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Abstract

Background: Transgender and Gender Diverse (TGD) youth often experience gender
dysphoria which can be intensified by the appearance of secondary sex characteristics
during puberty. This development of secondary sex characteristics and thus the wors-
ening of gender dysphoria can be alleviated or even prevented by treatment with Gon-
adotropin-releasing hormone agonists (GnRHa). GnRHa prevent the progression of
puberty as sex hormone production is suppressed. These sex hormones, however, are
a key factor of growth during adolescence — including bone growth. Therefore, it is
possible that GnRHa impact bone health. Thus, for an empirically based use of
GnRHa, it is necessary to consider possible impacts and effects of GhnRHa on bone
health in TGD youth.

Aim: Within this work, the current state of research on the impact of GhRHa monother-

apy on the bone health in TGD youth is to be presented.

Methods: To answer the research question, a systematic literature search was carried
out from December 2022 to February 2023. For this purpose, literature was sought out
in the following databases: Google Scholar, PubMed, Medline, and Scopus. The
search was guided by a research strategy plan as well as inclusion and exclusion crite-

ria. In the end, 7 studies were included, analyzed, and discussed in this paper.

Results: The literature reviewed suggests a negative impact of GnRHa on bone health
in TGD youth. Bone health parameters (bone mineral density, bone mineral apparent
density, bone mineral content, and bone turnover markers) do not develop according to
age with GnRHa monotherapy. Z-scores of bone mineral density and bone mineral
apparent density decrease compared to peers. In addition, TGD adolescents appear to

have insufficient or deficient levels of vitamin D and calcium.

Discussion and conclusion: Current research shows that bone health (particularly
bone mass) is negatively impacted by GnRHa monotherapy in TGD adolescents.
Among other consequences, this can result in an increased risk of bone fractures.
However, further studies on this topic are necessary to solidify this assumption. Over-
all, more research needs to be done on the impact of GhRHa monotherapy on the

bone health in TGD youth — especially in transgender girls.
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Hintergrund: Transgender- und genderdiverse (TGD)-Jugendliche leiden haufig unter
Geschlechtsdysphorie. Diese kann sich mit dem Auftreten sekundarer Geschlechts-
merkmale wahrend der Pubertat weiter verstarken. Die Entwicklung der sekundaren
Geschlechtsmerkmale und somit eine Verschlimmerung der Geschlechtsdysphorie
lasst sich durch eine Behandlung mit Gonadotropin-Releasing-Hormon-Agonisten
(GnRHa) mildern oder sogar verhindern. GnRHa verhindern das korperliche Fortschrei-
ten der Pubertat, indem die Produktion von Sexualhormonen unterbunden wird. Diese
Sexualhormone sind ihrerseits jedoch ein wichtiger Faktor fir das Wachstum wahrend
der Pubertat — einschlieBlich des Knochenwachstums. Somit ist es moglich, dass
GnRHa einen Einfluss auf die Knochengesundheit haben. Fur einen empirisch fundier-
ten Einsatz von GnRHa ist es somit notwendig, mogliche Einflisse und Auswirkungen

von GnRHa auf die Knochengesundheit von TGD-Jugendlichen zu beriicksichtigen.

Ziel: In dieser Arbeit soll der aktuelle Forschungsstand zum Einfluss von GhnRHa Mo-

notherapie auf die Knochengesundheit von TGD-Jugendlichen dargestellt werden.

Methoden: Zur Beantwortung der Forschungsfrage wurde von Dezember 2022 bis
Februar 2023 eine systematische Literaturrecherche durchgefihrt. Zu diesem Zweck
wurde Literatur in den folgenden Datenbanken durchsucht: Google Scholar, PubMed,
Medline und Scopus. Die Suche wurde anhand eines Forschungsstrategieplans sowie
Ein- und Ausschlusskriterien durchgeflihrt. Am Ende der Literaturrecherche wurden 7
Studien in die vorliegende Arbeit aufgenommen und anschlielend analysiert sowie
diskutiert.

Ergebnisse: Die untersuchte Literatur deutet auf einen negativen Einfluss von GnRHa
auf die Knochengesundheit bei TGD-Jugendlichen hin. Parameter der Knochen-
gesundheit (u.a. Knochenmineraldichte) entwickeln sich wahrend GnRHa-
Monotherapie nicht altersgemaly, und Z-Scores dieser Parameter nehmen im Vergleich
zu Gleichaltrigen ab. Daruber hinaus scheinen TGD-Jugendliche unzureichende oder

mangelhafte Vitamin-D- und Kalziumspiegel zu haben.

Diskussion und Schlussfolgerung: Aktuelle Forschungsergebnisse zeigen, dass die
Knochengesundheit (insbesondere die Knochenmasse) wahrend der GnRHa-
Monotherapie bei TGD-Jugendlichen negativ beeinflusst wird. Dies kann unter ande-
rem das Risiko fur Knochenbriiche erhéhen. Um diese Annahme zu bestatigen sind
weitere Studien zu diesem Thema erforderlich. Es bedarf gezielterer und speziell fo-
kussierter Forschung zur Auswirkung von GnRHa Monotherapie auf die Knochen-

gesundheit bei TGD-Jugendlichen — insbesondere transgender Madchen betreffend.

The Impact of GnRHa on the Bone Health in Transgender and Gender Diverse Youth \%



List of Abbreviations

1CTP

Carboxy Terminal Cross Linked Telopeptide of Type 1 Collagen ..............c.coovvnnnnnnn. 9
250HD

Serum 25-Hydroxyvitamin D............ooiiiiiiie e 9
aBMD

Areal Bone Mineral DENSItY .......ccoiieuiiiiiici e e 8
AFAB

Assigned Female at Birth .........coooiiri i 4
AMAB

Assigned Male at Birth ... 4
BMAD

Bone Mineral Apparent DENSItY ...........uuiiiiiiiiiiiicee e 8
BMC

Bone Mineral CONtENt...........oii i e e e e e e e eaneees 8
BMD

Bone Mineral DEenSity ........cooooiiiiiii i 8
BMFSFJ

Bundesministerium fur Familie, Senioren, Frauen und Jugend.............ccccceeviievnnennnns 2
BTM

BONE TUINOVEN MarkerS. ... ..ottt e e e e e e e e e e e e e eenene 9
CSH

CroSS-SEX HOIMIONE.......uiii it e e e e e e et a e e e e e e e eaeesann s 5
DXA

Dual Enery X-Ray AbSOrptiometry ... ... oo 8
FN

FEMOIal NECK ... e e e e e e et a e e e e e eeeenees 8
GnRHa

Gonadotropin-Releasing Hormone analogues / agonists............cccuvvvvveviiiiiiiiieeeeennene. 5
IOM

US Institute of MediCiNe ..o 9
LS

UMD SPINE.....ee et e e e e e e e e e e eaaaaa 8
LTH

Left Total Hip ..o 36
NB

NONDINANY ... 4
NCI

National Cancer INSHULE .........cooeiii e 6

The Impact of GnRHa on the Bone Health in Transgender and Gender Diverse Youth VI



NHANES

National Health and Nutrition Examination Survey ...........ccccccooiiiiiiiiiiiii e, 35
NIH

National Institutes of Health, US ... ..o 9
P1NP

Procollagen Type 1 N-Terminal Propeptide...........cooooeiiiiiiiii e, 9
QAT

Quality Assessment Tool for Before-After

(Pre-Post) Studies With No Control Group..............eeeueeeeiiiiiiiiiiiiiiiiiiiiiiiiieiiiiiieeees 18

RKI

Robert Koch Institute...........oooo i 9
SAB

Sex Assigned at Birth ..o 4
SOC-8

Standards of Care VErsion 8 ..........oooeiiiiiiiiiiiiiieeeeeeeeeeeeeeeeeeeeeeeee et 3
TBLH

Total Body Less Head .........ooooeiii et 36
TGD

Transgender and Gender Diverse YOUth ........c.ooooiiiiiiiiiiiicee e, 3
TSG

TransseXUEHENGESEIZ ......... i 10
u.S.

United States ... 1
UN

L a1 (=Y I AN F= T 1o o 3P UURPPRPPRN 6
USA

United States of AMEIiCa.......ccoo i e e e eaaees 1
vBMD

Volumetric Bone Mineral DENSItY .............uuuuiiiiiiiiiiiii 8
WHO

World Health Organization ... 6
WPATH

World Professional Association for Transgender Health..................cccccoiiiiiiinnnns 3
y/o

N =T= 1T Lo ISR 5

The Impact of GnRHa on the Bone Health in Transgender and Gender Diverse Youth Vi



List of Tables

Table 1: Tanner Stages based on Emmanuel & Bokor, 2022.............cccceeiiiiiiiiiieiinnnnnnn. 7
Table 2: PICO-FramEWOIK ............uuuuuaiii e e e e e e e e eeanee s 12
Table 3: Research Strateqy Plan .................oouuuueiiiiiiiiieee e 15
Table 4: Dublicates and Databases .................cccccccciiiiiiiiiiiiiiiiieeeeeeeeeeeee 17
Table 5: Overview of the STUAIES ..............oooiiiiiiiiii e 31
Table 6: TGD Terms Used in the Included Studies ................ccccocviiiiiiiiiiiiiiiiiiiieeee 63
Table 7: Quality Assessment Klink et al. (2015) ...........couuueeieiiiiiiiiiiiiiiieeeeeeeeeeeeeeeeee 65
Table 8: Quality Assessment Viot et al. (2017) ... 67
Table 9: Quality Assessment Stoffers et al. (2019) ... 69
Table 10: Quality Assessment Joseph et al. (2019) ... 71
Table 11: Quality Assessment Schagen et al. (2020)...............ccccuveiiiiiiiiiiiiiiiiiiinnnnnn. 73
Table 12: Quality Assessment Carmichael et al. (2021)........cooeeeeeeeeeiieeiiiiiiiieiiieeeeee 75
Table 13: Quality Assessment Navabi et al. (2021).........ccoueeeeeeeeiieiiiiiiiiiiiieeeeeieeeeeee 77

List of Figures

Figure 1: Flowchart of the Systematic ReSearch...............cccccoveuuunuinnnnninniiininnniinnnnnns 18

The Impact of GnRHa on the Bone Health in Transgender and Gender Diverse Youth VI



1. Introduction

“What the board has sought to do is to protect our children from therapies that have

been shown to create irreversible harm.” — Dr. Hector Vila, 2023

Transgender health is a timely topic that has become increasingly more significant in
recent years. This becomes clear when one looks at the current political debates on
this topic in various countries around the world. In the United States of America (short:
USA), for example, the political situation regarding transgender health and gender-
affirming care is currently very charged. To illustrate the relevance and timeliness of
the issue of Gonadotropin-releasing hormone agonist treatment in transgender and
gender diverse adolescents suffering from gender dysphoria, the current political situa-

tion in the United States (short: U.S.) is presented in brief:

Since the start of 2023, multiple states in the USA have restricted gender-affirming care
for minors who wish to transition (The General Assembly of the State of lowa, 2023;
The General Assembly of the State of Arkansas, 2023; The Legislature of the State of
Montana, 2023; The Legislature of the State of South Dakota, 2023). The therein newly
introduced bills are called “anti-trans bills”. Medical procedures affected by these bills
include — but are not limited to — the suppression of puberty using puberty blockers
such as Gonadotropin-releasing-hormone agonists (= GnRHa). Cross-sex hormone
therapies and gender reassignment surgeries are also affected. The wording within
these “anti-trans bills” varies, but it is striking that the omission of such medical inter-
ventions applies to minors only when they are administered “for the purpose of attempt-
ing to alter the appearance of, or to validate a minor's perception of, the minor’s sex, if
that appearance or perception is inconsistent with the minor's sex” (The Legislature of
the State of South Dakota, 2023). Under different circumstances, such as a “medically
verifiable disorder of sex development [... or a] disorder of sexual development” (The

Legislature of the State of South Dakota, 2023), the procedures may still be performed.

Furthermore, the Florida Department of Health announced a new rule in March 2023
stating that certain “therapies and procedures performed for the treatment of gender
dysphoria in minors are prohibited” (Florida Department of Health - Board of Medicine,
2023). Again, these procedures include inter alia the suppression of puberty. When
asked about it in an interview, Dr. Hector Vila — member of the Florida Board of Medi-
cine — explained, the board seeks to “protect [the] children from therapies that have
been shown to create irreversible harm” (NBC News, 2023). This, however, bases the
“protective changes” for gender transitioning in minors on the assumption that puberty

blockers can cause irreversible damage.
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In Germany, there are different opinions on this topic. The use of puberty blockers in
minors is currently not regulated by law in Germany. Following an online debate on this
topic, the German Federal Ministry for Family Affairs, Senior Citizens, Women and
Youth (Bundesministerium fiir Familie, Senioren, Frauen und Jugend, short: BMFSFJ)

issued a statement regarding the handling of puberty blockers:

Puberty blockers can only be prescribed:

o after careful medical [consideration and] indication,

e on the basis of scientific guidelines,

e by specialists.
The Federal Government does not recommend the use of puberty blockers. The
decision to prescribe puberty blockers is at the sole discretion of the treating
specialists.

(BMFSFJ, 2022)

Leaving it to medical professionals to decide whether gender dysphoria in minors
should be treated with puberty blockers, the German Federal Government still stresses
that such treatment must not endanger the mental and physical health of children
(BMFSFJ, 2022). Nevertheless, there are members of the federal parliament in Ger-
many (= “Bundestag”) that demand a change of the legislation. In 2022, the right-wing
populist party Alternative fiir Deutschland (AfD) called for the Federal Government to
submit a bill which should prevent children (who are not yet able to consent but still
suffer from gender dysphoria) from being treated with puberty blockers, cross-sex hor-
mones, and similar drugs. These members — similar to the legislatures in certain U.S.
states — reference the (current) state of research and its alleged lack of knowledge re-
garding the physical and psychological side effects and consequences of puberty
blockers. (von Storch, et al., 2022)

But does GnRHa treatment lead to irreversible changes? Researchers agree that pu-
berty blockers, like most medical interventions, have side effects. Some authors found
that while the scale of negative effects of puberty blockers lacked clarification, GhnRH
analogues do delay the increase of bone density during puberty, a time that is critical

for the development of peak bone mass (Ahrbeck & Felder, 2022).

While the topic of transgender health is of growing political interest, the present work
aims to determine whether the use of puberty blockers in form of GnhRHa monotherapy
leads to harmful side effects regarding bone health in transgender and gender diverse
youth. This manuscript focuses solely on the scientific and evidence-based medical
discussion of this topic. For this purpose, a systematic review was conducted to pre-

sent and discuss the current state of research on this subject in a structured manner.
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2. Theoretical Background

2.1. Important Terminology and Definitions

“Where, after all, do universal human rights begin? In small places, close to home — so
close and so small that they cannot be seen on any maps of the world. Yet they are the

world of the individual person” - Eleanor Roosevelt, 1958

These words, spoken by Eleanor Roosevelt, first Chairperson of the Commission on
Human Rights, mark the importance of treating everyone with respect and dignity. Arti-
cle | of the Declaration of Human Rights states that “all human beings are born free
and equal in dignity and rights” (UDHR, 1948). To maintain this dignity and to avoid
misunderstandings, the correct linguistic handling of the terms of different gender iden-
tities and the aspects contained therein is essential. The terms relevant to this paper as
well as medical terms and parameters to determine bone health are therefore defined

below.

2.1.1. Gender Identity

Sex corresponds to the biological trait assigned to an individual at birth (binary, i.e.,
female, or male). Gender, on the other hand, is a person's gender identity. (Martin &
Hadwin, 2022) Therefore, gender identity is not about the sex one is born with but ra-
ther the gender one feels like and identifies with (Coleman, et al., 2022). There is a
variety of genders one can identify as, one of them being transgender. The use of
transgender and gender diverse (short: TGD) in the title and all other parts of this
work that do not explicitly refer to individual studies is based on the terminology used in
the Standards of Care Version 8 (short: SOC-8). SOC-8 is an evidence-based guide-
line for medical professionals treating transgender and gender diverse people, pub-
lished by the World Professional Association for Transgender Health (short: WPATH),
which is an “international, multidisciplinary, professional association whose mission is
to promote evidence-based care, education, research, public policy, and respect in
transgender health” (Coleman, et al., 2022, p. S5). Within this guideline the purpose of
using the term TGD is “to be as broad and comprehensive as possible in describing
members of the many varied communities globally of people with gender identities or
expressions that differ from the gender socially attributed to the sex assigned to them
at birth” (Coleman, et al., 2022, p. S11). Therefore, TGD youth was determined to be
the adequate term to be used in this paper. Referring to WPATH, the terms

transgender and gender diverse can be defined further:
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Gender Diverse applies to people “with gender identities and/or expressions that are
different from social and cultural expectations attributed to their sex assigned at birth”
(Coleman, et al., 2022, p. S252). In the context of this paper gender diverse discusses
youth identifying as both “transgender” and “nonbinary” (compare the following two

paragraphs).

Transgender as an umbrella term refers to people “whose gender identities and/or
gender expressions are not what is typically expected for the sex to which they were
assigned at birth” (Coleman, et al.,, 2022, p. S252). WPATH emphasizes that
"transgender" should never be applied as a noun or verb, but only as an adjective,
which is why this paper continuously speaks of TGD youth or TGD people. Since ado-
lescents are of interest in this paper, the term transgender boys will be used instead
of the term transgender men used in SOC-8. However, the definition of transgender
men as “people who have gender identities as men and who were assigned female at
birth [and] may or may not have undergone any transition” (Coleman, et al., 2022, p.
S253) can also be applied to transgender boys. For the same reason, transgender
girls will be used instead of transgender women. Again, the definition of transgender
women as “people who have gender identities as women and who were assigned male
at birth [and] may or may not have undergone any transition” (Coleman, et al., 2022, p.
S253) is applicable to transgender girls. WPATH determines terms such as Female-to-
Male and Male-to-Female to be “falling out of use” (Coleman, et al., 2022, p. S253);

therefore, those terms will not be used in this work.

Nonbinary (short: NB), in turn, is defined in SOC-8 as people identifying “as partially a
man and partially a woman or [...] as sometimes a man and sometimes a woman, or
[...] as a gender other than a man or a woman, or as not having a gender at all” where-
in some nonbinary people can “consider themselves to be transgender [and] some do
not because they consider transgender to be part of the gender binary” (Coleman, et
al., 2022, p. S252).

Given that sex assigned at birth (short: SAB) is relevant when using the adjective
transgender, it is also important to define this term. The SOC-8 defines SAB as follows:
Sex assigned at birth refers to a person’s status as male, female, or intersex
based on physical characteristics. Sex is usually assigned at birth based on ap-
pearance of the external genitalia. AFAB is an abbreviation for “assigned female

at birth.” AMAB is an abbreviation for “assigned male at birth.”
(Coleman, et al., 2022, p. S252)

To limit the scope of this paper, the use of these two abbreviations (AFAB and AMAB)

is resorted to in some places, for example in Table 5.

The Impact of GnRHa on the Bone Health in Transgender and Gender Diverse Youth 4



In addition to the terms contained in the title of this paper, other technical terms, used

in this work, need to be defined:

Gender Dysphoria (short: GD) as described in the SCO-8 is a “state of distress or
discomfort that may be experienced because a person’s gender identity differs from
that which is physically and/or socially attributed to their sex assigned at birth”
(Coleman, et al., 2022, p. S252). The American Psychology Association’s Diagnostic
and Statistical Manual of Mental Disorders defines GD as a “clinically significant dis-
tress or impairment related to gender incongruence, which may include desire to
change primary and/or secondary sex characteristics” (APA, n.d.). The term listed in

the manual mentioned above serves the purpose of diagnostic classification.

The process of changing “from the gender expression associated with their assigned
sex at birth to another gender expression that better matches their gender identity®
(Coleman, et al., 2022, p. S253) is called transition. One can transition in different
ways, e.g., socially by disclosing their preferred pronouns or physically using inter alia
GnRHa (Coleman, et al., 2022, p. S253).

2.1.2. Medical Terms
Apart from terms relating to TGD people, several medical terms must be introduced to

this paper.

In most countries (e.g., the United Kingdom and Germany), gender-affirming treatment
measures leading to irreversible, phenotypic changes, such as Cross Sex Hormone
(short: CSH) therapy may only be used from the age of 16 (NHS, 2020; Meyer, 2021).
Therefore, suppressing puberty in TGD youth with GD is a good measure which can be
applied even at a younger age, to reduce the experienced pain and emotional suffering
due to GD. The following briefly explains the working mechanisms of so-called puberty
blockers. Furthermore, youth is defined, as are puberty assessment criteria relevant to

this paper.

Sex hormones cause bodily changes and the development of secondary sex character-
istics during puberty. AFABs usually start puberty at 8 — 13 years old (short: y/o) while
puberty in AMABs usually occurs a little later at an age of 9 — 14 years. (Breehl &
Caban, 2022). To achieve a momentary arrest of puberty in TGD youth, the release of
the sex hormone Gonadotropin-releasing Hormone, which causes the bodily changes
during puberty and the development of secondary sex characteristics (Breehl & Caban,
2022), needs to be suppressed. This suppression can be achieved using puberty
blockers. The SOC-8 explicity recommends the use of Gonadotropin-Releasing
Hormone Analogues (also: Gonadotropin-releasing-hormone agonists; short: GnRHa)
to suppress puberty in TGD youth (Coleman, et al., 2022, p. 111 and 113). GnRHa in
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the simplest of terms, as described by the National Cancer Institute (short: NCI), is “a
substance that keeps the testicles and ovaries from making sex hormones by blocking
other hormones that are needed to make them. In men, GnRHas cause the testicles to
stop making testosterone. In women, they cause the ovaries to stop making estrogen
and progesterone” (NIH (National Cancer Institute), n.d.). Importantly, the use of
GnRHa leads to reversable changes and only results in a delay of the "development of
irreversible pubertal changes" (Guss & Gordon, 2022). Consequently, when GnRHa

treatment is stopped, puberty progresses again.

As this paper discusses the use of GnRHa to suppress puberty a definition of youth,
young people and adolescents is needed. Youth and young people as defined by the
United Nations (short: UN) are interchangeable terms and describe “persons between
the ages of 15 and 24 years” (UN, n.d.). The World Health Organization (short: WHO)
sets a different age range of 10 to 19 for adolescents in the “phase of life between
childhood and adulthood” where they — among other things — experience “rapid physi-
cal [...] growth” (WHO, n.d.). In the context of this work, an age between approximately

12 and 16 years is assumed and referred to as youth or adolescents.

The development of the body during puberty can be classified by Tanner Stages.
These are subdivided into five stages, ranging from pre-pubertal (Stage 1) to adult form
(Stage 5). For both, AMAB as well as AFAB one aspect of classification is the Pubic
Hair Scale. In addition, the Male External Genitalia Scale assesses AMABs, and the
Female Breast Development Scale is applied to AFABs. (Emmanuel & Bokor, 2022)

The characteristics of each stage are portrayed in the following table:

Pubic Hair Scale Male External Female Breast
Genitalia Scale Development Scale
Stage _ Testicular volume < 4 ml | No glandular breast tissue
No hair .
1 or long axis < 2.5 cm palpable
4ml-8ml Breast bud palpable un-
Stage . or 2.5 to 3.3 cm long der the areola
Downy hair _ L
2 = 1st pubertal signin | = 1st pubertal signin
AMAB AFAB
Stage . . 9ml-12ml Br(_aast tissue palpable
Scant terminal hair outside areola; no areolar
3 (or 3.4 to 4.0 cm long)
development
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Male External Female Breast

Pubic Hair Scale Genitalia Scale Development Scale

Terminal hair that fills Areola elevated above the

Stage . . 15-20 ml contour of the breast,
the entire triangle over- . ) »
4 . . : (or4.1to4.5cmlong) | forming a “double scoop
lying the pubic region
appearance

Areolar mound recedes

Terminal hair that ex- into single breast contour
Stage | tends beyond the in- >20ml with areolar hyperpigmen-
5 guinal crease onto the (or>4.5 cm long) tation, papillae develop-
thigh ment, and nipple protru-
sion

Table 1: Tanner Stages based on Emmanuel & Bokor, 2022

Tanner Stages are often described according to the scales above, though the full name

of the scale is rarely written out. They are often abbreviated to:

e “Tanner P” for the Pubic Hair Scale,
e "Tanner G" for the Male External Genitalia Scale, and

e "Tanner B" for the Female Breast Development Scale

A "Tanner G2", for example, corresponds to the classification of Stage 2 on the Male
External Genitalia and suggests the person under consideration has a testicular vol-

ume of 4 - 8 ml or a long axis of 2.5 to 3.3 cm.

Given a reliable diagnosis of GD, it is recommended to start puberty suppression at a
Tanner Stage of 2 (Coleman, et al., 2022, p. S48 and Statement 6.12f), which defines
the first pubertal sign in AMABs and AFABs, respectively. After the start of GnRHa
treatment, “there is typically a regression of one Tanner Stage” (Coleman, et al., 2022,
p. S112 ff.), so the sex characteristics seen in Tanner Stage 2 regress back to Tanner
Stage 1 (Coleman, et al., 2022, p. S113). However, Tanner Stage 2 defines only the
lower limit for initiation of GnRHa therapy; “GnRH agonists may be appropriate in late
stages or in the post-pubertal period (e.g., Tanner Stage 4 or 5)” (Carmichael, et al.,
2021, p. S64).

2.1.3. Bone Health

Key part of this work is the impact of GhnRHa on bone health in TGD youth. To objec-
tively assess bone health, several factors need to be analyzed. Indices of bone health
are inter alia bone mass measurements and bone turnover markers. In the following,
bone mass measurements, associated measuring techniques, evaluation instruments,

and bone turnover markers will be defined and explained. Furthermore, the importance
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of calcium and vitamin D will be explained. How insufficient development of these pa-

rameters can affect bone health is described in 5.1.

Bone mineral content (short: BMC) and bone mineral density (short: BMD), also

called bone density, bone mass, areal BMD or aBMD, are used to identify bone mass.

BMC provides data on bone minerals regardless of the area or volume examined,
though it does depend on bone length, width, and density (Mglgaard, Thomsen,
Prentice, Cole, & Fleischer Michaelsen, 1997). It is of importance as a determinant of

bone strength (Almeida, et al., 2017) and reported in grams (g).

BMD (also: aBMD) is the quantity of minerals (e.g., calcium) “contained in a certain
volume of bone” (NIH (National Cancer Institute), n.d.). It is typically reported as abso-
lute areal values in grams per square centimeter (g/cm?) (= BMC per bone area) and
measured using e.g., DXA scans. Measuring sites include:
o the lumbar spine (short: LS; often at lumbar vertebrae L1 — L4),
¢ the region of the hip, specifically the femoral neck (short: FN), often of the non-
dominant or left hip and

e sometimes the whole body (less head)

In children and growing youth, specifically, bone mineral apparent density (short:
BMAD) is used to calculate volumetric BMD (short: vBMD) (Crabtree, et al., 2014, p.
47). BMAD is corrected for the growing size of the body and bone (as most youth still
increase in height). It is most commonly reported as grams per cubic centimeter

(9/cm?®) and usually measured at the LS and / or FN.

The accumulation and level of bone mass for BMC or BMD can be determined based
on dual energy X-ray absorptiometry (short: DXA) scans (Institute of Medicine (US),
2011). According to the WHO, DXA scans are the gold standard for determining bone
mineral density (Varacallo, Seaman, Jandu, & Pizzutillo, 2022). DXA scans are typical-
ly performed to assess “bone metabolic status (BMD, T-Score and Z-Score for lumbar,
femur, forearm and whole-body scan)’” (Bazzocchi, Ponti, Albisinni, Battista, &
Guglielmi, 2016, p. 1483). Advantages of this method compared to others are low cost,
easy handling, and its accuracy as well as a “very low radiation dose to the patient”
(Bazzocchi, Ponti, Albisinni, Battista, & Guglielmi, 2016, p. 1482). Additionally, “DXA is
precise and permits monitoring of patients over time” (U.S. Department of Health and
Human Services (Pt. 4), 2004). DXA scans of the LS to determine BMD are “best for
monitoring treatment effect” (Sheu & Diamond, 2016).

To interpret results of DXA scans of a person in comparison to “age-, gender-, and eth-
nicity-matched norms” (U.S. Department of Health and Human Services (Pt. 4), 2004),

z-scores are used for BMD and BMAD. The “z-score is compared to a healthy, age-
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matched control group” (Varacallo, Seaman, Jandu, & Pizzutillo, 2022). Since it is un-
clear how much of the world’s population consists of TGD people and data — especially
in young TGD people — is scarce, the studies at hand compare the data of TGD youth
with their peers according to their sex assigned at birth, respectively. Most studies re-
viewed in this paper report BMD z-scores adjusted for birth sex and age as well as oc-
casionally height or ethnicity. For BMAD z scores, adjustments vary across studies

depending on different reference groups.

Bone turnover markers (short: BTM; also: serum bone markers) can help predict frac-
ture risk and provide complementary information to radiological measurements of bone
mass (Greenblatt, Tsai, & Wein, 2017). They also “respond rapidly to changes in bone
physiology” (Greenblatt, Tsai, & Wein, 2017). Multiple BTM, such as bone formation
markers procollagen type 1 N-terminal propeptide (short: PINP) and osteocalcin, as
well as the bone resorption marker carboxy terminal cross linked telopeptide of type 1

collagen (short: 1CTP) (Garnero, 2009), are relevant to this work.

Besides the parameters of determining bone mass listed above, it is necessary to iden-
tify factors for maintaining and promoting bone health such as calcium. To reach peak
bone mass, an adequate intake of calcium inter alia during adolescence is necessary —
mostly for bone mineral deposition (Greer, Krebs, & Committee on Nutrition, 2006).
Inadequate calcium intake can lead to reduced bone mass and osteoporosis and thus
a higher fracture risk (Institute of Medicine (US), 1997). AFABs reach peak calcium-
accretion rate at 12.5 years on average, earlier than AMABs at 14.0 years of age
(Greer, Krebs, & Committee on Nutrition, 2006). According to the U.S. National Insti-
tutes of Health (short: NIH), children aged 9 to 13 as well as teens aged 14 to 18
should have a daily intake of 1.300 mg calcium (NIH (Office of Dietary Supplements),
n.d.).

Vitamin D promotes the absorption of calcium and is another vital component of bone
health. More accurately, vitamin D is needed for the body to produce the hormone cal-
citriol which “stimulates the intestines to absorb enough calcium [...] and also affects
bone directly” (U.S. Department of Health and Human Services (Pt. 1), 2004). Its status
can be measured using serum 25-hydroxyvitamin D (short: 250HD) (Holick, 2009),
which corresponds to calcitriol and can be measured in nmol/L. According to the Rob-
ert Koch Institute (short: RKI), which in turn references data provided by the US Insti-
tute of Medicine (short: IOM), a 250HD level between 30 and 50 nmol/L indicates a
vitamin D insufficiency and a level below 30 nmol/L indicates a vitamin D deficiency
(RKI, 2019).
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2.2. Status Quo and Current Problem

Currently, a new law called the “Selbstbestimmungsgesetz” (in English: right of self-
determination law) is being planned by the German Federal Ministry for Family Affairs
and the Federal Ministry of Justice to abolish the outdated and partly unconstitutional
"Transsexuellengesetz" (in English: German Transsexuals Act (short: TSG)) (BMFSFJ,
2023). In this context, it is important to keep up with time and ensure the integrity, safe-
ty, health as well as access to health care of the TGD population — not only, but also in

Germany.

TGD youth should be protected and cared for — especially when it comes to the gen-
der-affirming interventions they are taking to transition to the desired gender. The first
step in this journey is often puberty suppression. GhnRHa treatment delays the devel-
opment of secondary sex characteristics and thus spares TGD adolescents from suffer-
ing from gender dysphoria whilst giving them time to solidify their decision to transition.
Indicated use of puberty suppression as part of the gender-affirming interventions is
deemed as appropriate care in the SOC-8 for TGD youth (Coleman, et al., 2022, p.
S6). Additionally, discussing bone health with TGD people is recommended by the
SOC-8 (Coleman, et al., 2022, p. S153).

Adolescence is a vulnerable time regarding bone accumulation and the development of
bone health. Rapid bone growth is triggered by puberty, “stimulating a rise in bone
mineral density” (Joseph, Ting, & Butler, 2019, p. 1). So, while the treatment with
GnRHa in TGD youth with gender dysphoria can relieve their emotional suffering, it
also impacts bone health, among other things, as it prevents the release of sex hor-

mones.

Currently, researchers are not completely sure how exactly GnRHa affects bone

health. In 2017, the Endocrine Society, whose cosponsoring associations are:

e the American Association of Clinical Endocrinologists,

e the American Society of Andrology,

e the European Society for Pediatric Endocrinology,

¢ the European Society of Endocrinology, Pediatric Endocrine Society,

o the World Professional Association for Transgender Health.

. published a Clinical Practice Guideline for the Endocrine Treatment of Gender-
Dysphoric/Gender-Incongruent Persons (Hembree, et al., 2017). It states, among other
things, that “few data are available on the effect of GnRH analogs on BMD in adoles-
cents with GD/gender incongruence” (Hembree, et al., 2017, p. 3882). However, new

studies have been published since 2017.
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To be able to protect the well-being and health of TGD young people in the future, it is
important to further investigate the effects of puberty blockers (especially GnRHa) on
bone health — which are taken during the vulnerable phase of adolescents. Therefore,
this paper aims to present the current state of research (between 2013 and 2023) on
the impact of GnRHa on bone health in TGD youth. This will be done in the form of a
systematic review. The resulting, summarized knowledge could help shape the applica-

tion of GnRHa in the future.
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3. Methodology

3.1. Topic of Research and Research Design

The focus of this paper is The Impact of GnRHa on the Bone Health in Transgender
and Gender Diverse Youth. This research question as well as the methodology on

which this work is based, is to be specified in the following section.

The research question can be structured by the PICO framework. PICO is short for:

o P = Population
o | = Intervention
o C = Comparison
e O = Outcome

(Methley, Campbell, Chew-Graham, McNally, & Cheraghi-Sohi, 2014)

Population Transgender and gender diverse youth, diagnosed with GD
Intervention Suppression of Puberty, using GnRHa monotherapy
Comparison Normative data of the parameters regarding bone health

Parameters regarding bone health

e BMD,
e BMAD,
Outcome e BMC,

e BTM (serum bone markers),
e calcium,

e Vitamin D

Table 2: PICO-Framework

A more detailed description of the contents of the table follows in the next paragraphs.

This paper focuses on transgender and gender diverse youth, diagnosed with gender
dysphoria. A more narrowly age group than “youth” is not set, though application period
of GnRHa must be at approximately 12 to 16 y/o. The studies discussed in this thesis
include mostly, but are not limited to, data about transgender youth. To also respect
youth who identify as e.g., nonbinary, not only transgender but also gender diverse
youth is explicitly mentioned in the research question. In short, the population of this
paper is TGD adolescents, diagnosed with gender dysphoria and subsequently receiv-

ing GnRHa therapy.
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The intervention of interest is the suppression of puberty using GnRHa monotherapy.
Focus is the impact of this procedure on the bone health of TGD youth. The magnitude
of this impact is measured using different parameters. The main criterion for this is
BMD. For the purpose of this work, BMAD is seen as a deepening of this criterion and
is therefore a subordinate main criterion. Secondary criteria are BMC, BTM (= serum

bone markers) as well as calcium and vitamin D levels.

Derived from population and intervention, the comparison is made up. Instead of an
actual control group, normative data of the parameters serves as comparison. This is

achieved using BMD and BMAD z-scores.

Any changes in the previously mentioned parameters (BMD, BMAD, BMC, serum bone
markers, calcium, and vitamin D levels) mark the outcome. It is important to note that
the impact of GnRHa on the bone health of the previously defined population will only
be reviewed regarding GnRHa monotherapy; any changes in bone health which hap-

pen in combination of GhnRHa with CSH therapy are not part of this work.

Aside from the sole impact of GnRHa on bone health, there are other related questions
that should be answered. Without claiming to be exhaustive, potential further questions
are:
e Is the impact of GnRHa on the bone health of TGD youth positive or negative?
¢ If GnRHa affects bone health negatively / positively, how does it show, respec-
tively?
o What does an effect of GnRHa on the bone health imply for future treatment of
TGD youth?

Another aspect could be the differences of the impact of GhnRHa on bone health de-
pending on the sex assigned at birth and its consequent differences in physiological

development. This gives rise to considerations such as:

¢ Does GnRHa have a bigger impact on one sex?

e How significant are possible differences?

The goal of this research paper is to answer the questions described above and to

identify possible existing gaps in the current state of research.

As this bachelor thesis should be conducted within a few weeks and the population of
interest is extremely specific, answering the research question within the framework of
a literature-based, systematic review is most coherent. Given the actuality and the
specificity of the topic, there are very few studies on this area of research. The follow-

ing paragraphs show how the selected studies on the topic at hand were distinguished.
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3.2. Literature Selection

3.2.1. Inclusion and Exclusion Criteria

Before starting the literature search, inclusion and exclusion criteria were defined to
structure the search for fitting studies and provide a framework for this paper. During
the research process it turned out that the search parameters had to be very specific
and targeted to find suitable literature. Readjustments were made, in particular, with
regard to the selected publication period of the literature, to achieve a minimum num-

ber of 5 studies. The final inclusion and exclusion criteria are listed below.

The following inclusion criteria were established:

To determine the current state of research, only studies published in the past 10 years
(2013 — 2023) were included. Furthermore, studies had to be published in English or
German (as these languages are understood by the author on a native speaker level).
The vast majority of studies on this subject aren’t solely focused on GnRHa monother-
apy and monotherapy in combination with the needed study population (TGD youth)
proofed to be too narrow of a parameter. Therefore, studies which collected data during
GnRHa monotherapy prior to combination with CSH therapy were included in addition
to studies investigating GnRHa monotherapy itself. The study participants also had to
have been diagnosed with gender dysphoria - or diagnoses that correspond to it, such
as gender incongruence or gender identity disorder. The changes in bone health during
GnRHa monotherapy had to be presented regarding “young adults” or “adolescents”.
Accordingly, the criterion set was that the data collected during GnRHa monotherapy
had to relate to the age between 12 and 16 or until the start of cross-sex hormone
therapy. Tanner Stages (or alternatively menarche) had to be given as an indicator of
puberty stage to ensure the comparison of the studies. Regarding bone health, meas-
urements of the BMD or BMAD of the LS, the FN or in the hip area had to be stated
explicitly, though it was more important that BMD was investigated. Z-scores were to
be used to describe changes in comparison to the peers. Another criterion to ensure
comparability was the use of DXA scans as method of determining bone density. The
last criterion was the inclusion of studies according to the Open Access principle; only

studies of which the full version was accessible without payment were included.

Besides inclusion criteria, exclusion criteria were also determined:

Studies which determine the effects of GnRHa only in combination with CSH therapy
as well as studies discussing the impact of GnRHa in populations which are not TGD
youth were excluded. Studies examining solely the psychological effects or any other
aspects regarding GnRHa use in TGD youth were also disregarded. Besides that, re-

views on the topic were excluded.
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3.2.2. Literature Search

The literature search was conducted online using various databases, namely Google
Scholar, PubMed, MedLine, and Scopus. Prior to the literature search, a research
strategy was established to then draw up different search strings. Umbrella terms were
connected using Boolean operators (AND, OR and NOT) as well as truncations, ac-
cording to the database, respectively. The research strategy plan, which includes the

umbrella terms, is shown below:

The Impact of GnRHa on the Bone Health in
Transgender and Gender Diverse Youth

GnRHa Bone Health Transgender Youth
GnRH analogue Bone Transgender Youth Adolescent

Gonadotropin-Releasing

Transgender Person | Adolescence
Hormone

Gonadotropin-releasing

! Transsexualism
hormone agonist

Synonyms

GnRH agonist

Puberty Blocker

Puberty Suppressant

Table 3: Research Strategy Plan

Besides the terms used in the table above, it became apparent that, in order to get fit-
ting results, it was useful to include terms which were not originally part of the research

strategy plan, such as gender dysphoria.

During the research process it turned out that the same search strings did not always
achieve the desired results across all databanks. Therefore, the multitude of search
strings used in different databanks and their outcomes were documented individually.
Besides this adjustment, the publication period was also gradually extended during the
research progress, after it became clear that too short of a period does not lead to
enough citable literature. Therefore, no fixed publication frame was used to narrow
down the results, if the search didn’t put out more than 1.500 results — which was con-
sidered a checkable number of results. In the end, a time frame of 10 years was set —
meaning only studies published between January 2013 and February 2023 were in-
cluded. However, this does not mean that the published data had to have been collect-
ed during that time. After performing a rough overview on the topic in December 2022,

the research took place from January 2023 to the beginning of March 2023.
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To keep track of the research, the literature search was conducted sequentially in the
databases listed hereafter: firstly Google Scholar, followed by PubMed and Medline,
and finally Scopus. Search strings were gradually adjusted due to an initially rather
substantial number of results. If a search string resulted in studies that matched the title
of this paper, that search term was documented so that in the future it would be possi-
ble to reconstruct how the literature included in this paper was originally retrieved. Du-
plicates within the title screening were marked as such, so that only literature that had
not yet been recorded progressed to abstract screening. Studies included by title were
screened by abstract for the beforementioned inclusion criteria. If they met the inclu-
sion criteria to the greatest extent possible and were provided via open access, the full

text was read and checked for the inclusion and exclusion criteria (see: 3.2.1).

Using this study selection progress, 5 studies were found. Another 2 studies were
found by screening primary literature of reviews regarding this topic (see: p.17). Each
of the studies was found in at least two of the databases. Since Google Scholar was
the first database searched for matching literature and search results in Google Schol-
ar are often cross-linked to other databases, one search string returned all 5 of the
studies found via this literature search. This particular search string, the found studies,
and the databases on which these studies were also found, are shown in the following
table:

Search string used on Google Scholar:

transgender youth bone health GnRH analogue and gender affirming hormones

D h i
Usable Study found on Google Scholar atabases the studies
were also found on
Bone Development in Transgender Adolescents Treated
With GnRH Analogues and Subsequent Gender- e PubMed
Affirming Hormones (Schagen, Wouters, Cohen-Kettenis,
Gooren, & Hannema, 2020)
Effect of pubertal suppression and cross-sex hormone e PubMed
therapy on bone turnover markers and bone mineral ap-
parent density (BMAD) in transgender adolescents (Vlot, e Scopus
et al., 2017)
Pubertal Suppression, Bone Mass, and Body Composi- * PubMed
tion in Youth With Gender Dysphoria (Navabi, Tang, _
Khatchadourian, & Lawson, 2021) e Medline
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Search string used on Google Scholar:

transgender youth bone health GnRH analogue and gender affirming hormones

Usable Study found on Google Scholar Databases the studies
were also found on
The effect of GnRH analogue treatment on bone mineral e PubMed
density in young adolescents with gender dysphoria: find-
ings from a large national cohort (Joseph, Ting, & Butler, e Medline
2019)
Short-term outcomes of pubertal suppression in a select- e PubMed
ed cohort of 12 to 15 year old young people with persis-
tent gender dysphoria in the UK (Carmichael, et al., e Medline
2021)

Table 4: Dublicates and Databases

As mentioned in 3.2.1, reviews are not included in this paper. But if by their title and
abstract reviews appeared to contain relevant primary literature, a search of the refer-
ence list (i.e., screening of primary literature) was conducted. This resulted in further,
possibly suitable studies, which also went through the process described above
(checked for title, abstract, Open Access and full text). In most cases, the reviews
could be found on multiple of the databases used to conduct the literature research for
this paper. In addition, a considerable number of these reviews often use the same
primary sources. Therefore, the studies generated from reviews were not assigned to a
specific search string. The screening of primary literature ultimately led to another 2

studies included in this work:

e Bone Mass in Young Adulthood Following Gonadotropin-Releasing Hormone
Analog Treatment and Cross-Sex Hormone Treatment in Adolescents With

Gender Dysphoria (Klink, Caris, Heijboer, van Trotsenburg, & Rotteveel, 2015)

e Physical changes, laboratory parameters, and bone mineral density during tes-
tosterone treatment in adolescents with gender dysphoria (Stoffers, de Vries, &
Hannema, 2019)

A total of 7 studies were found through the previously described literature search and
screening of the primary literature of reviews and included in the present work. The

flowchart on the next page illustrates the search in brief:
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Figure 1: Flowchart of the Systematic Research

3.2.3. Quality Assessment

The quality of the studies was assessed according to the Quality Assessment Tool for
Before-After (Pre-Post) Studies With No Control Group (short: QAT) provided by the
NIH (NIH (National Heart, Lung and Blood Institute), 2021). After reviewing the various
study quality assessment tools provided by the NIH, it was found that the assessment
of all studies with the selected QAT was feasible. The key factor in this decision was
that the studies, while considering z-scores, did not include control groups of TGD ado-

lescents with GD who were not treated with GnRHa.
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The selected QAT is presented in the form of a checklist with twelve questions (NIH
(National Heart, Lung and Blood Institute), 2021). These questions can be answered
with "Yes", "No" or "Cannot Determine / Not Applicable / Not Reported". The checklist
was adopted by the NIH, and a grading system based on a point system was estab-

lished to assess the quality of the studies:

e Questions answered with "Yes" get +1 point.
e Questions answered with “No” get -1 point.
¢ Questions answered with "Cannot Determine / Not Applicable / Not Reported"

get 0 points.

In total, a study can receive a maximum of 12 and a minimum of 0 points. If a study got
a score below zero in the presented scoring system, it was automatically considered as
a 0-point study. The grades 1 - 6 were awarded in 2-point increments, with 1 being

considered "very good" and 6 being "very poor".

The completed checklists of the quality assessments of the individual studies can be
found in the Appendix (Tables 7 - 13). For the blank versions and instructions for com-
pleting the checklist, please refer to the NIH website (NIH (National Heart, Lung and
Blood Institute), 2021). The results of the quality assessments are included in the tabu-

lar summary of the studies (see: 4.1).
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4. Presentation of Studies and Findings

In this chapter, the studies included in this paper are analyzed. First, an overview of the
studies is given in tabular form. The findings of all 7 studies are then narratively ex-

plained. Finally, the most important findings are summarized.

4.1. Tabular Overview of the Studies

The following table shows the most important aspects of the reviewed studies as well
as the quality rating they got according to the QAT. It is important to note that the rating
applies to the entire study. Therefore, it may be influenced by aspects of the studies
which are not included in the table nor the narrative explanation, seeing as they were
not relevant to the research question of this paper. This is especially true for studies
primarily related to CSH therapy, as they often address changes in bone parameters

during GnRHa monotherapy only in single sentences or short sections.

Studies are listed chronologically, by year of publication. To make similarities and dif-
ferences apparent at first glance, the tabular presentation does not use the terminology
for TGD youth as used in the studies; instead, the terms AFAB for transgender boys

and AMAB for transgender girls — which are generally defined in 2.1.1 — are used.
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Title, Author, Publish-

ing Year and Country

Structure of the Study

Study Population
(Data at Start of GnRHa)

Findings
Relevant to this Paper #

Quality of
the Study*

Bone Mass in Young
Adulthood Following
Gonadotropin-Releasing
Hormone Analog Treat-
ment and Cross-Sex
Hormone Treatment in
Adolescents with Gender
Dysphoria

Authors:

Klink, D.,

Caris, M.,

Heijboer, A.,

van Trotsenburg, M.,
Rotteveel, J.

Publishing Year:
2015

Publishing Country:
The Netherlands

Study Design:
Longitudinal observational

Survey Instrument:

DXA scan

- atLSandFN

- using Hologic QDR 4500

Bone Health Parameters:
- aBMD

- aBMD z-scores

-  BMAD

- BMAD z-scores

Median GnRHa Treatment
Duration':

- InAFAB: 1.3

- InAMAB: 1.5

Type of GnRHa used:
Triptorelin, s.c.

Smaller Cohort

AFAB:

- n=19

- median age" 15.0

- mean bone age!: 15.0
- median Tanner P: 5

- median Tanner B: 4

AMAB:

- n=15

- median age": 14.9

- mean bone age": 15.5
- median Tanner P: 5

- median Tanner B: 5

Smaller Cohort

aBMD:
- decrease at LS and FN in AFAB

aBMD z-scores:
- decrease at LS and FN in AFAB
- n.s. decrease at LS in AMAB
—> scores below population
mean at start of GnRHa

BMAD:
- decrease at LS in AFAB

BMAD z-scores:
- decrease at LS and FN in AFAB
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Title, Author, Publish-

ing Year and Country

Structure of the Study

Study Population
(Data at Start of GnRHa)

Findings
Relevant to this Paper #

Quality of
the Study*

Additional Data on
Larger Cohort:

Median GnRHa Treatment Dura-
tion':

- InAFAB: 1.6

- InAMAB: 1.8

Additional Data on
Larger Cohort:

AFAB

- n=48

- median age': 15.1

- mean bone age" 15.0
- median Tanner P: 5

- median Tanner B: 4

AMAB

- n=30

- median age': 14.1

- mean bone age!: 14
- median Tanner P: 3.5
- median Tanner B: 4.5

This cohort includes the
smaller cohort shown
above!

Additional Data on
Larger Cohort:

aBMD:
- decreased at LS and FN in AFAB

aBMD z-scores:
- decreased at LS in AMAB
- decreased at LS and FN in AFAB

BMAD:
- decreased at FN in AMAB

BMAD z-scores:
- decreased at LS in AMAB
- decreased at LS and FN in AFAB
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Title, Author, Publish-

ing Year and Country

Structure of the Study

Study Population
(Data at Start of GnRHa)

Findings
Relevant to this Paper #

Quality of
the Study*

Effect of pubertal sup-
pression and cross-sex
hormone therapy on
bone turnover markers
and bone mineral appar-
ent density (BMAD) in
transgender adolescents

Authors:

Viot, M.,

Klink, D.,

den Heijer, M.,
Blankenstein, M.,
Rotteveel, J.,
Heijboer, A.

Publishing Year:
2016

Publishing Country:
The Netherlands

Study Design:

Retrospective

Survey Instrument:

DXA scan

- atLS and FN of the non-
dominant hip

- using Hologic QDR 4500

Bone Health Parameters:

-  BMAD

- BMAD z-scores

- BTM (P1NP, osteocalcin,
1CTP)

Median GnRHa Treatment
Duration:

Type of GnRHa used:
Triptorelin, s.c.

AFAB:

- n=42

- median age': 15.1

- mean bone age!: 15
- median Tanner P: 5
- median Tanner B: 5

AMAB:

- n=28

- median age" 13.5

- mean bone age" 13.5
- median Tanner P: 3

- median Tanner G: 3

BMAD:
- decrease at LS and FN in old
AFAB

BMAD z-scores:
- decrease at LS and FN in all
AFAB
- decrease at LS and FN in young
AMAB
-> scores in old and young
AMAB below zero at start
of GnRHa

P1NP:
- decrease in young AFAB and all
AMAB

1CTP:
- decrease in young AFAB and
young AMAB
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Title, Author, Publish-

ing Year and Country

Structure of the Study

Study Population
(Data at Start of GnRHa)

Findings
Relevant to this Paper #

Quality of
the Study*

Physical changes, labor-
atory parameters, and
bone mineral density
during testosterone
treatment in adolescents
with gender dysphoria

Authors:
Stoffers, I.,
de Vries, M.,
Hannema, S.

Publishing Year:
2019 (June)

Publishing Country:
The Netherlands

Study Design:
Retrospective

Survey Instrument:

DXA scan

- atLsS, left and right hip (neck
area)

- using Hologic Discovery A

Bone Health Parameters:
- BMD

-  BMD z-scores

-  BMAD

- BMAD z-scores

- Vitamin D

Median GnRHa Treatment
Duration:
8 months

Type of GnRHa used:
triptorelin, s.c.

Study just looked at AFAB
(= transgender males);
data on GnRHa monother-
apy on only 18 out of 62

AFAB:

- n=18

- median age': 16.5

- mean bone age': ---

- most subjects were in
Tanner B5

- most subjects were post
menarche

BMD:

significant decrease at LS, left
and right hip

BMD z-scores:

significant decrease at LS, left
and right hip

Vitamin D:

at start of GnRHa:

74% of subjects had Vitamin D
insufficiency.

even with supplementation, 37%
of subjects still had Vitamin D in-
sufficiency at end of GnRHa
monotherapy
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Title, Author, Publish-

ing Year and Country

Structure of the Study

Study Population
(Data at Start of GnRHa)

Findings
Relevant to this Paper #

Quality of
the Study*

The effect of GnRH ana-
logue on bone mineral
density in young adoles-
cents with gender dys-
phoria: findings from a
large national cohort

Authors:
Joseph, T,
Ting, J.,
Butler, G.

Publishing Year:
2019 (July)

Publishing Country:
United Kingdom

Study Design:
Retrospective Review +

Complete Longitudinal Analysis

Survey Instrument:

DXA scan

- atLSandFN

- using Hologic Discovery
QDR series model 010-1549

Bone Health Parameters:
- BMD (aBMD)

- BMD z-scores

-  BMAD

- BMAD z-scores

GnRHa Treatment Duration:
At least one year

Type of GnRHa used:

Study just looked at sub-
jects of white Caucasian
origin.

Complete Longitudinal
Analysis of n = 31 sub-
jects:

AFAB:

- n=21

- median age’ 12.9

- mean bone age: ---

- majority was post men-
arche

AMAB:

- n=10

- median age" 13.0

- mean bone age: ---
- 57%: TannerG2 -3
- 43%: Tanner G4 - 5

aBMD z-scores:

- lowerin AFAB at LS and FN
- most significant drop after 1 year
in AFAB and AMAB

BMAD z-scores:

- lowerin AFAB at LS and FN
- most significant drop after 1 year
in AFAB and AMAB

- the bone mass accrual does
not happen according to
age
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Title, Author, Publish- Study Population Findings Quality of

SIME TG G 1S ey (Data at Start of GnRHa) Relevant to this Paper # the Study*

ing Year and Country

Larger Cohort, looking at Larger Cohort, looking at just the
just the first year of first year of GnRHa treatment:
GnRHa treatment:
aBMD z-scores:

AFAB: - decrease at LS and FN in AMAB
- n=39 and AFAB

- median age’ 12.6

BMAD z-scores:

AMAB: - decrease in AMAB and AFAB
- n=31

- median age': 13.2

This cohort includes the
smaller cohort shown
above!
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Title, Author, Publish-

ing Year and Country

Structure of the Study

Study Population
(Data at Start of GnRHa)

Findings
Relevant to this Paper #

Quality of
the Study*

Bone Development in
Transgender Adoles-
cents Treated With GnRH
Analogues and Subse-
quent Gender-Affirming
Hormones

Authors:

Schagen, S. E. E.,
Wouters, F. E.,
Cohen-Kettenis, P. T.,
Gooren, L. J.,

Hannema, S. E.

Publishing Year:
2020

Publishing Country:
The Netherlands

Study Design:
Observational Prospective

Survey Instrument:

DXA scan

- atLS, FN, and whole body
- using Hologic QDR 4500

Bone Health Parameters:
- aBMD (BMD)

- aBMD z-scores

-  BMAD

-  BMAD z-scores

- P1NP /P3NP

- Osteocalcin

- 1CTP

GnRHa Treatment Duration:
About 2 years, some individuals
up to 4 years

Type of GnRHa used:
Triptorelin, i.m.

AFAB:

- n=70

- median age" 14.5

- mean bone age: ---

- mostly late puberty
(Tanner 4-5)

AMAB:

- n=51

- median age": 14.1

- mean bone age: ---

- mostly late puberty
(Tanner 4-5)

aBMD z-scores:

decrease at LS, FN, and whole
boy in earls- and late-pubertal
AMAB

decrease at LS, FN, and whole
boy in earls- and late-pubertal
AFAB

BMAD:

decrease at LS and FN in late-
pubertal AFAB

decrease at FN in early-pubertal
AFAB

decrease at FN in late-pubertal
AMAB

BMAD z-scores:

lower at LS and FN in AMAB than
AFAB

decreased at LS in early- and
late-pubertal AMAB and AFAB
decreased at FN in early- and
late-pubertal AFAB
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Study Population Findings Quality of
(Data at Start of GnRHa) Relevant to this Paper # the Study*

Title, Author, Publish- Structure of the Study

ing Year and Country

BMAD z-scores:

- decreased at FN in late-pubertal
AMAB

- some individuals showed BMAD
Z-scores below -2

P1NP, P3NP, Osteocalcin, 1CTP:

- decrease in early- and late-
pubertal AMAB

- decrease in early-pubertal AFAB

- decrease mostly in the 1%t year of
treatment

- only P3NP and 1CTP:
decrease in late-pubertal AFAB
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Title, Author, Publish-

ing Year and Country

Structure of the Study

Study Population
(Data at Start of GnRHa)

Findings
Relevant to this Paper #

Quality of
the Study*

Short-term outcomes of
pubertal suppression in
a selected cohort of 12 to
15 year old young people
with persistent gender
dysphoria in the UK

Authors:
Carmichael, P,,
Butler, G.,

Masic, U.

Cole, T. J.,

De Stavola, B. L.,
Davidson, S.,
Skageberg, E. M.,
Khadr, S.,

Viner, R. M.

Publishing Year:
2021 (February)

Publishing Country:
United Kingdom

Study Design:
Uncontrolled, Observational Pro-

spective

Survey Instrument:

DXA scan

- atLS and hip

- using Hologic Discovery
QDR series model 010-1549

Bone Health Parameters:
- aBMD (BMD)

- aBMD z-scores

- BMC

Median GnRHa Treatment
Duration:
31 months

Type of GnRHa used:
Triptorelin, i.m.

- Median age at consent":
13.6
- 89% of white ethnicity

AFAB:

- n=19

- Puberty Stage 4 or 5
- 79% post menarche

AMAB:
- n=25
- Puberty Stage 3

Age at consent does not
necessarily mark the start
of GnRHa!

Puberty Stage
= Tanner P + Tanner B/
Tanner P + Tanner G

aBMD:
- increase at LS after 2 years

aBMD z-scores:

- decrease at LS and FN after 1
and 2 years, but not at 3-year
mark

BMC:
- increase at LS after 2 and 3 years
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Title, Author, Publish-

ing Year and Country

Structure of the Study

Study Population
(Data at Start of GnRHa)

Findings
Relevant to this Paper #

Quality of
the Study*

Pubertal Suppression,
Bone Mass, and Body
Composition in Youth
With Gender Dysphoria

Authors:

Navabi, B.,

Tang, K.,
Khatchadourian, K.,
Lawson, M. L.

Publishing Year:
2021 (October)

Publishing Country:
Canada

Study Design:
Retrospective

Survey Instrument:

DXA scan

- atLs, left total hip and total
body less head

- using Lunar Prodigy system

Bone Health Parameters:
- aBMD (BMD)

- aBMD z-scores

- BMC

-  BMAD

- BMAD z-scores

- vitamin D

- calcium

GnRHa Treatment Duration:
Follow-up time of min. 18 months

Type of GnRHa used:
Leuprolide acetate, i.m.

AFAB:

- n=80

- median age" 15.2
- mean bone age: ---
- mostly Tanner 4-5

AMAB:

- n=36

- median age" 15.4
- mean bone age: ---
- mostly Tanner 4-5

aBMD z-scores:

decrease at LS, left total hip and
total body less head in AFAB and
AMAB

less pronounced changes in
younger AFAB

some individuals showed a drop
> 2in LS aBMD z-score

BMAD z-scores:

decrease at LS in AFAB

BMC z-scores:

decrease in both AFAB and
AMAB

Vitamin D:

deficiency in 17.6% at baseline
insufficiency in 37.6% at baseline
sufficiency in 87.3% after 2 years
of supplementation
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Title, Author, Publish- Study Population

Findings Quality of

SIME TG G 1S ey (Data at Start of GnRHa) Relevant to this Paper # the Study*

ing Year and Country

Calcium:
low at baseline

Table 5: Overview of the Studies

Legend: # referring to changes in the studies’ bone health parameters during monotherapy, unless explicitly stated otherwise, these are mostly changes that the authors described as “significant”
* quality according to the QAT (NIH (National Heart, Lung and Blood Institute), 2021)
! in years
- no data found in the study
LS = Lumbar Spine
FN = Femoral Neck
n.s. = not significant
s.C. = subcutaneously
i.m. = intramuscular

Bone Health Parameters: Please refer to 2.1.3 for explanations on the parameters
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4.2. Narrative Compilation of the Studies” Findings

The study results on bone health during GnRHa monotherapy are presented in more
detail below. For a short overview on the studies, please refer to the table under 4.1.
To structure the systematic presentation and summary of the studies, multiple key

points will be addressed. They can be organized as follows:

e The impact of GnRHa on BMD

e The impact of GnRHa on BMAD

e The impact of GnRHa on BMC

e The impact of GnRHa on BTM

e Calcium and Vitamin D in TGD youth

Given the complexity of the topic and the study situation on the individual parameters, it
is important to maintain an overview so that the relationships between GnRHa and the
bone health parameters studied become as clear as possible. To make the main sec-
tion easier to read and compare, it is structured as uniformly as possible. To achieve
this, the studies are not listed and summarized individually; instead, general infor-
mation on the studies is summarized and presented in chronological order. Then, the
results on the two main parameters (BMD and BMAD) are listed. To do so, a descrip-
tion of the measurement tools used in each study is provided first. Thereafter, the stud-
ies' results are presented. This presentation is sorted by study and in the order in which
they are mentioned in the description of the measurement instruments. Finally, the
studies’ results on the other parameters (BMC, BTM, vitamin D and calcium) are por-

trayed. A discussion of the significance of the findings can be found in 5.1.

4.21. Important Insertion

To achieve full transparency, it needs to be highlighted that all terms of TGD youth dis-
cussed in 2.1.1 are only defined as such when they are not applied to any of the in-
cluded studies. Since most referenced studies lack a precise definition of “TGD people”
the formerly specified definitions cannot necessarily be transferred to the wording used
in the studies. Therefore, the wording of the currently cited study will be employed. The
same is true for the use of “birth-registered” and “natal” sex. Admittedly, this leads to
the main section sounding somewhat obscure at times, since a multitude of terms were
used. Nevertheless, this approach was considered useful to avoid assigning definitions
to foreign studies that were not intended as such by the authors. To check which study

uses which terms, please refer to Table 6 in the Appendix.
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4.2.2. General Information
In this chapter, the study populations of each study at the start of GhnRHa monotherapy
will be described. In addition — if the information is given — the GnRHa used and infor-

mation such as the duration of use are given.

Most studies only looked at one main study population. However, two studies provide
further data on slightly bigger study populations, in which each main population is in-
cluded, respectively (Klink, Caris, Heijboer, van Trotsenburg, & Rotteveel, 2015;
Joseph, Ting, & Butler, 2019). For more information on how the main and the expand-
ed study populations of these two studies are made up, please refer to the table in 4.1.
Another study collected data on n = 172 participants (including n = 2 nonbinary youth),
though they only analyzed a subgroup of n = 116 of this study population for changes
due to GnRHa (Navabi, Tang, Khatchadourian, & Lawson, 2021).

Three of the studies included in this paper applied the GnRHa triptorelin at a dosage of
3.75 mg subcutaneously, every four weeks (Klink, Caris, Heijboer, van Trotsenburg, &
Rotteveel, 2015; Vlot, et al., 2017; Stoffers, de Vries, & Hannema, 2019). Two other
studies used the same GnRHa at the same dosage, though they applied it intramuscu-
larly every four weeks (Schagen, Wouters, Cohen-Kettenis, Gooren, & Hannema,
2020; Carmichael, et al., 2021). In one of those studies, the first doses were “adminis-
tered with a 3-week interval followed by injections every 4 weeks to suppress endoge-
nous sex steroid production” (Carmichael, et al., 2021, p. e4253). For one study, no
information could be found on which exact GnRHa was used to treat GD (Joseph, Ting,
& Butler, 2019). Only the latest study names a different kind of GnRHa: leuprolide ace-
tate, which was administered intramuscularly, “starting with 3 doses of 7.5 mg [...] eve-
ry 4 weeks, followed by 11.25 mg [...] every 12 weeks” (Navabi, Tang, Khatchadourian,
& Lawson, 2021, p. 2).

Besides one study, which only looked at transgender males (Stoffers, de Vries, &
Hannema, 2019), all other studies conducted data on both AFAB and AMAB. More
data exists on transgender boys (= AFABs). Including all the supplemental data, infor-
mation for a total of n = 316 transgender boys and n = 201 transgender girls treated
with GnRHa monotherapy is given across all herein included studies. There is only one
study, which conducted more data on birth-registered males (= transgender girls) than

birth-registered females (Carmichael, et al., 2021).

The patients were of different ages and Tanner Stages across all studies. 5 out of 7
studies give information on the Tanner Stages participants were in, though some only
specify the required minimum of Tanner Stage 2 for start of GnRHa treatment
(Schagen, Wouters, Cohen-Kettenis, Gooren, & Hannema, 2020). Others primarily give

information on whether AFABs had had their menarche before GnRHa treatment
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(Stoffers, de Vries, & Hannema, 2019; Joseph, Ting, & Butler, 2019; Carmichael, et al.,
2021). The median ages and the puberty stages (Tanner Stages, pre-/post-menarche)
most participants were in in each study, are described below. First, information is given
on AMABs and then AFABs.

At the start of GnRHa treatment, the youngest AMABSs (= transgender girls) considered
were at a median age of 13.0 years with 57% being in Tanner G2-3 and 43% in Tanner
G4-5 (Joseph, Ting, & Butler, 2019), and the oldest were a median of 15.4 y/o with
80% in Tanner Stages 4-5 (Navabi, Tang, Khatchadourian, & Lawson, 2021). The
range in between reached from to 13.5 y/o and mostly Tanner G3 (Vlot, et al., 2017), to
14.1 y/o and most being Tanner 4-5 (Schagen, Wouters, Cohen-Kettenis, Gooren, &
Hannema, 2020), to 14.9 y/o with most subjects being Tanner Stages P and G 5 — plus
supplemental data on transwomen of 14.1 years and Tanner Stages P3.5 and G4.4
(Klink, Caris, Heijboer, van Trotsenburg, & Rotteveel, 2015). In Carmichael et al.
(2021), the age of consent to treatment is 13.4 y/o in birth-registered males; however,
age of consent does not necessarily mean start of GnRHa treatment. In this study,
Tanner Stages of both the P-Scale and the G-Scale are combined to create “Puberty
Stages”. 68% of birth-registered males were in Puberty Stage 3. (Carmichael, et al.,
2021)

Most data on AFABs within the studies is collected in older subjects than in AMABs. At
the start of treatment, in the study with data on the youngest subjects out of all, trans-
boys had a median age of 12.9 years, though the majority was post-menarche and
considered to be in later stages of puberty (Joseph, Ting, & Butler, 2019). The oldest
subjects were studied by Stoffers et al. (2019) who only looked at transgender males,
which were a median age of 16.5 y/o at start of GhnRHa and most were in Tanner B5
and post-menarche (Stoffers, de Vries, & Hannema, 2019). The range between oldest
and youngest study participants stretches from a median of 14.5 y/o with most patients
being in late puberty at Tanner 4-5 (Schagen, Wouters, Cohen-Kettenis, Gooren, &
Hannema, 2020), to 15.0 y/o with most being in Tanner P5 and B4 (Klink, Caris,
Heijboer, van Trotsenburg, & Rotteveel, 2015) and 15.1 y/o with the majority being in
Tanner BS (Vlot, et al., 2017), to 15.2 y/o with 90% in Tanner Stages 4-5 (Navabi,
Tang, Khatchadourian, & Lawson, 2021). Again, Carmichael et al. (2021) specified the
age of consent, which in this case was 13.9 y/o. Most of these birth-registered females

were in later Puberty Stages (4-5) and post-menarche. (Carmichael, et al., 2021)

Though not all studies clarify the ethnicity of their study subjects, Joseph et al. (2019)
only collected data on “white Caucasian” patients (Joseph, Ting, & Butler, 2019) and in
Carmichael et al. (2021), eighty-nine percent of participants were also of white ethnicity
(Carmichael, et al., 2021).
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The median duration of the treatment differs; from 8 months (Stoffers, de Vries, &
Hannema, 2019), to 31 months (Carmichael, et al., 2021), to 1.6 - 1.8 years (in trans-
men and transwomen, respectively) (Klink, Caris, Heijboer, van Trotsenburg, &
Rotteveel, 2015), to 2 years (Joseph, Ting, & Butler, 2019), to up to 4 years (Schagen,
Wouters, Cohen-Kettenis, Gooren, & Hannema, 2020). Two studies did not state the
median duration patients were treated with GnRHa, though monotherapy was usually
stopped at approximately 16 y/o (Vlot, et al., 2017; Navabi, Tang, Khatchadourian, &
Lawson, 2021).

4.2.3. BMD Measurement Techniques

All studies considered for this work compiled data on the impact of GnRHa on bone
mineral density (= BMD; also: aBMD) using DXA scans. The exact kind of densitom-
eter, however, varies. The resulting measurements of the DXA scans are reported as
g/cm? across all studies. The following paragraphs describe the studies’ measuring
instruments and measuring sites for determining BMD. Furthermore, the studies’ refer-

ence populations for determining BMD z-scores are indicated.

Klink, et al. (2015), Schagen, et al. (2020) as well as Vlot, et al. (2017) use the Ho-
logic QDR 4500 as bone densitometer. All three studies take BMD measurements at
the LS as well as the FN of the non-dominant hip. Schagen et al. (2020) also include
whole body measurements. While Klink et al. (2015) indicate the exact examined area
of the lumbar spine with L1 - L4, no further specification can be found in Schagen et al.
(2020) and Vot et al. (2019).

Klink et al. (2015) referenced their aBMD z-scores to the National Health and Nutrition
Examination Survey (short: NHANES) (Ward, Ashby, Roberts, Adams, & Zulf Mughal ,

2007). They calculated the z-scores according to natal sex, age, and ethnicity.

Schagen et al. (2020) also used the NHANES to calculate BMD z-scores, though they

did so based only on age and sex.

Although Vot et al. (2017) obtained BMD using DXA scans, these values are not dis-
cussed further in the study results, instead detailing BMAD to correct for height and

height gain. Information on this can be found in the section on BMAD.

A similar densitometer, the Hologic Discovery QDR series model 010-1549, is used by
Joseph, et al. (2019) and Carmichael, et al. (2021). Both take measurements at the
LS (L1 - L4), but whereas Joseph et al. (2019) took scans of the FN, Carmichael et al.

(2021) — unlike the previous studies — assessed the total hip.

As mentioned above (see: 4.1 and 4.2.2), Joseph et al. (2019) conducted two study
populations. In the smaller study (n = 31 subjects) all participants received DXA scans

at LS and FN, initially at baseline and then every 12 months with three scans total; in
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the larger study population, data from the baseline scan were compared to those after
just one year (Joseph, Ting, & Butler, 2019). BMD z-scores were “produced by the in-
ternal software associated with this commercially available equipment” (Joseph, Ting,
& Butler, 2019, p. 2) and adjusted for birth sex and age.

In Carmichael et al. (2021), BMD z-scores were adjusted for age, birth-registered sex
and adjusted for height. It is important to note that no data was reported for sample

sizes below n = 8 (Carmichael, et al., 2021, p. 10).

Stoffers et al. (2019) use the Hologic Discovery A scanner to determine BMD of the
LS as well as the “neck area of the left and right hip” (Stoffers, de Vries, & Hannema,
2019, p. 1461) at two times relevant to this paper: Once before GnRHa treatment start-
ed and once before the start of CSH therapy. To calculate BMD z-scores in participants
under 16 y/o, the authors referenced data on the birth-assigned sex (= female) from the
Bone Mineral Density in Childhood Study (Kalkwarf, et al., 2007).

Navabi et al. (2021) are the only ones which did not use a Hologic densitometer for
DXA scans; instead, they used the Lunar Prodigy system. They conducted aBMD for
the lumbar spine (L2 - L4), the left total hip (short: LTH) and additionally the total body
less head (short: TBLH). Based on birth-assigned sex, age and ethnicity, the authors
calculated aBMD z-scores initially at baseline and then annually. Only in exceptional
cases (= a significant drop of more than 1 standard derivation in LS aBMD z-scores or
LS aBMD z-scores below 2 standard derivations), BMD was recorded more frequently.
(Navabi, Tang, Khatchadourian, & Lawson, 2021, p. 2)

4.24. Changes in BMD and BMD Z-Scores

The findings of the studies regarding changes in BMD and BMD z-scores as well as the
data collected within are presented in the following. To maintain an overview on the
findings of the individual studies, the study results on the impact of GnRHa on BMD
and BMD z-scores are listed in the same order as they are mentioned in the previous

chapter.

Klink et al. (2015) compare data on aBMD and aBMD z-scores at the start of GnRHa
treatment to data at the start of CSH therapy, which marks the end of GhRHa mono-
therapy. They set their level of significance at p < 0.017 (Klink, Caris, Heijboer, van
Trotsenburg, & Rotteveel, 2015, p. E272 (Table 2)). They give information about trans-
women and transmen — in the mentioned order the results are explained hereafter. In
the case of transwomen, they present data on aBMD of n = 12 at the LS and n = 14 at
the FN. Information on the aBMD z-scores of the same group is available for n = 11 at
the LS and n = 6 at the FN. The hereby recorded data shows that aBMD in transwom-

en “did not change during GnRHa monotherapy” (Klink, Caris, Heijboer, van
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Trotsenburg, & Rotteveel, 2015, p. E273) on either measuring site. Transwomen’s “LS
aBMD z-score was below the population mean at the start of treatment” (Klink, Caris,
Heijboer, van Trotsenburg, & Rotteveel, 2015, p. E273 ). Although there were changes
in transwomen’s aBMD z-scores, these changes were deemed “not significant” by the
authors (Klink, Caris, Heijboer, van Trotsenburg, & Rotteveel, 2015, p. E273). The
supplemental data included in this study (Klink, Caris, Heijboer, van Trotsenburg, &
Rotteveel, 2015, p. E271 “Supplemental Data”) gives information, inter alia, on LS
aBMD for n = 25 and on FN aBMD for n = 27 transwomen — the subjects previously
discussed are included herein. For LS aBMD z-scores, there are data for a same sam-
ple size of n = 25, but for the FN aBMD z-scores, there are data for only n = 17 trans-
women. This larger cohort shows a slight increase of LS aBMD in transwomen. How-
ever, aBMD z-scores of both the LS and the FN showed a significant decrease during
GnRHa monotherapy (p < 0.001 and p = 0.001, respectively). (Klink, Caris, Heijboer,
van Trotsenburg, & Rotteveel, 2015, pp. “Supplemental Data”, p. 3 and Table 4) In the
smaller study population, aBMD data of the LS and the FN are available for n = 18
transmen, each. The sample size for LS aBMD z-scores was n = 18 and for FN aBMD
z-scores it was n = 13. At both sites, aBMD decreased significantly (aBMD at LS: p =
.006; aBMD at FN: p = .005) in transmen (Klink, Caris, Heijboer, van Trotsenburg, &
Rotteveel, 2015, p. E272 (Table 2)). Consequently, aBMD z-scores at both sites also
showed a significant decrease (aBMD z-score at LS: p < .001; aBMD z-score at FN: p
= .001) in this group (Klink, Caris, Heijboer, van Trotsenburg, & Rotteveel, 2015, p.
E272 (Table 2)). While the supplemental data shows a different development of aBMD
and aBMD z-scores in transwomen, for transmen the numbers of the larger cohort are
in line with the ones from the cohort just described. (Klink, Caris, Heijboer, van

Trotsenburg, & Rotteveel, 2015, pp. “Supplemental Data”, p. 3)

Schagen et al. (2020) divided their study samples of transgirls and transboys into “ear-
ly” and “late” pubertal. Early pubertal classifies adolescents in Tanner Stages 2-3,
whereas late pubertal applies to study participants in Tanner Stages 4-5 (Schagen,
Wouters, Cohen-Kettenis, Gooren, & Hannema, 2020, p. e4254). The level of signifi-
cance was set at p < 0.05 (Schagen, Wouters, Cohen-Kettenis, Gooren, & Hannema,
2020, p. e4246 (Table 2)). Most changes during a two-year GnRHa treatment were
deemed significant (p < 0.05) with no further specification of p-values. Over the course
of two years of GnRHa monotherapy, the aBMD of the LS and FN and BMD of the
whole body showed a slight increase in early-pubertal transgirls and -boys. While
changes in whole body BMD and FN aBMD in late-pubertal transgirls were deemed
non-significant, they too showed a slight increase in LS aBMD. In late-pubertal trans-

boys, on the other hand, aBMD decreased at all three measuring sites. Z-scores
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showed a significant fall in all four groups (early- and late-pubertal transgirls and -boys)
at all three sites. (Schagen, Wouters, Cohen-Kettenis, Gooren, & Hannema, 2020, p.
4256 (Table 2)) While both transboys and transgirls had aBMD values “within normal
range” at start of GnRHa, “transgirls had z-scores well below zero” (Schagen, Wouters,
Cohen-Kettenis, Gooren, & Hannema, 2020, p. e4259). Some of the younger (early-
pubertal) participants “were treated for up to 4 years” (Schagen, Wouters, Cohen-
Kettenis, Gooren, & Hannema, 2020, p. €4256), but in this case only aBMD and aBMD
z-scores of the LS and FN were recorded. During three years of GnRHa treatment, n =
4 transgirls showed a slight increase of LS aBMD over the first two years with a follow-
ing stagnation, while FN aBMD showed a slow but steady increase over the course of
three years. While transboys (n = 11) also showed increasing and then stagnant LS
aBMD values, FN aBMD did not change during the three years. In both, transgirls and
transboys, these changes are not significant. While aBMD seemed to remain mostly
stable, aBMD z-scores decreased at both sites and in both groups. However, only the
FN aBMD z-score in transgirls and the LS aBMD z-score in transboys showed signifi-
cant changes (p = 0.007 and p = 0.008, respectively). (Schagen, Wouters, Cohen-
Kettenis, Gooren, & Hannema, 2020, p. e4258 (Table 3)) It is important to note that the
referenced sample sizes regarding the data on transgirls and -boys treated for more
than two years in-text and in the cited table are reversed. As the table provides more
detailed information, data from the table was used for the analysis in the paper at hand.
In addition, the results in-text ("z-scores on the other hand decline" (Schagen, Wouters,
Cohen-Kettenis, Gooren, & Hannema, 2020, p. p. €4256)) and the table (see previous
explanations) are not consistent with the discussion, which states: “In most individuals
with prolonged (3-4 years) GnRHa treatment, no further decrease in aBMD z-scores
was obtained in the last year, suggesting that z-scores might stabilize.” (Schagen,
Wouters, Cohen-Kettenis, Gooren, & Hannema, 2020, p. e4260)

Joseph et al. (2019) analyzed data of n = 31 subjects with two years of GnRHa treat-
ment and DXA scans at baseline and then annually, and of a larger cohort of n = 70.
The larger cohort includes the subjects with three DXA scans, but also an additional n
= 39 subjects with just two DXA scans (at baseline and after one year of GnRHa).
Same as in Schagen et al. (2020), p < 0.05 is considered “statistically significant”
(Joseph, Ting, & Butler, 2019, p. 2). BMD of the LS and the FN show small fluctuations
during the two-year GnRHa treatment. They are, however, insignificant enough for "no
change in BMD for the lumbar spine or hip [...] over the course of 3 years" (Joseph,
Ting, & Butler, 2019, p. 2) to be recorded in the written summary of the results. BMD z-
scores decrease significantly at both measuring sites during GnRHa treatment, with p-

values between p = 0.002 (FN BMD z-score in transgirls), p = 0.001 (FN BMD z-score

The Impact of GnRHa on the Bone Health in Transgender and Gender Diverse Youth 38



in transboys) and p = 0.000 (LS BMD z-scores in both groups) (Joseph, Ting, & Butler,
2019, p. 2 (Table 1)). Regarding absolute BMD, even in the larger sample (n = 70), "no
significant change [...] in the spine or hip values" (Joseph, Ting, & Butler, 2019, p. 2)
could be determined after one year of GnRHa treatment. Again, the z-scores decrease
significantly (LS BMD z-score in transgirls: p = 0.003; FN BMD z-score in transgirls: p =
0.002; LS BMD z-score in transboys: p = 0.000; FN BMD z-score in transboys: p =
0.000) (Joseph, Ting, & Butler, 2019, p. 4 (Table 2)). The authors conclude that bone
mass accrual does not happen according to the usual pattern (Joseph, Ting, & Butler,
2019, p. 2), as “GnRHa treatment is interrupting the rapidity of bone size increase”
(Joseph, Ting, & Butler, 2019, p. 3).

Carmichael et al. (2021) looked at short- and medium-term outcomes of GnRHa
treatment in birth-assigned males and females who — at the start of GhnRHa monother-
apy — were mostly in Tanner Stages 3 (birth-registered males) and 4 (birth-registered
females) (Carmichael, et al., 2021, p. 11 / 26 (Table 1)). The authors set the level of
significance at p = 0.003 (Carmichael, et al., 2021, p. 9 / 26). DXA scans of the LS
were conducted in all n = 44 participants at baseline. Over the course of the treatment,
the number of existing BMD values progressively decreases (data on n = 43 partici-
pants after 12 months; data on n = 24 participants after 24 months; data on n = 12 par-
ticipants after 36 months). Less data is available for the hip than for the LS (data on n =
43 at baseline; data on n = 39 after 12 months; data on n = 22 after 24 months; data on
n = 12 after 36 months). (Carmichael, et al., 2021, p. 13 / 26 (Table 3)) At baseline,
age-adjusted BMD z-scores of the LS as well as the hip were within normal range. Alt-
hough no changes in BMD of the LS were documented after the first 12 months of
treatment, LS BMD did show an increase at the 24-month testing compared to base-
line. BMD of the hip, however, did not show any changes at any time of testing.
(Carmichael, et al., 2021, p. 12 / 26) Age- as well as height-adjusted BMD z-score
“point-estimates fell at 12 and 14 months but not at 36 months” (Carmichael, et al.,
2021, p. 12/ 26). Even though the authors demonstrate BMD of the LS increases and
BMD of the hip stays stable (Carmichael, et al., 2021, p. 21 / 26) during up to four
years of GnRHa treatment, they also acknowledge that this growth is slower than in
peers not treated with GnRHa (thus the fall in BMD z-scores) (Carmichael, et al., 2021,
p. 18/ 26).

Stoffers et al. (2019) only included transgender males and had the oldest study popu-
lation with the shortest treatment period (see: 4.2.2). Although their focus was not on
GnRHa monotherapy, they did report data at both the start of GhnRHa therapy and the
start of CSH therapy (= end of GhRHa monotherapy). The level of significance in this
study was set at p < 0.05 (Stoffers, de Vries, & Hannema, 2019, p. 1462). After GhnRHa
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therapy, they report a significant fall in BMD and BMD z-scores at the LS and the left
and right hip in n = 18 (p < 0.001) (Stoffers, de Vries, & Hannema, 2019, p. 1463).
Again, the table does not quite match the in-text descriptions. The table shows data for
n = 62 transgender males, whereas in the in-text results, changes for n = 18
transgender males are seen as significant. As the significance of the results does mat-
ter, the paper at hand references the text. Overall, it is assumed that the n = 18
transgender males are relevant to answering the research question in this paper.

Therefore, only n = 18 are mentioned in the tabular summary of the studies.

Navabi et al. (2021) set their level of significance at p < 0.0011, “to correct for multiple
testing” (Navabi, Tang, Khatchadourian, & Lawson, 2021, p. 5 (Table 3)). Raw data for
BMD of the LS and the LTH is provided at baseline, otherwise, they only provide data
on aBMD z-scores. Overall, baseline values for aBMD of the LS and LTH are lower in
transgender females compared to the transgender males of the study (Navabi, Tang,
Khatchadourian, & Lawson, 2021, p. 3). With p < 0.001, aBMD z-scores at all three
measuring sites of this study (LS, LTH, TBLH) showed a significant decrease in both
transgender males and transgender females (Navabi, Tang, Khatchadourian, &
Lawson, 2021, p. 5 (Table 3)). Since their study primarily looked at transgender ado-
lescents in Tanner Stages 4 and 5, “the degree of BMD changes after puberty sup-
pression in early puberty is not known” (Navabi, Tang, Khatchadourian, & Lawson,
2021, p. 5). However, if transgender males started GnRHa treatment at an earlier stage
of puberty, changes in LS aBMD z-score seemed “less pronounced” (Navabi, Tang,
Khatchadourian, & Lawson, 2021, p. 4). Subjects got further testing (via lateral spine
radiograph) if they showed certain changes in values in their scans. This was the case
for n = 20 transgender males, who showed a LS aBMD z-score drop > 1 in their follow-
up. Furthermore, low LS aBMD z-scores (< 2) at baseline were found in n = 3 birth-
assigned males and n = 1 birth-assigned female. A vertebral fracture was not found in

any of these imaging. (Navabi, Tang, Khatchadourian, & Lawson, 2021, p. 3)

4.2.5. BMAD Measurement Techniques

BMAD is calculated to adjust for height and height gain. The impact of GnRHa mono-
therapy on the bone mineral apparent density (= BMAD) is conducted by 6 of the stud-
ies reviewed in this paper. The resulting BMAD measurements are reported as g/cm?®
across all studies. Again, different reference populations are used to calculate BMAD z-
scores. Which studies investigated BMAD, and which reference populations were used

to calculate BMAD z-scores is listed below.

Klink et al. (2015), Schagen et al. (2020) and Vlot et al. (2017) all measured BMAD
at the LS and FN, and calculated BMAD z-scores according to a UK reference popula-

tion described by Ward et al. in 2007. Schagen et al. (2020) also used the same source
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to calculate BMAD according to “LMS data from an English reference population”
(Schagen, Wouters, Cohen-Kettenis, Gooren, & Hannema, 2020, p. e4254). Instead of
using bone age — as they used before to classify transmen and -women as “young” and
“old” — Vlot et al. (2017) used “the chronological calendar age of the transgender ado-
lescents” (Vlot, et al., 2017, p. 12), as well as the just mentioned LMS data, to calculate
BMAD.

While Stoffers et al. (2019) do calculate BMAD and compare LS and left FN BMAD z-
scores to Ward et al. (2007), they only describe change during CSH therapy compared

to before GnRHa. As this is not relevant to this paper, it will not be discussed here.

Both Joseph et al. (2019) and Navabi et al. (2021) only measure BMAD at the LS.

However, they used different reference populations to estimate LS BMAD z-scores.

Referring to a more recent study (Crabtree, et al., 2017), Joseph et al. (2019) calculat-
ed BMAD z-scores according to the ALPHABET study, “using UK norms for Caucasian
subjects” (Joseph, Ting, & Butler, 2019, p. 2) as a reference.

Navabi et al. (2021) calculated BMAD z-scores for “age-matched birth assigned gender
BMAD mean and SD” (Navabi, Tang, Khatchadourian, & Lawson, 2021, p. 2) according
to an older study (Kroger, Kotaniemi, Vainio, & Alhava, 1992). It is striking that — alt-
hough this study was only published in 2021 — comparative data from 1992 was used

to calculate the BMAD z-scores.

4.2.6. Changes in BMAD and BMAD Z-Scores
The following shows the studies’ documented changes in BMAD and BMAD z-scores
during GnRHa monotherapy. The results are presented in the same order as they are

mentioned in 4.2.5.

Klink et al. (2015) recorded changes in transwomen’s BMAD forn =11 atLS and n =
12 at FN at the start of GnRHa. The number of study subjects for BMAD z-scores at
those two sites is reversed. For transmen, data regarding the changes of BMAD and
BMAD z-scores at start of GnRHa monotherapy was conducted for n = 18 across all
examination sites. The changes raised in BMAD and BMAD z-scores of the LS and FN
during GnRHa monotherapy in transwomen were deemed not significant. (Klink, Caris,
Heijboer, van Trotsenburg, & Rotteveel, 2015, p. E272 (Table 2)) The supplemental
data on n = 78 subjects during GnRHa monotherapy provided within this study showed
significant changes in a larger group of transwomen (n = 20 for FN BMAD z-score to n
= 24 for LS BMAD z-score). While LS BMAD showed no changes, FN BMAD de-
creased significantly (p < 0.002). The z-scores at both the LS and the FN also de-
creased significantly (p < 0.001 and p = 0.004, respectively). (Klink, Caris, Heijboer,
van Trotsenburg, & Rotteveel, 2015, pp. “Supplemental Data”, p. 3 and Table 4) Whilst
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BMAD at LS and FN as well as BMAD z-scores at FN in transmen were also seen as
insignificant, the changes in BMAD z-scores at LS in transmen were significant (p =
0.004 at a level of significance at p < 0.017). (Klink, Caris, Heijboer, van Trotsenburg, &
Rotteveel, 2015, p. E272 (Table 2)) In the larger cohort (n = 42) of the supplemental
data, both LS BMAD and LS BMAD z-score showed a significant decrease (p < 0.001)
in transmen. At p < 0.001 and p = 0.001, FN BMAD and FN BMAD z-score also de-
creased. (Klink, Caris, Heijpboer, van Trotsenburg, & Rotteveel, 2015, pp.
“Supplemental Data”, p. 3)

Schagen et al. (2020), on one hand, report no changes in LS BMAD in early-pubertal
transgirls and -boys as well as late-pubertal transgirls during two years of GnRHa
treatment. Late-pubertal transboys show a “small but significant decrease” (Schagen,
Wouters, Cohen-Kettenis, Gooren, & Hannema, 2020, p. e4255) of LS BMAD. On the
other hand, FN BMAD does show a significant decrease in early- and late-pubertal
transboys and late-pubertal transgirls, but not in early-pubertal transgirls. (Schagen,
Wouters, Cohen-Kettenis, Gooren, & Hannema, 2020, p. €4256 (Table 2)) BMAD z-
scores of the LS and the FN significantly decreased. While this was observed in all
groups (early- and late-pubertal transgirls and transboys) for LS BMAD z-scores (p <
0.001 at a level of significance at p < 0.05), this change occurs only in late-pubertal
transgirls and both groups of transboys for FN BMAD z-scores (p = 0.006, p = 0.002, p
< 0.001) (Schagen, Wouters, Cohen-Kettenis, Gooren, & Hannema, 2020, pp. €4255,
e4256 (Table 2)). Furthermore, three transgirls “had a z-score of the lumbar spine be-
low -2 [and four] had a z-score of the hip below -2" (Schagen, Wouters, Cohen-
Kettenis, Gooren, & Hannema, 2020, p. €4255). In transboys, none had a LS BMAD z-
score below -2, but two did have a “z-score of the hip below -2” (Schagen, Wouters,
Cohen-Kettenis, Gooren, & Hannema, 2020, p. e4255).

Viot et al. (2017) report no differences in BMAD of the FN between young (bone age <
14 years in transmen; bone age < 15 years in transwomen) and old subjects of both
transmen and transwomen, and the two groups themselves, at start of GnRHa treat-
ment. Over the course of the treatment, FN BMAD decreased only in old transmen. At
the start of GnRHa, FN BMAD z-scores in both groups of transwomen were below ze-
ro. (Vlot, et al., 2017, p. 13 (3.3.1)) In the study’s summary of the results in tabular form
(Vlot, et al., 2017, p. 14 (Table 2)), a decrease in the FN BMAD z-score can be seen in
young and old transmen as well as in young transwomen, whereby only the decrease
(of p = 0.002) in the group of men is explicitly mentioned in the text (Vlot, et al., 2017,
p. 13 (3.3.1)). At baseline (= start of GnRHa treatment) the only difference in BMAD of
the LS is between young transwomen and young transmen, with young transwomen

having lower values than young transmen. On average, LS BMAD z-scores were lower
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in transwomen than in transmen. Looking at only the transmen, “young transmen
showed a lower Z-score compared to old transmen (p = 0.02) at baseline” (Vlot, et al.,
2017, p. 13 (3.3.2)). During GnRHa treatment, LS BMAD z-scores decreased in young
and old transmen (young transmen: p = 0.003; old transmen: p < 0.0001) as well as in
young transwomen (p = 0.001). (Vlot, et al., 2017, p. 13 (3.3.2))

Joseph et al. (2019) showed a fluctuation of LS BMAD in both transgirls and transboys
(total of n = 31), though no changes were observed during a three-year GnRHa treat-
ment. However, as it did not increase either, BMAD z-scores display a significant fall (p
= 0.000 in transgirls; p = 0.001 in transboys) (Joseph, Ting, & Butler, 2019, p. 3 (Table
1)). When looking at a larger study cohort (n = 70, including the n = 31 subjects), abso-
lute BMAD did not change significantly (Joseph, Ting, & Butler, 2019, p. 3). But again,
BMAD z-scores of both transgirls and transboys showed a decrease after the first year
of GnRHa treatment (Joseph, Ting, & Butler, 2019, p. 4 (Table 2)). This indicates a
slower increase in bone size, as the rapid increase typical at this age is prevented
(Joseph, Ting, & Butler, 2019, p. 3).

Navabi et al. (2021) did not report significant changes regarding BMAD z-scores of the
LS during GnRHa treatment in n = 30 transgender females (p = 0.003 with p = 0.0011
being considered statistically significant). However, LS BMAD z-scores of the n = 80
transgender males showed a significant (p < 0.001) decrease. (Navabi, Tang,
Khatchadourian, & Lawson, 2021, p. 5 (Table 3)) Especially in late-pubertal
transgender males, BMAD z-scores of the LS were “negatively affected” (Navabi, Tang,

Khatchadourian, & Lawson, 2021, p. 4) by GnRHa monotherapy.

4.2.7. GnRHa and Other Parameters of Bone Health
The focus of this work is on the changes in bone health as detected by BMD and — if
conducted — BMAD. Therefore, not all the studies included in this work take up BMC,

BTM or calcium and vitamin D. The ones that do and their findings can be found below.

4.2.7.1. GnRHa and BMC

Only the two most recent studies included in this paper present data on BMC.

Though they did not collect data on BMAD, Carmichael et al. (2021) did measure
BMC in addition to BMD. The same densitometer as for BMD (see: 4.2.3) was used
and measurements were taken at the same sites (LS and hip). Data on the BMC of the
LS was conducted for n = 44 subjects at baseline, n = 42 after 12 months of treatment,
n = 24 after 24 months and n = 12 after 36 months. At the FN, BMC measurements
were taken in n = 43 subjects at baseline, n = 39 after the first 12 months of treatment,
n = 22 after 24 months and, again, n = 12 after 36 months. While BMC of neither the

The Impact of GnRHa on the Bone Health in Transgender and Gender Diverse Youth 43



LS nor the hip showed changes at the 12-month mark of GnRHa treatment, BMC of the
LS did increase after 24 and 36 months, each (p < 0.0001 and p = 0.0007 at a level of
significance of p = 0.003). (Carmichael, et al., 2021, p. 13/ 26 (Table 3)) This increase
happened more slowly than in peers (Carmichael, et al., 2021, p. 18 / 26). The BMC of
the FN did increase, although not significantly (Carmichael, et al., 2021, p. 13 / 26
(Table 3)).

Navabi et al. (2021) showed that, “relative to the birth-assigned sex population [...]
transgender females had a lower baseline BMC z-score” (Navabi, Tang,
Khatchadourian, & Lawson, 2021, p. 4). BMC showed an increase of p < 0.001 (at a
significance level of p = 0.0011) in transgender females. While BMC z-scores showed
significant decrease (p < 0.001) in transgender males after GnRHa treatment,
transgender females did not show such change. (Navabi, Tang, Khatchadourian, &
Lawson, 2021, p. 5 (Table 3))

4.2.7.2.GnRHa and BTM

Same as BMC, BTM (= serum markers) is only discussed in two studies.

They are mentioned very briefly in Schagen et al. (2020), who studied P1NP, P3NP (=
amino terminal peptide of type 3 procollagen), osteocalcin and 1CTP. To do so, fasting
blood samples were “drawn before noon on the same days as the DXA scans”
(Schagen, Wouters, Cohen-Kettenis, Gooren, & Hannema, 2020, p. E4254). Besides
osteocalcin, which was measured using an immunometric assay, all serum bone mark-
ers were measured via radioimmunoassay (Schagen, Wouters, Cohen-Kettenis,
Gooren, & Hannema, 2020, p. E4254). Before the start of GnRHa treatment, serum
levels in both groups of transgirls (early- and late-pubertal) were similar, while in trans-
boys, the early-pubertal group showed significantly higher levels than late-pubertal
transboys in all examined serum markers. Over the course of the two years in which
they were treated with GnRHa, all beforementioned serum bone markers decreased
significantly in early- and late-pubertal transgirls as well as early-pubertal transboys.
The strongest drop occurred during the first twelve months of GnRHa treatment. In
late-pubertal transboys, P3NP and 1CTP decreased slightly but significantly over the
whole course of the treatment. (Schagen, Wouters, Cohen-Kettenis, Gooren, &
Hannema, 2020, p. p. e4256 and e4258 (Figure 2))

Vliot et al. (2017) also collected data related to the bone turnover markers P1NP, oste-
ocalcin, and 1CTP. Unlike Schagen et al. (2020), they measured these serum bone
markers in a non-fasting state; however, they did use similar measuring instruments
(Vlot, et al., 2017, p. 12 (2.2.2)). The authors found that the younger groups of trans-

men and transwomen each had higher PINP and osteocalcin serum levels than their
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associated older group at the start of GnRHa treatment. In young transmen as well as
young and old transwomen, P1NP levels decreased over the course of the treatment.
Osteocalcin on the other hand did not show changes in these groups, though it did in-
crease in old transmen. 1CTP was higher in young transmen than in old ones at start of
GnRHa treatment but showed no differences in the two groups of transwomen. Only
the young groups of transwomen and transmen showed a decrease of 1CTP during
GnRHa treatment. (Vlot, et al., 2017, p. 13 (3.2))

4.2.7.3. Calcium and Vitamin D Status in TGD Youth

While several studies address vitamin D levels in study participants, calcium levels are
mentioned explicitly only by Navabi et al. (2021). This study suggests that calcium
intake is low in transgender youth, therefore the authors recommend calcium supple-
mentation “for all youth with GD, particularly those who seek pubertal suppression”

(Navabi, Tang, Khatchadourian, & Lawson, 2021, p. 6).

Three of the more recent studies provide information regarding the status of vitamin D
and how they dealt with low values. For reference values on vitamin D insufficiency and

deficiency, please read “Calcium and Vitamin D” in Chapter 2.1.3.

Carmichael et al. (2021) report that 18% of their participants (n = 8) “had vitamin D
insufficiency at baseline and were given vitamin D supplements” (Carmichael, et al.,
2021, p. 11).

The number of participants affected by vitamin D insufficiency in Stoffers et al. (2019)
is significantly higher, with 74% of the study’s participants (= transgender males) hav-
ing a vitamin D value of < 50 nmol/L at the start of GnRHa treatment. On average, par-
ticipants had a Vitamin D level of 36 nmol/L at baseline, though the range of these lev-
els (24 - 54 nmol/L) spans from vitamin D deficiency (24 nmol/l < 30 nmol/l) to sufficient
vitamin D level (54 nmol/L > 50 nmol/L). (Stoffers, de Vries, & Hannema, 2019, p. 1464
(Table 3)) Individuals with vitamin D insufficiency (and deficiency) were prescribed vit-
amin D (Stoffers, de Vries, & Hannema, 2019, p. 1466). Even so, at the start of CSH
therapy (= end of GhRHa monotherapy), 37% of participants still had a vitamin D insuf-
ficiency (with < 50 nmol/L) (Table 3, p. 1464).

At baseline, 17.6 % (n = 30) of the n = 170 transgender youth studied by Navabi et al.
(2021) had vitamin D deficiency (250HD < 30 nmol/L) and another 37.6% (n = 64) had
vitamin D insufficiency (250HD: 30 — 50 nmol/L) (Navabi, Tang, Khatchadourian, &
Lawson, 2021, p. 4 (Table 2)). These individuals were given vitamin D supplementation
(Navabi, Tang, Khatchadourian, & Lawson, 2021, p. 3) which showed improvement of
the vitamin D status. Despite the smaller number of study participants during follow-ups

(third follow-up: n = 63), the vitamin D levels of the transgender adolescents improve
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over time — probably as a result of supplementation. At the third follow-up, 87.3% (n =
55) participants had sufficient (250HD > 50 nmol/L) vitamin D levels (Navabi, Tang,
Khatchadourian, & Lawson, 2021, p. 4 (Table 2)).

4.3. Summary of the Findings

In this chapter the most important findings on each of the parameters, will be briefly
presented. For more detail, please refer to back the previous chapter (4.2). The find-
ings are sorted by authors, to ensure clarity, and presented in chronological order.
However, if there are results that can be arranged according to different findings (4.3.2)

or proportion of those affected (4.3.5), this order is preferred and applied.

4.3.1. BMD

“Absolute bone mass of the LS and FN decreases during GnRHa monotherapy” (Klink,
Caris, Heijboer, van Trotsenburg, & Rotteveel, 2015, p. E273). The oldest included
study (Klink et al., 2015) shows that LS and FN aBMD and aBMD z-scores decrease
significantly in transmen, who were primarily in Tanner Stages 4-5 at start of GnRHa
treatment. aBMD z-scores also decrease slightly in transwomen in Tanner Stage 5, just
not as rapidly as in transmen. (Klink, Caris, Heijboer, van Trotsenburg, & Rotteveel,
2015) In a larger cohort with transwomen being in earlier Tanner Stages (P3.5 and
G4.4), however, aBMD z-scores in transwomen do show a significant decrease (KIink,

Caris, Heijboer, van Trotsenburg, & Rotteveel, 2015, p. “Supplemental Data”).

The subsequently following study (Stoffers et al., 2019) analyzed the oldest study
population — consisting of just transgender males (Stoffers, de Vries, & Hannema,
2019). The data of this study shows a “significant decrease in BMD and BMD z-scores”
(Stoffers, de Vries, & Hannema, 2019, p. 1466) at LS, left and right hip, in n = 18
transgender males. Therefore, the transgender males studied had less bone mineral

accrual than their peers.

The study conducted by Joseph et al. (2019) contained the youngest individuals in
both AMABs and AFABs. In contrast to other studies, which present data on BMD z-
scores at baseline (e.g., Klink, et al., 2015; Schagen, et al., 2020), in this study, z-
scores at baseline were lower in transboys than in transgirls (Joseph, Ting, & Butler,
2019, p. 2). The authors of this study proved that “the usual pattern of accruing bone
mass according to age does not happen” (Joseph, Ting, & Butler, 2019, p. 2) during
GnRHa application. And although absolute BMD shows “very little actual change” and
“does not change substantially over a 2-year period [...] on GnRHa” (Joseph, Ting, &
Butler, 2019, p. 4), there is an immediate drop in BMD z-scores after the first year of
treatment (Joseph, Ting, & Butler, 2019, p. 3). Still, pubertal status at start of GnRHa
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was not associated with the previously described later changes (Joseph, Ting, & Butler,
2019, p. 3).

Schagen et al. (2020) differentiated between early- and late-pubertal transgirls and
transboys. In all four groups, aBMD z-scores of the LS, FN and whole body showed a
significant decrease over the course of two years of GhnRHa monotherapy. Still, the
aBMD of the LS and FN and BMD of the whole body showed a slight increase in early-
pubertal transgirls and -boys of this study. (Schagen, Wouters, Cohen-Kettenis,
Gooren, & Hannema, 2020, p. e4256 (Table 2)) Furthermore, individuals who received
GnRHa for more than three years showed almost no changes in aBMD at the LS nor
the FN — which suggests a stabilization of z-scores in prolonged treatment (Schagen,
Wouters, Cohen-Kettenis, Gooren, & Hannema, 2020, p. e4260).

In short, Carmichael et al. (2021) found that in transgender youth, BMD “increased in
the lumbar spine indicating greater bone strength, but more slowly than in peers so
[the] BMD z-score fell” (Carmichael, et al., 2021, p. 18 / 26). Same as Joseph et al.
(2019), they too state that pubertal stages are not associated with later changes in
BMD (Carmichael, et al., 2021, p. 18 / 26).

The last and most recent study (Navabi et al., 2021) that discusses BMD and BMD z-
scores reinforces the previous results. It found that “GnRHa monotherapy negatively
affected transgender youth aBMD z scores at LS, LTH, and TBLH levels” (Navabi,
Tang, Khatchadourian, & Lawson, 2021, p. 4); especially of the LS and mostly in late
pubertal transgender men. However, since this study primarily looked at transgender
adolescents in Tanner Stages 4 and 5, “the degree of BMD changes after puberty sup-
pression in early puberty is not known” (Navabi, Tang, Khatchadourian, & Lawson,
2021, p. 5). The authors note that if transgender males started GnRHa at an earlier
stage of puberty, changes in LS aBMD z-score seemed “less pronounced” (Navabi,

Tang, Khatchadourian, & Lawson, 2021, p. 4).

4.3.2. BMAD

Looking at the smaller study population of the study conducted by Klink et al. (2015),
“BMAD [does] not change during GnRHa monotherapy” (Klink, Caris, Heijboer, van
Trotsenburg, & Rotteveel, 2015, p. E273) and BMAD z-scores do decrease, but not
significantly. However, supplemental data of a larger cohort shows that during GnRHa
monotherapy, FN BMAD, as well as FN and LS BMAD z-scores decrease in trans-
women, and both LS BMAD and LS BMAD z-score and FN BMAD and FN BMAD z-
score decrease in transmen (Klink, Caris, Heijboer, van Trotsenburg, & Rotteveel,

2015, p. “Supplemental Data”).
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No changes of BMAD at the LS were found in transgirls and transboys in Joseph et al.
(2019). BMAD z-scores of both transgirls and transboys show a significant decrease
after longer GnRHa treatment, though the most significant decrease can be seen after
the first year of GnRHa treatment in both small (n = 31) and large (n = 70) sample siz-
es. This suggests a slower accrual of calcium in transgirls and -boys of which the long-

term effects are not known, yet. (Joseph, Ting, & Butler, 2019, p. 3)

In contrast to those findings, Vlot et al. (2017) provided data, showing BMAD LS and
FN decrease in old transmen with a bone age greater than 14. BMAD z-scores, pre-
dominantly at the LS, decreased in young transwomen as well as young and old
transmen. (Vlot, et al., 2017, p. 13) This suggests that “sex steroid deprivation due to
GnRHa treatment results in stable bone mass, which implies a loss of Z-scores in

transgender adolescents compared to their peers” (Vlot, et al., 2017, p. 16).

Schagen et al. (2020) present similar findings to Vlot et al. (2017). In their study,
BMAD z-scores at LS significantly decreased in all study groups (early- and late-
pubertal transgirls and -boys) (Schagen, Wouters, Cohen-Kettenis, Gooren, &
Hannema, 2020, p. e4255). Furthermore, three transgirls “had a z-score of the lumbar
spine below -2” and four “had a z-score of the hip below -2” and two transboys had a
“z-score of the hip below -2” (Schagen, Wouters, Cohen-Kettenis, Gooren, &
Hannema, 2020, p. e4255).

Navabi et al. (2021) could show that BMAD z-scores of the LS were “negatively affect-
ed” (Navabi, Tang, Khatchadourian, & Lawson, 2021, p. 4) by GnRHa monotherapy —
especially in late pubertal transgender males. But while transgender females did not
show significant changes in LS BMAD z-scores, transgender males’ LS BMAD z-
scores showed a significant decrease during GnRHa treatment. (Navabi, Tang,
Khatchadourian, & Lawson, 2021, p. 5 (Table 3)). Again, this decrease was most pre-

sent in those in late puberty (Tanner Stages 4-5).

4.3.3. BMC

Data on BMC during GnRHa monotherapy is provided by the two most recent studies.

Without giving specific data sorted for transgirls and transboys, Carmichael et al.
(2021) showed a significant increase of BMC at the LS after two to three years of
GnRHa monotherapy (Carmichael, et al., 2021, p. 13 / 26 (Table 3)). However, this

increase happened “more slowly than in peers” (Carmichael, et al., 2021, p. 18 / 26).

The findings of Navabi et al. (2021) are consistent with this. They, too, showed an in-
crease of BMC in transgender females with no changes in BMC z-score. In
transgender males, however, BMC z-scores decreased significantly. (Navabi, Tang,
Khatchadourian, & Lawson, 2021, p. 5 (Table 3))
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4.3.4. BTM
Both studies that included data on BTM subdivided their study populations into “young”
(= early-pubertal) and “old” (= late-pubertal).

Schagen et al. (2020) examined P1NP, P3NP, osteocalcin and 1CTP. These BTM
decreased significantly in early- and late-pubertal transgirls and early-pubertal trans-
boys over the course of a two-year GnRHa treatment, with the strongest drop occurring
in the first year (Schagen, Wouters, Cohen-Kettenis, Gooren, & Hannema, 2020, p.
e4256). P3NP and 1CTP showed a slight (but significant) decrease in late-pubertal
transboys, over the whole course of the (2-year) treatment, while “P1NP and osteocal-
cin did not change” (Schagen, Wouters, Cohen-Kettenis, Gooren, & Hannema, 2020, p.
e4256).

Similarly, Vlot et al. (2021) showed that both groups of younger individuals had higher
P1NP and osteocalcin serum levels at start of GnRHa juxtaposed to their older groups
(Vlot, et al., 2017, p. 13 (3.2)). Again, in young and old transwomen as well as young
transmen, P1NP decreased during the treatment period while 1CTP decreased only in
the younger groups (Vlot, et al.,, 2017, p. 13 (3.2.1 and 3.2.3)). Osteocalcin did not
change in any of these three groups, but it did increase in old transmen (Viot, et al.,
2017, p. 13 (3.2.2)).

4.3.5. Calcium and Vitamin D
According to Navabi et al. (2021), calcium levels in transgender youth are low, which is
why they suggest calcium supplementation — especially for those transgender youth,

who are treated with GnRHa (Navabi, Tang, Khatchadourian, & Lawson, 2021, p. 6).

Vitamin D levels were found to be insufficient in many TGD youth before GnRHa treat-

ment:

Carmichael et al. (2021) report a vitamin D insufficiency at baseline in 18% of their
subjects (Carmichael, et al., 2021, p. 11/ 26 (Table 1)).

At baseline, in 37.6% of the subjects in Navabi et al.’s (2021) study, vitamin D levels
were insufficient, with another 17.6% of individuals having a vitamin D deficiency
(Navabi, Tang, Khatchadourian, & Lawson, 2021, p. 4 (Table 2)).

In Stoffers et al. (2019), the number of individuals (transgender males) which showed
a vitamin D deficiency was highest at baseline at 74%. Even with supplementation
(during GnRHa monotherapy at a median duration of eight months), 37% had insuffi-
cient vitamin D levels at end of GnRHa monotherapy. (Stoffers, de Vries, & Hannema,
2019, p. 1464 (Table 3))
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5. Discussion

5.1. Discussion of Study Results

The aim of this work is to determine the impact of GnRHa on the bone health of TGD
youth using primarily BMD and BMAD. Other useful parameters for determining bone
health are included but seen as subsidiary. As depicted in previous chapters (see: 4.2
and 4.3), the studies included in this work show a negative association between
GnRHa monotherapy and bone health in TGD youth. The most important aspects of
the studies’ findings are discussed hereafter. It is important to know that terms BMD,

aBMD, bone mass and bone density are interchangeable.

Besides decrease, stagnation (= “no change”) in BMD or BMAD can also lead to de-
creased BMD and BMAD z-scores, since both BMD and BMAD increase during ado-
lescence in peers (without GnRHa treatment) (Crabtree, et al., 2017, p.

"Supplementary Material").

Several studies found that BMD z-scores at baseline are lower in transgirls (=AMABs)
than in transboys (=AFABs) (Klink, Caris, Heijboer, van Trotsenburg, & Rotteveel,
2015; Schagen, Wouters, Cohen-Kettenis, Gooren, & Hannema, 2020; Navabi, Tang,
Khatchadourian, & Lawson, 2021). Contrary to these results, Joseph et al. (2019)
showed that transboys had lower BMD z-scores at baseline than transgirls (Joseph,
Ting, & Butler, 2019). This suggests that even before GhnRHa, bone density is not ideal
in TGD youth.

The studies’ findings agree that BMD z-scores decrease during GnRHa treatment
(Klink, Caris, Heijboer, van Trotsenburg, & Rotteveel, 2015; Stoffers, de Vries, &
Hannema, 2019; Joseph, Ting, & Butler, 2019; Schagen, Wouters, Cohen-Kettenis,
Gooren, & Hannema, 2020; Carmichael, et al., 2021; Navabi, Tang, Khatchadourian, &
Lawson, 2021), whether due to stagnation or actual decrease of BMD. This change is
particularly strong in late pubertal transgender boys (Klink, Caris, Heijboer, van
Trotsenburg, & Rotteveel, 2015; Navabi, Tang, Khatchadourian, & Lawson, 2021). Low
BMD z-scores indicate unusually low BMD (McKiernan, Berg, & Linneman, 2011). Un-
usually low BMD, in turn, increases the risk for fractures (NHS, 2022). A decrease of z-
values of -2.0 — as shown in Navabi, et al. (2021) — indicates a loss of bone mass com-
pared to an individual’'s peer group (U.S. Department of Health and Human Services
(Pt. 4), 2004) and thus a higher facture risk due to osteopenia (Varacallo, Seaman,
Jandu, & Pizzutillo, 2022). Even with that higher fracture risk, Navabi et al. (2021) could
not find vertebral fractures in further imaging of individuals with z-scores below 2
(Navabi, Tang, Khatchadourian, & Lawson, 2021, p. 3).
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Although fracture risk increases with decreased BMD (Varacallo, Seaman, Jandu, &
Pizzutillo, 2022), lower BMD and BMD z-scores do not necessarily result in a fracture
(U.S. Department of Health and Human Services (Pt. 4), 2004). As BMD decreases
with ageing, one’s z-score may remain stable throughout their entire life — therefore,
BMD z-scores might not be suitable for diagnostic use. The comparison of an individual
with their peers, however, is still possible. (U.S. Department of Health and Human
Services (Pt. 4), 2004) The impact of GnRHa on BMD appears to be stronger as the
study participants get older, and Tanner Stages are higher. Although BMD is lower in
TGD youth treated with GnRHa compared to peers, it seems to stabilize with prolonged
GnRHa use.

When considering the ongoing bone growth in TGD adolescents by calculating BMAD
values, the data situation of the cited studies is not as conclusive as data regarding
BMD. Two of four studies with data regarding BMAD did not find any changes in BMAD
values in smaller populations (Klink, Caris, Heijboer, van Trotsenburg, & Rotteveel,
2015; Joseph, Ting, & Butler, 2019). In larger cohorts, however, BMAD did show a sig-
nificant decrease (Klink, Caris, Heijboer, van Trotsenburg, & Rotteveel, 2015; Viot, et
al., 2017; Schagen, Wouters, Cohen-Kettenis, Gooren, & Hannema, 2020; Navabi,
Tang, Khatchadourian, & Lawson, 2021). It seems as if BMAD z-scores decrease pre-
dominantly at the LS (Klink, et al., 2015; Vlot, et al.,, 2017; Schagen, et al., 2020;
Navabi, et al., 2021). The decrease in BMAD z-scores seems to be especially promi-
nent in older transgender boys (Vlot, et al.,, 2017; Navabi, Tang, Khatchadourian, &
Lawson, 2021). Again, one study even showed a drop greater than -2 in BMAD z-
scores recorded for individual study participants (Schagen, Wouters, Cohen-Kettenis,
Gooren, & Hannema, 2020). In growing children and adolescents, low LS BMAD (and

BMAD z-scores) can indicate an increased fracture risk (Jones, Ma, & Cameron, 2006).

BMC, BTM and calcium and vitamin D are considered subsidiary criteria of bone
health in this work. Therefore, they were not part of the inclusion criteria. Consequently,

less data is provided by the cited studies regarding these aspects.

BMC does increase in TGD youth treated with GnRHa (Carmichael, et al., 2021;
Navabi, et al., 2021). However, in line with the development of BMD, this increase does
not happen as fast as it does in their peers (Carmichael, et al., 2021), and thus BMC z-
scores show a significant decrease (Navabi, Tang, Khatchadourian, & Lawson, 2021).
In this case, the evolution of BMC is consistent with the demonstrated changes in BMD
and BMAD and supports the finding that bone mineral density is not evolving as ex-
pected during GnRHa monotherapy. Thus, this parameter also indicates that TGD

youth might have an increased risk of fractures.
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BTM (serum bone markers or biochemical markers of bone turnover), append to the
information obtained by determining BMD. While not useful for estimating bone mass,
they can be used to estimate the rate at which bone loss is occurring. (U.S.
Department of Health and Human Services (Pt. 1), 2004) Both studies looking at BTM
agree that P1NP, osteocalcin and 1CTP decrease during the use of GnRHa (Schagen,
et al., 2020; Vlot, et al., 2017). This indicates that bone loss might be happening faster

than in peers. Again, this shows an increased fracture risk (NHS, 2022).

Calcium and vitamin D are already lower in TGD adolescents before the administration
of GnRHa than in peers, with very few having even adequate levels of vitamin D
(Stoffers, de Vries, & Hannema, 2019; Carmichael, et al., 2021; Navabi, Tang,
Khatchadourian, & Lawson, 2021). Especially in older transgender males who only
received vitamin D supplements for a median of 8 months of GnRHa monotherapy, the
documented deficiency and insufficiency had not been fully resolved at the end of
GnRHa monotherapy (Stoffers, de Vries, & Hannema, 2019). Seeing as both calcium
and Vitamin D serve as protective factors of bone health (see: 2.1.3), this is less than
ideal for people whose fracture risk seems to be increased due to the treatment they
receive. Therefore, TGD youth should receive supplementation of both calcium, but

especially vitamin D.

Based on the parameters analyzed, it can be said that the studies reviewed in this work
concluded that the bone health of TGD adolescents — especially in older transgender
boys — is affected by GhnRHa monotherapy and the fracture risk increases. However,

further research is needed, as shown in 6.

5.2. Methodological Critique

5.2.1. Methodological Critique of the Cited Studies

The need for further research on this topic is evident from various circumstances.

First, the sample sizes of the studies cited are rather small. Of course, it should be
considered that these are samples from an already smaller population (TGD youth).
Still, smaller sample sizes may result in changes in bone health parameters during

GnRHa monotherapy going undetected.

Furthermore, in some cases, there was missing data (Carmichael, et al., 2021; Joseph,
Ting, & Butler, 2019). In Joseph et al. (2019) for example, this was due to the retro-
spective design, as sometimes data was not recorded annually (Joseph, Ting, & Butler,

2019, p. 4). This also influences the evaluation of the observed changes.

In other studies (Stoffers, de Vries, & Hannema, 2019; Schagen, Wouters, Cohen-

Kettenis, Gooren, & Hannema, 2020), the findings recorded in-text did not correspond
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to the results presented in tables. This is unmeriting when it comes to assessing the

results of studies.

In addition, the comparability of the studies is questionable since the conception and
study designs of the included studies differ. This is noticeable, among other things,
when considering the given levels of significance. For example, Joseph et al. deem p <
0.05 as “statistically significant” (Joseph, Ting, & Butler, 2019, p. 2), whereas Carmi-
chael et al. deem p = 0.003 as the “appropriate threshold for statistical significance”
(Carmichael, et al., 2021, p. 9).

Another aspect is the number of people of whom the data is interpreted. It is question-
able to what extent findings for a small n can be applied to larger populations at all.
Carmichael et al. (2021), for example, omit data for n = 8 or less (Carmichael, et al.,
2021, p. 10). Other studies, however, collect very small study populations from the out-
set, e.g., data on n = 10 transgender girls (Joseph, Ting, & Butler, 2019), or report data
on sample sizes as small as n = 5 (Vlot, et al., 2017, p. 14). As a result, findings that
are considered significant in one study would not be considered as such in another
study. This in turn makes comparability and thus the assessment of the results more
difficult.

It is also unclear to what extent the use of DXA scans leads to comparable results.
DXA scans are considered the gold standard. Therefore, it makes sense to only include
studies that meet this gold standard. This also creates at least a basis for comparabil-
ity. However, according to earlier studies, “BMD measured on one type of machine
cannot be accurately compared to BMD measured on a different type of machine, nor
can BMD [be] performed on the same type of machine at two different locations” (U.S.
Department of Health and Human Services (Pt. 4), 2004, p. 208).

Some of the studies reviewed in this paper refer to only one or two parameters of bone
health (Klink, Caris, Heijboer, van Trotsenburg, & Rotteveel, 2015; Viot, et al., 2017).
This means that other factors influencing the development of bone mass — such as
physical activity, weight, smoking, alcohol consumption, socioeconomic status, diseas-
es, and medications (Zhu & Zheng, 2021), and in most studies even vitamin D and cal-
cium — were not taken into account. How different constellations between protective
and risk factors and GnRHa monotherapy affect bone health in TGD adolescents, can-

not be said exactly.

Furthermore, there is mostly data on the influence of GhnRHa on the bone health of
transgender boys. If one adds up all the study populations of the studies considered, it
results in available data for n = 316 transgender boys, and for n = 201 transgender
girls. This leads to the conclusion that transgender girls seem to be underrepresented

in current research.
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In addition, in the included studies there is more data to be found on transgender youth
(n =316 + 201 = 517) than on nonbinary youth (just n = 2) regarding the GnRHa mono-
therapy for treatment of GD. This group of TGD youth should in no way be neglected,
as they can also benefit from treating their suffering of GD with GnRHa. On top of that,
the studies mostly consider short- to mid-term treatment durations. However, since
nonbinary adolescents are unlikely to continue with CSH therapy after GnRHa — as
they do not feel like they belong to their sex assigned at birth, nor to the other sex — it is

important to investigate the effects of longer application durations.

Also, none of the studies had a control group consisting of TGD adolescents without
GnRHa treatment. Any similarities and differences between TGD adolescents with and
without GhnRHa monotherapy are therefore not recognizable. Instead, the z-values of
the parameters collected are often compared with the values of peers of the birth sex.
The reasonableness of such comparisons is doubtful — as mentioned in the studies
themselves (Klink, Caris, Heijboer, van Trotsenburg, & Rotteveel, 2015, p. E273;
Schagen, Wouters, Cohen-Kettenis, Gooren, & Hannema, 2020, p. e4260) — since the
release of sex hormones by peers of the congenital sex naturally has a different effect
on the bones than the lack of these sex hormones in TGD adolescents under GnRHa

treatment.

Still, the overall quality of the considered studies can be rated as “good”. It is noticeable

that the quality has increased in recent years.

Most of the studies reviewed here were conducted in the Netherlands or the UK. Future

international research should be conducted.

5.2.2. Methodological Critique of this Paper

This paper, too, has its limitations. For one, only a limited number of databases
(Google Scholar, PubMed and Medline, Scopus) were used to conduct the literature
search. The research was also carried out by only one person. Moreover, only studies
in English (or German) and ones which were published on the Open Access principle
were screened for their Abstract and Full Text — and, if fitting the research question,

included in this work. It is therefore quite possible that relevant literature was not found.

However, the inclusion of literature found by checking the primary sources of reviews is
a strength of this work. For example, the study by Stoffers et al. (2019) was initially
excluded after the abstract screening and was listed as relevant and thus included in
this work, after it seemed to provide useful information by sifting through reviews and
their primary literature. The detailed presentation of the studies’ contents and findings
is also a strength, which above all compensates for the fact that literature for this paper

was recorded, and the paper itself was written, by only one person.
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5.3. Contribution to Current Research

The aim of this work is to present the current state of research and evidence-based
medical knowledge on the impact of GhnRHa on the bone health of TGD youth. It is im-
portant to note that the political discussions taken up in the introduction only serve to
illustrate the topicality and urgency of this topic. This work does not serve as a basis for
political discussions and does not intend to solve or fuel the current political discus-

sions.

Since "transgender people" is a very current topic, this work is not the first to address it.
How this work differs from others and why it therefore contributes to the current state of

research should therefore be recorded.

Against the same background of the planned change in the TSG law in Germany, an
article on Genderinkongruenz: zur Problematik einer geschlechtsangleichenden medi-
kament6sen Intervention bei Kindern und Jugendlichen (in English: Gender In-
congruence: on the problem of a gender-adapting drug intervention in children and
adolescents) was published in the “Arzneimittelbrief” in March 2023. However, this arti-
cle primarily deals with CSH therapy and gender-reassignment surgeries, as well as
what this change in law means for health care and medical professionals. (Der
Arzneimittelbrief, 2023)

Furthermore, some previously conducted reviews reference the same studies as this
paper, but most of those focus on bone health as only one aspect of the possible ef-
fects of GnRHa therapy on TGD adolescents — most focus primarily on the psychologi-
cal aspects or include a multitude of aspects (e.g., body mass index). Others reference
the same findings with the added aspect of cross-sex hormone treatment, which, when

looking at the cumulated effects of GnRHa and CSH, yield different results.

For example, in May last year, Giacomelli et al. (2022) published a review on the Bone
Health in Transgender People which does include GnRHa use in transgender youth.
However, sole focus is not on TGD youth, as data on older TGD people are also in-
cluded. Furthermore, the studies presented herein are only very briefly summarized
(Giacomelli & Meriggiola, 2022).

A study by Ciancia et al. was found only after the start of this work, which bears a very
similar title: Impact of gender-affirming treatment on bone health in transgender and
gender diverse youth. The goal of this paper is to describe “differences in age and pu-
bertal stage at the start of puberty suppression, chosen strategy to block puberty pro-
gression, duration of puberty suppression, and the timing of re-evaluation after estradi-
ol or testosterone administration” (abstract). In addition to GnRHa, this study also looks

at the use of anti-androgens such as cyproterone acetate and progestins such as lyn-
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estrenol (Ciancia, Dubois, & Cools, 2022, p. 5/6) . The development of bone health
during CSH therapy is also discussed (Ciancia, Dubois, & Cools, 2022, p. 6 ff.). De-
spite the similar title, the work at hand is in no way intended to duplicate the review

published by Ciancia et al.

The focus of this paper is to give detailed information on the studies considered, to
coordinate the findings of the individual studies and to come to a general conclusion
regarding the bone health of TGD adolescents under the influence of GnRHa. Such an
in-depth study on the effects of GnRHa on the bone health of just TGD youth (diag-
nosed with gender dysphoria), which summarizes and presents the findings of individ-
ual studies in a thorough and structured manner, has not been found in the search for
literature within this paper. Therefore, this work can add to the current study situation
and especially helps both those who want to get an initial overview of, as well as those
who are interested in an in-depth presentation of multiple studies on the impact of

GnRHa on bone health in TGD adolescents.
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6. Conclusion

Preliminary study results suggest that the use of GnRHa monotherapy to suppress
puberty in TGD youth with GD affects bone health. The following briefly summarizes
the tendency of the effects, whether stronger effects can be detected in AMABs or
AFABs (e.g., dependent on different ages and Tanner stages), and what this means for

future research.

GnRHa negatively impacts bone health in TGD youth. This impact can manifest itself
through stagnation, but also a decrease of bone mass. The developments of BMD,
BMAD and BMC during GnRHa suggest an increased fracture risk in TGD youth. See-
ing as “bone mass is a key determinant of osteoporosis and fragility fractures” (Zhu &
Zheng, 2021), it is important to monitor bone health of TGD adolescents during
GnRHa. The studies cited here examined mostly smaller sample sizes. For a better
picture of the (negative) effects and a better generalizability of study results, further
studies of a larger scope are necessary. Studies which include follow-ups at later ages
and look at a multitude of bone parameters could also be helpful to determine whether

the increased fracture risk is reflected in more frequent fractures in TGD people.

The impact of GnRHa on BMD appears to be stronger as the study participants get
older, and Tanner Stages are higher. Especially in transgender boys in later stages of
puberty, the negative impact of GnRHa on parameters of bone health seems to be
more pronounced. However, the studies considered here could present the actual con-
ditions in a distorted manner, seeing as they, for the most part, examine transgender
boys — who are also predominantly in later Tanner Stages. Future studies should there-
fore collect and evaluate data of younger individuals, more transgender girls, and non-

binary youth.

But, although bone mass is lower in TGD treated with GnRHa compared to peers, it
seems to stabilize with prolonged GnRHa use. Since most of the study participants in
the studies considered were older (over 14 y/o) at the start of the GnRHa monotherapy
and in later puberty, and GnRHa is in most cases only used as a monotherapy up to
the age of 16, the study results only briefly represent to medium-term effects. In most
countries, however, GnRHa is permitted from the age of 12, or (according to SOC-8)
from Tanner Stage 2. The long-term effects and how GnRHa affects the bone health of
younger TGD adolescents cannot be illustrated by the studies presented here. It is ad-

visable to conduct further research in this regard.

In short, GnRHa tends to lead to a decrease in bone mass in the TGD adolescents and
an increased fracture risk — especially in older TGD youth. Based on this finding, fur-

ther research regarding bone health and treatment optimization in TGD is warranted.
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Appendix

Klink et al. (2015)

TGD Terms sorted according to:
AMAB (= transgender girls)

AFAB (= transgender boys)

e Transwomen

e Transmen

Vot et al. (2017)

Old and young:
e Transwomen

e Transmen

Stoffers et al. (2019)

e Transgender males

Joseph et al. (2019)

e Transgirls
e Transboys

Schagen et al. (2020)

Early- and late-pubertal:
e Transgirls
e Transboys

Carmichael et al. (2021)

e Birth-registered males
e Birth-registered females

Navabi et al. (2021)

¢ Transgender females
e Transgender males

Table 6: TGD Terms Used in the Included Studies

The Impact of GnRHa on the Bone Health in Transgender and Gender Diverse Youth

63




Checklists of the Quality of the Studies According to the QAT (NIH (National Heart, Lung and Blood Institute), 2021)

Study: Bone Mass in Young Adulthood Following Gonadotropin-Releasing Hormone Analog Treatment and Cross-Sex Hormone Treatment

in Adolescents With Gender Dysphoria (Klink, Caris, Heijboer, van Trotsenburg, & Rotteveel, 2015)

Cannot Determine;

Criteria Yes No Not Applicable;
Not Reported

(1) Was the study question or objective clearly stated? X [ Ol
(2) Were eligibility/selection criteria for the study population prespecified and clearly described? U UJ
(3) Were the participants in the study representative of those who would be eligible for the
oy . .. . . U O
test/service/intervention in the general or clinical population of interest?
(4) Were all eligible participants that met the prespecified entry criteria enrolled? O O
(5) Was the sample size sufficiently large to provide confidence in the findings? $ ] X Ol
(6) Was the test/service/intervention clearly described and delivered consistently across the study population? U] UJ
(7) Were the outcome measures prespecified, clearly defined, valid, reliable, and assessed consistently across 0 0O
all study participants?
(8) Were the people assessing the outcomes blinded to the participants' exposures/interventions? Ll Ll
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Cannot Determine;
Criteria Yes No Not Applicable;

Not Reported

(9) Was the loss to follow-up after baseline 20% or less? Were those lost to follow-up accounted for in the = O O
analysis? '

(10)  Did the statistical methods examine changes in outcome measures from before to after the interven- O 0
tion? Were statistical tests done that provided p values for the pre-to-post changes?

(11)  Were outcome measures of interest taken multiple times before the intervention and multiple times after

. . . . . . . X ] Ol

the intervention (i.e., did they use an interrupted time-series design)?

(12) If the intervention was conducted at a group level (e.g., a whole hospital, a community, etc.) did the sta- 0 0O
tistical analysis take into account the use of individual-level data to determine effects at the group level?

Table 7: Quality Assessment Klink et al. (2015)

Legend: $ The study’s discussion was used to answer the question;
! If either question can be answered with “yes”, this criterion gets +1 point, even if loss to follow-up was > 20%
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Study: Effect of pubertal suppression and cross-sex hormone therapy on bone turnover markers and bone mineral apparent density
(BMAD) in transgender adolescents (Vlot, et al., 2017)

Cannot Determine;
Criteria No Not Applicable;

Not Reported

(1) Was the study question or objective clearly stated? [ UJ
(2) Were eligibility/selection criteria for the study population prespecified and clearly described? U UJ
(3) Were the participants in the study representative of those who would be eligible for the
ey . . . : X [ O
test/service/intervention in the general or clinical population of interest?
(4) Were all eligible participants that met the prespecified entry criteria enrolled? ] ]
(5) Was the sample size sufficiently large to provide confidence in the findings? *® [ U
(6) Was the test/service/intervention clearly described and delivered consistently across the study population? U] UJ
(7) Were the outcome measures prespecified, clearly defined, valid, reliable, and assessed consistently across = 0 O
all study participants?
(8) Were the people assessing the outcomes blinded to the participants' exposures/interventions? Ll Ll
(9) Was the loss to follow-up after baseline 20% or less? Were those lost to follow-up accounted for in the O 0
analysis? '
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Cannot Determine;
Criteria Not Applicable;

Not Reported

(10)  Did the statistical methods examine changes in outcome measures from before to after the interven- O 0
tion? Were statistical tests done that provided p values for the pre-to-post changes?
(11)  Were outcome measures of interest taken multiple times before the intervention and multiple times after
. o . . . . . X [ O
the intervention (i.e., did they use an interrupted time-series design)?
(12) If the intervention was conducted at a group level (e.g., a whole hospital, a community, etc.) did the sta- 0 0O
tistical analysis take into account the use of individual-level data to determine effects at the group level?

Table 8: Quality Assessment Vot et al. (2017)

Legend: $ The study’s discussion was used to answer the question;
! If either question can be answered with “yes”, this criterion gets +1 point, even if loss to follow-up was > 20%
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Study: Physical changes, laboratory parameters, and bone mineral density during testosterone treatment in adolescents with gender

dysphoria (Stoffers, de Vries, & Hannema, 2019)

Cannot Determine;
Criteria No Not Applicable;

Not Reported

1. Was the study question or objective clearly stated? [ UJ
2. Were eligibility/selection criteria for the study population prespecified and clearly described? U UJ
3. Were the participants in the study representative of those who would be eligible for the
ey . . . : X [ O
test/service/intervention in the general or clinical population of interest?
4. Were all eligible participants that met the prespecified entry criteria enrolled? O O
5. Was the sample size sufficiently large to provide confidence in the findings? * [ U
6. Was the test/service/intervention clearly described and delivered consistently across the study population? U] UJ
7. Were the outcome measures prespecified, clearly defined, valid, reliable, and assessed consistently across = 0 O
all study participants?
8. Were the people assessing the outcomes blinded to the participants' exposures/interventions? Ll Ll
9. Was the loss to follow-up after baseline 20% or less? Were those lost to follow-up accounted for in the O 0
analysis? '
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Cannot Determine;
Criteria Not Applicable;

Not Reported

10. Did the statistical methods examine changes in outcome measures from before to after the intervention? O 0
Were statistical tests done that provided p values for the pre-to-post changes?

11. Were outcome measures of interest taken multiple times before the intervention and multiple times after the
: . . . . . . X [ O
intervention (i.e., did they use an interrupted time-series design)?

12. If the intervention was conducted at a group level (e.g., a whole hospital, a community, etc.) did the statisti- 0 0O
cal analysis take into account the use of individual-level data to determine effects at the group level?

Table 9: Quality Assessment Stoffers et al. (2019)

Legend: $ The study’s discussion was used to answer the question;
! If either question can be answered with “yes”, this criterion gets +1 point, even if loss to follow-up was > 20%
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Study: The effect of GnRH analogue treatment on bone mineral density in young adolescents with gender dysphoria: findings from a large
national cohort (Joseph, Ting, & Butler, 2019)

Cannot Determine;
Criteria No Not Applicable;

Not Reported

1. Was the study question or objective clearly stated? [ UJ
2. Were eligibility/selection criteria for the study population prespecified and clearly described? U UJ
3. Were the participants in the study representative of those who would be eligible for the
ey . . . : X [ O
test/service/intervention in the general or clinical population of interest?
4. Were all eligible participants that met the prespecified entry criteria enrolled? O O
5. Was the sample size sufficiently large to provide confidence in the findings? * [ U
6. Was the test/service/intervention clearly described and delivered consistently across the study population? U] UJ
7. Were the outcome measures prespecified, clearly defined, valid, reliable, and assessed consistently across = 0 O
all study participants?
8. Were the people assessing the outcomes blinded to the participants' exposures/interventions? Ll Ll
9. Was the loss to follow-up after baseline 20% or less? Were those lost to follow-up accounted for in the O 0
analysis? '
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Cannot Determine;
Criteria Not Applicable;

Not Reported

10. Did the statistical methods examine changes in outcome measures from before to after the intervention? O 0
Were statistical tests done that provided p values for the pre-to-post changes?

11. Were outcome measures of interest taken multiple times before the intervention and multiple times after the
: . . . : . . X [ O
intervention (i.e., did they use an interrupted time-series design)?

12. If the intervention was conducted at a group level (e.g., a whole hospital, a community, etc.) did the statisti- 0 0O
cal analysis take into account the use of individual-level data to determine effects at the group level?

Table 10: Quality Assessment Joseph et al. (2019)

Legend: $ The study’s discussion was used to answer the question;
! If either question can be answered with “yes”, this criterion gets +1 point, even if loss to follow-up was > 20%
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Study: Bone Development in Transgender Adolescents Treated With GnRHa Analogues and Subsequent Gender-Affirming Hormones

(Schagen, Wouters, Cohen-Kettenis, Gooren, & Hannema, 2020)

Cannot Determine;
Criteria No Not Applicable;

Not Reported

1. Was the study question or objective clearly stated? [ UJ
2. Were eligibility/selection criteria for the study population prespecified and clearly described? U UJ
3. Were the participants in the study representative of those who would be eligible for the
ey . . . : X [ O
test/service/intervention in the general or clinical population of interest?
4. Were all eligible participants that met the prespecified entry criteria enrolled? O O
5. Was the sample size sufficiently large to provide confidence in the findings? * [ [
6. Was the test/service/intervention clearly described and delivered consistently across the study population? U] UJ
7. Were the outcome measures prespecified, clearly defined, valid, reliable, and assessed consistently across = 0 O
all study participants?
8. Were the people assessing the outcomes blinded to the participants' exposures/interventions? Ll Ll
9. Was the loss to follow-up after baseline 20% or less? Were those lost to follow-up accounted for in the O 0
analysis? '
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Cannot Determine;
Criteria Not Applicable;

Not Reported

10. Did the statistical methods examine changes in outcome measures from before to after the intervention? O 0
Were statistical tests done that provided p values for the pre-to-post changes?

11. Were outcome measures of interest taken multiple times before the intervention and multiple times after the
: . . . : . . X [ O
intervention (i.e., did they use an interrupted time-series design)?

12. If the intervention was conducted at a group level (e.g., a whole hospital, a community, etc.) did the statisti- 0 0O
cal analysis take into account the use of individual-level data to determine effects at the group level?

Table 11: Quality Assessment Schagen et al. (2020)

Legend: $ The study’s discussion was used to answer the question;
! If either question can be answered with “yes”, this criterion gets +1 point, even if loss to follow-up was > 20%
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Study: Short-term outcomes of pubertal suppression in a selected cohort of 12 to 15 year old young people with persistent gender
dysphoria in the UK (Carmichael, et al., 2021)

Cannot Determine;
Criteria No Not Applicable;

Not Reported

1. Was the study question or objective clearly stated? [ UJ
2. Were eligibility/selection criteria for the study population prespecified and clearly described? U UJ
3. Were the participants in the study representative of those who would be eligible for the
ey . . . : X [ O
test/service/intervention in the general or clinical population of interest?
4. Were all eligible participants that met the prespecified entry criteria enrolled? O O
5. Was the sample size sufficiently large to provide confidence in the findings? * [ U
6. Was the test/service/intervention clearly described and delivered consistently across the study population? U] UJ
7. Were the outcome measures prespecified, clearly defined, valid, reliable, and assessed consistently across = 0 O
all study participants?
8. Were the people assessing the outcomes blinded to the participants' exposures/interventions? Ll Ll
9. Was the loss to follow-up after baseline 20% or less? Were those lost to follow-up accounted for in the O 0
analysis? '

The Impact of GnRHa on the Bone Health in Transgender and Gender Diverse Youth 74



Cannot Determine;
Criteria Not Applicable;

Not Reported

10. Did the statistical methods examine changes in outcome measures from before to after the intervention? O 0
Were statistical tests done that provided p values for the pre-to-post changes?

11. Were outcome measures of interest taken multiple times before the intervention and multiple times after the
: . . . . . . X [ O
intervention (i.e., did they use an interrupted time-series design)?

12. If the intervention was conducted at a group level (e.g., a whole hospital, a community, etc.) did the statisti- 0 0O
cal analysis take into account the use of individual-level data to determine effects at the group level?

Table 12: Quality Assessment Carmichael et al. (2021)

Legend: $ The study’s discussion was used to answer the question;
! If either question can be answered with “yes”, this criterion gets +1 point, even if loss to follow-up was > 20%
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Study: Pubertal Suppression, Bone Mass, and Body Composition in Youth With Gender Dysphoria
(Navabi, Tang, Khatchadourian, & Lawson, 2021)

Cannot Determine;
Criteria No Not Applicable;

Not Reported

1. Was the study question or objective clearly stated? [ UJ
2. Were eligibility/selection criteria for the study population prespecified and clearly described? U UJ
3. Were the participants in the study representative of those who would be eligible for the
ey . . . : X [ O
test/service/intervention in the general or clinical population of interest?
4. Were all eligible participants that met the prespecified entry criteria enrolled? O O
5. Was the sample size sufficiently large to provide confidence in the findings? * [ U
6. Was the test/service/intervention clearly described and delivered consistently across the study population? U] UJ
7. Were the outcome measures prespecified, clearly defined, valid, reliable, and assessed consistently across = 0 O
all study participants?
8. Were the people assessing the outcomes blinded to the participants' exposures/interventions? Ll Ll
9. Was the loss to follow-up after baseline 20% or less? Were those lost to follow-up accounted for in the O 0
analysis? '
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Cannot Determine;
Criteria Not Applicable;

Not Reported

10. Did the statistical methods examine changes in outcome measures from before to after the intervention? O 0
Were statistical tests done that provided p values for the pre-to-post changes?

11. Were outcome measures of interest taken multiple times before the intervention and multiple times after the
: . . . : . . X [ O
intervention (i.e., did they use an interrupted time-series design)?

12. If the intervention was conducted at a group level (e.g., a whole hospital, a community, etc.) did the statisti- 0 0O
cal analysis take into account the use of individual-level data to determine effects at the group level?

Table 13: Quality Assessment Navabi et al. (2021)

Legend: $ The study’s discussion was used to answer the question;
! If either question can be answered with “yes”, this criterion gets +1 point, even if loss to follow-up was > 20%
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