of GAH therapy. Current recommendations
include continuing GnRHa treatment until gonadec-
tomy. However, alternate options are available for
patients in whom gonadectomy is not desired or pro-
longed treatment with a GnRHa is not feasible. Adult
doses of testosterone may be sufficient monotherapy
in FTM patients with the addition of a progestin if
menstrual periods occur.14,33 In MTF patients, an anti-
androgen can be added to an estrogen regimen in lieu
of a GnRHa.14

Although initiating GnRHa therapy early in puberty
is considered optimal, many transgender youth do not
seek medical intervention until well after endogenous
puberty is essentially complete.35 GnRHas are still
considered appropriate in this setting as they represent
the most potent means of rendering endogenous sex
steroids to prepubertal values.

OPTIONS FOR TREATMENT
The exact same therapeutic armamentarium of GnRHa
preparations are available for use in gender-variant
patients as in those with CPP. One attractive option in

addition to intramuscular formulations is the subcu-
taneous histrelin implant. The version marketed for
children under the brand name Supprelin was approved
by the FDA for use in CPP in 2007 and has been shown
to be safe and effective.36 This device is associated with
favorable patient and parent satisfaction compared with
depot intramuscular injections. The implant is generally
well tolerated with the most common side effect, a local
reaction at the implantation site, being temporary and
self-limited. Retrieval of the device can be challenging
due to a 22%e39% chance of breakage.24 Despite
this, fragments are easily retrievable through the orig-
inal incision without the need for additional imaging
or a different anesthetic technique.36 The vast majority
of implants can be placed and removed in the outpa-
tient clinic under local anesthesia with child-life distrac-
tion and general anesthesia almost being never
required.24,36

Another version of the histrelin implant that is
marketed for adults is known by the brand name Vantas.
Although only FDA approved for prostate cancer
treatment in adult men,37 it has been used successfully
for pubertal suppression in transgender youth.38 Both
implants contain a total dose of 50 mg of histrelin ace-
tate, but Supprelin releases 65 mg per day while Vantas
releases 50 mg per day. Both are inserted subcutaneously
into the upper arm, are FDA approved for 1 year, and
decrease sex steroids to goal level by 1 month.37,39 How-
ever, Supprelin contains enough medication to last for
2 years and provides effective suppression of the HPG
axis for at least 24 months in children with CPP.40

OUTCOMES IN GENDER-NONCONFORMING
YOUTH
The current landscape regarding outcomes of pubertal
suppression in transgender youth is rife with large
gaps in knowledge, and more long-term data regarding

TABLE 4.2
Eligibility Criteria for Pubertal Suppression in Gender Nonconforming Youth

1. The presence of a long-lasting and intense pattern of gender dysphoria that worsens with the start of puberty.

2. Psychosocial or medical problems that could interfere with treatment are addressed such that the adolescent is
considered stable to start treatment.

3. The patient and parent or guardian has sufficient medical capacity to give informed consent. The discussion of side effects
and options for fertility preservation should be involved.

4. The presence of Tanner stage 2 or greater of puberty confirmed by a pediatric endocrinologist or other clinician.

5. There are no medical contraindications to gonadotropin-releasing hormone analog treatment.
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the safety of GnRHas in this setting are badly needed.41

While much of what we know about these drugs can
be inferred from their use in CPP, it is important to
consider that their use in children with gender dysphoria
occurs on an entirely different physiological and devel-
opmental background.34 However, the limited evidence
that is currently available suggests that when used appro-
priately in gender-variant patients, they are safe and effec-
tive at least in the short term.33 Long-term effects are
briefly reviewed here, with further discussion in subse-
quent chapters.

While gender dysphoria does not resolve completely
with GnRHa therapy, its use has been associated with
improved psychological functioning in areas of depres-
sion, anxiety, anger, overall functioning, and life satisfac-
tion.33,42 One argument against the use of GnRHas is
that natal sex hormones are important for the develop-
ment of gender identity and that adolescents may not
possess the developmental foresight to understand the
potential effects of pubertal suppression. However, the
very real risk of increased psychological distress and con-
current rise in depression and suicidality caused by the
development of secondary sexual characteristics that
are inharmonious with gender identity is thought to
outweigh this concern according to experts in the field.43

GnRHas result in adequate suppression of the HPG
axis in transgender youth and can be used to manipu-
late adult height standard deviation score in patients
in whom epiphyseal fusion has not yet occurred. Bone
density z-scores appear to decrease significantly during
pubertal suppression, but subsequently, bone accretion
normalizes once GAH treatment is added. Studies are
needed to assess long-term effects on bone health.44

Changes in body composition include an increase in
fat mass and a decrease in lean body mass during treat-
ment.14,33,44 It is unknown whether and in what way
GnRHas may affect brain development.44

The first reported long-term follow-up of an FTM
patient treated with a GnRHa and GAH with subse-
quent gender reassignment surgery was published in
2011 from the Netherlands. After 22 years of follow-
up, this patient was doing well psychologically and
had normal physical health, bone density, and body
proportions. His final height was just below �2 stan-
dard deviations compared to natal males, and he
wished to be taller. However, he had no regrets about
his treatment process.16 Similar findings were reported
in a cohort of 55 young transgender adults who were
evaluated approximately 7 years after completing tran-
sition and were found to have rates of well-being equiv-
alent or better than their peers in the general
population.45

Treatment with a GnRHa will suppress spermatogen-
esis and oocyte maturation. Suspending treatment for
fertility preservation is an option but is complicated
by the fact that gametogenesis occurs during the later
stages of puberty, at which time substantial progression
of secondary sexual characteristics has already occurred.
The time to onset of gamete maturation after GnRHa
cessation as well as the potential effects of prolonged
GAH treatment on germ cell viability is currently un-
known.14 Surgical outcomes can also be impacted by
GnRHa treatment in MTF patients who pursue creation
of a neovagina, as sufficient phallic and scrotal skin may
not be present. However, alternative surgical techniques
using intestinal tissue have been successful.33,46

CHALLENGES IN CARE
Transgender youth may face many barriers to care
including uninformed providers, long distance to cen-
ters providing transition services, lack of insurance
approval for hormonal therapies, discrimination even
within the medical environment, and/or lack of care-
giver support and willingness to provide consent. Cur-
riculum for the care of transgender patients in current
medical education is lacking with only a few medical
schools providing this type of instruction.38,47 While
GnRHas are the standard of care for pubertal suppres-
sion, the FDA has not approved their use for pubertal
suppression for gender dysphoria, so current prescrip-
tions are all considered “off label.”38

Insurance denial for hormone treatment is a substan-
tial barrier leading to large out-of-pocket expenses for
families. The high costs of GnRHas make them out of
reach for many. Compounding the burden is the large
cost differential between GnRHa formulations that are
marketed for pediatric versus adult use.48 For example,
the cost difference between the 3-monthly formulation
of Lupron Depot ($4800) compared to the 3-monthly
preparation of Lupron Depot-Ped ($9700) is approxi-
mately $4900. The cost of the pediatric subcutaneous
histrelin implant (Supprelin) is approximately $35,000
compared with the adult subcutaneous histrelin implant
(Vantas) which is approximately $4400, resulting in a
difference of approximately $30,600.49,50 The use of
some mail order pharmacies or Vantas represents poten-
tial ways of limiting costs for families paying out of
pocket for hormonal treatment.38,48

CONCLUSION
In conclusion, within the historical context of GnRHa
use in the pediatric population, the employment of
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this class of medications in gender-variant children
and adolescents represents a new frontier. While
initial knowledge is reassuring, many important
questions remain pertaining to both physical and psy-
chological consequences of suppressing normally
timed puberty, sometimes for upwards of 7 years, in
these vulnerable patients. Long-term, carefully con-
ducted prospective studies are needed to further
delineate the risks and benefits of GnRHas in trans-
gender youth.
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CHAPTER 5

Rationale for the Initiation, Use,
and Monitoring of GnRHa in Gender
Non-conforming Youth
JEREMI M. CARSWELL, MD • STEPHANIE A. ROBERTS, MD

INTRODUCTION
Gonadotropin-releasing hormone (GnRH) agonists,
commonly referred to as puberty-blocking agents,
while most commonly thought of as a treatment for
prevention of secondary sexual characteristics, have
psychosocial benefits that span the transition process.
They may also provide relief even for the older adoles-
cent. They allow the adolescent to continue to explore
their gender identity without the burden of unwanted
physical development. As a cornerstone of modern
adolescent transgender care, it is critical to recognize
the profound positive impact this intervention can
have on not only the patient but also their family
unit, their providers, and their interaction with their
greater social world. The use of GnRH agonists is
a safe, effective, and, most importantly, reversible
intervention whose benefits outweigh harm in appro-
priately selected patients.

RATIONALE
When a child or adolescent presents to a gender
program with a desire for transition but is not yet at
the age of majority for gender-affirming hormones,
the use of GnRH agonist affords the time to explore
their gender identity. The most accessible and visible
benefit is physical, encompassing a wide range of
attributes including facial structure, height, muscula-
ture, and body shape. In a prepubertal state, these are
quite similar between boys and girls. This accounts for
the prepubertal child to pass easily in their affirmed
gender. Once exposed to sex steroids, however, these
features may become exceptionally identifying to the
assigned gender. The face is probably the most distress-
ing, as it is so easily “gendered” and yet unable to be
covered or modified without surgery. Studies on facial

recognition demonstrate rapid and exceptionally accu-
rate identification of a face as male or female.1e3

Other undesired secondary sexual characteristics
cause dysphoria in adolescents and may be prevent-
able with the use of a GnRH agonist or “blocker.” In
the transmasculine patient, prevention of breast
growth will avoid breast dysphoria and chest recon-
structive surgery. Similarly, in our experience, many
transmasculine teens that have transitioned postpu-
bertally are very dismayed about their hip shape and
express their desire to have a more masculine shape
with narrower hips. In the transfeminine patient, the
effects of testosterone are powerful and permanent
including angularity of the face, a deep voice, and
prominent cricothyroid cartilage, or Adam’s apple.

From a medical standpoint, the use of GnRH agonist
also allows for lower doses of gender-affirming
hormones if that becomes part of a youth’s medical
transition in the future (Fig. 5.1).

The mental health benefits of using these agents
were first studied by the transgender clinic in the
Netherlands in the first group of children to use
GnRH agonists in a systematic way.4 They analyzed
measures of psychosocial well-being at first assessment
and then just prior to the initiation of gender-affirming
hormones. They found a significant decrease in
behavioral and emotional problems, fewer reported
depressive symptoms but stable feelings of anxiety
and anger, and an improvement in general function.
Importantly, there was no reduction in gender
dysphoria until after the time of gender-affirming sur-
gery. It should be noted that these patients had a mean
age of just over 14 years for assigned males and
15 years for assigned females, most of whom had full
breast development and menarche and thus did not
actually experience the full potential benefit of this
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intervention, suggesting outcomes could have been
potentially even better with earlier implementation.

When adolescents present later in puberty, pubertal
blockade is a consideration for prevention of late effects
of gonadal steroids, particularly in assigned males who
may not yet have thick facial hair or a broad chest.
Compared to other agents commonly used for the pur-
pose of testosterone suppression, including progesta-
gens and spironolactone, GnRH agonist typically
suppress testosterone so effectively that they allow for
the use of physiologic doses of estrogen replacement
compared to supraphysiologic doses of estrogen, which
are typically administered in older treatment protocols
for adults.5

INITIATION
Initiation of GnRH agonist is recommended by current
guidelines in the early stages of puberty.5 This is based
on prior studies showing that a large percentage
of gender dysphoric youth did not maintain their
transgender identity as adults and instead affirmed a
homosexual sexual orientation and cisgendered
gender identity.6 Approximately a dozen studies have
been published on this topic, dating back to the

1960s. However, these studies are controversial within
the scientific and transgender community due to small
sample size and design flaws, including limitations of
their retrospective nature such as recall bias. One of
the largest studies from these, performed in the
Netherlands, showed that the extremeness of gender
insistence in childhood was one predictor of persis-
tence of a transgender gender identity as an adult,7

but this finding has not been replicated in a large
series. Medical transition (e.g., implementing GnRH
agonist therapy to prevent puberty before it begins)
is not recommended for prepubertal youth, as the
available evidence suggests that experiencing some
amount of pubertal development is important for
gender identity development.5 As this field and the
diagnostic criteria for establishing the diagnosis of
gender dysphoria have changed, so may our under-
standing factors associated with persistence and
desistance of transgender and gender nonconforming
identities.

Early pubertal onset, which is the recommended
time for initiation of GnRH agonist, can be assessed
by Tanner staging, a scale commonly used to assess
breast development in assigned girls and genital growth
in assigned boys8 (Fig. 5.2). A scale for pubic hair

FIG. 5.1 Schematic representation of the use of GnRH agonist that permits lower doses of gender-affirming
hormones. There is greatest physical benefit at tanner 2 that tapers as an individual matures.
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development exists for both assigned girls and boys.
Five stages exist for each scale with Tanner stage I for
prepubertal children increasing to Tanner stage V
of mature adult development.8 In assigned girls, the
hallmark of pubertal onset is breast budding with
concomitant increase in growth velocity leading to the
pubertal growth spurt. In assigned boys, the first stage
is enlargement of testicular volume with the pubertal
growth spurt in the later stages of puberty compared
to assigned females and thus is not likely to be seen
in early puberty development in assigned males.9

The onset of puberty should be confirmed by these
physical exam findings by an experienced clinician as
isolated adrenarche can sometimes be confused for
the onset of true central puberty.10 The appearance of
adult body odor, axillary hair, and pubic hair may be
due to normal age-related activation of the adrenal
gland or adrenarche. This commonly co-occurs with
central puberty but may occur independently.11

GnRH agonist therapy can be implemented as early
as Tanner stage IIeIII breast or genital staging.

The use of a GnRH agonist may also be considered in
mid-puberty or in the postpubertal period to prevent
further pubertal progression in the former, or effectively
inhibit unwanted natal sex steroid production in the
latter. This includes uterine bleeding in mid to late
pubertal assigned females.12 The youth and family

should be counseled that most secondary sexual charac-
teristics that have already developed will not likely
regress unless treatment is initiated in the very early
stages. Additionally, in transgender and nonbinary
youth who may not desire gender-affirming hormones,
providers may be asked to provide GnRH agonist to
achieve a prolonged agonadal state. These patients
and families should be counseled about the potential
risks such as the effect of estrogen deprivation on
bony mineralization, which may not fully recover.13,14

Focusing therapy to relieve particularly dysphoric
issues, such as the use of a progestin for unwanted men-
strual bleeding or top surgery for unwanted female
breasts may be preferred modes of medical transition
in those without desire to eventually move forward
with gender-affirming hormones.12 This is an area
with any evidence or expert opinion guidelines to guide
clinical practice and is a new era of medical transition.

MONITORING
Monitoring of an adolescent while on pubertal suppres-
sion is multifaceted, involving clinical, hormonal, and
radiographic modalities and should be performed by
an experienced clinician. It is important to follow not
only efficacy of GnRH agonist therapy but also potential
adverse effects, such as decreasing linear growth and

A B
FIG. 5.2 (A) Tanner staging for breast and public hair (female). (B) Tanner staging for breast and pubic hair
(male). ((A) Adapted from https://commons.wikimedia.org/wiki/File%3ATanner_scale-female.svg By
M∙Komorniczak -talk-, polish wikipedist. (B) Adapted from https://commons.wikimedia.org/wiki/File%
3ATanner_scale-male.svg By M∙Komorniczak -talk-, polish wikipedist.)
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bone density. Monitoring will vary based on the type
of GnRH agonist implement.

The frequency for monitoring adolescents under
pubertal suppression is shown as recommended by cur-
rent guidelines (Table 5.1); however, clinical judgment
may allow for less intense surveillance.

Clinical Monitoring
Baseline monitoring should include assessment of
weight, height, and blood pressure and reassessment
of arthrometric parameters at regular intervals once
on GnRH agonist therapy.5 Tanner staging of pubic
hair and of breasts in assigned females and genitalia
in assigned males should be reassessed at each visit.
Clinically, treatment success is defined by prevention
of secondary sex characteristics and a prepubertal
growth velocity. Youth should be counseled that
secondary sexual characteristics may initially
advance, including the potential of vaginal bleeding
in an assigned female, before suppression of the
hypothalamicegonadal axis occurs.15 Conversely,
GnRH agonist failure would be suggested by progres-
sion in breast development and a pubertal growth
velocity in assigned females and testicular growth in
assigned males. It is important to note adrenal
hormones, such as dehydroepiandrosterone sulfate,
dehydroepiandrosterone, and androstenedione, are
unaffected by the suppression of the hypothalamice
pituitaryegonadal axis with GnRH agonist therapy,
therefore there will likely be progression of pubic
and axillary hair, and persistence (or development)
of apocrine odor and acne.11

Families should be counseled that while on
GnRH agonist therapy, growth velocity will remain at

a prepubertal growth rate (and in fact there may be a
period of “catch-down” growth, when the velocity
decreases to below that of a typical prepubertal child)
and youth may appear to decelerate on their growth
curves compared to pubertal peers. This is because
the pubertal growth spurt is in part fueled by sex
steroids, and withdrawal or prevention of these sex
steroids is associated with a growth rate that more
closely approximates that of a prepubertal child,
approximately 4e7 cm/year.16 This can appear alarm-
ing when charted on the growth curve, as it may appear
that the adolescent has growth failure but is in fact
expected. One study suggests low-dose estrogen may
be used to optimize linear growth during treatment
with GnRH agonist if the growth velocity falls
below a normal prepubertal child, however it not the
standard of care.17

An increased body mass index, due to increased
fat mass, has been observed in the GnRH-treated
precocious and early puberty population.18,19 When
examined closely, however, some studies note an in-
verse relationship with pretreatment weight and weight
gain.20,21 That is, the most significant weight gain was in
previously normal weight patients, whereas baseline
obese children did not experience this increase. Other
studies have not found this association.22e25 To our
knowledge there are no published data regarding
weight gain and the use of GnRHa in the gender non-
conforming population, for whom blockade typically
occurs at later ages. It is recommended, however, to
monitor weight (and consequently body mass index)
at regular intervals and provide lifestyle counseling as
indicated.

Hormone Monitoring
Serum gonadotropins [luteinizing hormone (LH) and
follicle stimulating hormone (FSH)], and estradiol or
testosterone levels are typically assessed to confirm
pubertal onset. In the early stages of pubertal develop-
ment, gonadotropins are best obtained in the early
morning, as they may be falsely low later in the day
due to circadian pattern of gonadotropin secretion in
the early stages of puberty.26 Stimulation testing using
leuprolide can be performed if laboratory testing is
equivocal but is not typically required.27

It should be noted that much of the knowledge on
biochemical monitoring is adapted from the literature
on precocious puberty. The “gold-standard” for assess-
ing adequacy of therapy is measurement of LH after
luteinizing hormone-releasing hormone (LHRH)
stimulation,28 which is no longer available in the
United States. A consensus statement on the use of

TABLE 5.1
Baseline and Follow-Up Protocol During
Suppression of Puberty

EVERY 3e6 MONTHS

Anthropometry: height, weight, sitting height, blood
pressure, Tanner stages

EVERY 6e12 MONTHS

Laboratory: LH, FSH, E2/T, 25-hydroxy vitamin D

EVERY 1e2 YEARS

Bone density using DXA

Bone age on X-ray of the left hand (if clinically indicated)

Adapted from Hembree et al. (5).
DXA, dual-energy X-ray absorptiometry; E2, estradiol; FSH, follicle
stimulating hormone; LH, luteinizing hormone; T, testosterone.
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GnRH agonist in children published in 2009 did not
recommend routine testing of random or stimulated
measurement of gonadotropins (LH, FSH) or sex
steroids29 but did note that an elevated unstimulated
LH level could indicate lack of suppression. This, how-
ever, has been challenged by authors who noted that
random LH levels often remain in the pubertal range
during histrelin therapy.30e32 In one prospective study
looking at children with precocious puberty, there was
a 59% prevalence of LH > 0.03 IU/L (the accepted
pubertal value), despite none of the children having
GnRHa-stimulated LH levels that exceeded the cutoff
for pubertal LH value and there being no evidence of
clinical progression.30 Other studies have replicated
these findings with leuprolide depot.33,34

Estrogen and testosterone levels (for assigned fe-
males and males, respectively) should be followed
and are likely more reliable for detecting treatment
failure. In one early study looking at the efficacy of
histrelin implant in children with central precocious
puberty, the mean estradiol levels measured by radio-
immunoassay were 5.9 � 2.37 pg/mL (compared to
24.5 � 22.27 pg/mL at pretreatment). (4U). A later
study by the same group again showed that estradiol
levels remain suppressed, even when using the more
sensitive liquid chromatographyetandem mass spec-
trometry.35 This may not be as reliable in patients on
leuprolide, however. One study found a 23% rate of
elevated estradiol in LHRH-stimulated proven sup-
pressed patients on leuprolide,36 while previous
studies have demonstrated an overlap of estradiol
levels in prepubertal and pubertal girls.28,37,38 Testos-
terone levels have been shown to remain suppressed
during treatment with Lupron injections and in studies
using the histrelin implant.35,39

If stimulated LH levels are desired to monitor
GnRH efficacy, the timing of the blood draw will
vary based on the method of GnRH administration.
For example, with monthly intramuscular leuprolide
injections, a LH level drawn 30e60 min after the first
or second injections can be assessed with a stimulated
LH level<3 mIU/mL consistent with pubertal suppres-
sion.40 For a subcutaneous histrelin implant, unstimu-
lated gonadotropin and sex steroid levels can be drawn
any time after the first month of treatment and are not
expected to be suppressed to prepubertal levels.30,35

Current Endocrine Society Guidelines5 do recom-
mend obtaining both LH and FSH levels every
6e12 months, with the recognition that there is insuf-
ficient evidence for a specific short-term monitoring
scheme and will vary based on preparation of GnRH

agonist. In assigned girls, serum LH may be sufficient
to follow for monitoring, especially given limitations
of most estradiol assays. In assigned boys, the
total testosterone level alone may be sufficient as
evidence of ongoing pubertal suppression. The lack
of progression of secondary sexual characteristics and
assessment of growth velocity in the prepubertal
range (4e6 cm/year)41 are important adjuncts to
biochemical monitoring.

Radiographic Monitoring
At baseline, a bone age X-ray, a radiograph of the left
hand and wrist, and dual-energy X-ray absorptiometry
(DXA) scan are recommended.5 Bone age X-rays can be
repeated every 1e2 years to follow skeletal maturity,
which is expected to advance more slowly in youth un-
der pubertal suppression compared to cisgendered
peers. The use of bone age to predict a final adult
height is typically performed by endocrinologists;
however, there are no current standards to predict
which gender should be used for height predictions
in the setting of gender-affirming hormones. Nonethe-
less, approximation of adult height may influence the
ultimate timing and tempo of gender-affirming hor-
mones if desired by the transgender youth as part of
medical transition to help optimize or attenuate final
adult height.

Additionally, a bone health history, including any
history of fracture, as well as calcium and vitamin
D intake should be assessed, and youth should be
counseled on modifiable risk factors to optimize
bone health [Endocrine Society]. The 25-hydroxy
vitamin D levels should be assessed in all patients
and treated with vitamin D replacement if found to
be insufficient or deficient. The cutoff for a normal
vitamin D level is controversial; however, most endo-
crinologists endorse treating a vitamin 25-hydroxy
vitamin D level below 20 ng/mL, with a goal to raise
the serum level above 30 ng/mL.42 Baseline DXA
scan should be assessed and interpreted within
standards for the assigned gender. DXA scans must
be interpreted against bone-age-matched control stan-
dards and reported as z-scores, not T-scores which
are comparisons to the density of a healthy young
adult. Bone density parameters (e.g., z-scores) should
be adjusted for bone age, a marker of skeletal maturity,
and extreme tall or short stature, both of which can
influence testing results.43 In severe cases, low
bone density may lead to consider gender-affirming
hormones earlier or consideration of a low dose of
estradiol for bone health protection.
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CONCLUSION
The use of GnRH agonist in gender dysphoric youth is a
reversible option that can be initiated in the early stages
of puberty or even in the mid- or postpubertal stages of
development. Monitoring of laboratory and radiologic
parameters should be performed by a transcompetent
medical provider. Prolonged use of GnRH agonist in
transgender and nonbinary youth to allow individuals
to remain in an agonadal state, without any desire for
gender-affirming hormones, should be exercised with
caution. Additional long-term outcome studies looking
at benefits and risks of transgender youth treated with
GnRH agonist are needed to best care for this special
population.
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CHAPTER 6

Psychosocial Considerations in
Pubertal Suppression Treatment
DIANE CHEN, PHD • JENNIFER M. BIRNKRANT, MA • MARCO A. HIDALGO, PHD

INTRODUCTION
The last decade has marked a significant shift in the prac-
tice of pediatric transgender healthcare from regarding
diverse gender identities and behaviors as inherently
pathological and necessitating corrective “treatment” to-
ward affirming youth’s gender identities, expressions,
and related experiences. Clinical practice guidelines
have been established based on the collective expertise
of clinicians working with transgender and gender-
nonconforming (TGNC) youth and are rapidly evolving,
in many cases outpacing outcomes research. Medical
treatments like pubertal suppression (e.g., “puberty
blockers”) with gonadotropin-releasing hormone ana-
logues (GnRHa) have been used with TGNC youth for
over 20 years1 and is now considered the standard of
care for peripubertal TGNC youth with gender
dysphoria (i.e., the affective distress that arises from
incongruence between one’s gender identity and
assigned sex at birth).2e4 GnRHa is considered a fully
reversible treatment that allows for a temporary suspen-
sion in the development of secondary sex characteris-
tics. This “pausing” of pubertal development affords
youth in the early stages of puberty the opportunity
for an extended period of ongoing gender exploration,
without the affective distress associated with unwanted
pubertal development. For youth who later decide to
initiate gender-affirming estrogen or testosterone,
GnRHa treatment facilitates a physical transition that
minimizes the need for more invasive, surgical interven-
tions. For youth who decide not to pursue physical
gender transition, discontinuing GnRHa will allow
reactivation of the hypothalamicepituitaryegonadal
axis, leading to a resumption of one’s endogenous
puberty.5

The few studies examining the psychosocial out-
comes of pubertal suppression have demonstrated
that youth receiving pubertal suppression treatment
show significant reductions in depression symptoms

and improvement in overall psychosocial func-
tioning.6,7 In one study, the proportion of youth scoring
in the clinical range on reliable parent report measures
of internalizing and externalizing behaviors decreased
from 44% to 22% from baseline (prior to GnRHa
treatment) to initiation of gender-affirming hormones
(an average of 2 years following GnRHa initiation).7

Given these positive psychosocial outcomes and the
presumed reversibility of treatment, GnRHa is often
presented as a benign treatment that “buys time” for
TGNC youth to either further explore gender identity
or to further mature before having to make a decision
about medical interventions that are partially irrevers-
ible in nature. However, there has been some debate
regarding whether GnRHa is truly reversible, with
some arguing that certain psychosocial risks or “side
effects” warrant consideration in decision-making
about pubertal suppression treatment. The goal of this
chapter is to highlight these psychosocial consider-
ations in pubertal suppression treatment. To this end,
we review the following: (1) controversy surrounding
the possible effects of pubertal suppression treatment
on gender identity and/or sexuality development, (2)
unknown neurocognitive sequelae of pubertal suppres-
sion treatment, (3) psychosocial implications of medi-
cal side effects, including GnRHa effects on future
fertility and sexual functioning, and (4) family factors
related to GnRHa treatment.

POSSIBLE EFFECTS OF GONADOTROPIN-
RELEASING HORMONE ANALOGUES ON
GENDER IDENTITY AND/OR SEXUALITY
DEVELOPMENT
There has been recent debate around whether suppress-
ing a child’s endogenous puberty may result in iatro-
genic effects that alter the “natural course” of that
child’s gender identity development and formation.8,9
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For example, Giordano has argued that experiencing
one’s own endogenous puberty may serve an important
function in clarifying questions or concerns about one’s
own body and gender identity.9 This argument, referred
to as a “crisis of gender,” suggests that it is necessary for
TGNC youth to be initially exposed to the development
of natal secondary sex characteristics before making the
crucial determination regarding whether or not pubertal
development is aversive and distressing.9 The concern is
that suppressing endogenous puberty using GnRHa
may prevent youth from critically evaluating the degree
of distress associated with the physical changes of their
endogenous puberty and result in the persistence of
gender dysphoria which may not have otherwise
persisted.10

Similarly, Stein expressed concern that pubertal
suppression treatment in early adolescence may be the
strongest predictor in the eventual uptake of gender-
affirming hormones and surgical intervention.11 He
posits that the use of GnRHa, while often considered
a way to “buy time” before making decisions about
partially irreversible treatments, may actually push
adolescents down a path toward additional medical
interventions. Stein notes that because we do not
know how pubertal suppression treatment affects
TGNC youths’ gender identity development, its use
“may not necessarily maximize life optionsdit may
close off some options by keeping others open.”11

However, he acknowledges that these concerns are
speculative and that the risks of nonintervention must
be weighed against the unknowns of intervention.

While acknowledging similar concerns, Cohen-
Kettenis and colleagues have reported on their clin-
ical observation of youth from the Netherlands that
gender dysphoria persisting after pubertal onset is un-
likely to remit.12 Adolescents deemed eligible for
medical intervention at the Netherlands clinic have
continued to affirm a transgender identity and have
not expressed regret related to gender-affirming treat-
ment. In addition, it was not until 2007 that the first
multidisciplinary pediatric gender clinic was formally
established in the United States,13 and the option for
medical transition for youth has been more widely
accessible. Thus, transgender individuals have histor-
ically pursued medical transition in adulthood, after
progressing fully through their endogenous puberty,
which demonstrates that exposure to one’s endoge-
nous hormones does not necessarily result in the
development of a cisgender identity.

Similar to concerns about altered gender identity
development and consolidation, others have raised
the possibility that pubertal suppression treatment

may impact the course of a child’s psychosexual devel-
opment.8,14 It has been suggested that suppressing endog-
enous puberty may delay normative, age-appropriate
sexual exploration and sexual identity development as
a result of not being exposed to increasing levels of
sex hormones (i.e., testosterone or estrogen) that are
typical during puberty.8 While there is some agreement
that the implications of pubertal suppression on sexu-
ality require more study and attention,7 no published
research has examined this theoretical concern to date.

Korte et al. have also proposed the possibility that
pubertal suppression treatment may mask internalized
homophobia and rejection of same-sex attraction in
some youth.8 In their Berlin-based gender clinic, the au-
thors observed a handful of youth initially referred for
gender dysphoria whose dysphoria ultimately resolved
as they identified a primarily same-sex attraction. Korte
et al. assert that these youth may have experienced an
initial desire to transition due to internalized homo-
phobia and wanting to identify as heterosexual.8 There-
fore, pubertal suppression treatment in these patients
may inadvertently serve to increase identity confusion,
reinforce internalized homophobia, and interfere with
youths’ natural sexual identity formation.8

Still others have raised concern that pubertal sup-
pression treatment may not only hinder the natural
course of gender identity and/or sexuality development
but also result in a global stunting of typical adolescent
personal growth. Giovanardi contends that pubertal
suppression treatment may “disconnect” an adolescent
from typical experiences that are critical to identity for-
mation; he suggests that pubertal suppression may
result in youth not experiencing an adolescence, which
is typically regarded as a time of self-exploration and
experimentation.14 He summarizes that “the main
dilemma is to understand whether buying time at
such a precocious age truly enables children to explore
deep personal meanings, or whether it freezes young-
sters in a prolonged childhood, secluding them from
certain aspects of reality and isolating them from peer
groups.”14 However, it should be noted there is no
empirical evidence to support this theoretical concern.

It is also possible that youth who undergo pubertal
suppression treatment may experience distress or
continued dysphoria due to having a body that appears
prepubescent (while peers may develop typically). In a
prospective follow-up study of 70 youth undergoing
pubertal suppression treatment in the Netherlands,
youth did not experience significant remittance of
gender dysphoria or dissatisfaction with primary and
secondary sex characteristics after an average of 2 years
of pubertal suppression treatment.7 Although these
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results do not indicate adverse outcomes of pubertal
suppression per se, it should be noted that pubertal
suppression may not result in significant reductions
in gender-related distress, likely because GnRHa does
not result in phenotypical changes consistent with a
youth’s affirmed gender.15 However, although gender
dysphoria and body dissatisfaction did not improve,
youth experienced significant reductions in depressive
symptoms and significant improvements in overall
psychosocial functioning over the course of treatment,
which suggests pubertal suppression treatment alone
may have overall positive effects on youths’ global
psychological and behavioral functioning.7

UNKNOWN NEUROCOGNITIVE SEQUELAE
OF PUBERTAL SUPPRESSION TREATMENT
A commonly cited unknown side effect of pubertal sup-
pression treatment pertains to the impact of GnRHa on
neurocognitive development. It is well documented
that adolescence represents a developmental period
associated with profound changes in physical and social
maturation, and also with significant gains in neurocog-
nitive development.16,17 Structural and functional as-
pects of brain development during early adolescence
point to significant growth and change in the prefrontal
cortex, especially with respect to myelination and syn-
aptic pruning processes that result in increased effi-
ciency of information processing.18,19 These changes
are thought to underlie various aspects of executive
functioning, including long-term planning, meta cogni-
tion, self-evaluation, self-regulation, and the coordina-
tion of affect and cognition.20

In addition, adolescence also represents a time of
improved connectivity between regions of the prefron-
tal cortex and several areas of the limbic system. Stein-
berg argues that this restructuring creates a context in
which changes in an adolescent’s arousal and motiva-
tion precede the development of regulatory compe-
tence, creating “a disjunction between the adolescent’s
affective experience and his or her ability to regulate
arousal and motivation.”17 These widespread structural
and functional changes in adolescent brain develop-
ment that occur during puberty begs the question of
the extent to which sex hormones (i.e., estrogen and
testosterone which are considered “pubertal hor-
mones”) play a role in neurocognitive development
during this critical period.

Relatively little is known about the relationship
between the biological process of puberty (i.e., exposure
to sex hormones) and neurocognitive development
in humans. However, research in nonhuman animal

studies have found that hormonal exposure during
puberty exerts profound effects on brain maturation
and behavior.21,22 In these studies, sex hormones exert
three main effects on behavior at puberty via distinct
brain regions (see Blakemore et al., 2010 for review).23

First, sex hormones impact reproductive behaviors,
which mainly occur via the hypothalamus.23 Second,
sex hormones impact the reorganization of sensory
and association regions of the brain, resulting in altered
sensory associations that may facilitate attentional and
motivational changes at puberty. Last, sex hormones
affect the nucleus accumbens and the dopaminergic
pathways to the prefrontal cortex, resulting in effects
to the reward centers of the brain.23

The advent of noninvasive brain imaging techniques
has enabled the study of human brain development
during puberty. Human neuroimaging studies have
consistently found that in typically developing pubertal
children, cortical and subcortical gray matter decreases,
whereas white matter increases throughout puberty.23

There is also some evidence that sex hormones may
play a direct role in adolescent brain development.23

This introduces the possibility that suppressing sex
hormone production during the early stages of puberty
may result in negative neurocognitive sequelae.

To date, two studies have directly explored the
impact of pubertal suppression treatment on neurocog-
nitive development among peripubertal transgender
youth. First, Staphorsius and colleagues examined
whether performance on the Tower of London task
(ToL), a commonly used neuropsychological test of
executive functioning, was altered in transgender youth
when treated with GnRHa.24 Researchers found no
significant effect of GnRHa on ToL performance
scoresdi.e., reaction times and accuracydwhen
comparing GnRHa-treated transgender girls with un-
treated transgender girls or when comparing GnRHa-
treated transgender boys with untreated transgender
boys.24 A second case study examined the effects of
pubertal suppression treatment on brain white matter
and cognitive functioning. Schneider and colleagues
conducted a longitudinal evaluation of a pubertal trans-
gender girl undergoing GnRHa treatment for pubertal
suppression with three longitudinal magnetic reso-
nance imaging scans and cognitive assessments using
the Wechsler Intelligence Scale (WISC-IV).25 She was
evaluated at baseline, before GnRHa initiation, and at
22 and 28 months post-GnRHa treatment. During the
follow-up period, white matter fractional anisotropy
did not increase, compared to expected normal male
puberty effects on the brain. After 22 months of puber-
tal suppression treatment, working memory scores on
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theWISC-IV dropped 9 points and remained stable after
28 months of follow-up.25 The authors concluded that
normative increases in brain white matter appeared dis-
rupted in this transgender girl on pubertal suppression
treatment; she also exhibited a reduction in working
memory scores on the WISC-IV, which affected her
global cognitive functioning, while on pubertal sup-
pression treatment.

There remain many questions regarding the func-
tional and structural effects of pubertal suppression
treatment on neurocognitive development in trans-
gender youth treated with GnRHa, with conflicting find-
ings in two studies measuring distinct aspects of
neurocognitive development using differing research
designs. Thus, the potential for pubertal suppression
treatment to be associated with negative side effects
impacting neurocognitive development should be dis-
cussed with youth and families during the consent pro-
cess for GnRHa initiation. The unknown risk of GnRHa
on neurocognitive development should be weighed
against the known benefits of pubertal suppression
treatment on overall psychosocial and behavioral
functioning.7

PSYCHOSOCIAL IMPLICATIONS OF
KNOWN MEDICAL SIDE EFFECTS OF
GONADOTROPIN-RELEASING HORMONE
ANALOGUE TREATMENT
Fertility Considerations
The World Professional Association of Transgender
Health Standards of Care, Version 74 and the 2009 Endo-
crine Society Clinical Practice Guidelines2 both recom-
mend counseling regarding fertility and fertility
preservation options for transgender individuals prior
to initiating gender-affirming hormone treatment in
recognition of research suggesting that long-term hor-
mone treatment may lead to impairments in gonadal
histology that cause infertility or biological sterility.26e29

However, the evolving standards of transgender health-
care emphasizes the need to address fertility earlier in
the care continuum, as pubertal suppression treatment
with GnRHa not only prevents the development of un-
wanted secondary sex characteristics but also suspends
germ cell maturation.30 While GnRHa treatment repre-
sents a reversible intervention, in that puberty appears
to progress normally after discontinuing GnRHa,31 the
vast majority of transgender youth initiate gender-
affirming testosterone or estrogen concurrently with
GnRHa or before discontinuing GnRHa.3 Youth who
initiate gender-affirming hormones concurrently with
GnRHa, or prior to discontinuing GnRHa, will not

have the opportunity to pursue nonexperimental
oocyte or sperm cryopreservation. While procedures
exist to preserve prepubertal ovarian or testicular tissue,
these fertility preservation techniques are considered
experimental and must be conducted within the con-
fines of an approved institutional review board proto-
col,32 thus limiting access to care.

As pubertal suppression treatment has become the
standard of care, the revised Endocrine Society Clinical
Practice Guidelines33 now recommends counseling
regarding fertility prior to pubertal suppression initia-
tion. This means that TGNC youth, who may be as
young as 8e9 years in the early stages of puberty, may
be put in a position to consider their future parenting
desires and intentions during a developmental period
when it is nonnormative to be considering family plan-
ning decisions. It is possible that introducing these
topics to a young adolescent who does not possess
the emotional maturity to consider their fertility and
parenting intentions may result in distress or confusion.

Moreover, pediatric fertility preservation options
and the assisted reproductive technologies necessary
to utilize cryopreserved tissue are complex and rapidly
evolving. Thus, it may be difficult for transgender
healthcare providers to effectively and accurately
counsel early pubertal youth and their parents on the
available options and ensure families fully understand
the fertility implications of pubertal suppression treat-
ment without providing referrals to fertility specialists.
However, a recent study demonstrates that transgender
youth rarely seek additional fertility counseling outside
of their primary, gender-affirming treatment team,
despite routine discussion about the availability of
specialized fertility counseling.34 In the context of
impending pubertal changes that are causing significant
distress, it is not only possible, but likely that youth
may prioritize short-term needs (e.g., suppressing
puberty and distressing pubertal changes) over the
potential for long-term consequences (e.g., decisional
regret about compromised fertility). This is particularly
problematic as impaired fertility affects future quality of
life,35e37 rather than current functioning or survival.
Thus, the psychosocial impact of impaired fertility
may be unknown until adulthood.

Sexual Function Considerations
As highlighted by Mahfouda and colleagues, the decision
to suppression endogenous puberty has implications on
later gender-affirming surgical interventions.15 Specif-
ically, vaginectomy in a transgenderman requires surgical
reconstruction of the vaginal mucosa and labiad
procedures which are associated with a high risk of
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postoperative bleeding and urological complications.38

Estrogen plays an important role in the structural integ-
rity of vaginal tissue and proliferation of the epithe-
lium, posing challenges for transmen who have had
little exposure to estrogen due to pubertal suppression
treatment in early adolescence.15 In addition, the
most common surgical technique for creating a neova-
gina for transgender womenda penile inversion
vaginoplastydrequires sufficient phallic and scrotal
development, corresponding with Tanner stage 4 geni-
tal development.39,40 Transwomen treated with GnRHa
in early puberty may, therefore, be limited in their
options for later gender-affirming genital surgery. While
other surgical options exist, such as laparoscopic intes-
tinal vaginoplasty with the sigmoid colon, clinically
observed risks include postcoital bleeding, and poten-
tially compromising sexual functioning in adulthood.39

Similar to fertility-related psychosocial considerations,
any impairment to sexual functioning as a direct result
of GnRHa treatment will remain unknown until youth
reach late adolescence or adulthood. At the point in
development during which peripubertal transgender
youth are making decisions about GnRHa treatment,
they are unlikely to understand the implications of
decreased sexual functioning on future quality of life.

FAMILY FACTORS
There is a growing body of evidence documenting the
positive impact of supportive parenting on TGNC
youth development. For instance, Olson and colleagues
found that socially transitioned prepubertal childrend
those who were supported in living in their affirmed
gender roles by their familiesdexhibited normative
levels of depressive symptoms and minimally increased
anxiety symptoms, and overall much lower internal-
izing symptomology than previous reports in nontran-
sitioned youth with gender dysphoria.41,42 Increased
gender affirmation and parental support for transition
is also associated with decreased depression and suicide
attempts in transgender teens and young adults.43

While affirming parents can serve as a protective fac-
tor and positively impact psychosocial functioning
among TGNC youth, parents also control access to
medical treatment, particularly for early pubertal youth
who are eligible for pubertal suppression treatment. In a
study of transgender youths’ perspectives on barriers to
gender-affirming healthcare, participants frequently
identified lack of family approval as a barrier to treat-
ment, particularly among those youth that relied on a
caregivers’ insurance plan to pay for treatment.44 The
lack of support for GnRHa by parents as well as the
lack of consensus between parents regarding GnRHa

treatment may lead to significant conflict and stress
for TGNC youth. Tishelman and colleagues note that
it is particularly challenging when two parents or guard-
ians with shared medical decision-making rights are in
disagreement about how or whether to proceed with
medical transition.45 Given that parental consensus is
often needed to proceed with pubertal suppression
treatment, multidisciplinary gender health teams may
need to support families in navigating difficult discus-
sions and decisions.

Finally, pubertal suppression treatment is variably
covered by insurance plans and may lead to significant
financial burden for families with out-of-pocket costs
ranging from $120 to $1000 per month.45 Nahata
and colleagues report that insurance coverage for
gender-affirming medical interventions may range
from less than 20% to approximately 70% across med-
ical centers serving transgender youth in the United
States.46 Insurance exclusions were identified as a bar-
rier to accessing gender-affirming treatments, with
some families ultimately withdrawing their child from
care after discovering that their insurance plans did
not cover gender-affirming care.44 Ehrensaft explains
frankly that the price tag associated with GnRHa treat-
ment, if not covered by medical insurance or govern-
ment programs, is out of reach for all except those
with substantial financial means.47 Facing these signifi-
cant and real financial barriers to care may contribute to
TGNC youth viewing their parents as unsupportive or
even rejecting, potentially causing additional stress for
the child and for the family as a whole.48

CONCLUSION
Pubertal suppression treatment is widely recognized as
the standard of care for peripubertal TGNC youth
with gender dysphoria. Historically considered a “fully
reversible” treatment with documented benefits on
psychosocial functioning, the potential psychosocial
risks or “side effects” associated with GnRHa are less
often discussed compared to risks associated with
gender-affirming estrogen or testosterone. In this chap-
ter, we have highlighted the key psychosocial consider-
ations in pubertal suppression treatment. Important to
note, many of these considerations focus on theoretical
risks (e.g., possible effects of pubertal suppression treat-
ment on gender identity development and consolida-
tion) or unknown risks (e.g., unknown neurocognitive
sequelae of pubertal suppression treatment), which
must be considered in the context of the known
psychosocial benefits of GnRHa treatment on TGNC
youth with gender dysphoria when making decisions
about appropriate gender-affirming medical care.
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CHAPTER 7

Medical Side Effects of GnRH Agonists
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Based on pioneering work from the Netherlands, the
Endocrine Society (ES) Clinical Practice Guidelines
and World Professional Association for Transgender
Health (WPATH) Standards of Care endorse the use of
pubertal blockers using gonadotropin-releasing hor-
mone (GnRH) agonists not before Tanner stage 2 in
individuals experiencing either the emergence or a sig-
nificant increase in gender dysphoria with the onset of
puberty.1,2 While currently available mental health out-
comes data support these ES andWPATH recommenda-
tions,3 there are potential adverse effects of pubertal
suppression in gender dysphoric youth treated with
GnRH agonists, including impaired bone mineraliza-
tion, compromised fertility, and unclear effects on brain
development, body mass index (BMI), and body
composition.

BONE HEALTH
Given that peak bone mass is achieved during puberty
and young adulthood, pubertal suppression with
GnRH agonists at Tanner 2 or later could impair bone
mineralization, particularly if there is a prolonged
period of hypogonadism.4 While the initial ES Clinical
Practice Guidelines recommended waiting until the age
of 16 years to initiate sex hormone treatment in puber-
tally suppressed transgender youth,5 the recently revised
guidelines recognize that there may be compelling rea-
sons (e.g., preservation of bone health) to initiate cross-
sex hormone treatment before the age of 16 years, and
thereby limit the period of hypogonadism.1 The skeletal
consequences of pubertal suppression in early pubertal
gender dysphoric youth have yet to be rigorously stud-
ied, but existing literature, based on protocols summa-
rized in the initial ES guidelines, raise substantial
concerns.

Peak bone mass, achieved during puberty and young
adulthood, is a major determinant of future adult frac-
ture risk.4,6 Late menarche is associated with impaired

bone microstructure and increased fracture risk during
childhood and adolescence, during which there already
is a baseline increased incidence of fracture.4 There is ev-
idence that the age of onset of puberty does predict
bone mass in young adulthood, but adequate long-
term follow-up data are lacking.7 Some studies of adult
men indicate lower bone mineral density (BMD) in
those with delayed puberty when compared with men
with normal timing of puberty,8e11 while others have
shown no difference.12,13 Whether these differences in
BMD result in change in fracture risk has not been defin-
itively investigated in men.14 Individuals with central
precocious puberty treated with GnRH agonists experi-
ence a dip in BMD at the onset of pubertal suppression,
but levels rebound to control values after discontinua-
tion of GnRH agonists, when endogenous puberty
resumes.15

Few studies have examined bone health in trans-
gender youth, but data from European groups have
indicated that transgender women have a propensity to-
ward lower BMD at baseline prior to any cross-hormone
therapy.16,17 In transgender youth, bone data from the
Netherlands were reported in adolescents who had
reached a later stage of puberty (Tanner 4e5) at the
time of initiation of pubertal suppression, with a
mean age of 14.9e15 years, followed by initiation of
cross-sex hormone therapy around 16 years of age,
and who several years later ultimately underwent go-
nadectomy.18 This cohort showed lower baseline
BMD z-scores in the transgender girls prior to any
gender-affirming medical treatment. Median duration
of GnRH agonist monotherapy was 1.3 years in trans-
gender females and 1.5 years in transgender males. As
expected, BMD z-scores in both the transgender females
and males fell during GnRH agonist monotherapy, but
the transgender adolescent females did not recover their
BMD z-scores after a median duration of 5.8 years of
gender-affirming estrogen therapy.18

Another study from the Netherlands investigated
bone turnover markers and BMD in transgender adoles-
cents stratified by younger (bone age <15 years inaContributed equally
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transgender girls or <14 years in transgender boys)
or older (bone age �15 years in transgender girls
or �14 years in transgender boys) age groups.19 These
transgender adolescents underwent treatment with
GnRH agonists followed by gender-affirming hormone
therapy at the age of 16 years similar to previous re-
ports.18 At baseline, bone mineral apparent density
(BMAD) in the lumbar spine was lower in young trans-
gender female adolescents versus young transgender
male adolescents. Following GnRH agonist treatment,
bone turnover markers and BMAD z-scores decreased
in the younger groups, and 24 months of cross-sex hor-
mone treatment led to an increase in BMAD in all
groups.19

It has been postulated that transgender girls may be
less active than their cisgender boy peers. Although
weight-bearing exercise is a significant factor in BMD,6

as are dietary calcium and vitamin D levels, these data
were not reported in the published studies. Addition-
ally, both studies of transgender adolescents showed
an expected drop in BMD z-scores during pubertal sup-
pression that, in the confines of the particular studies,
did not recover to baseline after estradiol therapy in
most transgender girls.18,19

A 22-year follow-up of the first described gender
dysphoric adolescent treated with GnRH agonist and
subsequent cross-sex hormones reported that BMD
was within the normal range for both sexes.20 This indi-
vidual was treated with GnRH agonist from 13.7 years
until 18.6 years of age before initiating cross-sex hor-
mone treatment, with BMD z-scores reported at the
age of 35 years.20

BRAIN
Puberty has been suggested to represent a second orga-
nizational period during brain development when
remarkable remodeling of cortical and limbic circuits
occurs. This critical period of neuronal development
and programming is thought to lead to the acquisition
of adult cognition, decision-making strategies, and so-
cial behaviors. Some of this organizational processing
is thought to be linked to the elevation of gonadal hor-
mones, which occurs during puberty.21

Furthermore, GnRH receptor expression and GnRH
binding are present in extrapituitary tissues, including
brain regions such as the hippocampus and other
limbic structures, indicating that GnRH might have
a direct effect on brain function outside the
hypothalamicepituitaryegonadal (HPG) axis.22 Long-
term GnRH agonist treatment in transgender
adolescents initiated in early puberty, therefore, raises

concerns regarding potential cognitive and behavioral
effects, due to the blockade of GnRH signaling within
and outside the HPG axis.

A recent study in an ovine model assessed spatial
maze performance and memory in rams that were un-
treated (controls), had both GnRH and testosterone
signaling blocked (GnRH agonist-treated), or specif-
ically had GnRH signaling blocked (GnRH agonist-
treated with testosterone replacement) during the
peripubertal period.22 The results demonstrated that
emotional reactivity (emotional and behavioral re-
sponses to a fearful situation) during spatial tasks was
compromised by the blockade of gonadal steroid
signaling, as seen by the restorative effects of testos-
terone replacement.22 The blockade of GnRH signaling
alone was associated with impaired retention of long-
term spatial memory, and this effect was not restored
with the replacement of testosterone signaling.22

Furthermore, a follow-up study demonstrated that the
long-term spatial memory performance of rams that
were treated with GnRH agonists in the peripubertal
stage remained reduced after discontinuation of
GnRH agonists.23

In humans, a study which assessed 15 cisgender girls
with idiopathic central precocious puberty treated with
GnRH agonists and 15 matched controls demonstrated
that the treated girls displayed significantly higher
emotional reactivity on one of two emotional reactivity
task conditions.24 Another study demonstrated a signif-
icant deterioration in performance on 2 tests of working
memory function following 4 weeks of GnRH agonist
treatment in 25 cisgender premenopausal women.25

In the transgender population, Schneider et al. per-
formed a longitudinal evaluation of a pubertal trans-
gender girl undergoing treatment with GnRH
agonist.26 They reported lack of significant variation in
brain white matter fractional anisotropy, thought to
be a measure of brain maturation, during pubertal sup-
pression with GnRH agonist treatment for 28 months.
They also reported a 9-point drop in operational mem-
ory tests after 22 months of pubertal suppression.26 On
the other hand, a cross-sectional study assessed execu-
tive functioning (performance on the Tower of London
task) in adolescents with gender dysphoria when
treated with GnRH agonists. The study showed no sig-
nificant effect of GnRH agonists on performance scores
between treated and untreated gender dysphoric
adolescents.27

Further longitudinal clinical studies among trans-
gender adolescents undergoing pubertal suppression
are needed to assess the impact of GnRH agonist treat-
ment on brain function and development.
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FERTILITY
Transgender individuals often wish to preserve poten-
tial for fertility. It has been demonstrated in several
studies that treatment with GnRH agonists in youth
with central precocious puberty does not impair future
fertility15 and that frequency of pregnancy complica-
tions was comparable to controls.28 Bertelloni et al.
confirmed normal testicular function in adolescent
boys after GnRH agonist therapy with full pubertal
development and testicular volume, gonadotropins,
testosterone, and inhibin B levels in the normal adult
range.12

In the transgender population, however, if the use of
GnRH agonists in early pubertal gender dysphoric chil-
dren is later followed by treatment with cross-sex hor-
mones, fertility will be compromised due to arrested
gonadal maturation. Currently, experimental harvesting
of prepubertal gonadal tissue, cryopreservation, and
in vitro maturation are being explored in other medical
contexts,29,30 and may be of benefit for fertility preser-
vation in early pubertal transgender youth. Research
to obtain artificial gametes through stem cells is also
ongoing and could be a feasible option in the future
for those individuals who cannot or have not stored
their own gametes.31

BODY MASS INDEX AND BODY
COMPOSITION
Concern has been raised regarding the effect of GnRH
agonist treatment on BMI and body composition in
the transgender population, as previous studies in girls
with precocious puberty demonstrated a slight increase
in BMI during such treatment.32 Other studies have
shown no effect of GnRH agonist treatment on body
composition or BMI.33 In a study of 15 transgender fe-
male and 19 transgender male adolescents, treatment
with GnRH agonist did not induce a change in BMI
standard deviation score.18 On the other hand,
following GnRH agonist treatment, Schagen et al.
observed an increase in fat percentage and decrease in
lean body mass percentage in gender dysphoric adoles-
cents (both transgender males and transgender
females).34

SUMMARY
Further prospective studies focused on long-term safety
and efficacy are necessary to optimize GnRH agonist
treatment of transgender youth. Such studies pertain
to the use of GnRH agonist both as a monotherapy in
early pubertal gender dysphoric youth as well as

longer-term use of GnRH agonist in combination
with cross-sex hormones (in particular, in transgender
females treated with estrogen) who have not undergone
gonadectomy at the age of 18 years or later.
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CHAPTER 8

Surgical Side Effects of GnRHa
LOREN S. SCHECHTER, MD, FACS • REBECCA B. SCHECHTER, MD

INTRODUCTION
Gender confirmation surgery can be an important and
final step in allowing transgender individuals to
become the people they know themselves to be. Not
all individuals with gender dysphoria desire surgical
therapy, but for those who do, surgery has been shown
to be an effective method to alleviate their symptoms
and improve their quality of life.1e8

Gender confirmation surgery in individuals whose
endogenous puberty has been halted with the use of
gonadotrophin-releasing hormone agonists (GnRHa)
presents several unique considerations. First, the lack
of secondary sexual characteristics resulting from
GnRHa use may diminish the need for ancillary
procedures to feminize or masculinize transgender in-
dividuals. Second, the lack of penile growth associated
with puberty may limit the applicability of traditional
surgical techniques for gender-confirming vagino-
plasty. Third, the effect, if any, of GnRHa on other
gender-confirming procedures has not been studied.
Here we provide an overview of gender confirmation
surgeries and the potential advantages and challenges
in performing these procedures in individuals treated
with GnRHa.

GOALS OF SURGERY
As described in the The Standards of Care (WPATH,
SOC 7), the overall goal of treatment for transgender
individuals is to maximize health, well-being, and
fulfillment.9 Toward this end, gender confirmation
surgery can provide the appropriate physical
morphology and alleviate the extreme psychological
discomfort that many patients experience.2e4,7,8

Furthermore, as discussed by Meyer in 200110 and
Cohen-Kettenis and Kuiper in 1984,11 adjusting the
mind to the body is not an effective treatment, while
adjusting the body to the mind is the best way to assist
severely gender dysphoric persons.

The goal of vaginoplasty is to create a natural-
appearing vagina and mons pubis12 that are sensate

and functional. This includes the creation of
feminine-appearing labia majora and minora, con-
struction of a sensate neoclitoris, and development
of adequate vaginal depth and introital width for
intercourse. Additional appealing aspects include a
smooth, graded, and contiguous appearance to the
labia majora, a moist appearance to the labia minora
simulating the vestibular lining in cis-females, clitoral
hooding, and lubrication for intercourse. Not all
surgical techniques can meet each of these goals, and
some individuals may require staged procedures to
achieve their surgical goals.

In addition to vaginoplasty, several ancillary
procedures are available to transwomen. The overall
goal of such surgeries is to aid with feminization of
the face, breasts, and body as well as to help alleviate
gender dysphoria. These procedures include breast
augmentation, reduction thyroid chondroplasty
(“tracheal shave”), facial feminization, and body
contouring. These procedures can be performed inde-
pendently from, and either prior to or following genital
surgery. The order of surgical procedures depends
largely on the aims of the individual.

In transmen, chest surgery is commonly performed,
often prior to genital surgery. Gender dysphoria related
to breast tissue is often reported, and chest surgery can
help alleviate physical and mental discomfort. The
goals of chest surgery include aesthetic contouring of
the chest by removal of breast tissue and excess skin,
reduction and repositioning of the nippleeareola
complex when necessary, release of the inframammary
crease, liposuction of the chest (if necessary), and,
when possible, minimization of chest scars and preser-
vation of nipple sensitivity.13

The main options for genital surgery in transmen
include metoidioplasty or phalloplasty. The choice
for surgery depends on the needs and goals of the
individual. Metoidioplasty entails lengthening of the
virilized clitoris. It can be performed with urethral
lengthening, thereby allowing for urination while
standing. However, as metoidioplasty creates a small
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phallus (typically 5e9 cm in length), penetrative
sexual intercourse is typically not possible. Phalloplasty
represents the most complete genitoperineal transfor-
mation. As outlined by Professor Stan Monstrey, an
ideal phallic reconstruction should result in an aesthetic
phallus with both tactile and erogenous sensation, the
ability to void while standing, minimal morbidity of
the surgical intervention and donor site, an aesthetic
scrotum, and the ability to experience sexual satisfac-
tion postoperatively.14

While the goals of surgery in individuals treated with
GnRHa may be similar to those individuals who did
not undergo pubertal suppression, the procedures per-
formed to alleviate gender dysphoria may, in some
cases, require modification.

TIMING OF SURGERY
One benefit of GnRHa therapy is that by suspending
the development of secondary sexual characteristics,
individuals have time to explore their gender identity.
This is especially important because not all individuals
who experience dysphoria ultimately request surgical
therapies. For individuals with persistent gender
dysphoria who request surgery and are appropriate
surgical candidates, the SOC recommends that genital
surgery should not be carried out until (1) patients
reach the legal age of majority to give consent for
medical procedures in a given country and (2) patients
have lived continuously for at least 12 months in the
gender role that is congruent with their gender identity.9

The SOC also continues that the age threshold should
be seen as a minimum criterion, but it should not be
viewed as an indication for intervention. The author
(LSS) has performed vaginoplasty surgery on individ-
uals at the age of 17 years, following close consultation
with the patient, their family, and their medical and
mental health professionals.

Chest surgery in transmen and other ancillary
procedures can be carried out earlier than the legal age
of majority. In the authors’ experience, chest surgery at
the age of 17 years is quite common, often following
graduation from high school and prior to entering
college or the workforce. These cases require careful
consideration with the individual, guardian, and entire
healthcare team.

In the authors’ experience, it is often helpful to
pursue certain gender-confirming surgical procedures
between major life changes. For example, the transition
between high school and college or work can be a good
period to pursue chest surgery in transgender adoles-
cents. This allows individuals to start “anew” in the
next stage of their life. Furthermore, the support of

friends and family cannot be underestimated. Not
only is guardian approval necessary in the case of
minors but also, in general, a strong support system is
correlated with positive postoperative functioning.15

The healthcare team should make every effort to work
with individuals and their families to ensure a safe
and supportive environment prior to pursing surgery.

SURGICAL CONSIDERATIONS FOR
INDIVIDUALS ON GnRHa
Surgery for Transwomen on Gonadotrophin-
Releasing Hormone Agonists
Vaginoplasty
Many transwomen undergo vaginoplasty to help
alleviate dysphoria and improve their quality of life.
The surgical options for vaginoplasty consist of one of
three approaches: penile disassembly and inversion
vaginoplasty, intestinal vaginoplasty, or nongenital
flaps/grafts (Fig. 8.1). In general, most centers perform
primary vaginoplasty with the penile disassembly and
inversion vaginoplasty technique using an anteriorly
based penile skin flap combined with a scrotal
skin graft. If inadequate penoscrotal tissue is available,
full-thickness skin grafts may be harvested from
additional sites such as the lower abdomen, flanks,
and gluteal folds. However, these sites require incisions
in anatomic locations remote from the genitalia.
Additionally, if insufficient donor-site tissue is present,
tissue expansion may be used to recruit skin from these

FIG. 8.1 Vaginoplasty.
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areas. Tissue expansion entails the subcutaneous
placement of a balloon-like device followed by serial
instillation of saline on an outpatient basis.

Intestinal vaginoplasty is an alternative to the inver-
sion vaginoplasty technique. Intestinal vaginoplasty is
typically reserved for revision cases, but it may be
employed as a first-line surgical therapy for those
individuals with insufficient penoscrotal tissue. The
advantage of intestinal vaginoplasty is the creation
of a vascularized 12- to 15-cm vagina with a mucus-
secreting, moist lining. The intestinal approach may
lessen the requirements for both postoperative vaginal
dilation as well as the need for lubrication during
intercourse. However, the drawbacks of intestinal
vaginoplasty include the need for an intraabdominal
operation with a bowel anastomosis and the potential
for excess neovaginal secretions with a malodorous
discharge.

Due to their soft tissue bulk, nongenital flaps are
typically considered for reconstruction following
oncologic resections, traumatic repair, or reconstruction
following infection. Alternatively, some individuals
undergoing vaginoplasty for gender dysphoria do not
contemplate vaginal intercourse. Sometimes referred
to as a “zero-depth” procedure, this method is used to
construct external genitalia (mons pubis, labia majora,
labia minora and vestibular lining, and clitoris) without
a vaginal canal. While construction of a vaginal canal
is possible at a later date, the surgical risks (rectal/
urethral/bladder injury) are higher. The zero-depth
technique is typically requested by older, nonesexually
active individuals or for those individuals deemed at
high risk for the traditional vaginoplasty approach.
High-risk individuals include those who have under-
gone previous surgery (i.e., prostatectomy) or radiation
to the pelvis/perineum.

In adolescents on GnRHa, the lack of penile length
and scrotal volume may limit the utility of penile inver-
sion vaginoplasty, as the neovagina may not have
adequate depth. As discussed previously, alternative
skin graft donor sites, tissue expansion, or, in select
cases, intestinal vaginoplasty may be a first-line therapy.
Nongenital flaps/grafts may also be considered, but
there is limited experience in the transgender
population.

Some individuals may undergo an orchiectomy as
an independent procedure prior to vaginoplasty.
Because orchiectomy results in permanent infertility,
careful consideration is required. Following orchiec-
tomy, GnRHa are no longer needed. If orchiectomy
alone is pursued, an incision at the penoscrotal junction
is preferred to an inguinal approach. The penoscrotal

incision allows access to both the right and left testicles
and spermatic cords while preserving the vascular
supply to the penile flap, should later vaginoplasty be
requested. Although beyond the scope of this chapter,
fertility preservation should be discussed prior to steril-
izing procedures.

Feminizing procedures
Transwomen may also request surgical procedures to
aid with feminization of the face, breast, and body.
These procedures include breast augmentation, facial
feminization (a constellation of procedures to remove
secondary sexual characteristics of the face such as
frontal bone reduction, browlift, hairline advancement,
rhinoplasty, genioplasty, and mandibular reduction),
reduction thyroid chondroplasty (“tracheal shave”),
body contouring, and voice surgery.

Breast development in prenatal life is independent
of sex hormones and is, therefore, identical in cis-
males and cis-females.16 During embryonic develop-
ment, breast buds composed of networks of tubules
develop from the ectoderm. In cis-females, these tu-
bules will eventually become mature milk ducts. Until
puberty, the tubule networks of the breast buds are
quiescent. At puberty, breast development diverges in
cis-men and cis-women. In cis-females, estrogen and
progestins, in conjunction with growth hormone
and insulin-like growth factor-1, result in growth and
maturation of the tubules into the ductal system of
the breasts. Estrogens are generally believed to induce
breast proliferation, whereas progestins result in differ-
entiation.17 Progestins are not thought to have a
significant role in breast volume.18 In contrast, in cis-
male puberty, androgens (testosterone and dihydrotes-
tosterone) increase about 10-fold higher compared to
cis-females, and estrogen is about 10-fold lower
compared to cis-females. The high levels of androgens
strongly inhibit the action of estrogen in the breast at
puberty, resulting in the lack of breast development in
cis-men.

In transwomen, some breast growth occurs with
suppression of androgens (GnRHa or spironolactone)
and supplementation with estrogens. Breast size typi-
cally begins to increase 2e3 months after the start of
hormone therapy. Initially, tender breast buds begin
to form and breast growth progresses over 2 years.17,19

Because growth takes place over a period of time, the
SOC recommends hormone therapy for at least 1 year
prior to breast augmentation.9 However, the response
to hormone therapy varies among individuals. Gener-
ally, on resolution of breast tenderness, additional
clinically significant breast growth is unlikely.
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Anatomic differences between the cis-male and cis-
female chest are relevant as to implant selection,
incision choice, and pocket location.20 The postpuber-
tal cis-male chest is not only wider than the cis-female
chest, but the pectoralis major muscle is usually more
robust. Furthermore, the postpubertal cis-male areola
is both smaller and more lateral compared to the cis-
female areola. However, some of the anatomic issues
related to a postpubertal masculinized chest may not
be relevant to transwomen treated with GnRHa who
have undergone pubertal suppression. Although
this issue has not been evaluated in a formal way,
transwomen treated with GnRHa may have less
masculinized chest physiques. This may result in
essentially similar surgical techniques for augmenta-
tion mammaplasty in these transwomen as compared
to cis females.

Breast implants may be placed in either a subgland-
ular or subpectoral pocket (Fig. 8.2). The decision de-
pends on clinical characteristics including the degree
of breast growth in response to hormonal therapy.
Subglandular implants may be more palpable and
may have higher rates of capsular contracture due
to less soft-tissue coverage overlying the implant.
However, subpectoral implants may be more prone
to displacement and deformities due to the activity
of the overlying pectoralis major muscle. Overall, the
subpectoral position remains the most common
pocket location.

Other feminizing procedures
A variety of characteristics have been identified as male
and are often associated with the forehead, nose, malar
region, mandible, and thyroid cartilage. These include
more pronounced supraorbital bossing in the postpu-
bertal cis-male and a more continuous forehead
curvature in the cis-female.21 The malar region is also
more prominent in the cis-female, and the cis-female
nose tends to be smaller, with a less acute glabellar
angle than the postpubertal cis-male.21,22 In addition,
qualitative and quantitative differences in the skin,
subcutaneous tissue, and hair also exist.23 These differ-
ences develop during puberty due to the effects of
testosterone. One benefit of using GnRHa in trans-
gender adolescents may be the diminished need for
these feminizing procedures. The prevention of
stigmatizing secondary sexual characteristics of the
face may allow for easier transition to desired gender
roles. Furthermore, halting puberty with GnRHa stops
the deepening of the voice associated with puberty.
This may also decrease the need for voice therapy
and surgery in transwomen, both of which may have
limited efficacy.24,25

Surgery for Transmen on GnRHa
Surgical options for transmen include genital surgery as
well as chest surgery. Chest surgery is frequently
performed prior to genital surgery and is often the
only surgery requested.

Chest surgery
Chest-wall contouring is an important, early surgical
step for transmen and may help facilitate their transi-
tion. The goals of chest surgery include the aesthetic
contouring of the chest by removal of breast tissue
and excess skin, reduction and repositioning of the
nippleeareola complex when necessary, release of
the inframammary crease, liposuction of the chest (if
necessary), and, when possible, minimization of chest
scars and preservation of nipple sensitivity.13 In general,
chest surgery in transmen can present an aesthetic
challenge due to breast volume, breast ptosis, nipplee
areola size and position, degree of skin excess, and
potential loss of skin elasticity. Breast binding,
commonly performed by transmen, may lead to the
loss of skin elasticity, thereby necessitating significant
amounts of skin removal.

Several surgical methods are utilized, and the choice
of technique depends on the skin quality and elasticity,
the degree of breast ptosis, and the position of the
nippleeareola complex.13 In addition, preservation ofFIG. 8.2 Vaginoplasty and augmentation mammaplasty.
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subcutaneous fat on the mastectomy skin flaps, preser-
vation of the pectoralis and serratus fascia, release of the
inframammary crease and sternal attachments, and
contouring of the lateral chest wall are also important
components of chest surgery and chest wall contouring.
Preoperative breast imaging (i.e., ultrasound or
mammogram) is often performed in older patients,
depending on personal and family history, but is gener-
ally not necessary in the adolescent population.

Transgender adolescents who initiated GnRHa at
Tanner II/II are more likely to have small, nonptotic
breasts. In such cases, periareolar incisions (“limited
incision”) may be adequate to remove the breast
tissue. A small amount of tissue is left beneath the
nippleeareola to preserve viability (Fig. 8.3A and B).
In these cases, nipple reduction and repositioning
may not be necessary. This is in contrast to transmen
who have larger breasts and require skin removal
and/or nippleeareolar reduction and relocation. These
procedures include the circumareolar (“pursestring” or
“keyhole”) þ/� vertical/lateral skin incisions with
free nippleeareola grafts or transverse inframammary
crease incisions (“double incision”) with free nipplee
areola grafts (Fig. 8.4A and B). In these cases, nipple
reduction is commonly employed, often in conjunc-
tion with free nippleeareola grafts. In addition, lipo-
suction is frequently used for discontiguous
undermining of the inframammary crease and con-
touring of the lateral and lower chest wall/upper
abdomen.

Masculinizing genital surgery
The goal of genital surgery in transgender men depends
on the goals of the individual. Surgery may range from
simple (“clitoral”) release, metoidioplasty with urethral
lengthening in order to allow for voiding while stand-
ing, to a phalloplasty, capable of sexual penetration.26

Metoidioplasty, described in 1996 by Hage, is a less
complicated alternative to phalloplasty27 (Fig. 8.5). The
procedure entails lengthening of the hormonally hyper-
trophied clitoris by release of the ventral chordae, and,
when indicated, the suspensory ligament, and the
lengthening of the female urethra. Sexual penetration
is generally not possible following metoidioplasty, as
the constructed phallus is typically 5e9 cm in length
and does not allow placement of an implantable penile
prosthesis. However, genital sensation is typically
maintained and erection of the microphallus is often
possible.

Not all individuals request removal of the internal
genitalia. However, for those individuals requesting
vaginectomy (more aptly colpectomy and colpoclei-
sis) or who are reluctant or refuse ongoing surveillance
of the internal genitalia (i.e., routine pap smears),
hysterectomy is recommended. Discussions regarding
fertility preservation should be undertaken. Most
often, individuals requesting “bottom surgery” choose
to undergo hysterectomy (and oophorectomy). In
these cases, the hysterectomy and oophorectomy are
performed at least 2e3 months prior to the metoidio-
plasty. The metoidioplasty procedure often involves

A B

FIG. 8.3 Preoperative (A) and postoperative (B) photographs of limited incision chest surgery.
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concomitant removal and closure of the vagina. While
often referred to as a “vaginectomy,” the procedure is
more aptly defined as colpectomy and colpocleisis.28

In the procedure, a portion of the vagina, incorpo-
rating the muscularis layer of the anterior vaginal
wall may be used as a flap to reconstruct the proximal
portion of the neourethra.29 The clitoral shaft is
degloved and may be further released by detaching

the suspensory ligament from the pubic bone. On
the ventral aspect of the clitoris, the urethral plate is
divided, allowing straightening and lengthening of
the clitoris.28 Additional lengthening of the urethra is
performed with flaps developed from the labia
minora.

Scrotoplasty, or creation of a neoscrotum, can be
constructed with bilateral labia majora flaps. Testicular
implants are typically placed at a secondary surgical
procedure so as to reduce the risk of infection and ure-
thral complications.

Phalloplasty, or creation of a functional penis,
represents the most complete genital transformation
for transgender men (Fig. 8.6A and B). Phalloplasty
requires the use of either pedicled flaps (vascularized
tissue) or free flaps. Pedicle flaps transfer tissue, typi-
cally from the thigh, groin, or lower abdomen
to construct the penis, while free flaps involve the
microsurgical transfer of tissue from a remote location.
Similar to metoidioplasty, hysterectomy and oopho-
rectomy, when desired, are generally performed at
least 2e3 months prior to phalloplasty.

The most common technique for penile construc-
tion is the radial forearm free flap. This procedure
transfers tissue, including blood vessels and nerves,
from the forearm to construct the penis and urethra.
This flap allows single-stage reconstruction of the ure-
thra as well as a sensate phallus. Potential drawbacks
of this technique include the visibility of the donor
site on the forearm and the need for microsurgical

A B

FIG. 8.4 Preoperative (A) and postoperative (B) photographs of double incision chest surgery.

FIG. 8.5 Metoidioplasty.
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skills. The anterolateral thigh flap is another technique
for penile construction. Similar to the forearm tech-
nique, tissue, including nerves, may be transferred
from the thigh to construct the penis. Depending on
the individual’s distribution of subcutaneous fat, a sec-
ond flap may be required for urethral reconstruction.
For both the forearm and thigh techniques, the urethra
is formed by a skin-lined tube. As such, preoperative
electrolysis may be required for depilation (hair
removal) of the elongated urethra. Additionally, skin
grafting of the donor site (thigh or forearm) is
required.

Additional phalloplasty techniques include the use
of tissue from the back, known as the musculocutane-
ous latissimus dorsi flap. One notable downside of
this flap is the lack of a sensory nerve to the tissue
that will be used to construct the phallus. Additionally,
the flap is often excessively bulky.

Following phalloplasty, testicular implants and
penile prostheses can be placed at a secondary proced-
ure, allowing for penetrative intercourse. While testic-
ular implants may be placed several months following
the phalloplasty, the penile prosthesis is typically
placed 9e12 months after the initial procedure so as
to allow the phallus to achieve protective sensation
through reinnervation.

The effect of GnRHa on transmen who pursue
metoidioplasty or phalloplasty is not well understood.
In contrast to transwomen on GnRHa who desire
penile inversion vaginoplasty, virilization of the
clitoris and labia minora may result from exogenous

testosterone. As such, the amount of available genital
tissue may be less of a concern for transmen desiring
“bottom surgery.”

AREAS OF UNCERTAINTY
From a surgical standpoint, one advantage of pubertal
suppression may be a lessened need/desire for invasive
surgical procedures (i.e., limited-incision chest surgery
as opposed to double-incision chest surgery with
free nipple grafts) or even the ability to forego certain
procedures (i.e., facial feminization). However, one
potential drawback is the need to develop alternate
surgical techniques for genital reconstruction, especially
in transwomen. If, as a result of pubertal suppression,
full penile length is not realized, alternate methodolo-
gies (i.e., intestinal vaginoplasty, tissue expansion,
remote flaps/grafts) may be required in order to
construct a functional vagina.

The effect of GnRHa on gender-confirming surgical
procedures is an emerging area. While the benefits of
pubertal suppression for procedures such as chest
surgery in transmen are better understood, the impact
of pubertal suppression on genital surgery is evolving
based on a limited number of cases. Several important
questions require ongoing study and include: what is
the best vaginoplasty technique for transgender
youth on GnRHa? Are augmentation mammaplasty
techniques and implant size affected by the use of
GnRHa? Are facial feminization procedures necessary?
Is limited-incision chest surgery adequate for

A B

FIG. 8.6 (A and B) Phalloplasty.
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masculinizing the chest wall? Do GnRHa affect the
techniques used for metoidioplasty or phalloplasty?

CONCLUSION
GnRHa provide transgender youth an excellent
opportunity to explore their gender identity by
suspending the progression of puberty. For those
who go on to pursue gender confirmation procedures,
GnRHa provide several potential benefits including
diminished need for facial feminization procedures
and less invasive mastectomy techniques such as
“limited incision” chest surgery. Therapy with GnRHa
also presents challenges to gender confirmation
surgeons when determining the most effective tech-
nique for vaginoplasty. Furthermore, many topics
require additional study, such as the effect of GnRHa
on masculinizing genital surgery. With increased
awareness, advocacy, and access to medical care, the
use of GnRHa in youth with gender dysphoria is likely
to increase. As such, exploring how to best provide
surgical care for appropriate individuals will continue
to evolve.
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CHAPTER 9

Fertility Preservation: Considerations
for Gender-Diverse Youth
ANNA VALENTINE, MD • AMY C. TISHELMAN, PHD • LEENA NAHATA, MD

With an increasing number of gender-diverse youth
seeking medical and surgical gender-affirming care,1,2

concerns have been raised about implications of these
interventions for future fertility.3 Studies have shown
adults with fertility impairment due to a variety of
conditions or treatments prescribed in childhood/
adolescence experience distress and regrets about
their inability to have biologically related children.4e7

Given the expanding body of literature in other at-risk
pediatric populations (such as oncology), organiza-
tions such as The World Professional Association
for Transgender Health, Endocrine Society, and the
American Society for Reproductive Medicine have
published guidelines urging providers to discuss infer-
tility risk and fertility preservation (FP) options with
gender-diverse youth and families prior to initiating
hormone therapies and surgeries.3,8,9 Others have
called for a general integration of fertility and sexual
function counseling into care for at-risk pediatric
populations.10,11 This chapter seeks to describe the
potential impact of the three most common hormonal
therapies used in gender-diverse youth (gonadotropin-
releasing hormone agonists [GnRHa], testosterone,
estrogen), outline various FP options based on puber-
tal stage, review relevant literature with regard to FP
utilization in this population, and discuss salient
psychological, ethical, and financial considerations.
Acknowledging that terminology is continuing to
evolve, the terms “gender diverse” or “cis/trans-
gender,” and “birth assigned” or “natal” will be used
for the purposes of this chapter.

RISK OF INFERTILITY DUE TO HORMONAL
THERAPIES
Given the paucity of long-term data among gender-
diverse individuals treated with hormonal therapies
in childhood/adolescence, infertility risk assessment

remains a challenge. Based on clinical experience with
adults who have been previously treated with GnRHa
for precocious puberty (testicular enlargement prior
to 9 years of age in birth-assigned males and breast
development before 8 years of age in birth-assigned
females), these agents are not known to directly impair
fertility. However, GnRHa prevent maturation of gam-
etes and suppress the endogenous hypothalamice
pituitaryegonadal axis, and treatment with GnRHa
has been shown to cause a decrease in testicular vol-
umes in birth-assigned males (i.e., sperm-producing
cells).12 Notably, many gender-diverse youth being
treated with these agents progress directly to other hor-
monal therapies (e.g., testosterone, estrogen), and/or
surgical interventions that impact reproductive capacity
to varying degrees; GnRHa would thus need to be
stopped for a period of time prior to pursuing these
other therapies in order to complete FP.

Studies on the impact of estrogen therapy on testic-
ular morphology have shown inconsistent results, yet
have raised concerns about impact on spermatogen-
esis.13 Administration of ethinyl estradiol among
transgender females has shown to quickly result in a
physiologic decrease in follicle-stimulating hormone
along with abnormalities in sperm motility, and to a
lesser extent a decrease in luteinizing hormone and
lower sperm density profiles measured in semen.14

Small studies among transgender females undergoing
gonadectomy have shown a negative impact of long-
term exogenous estrogen on testicular architecture
and makeup among many (but not all) individuals,
raising concerns about overall impact on fertility.15,16

Histological studies show ovarian tissue remains
relatively normal after short-term testosterone expo-
sure.17 After long-term testosterone administration,
however, changes may be seen similar to those in
polycystic ovarian syndrome (PCOS) including
multiple cystic follicles, collagenization, and stromal
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hyperplasia, suggesting this as a potential mechanism
for fertility impairment.18 Other studies have shown
that testosterone accelerates follicular atresia as
another potential mechanism for fertility impair-
ment.19 Interestingly, in another study, over half of
transgender male adults had biochemical evidence of
PCOS prior to initiating any hormone therapy,
including about 40% with hyperandrogenism20;
thus, it is possible that fertility difficulties may be pre-
sent in some transgender individuals even prior to
starting testosterone therapy. That being said, there
have been reported pregnancies among transgender
males after cessation of testosterone therapy.21 One
study that examined the qualities of transgender males
having delivered a neonate showed that over half of
them had taken testosterone, and most (88%) had
used their own oocytes to achieve pregnancy.21 Health
outcomes of those offspring have not been examined.

Despite the limited evidence and lack of consensus
about long-term effects of hormonal therapies on
fertility, published guidelines and authors of contem-
porary studies state that conversations about potential
risk and FP options should begin early in the course
of evaluation and treatment and continue on an
ongoing basis.8,22 Notably, there is significant variation
in timing of GnRHa initiation among gender-diverse
youth, with some starting at Tanner stage 2 and others
starting at older ages/later stages in puberty.23 This is
particularly important when considering fertility, as
postpubertal adolescents may have access to FP options
that are established, whereas those who present in Tan-
ner stage 2 requesting hormone therapy (e.g., GnRHa)
may never achieve “natal” puberty and therefore have
fewer FP options.24

FERTILITY PRESERVATION OPTIONS IN
BIRTH-ASSIGNED MALES
Sperm cryopreservation is an established and effective
FP option for birth-assigned males who have reached
at least Tanner stage 2e3 in puberty.24 The least inva-
sive and most cost-effective option is to collect semen
for cryopreservation from an ejaculated sample, and
identify a cryopreservation facility that can process
and store the sample long term. Studies have shown
that this method can be successful in youth as young
as 13 years.25 While some adolescents may be comfort-
able with this option, others may be sexually inexperi-
enced and/or find this process psychologically difficult
due to their gender dysphoria. Studies have shown
that cisgender males who are considering sperm
banking prior to different types of gonadotoxic

therapies may face challenges due to young age and
sexual inexperience, embarrassment, or guilt/shame
associated with cultural, religious, or personal beliefs
that discourage masturbation.26e29

If it is not possible to collect an ejaculated sperm
sample, alternative methods including electroejacula-
tion (EEJ), testicular sperm extraction (TESE), or testic-
ular sperm aspiration (TESA) may be considered.30,31

EEJ is a procedure usually performed under anesthesia,
in which a rectal probe is used to deliver a mild electric
current to stimulate an ejaculation; the equipment
may not be available at every center.30 In TESE/TESA,
the patient undergoes testicular biopsy or needle
aspiration of sperm from the testes/epididymis
under sedation in the operating room, or with local
anesthesia in the office.32,33 Successful retrieval has
been reported among males with testes as small as
6 mL.34 Of note, these methods may carry a small
degree of medical risk and may also have significant
expenses associated with anesthesia and employment
of a more invasive method, since insurance coverage
is often limited.

The previously described sperm preservation tech-
niques are not possible among prepubertal males (or
those just starting puberty), as their bodies are not yet
producing mature sperm. While there are no FP options
that guarantee future viable sperm for use in assisted
reproduction, testicular tissue cryopreservation (TTC)
is an experimental method being offered at several
centers.35,36 Procedures have been established for
extracting tissue from a prepubertal testis in hopes of
isolating immature gametes in the form of spermatogo-
nial stem cells (SSCs) to cryopreserve, showing
promising results in animal models.37e39 These SSCs
have been kept both in cell suspension and in tissue
that includes Sertoli cells.40 The hope is that the cryo-
preserved tissue can be combined with tailored media
to induce spermatogenesis for eventual in vitro matura-
tion to produce viable sperm to be used in in vitro fertil-
ization/intracytoplasmic sperm injection39; however,
no live births have yet been reported in humans.

FERTILITY PRESERVATION OPTIONS IN
BIRTH-ASSIGNED FEMALES
In birth-assigned females who have experienced
menarche, established FP options include embryo
cryopreservation and oocyte cryopreservation; the
latter is more common in pediatrics, as no sperm
donor is needed.24,41 Ovarian stimulation with oocyte
retrieval is performed using a similar approach as in
cisgender women undergoing in vitro fertilization
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procedures; gonadotropin injections are administered
for 8e14 days to induce ovulation.42 Follicles are
monitored by transvaginal ultrasound, and oocyte
retrieval is then performed transvaginally by needle
aspiration under ultrasound guidance. While this
method is commonly employed by reproductive endo-
crinologists and has been successfully performed in
adolescents,42 the injections and method of oocyte
retrieval can understandably be challenging for this
population and come with the risk of ovarian hyper-
stimulation syndrome, intraabdominal bleeding, and
procedural risks.41,43

Prior to initiating ovarian stimulation and oocyte
retrieval methods, it is prudent to discuss with patients
and families that exogenous testosterone may not
render their ovarian tissue incapable of producing
oocytes if testosterone is discontinued, as several case
reports have been published describing pregnancies in
transgender men who have stopped their testosterone
therapy.21 As described above, however, little is known
about infertility risk after longstanding testosterone
therapy (i.e., initiated in adolescence). In studies look-
ing at fertility outcomes in women with PCOS, who
have higher than physiologic levels of circulating
testosterone, treatment with ovulation-inducing agents
has shown potential for pregnancy in 30%e82%44;
there are risks associated with using these agents, and
it remains unclear whether there would be similar out-
comes as seen in PCOS. If considering this pathway for
future reproduction, it will be important to discuss that
temporarily discontinuing testosterone therapy may
lead to a gender presentation less consistent with their
gender identity and to encourage these individuals to
consider the potential psychological ramifications of
pursuing this route.

As with birth-assigned males, the only FP option for
prepubertal (premenarchal) birth-assigned females is
ovarian tissue cryopreservation (OTC), which is consid-
ered experimental.45 The recommended procedure is a
laparoscopic unilateral oophorectomy with cryopreser-
vation of ovarian cortical tissue.46,47 Contrary to TTC,
there have been w80 human live births reported from
cryopreserved ovarian tissue48,49; notably, however,
only one of these reports has been from tissue extracted
from a prepubertal child.50 Since OTC in prepubertal
children often requires removal of a complete ovary,
institutional review board (IRB) protocols typically
specify that this procedure should only be considered
in patients at high risk of developing primary ovarian
insufficiency.45 Thus, given the limited data on impact
of testosterone treatment of ovarian function and
long-term outcomes of OTC among prepubertal youth,

this procedure may not be appropriate for gender-
diverse youth undergoing hormone therapy. However,
OTC should be considered in older gender-diverse
individuals pursuing any gender-affirming surgeries
including gonadectomy.

Of note, the only reported human births from
cryopreserved ovarian tissue have occurred after tissue
reimplantation into the human body (e.g., after cancer
treatment is complete and the patient is cancer free),
such that it may be exposed to endogenous gonadotro-
pins and start producing estrogen and progesterone in a
cyclical manner.45 This limits the use of this technology
even in oncologic populations, as patients with hema-
tologic malignancies may be at risk for reintroduction
of malignancy through reimplantation of ovarian tis-
sue.51 The ovarian tissue reimplantation method may
also be less desirable for some transgender adults as
the gonad and potential results of hormonal stimula-
tion are not consistent with their gender identity.
With ongoing research efforts, in vitro maturation pro-
tocols are being refined to allow for more widespread
use of this FP method.52

ATTITUDES TOWARD FP AND OTHER
PSYCHOLOGICAL CONSIDERATIONS
In spite of these technological advances, FP utilization
remains inconsistent, and significant psychosocial
challenges exist in pediatric populations. The majority
of studies focusing on FP attitudes and uptake in youth
have been done in pediatric oncology, as chemotherapy
and gonadal radiation have been known to damage
gonadal function. Primary findings are as follows: (1)
standardizing procedures for counseling about risk
and FP options increases FP uptake and improves
patient satisfaction53e56; (2) 25%e50% of pubertal
boys who receive counseling attempt to bank sperm
prior to chemotherapy/radiation and FP uptake in other
groups (pubertal females, prepubertal males and fe-
males) is more variable57,58; (3) parental recommenda-
tion has an important impact on FP decisions among
youth28; (4) many adult survivors of childhood cancer
report distress about potential infertility and regret
missed opportunities for FP.4,5,59

Far fewer studies have been conducted examining
parenthood goals and fertility-related attitudes among
other populations such as gender-diverse individuals.
While some studies have shown adults in the LGBTQ
community may be less interested in having children
and more open to alternate options for parenthood,60

several other studies have shown that transgender
adults frequently express interest in parenting
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biologically related children and regret not having
known about FP options prior to their transition.61e63

Additionally, recent research among transgender
adults has highlighted physical, social, and legal bar-
riers associated with pursuing fertility/parenthood
options,63e65 yet many have succeeded using various
methods.21,66

Attitudes toward parenthood in transgender
youth have been less broadly studied to date, but recent
literature has shown that <5% opt for FP when offered
prior to initiating gender-affirming hormone ther-
apy.67,68 The reasons for their reluctance are relatively
unexplored, although they are likely multifactorial,
and may include factors unique to the individual and
family, developmental factors relevant to adolescents
in general, and variables germane to the specific
circumstances of transgender teens. The most common
documented reasons for refusal in a recent study
included a preference for adoption or denial of any
desire for future children.67 Less common barriers
were cost, discomfort masturbating to produce a semen
sample, and having to delay hormonal treatment in or-
der to pursue FP options.67

One of the many challenges in conducting research
in this population is the lack of appropriate measures.
A survey was recently developed to assess FP attitudes
and support fertility-related clinical conversations with
gender-diverse youth and families.69 With regard to
desire for children, almost all youth and parents said
it was important to learn how hormone therapies
could impact fertility (most had received information
online); just over half of the adolescents indicated a
wish to have children; the majority of youth said
they would consider adoption.69 Approximately half
of parents reported wanting to learn about FP options
and wanting their children to consider FP.69 Notably,
almost half of the youth acknowledged that their
feelings about wanting a biological child might change
in the future,69 yet research applying a developmental
perspective on parenthood goals in transgender youth
is lacking.

Whenever possible, an interdisciplinary model of
care may offer the best structure for fertility discus-
sions. A comprehensive evaluation and support from
a mental health provider with expertise in gender
dysphoria is crucial, particularly given the increased
mental health concerns in this population,23 and
potential impact of these conditions on FP decisions.
Although outcomes appear to be better among
transgender youth supported by peers and families,70

several articles describe challenges faced by many

transgender children and adolescents, including anxi-
ety, depression, and suicidality.71,72 Depression and
suicidality can impact an adolescent’s future
expectations, concentration, and attention and even
the motivation to engage in complex discussions, as
future considerations may seem irrelevant. The lack
of acceptance from families, communities, and peers
can increase mental health risks in this vulnerable
population of youth60 and could potentially impact
attitudes and beliefs about family and parenthood.
Autism spectrum symptoms have been found to be
elevated in transgender youth seeking hormonal inter-
vention, which can impact thought processes and
comprehension of complex issues.73,74 Therefore, it
is critical for counseling regarding fertility issues to
take into account an adolescent’s state of mind during
these important conversations and to have a basic
understanding of a youth’s sense of safety, family rela-
tionships, and trust, which can be more exposed to
disruption and high volatility for gender-diverse youth
seeking medical interventions than for youth typically
cared for in a medical context. Appropriate psycholog-
ical assessment is warranted prior to counseling to
inform the process and allow for a flexible approach
individually tailored to the needs of each adolescent
and family, and to ensure that adolescents are psycho-
logically able to engage in the process of informed
decision-making.75

Some research in other clinical realms has
addressed best practices in adolescent communication
with a clinical team in general, and these can be
extrapolated to the context of fertility counseling in
transgender youth healthcare. For instance, research
indicates that effective communication involves
professionals adopting certain behaviors that may
enhance rapport, including compassionate responses
and avoiding giving the message to a patient of being
rushed and unable to devote the necessary time for
important conversations.76 Given the complex nature
of fertility counseling with transgender youth, it makes
sense for team members to ensure that clinic proced-
ures for fertility counseling are clear, sensitive, and
allot enough time for adolescents and their parents
to engage in a multiple-session process of careful
discussion and reflection.

ETHICAL CONSIDERATIONS
Given the limited data on infertility risk and fertility
outcomes after experimental FP procedures, psycholog-
ical considerations, and financial challenges (described
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below), ethical dilemmas frequently arise in fertility-
related care for gender-diverse youth. Data in cancer
suggest that comprehensive discussions should occur
surrounding overall risk of infertility, potential psycho-
logical stressors of future infertility and the inability to
parent genetic offspring, the need for a separate proced-
ure to harvest gonadal tissue, delay of treatment of
primary medical concern, and success rates of the pro-
posed technique.77

As discussed above, sperm cryopreservation is
generally a low-risk FP method compared to other FP
options. The most obvious potential risks to consider
include those associated with any surgical procedure,
including bleeding, infection, and exposure to general
anesthesia. Unlike patients with cancer who could
have FP procedures coordinated with line placement/
other procedures requiring sedation or general anes-
thesia, transgender youth do not have surgical proced-
ures or sedation as a part of their routine care, thus
introducing an added risk of exposure to anesthesia
that they would not otherwise have. In addition, since
gender-affirming hormone therapy does not neces-
sarily exclude a transgender person’s ability to regain
fertility potential if gender-affirming therapies are
discontinued, risk of infertility needs to be weighed
against risk of an FP procedure. General care guidelines
established by oncologists have suggested that due to
the experimental nature of gonadal tissue cryopreser-
vation, its application should generally only be offered
under approved IRB protocols in which a family is
fully consented.78

Professional guidelines indicate that it is appro-
priate and important to include adolescents in
decision-making about important medical interven-
tions.79 This may be particularly relevant with trans-
gender youth, who often have preexisting distress
related to their bodies, and in particular reproductive
anatomy that may be discordant with their identified
gender. In some situations, it could be psychologically
contraindicated and possibly harmful to require inva-
sive FP interventions without giving youth control
over this process. The mature-minor doctrine recog-
nizes that many adolescents are sufficiently mature
and able to provide independent informed consent
for medical care, accounting for the complexities of
decision-making.79 Research from other arenas of pe-
diatric healthcare suggests that adolescents have the
desire to be involved in decision-making.80 In general,
adolescents are able to engage in thoughtful decision-
making about their own clinical care, although they
may tend to rely more on socioemotional rather
than cognitive control systems or, in other words, be

more prone toward impulsive decision-making and
short-term thinking than adult counterparts. As the
American Academy of Pediatrics (AAP) notes “clini-
cians should generally advocate for the adolescent’s
wishes if they represent an ethically acceptable treat-
ment option.”79

The AAP Committee on Bioethics also outlines the
elements of informed consent/assent for medical
decision-making, including the provision of full
information about treatment and its implication, and
practical issues such as an assessment of the factors
that may be influencing an adolescent’s response.79

Allotting sufficient time for discussion may also enable
parents to explore their own feelings, as well as their
child’s perspective separate from theirs, facilitating
more positive and respectful interactions. In other
words, simply providing information regarding the im-
pacts of hormonal treatments on fertility and fertility-
sparing options is not sufficient. Fertility discussions
may need to occur numerous times, and sometimes
with both medical and mental health providers in order
to make sure the factual information is sufficiently
understood, and to allow time for consideration of op-
tions. An adolescent’s first response may not reflect their
eventual decision, and they should be given enough
time for considering short- and long-term goals. This
becomes challenging as many youth feel an urgency
to begin hormonal interventions and are reticent to
take time to weigh options.

It may be helpful to inform youth about the prelim-
inary research indicating that transgender adults some-
times express a desire for biological children.61e63

However, these discussions should be moderated and
balanced with the understanding that healthcare pro-
viders should be sensitive to the risk of being perceived
as harassing or trying to coerce an unwilling teen.
Youth and their parents may not always agree, creating
challenges for ultimately coming up with a plan for FP.
This discord may make an already tense situation (e.g.,
in families who are struggling with other aspects of their
child’s transition) even worse.81 If enough time is
allotted to fertility-related discussions, it should be
possible to understand all the differing concerns of in-
dividuals in a family, and with counseling, it may be
possible to come to a comfortable consensus and
plan.82

FINANCIAL CONSIDERATIONS
One of the most significant barriers to FP in any popu-
lation is cost.83 FP procedures, processing, and storage
are poorly covered by insurance in many parts of the
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United States.84 For birth-assigned females, procedures
such as oocyte freezing and OTC can cost approximately
$5000e20,000, with extra annual fees for continued
freezing that average about $300e500 per year. The
financial burden tends to be less overall for birth-
assigned males if they can provide a sperm sample via
masturbation ($500e$1500 up front plus $300e500
per year storage fee), but these individuals can also
be faced with larger costs if sperm retrieval via EEJ or
biopsy is chosen, running anywhere from $1000 to
$16,000 in addition to storage fees.85 It is important
to note that gender-diverse individuals may face
additional challenges, as (1) FP procedures cannot be
coordinated with other planned procedures (such as
biopsies or central line placements occurring in youth
with cancer) and (2) gender-related care is poorly
covered overall, leading to a higher financial burden
for some of these families even without FP added ex-
penses.23 While costs can be high, it is important to
offer these options to families as studies in the pediatric
oncology population have shown overall improved
satisfaction in care and communication when FP was
considered prior to undergoing therapy that could affect
future fertility.54

FUTURE DIRECTIONS
As current options in FP for gender-diverse youth
largely draw upon what is already established in
adult medicine as well as what is available for pediatric
cancer patients at risk for infertility, more dedicated
studies are needed to understand the needs of trans-
gender and other gender diverse populations with re-
gard to FP. Prospective studies on parenthood goals
and perceived benefits/barriers to FP could help practi-
tioners provide better, more culturally competent care.
While some barriers (physical discomfort with FP
methods, financial barriers) are more straightforward,
other topics have not been investigated. For example,
in a recent study, a large cohort of youth indicated an
intention to adopt,67 yet little is known about the
adoption experiences and feasibility of adoption in a po-
litical landscape that is changing. Research should
examine potential obstacles such as cost of adoption
(which may be equivalent to costs associated with FP),
and the potential impact of biases toward transgender in-
dividuals on adoption success. Further, since preliminary
investigation shows more transgender adults are inter-
ested in parenting biological children than would be
suspected on the basis of rates of youth opting for

fertility-sparing interventions,61e63,67,68 longitudinal
studies are needed to examine perspectives over time.
The possibility of decisional regret and ultimate parent-
hood desires should be systematically examined.

While research in other pediatric populations can
inform best practices with transgender youth,54,58 the
concerns of youth with other medical conditions, such
as cancer, diverge in important ways from potential
concerns of transgender youth. For instance, youth
with cancer sometimes have unclear survival prognoses
and may have a limited time to consider fertility
options prior to the onset of treatment, which are
considerations that do not necessarily impact trans-
gender youth. Transgender adolescents may have other
considerations that are idiosyncratic to their circum-
stances as well. As mentioned above, family discord
(related to the transition in general)81 may negatively
skew an adolescent’s idea of a family and their desire
to be a future parent, and mental health conditions
such as depression and anxiety23 can impact percep-
tions of future parenting goals. High rates of peer
victimization and social isolation60 may potentially
impact thinking about future likelihood of intimate
partnerships and family goals. These issues do not
absolve professionals from responsibilities to engage
adolescents in decision-making about fertility but do
require further investigation.

CONCLUSIONS
In summary, healthcare providers have a responsibility
to provide adequate counsel about infertility risk and
FP options to gender-diverse youth and their families
prior to initiating any treatments that may impair
fertility. An interdisciplinary approach, including
both medical and mental health providers, is optimal.
Prospective studies are needed to (1) gain a better
understanding of parenthood goals at different ages
and developmental stages, (2) examine fertility out-
comes after hormonal therapies that are initiated in
childhood/adolescence, and (3) inform more optimal
approaches for fertility counseling for children and
adolescents whose sense of urgency to begin medical
transition may be prioritized over FP. Further, techno-
logical advances are needed to improve cell culture
and cryopreservation methods that are currently exper-
imental. Lessons should be learned from research in
other populations (such as pediatric oncology), with a
commitment to conduct studies in this population
and practice evidence-based care.
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CHAPTER 10

Duration of Pubertal Suppression and
Initiation of Gender-Affirming Hormone
Treatment in Youth
HADRIAN MYLES KINNEAR, BA • DANIEL EVAN SHUMER, MD, MPH

Gender identity describes a person’s deeply held
feelings of being a boy or girl, man or woman, or
another nonbinary understanding of their gender.1

The adolescent with gender dysphoria has a gender
identity incongruent with their sex assigned at birth
causing distress.2 Current management of children
and adolescents with gender dysphoria has its roots
in the so-called “Dutch Protocol”, whereby puberty
was suppressed at pubertal (Tanner) stage 2, followed
by treatment with gender-affirming hormones later in
adolescence.3 In this way, the transgender adolescent
was treated sequentially with medications which had
been previously used for both precocious puberty
and for delayed puberty.4,5

The “Dutch Protocol” was subsequently used as a
basis for recommendations outlined by professional
organizations such as the World Professional Associa-
tion for Transgender Health (WPATH) and the
Endocrine Society. The WPATH Standards of Care
(SOC) for the Health of Transsexual, Transgender, and
Gender-Nonconforming People (version 7, 2012)6

and the Endocrine Society Clinical Practice Guideline
for Endocrine Treatment of Gender-Dysphoric/
Gender-Incongruent Persons (2017)7 outline treatment
recommendations pertaining to the use of these medi-
cal interventions. However, since the “Dutch Protocol”
was first described, there have been dramatic shifts in
how transgender and gender-nonconforming youth
are accessing care, and how individuals are conceptual-
izing gender. For example, patients who fit the treat-
ment paradigm initially described by the Dutch had
gender dysphoria presenting prior to the start of
puberty. In practice, the majority of adolescents present
to clinic later than pubertal stage 2.8 In addition, indi-
viduals are increasingly expanding beyond the male/fe-
male, boy/girl, man/woman binary ideas of sex and

gender.9 In parallel, estimates of the prevalence of trans-
gender identities are rapidly changing. Previous esti-
mates using data from the 1970s calculated the
prevalence of transgender identities at 1:30,000 for
natal males, and 1:100,000 for natal females;10 howev-
er, an adult sample fromMassachusetts placed the com-
bined estimate at 0.5% in 2012.11 This 2012 finding has
been further supported by two groups using data from
the 2014 US Centers for Disease Control and Preven-
tion Behavioral Risk Factor Surveillance System to place
the estimates at 0.53%12 and 0.6%13 of the US popula-
tion (1.4 million US adults). Furthermore, at our
children’s hospital-based gender clinic, consultations
with transgender boys now outpace consultations
with transgender girls at a rate of 2:1, a ratio anecdotally
similar to peer institutions. Finally, pubertal suppres-
sion medications as well as most other treatment used
in the “Dutch Protocol” were covered by their national
insurance program, whereas this very expensive medica-
tion may or may not be covered by current health insur-
ance depending on the area of practice.14 In addition,
an implicit assumption was made that transgender
adults would (1) desire and (2) be able to afford gonad-
ectomy, whereas in clinical practice neither one of these
assumptions may be true.

As the field of transgender medicine works to keep
pace with epidemiologic shifts and social changes, clini-
cians are left with clinical questions, which may not be
adequately outlined by current guidelines and SOC.
Central to these clinical questions remain the following:
1. When should a patient begin pubertal suppression

treatment?
2. When should a patient begin gender-affirming

hormones?
3. When should a patient discontinue use of pubertal

suppression treatment?
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The goal of this chapter is to outline and contextu-
alize current treatments and protocols, explore primary
research around these topics, and provide a series of
case examples for multiple clinical situations.

PUBERTAL SUPPRESSION AND GENDER-
AFFIRMING HORMONE THERAPIES
The hypothalamus produces spikes of gonadotropin-
releasing hormone (GnRH), which stimulates the pitu-
itary to produce pulsatile luteinizing hormone (LH)
and follicle-stimulating hormone (FSH), in turn stimu-
lating the gonads. Specifically, LH stimulates the Leydig
cells in the testes to produce testosterone and the thecal
cells in the ovary to produce androgens which are
converted to estradiol in granulosa cells.15 The model
for pubertal suppression treatment uses GnRH agonists,
commonly leuprolide acetate and histrelin acetate,
which are generally used for precocious puberty.16

GnRH agonists work by providing a basal level of
GnRH, which, somewhat counterintuitively, inhibits
the pituitary secretion of LH and FSH. In turn, the
production of the sex steroids in the gonads is
suppressed.17

Following pubertal suppression with GnRH agonists,
gender-affirming hormone therapy with sex steroids is
used for pubertal induction. Transmasculine individuals
are typically prescribed testosterone either as a paren-
teral testosterone ester or transdermal testosterone gel
or patch. Transfeminine individuals are typically pre-
scribed estrogen (oral, transdermal, or parenteral) in
addition to an antiandrogen or a GnRH agonist.7

Gender-affirming hormones are used for pubertal induc-
tion and then continued indefinitely into adulthood.

Inhibition of sex hormone production by adminis-
tration of GnRH agonists can serve three proximal goals

in hormonal management of transgender persons. First,
the development of isosexual secondary sex characteris-
tics can be inhibited. Second, reduction in isosexual sex
hormones may make use of cross-sex hormones more
effective at promoting a hormonal transition, or may
make the required dosage of cross-sex hormones for
effective transition lower and perhaps safer. In our prac-
tice, this “block and replace” strategy is used primarily
in transgender women, who may have more successful
and safe feminization on a GnRH agonist plus low-
dose estrogen compared to higher dose estrogen
without a GnRH agonist. Third, the effects of ongoing
production of isosexual sex hormones in a transgender
person, which may be causing dysphoric symptoms in a
pubertal or postpubertal person, could be reduced.
Examples of this include suppression of testosterone
in a transgender woman who is experiencing dysphoric
erections, or the suppression of estrogen in a trans-
gender man who is experiencing dysphoric menses.

In practice, the use of GnRH agonists is often
complicated by cost and insurance coverage. Therefore,
there may be more notable benefits for use of GnRH
agonists in some situations when compared to others,
and this may have logistical impacts on practice. For
example, a transgender boy at the start of puberty (early
breast budding) would have a significant benefit from a
GnRH agonist with no suitable alternative if the goal is
to prevent development of breasts. Alternatively, a
transgender boy at pubertal stage 5 (full breast develop-
ment) could theoretically use a GnRH agonist to
suppress menses while considering starting testos-
terone. However, this patient could alternatively trial
simpler approaches to suppress menses, such as
depo-medroxyprogesterone, or a daily oral progestin
(Fig. 10.1).
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FIG. 10.1 Timeline. GnRH, gonadotropin-releasing hormone.
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RELEVANT TIME POINTS IN CLINICAL
GUIDELINES AND PROTOCOLS
Clinicians and patients considering pubertal suppres-
sion need to decide when to (1) start GnRH agonist
treatments, (2) start gender-affirming sex steroid
treatment, (3) stop GnRH agonist treatments, and (4)
when to consider alternative approaches if GnRH
agonist treatments are not available to an individual pa-
tient. Each of these questions requires consideration of
the goals of therapy for the individual patient.

We will examine how current clinical guidelines and
protocols address these specific time points. We will
compare the “Dutch Protocol”, the WPATH SOC
(version 7), the University of California San Francisco’s
(UCSF) primary care guidelines, and the 2017 Endo-
crine Society Clinical Practice Guidelines.

The “Dutch Protocol”
The seminal work around pubertal suppression for
transgender youth occurred in the Netherlands. The
timeline set forth by the Amsterdam Gender Clinic in
2006 was as follows: eligible adolescents may begin
GnRH agonists at Tanner stage 2 or 3 and older than
12 years.3 In the Netherlands, the age of 12 years was
chosen as an age when adolescents may make medical
decisions together with their caretakers.18 The assump-
tion was made that the onset of puberty helps to clarify
whether gender dysphoria will persist. Additionally,
they noted that this protocol could be applied to
adolescents in later phases of pubertal development to
halt future progression of puberty. At the age of 16
years, sex steroids were initiated, followed by the option
for genital surgery and gonad removal at the age of 18
years. Sixteen years of age was established for beginning
sex steroid hormone therapy, as 16-year-olds are
considered legal adults for medical decision-making
in the Netherlands. Gender-affirming pubertal develop-
ment was initiated by the use of increasing sex steroid
dosage every 6 months until the adult dose was
reached. GnRH agonist treatment was continued at least
until maintenance level of sex steroids was reached with
a preference to continue until gonadectomy. Addition-
ally, in 2006 in the Netherlands, changing the birth cer-
tificate (the source for other personal documents) was
only possible after the patient had their gonads
removed.3 However, as of 2014, it is now possible to
change official documents in the Netherlands without
gonadectomy. In qualitative analyses of transgender
youth in the Netherlands, statements such as the
following were documented: “I don’t care about hyster-
ectomy because changing gender on official documents
is nowadays possible without this surgical procedure”

(p. 1701),19 highlighting the intersection between the
medical and legal spheres.

In review of the “Dutch Protocol,” some important
considerations are worth addressing. First, the Dutch
authors did make note that provision of hormonal
treatment to adolescents is a controversial topic.
Despite the controversy, Cohen-Kettenis et al., in
2008, made the case that nonintervention is not a
neutral decision for a clinician.20 Second, the societal
and legal context in the Netherlands helped to frame
how different ages were selected for making treatment
decisions. As much of the published literature around
pubertal suppression came from the Netherlands, other
clinicians began to benchmark their timing toward
similar ages: Tanner stage 2 or 3 and 12 years of age
for starting GnRH agonists, gender-affirming hormones
not until at age of 16 years, and continuation of GnRH
agonist treatment with removal of the gonads not
before the age of 18 years. That said, the use of age
cutoffs for what are essentially decisions predicated on
patient and family readiness may or may not make
sense in modern contexts. Finally, it is worth restating
that nearly all gender-affirming treatment was covered
by insurance in the Netherlands resulting in limited
consideration to costs for these interventions.21

World Professional Association for
Transgender Health
The WPATH SOC is based on professional consensus
using the best data available to provide flexible guide-
lines for clinicians. Originally published in 1979, the
current version (version 7) was published in 2012.
The SOC separates treatments for adolescents into fully
reversible (pubertal suppression), partially reversible
(sex steroids), and irreversible (surgical) interventions.
Fully reversible interventions intend to delay or sup-
press puberty and often include GnRH agonists. Other
reversible medications include progestins (medroxy-
progesterone) and spironolactone (to decrease
androgen effects). WPATH comments on two relevant
time points: (1) starting puberty suppression and (2)
starting sex steroid therapy. Puberty-suppressing hor-
mone eligibility may begin as soon as adolescents
have the onset of puberty to Tanner stage 2, which
they note may occur as early as 9 years of age, although
it is stated that the evaluation of this approach has only
been studied for adolescents who were at least 12 years
old. The goals of suppression include giving more time
for the adolescent to explore gender while preventing
difficult-to-reverse development of secondary sex char-
acteristics. For timing of gender-affirming hormones,
the WPATH SOC offers more general guidance, noting
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that the age of consent may be relevant, as well as hor-
mone regimens adapted to account for adolescent
development. Additionally, little is offered around the
appropriate time to stop treatment with GnRH agonist
medication. GnRH agonists are also mentioned for
adult endogenous hormone suppression, on a list of
possible antiandrogens for use in transgender women
and in the context of masculinizing hormone therapy
for transgender men to assist with menstrual cessation
if needed.6

University of California San Francisco
Primary Care Guidelines
Johanna Olson-Kennedy, Stephen Rosenthal, Jennifer
Hastings, and Linda Wesp authored the section of the
UCSF Guidelines for Primary and Gender-Affirming
Care of Transgender and Gender Nonbinary People
entitled “Health considerations for gender non-
conforming children and transgender adolescents” (p.
186).22 In understanding the medical care for trans-
gender youth, they separate youth into two cohortsd
early pubertal youth (Tanner stages 2e3) and late
pubertal youth (Tanner stages 4e5). They note that
GnRH agonists are ideally initiated at the earliest stages
of puberty (Tanner 2e3) to avoid development of
undesired secondary sexual characteristics and discuss
that there is limited study on administration of GnRH
agonists at younger than 12 years of age. The UCSF
Primary Care Guidelines note that the onset of puberty
may occur much sooner than 12 years of age,22 drawing
on the work of Biro et al. demonstrating that at the age
of 7 years, 10% of white, 23% of black non-Hispanic,
and 15% of Hispanic girls had obtained breast
stage �Tanner stage 2.23

With respect to the initiation of gender-affirming
hormones, the UCSF Guidelines discuss consideration
of hormone initiation prior to the age of 16 years
related to several factors. These include the length of
time on a GnRH agonist as potentially relevant to
bone density, the upheaval that may come from experi-
encing puberty in late high school or early college, and
data suggesting that youth who reach adolescence and
experience gender dysphoria are likely to persist.22

This persistence is supported by findings that pubertal
suppression did not ameliorate gender dysphoria for
the first 70 eligible candidates treated at the Amsterdam
gender identity clinic of the VU University Medical
Center.24

The discontinuation of GnRH agonists is also
discussed in regard to the “Dutch Protocol,” which
historically has aligned this to gonadectomy. Genital
surgeries and gonadectomy may be more complicated

to obtain and afford in the United States and other
countries, and also may not be desirable for many trans-
gender individuals. These guidelines discuss potential
continuation of a GnRH agonist concurrently with
gender-affirming hormones into late adolescence or
early adulthood, particularly to reduce required doses
of estradiol in transgender girls. Finally, the UCSF
Guidelines discusses strategies for the management of
hormone therapy, particularly for late pubertal use,
with or without the use of GnRH agonists.22

Endocrine Society Clinical Practice
Guidelines
The Endocrine Society offers updated clinical practice
guidelines published in September 2017. These guide-
lines recommend treating gender-dysphoric/gender-
incongruent adolescents with GnRH agonists when
they have reached Tanner stage 2. Tanner stage 2 is
defined as “breast and papilla elevated as small mound;
areolar diameter increased”; and “slight enlargement of
penis, enlarged scrotum, pink, texture altered, testes
4e6 mL” (p. 13).7

Regarding initiation of gender-affirming hormones,
the clinical guidelines dictate that clinicians may begin
sex steroids after a multidisciplinary team confirms
persistent gender dysphoria/gender incongruence and
the patient has sufficient mental capacity for informed
consent. It is noted that there may be “compelling rea-
sons” (p. 2) for beginning treatment with sex steroids
before the age of 16 years, although there has been
limited literature published on treating patients prior
to 13.5/14 years of age.7

These guidelines also note that rigorous study and
evaluation is needed to determine the effects of pro-
longed pubertal delay on bones, gonads, and brain
development. Additionally, they highlight that GnRH
agonists are the preferred treatment option (there are
also GnRH antagonists without sufficient data around
their safety and efficacy in adolescents). The Endocrine
Society guidelines list the time to stop GnRH agonist
treatment as gonadectomy, although it is acknowledged
that this may not be a procedure chosen by the patient.
The alternative time points for stopping GnRH agonist
treatment include once the adult dose of testosterone
has been reached in transgender men. However, it is
noted that combined testosterone and GnRH agonists
could potentially allow for lower doses of testosterone.
For discontinuing GnRH agonist treatment in trans-
gender women, it is noted that some adjunctive therapy
is needed in addition to physiologic doses of estrogen
and that other antiandrogens may be used, such as spi-
ronolactone and cyproterone acetate in addition to
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GnRH agonists.7 It should be noted that cyproterone
acetate is not available for use in the United States
(Fig. 10.2).

UNRESOLVED QUESTIONS
The four guidelines discussed above (Dutch Protocol,
WPATH, UCSF, and Endocrine Society) are clear on
the use of GnRH agonist medications beginning in early
puberty. This treatment forestalls the onset of secondary
sex characteristics, avoiding the accompanying
dysphoria of this development in the transgender child.
In addition, the older transgender adolescent or adult
who never developed secondary sex characteristics of
their sex assigned at birth may have a more straightfor-
ward time presenting themselves as their affirmed
gender. Finally, the treatment allows for protected time
to explore gender and to make a balanced decision on
the use of gender-affirming hormones in later adoles-
cence. However, the published guidelines offer less
nuance and guidance around topics commonly encoun-
tered when treating transgender youth. For example, if
GnRH agonists are started in early puberty, when should
they be discontinued, especially if gonadectomy is not
practical or desired? What about the large percentage
of adolescents seeking medical care well after the onset
of pubertydare GnRH agonists helpful for these

patients? If so, should GnRH agonists be considered
for adult transgender patients presenting for care?

While peer-reviewed studies attempting to tackle
these questions are sparse, we’ve attempted to guide
the reader through the various situations when GnRH
agonists could be considered, and when the use of
GnRH agonists may or may not be helpful. In writing
this section, we have relied on personal clinical experi-
ence, input from other experts in the field, published
clinical guidance, and the limited available data on
medical treatment and outcomes for transgender
individuals.

CASE EXAMPLES
Case 1: the 9-Year-Old Prepubertal Boy or
Girl at Pubertal Stage 1
Families of transgender or gender nonconforming
youth may present to primary care providers or multi-
disciplinary gender clinics looking for guidance on
topics related to gender. For example, a 9-year-old and
their parents may present to their primary care provider
to discuss the right timing to make a social transition.
The family may request referral to a therapist with expe-
rience in gender to help sort through topics of gender
exploration, or to navigate challenges related to making
a social transition. Often, we see prepubertal children

Guidelines Start GnRH agonists Start Sex Steroids Stop GnRH agonists

Dutch Protocol (2006)3 Tanner stage 2 or 3 
and older than 12 years

Age of 16 years Gonadectomy (eligible 
at 18 years of age)

WPATH SOC (2012)6 Tanner stage 2 Relevant to age of 
consent and 
adolescent 
development

Unclear, may be used 
in adults

UCSF Primary Care 
Guidelines  (2016)22

Tanner stage 2 Consider prior to 16
years of age relevant to
bone density & upheaval
of late puberty

Can continue into 
adulthood, particularly 
for trans-feminine 
individuals

Endocrine Society 
Clinical Practice 
Guidelines (2017)7

Tanner stage 2 May treat before the age 
of 16 years, limited
literature prior to 13.5/14
years

At gonadectomy or
Transmasculine: adult 
dose of testosterone 
reached; Transfeminine:
use with estrogen or
replace with other
antiandrogen  

FIG. 10.2 Guidance summary diagram.
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referred to our multidisciplinary gender clinic. These
children will undergo a comprehensive gender and psy-
chosocial assessment by one of our clinic’s mental
health professionals. The clinician will provide
gender-related education and support to the family,
and also to the child at an age-appropriate level. There
may be a recommendation to connect with a therapist
in the patient’s community with experience in gender,
or referral to a psychiatrist if the child has comorbid
psychopathology such as anxiety or depression that
may require a medical intervention. The family may
also wish to meet with one of the clinic’s physicians
for discussion of hormonal interventions for gender
dysphoria. Additionally, the family may not know
whether the child is perhaps in early puberty, and a
careful pubertal staging exam is required.

The current guidance from WPATH and the Endo-
crine Society does not support treatment of prepubertal
youth with GnRH agonists for purposes of pubertal
suppression. Treatment before pubertal stage 2 is not
necessary, as pubertal hormone production does not
yet occur prior to this stage. Furthermore, it is thought
that early puberty can have some diagnostic valueeif
gender dysphoria persists or intensifies in early puberty,
it is more likely to persist as adolescence continues; if it
dissipates, then treatment may not be necessary. In a
Dutch study aimed toward understanding persistence
of gender dysphoria, older children were found to be
more likely to persist.25 Furthermore, some of the
changes in early puberty up to Tanner stage 2 show
regression with GnRH agonists, including reductions
in testicular volume and varying degrees of breast devel-
opment regression.26

In medical visits with prepubertal youth, it is our
practice to discuss topics of gender including validating
the child’s gender experience, assessing mental health
needs, and providing information at an age-
appropriate level about puberty and the option of
intervention with pubertal suppression in the future.
A pubertal staging exam can be performed to confirm
that the child remains at pubertal stage 1. Frequency
of visits can vary depending on the age of the child. A
very young child may not need to see a hormone pro-
vider for years and can continue to follow with their
supportive primary care provider. Peripubertal children
could be followed at closer intervals for pubertal staging
exams, or this could be accomplished using a team
approach with the primary care provider. Parents and
children can also be given guidance on contacting their
health professional if they note early breast develop-
ment or testicular enlargement, the hallmarks of puber-
tal stage 2, between visits, with instruction to contact
the office should these findings develop. Parents

anxious to avoid even the very start of puberty may
request GnRH agonist treatment for their child prior
to the start of puberty; however, this is not the recom-
mended treatment by current guidelines, and it is not
our practice to intervene in this manner.

Case 2: the 11-Year-Old Transgender Boy at
Pubertal Stage 2
Breast budding is the hallmark of pubertal stage 2 in
natal females. The average age of breast budding
(pubertal stage 2) varies throughout the population
and ranges from 8.9 to 11.2 years across studies.27 The
current definition of precocious puberty in natal
females is the onset of central puberty prior to 8 years
of age28; the definition of delayed puberty is the lack
of central puberty at the age of 13 years.29 The trans-
gender boy who is currently at pubertal stage 2 and
meets criteria for gender dysphoria is eligible to receive
pubertal suppression using a GnRH agonist.6,7

There are several rationales for treatment. Continued
development of secondary sexual characteristics can
exacerbate gender dysphoria. Additionally, develop-
ment of secondary sex characteristics that are perma-
nent may require surgical treatment in the future.
Specifically, treatment with GnRH agonists at pubertal
stage 2, followed by future treatment with testosterone,
can obviate the potential need for masculinizing chest
surgery. Furthermore, because GnRH agonist therapy
is considered a “reversible” intervention (i.e., puberty
would commence if the medication is discontinued),
the adolescent can continue to explore their gender
identity prior to making a commitment to the “partially
irreversible” intervention of testosterone therapy.

When starting GnRH agonist therapy in a trans-
gender boy at pubertal stage 2, multiple important con-
siderations should be explored. First, the child and
family should be counseled that the treatment will
affect the normal timing of the pubertal growth spurt.
Children treated with GnRH agonists continue to
grow at a prepubertal speed. It would be expected that
growth acceleration would commence once the child
is withdrawn from GnRH agonist therapy, or once
testosterone treatment is initiated. Preliminary study
has shown slowed height velocity gain during pubertal
suppression, with growth spurts shown after adminis-
tration of testosterone but not estrogen.3

Second, bone metabolism is affected by pubertal
suppression. Pubertal hormones are important modu-
lators of the relative increase in bone strength that
occurs in adolescence. Bone density accrual will
continue in a prepubertal fashion while on treatment;
however, the adolescent acceleration in bone density
will be postponed until withdrawal from GnRH agonist
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medication or treatment with testosterone. Experiences
of the first 21 patients treated with the Dutch Protocol
demonstrated no significant changes (although reduced
calculated z-score) in bone mineral density during
pubertal suppression for the lumbar spine, femoral
neck, and total body. Significant increases in bone den-
sity were also shown following sex steroid treatment.3

Another longitudinal study demonstrated reduction in
lumbar spine absolute bone mineral density z-scores
for 34 adolescents (using natal sex reference values)
when compared prior to the start of GnRH agonists
and then for follow-up at the age of 22 years (after treat-
ment with GnRH agonists, sex steroids, and gonadec-
tomy). These findings were interpreted to be related to
delayed or reduced peak bone mass potential.30

Third, menarche will not occur while on treatment
with a GnRH agonist. This is likely reassuring to trans-
gender boys. However, this eliminates the potential
for oocyte harvesting in interested patients by
controlled ovarian stimulation. Fertility preservation
in a prepubertal female is not a standardly available
procedure, as ovarian tissue cryopreservation is
currently considered experimental, although it may be
moving toward broader clinical implementation.31

Therefore, while treatment with GnRH agonist does
not, itself, cause infertility, the patient may be progress-
ing down a road toward possible infertility by embark-
ing on GnRH agonist therapy prior to menarche with
the intention of future sex steroid treatment. Fertility
for transgender men on sex steroid treatment (testos-
terone) has not been well studied. Current guidelines
assume loss of fertility with testosterone treatment
and encourage prior oocyte or embryo cryopreserva-
tion.7 Despite assumed fertility loss, there are accounts
in the literature where some transgender men have
paused testosterone and carried pregnancies, while
others have unintentionally become pregnant while
taking testosterone therapy.32

Finally, there are several other health considerations
for transgender adolescents considering GnRH agonist
therapy. There have been several reported cases in the
literature of GnRH agonist-induced arterial hyperten-
sion in transgender boys.33 Additionally, fat percentage
increased and lean body mass percentage decreased
during the first year of treatment with GnRH agonists
for both transgender boys and transgender girls.26

Therefore, in review of these multiple important consid-
erations, careful discussion of the risks and benefits of
GnRH agonist therapy is necessary before proceeding.

The transgender boy who starts on GnRH agonists at
pubertal stage 2 becomes eligible for testosterone treat-
ment later in adolescence provided that their gender
identity as a boy persists over time. Timing of

testosterone therapy is debated. Historically, 16 years
of age had been used, correlating to the Dutch age of
consent. However, the psychological impact of delaying
puberty to the age of 16 years can be challenging for
transgender boys who are watching their peers complete
puberty by this age. Contemporary practice in the
United States is trending toward clinicians being pri-
marily focused on patient readiness, maturity, and the
ability to understand risks and benefits of testosterone
treatment. The 2017 version of the Endocrine Society
Clinical Practice Guideline recognizes that there may
be reasons to begin sex hormone treatment before the
age of 16 years, with the acknowledgement that there
are limited published studies prior to the age of
13.5e14 years.7

A transgender adolescent boy on testosterone may
no longer require GnRH agonist medication. The sup-
pressive effect of testosterone on the adolescent’s
hypothalamicepituitaryeovarian axis may obviate the
need for concurrent treatment with a GnRH agonist
and testosterone. It is therefore our practice to discon-
tinue GnRH agonist therapy once testosterone dosing
is increased to the adult dose. The estradiol level and
clinical exam can guide whether discontinuation of a
GnRH agonist after initiation of testosterone level is
effective. Estradiol levels in the female range or clinical
progression of breast development may necessitate an
increase in the testosterone dose or resumption of
GnRH agonist therapy. If GnRH agonist therapy is
needed concurrently with testosterone treatment, it
could be discontinued if the patient elects for hysterec-
tomy/oophorectomy as an adult.

In some instances, a natal female on GnRH agonist
therapy may express a desire to continue GnRH
agonist therapy indefinitely, rather than discontinue
it and proceed through female puberty or start
testosterone. This desire may be founded on a rejec-
tion of a binary gender identity or identification as
agender. While understandable, the importance of
pubertal hormones for physical health and bone
health necessitate that adolescents do get exposure to
puberty. The indefinite withholding of puberty is not
recommended.

Case 3: the 11-Year-Old Transgender Girl at
Pubertal Stage 2
Testicular enlargement is the hallmark of pubertal
stage 2 in natal males. Testicular enlargement occurs
due to stimulation of the testes by gonadotropins
and is accompanied by testosterone production. This
pubertal stage is often less obvious to patients and par-
ents than breast budding in natal females. For this
reason, pubertal staging exams by a physician can be

CHAPTER 10 Duration of Pubertal Suppression 79



helpful in the identification of the start of male puberty
in transgender girls. The average age of testicular
enlargement >3 mL was reported to be 11.6 years,
with a range of 9.6e13.7 years in a recent Danish
study.34 Similarly, the average age for genital Tanner
stage 2 was 10.1, 9.1, and 10.0 years in non-Hispanic
white, African-American, and Hispanic youth, respec-
tively, as found by an office-based study from the
American Academy of Pediatrics.35 Precocious puberty
in natal males is defined as the onset prior to the age of
9 years, and delayed puberty is defined as no pubertal
development by the age of 14 years.28,29

Transgender girls at pubertal stage 2 are eligible for
treatment with a GnRH agonist. Rationales for treat-
ment are similar to the rationales for transgender
boys. Continued development of male secondary sexual
characteristics may exacerbate gender dysphoria. Many
of these changes, such as the deepening of the voice
and development of a prominent Adam’s apple, growth
of facial and body hair, and masculinization of the face,
would be permanent. The intervention with a GnRH
agonist is “reversible” and allows time for further
gender identity exploration prior to committing to
feminizing medications.

Initiation of treatment with a GnRH agonist in a
transgender girl at pubertal stage 2 requires discussion
about several other considerations. The adolescent
will continue to grow, but at a prepubertal speed,
while on GnRH agonist therapy. If estrogen is initiated
later in adolescence, a growth spurt and subsequent
growth arrest will occur, likely resulting in a shorter
final adult height than if no intervention was pursued.
Similarly to transgender boys, bone density accrual
will continue in a prepubertal fashion while on treat-
ment; however, the adolescent acceleration in bone
density will be postponed until withdrawal from
GnRH agonist medication or treatment with estrogen.
Spermatogenesis will not occur if puberty is sup-
pressed.36 Therefore, a child treated with GnRH
agonist medication followed by estrogen would not
have the opportunity to preserve sperm using the stan-
dard methods.

The transgender girl who starts on GnRH agonist
therapy at pubertal stage 2 would become eligible for
estrogen treatment in later adolescence if her gender
identity as a girl persists. As discussed in Case 2, the
age of initiation of estrogen treatment was historically
set at 16 years, but there has been a shift toward treat-
ment at younger ages based on individual patient
readiness.

After initiation of estrogen, the transgender girl may
benefit from continued pubertal suppression using a

GnRH agonistda departure from the guidance for
transgender boys. Concurrent treatment with a GnRH
agonist plus estradiol, the so-called “block and replace”
strategy, allows for smaller doses of estrogen to achieve
normal female puberty. In our experience, the dose of
estradiol required for normal female puberty in a
patient on concurrent GnRH agonist treatment is
similar to the dosing used in cisgender girls with
ovarian insufficiencydoral 17-b estradiol, 2 mg orally
daily, or transdermal estradiol patches 0.1 mg/24 h.
This is in contrast to much higher doses often required
in transgender girls not on GnRH agonist treatmentd
oral 17-b estradiol 6e8 mg orally daily, or transdermal
estradiol patches up to 0.4 mg/24 h.22 When treating a
transgender adolescent or young adult with estrogen,
the Endocrine Society suggests goals of therapy as main-
taining a serum estradiol level between 100 and 200 pg/
mL, and a serum testosterone level less than 50 ng/dL.7

It is clear that achieving these goals is easier when using
the “block and replace” strategy. That said, in practice,
as previously stated, GnRH agonist medications are
expensive and often insurance coverage is difficult to
obtain. For this reason, we often advocate strongly for
coverage for the transgender girl at pubertal stage 2 at
least until estrogen treatment commences, and then
continue treatment with a GnRH agonist if possible,
but with less urgency.

In the patient with initiation of GnRH agonist treat-
ment at pubertal stage 2, followed by continued concur-
rent treatment with GnRH agonist and estrogen
treatment in later adolescence, the GnRH agonist treat-
ment could be discontinued at the time of gonadec-
tomy, if surgery is desired in young adulthood. There
is some concern that technical aspects of vaginoplasty
are made more difficult when the surgery is performed
on a young adult who has never gone through male
pubertydthe phallic size is smaller in these patients,
and there is less tissue available for certain surgical
methods used to create the neovagina.20

As outlined in Case 2, there may be instances where a
natal male on GnRH agonist therapy may express a
desire to continue GnRH agonist therapy indefinitely,
without proceeding through male puberty or starting
estrogen. Again, the importance of pubertal hormones
for physical health and bone health necessitate that ad-
olescents do get exposure to puberty, and indefinite
withholding of puberty is not recommended.

Case 4: the 15-Year-Old Transgender Boy at
Pubertal Stage 4
Many transgender adolescents do not present for care at
the time of onset of puberty. In our clinic, for example,
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approximately two-thirds of patients are presenting for
care at pubertal stage 4 or 5. A transgender boy present-
ing at pubertal stage 4 requires different medical consid-
erations than a transgender boy presenting at pubertal
stage 2. The most obvious physical difference between
stage 4 and 2 is breast development. The transgender
boy at pubertal stage 4 has breasts nearing adult size
and contour. The adolescent is likely menarchal, and
if not, will be having menarche soon.

In considering treatment options for the transgender
boy at pubertal stage 4, one must first consider goals of
treatment. Goals may include (1) to start a masculin-
izing puberty, (2) to stop menses or prevent menses
from starting, and (3) to limit further breast
development.

The patient may or may not be ready to start treat-
ment testosterone. If the adolescent meets readiness
criteria for initiation of testosterone, we recommend
starting testosterone and not initiating treatment with
a GnRH agonist (see Case 2). If the adolescent is not
ready to start testosterone treatment, GnRH agonist
medication would be helpful in suppressing menses
and limiting further breast development. That said,
breast development already present would not resolve,
and masculinizing chest surgery would likely still be
required in the future for chest-based dysphoria. In
addition, there are other hormonal methods that could
be employed to suppress menses besides GnRH agonist
treatment. In this situation, given the high cost of GnRH
agonist medication for marginal utility, we employ pro-
gesterone for purposes of menstrual suppression in the
late-pubertal transgender boy not ready for testosterone
treatment. Norethindrone or other progestin-only oral
pills, or depo-medroxyprogesterone acetate 150 mg
intramuscularly every 3 months can be used in this
patient population with the primary goal of suppres-
sion of dysphoric menses.37 If testosterone treatment
is subsequently initiated, progesterone treatment can
be discontinued.

Case 5: the 15-Year-Old Transgender Girl at
Pubertal Stage 4
Likewise, a transgender girl presenting at pubertal stage 4
requires different medical considerations than a trans-
gender girl presenting at pubertal stage 2. This patient
will have had almost complete masculinization of the
external genitalia and deepening of the voice. However,
there are several important processes that occur in late
male puberty that are of significant consequence to the
transgender girl. First, fullness of facial hair and body
hair are late-developing processes in male puberty.

Second, full masculinization of the face is another
late-developing process, such that natal males with
almost complete pubertal genital development, or even
natal males at genital stage 5, often have a young appear-
ing face, which will continue to masculinize into late
adolescence and early adulthood. Therefore, we are
more aggressive in our attempt to treat transgender girls
in later puberty with GnRH agonist medications. As out-
lined in Case 3, we would consider treatment withGnRH
agonist regardless of whether estrogen was being initi-
ated concurrently for these patients and consider
continuing this treatment until gonadectomy if desired
in young adulthood, and dependent on their ability to
obtain coverage for the medication.

Spironolactone, a weak androgen receptor antago-
nist, can also be used in this patient population if
GnRH agonists are not used. The medication, pre-
scribed at dosing ranging from 100 to 300 mg/day
orally,7 blunts the effect of androgens and can be help-
ful at slowing development of unwanted facial and
body hair, or other masculinizing effects of male
puberty. Other medications that suppress androgen
action, including cyproterone acetate, flutamide, niluta-
mide, and bicalutamide, have been reported for use in
transgender women as well.38

Case 6: the 17-Year-Old Transgender Boy at
Pubertal Stage 5, or the Adult Transgender
Man
Treatment considerations for the postpubertal trans-
gender boy are similar to considerations for the trans-
gender boy presenting at pubertal stage 4. Monotherapy
with testosterone could be considered based on patient
readiness. Progesterones could be considered for
menstrual suppression for patients with dysphoric
menses not ready for testosterone treatment.

Case 7: the 17-Year-Old Transgender Girl at
Pubertal Stage 5, or the Adult Transgender
Woman
Treatment considerations for the postpubertal
transgender girl are similar to considerations for the
transgender girl presenting at pubertal stage 4. Estrogen
can be started based on patient readiness. Adjunctive
treatment with a GnRH agonist can be helpful, if avail-
able, using the “block and replace” strategy described
in Case 3. If GnRH agonists are not used, and especially
if monotherapy with estrogen is not achieving adequate
clinical results and/or ideal blood levels of estrogen and
testosterone, adjunctive therapy with antiandrogens can
also be considered (i.e., spironolactone, cyproterone
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acetate, bicalutamide. When GnRH agonists are used in
conjunction with estrogen, this intervention could be
discontinued at the time of gonadectomy, if desired.

Case 8: The Gender Nonconforming Child in
Early Puberty
Gender nonconforming children are increasingly pre-
senting to gender clinics to discuss treatment with
GnRH agonist medications. For example, a natal
male or a natal female may present to the clinic at
the age of 13 years after parental discussion around
their identification as genderqueer. Some parents may
research interventions and request GnRH agonist med-
ications while their child works through their gender
identity. In our experience, the current generation of
youth is expanding the boundaries of sexuality and
gender, and often times rejecting binary ideas of
gender, sex, and sexuality. This requires careful consid-
eration by clinicians as to when medical intervention is
appropriate.

We define gender identity as a deeply held internal
sense of oneself as a boy or girl, man or woman, another
gender (e.g., genderqueer, nonbinary), or no gender at
all (e.g., agender). Gender expression is the way one
manifests one’s gender by the way that one acts, dresses,
and presents oneself socially. Sexual orientation is
defined as emotional, romantic, and sexual attraction
to one, multiple, all, or no sexes/genders.

The first step in assessing eligibility for a medical
intervention is gaining a better understanding of the
youth’s understanding of their sex, gender, and gender
expression. This is best accomplished with careful
assessment by a mental health professional with
experience in working with youth around topics of
gender. Important considerations to explore include
the following: When did the child or adolescent begin
considering gender in more detail? How is the youth
experiencing pubertal changes? Are pubertal changes
causing distress or anxiety? What is the youth’s current
understanding of how medical interventions work,
and what would they expect to happen to their bodies
if medical interventions are used? How do their
parents perceive their gender identity now and
historically? What is the level of support for gender
exploration in the youth’s home and in the youth’s
community? Are there co-occurring mental health
comorbidities present such as anxiety and depression
and are these comorbidities in reasonable control?
Does the child meet Diagnostic and Statistical Manual
of Mental Disorders, 5th edition, criteria for gender
dysphoria?

Regardless of the answers to these questions, there is
little in the medical literature and clinical guidelines
around endocrine treatment for the gender-expansive
or gender nonbinary youth. The original utility of using
GnRH agonists was, in essence, to buy time for the
adolescent to make a balanced decision about gender
without the stress of the progression of dysphoric
puberty. We would argue that gender-expansive, gen-
derqueer, or gender nonbinary youth would not be
good candidates for GnRH agonists unless there is
dysphoria related to the current progression, or the
anticipated progression of isosexual puberty. If a
GnRH agonist was felt to be appropriate for an individ-
ual under these circumstances, indefinite suppression of
puberty without endogenous puberty or exogenous sex
steroid treatment is not recommended.

Financial Considerations
Guidelines are only theoretical if they recommend treat-
ments that are unavailable. GnRH agonist medications
are extremely expensive and not affordable to most
families if not covered by medical insurance. While pro-
viders in various geographical locations have had
different success with respect to coverage, it is clear
that access to GnRH agonist treatment is not univer-
sal.14 Barriers to universal coverage of GnRH agonist
treatment for transgender youth may include (1) it is
not Food and Drug Administration approved for use
outside of treatment for youth with precocious puberty,
(2) long-term data on safety and efficacy is deemed not
robust by some, and (3) gender-affirming treatment is
not mandated for coverage in all areas. Approval or
denial of GnRH agonist treatment has serious practical
implications for the individual patient and may signifi-
cantly impact the care plan.

For a child in early puberty, who is eligible for, but
cannot afford GnRH agonist treatment, limited options
exist. One consideration would be exploration of
different formulations of GnRH agonists. For example,
the GnRH agonist designed for use in adults with pros-
tate cancer (Vantas, Endo Pharmaceuticals) is much less
expensive than the formulation used in children with
precocious puberty (Supprelin, Endo Pharmaceuti-
cals).14 Additionally, treatment of transgender youth
with medroxyprogesterone to suppress puberty has
also been described.39 Lastly, and concerningly, the
adolescent who would otherwise be started on GnRH
agonist treatment to delay pubertal decisions regarding
sex steroid therapy, but who cannot afford the blocker,
may promptmore urgent discussion about readiness for
initiation of gender-affirming hormones.
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INITIATION OF GENDER-AFFIRMING
HORMONES
Gender-affirming hormones, testosterone and estrogen,
are used to promote development of secondary sex
characteristics aligned with a person’s gender identity.
As discussed above, age of initiation is a topic of
ongoing conversation in the field of transgender
medicine. Historically, 16 years of age was used in the
“Dutch Protocol” as this is the age of consent in the
Netherlands. This historical tradition was carried for-
ward in the WPATH SOC and the Endocrine Society
Guidelines. That said, the revised version of the Endo-
crine Society Guidelines (2017) notes that delaying
treatment with these hormones until 16 years of age
may not be in the best interest for all patients.7 In order
to assess this historical practice, we should consider the
risks and benefits of delaying treatment.

Perhaps the original impetus for delaying treatment
to 16 years of age in the Netherlands was to allow for
legal consent for treatment. However, this rationale
only applies to the Netherlands or other countries where
the age of medical consent is 16 years. If the same ratio-
nale were applied to the United States, perhaps patients
would need to wait until 18 years of age to consent for
testosterone or estrogen. It is important to note that
delaying puberty until the age of 16 years is not physio-
logic. Thus, waiting to begin puberty until the age of 18
years would alter the normal timing of puberty to an
even more dramatic extent and is not a practical course
of treatment. Furthermore, there is concern that the
longer an adolescent remains prepubertal on GnRH
analog suppression, the higher the risk for low bone
mineral density. Finally, withholding pubertal hor-
mones until the age of 16 years may be socially and
emotionally difficult for an adolescent, making pubertal
timing delayed compared to their peers.

In his description of endocrine considerations for
transgender youth, Rosenthal notes that at the time of
writing (2014), his institution (UCSF) was studying
the impact of cross-sex hormone treatment at the age
of 14 years, which is an age similar to the upper end
of normal pubertal onset.37

An alternative approach considers patient and family
readiness, rather than any particular age cutoff, as the
most important factor for the initiation of gender-
affirming hormones. This approach would allow for
initiation of testosterone or estrogen at any age after
pubertal onset. This approach takes into account the
fact that a 12-year-old on a GnRH agonist since the
age of 9 years, who perhaps made a social transition
at the age of 6 years, may be a better candidate for

testosterone or estrogen than a 15-year-old who is in
the early stages of exploring their gender identity.

Ultimately, it is our opinion that arbitrary age cutoffs
are not particularly helpful on the individual level and
that an individualized approach is preferred based on
patient readiness, assessed by a mental health profes-
sional with expertise in gender identity. However, prior
to the accrual of long-term data, providers should be
cautious when starting gender-affirming hormones in
early adolescence.

TESTOSTERONE
Transgender men and boys are prescribed testosterone
to promote development of male secondary sex char-
acteristics. Testosterone is most often prescribed as
an intramuscular or subcutaneous injection (testos-
terone cypionate or testosterone enanthate) once
weekly or once every 2 weeks. The adult dose of inject-
able testosterone is typically 50e100 mg/week or
100e200 mg/2 weeks. When treating transgender
boys who have been treated with GnRH agonists, or
even adolescents who have not been on GnRH ago-
nists, the goal is to mimic normal puberty, which be-
gins gradually. Therefore, dosing often starts lower,
perhaps at 12.5 mg/week or 25 mg/2 weeks, and in-
creases over time to the adult dose.37 Titration of
dosing is based on the development of desired mascu-
linizing effects, suppression of menses if not co-treated
with a GnRH agonist, and monitoring of testosterone
levels with a goal of an age-appropriate male testos-
terone level.

Alternative formulations of testosterone include
transdermal patches or testosterone gel. These formula-
tions are most often prescribed once the full adult dose
has been reached using injectable testosterone; howev-
er, these can also be considered in the patient with
needle phobia.37 Testosterone treatment likely increases
the risk of polycythemia, sleep apnea, weight gain, and
cystic acne and possibly increases the risk of elevated
liver enzymes, hyperlipidemia, and hypertension.6

ESTROGEN
Transgender girls and women are treated with estrogen
in order to achieve feminine secondary sex characteris-
tics. 17-b-estradiol is the preferred formulation of estro-
gen and is available as a transdermal patch, oral tablet,
or as an injectable. In pediatric patients, transdermal
patches and oral tablets are most commonly prescribed.
The dosing of estrogen, as described above, varies
depending on co-treatment with a GnRH agonist. The
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required dose of 17-b-estradiol is much lower for the
suppressed patient. For the suppressed transgender
woman, the typical adult dose of 17-b-estradiol is typi-
cally 2 mg when given as an oral tablet, and 0.1 mg/
24 h patch when given as a transdermal patch. However,
when not suppressed, the required dose may be as high
as 6e8 mg orally, or 0.4 mg/24 h transdermal patch.22

Similarly to testosterone, younger patients on GnRH
agonist treatment typically start at lower doses and grad-
ually increase to the adult dose. Titration of dosing is
based on the development of desired feminizing effects,
suppression of testosterone effects such as erections and
facial/body hair development, and testosterone and
estrogen levels in the age-appropriate female range.37

Estrogen treatment likely increases the risk of thrombo-
embolic disease (particularly synthetic ethinyl estra-
diol), hypertriglyceridemia, gallstones, elevated liver
enzymes, and weight gain and may increase the risk of
hypertension and hyperprolactinemia.6

CONCLUSIONS
The field of transgender medicine is growing, and argu-
ably maturing from its infancy into its adolescence.
Endocrine treatment of transgender youth began with
the observation that earlier treatment, including puber-
tal blockade, could provide significant reduction in
dysphoria in adolescence and improved physical and
mental health outcomes. As these observations became
Guidelines and SOC, logistical and safety questions
emerged, which have not been fully resolved. While
current guidelines provide a framework for treatment,
they fail to address important questions that
commonly arise in clinical care. It is our hope that
this chapter fills some of these gaps. Clearly, further
research is needed to inform best practices in the care
of the transgender adolescent. Simultaneously, finan-
cial barriers to care must be addressed in order for all
transgender youth to receive access to gender-
affirming treatment.
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CHAPTER 11

Ethical Considerations of GnRHa
Treatment and Consent Process
REBECCA M. HARRIS, MD, PHD, MA • JOEL E. FRADER, MD, MA

INTRODUCTION
Over the last decade, the medical treatment of
transgender youth has evolved. In medicine and
in much of Western society, there is a movement
to acknowledge that biological sex and gender
identity are distinct entities. Furthermore, many now
challenge the idea that gender identity only involves
a binary male/female system; numerous individuals
believe gender identity is fluid and can occur along a
spectrum.1

At this time, we lack precise data regarding how
many children and young adults identify as trans-
gender. Extrapolating from studies of adults, the
prevalence may be as high as 1 in 200.2,3 Multidisci-
plinary clinics for transgender youth have experienced
an increase in patient enrollment over the last several
years.1 Additionally, the number of younger children
presenting to clinics for gender nonconforming
youth has increased. The rising number of patients
presenting to gender clinics and the younger age at
presentation likely result from a combination of
factors, including (1) increased access to information
from the Internet, (2) more media and other public
attention to transgender individuals in society, and
(3) increased openness between parents and educa-
tional and healthcare professionals about gender
nonconforming behavior.4 While there is no “typical
age” at which recognition of gender incongruence oc-
curs, a recent study found the average age was
8.3 years. The standard deviation found in the research
study was 4.5 years, indicating children younger than 4
years experienced gender incongruence.5

Multiple factors complicate the medical management
of transgender youth. First, transgender youth have high
rates of depression, suicidal ideation, and self-harm
compared to non-LGBT (lesbian, gay, bisexual, trans-
gender) peers.6 In one study, 35% of transgender youth

had depression, more than 50% had suicidal ideation,
and 33% had attempted suicide.5 Therefore, clinicians
have an obligation to identify and secure treatment for
these serious mental health conditions, in addition to
addressing any gender dysphoria. Also confounding
initiation of specific medical management of transgender
youth is the elusive ability to predict which children will
“persist” and remain transgender and which children will
“desist” and find congruence with their natal sex.

In this chapter, we discuss the ethical issues
involved in pubertal suppression of transgender youth.
We first provide background information on current
methods of pubertal suppression, the known effects
of gonadotropin-releasing hormone (GnRH) agonists,
and the benefits of pubertal suppression. We explore
the ethical issues involved in pubertal suppression
with GnRH agonists in transgender youth, looking
at beneficence, nonmaleficence, autonomy, and
informed consent and assent. The ethical issues
involving gender-affirming hormones (GAHs) and
gender-affirming surgery, while interesting, are beyond
the scope of this chapter.

PUBERTAL SUPPRESSION
Physiologically, pubertal progression begins with
GnRH pulses from the hypothalamus. This results in
production of gonadotropins, luteinizing hormone
and follicle stimulating hormone, from the pituitary.
The gonadotropins then stimulate the gonads to pro-
duce sex hormones, namely testosterone in natal males
and estrogen in natal females. Clinically, the first sign of
puberty in girls is thelarche, with development of breast
tissue. On average, thelarche occurs between the ages of
8 and 13 years. In boys, the first sign of puberty is testic-
ular enlargement. In natal males, secondary sex charac-
teristics typically appear between the ages of 9 and 14
years. The five-point Tanner staging system denotes
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progression of physical changes through puberty.
Tanner stage 1 is prepubertal and Tanner stage 5
signifies full pubertal development.7

Clinical pubertal suppression involves administra-
tion of GnRH agonists. The lay term for GnRH agonists
is “blockers” as they “block” puberty. Treatment with a
GnRH agonist results in tonic, rather than pulsatile
levels of GnRH. Without pulsatile GnRH, the
hypothalamicepituitaryegonadal axis is suppressed.
With this suppression, the amount of sex hormone
(testosterone in natal males and estrogen in natal
females) produced by the gonads decreases and puber-
tal progression stops.7 In the United States, clinicians
use two GnRH agonists, leuprolide (brand name
Lupron) and histrelin (brand name Supprelin). Leu-
prolide, an injectable GnRH agonist is administered
once a month or once every 3 months. Histrelin, an
implant placed subcutaneously, delivers medication
for up to 2 years. Histrelin can be implanted with or
without sedation.4

Pubertal suppression with GnRH agonists first saw
clinical use in patients with precocious puberty to
stop pubertal progression and provide additional
time for the child to grow.8 In 2006, a group in the
Netherlands created a protocol for the use of GnRH ag-
onists in transgender patients as young as 12 years.9

The goal was to suppress puberty in order to treat
gender dysphoria.4 In 2009, the Endocrine Society,
along with the World Professional Association for
Transgender Health and several other organizations,
created a clinical practice guideline recommending
the use of GnRH agonists for pubertal suppression in
transgender children. However, instead of stipulating
an age for initiating the use of GnRH agonists, the
guidelines recommended their use as early as Tanner
2, which can occur before 12 years of age.10 The
Endocrine Society also recommended psychological
assessments of patients to ascertain their readiness
for treatment and ensure that mental health comorbid-
ities be addressed along with gender dysphoria. The
guidelines further recommended ongoing patient
follow-up by a mental health provider throughout
medical treatment.10

Currently, GnRH agonists are the standard of
care for pubertal suppression in transgender youth.4

Clinicians generally believe that blocking puberty
with GnRH agonists is fully reversible. However, there
are limited safety and efficacy studies, and medical
science has virtually no data on the safety or effective-
ness of GnRH agonists in transgender children younger
than 12 years.1

GnRH agonists do have known side effects. Approx-
imately a month after the initial administration, a

surge of sex hormones, testosterone in natal males
and estrogen in natal females, can occur, resulting in
acceleration of natal puberty or even initiation of
menstruation, with substantial distress for the patient.
An additional leuprolide injection 2 weeks after
the initial injection or implant insertion counteracts
these side effects. Local site reactions (i.e., pain,
swelling, abscess), rash, hot flushes, and sweating can
all occur, as well.4

BENEFITS OF PUBERTAL SUPPRESSION
Pubertal suppression with GnRH agonists constitutes
the first step in the medical treatment of transgender
youth with gender dysphoria.4 GnRH agonists provide
several benefits to trans-youth. First and foremost,
GnRH agonists prevent the development of natal
secondary sex characteristics, which cause substantial
emotional turmoil in transgender patients, worsening
dysphoria and exacerbating psychiatric comorbid-
ities.5 Additionally, postponing the “wrong” puberty,
can allow the patient to focus more fully on mental
health therapy.4 Second, delaying puberty provides
transgender youth and their families time to think
about their needs and goals before deciding whether
to continue with more “permanent” aspects of the
gender transition process.4,11 While patients have
sometimes had ample time to think through their
circumstances and aspirations, it often takes family
members longer to understand the situation, see
things from the patient’s perspective, and accept a
radical change in their expectations and hopes for their
child. Families also often need time to learn about the
benefits and risks of medical treatment. Third, if
the child and the family decide to continue with the
gender transition, preventing natal secondary sex
characteristics allows for optimal transition.12 Prevent-
ing the formation of natal secondary sex characteristics
by halting natal puberty can reduce or eliminate the
need for surgeries that reverse or ameliorate the sec-
ondary sex characteristics (developed breasts, Adam’s
apple, facial bone development in natal males, and
so on).4 Those surgeries and accompanying anesthesia
have inherent risks, and preventing the need for
surgery eliminates those hazards.

ETHICAL ISSUES
Research
Research focusing on transgender youth has been
limited, though it is starting to expand.12 Only over
the last decade have investigations into the effects of
the medical treatment of transgender youth occurred.
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The majority of clinical recommendations were based
on expert opinion or data from the adult transgender
population, neither of which is ideal.1 While expert
opinion may be useful in rare diseases that are difficult
to study, anecdotal evidence is often biased. Extrapo-
lating from adult data to pediatric populations also
has significant flaws. Most importantly, children are
indeed not small adults, physiologically or emotion-
ally. The changes that occur during childhood and
adolescence do not continue into adulthood. Studying
medication effects during adulthood does not take
those developmental variables into account. The use
of GnRH agonists to prevent puberty likely has effects
on the child-to-adult developmental processes that
knowledge based on their use in adults cannot
anticipate.

Additionally, the majority of adult studies in the
literature are observational and thus have distinct
biases. Often observational research relies on accounts
of previous events; subjects can have recall bias and
may be unable to accurately recount the past. Addition-
ally, societal norms and structures change quickly, and
what was true for a subject a decade ago may no longer
have relevance for individuals now. Finally, develop-
mental differences exist in how children and adults
make decisions, and analyses based on adult decision-
making do not take those differences into account.
The lack of high quality research in the trans-youth
population has prompted an interest in developing
evidence-based clinical practice in pediatric transgender
patients. The first multicentered, National Institutes of
Healthefunded study in the United States investigating
the impact of psychosocial factors and medical treat-
ment on transgender youth began enrolling subjects
in 2016.13

Multiple factors have contributed to the lack
of research in transgender youth. First, children are
considered a vulnerable class, and numerous ethical
and regulatory constraints limit research in these
populations, though exceptions may apply.14,15 Trans-
gender youth younger than 18 years in the United States
are vulnerable simply based on age, though their high
rate of mental and sexual health comorbidities certainly
create emotional vulnerability as well. There is a history
of unethical research in vulnerable populations, which
decades ago resulted in more strict ethical guidelines
for the conduct of research, especially in these popula-
tions.16 Researchers and institutional review boards
(IRBs) must now exercise considerable caution
regarding the potential for coercion, particularly
in situations where few, if any, satisfactory clinical
options exist. As a result, researchers may anticipate or

have difficulty obtaining IRB approval for studies
involving transgender youth and may hesitate to pro-
pose studies that include this population. However,
this reluctance exacerbates the problem by perpetuating
the lack of treatment with proven effectiveness. It also
creates a vicious cycle: LGBT adolescents continue to
have inadequate sexual and mental healthcare
compared to their peers, and the lack of research
prevents progress in addressing these disparities.17

This exemplifies the need for ethically conducted
research in vulnerable populations.

The relative low incidence and/or prevalence of con-
ditions also creates challenges for conducting high-
quality research.12 Researchers need to meet or exceed
threshold numbers of subjects to sufficiently power
studies. Individual medical centers may not have
adequate potential subjects to undertake statistically
valid research. While multicenter trials can provide
more subjects to achieve adequate statistical power,
the logistics of coordinating trials across multiple cen-
ters and finding funding for such studies create formi-
dable obstacles.

Additionally, researchers, regulators, and ethicists
debate what kinds of studies are ethically permissible.
Most contend that randomized control trials (RCTs)
provide the greatest rigor and yield the most reliable
clinical information. In RCTs, subjects are randomly
assigned to an unproven treatment arm, to a placebo
arm, or to a conventional (standard care) arm, if
applicable. Most stakeholders agree that for transgender
youth, it would be morally unacceptable to provide
GnRH agonists to some subjects and placebos to others,
thus denying any treatment, in order to study the short-
and long-term effects of hormone blockers.12

Additionally, experience gained with GnRH agonists
in other contexts suggests that the harms are likely not
great, making a placebo arm unnecessary or simply
wrong. However, some clinicians and researchers would
argue that the information about the harm of GnRH
blockade is circumstantial and has the potential to be
so great that it is morally wrong not to conduct a
placebo-controlled trial.

Balancing Beneficence and Nonmaleficence
Beneficence and nonmaleficence are core ethical
principles in medicine. Beneficence is the desire to do
good. Nonmaleficence is the desire to do no harm.18

The challenge lies in balancing doing good while also
avoiding inadvertent or unknowable harm. In the
trans-youth population, one way for physicians to “do
good” is to treat gender dysphoria with GnRH agonists,
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GAHs, and gender-affirming surgery. However, treat-
ment of gender dysphoria with medications not yet
fully proven safe and effective in trans-youth involves
unknown risks. While GnRH agonists in children with
precocious puberty effectively halt puberty progression,
that fact alone does not establish that these drugs relieve
symptoms of gender dysphoria.19 At this time, there are
limited data about the psychological impact of GnRH
agonists. There is one study from 2014 by a group in
the Netherlands evaluating the psychosocial impact of
GnRH agonists, GAHs, and surgery in trans-youth.
Gender dysphoria and body image dissatisfaction per-
sisted through puberty blockade with GnRH agonists
but were relieved after GAHs and surgery.19 This is
not surprising as GnRH agonists simply halt pubertal
progression but do not result in development of
secondary sex characteristics of the affirmed gender.
However, their use in conjunction with GAHs and
gender-affirming surgery has been shown to improve
gender dysphoria.19

The long-term effects of GnRH agonists on bone
formation, cognitive development, and future fertility
are also unknown.1 In terms of bone health, sex steroids
promote bone growth and mineralization.7 Pubertal
suppression with GnRH agonists results in decreased
production of natal sex steroids during the period of
suppression. Therefore, the use of GnRH agonists could
negatively impact bone density. Additionally, as trans-
youth may now receive treatment before Tanner 2,
this creates a population of children exposed to long
courses of GnRH agonists, extending the period of
low sex steroids.

The use of GnRH agonists in children with preco-
cious puberty does not impair bone mass or final
height.20 However, trans-youth differ from individuals
with precocious puberty in that the latter have already
been exposed to pubertal sex steroids while young
transgender children may have had very limited
exposure. A longitudinal observational study from the
Netherlands published in 2015 showed that trans-
youth who had undergone pubertal suppression with
GnRH agonists and treatment with GAHs had decreased
bone mineral density compared to pretreatment bone
density. The researchers concluded that either peak
bone mass was delayed or attenuated. However, the
study had several limitations. The subject pool was
not robust (n ¼ 34). The exact cause of the decreased
bone mass was unknown and confounded by variations
in the duration of GnRH agonist treatment, low initial
GAH dosing, and other factors, including the use of
GAHs. Many of the subjects had already started puberty
and thus already had some exposure to endogenous

natal sex steroids, which could affect the results. The
duration of GnRH agonist therapy was often brief.
Also, the published study provided no information
about diet and exercise, which contribute to bone
density.21 Taken together, these limitations highlight
the need for additional research.

Another topic in trans-youth healthcare that entails
ethical issues and requires additional research con-
cerns fertility preservation. Current methods of fertility
preservation include sperm freezing for postpubertal
males and oocyte cryopreservation for postpubertal
females. For prepubertal individuals, fertility preserva-
tion techniques are still experimental. If prepubertal
trans-youth on GnRH agonists want to preserve
oocytes or sperm, clinical protocols require them
to stop the GnRH agonist and proceed through natal
puberty in order to harvest gametes, which can be
extremely distressing for the transgender individual.4

In the future, it may be possible to cryopreserve prepu-
bertal gonadal tissue and mature the gametes in vitro,
however at this time prepubertal gonadal cryopreser-
vation remains experimental.22

To date, no studies have appeared in the medical
literature on the isolated impact of GnRH agonists on
future reproductive ability in transgender youth. The
belief that GnRH agonists do not affect future fertility
comes from inferences based on studies in patients
with central precocious puberty (CPP).23 Isolating the
reproductive effects of GnRH agonists in individuals
with CPP presents fewer challenges than assessing
the situation in transgender individuals, as the latter
typically have also received GAHs, confounding the
effects of GnRH agonists alone on fertility. It does not
seem possible to investigate and isolate the impact of
GnRH agonists on the future reproductive potential of
trans-youth. It does seem imperative to study the
impact medical treatment as a whole (GnRH agonists
and GAHs) may have on future reproductive potential
of transgender individuals.

Research thus far has focused on the use of fertility
preservation in the trans-youth population. In 2017, a
retrospective review of 73 trans-youth patients showed
that 72 had fertility counseling prior to GAHs and
only two subjects attempted fertility preservation
(both natal males). Of the subjects, 45% discussed
adopting and 21% did not want children.24

Many reasons might lead the majority of trans-youth
offered fertility preservation to decline. Children and
adolescents may not be developmentally ready to
make decisions about their future fertility. Additionally,
trans-youth often feel a sense of urgency with gender
transitioning and are thus not willing to delay treatment
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(with GAHs) to harvest sperm or eggs.12 For some trans-
youth who may want biological children in the future,
the idea of using natal eggs or sperm that do not align
with their gender identity seems too discordant.25 Other
barriers to fertility preservation exist: cost, insurance
coverage, invasiveness of the procedures, potential
societal pressure about what comprises a “nuclear” fam-
ily, and objections by parents, other family members, or
romantic partners.

Nevertheless, perspectives often change with age and
maturity, and once transgender children reach adult-
hood, they may regret no longer having the ability to
produce biological children because they did not
preserve eggs or sperm. Data from transgender adults
have been mixed, with some studies showing trans-
gender adults would have considered fertility preserva-
tion if the option had been available and other
studies showing relatively little desire for biological
children.26e28 Unfortunately, transgender individuals
may encounter difficulty adopting, as reports have
appeared recounting challenges for transgender individ-
uals in achieving approval to become adoptive
parents.24 For the above reasons, it is important to (1)
understand the impact of the medical treatment of
transgender youth on future fertility and (2) discuss
with the patient and family all of the potential options
for future fertility before irreversible medical treatment
occurs.

Respect for Autonomy: Assent and Consent
The ethical principle of autonomy refers to the ability
of individuals to make their own decisions.18 This
concept is more complicated in pediatrics as patients
typically have not yet reached the age of majority,
become statutorily emancipated, or received judicial
determination as mature minors and therefore cannot
legally authorize their own treatment or provide con-
sent. Instead, minor children are asked to provide
assent and the patient’s guardian, typically a parent,
must provide consent. Regardless of legal status,
engaging the patient in medical decision-making
constitutes an ethical cornerstone of care for all youth.
Clinicians must discuss medical issues with patients
using developmentally appropriate language, taking
into account the patient’s cognitive abilities and matu-
rity. Maturity, of course, does not always correlate with
age; young and mature individuals can and should
participate more fully in medical decision-making
than older patients who lack maturity or cognitive
ability.29

In the trans-youth population, the concept of
autonomy has particular relevance and complexity.

Children now present to gender clinics at younger
ages than even in recent years, and medicine has no
definitive means to identify which children will
“persist” along the transgender path and which chil-
dren will “desist” and continue along the course of
their natal sex. Some data suggest that two factors
correlate with persistence of transgender identity:
greater gender dysphoria and being a natal female.
Of course, these attributes do not predict what will
occur for each patient.30 The inability to know which
patients will complete the gender transition creates
difficulty in balancing the child’s interest in making
autonomous choices and desire for immediate
medical treatment with the goals of beneficence and
nonmaleficence.30,31 Medical professionals under-
standably hesitate to initiate irreversible treatments
knowing the patient may later view the treatment as
unnecessary and regrettable.12

In addition, patients and parents/guardians may
have discordant perspectives on transgender treat-
ment. Trans-youth below the age of 18 years and
not emancipated need guardian consent to proceed
with medical treatment. Guardians who support the
child’s gender identity may provide consent for
medical treatment with GnRH agonists and GAHs.
However, for patients whose guardians are reluctant
or slow to accept their gender identity or who reject
the child’s feelings and choices and therefore will not
provide consent, medical treatment can be delayed.
The postponement of medical care can impose
extreme distress on the transgender child or adoles-
cent. In cases of guardian refusal to provide consent,
the patient may have to wait until the age of 18 years
to start medical treatment, which means that patient
will undergo full pubertal progression and will acquire
secondary sexual characteristics of the wrong gender.12

In cases where parents share guardianship and one
parent accepts treatment but the other parent does
not, treatment may also be delayed until both guard-
ians can agree or the patient reaches the age of
majority.

Further, the very notion of fully informed consent
for transgender treatment can prove problematic. The
patient and guardian can only learn what medical
information is known. Where clinicians have limited
understanding of the long-term effects of medications,
full informed consent seems impossible to achieve.
Professionals must clearly explain what they know
and do not know and the potential long-term effects
of available treatments. Families may find the uncer-
tainty very difficult to grasp and/or accept, leading to
unwillingness to proceed.
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CONCLUSION
Pubertal suppression for transgender youth presents a
multiple of ethically complex issues. The lack of
knowledge about the long-term impact of GnRH ago-
nists on transgender youth makes providing full
informed consent and assent problematic with the un-
known risks of long-term treatment undermining
meaningful exercise of patient autonomy. The uncer-
tainty also limits medical professionals’ attempts to bal-
ance beneficence and nonmaleficence in counseling
patients and families.

However, it would be inappropriate and unrealistic
to stop using GnRH agonists to suppress pubertal devel-
opment in children with gender dysphoria while we
wait for more data. Having these children progress
through a natal puberty would cause great emotional
distress for many patients and makes later treatment,
especially surgery, more difficult and less effective.
Thus, refusal to use hormone blockade goes against
the principle of nonmaleficence and would, in fact,
impose harm. Despite the limited data about the posi-
tive psychological impact of GnRH agonists alone, we
endorse the use of GnRH agonists due to the benefit
of preventing natal secondary sex characteristics and
providing time for patients and families to decide the
best course of action.19 While GnRH agonists alone
may not improve gender dysphoria, they constitute a vi-
tal part of the protocol for treatment of gender
dysphoria.

To address the ethical issues in the medical care
of trans-youth, the affected population and those
that provide treatment need additional research
about the long-term effects of treatment. Only such
evidence will permit medical professionals to act in
a beneficent manner and enable patients and families
to adequately exercise autonomous decision-making.
For now, clear communication with patients and
their families must include acknowledgement of the
limits of medical knowledge regarding the offered
treatment in order to promote autonomy in consent
and assent.
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CHAPTER 12

Emerging Developments in Pubertal
Suppression for Gender Incongruent/
Gender Dysphoric Youth
MAJA MARINKOVIC, MD • JEREMI CARSWELL, MD • STEPHANIE A. ROBERTS, MD

TRIPTORELIN, A NEW GONADOTROPIN-
RELEASING HORMONE AGONIST
The use of gonadotropin-releasing hormone (GnRH)
agonists for suppressing puberty for gender dysphoric/
gender-incongruent youth is an established part of
the treatment protocols.1,2 In addition to previously
approved GnRH agonists, since late 2017, clinicians
have one more agonist available for suppression of
sex hormones.

Triptorelin, a synthetic decapeptide analog of GnRH,
has been available in Europe since 1986 and more
recently, as of 2017, has been approved for use in
the United States. Triptorelin, as monthly and every
3-monthly preparations, has been used for treatment
of central precocious puberty (CPP),3,4 endometriosis,5

and neoplasms of the breast and prostate. Additionally,
triptorelin is the primary GnRH agonist used for puber-
tal suppression in youth with gender dysphoria in many
European countries.6,7

Triptorelin, marketed in the United States as Tripto-
dur (22.5 mg per dose), is a long-acting analog intra-
muscular injection. Its benefit over other forms of
injected GnRH agonist is that it has a prolonged dura-
tion of action, requiring administration only every
24 weeks.8 Its safety and efficacy for treatment of chil-
dren with CPP was established in an international trial.9

The use of Triptodur (or any other GnRH agonist) for
pubertal suppression in gender dysphoric youth is not
approved by the Food and Drug Administration
(FDA), and currently, there are no data available on
its use in this specific population. Following the first
dose, as it was demonstrated with other GnRH agonists,
a phase of pubertal stimulation can be observed before
pubertal suppression is achieved and patients should be
counseled accordingly.8 Intramuscular application has
been associated with pain at the injection site in about

half of the patients, together with occasional pruritus,
erythema, and swelling. In addition, some patients
experienced emotional lability, irritability, anger, and
aggression while on treatment. This may be particularly
relevant for patients with gender dysphoria who have
coexisting depression and anxiety; however, mood
symptomsmay theoretically improve if gender dysphoria
improves on GnRH agonist therapy. Continued coun-
seling/therapy and close follow-up is advised during the
treatment. There have been reports of hypertension asso-
ciatedwith the use of triptorelin inCPP and regularmoni-
toring is advised.10,11 Poor bone health related to
prolonged use of this and other GnRH agonists in gender
dysphoric youth is another concern. Limited reports indi-
cate a decrease in bone mineral density, particularly in
European transwomen treated with triptorelin 3.75 mg
every 4 weeks until gonadectomy.12 Larger long-term
studies are needed to further investigate efficacy, safety,
and possible side effects of triptorelin, especially in
gender dysphoric youth.

PROLONGED USE OF HISTRELIN ACETATE
IMPLANT IN TRANSGENDER YOUTH
Histrelin acetate implant (Supprelin® LA, 50 mg) has
been approved for treatment of CPP in the United States
since 2007 and has been shown to be an effective,
potent pubertal suppressor. It is approved for a 1-year
duration; however, it has been demonstrated in clinical
practice that the implant can remain effective for longer
periods (e.g., 2e3 years) in some patients with CPP13

and prostate cancer.14,15 Published data on its extended
use in gender-incongruent population are lacking.

There are several potential benefits from keeping
the implant in place beyond 1 year: reduced frequency
of anesthesia (general, local), fewer surgical
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interventions required, and dramatic decrease in over-
all cost of treatment. Additionally, reduction of
replacement frequency could significantly improve
some transgender-health relatedaccess to adequate
care, as this implant is only covered by insurance in a
limited number of states.16 Potential risks of pro-
longed implantation include resumption of some
transgender-health relatedpuberty (and potentially
irreversible physical effects), as well as an increased
level of difficulty in its removal, occasionally leading
to retained pieces of an embedded device. An increased
frequency of clinical exams and, potentially, blood
tests are needed to closely monitor success of pubertal
suppression. The risks and benefits of annual replace-
ment versus extended use should be carefully dis-
cussed with each patient and their family.

GONADOTROPIN-RELEASING HORMONE
AGONIST USE IN NONBINARY YOUTH
Increasingly, youth are identifying outside of an
affirmed gender as solely male or female, and on the
gender spectrum as nonbinary.17 Currently guidelines
do not provide guidance on this population of youth;
however, clinical care is driven by helping a youth
achieve their goals within the confines of available
medical therapies.

Within the nonbinary spectrum, including youth
who may identify as agender, the use of GnRH analogs
to eliminate effects of unwanted sex steroids may be
considered as a treatment option not only as a “pause”
to allow a child more time to explore gender but also
for individuals who may desire to live in an agonadal
state. Prolonged exposure in an agonadal state due
to GnRH agonist without concomitant use of either
estrogen or testosterone is not recommended and
should be exercised with extreme caution given the
lack of available safety data and risk of causing harm,
including psychosocial impact and potential negative
impact on long-term bone mineral density and future
fracture risk.

GONADOTROPIN-RELEASING HORMONE
AND GONADOTROPIN ANTAGONISTS
Inhibition of the GnRH receptor (as opposed to
stimulation as occurs with GnRH agonists) is also
an effective means to prevent activation of the
hypothalamicepituitaryegonadal (HPG) axis. GnRH
antagonists have similar side effects to GnRH agonists;
however, they offer the advantage of a rapid decline in
gonadal steroid production and avoidance of the
surge in luteinizing hormone and follicle stimulating

hormone, and therefore, downstream gonadal steroid
production.18 There are several forms of GnRH recep-
tor antagonist commercially available in the United
States, primarily limited to use in prostate cancer,
infertility treatment, and endometriosis. There is no
published experience of the use of GnRH antagonists
in CPP or transgender care, and they are not FDA
approved for youth. Its use has been limited by cost,
availability, and mode of administration which is a
moderate-volume monthly subcutaneous or intramus-
cular injection. An orally active form is currently in
clinical trial for moderate-to-severe endometriosis.20

Gonadotropin Antagonists
Upon activation, the GnRH receptor acts to stimulate
the release of luteinizing hormone receptor and
follicle-stimulating hormone. Thus, antagonists of
the gonadotropin (luteinizing hormone and follicle-
stimulating hormone) receptors are also potential
therapeutic targets but are in the early stages of
development.21

KISSPEPTIN AND NEUROKININ B
ANTAGONISTS
Other hormones acting upstream above the level of
GnRH are also potential therapeutic targets to achieve
pubertal blockade. Kisspeptin, one of GnRH’s most
potent activators, is produced in the hypothalamus
and is also an important player in pubertal onset.22

Children with loss-of-function or inactivating muta-
tions in kisspeptin or its receptor exhibit delayed
puberty.23 Thus, inhibiting kisspeptin or the kisspeptin
receptor are also potential therapeutic targets.19

Kisspeptin and kisspeptin receptor antagonists
are available in a research setting, mainly used in
rodent experiments, and could foreseeably be avail-
able to treat human disease in the near future.24

Importantly, the inhibition of gonadotropin secretion
and downstream gonadal effects may not be as
complete as GnRH agonists or antagonists, as there ap-
pears to be some kisspeptin-independent secretion of
GnRH. Kisspeptin antagonists appear to reduce pulsa-
tility of luteinizing hormone, thereby leading to
diminished ovulation, but does not appear to inhibit
basal luteinizing hormone secretion which could
have therapeutic implications of lowering sex steroids
while avoiding adverse effects of complete gonadal
suppression.25

Neurokinin B is a positive regulator of GnRH and is
coexpressed by the same neurons in the hypothalamus
that secrete kisspeptin. Inhibition of neurokinin B or its
receptor, neurokinin-3 receptor, is another potential
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strategy for pubertal suppression. In parallel to kisspep-
tin, loss-of-function mutations in the genes encoding
neurokinin B or its receptor lead to delayed puberty,
thus inhibition of these targets could lead to suppres-
sion of the gonadal steroid production.26 The use of a
neurokinin-3 receptor antagonist has been shown to
decrease sex hormones in healthy men and women.27

Neurokinin-3 receptor antagonists are currently in
clinical trials for use in perimenopausal women experi-
encing hot flashes.28

OXANDROLONE AS AN ALTERNATIVE
GENDER-AFFIRMING MASCULINIZING
HORMONE
As a non-aromatizable synthetic analog of the potent
androgen 5-a dihydrotestosterone, oxandrolone is
approved by the FDA to “offset protein catabolism
associated with prolonged administration of corticoste-
roids, and [to provide] relief of the bone pain frequently
accompanying osteoporosis.”29 Despite these relatively
narrow indications, oxandrolone has gained favor in
pediatrics, particularly in two distinct populations:
burn victims for prevention of catabolism and girls
with Turner syndrome for height gain. Literature from
both populations has informed the consideration of
this agent in the transmasculine population for the pur-
pose of increasing height.30,31

The structure of this synthetic molecule is not
susceptible to the aromatase enzyme, whose role is
to catalyze androgens to estrogens. It therefore
maintains its androgenic effects, but, importantly,
will not contribute the estrogenic effect of epiphyseal
fusion at the growth plates. In turn, this theoretically
preserves the open growth plates and allows for
prolonged growth. The use of oxandrolone found
favor early on in the Turner syndrome population as
untreated girls will have a final height that is about
20 cm below expected.32e35 Early studies noted virili-
zation (e.g., increased clitoral size and increased
body hair) as a side effect, but the use of a low dose
of oxandrolone (0.03 mg/kg per day) resulted in an
increased height gain without much risk for masculin-
ization.36,37 Recently published guidelines for Turner
syndrome recommend the use of this agent, in
conjunction with growth hormone, for optimization
of height gain in the following situations: if predicted
height is very short and/or in the case of delayed diag-
nosis and growth hormone initiation.38

Oxandrolone use in transmasculine youth has not
been studied to our knowledge, but it has gained
traction for use in this population. The group of

patients who may benefit the most are young peripu-
bertal transmales whose growth has not completed
and who are concomitantly on GnRH agonists. Allow-
ing longer time for growth (the effect of pubertal sup-
pression in these youth) in addition to mild anabolic
and growth-promoting effects of oxandrolone, in the-
ory, could have a positive impact on the final height.
The effects of oxandrolone related to virilization
(increase in muscle mass, body hairs, and clitoral size)
would be advantageous in this population. It is impor-
tant to note that when oxandrolone is used in cisgender
boys with constitutional delay of growth and puberty to
promote height, the results are mixed.39e44

As mentioned, side effects are primarily related to
virilization, although this may be a dose-dependent
phenomenon and likely would be a desired effect in
transmales.37,45,46 Virilization includes acne, voice
deepening, and clitoromegaly, as well as decreased
high-density lipoprotein levels. Additional risks of
oxandrolone use include idiosyncratic drug-induced
liver injury, cholestatic hepatitis, and jaundice, as well
as longer term risk for peliosis hepatis which can lead
to hepatic dysfunction ranging from mild liver damage
to liver failure.29

In sum, while the use of oxandrolone presents a
potential way to maximize height potential and pro-
vide mild masculinizing effects prior to starting testos-
terone, clinical studies looking into its effect and safety
should be conducted before it can be recommended
for routine use.

LOW-DOSE ESTROGEN AND
TESTOSTERONE
The role of low-dose estrogen or testosterone has been
suggested in two populations; the first is for promotion
of bone health in those with low bone mineral density
due to prolonged sex steroid deprivation (e.g., those
who had GnRH agonist treatment initiated at a very
young age) and those who desire only modest effect
of sex hormones.

The use of very-low-dose transdermal estradiol has
been studied in a hypogonadal population and has
been found to mimic the physiologic levels of estrogen
seen in cis-girls with intact HPGs. One early study noted
breast development within 3 months of estradiol use in
2/3 of girls.47 This finding was replicated in another
study with doses of transdermal estradiol ranging
from 3.1 to 6.2 mg/24 h placed only overnight.48 There
are no discrete data in these studies on bone density,
although it seems reasonable to assume that this small
amount of estrogen would have a positive effect on the
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bone; the magnitude and later impact are unknown.
Current guidelines do not, however, recommend its
routine use.38

Similarly, the use of low-dose testosterone has not
been studied for the purposes of either improving
bone density or for partial masculinization for nonbi-
nary individuals with gender dysphoria. A slow increase
of testosterone starting at 25 mg intramuscularly once
monthly has been proposed for hypogonadal cisgender
boys, but the effects of low doses on bone mineral
density have not been studied.49

ANTIANDROGENS AND ANDROGEN
RECEPTOR INHIBITORS
Spironolactone, a potassium-sparing diuretic with mild
antiandrogen properties, has been a well-established
component of feminizing treatment protocols,1,2 partic-
ularly when more potent antiandrogens are not
available. Spironolactone is a competitive antagonist
of aldosterone at the mineralocorticoid receptor. It
also interferes with testosterone biosynthesis by
reducing 17-hydroxylase activity, as well as inhibiting
binding of dihydrotestosterone, the more active form
of testosterone.51 As opposed to the antiandrogens
below, the levels of measured testosterone would be
expected to decrease. It is inexpensive, relatively safe,
and, in combination with estrogen, effective in
androgen suppression for most patients. This makes
spironolactone an attractive alternative to GnRH agno-
ist; however, increased urination, risk of hypotension,
and hyperkalemia, as well as incomplete androgen sup-
pression in some cases necessitates use of alternate
treatments.

ANTIANDROGENS
Agents that interfere either with the production or
action of testosterone are potential targets for interven-
tion for the transfeminine identified patient. As a class,
the antiandrogens (bicalutamide, flutamide, and
nilutamide) bind directly to the androgen receptor,
thereby inhibiting its availability and increasing the re-
ceptors’ degradation.50 The primary indication is for
metastatic prostate cancer, although it has been used
in the transfeminine population.52 These three agents
differ primarily by pharmacokinetics, bicalutamide
having the longest duration of action. While on the
medication, testosterone levels are expected to rise
dramatically but do not have an effect. Gynecomastia
is a recognized side effect and could be desired in the
transfeminine population. There are cases of fulminant

hepatitis described, and it is recommended that trans-
aminase levels are checked prior to initiation and then
at 4-month intervals.53 The use of antiandrogens has
not been rigorously studied in the gender noncon-
forming population, but its use is recommended
for consideration in some transgender-health related
publications.54e56

CONCLUSION
There are many agents that have been used in other
areas of medicine that may be promising as potential
therapies for transgender and gender-incongruent
youth. Until safety can be demonstrated, we recom-
mend limiting their use until such studies have been
performed or more traditional options have been
tried.
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