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In October 2025 Monash University was contracted by the National Health and Medical Research
Council (NHMRC) to design and undertake the systematic review described in this report. This
systematic review is one of several independent contracted evidence evaluations being
undertaken for the National clinical practice guidelines for the care of trans and gender diverse
people under 18 being developed by NHMRC. The review was designed in collaboration with the
Office of NHMRC (ONHMRC), and in consultation with members of the Gender Guidelines
Development Committee (the Committee) and the Gender Guidelines Reference Panel (the
Reference Panel). The protocol for this review was approved by the NHMRC in March 2026.

Copyright

All materials presented in this report are licensed under a Creative Commons Attribution 4.0
International Licence (CC BY 4.0) with the exception of content identified as being owned by third
parties. You are free to share and adapt the material, provided you attribute the work (including
any material sourced from it) to the authors and the National Health and Medical Research Council
(NHMRC) using the suggested citation below. To view a copy of this licence, visit Deed - Attribution
4.0 International Creative Commons.

Suggested citation (attribution):

Brennan SE, McDonald S, Turner S, Page MJ, Clark D, McKenzie JE. Effects of puberty suppression
in young people (under 18) experiencing gender incongruence or dysphoria: systematic review
and meta-analysis. Report prepared for the National Health and Medical Research Council,
Canberra, Australia. October 2026.

Use of images

Unless otherwise stated, all images (including background images, icons and illustrations) are
copyrighted by their original owners.
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To obtain information regarding the Gender Guidelines, contact genderguidelines@nhmrc.gov.au.
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1 Background

As the nation’s leading expert body in health and medical research, the National Health and Medical Research
Council (NHMRC) has a statutory responsibility for developing and supporting high quality guidelines for clinical
practice under the National Health and Medical Research Council Act (1992). On 31 January 2025 the Minister for
Health and Ageing, the Hon Mark Butler, asked NHMRC to develop new national clinical practice guidelines for the
care of trans and gender diverse people under 18 (Gender Guidelines)'. The Gender Guidelines will support

clinicians and trans and gender diverse people under 18 across Australia by providing consistent, evidence-based
recommendations that can be adapted to diverse service models and clinical contexts. This work reflects growing
recognition of the need for consistent and evidence-based clinical guidance in this area.

While national prevalence data for trans and gender diverse young people in Australia are limited, survey findings
provide some insight. A 2021 study reported that around 7% of adolescents aged 14-18 identified as trans or
gender diverse (2), an increase from around 2% in a 2018 survey of the same age group (3). Trans and gender
diverse young people experience ongoing health challenges and inconsistent access to care (4-7).

The Australian Standards of Care and Treatment Guidelines for Trans and Gender Diverse Children and
Adolescents are the guidelines that are commonly used in clinical practice in Australia (8); however, these
guidelines have not been approved by NHMRC.

The development of the Gender Guidelines will align with NHMRC Standards for Guidelines and international best
practice in guideline development, and the use of GRADE methodology to assess certainty of evidence and
balance benefits and harms. Recommendations will be informed by three targeted systematic evidence reviews.
The first of these reviews examines the effects of puberty suppression in young people under 18 years with gender
dysphoria or incongruence.

Description of body image distress and gender dysphoria

Trans and gender diverse young people experience unjust and avoidable health disparities arising from stigma,
discrimination, and barriers to accessing health care (4, 9, 10). These factors are associated with body image
distress and gender dysphoria, which can have downstream consequences for wellbeing, mental health (including
depression, anxiety, and suicidal thoughts and behaviours), and functioning at school, socially, and within
families (10-13).

The term ‘gender dysphoria’ is generally used clinically to describe affective distress 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” (WPATH, v8, S2522). In the Diagnostic and Statistical Manual of Mental Disorders, 5th edition, a
diagnosis of gender dysphoria is based on “a marked incongruence between an individual’s
experienced/expressed gender and their assigned gender that has been present for at least 6 months and is
associated with clinically significant distress or impairment in social, occupational, or other important areas of

L https://www.nhmrc.gov.au/health-advice/guidelines-care-trans-and-gender-diverse-people

2World Professional Association for Transgender Health. Standards of Care Version 8 wpath.org/publications/soc8/.

© The Author(s) for the NHMRC. 2026 Creative Commons Attribution 4.0 International License

Effects of puberty suppression. Systematic review. Page |4

OFFICIAL


https://www.legislation.gov.au/C2004A04516/2006-07-01/text
https://wpath.org/publications/soc8/

OFFICIAL

functioning” (14). Concepts grounded in the lived experience of trans and gender diverse people (15) consider the
influence of exposure to minority stress (stemming from stigma, discrimination, non-acceptance, etc.) on body
dysphoria (arising from physical characteristics) (11, 12, 15, 16). Not all trans and gender diverse people
experience gender dysphoria, and not all trans and gender diverse young people who access care for gender
dysphoria seek medical intervention (including puberty suppression or gender affirming hormones) (12).

Description of puberty suppression and how it might work

Puberty suppressants are medications that are used to pause endogenous sex hormone production in puberty
and halt the physical changes that these hormones induce (e.g. voice deepening, hair growth, breast
development, final height, body habitus, and menstruation) (8, 17). For trans and gender diverse young people,
body image distress and gender dysphoria may intensify with the onset of puberty, as unwanted physical changes
(secondary sex characteristics) emerge in response to endogenous sex hormones (18, 19). By pausing pubertal
development, puberty suppressants may help stabilise body image distress and gender dysphoria in the short
term, while allowing time to clarify embodiment goals and to consider whether to proceed with gender affirming
medical treatment (18, 19).

Initiation of puberty suppression

In Australia, puberty suppressants are typically prescribed by specialists such as paediatricians or paediatric
endocrinologists following comprehensive multidisciplinary assessment in tertiary healthcare settings. Initiation
of puberty suppression usually occurs in early to mid-puberty (Tanner stages 2-3), although it may be used in later
puberty for specific indications such as menstrual suppression. Treatment duration with puberty suppressants
alone is typically 2-3 years (if not discontinued earlier). Individuals may or may not transition to gender affirming
hormones (e.g. testosterone, oestrogen).

Provision of gender services for young people in Australia is led by states and territories, who are responsible for
relevant services. Young people prescribed puberty suppression as part of gender affirming care in Australia are
generally expected to meet specific clinical criteria, including a diagnosis of persistent gender dysphoria and
evidence that gender incongruence is experienced and sustained over time, particularly where distress is
exacerbated by the onset or progression of puberty. Legal requirements must also be met, including agreement
from the young person and informed consent from relevant legal guardians, with family court orders required if
guardian consent is not obtained.?

Puberty suppressing medications available in Australia

Three gonadotropin-releasing hormone (GnRH) agonist medications are currently used for puberty suppression in
Australia: leuprorelin (Lucrin Depot, Eligard), goserelin (Zoladex) (implant formulation), and triptorelin
(Diphereline, Decapeptyl SR). All prescribing of GnRH agonists for gender dysphoria in Australia is off-label, which
means that a medicine is used for an indication, at a dose, via a route of administration or for a patient group that

3 Legal requirements as to informed consent vary across Australian jurisdictions. In Queensland, a Health Service Directive
(HSD) was issued on 28 January 2025, temporarily pausing puberty suppression and gender affirming hormones for new
patients under 18 with gender dysphoria.

© The Author(s) for the NHMRC. 2026 Creative Commons Attribution 4.0 International License
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is notincluded in the approved Therapeutic Goods Administration (TGA) product information (20). Off-label
prescribing is common, with rates estimated to be up to 90% in paediatric patients (21, 22). As a result of off-label
use, GnRHa medications are not subsidised under the Pharmaceutical Benefits Scheme (PBS). However, if
prescribed in a public hospital setting (or under the supervision of a clinician in this setting), the public hospital
system of each state and territory will cover the cost (apart from QLD and NT where care is no longer provided for
new patients in the public hospital system).

Why it is important to do this review

Multiple systematic reviews have examined the effects of puberty suppression for young people experiencing
gender incongruence or dysphoria (23-34). These evidence reviews are published in the peer-reviewed research
literature and reports commissioned by various government agencies around the world. Existing evidence reviews
vary widely in terms of the questions addressed and review methodology. The evidence reviews conducted for
jurisdictions in Australia (specifically New South Wales Health and Queensland Health) included data from existing
systematic reviews, supplemented where necessary with primary studies (i.e. they used ‘overviews of reviews’
methods) (25, 30). Although this enables rapid review of evidence by capitalising on existing synthesis, there are
trade-offs in terms of the match between the questions of interest and those addressed in each review, reliance on
the accuracy of data available in reviews, and limitations in review methodology and reporting (35). These
limitations can arise whenever an existing evidence review is used. Very few systematic reviews of primary studies
on puberty suppression adhere to Cochrane or GRADE (Grading of Recommendations Assessment, Development
and Evaluation) methods (Miroshnychenko is an exception (29)*), and none of the reviews reported involvement of
people with lived experience and other interest holders in the prioritisation of outcomes. These are important
limitations for guideline development that are addressed in this new review.

2  Objectives

The objective of this evidence review is to examine the effects of puberty suppressing medications in young
people experiencing gender incongruence or dysphoria on

e critical outcomes for decision-making®: pubertal development, gender dysphoria, body image and
satisfaction, serious adverse effects, and

e important outcomes for decision-making: quality of life and wellbeing, functioning, mental health,
satisfaction with gender affirming care and adverse effects (bone health and fertility).

4 Concerns have been raised about the sponsors of this review and the implications of their involvement in developing the review question
and as authors of the protocol (PROSPERO CRD42023452171). In response, the review authors issued a statement
(https://hei.healthsci.mcmaster.ca/systematic-reviews-related-to-gender-affirming-care/).

® Outcomes to be considered in the evidence review were those prioritised as critical orimportant by the Committee (see section 3.1.4
Outcome prioritisation process).

© The Author(s) for the NHMRC. 2026 Creative Commons Attribution 4.0 International License
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3 Methods

Methods reported in this review are based on the Cochrane Handbook for Systematic Reviews of Interventions (36).
The GRADE approach was used to prioritise outcomes, interpret findings and assess the certainty of evidence
arising from this review (see Sections 3.1.4, 3.3.4 and 3.3.10 for details). The review is reported in accordance with
the PRISMA 2020 statement (37, 38). The methods were prespecified in the protocol for the review (not registered
on PROSPERO), which underwent independent methodological review (contracted by the NHMRC) and peer
review by the Committee and the Reference Panel (see Supplement 1, Appendix S1.E for a summary of comments
and responses). Any changes to the methodology (e.g. to eligibility criteria) were finalised before screening of
studies commenced. The protocol was approved by the NHMRC, and the final version posted to the Bridges
repository (see protocol here). Any difference between the protocol and the review (including methods not used)
are documented in Supplement 1, Appendix S1.D.

Involvement of interest holders and people with lived experience

The protocol for this review was developed in consultation with the NHMRC, the Gender Guidelines Development
Committee (‘the Committee’) and members of the Gender Guidelines Reference Panel (‘the Reference Panel’). The
Committee comprises 18 members, including clinicians, researchers, and four individuals with lived experience of
accessing gender services in Australia, either personally as young people (including those who are trans and
gender diverse) or as someone caring for a person who has. The Reference Panel includes young people who have
accessed gender services in Australia, parents, caregivers, and clinicians who provide care to trans and gender
diverse young people (see governance structure at https://www.nhmrc.gov.au/health-advice/guidelines-care-
trans-and-gender-diverse-people/governance).

Interest holder contributions to the protocol included identification and prioritisation of outcomes (see ‘Types of
outcomes’), advice that led to the underpinning logic model for describing the anticipated effects from puberty
suppression, advice on review eligibility criteria, and advice on background literature and terminology. The
resulting draft protocol was circulated by the NHMRC to the Committee and the Reference Panel for critical review
(24 people provided comments; 9 from the Committee and 14 from the Reference Panel).

Interest holder contributions to the evidence review included confirming thresholds for interpreting findings and
advice on optimising presentation and interpretation of results based on lived and clinical experience. The results
of the review were presented twice to the Committee prior to the meetings at which the GRADE evidence to
decision process was conducted and recommendations were made. The proposed thresholds for interpreting
findings were presented and agreed at the first Committee meeting (March 2026) and then results from the
preliminary synthesis were shared for the first time. The Committee’s advice on presentation and interpretation of
findings were integrated into the review prior to presenting the findings at the second Committee meeting (May
2026) at which results were presented in a simulated GRADE Evidence to Decision process. Prior to each meeting,
drop-in sessions were held for lived experience members from the Committee to discuss the GRADE approach,
and the presentation and interpretation of findings. Prior to the recommendations meeting, drop-in sessions were
held with members of the Committee that had been unable to attend the second presentation of results. Through
these processes, we aimed to ensure that all members of the Committee had maximum opportunity to consider

© The Author(s) for the NHMRC. 2026 Creative Commons Attribution 4.0 International License
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data from the evidence review, and for the evidence review team to receive advice on optimising the presentation
and interpretation of findings.

Terminology

In this report, we use the terminology adopted for the Gender Guidelines and aim to standardise language to
facilitate comparison across studies. Throughout the review we use the term ‘participants’, which is a common
convention in systematic reviews, however, we acknowledge that much of the data comes from routine care (i.e. is
observational), rather than from a context in which there is formal recruitment of participants to a study.

We are aware that using the terminology of included studies brings the risk of perpetuating language that is
outdated and pathologising. This concern has been raised in relation to some commonly used scales for
measuring outcomes (16, 39). When reporting characteristics of included studies (such as in the characteristics of
included studies table and risk of bias assessments), we use terms reported in the included study when doing
otherwise would require assumptions. Any exceptions to this approach are indicated. Of the studies that reported
gender, most did so as a binary (e.g. trans girl/woman, trans boy/man). In these instances, we could not be sure
whether gender was self-reported or assumed by the study authors. Non-binary gender identities and gender
fluidity were rarely reported in the studies.

3.1 Criteria for considering studies for this review

3.1.1 Types of studies

Randomised controlled trials (RCTs) and non-randomised studies of interventions (NRSIs) were eligible for
inclusion in the review.

Randomised controlled trials (RCTs) including individually and cluster randomised were eligible for inclusion in the
review. However, we did not identify any randomised trials and recognise that ethical and feasibility
considerations have been identified as precluding trials of puberty suppression because such trials involve
withholding treatment thus leading to permanent physical changes.

Non-randomised studies of interventions (NRSIs) with specific design features were eligible for inclusion in the
review. We were deliberately inclusive of a range of study designs to provide a comprehensive inventory of the
available studies (and their design features). However, the strength of the study designs for inferring causality
differs, which is examined through our synthesis (see ‘Data synthesis’). Study design labels are used as an aid for
communicating about eligible designs (Table 1); however, eligibility decisions were based on assessment of the
specific design features of each study rather than the label used by the study authors (Table 1) (40, 41). The
eligibility of the design was assessed on an outcome basis (see exclusion criteria below).

Eligible designs are those in which the following features are present.

e Intervention may be allocated to individuals or clusters. In principle, this could include allocation by
cluster (e.g. implementation of a clinic-wide policy to offer puberty suppressants to all patients). However,

© The Author(s) for the NHMRC. 2026 Creative Commons Attribution 4.0 International License
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such allocation is unlikely in practice, given the philosophy of individualised gender affirming care. For
this reason, we do not describe cluster designs in Table 1.
Intervention groups may be formed by some action of the researchers, or in the course of usual treatment
decisions (including healthcare decision-makers, practitioners or participants/patients/peoples’ choices)
(42).
The population of the comparator group may be:
o agroup of individuals who do not receive puberty suppressants and are the same population
(trans and gender diverse young people)
o the baseline measure(s) of the outcome for young people who do receive puberty suppressants
(i.e. an uncontrolled before-after study) for critical outcomes.
There must be an attempt to control for confounding either by design (e.g. matching individuals who
receive and do not receive puberty suppressants on particular characteristics (e.g. age, sex assigned at
birth), collecting outcome measure(s) prior to receipt of puberty suppressants) or through statistical
analyses that adjust for confounders.

Table 1. Study design labels used in the review with indicative features

Study design label Thumbnail sketch of indicative features (adapted from (33, 34))
Non-randomised Study in which allocation to intervention and comparator is not random or quasi-
controlled trial (NRCT) random (including where based on the practitioners’ or participants’ preferences) and

is applied in the context of a research study. Participants are followed up from the
start of intervention up to a later time for ascertainment of outcomes of interest (41,
43). In practice this design is unlikely to be materially different from a prospective
cohort study.

Prospective cohort Study in which participants are identified prospectively and classified as having
study (PCS) received the intervention or comparator of interest on the basis of the prospectively

collected information. Participants are followed up from the start of intervention up
to a later time for ascertainment of outcomes of interest (41, 43).

Retrospective cohort Study in which participants are identified from historic records and classified as
study (RCS) having received the intervention or comparator of interest on the basis of the historic

information. Participants are followed up from the start of intervention up to a later
time for ascertainment of outcomes of interest (41, 43).

Target trial emulation Analysis of a cohort using the ‘target trial’ framework. This involves two steps: first,
analysis defining the causal question of interest in terms of a protocol for a hypothetical

randomised trial (the ‘target trial’); and, second, emulating the components of the
protocol using the observational data (44).
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Study design label Thumbnail sketch of indicative features (adapted from (33, 34))

Case-control study Study in which individuals experiencing an outcome of interest are identified from
within a defined population and form a group of ‘cases’. Individuals, who may be
matched to the cases, who did not experience the outcome of interest are also
identified from within the defined population and form the group of ‘controls’ (41).

Uncontrolled before- Study that collects longitudinal data on individuals both before and after

after studies (including implementation of the intervention. Studies in which there are several measurement
interrupted time series times before and after are ITS, and are also referred to as repeated measures studies
(ITS)) (43).

Controlled before-after | As for uncontrolled before-after studies and ITS but with a control group of
studies (including participants who do not receive the intervention (43).

controlled interrupted
time series (CITS))

Cross-sectional study Study in which information required to classify individuals according to receipt of the
intervention or not and according to outcome are collected at the same time, but
where it can be established that the intervention preceded the outcome (41).

Exclusions. Cross-sectional studies in which it cannot be established if puberty suppressants preceded the
outcome because a causal effect cannot be established. Case series (i.e. a single cohort with no outcome measure
before implementation of the intervention). This includes studies labelled by the primary investigators as before-
after but for which an outcome can only be measured after receipt of the intervention (e.g. death by suicide). In
practice these are case series because there is no comparator; there is only post intervention data for the group
receiving the intervention. Before-after studies that do not report a critical outcome.

Studies must be peer reviewed (except for preprints) and published in full (in any language). Studies published
only as conference abstracts or theses were not eligible for the review (except where a full-text report was
available) but are reported in the list of studies excluded, ongoing or awaiting assessment (Supplement 2) The
decision to exclude conference abstracts from data extraction reflects the complexity of evaluating study design
and interpreting results with such limited information. In general, it is not possible to confirm whether the study
uses an eligible design from an abstract alone because we use study design features rather than labels to
determine eligibility. In addition, essential information about the analysis and interpretation of results is rarely
provided and there is heightened potential for authors to have selectively reported the most favourable results in
an abstract.
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3.1.2 Types of participants

We included studies involving people who initiated puberty suppression before 18 years of age as part of medical
care for gender incongruence (historically referred to in the ICD-10 as ‘gender identity disorder’, a classification
now deprecated (45)) with or without a diagnosis of gender dysphoria. Where a large majority were likely to have
received puberty suppression before age 18, we considered the study eligible and assessed the implications when
rating the certainty of evidence (indirectness), since this approach maximises available data while taking account
of the applicability of findings (46). Participants could be of any age at follow-up (to capture longer-term and
adverse outcomes).

3.1.3 Types of interventions

We included studies of gonadotropin-releasing hormone (GnRH) agonist medications for suppressing puberty
(sometimes referred to as ‘puberty suppressants’ or ‘puberty blockers’). Any GnRH agonist prescribed in Australia
was eligible, including leuprorelin (Lucrin Depot, Eligard), goserelin (Zoladex) and triptorelin (Diphereline,
Decapeptyl SR). Other GnRH agonists, such as histrelin implants were also eligible. In the draft protocol, we
indicated that other anti-androgens or progestins (e.g. to suppress menstrual cycle) would be eligible, however
we excluded these medications following feedback from the Reference Panel ahead of commencing formal
screening of studies.

Any dosage or route of administration of puberty suppressants was eligible, noting that administration via either
intramuscular injection or implant is usual (depending on the GnRHa). While there were no explicit limits on the
duration of treatment, puberty suppressants are intended for temporary use.

Comparisons

1. Puberty suppressants versus no puberty suppressants (no intervention, a co-intervention offered to both
groups, or continuation of usual care).

Any co-intervention was eligible (i.e. pharmacological or non-pharmacological) providing that the effects of
puberty suppression could be isolated. This could include social and psychological care intended to support a
person in their gender identity. Since gender affirming hormone (GAH) therapy brings about physical changes
intended to affirm gender, we only considered inclusion of studies in which participants had received GAH in
exceptional circumstances (as reported in results). Usual care comparators were eligible, meaning that
participants could continue to access their routine care or therapy (i.e. any other healthcare, gender affirming
care, or both). In practice, it was generally not be possible to identify the exact nature of the comparator.

As described under ‘Types of studies’, the comparator group could be either a different group of individuals or the
same individuals with results compared over time (as in uncontrolled before-after studies).

3.1.4 Types of outcomes

Studies were only eligible for the review if they reported at least one outcome prioritised as critical or important
for making recommendations in the guideline.
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Outcome prioritisation methods

Outcomes for this review were prioritised through an iterative process, that was led by the NHMRC and adhered to
methods recommended by GRADE and Cochrane (46, 47).

In brief, the process involved the following steps.

e Identification of a comprehensive list of potentially relevant outcomes from existing guidelines,
systematic reviews and other sources.

e Grouping of related outcomes by domain and description of each domain.

e lterative rounds of discussion, survey and feedback from the Committee and the Reference Panel (as
above, comprised of people with lived experience and experts in the clinical and/or research field) to
refine and prioritise the outcomes.

e Targeted consultation to elicit further expert advice from researchers, clinicians and people with lived
experience (primarily, members of the Committee and the Reference Panel) and thus ensure judgements
about the importance and relevance of outcomes were well-informed.

e Approval of the prioritised outcomes by the Committee prior to study selection or data extraction.

In prioritising outcomes, the focus was on outcomes of most importance to young people seeking care for gender
incongruence and their families or caregivers. Outcomes categorised as critical for decision-making had to be
directly relevant to the main treatment goals of puberty suppression (i.e. direct effects on the outcomes were
anticipated). Other highly valued outcomes were included as important but not critical if effects were likely to be
indirect (e.g. treating co-occurring depression, anxiety and suicidality is paramount, but puberty suppressants are
not mental health treatments, and any effects are expected to be dependent on the outcomes puberty
suppression targets directly in combination with mental health care).

Outcomes prioritised for the review

Prioritised outcomes are listed below. Figure 1 shows the underpinning logic for how these outcomes relate to the
primary and secondary goals of treatment. Each outcome domain is described in Appendix 1ain a table reporting
(1) the domain name, (2) the domain specification (definitions; inclusions, exclusions), (3) examples of eligible
measures, (4) the rationale for inclusion of each domain (and any exclusions), and (5) the timeframe(s) for follow-

up.
Critical outcomes for decision-making

Pubertal development (during treatment; after discontinuation of puberty suppressants)

Gender dysphoria (during treatment; end of treatment period)

Body image (during treatment; end of treatment period)

Serious adverse events: any serious untoward outcome that occurs during, or after, the use of puberty
suppressants, but not necessarily caused by the puberty suppressant (short-term follow-up (during or end
of treatment); longer-term if effects can be isolated from subsequent medical care).

El N

Important outcomes for decision-making but not critical

5. Quality of life and wellbeing (end of treatment period)

© The Author(s) for the NHMRC. 2026 Creative Commons Attribution 4.0 International License

Effects of puberty suppression. Systematic review. Page |12

OFFICIAL



OFFICIAL

Functioning (social, family; any context) (end of treatment period)
Satisfaction with care (end of treatment period)
Mental health: depression symptoms, anxiety symptoms, suicidal thoughts and behaviours (end of
treatment period)

9. Mental health: death by suicide (end of treatment period)

10. Adverse events of special interest: bone health - fractures (during treatment; after cessation of treatment
if effects can be isolated from other exposures, including subsequent treatment)

11. Adverse events of special interest: fertility - reproductive potential (end of treatment period).

Puberty /" QoL (stabilise): prevent
suppressants deterioration in wellbeing
(+/-GAC) - (emotional, psychosocial and
temporary social)
suspension of
sexhormone Functioning (stabilise):
production Time to clarify preventdeterioration in social
versus embodiment functioning at school, outside
goals & decide school, at home; family
no puberty i whether to functioning, communication
suppressants Preventpermanent physical changes: proceed with and support
(+/-GAC) arising from progression of endogenous GAH
puberty Ar—— R —— i Mental health (stabilise):

0 ) ] atis _a(;t_mn wnf g:n her affirming c:re. preventdeterioration in

: ,.Avmdanc.e of future su[gmal pr’DXyII:'I icator of whether FI-I’OVISIO-FED )l symptoms (depression,

i intervention: to address unwanted GAC with puberty suppression facilitated anxiety, suicidal behaviours

: physical changes embodiment gnal§ (halting progression | and thoughts); preventdeath

: of unwanted physical changes) by suicide

| .

i

5
Potential moderating factors
Potential adverse outcomes 8 For adverse outcomes

* Pubertal stage at commencement of PS

* Sexassignedat birth

* Equity-related e.g. rurality, neurodivergence,
disability, socio-economic status

Risk mitigation (e.g. monitoring of bone
health parameters; access to fertility
counselling and preservation)

Longer term: receipt of GAH

+ Bone health - fracture risk (endogenous sex hormones '
induce bone mass accrual. If suppression affects For QoL, functioning, mental health outcomes
accrual > fractures may increase with potential impacts +  Support to affirm gender - medically,
on function such as daily activities) socially, legally

» Fertility - reproductive potential (if suppression affects Supportive family, caregivers; community
reproductive potential > live births may decrease) connectedness

Experience of gender minority stressors

Abbreviations: GAC = gender-affirming care;
PS = puberty suppressants; QoL = quality of
life; GAH = gender-affirming hormones;
TGD = trans and gender diverse

* Implications of the hypothesised effects. When compared with before commencing PS, little or no difference in the outcome is expected after PS because physical
characteristics are unchanged. When compared with a group of TGD young people that did not receive PS, an effect on the outcome favouring PS is expected.

Fig 1| Logic model showing primary and secondary goals of treatment (dark and light blue cells respectively) and
potential adverse outcomes. Darker shading (blue or orange) = critical outcomes for decision-making. Lighter
shading = important but not critical outcomes for decision-making. Cells shaded in white are mediators (time) or a
longer-term outcome not addressed in the review except where eligible for prioritised outcome domains. Sources
informing the model include (12, 17, 19, 48)

We prespecified the anticipated effects (Figure 1), based on discussion at Committee meetings and targeted
advice from those with lived or clinical experience from the Committee or Reference Panel. The resulting logic
model shows the primary and secondary goals of treatment, potential adverse outcomes and effect modifiers (the
latter derived from models of gender minority stress e.g. (12)) (49). Puberty suppression is used to pause
progression of physical changes induced by endogenous puberty, but it does not change primary sex
characteristics, nor does it bring about physical changes aligned with gender. Temporarily halting puberty may
prevent body image distress (or worsening of distress) arising from decreasing gender congruence if puberty were
to progress, but it is not expected to ameliorate gender dysphoria or downstream outcomes related to
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psychosocial function and quality of life. This has implications for the interpretation of results; as noted in Figure
1 little or no difference is expected if the outcome is compared before and after treatment within a group.

Outcomes that were considered but not prioritised for the puberty suppression review are tabulated in Appendix
1b with the rationale for why the outcomes were not prioritised. Other outcomes/concepts were considered as
part of the contextual information used to develop the interim advice (reversibility, discontinuation,
reidentification and regret).

Selection of results

From each study, we selected one result per outcome domain for data extraction, risk of bias assessment and
reporting of results in the summary and synthesis. Selecting one result per study for inclusion in each analysis
ensures that individual studies do not receive too much weight in a synthesis (meta-analysis or other synthesis).
Where studies report multiple results, the result for inclusion in the synthesis was selected based on relevance and
availability of data. In practice, although some studies reported multiple results that were eligible for a domain,
the data were sometimes presented in a format that could not be used for meta-analysis leaving only one result
forinclusion.

3.2 Search methods for identification of studies

Eligible studies were identified from two main sources:

1. Studiesthat were included in recent systematic reviews and evidence reports of adolescents with gender
dysphoria/incongruence (section 3.2.1)

2. Search of several bibliographic databases (MEDLINE, Embase, PsycInfo, CINAHL and Europe PMC) covering
the period January 2024 to 6 March 2026 (section 3.2.2)

3.2.1 Published systematic reviews and evidence reports

We created a repository of the studies included in recent systematic reviews and other evidence reports of puberty
suppression for gender incongruence or dysphoria. The six systematic reviews and three evidence reports used to
identify relevant studies (published between 2021 and 2025) are listed in Table 2. They included the systematic
review by Taylor et al. that underpinned the 2024 Cass Review and three recent independent reviews
commissioned by jurisdictions in Australia and New Zealand. Several of these reviews covered both puberty
suppression and gender affirming hormone therapy, but only studies of puberty suppression (or puberty
suppression plus gender affirming hormone therapy) were included for screening.

The most recent search was conducted in June 2025 (Queensland Health). Nearly all reviews included searches of
MEDLINE, Embase and Psycinfo, but across the reviews, 10 other sources of evidence were also searched. The
number of studies included per review ranged from 9 to 51, reflecting different inclusion criteria, particularly in
relation to eligible study designs.

Collectively, these reviews included 100 unique primary studies (see Studies assessed tab of Supplement 2).
Despite the wide range of databases and other sources searched, all but three of the studies were in MEDLINE,
with the remaining in Embase or PsyciInfo. In addition to screening these 100 studies, we also screened studies
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excluded at full-text review from the systematic reviews by Miroshnychenko and Tornese (since these reviews
provided comprehensive lists of exclusions).

Table 2. Systematic and other evidence reports of puberty suppression for gender incongruence or dysphoria
used to generate the pool of potentially eligible studies as well as the number of studies included in each review

Systematic reviews Evidence sources Search Studies
date included in
each review
Rew 2021 (31) PubMed, Psycinfo, LGBT Life and Web of Science Not 9
reported

Thompson 2022 (33) MEDLINE, Embase, Psycinfo and CINAHL. PROSPERO and 2020 Nov 19
Cochrane for SRs.

Ludvigsson 2023 (28) PubMed, Embase, Psycinfo, CINAHL, Cochrane Library, 2021 Nov 24
Scopus and SocINDEX

Taylor 2024 (32) MEDLINE, Embase, PsycIinfo, CINAHL and Web of 2022 Apr 50
Science (Social Science Citation Index)

Miroshnychenko MEDLINE, Embase, PsycInfo, Social Sciences Abstracts, 2023 Sep 10

2025 (29) Contemporary Women'’s Issues, LGBTQ+Source,
Sociological Abstracts, Studies on Women, Gender
Abstracts and Google Scholar

Tornese 2025 (34) PubMed, Embase, Cochrane Library, Web of Science, 2024 Feb 51
ClinicalTrials.gov and WHO International Clinical Trials
Registry Platform

Australian / NZ

evidence reviews

NSW Ministry of MEDLINE, Embase, PsycIinfo, CINAHL, Scopus, Cochrane 2023 Sep 31

Health (Sax) 2024 Library and JBI

(25)

NZ Ministry of Health MEDLINE, Embase, PsycIinfo and Scopus 2024 41

2024 (23, 24) May

Queensland Health PubMed, Embase and Psycinfo 2025 Jun 44

(JBI) 2025 (30)

Subsequent to creating the repository of studies above, we sourced studies included in two other recent, wide-
ranging evidence reviews (26, 27). Both the Utah review (report for the Utah Department of Health and Human
Services) and the RAND review covered medical and other interventions for young people with gender dysphoria
(i.e. not solely puberty suppression). Studies in these two reviews (not already identified from the reviews in Table
2) were screened along with the records retrieved from the database searches (see below).
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3.2.2 Database searches

We searched MEDLINE, Embase, PsyciInfo (all via Ovid), CINAHL Complete (EBSCO) and Europe PMC on 6 March
2026. The search of Europe PMC was limited to preprints. Searches were not limited by language, status or format
of publication. Since searches for the most recently published reviews listed in the table above were conducted in
2024 and 2025, we limited searches from 2024 onwards.

The search strategy for MEDLINE combined MeSH and free-text terms for the population (gender
incongruence/dysphoria) and intervention (puberty suppression). The selection of search terms was informed by
consulting the search strategies of several of the reviews listed in the table. Once the MEDLINE search strategy was
finalised, it was translated for the other databases, incorporating database-specific thesaurus terms, as
appropriate (see Supplement, Appendix S1.A).

Concurrent to running the database searches, the MEDLINE search strategy was independently reviewed using the
PRESS checklist (50) by an information specialist familiar with the topic. The revised search strategy,
incorporating suggested changes, retrieved 21 additional records in MEDLINE. Since none of these was relevant
for this review, the other database search strategies were not revised.

The performance (relative recall) of the MEDLINE search was evaluated against the 97 MEDLINE-indexed records
included in the systematic reviews and evidence reports listed in the table above. The search identified 84 of these
studies. None of the 13 studies missed by the search was eligible for this review - most either evaluated the effects
of gender affirming hormone therapy (not puberty suppression) or investigated characteristics of transgender
youth (with no intervention reported).

3.2.3 Register searches

We searched the following registers (not restricted by date) on 31 March 2026 for details of any ongoing,
completed or unpublished studies. Search terms are provided in the Supplement, Appendix S1.A. Searching for
completed or unpublished studies in registers provides an additional check for potentially eligible studies and
permits consideration in assessing missing results.

e WHO International Clinical Trials Registry Platform (trialsearch.who.int)
e ClinicalTrials.gov (clinicaltrials.gov)
e ISRCTN (www.isrctn.com)

3.2.4 Searching other sources

For each study included in the review, we manually checked the list of references. We also checked with NHMRC
and the Committee for details of any studies they were aware of, but which were not retrieved by our search.

Since eligible studies had to be published, peer-reviewed reports (with the exception of preprints), we did not
search grey literature sources. Studies published as conference abstracts were linked to published reports where
possible or tagged as awaiting classification if no published full report was found. As a final step, for studies
included in the review, we searched PubMed in May 2026 to check whether any were listed as retracted or had
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expressions of concern, errata or corrections associated with them. One study (Turban 2020) corrected a result in
one of the tables, but this had no bearing on the data we extracted for the review.

3.3 Data collection and analysis

3.3.1 Selection of studies

The pool of included studies identified from existing systematic reviews and evidence reports were imported into
Covidence for full-text screening. Studies that did not meet the eligibility criteria were excluded and the reason for
exclusion recorded in Covidence and Excel (see ‘Studies assessed’ tab Supplement 2). Records listed as excluded
from the reviews by Miroshnychenko and Tornese were imported to Covidence for title/abstract screening.

Records from the database and register searches were imported into EndNote and duplicates removed. The
remaining records were added to Covidence for title/abstract screening. Records deemed potentially eligible were
then screened at full text.

Records at both title/abstract and full text were independently screened by two reviewers (SB and SM). At full-text
review, one reviewer (SB) recorded the reasons for exclusion against all criteria. Disagreements at either stage of
screening were resolved by consensus among members of the review team.

Studies that met the eligibility criteria, but for which results were not available in a published report, are listed as
'Ongoing studies'. Studies published as abstracts for which no full report is available are listed as ‘Studies
awaiting assessment’.

Dealing with duplicate and companion publications

Multiple publications to the same study (e.g. registry entries, protocols, abstracts, etc.) were identified at the data
extraction stage and linked to the same study identifier.

3.3.2 Data extraction and management

Study data were collected and managed using REDCap electronic data capture tools hosted at Monash University
(51, 52). Three authors pre-tested the quantitative data extraction and coding form on three studies (sufficient to
achieve consistent coding; see ‘Study results’ for details). These studies were purposefully selected from the
included studies to cover the diversity of data types and design characteristics anticipated in the review. One
author reviewed the extracted and coded pilot data for completeness, accuracy and consistency, with discussion
among all authors. Revisions to the data extraction form and guidance (embedded within the form) were made as
required to maximise the quality and consistency of data collection.

Data requested by the ONHMRC is either listed below, listed under ‘Types of outcomes’, or addressed in the
synthesis.
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Characteristics of included studies

For each included study, one review author (SB) extracted study characteristics using a pre-tested data extraction
and coding form. Uncertainties were resolved through discussion with a second author (SM), and advice sought
from a third reviewer, the senior biostatistician (JM) for more complex scenarios as needed. Advice from the
Committee was only required in one instance (related to outcome categorisation). The categorisation of study
design and other design features was verified during the risk of bias assessment by another author (MP, JM during
pilot of risk of bias [RoB]).

We extracted the following study characteristics:

1. Study identifiers and characteristics of the study design

Study references (multiple publications arising from the same study were matched to an index
reference; coded as index paper, protocol, registry entry, results paper 1,2, ...)

Study name, location, commencement date, and other study identifiers

Study design (categorised as non-randomised study of intervention [‘non-randomised controlled
trial’, ‘prospective cohort study’, ‘retrospective cohort study’, ‘target trial emulation analysis’,
‘case-control study’, ‘controlled interrupted time series study’, ‘controlled before-after study’,
‘uncontrolled before-after study’, ‘cross-sectional study’])

Any additional design features needed to interpret the study and assess risk of bias

Funding sources and funder involvement in study

Financial and non-financial interests declared by investigators

Other declared information about the investigator team that may be pertinent to their expertise in
research involving people who are trans and gender diverse, including the involvement and role of
people with lived experience

2. Characteristics of each intervention group (including comparator groups)

Characteristics of the intervention reported by domains of the Template for Intervention
Description and Replication (TIDIER) checklist (53), including setting of care, health professionals
involved in delivering care, type of puberty suppressant, dose, route of administration, duration of
treatment (see also point 3, Characteristics of participants).

Details of any co-interventions (supporting or concurrent gender affirming care)

Number of participants: in each group, at follow-up for the selected outcome, and included in
analysis and reasons for loss to follow-up

Details of the methods used to collect information on the intervention allocated or received by
each participant (i.e. information used to classify intervention status)

Any criteria used to determine eligibility for puberty suppressants (e.g. diagnostic, Tanner stage,
etc.) whether for study eligibility or usual criteria used in practice

3. Characteristics of participants

Participant eligibility criteria (verbatim or precis)

Age (mean or median, range; separated by gender identity if reported)

Sex assigned at birth (% assigned female at birth, % assigned male at birth, % other, or not
reported)

Gender identity (% female, % male, % non-binary, % unsure, % prefer not to say or not reported)
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e Age and pubertal stage at which puberty suppression was commenced and discontinued
(irrespective of reason)

e Proportion who proceed to other gender affirming care

e Equity related characteristics, in particular diversity of participants considering rurality,
socioeconomic status, neurodivergence, disability, culturally and linguistically diverse groups
(PROGRESS+) (54)

e Other characteristics of importance within the context of each study

4. Outcomes assessed

e Outcomes measured (a list of all outcomes, irrespective of eligibility for this review, categorised
according to the domains specified for the review, or as ‘other’ if none of the outcome domains
apply)

e See ‘Study results’ for data pertaining to the outcomes selected for inclusion in the summary and
synthesis of results.

In the draft protocol, we reported that we would consider using data from characteristics of studies tables in
Taylor et al. (32) and Tornese et al. (34) to expedite data collection if these data can be verified from the study
reports. However, we revised this decision ahead of commencing the review because these reviews did not
provide complete characteristics needed for our review and the process of extracting and summarising study
characteristics enhanced our understanding and interpretation.

Study results

Three statisticians pre-tested the results section of the data extraction form on three studies (SLT, DC, JM). The
remaining results were extracted by two statisticians (SLT, DC), who sought advice from the senior biostatistician
(JM) as required. For outcomes selected for inclusion in the summary and synthesis of results, we extracted:

e Outcome domain: categorised according to the domains specified in the outcomes section (3.1.4) (e.g.
quality of life, body image)

e Outcome as described in the included study (verbatim or precis)

e Measurement method (e.g. Utrecht Gender Dysphoria Scale), information required to interpret measures
(scale range and direction, minimally important difference) and time point (exact, and timeframe
categorised as ‘immediate’ or 'longest follow-up')

e Results including: summary statistics within group (mean change, standard deviation of change, sample
size, and any other reported statistics [e.g. correlation between before-after observations, confidence
interval for mean change, test-statistics and p-values]), summary statistics by group (means and standard
deviations, or number of events for dichotomous outcomes, and sample size for both), estimates of
intervention effect (e.g. mean differences, adjusted mean differences, adjusted odds ratios), standard
errors of the intervention effect, confidence intervals for the intervention effect, and related test-statistics
(e.g. t-values) and p-values. For adjusted estimates, we extracted information on the analysis method,
how confounding was adjusted, and which confounders were adjusted for.

e Datarequired to support risk of bias judgements (see Section 3.3.3)
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3.3.3 Assessment of risk of bias

We identified only non-randomised studies and therefore describe here only our methods for assessing RoB in
these designs. Our protocol also includes description of our planned methods for assessing RoB in randomised
trials, had we identified any. We used version 2 the ROBINS-I tool for non-randomised studies of interventions (43,
55, 56). The assessment was made for each critical outcome included in the synthesis. Our assessment was based
on the effect of assignment to the intervention, which in non-randomised studies is commencement of puberty
suppression. Version 2 of ROBINS-I addresses the following six domains:

bias due to confounding

bias in classification of interventions

bias in selection of participants into the study
bias due to missing data

bias in measurement of outcomes

bias in the selection of the reported result

ok wbdhE

In our overall judgement for domains 1 and 3, we considered whether opposing residual confounding (i.e. the
direction of bias) or evidence of a dose response mitigated concerns about bias due to confounding or selection of
participants into the study (56, 57). The potential for large effects to offset any concerns about bias were
considered when assessing the certainty of the synthesis result (see 3.3.10 Summary of findings tables and
assessment of certainty of the evidence).

To promote concordance, the assessment was piloted by two review authors (including a statistician (JM)) on 3
studies, across two different designs. Three authors (MJP, JM, SB) discussed these assessments to reach a shared
understanding of the design features specific to the topic that may introduce bias. In addition, we developed a
template to facilitate consistent reporting of the risk of bias judgements. The template provided standardised
wording for describing factors / actions that may introduce bias in each domain, supplemented with study specific
details. One review author (MJP) then applied the ROBINS-I tool (42, 56) to the selected results from each study,
and the assessments were verified by a second author (SB) who independently extracted the study design features
and had a detailed understanding of the limitations of each study. Disagreement between review authors was
resolved through discussion, and a third review author adjudicated where agreement was not reached. We
derived an overall summary of the risk of bias from each assessment, following the algorithm in the ROBINS-I
guidance (42, 56) (see Table 3).

Table 3. Algorithm used to derive an overall summary of the risk of bias for each result

Judgement How reached

Low risk of bias except for concerns Low risk of bias except for concerns about uncontrolled

about uncontrolled confounding confounding in Domain 1 and Low risk of bias in all other domains.
Moderate risk of bias At least one domain is at Moderate risk of bias, but no domains are

at Serious risk of bias or Critical risk of bias.

© The Author(s) for the NHMRC. 2026 Creative Commons Attribution 4.0 International License

Effects of puberty suppression. Systematic review. Page |20

OFFICIAL



OFFICIAL

Serious risk of bias At least one domain is at Serious risk of bias, but no domains are at
Critical risk of bias.

Critical risk of bias At least one domain is at Critical risk of bias.

If we judged a result to be at “critical” risk of bias on the first domain (bias due to confounding), we did not assess
other domains, since the overall risk of bias for the result would be “critical” by default.

Selection of effects for RoB assessment and synthesis

When multiple effects of the intervention using different approaches were presented in a study report, we selected
one effect for inclusion in the meta-analysis and for RoB assessments. For NRSIs, the selected effect was the
estimate adjusted for critical confounding domains (see next Section), if available. When this effect was not
available, we selected (or computed) the unadjusted effect estimate. Our protocol includes description of the
hierarchy that would have been used to select the effect estimate for randomised trials, had we identified any.

Pre-specification of confounding factors and co-exposures

Confounding domains are “prognostic variables (factors that predict the outcome of interest)” that also predict
whether an individual receives one or the other interventions of interest (56). ROBINS-I defines important
confounding domains as those “for which, in the context of [a specific] study, adjustment is expected to lead to a
clinically important change in the estimated effect of the [exposure]”. We identified the following confounding
domains as critical to adjust for through design or analysis:

e Age atinitiation of puberty suppression (used as a proxy for pubertal stage) OR Pubertal stage at initiation
of puberty suppression
e Sexassigned at birth (AFAB; AMAB)
e Social factors, which could include one or more of:
o Rurality (e.g. metropolitan, regional, rural, remote)
o Socio-economic status
o Supportive parent or caregiver or others (yes/no)
o Gender minority stress (e.g. yes/no)
o Ethnicity / race
e Foranindependent control group, if available, baseline measure of the outcome (when the outcome can
be measured at baseline).

In making the assessment we considered the relevance of the confounding domains to the particular outcome; for
example, social factors are unlikely to explain the halt in puberty, so adjustment would not be needed.
Confounding domains were identified prior to assessment of studies through targeted consultation with content
experts on the Committee.
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3.3.4 Measures of treatment effect

The effect measures selected or computed to quantify the effects of puberty suppressants depended on the study
design, outcome type, and the number of studies contributing to a meta-analysis.

For continuous patient reported outcomes (gender dysphoria, body image and satisfaction, social functioning,
mental health - psychological functioning), we used the standardised mean difference, using the Hedges’
(adjusted) g. We standardised the effects for these outcomes because different measurement instruments were
sometimes used across studies within a meta-analysis to measure the same underlying construct, and to facilitate
consistent interpretation across meta-analyses. For uncontrolled before-after designs, and where estimates came
from regression models with an independent comparison population, we standardised the calculated effects
using the standard deviation of the observed outcome values, rather than a standard deviation that incorporated
the correlation between observations. For continuous physical outcomes (penile length, SAE - QT interval
prolongation), we used the mean difference for studies with an independent comparison population and the
mean change from baseline for uncontrolled before-after studies. We did not standardise the effects for these
outcomes because the scales are generally readily interpretable (e.g. cm).

For count outcomes (SAE - idiopathic intracranial hypertension), we calculated rates. For time-to-event outcomes
(mental health - suicidality), we reported the hazard ratio (directly from the study). Finally, for dichotomous
outcomes from studies with an independent comparison population (breast cup size B or larger), we had planned
to calculate an odds ratio, because empirical evidence suggests that relative effect measures tend to be more
consistent than absolute measures (58), and then convert this to a risk difference. However, as only one study
contributed to the meta-analysis, we directly calculated the risk difference. For dichotomous outcomes from
uncontrolled before-after studies (menstruation), we had planned to calculate the within-person odds of change.
However, most studies reported the number of youth menstruating at follow-up only for the subset of youth who
were menstruating at baseline, precluding calculation of the within-person odds of change. Instead, we calculated
conditional (on menstruating at baseline) proportions using the Freeman-Tukey double-arcsine variance-
stabilising transformation, which does not require a continuity correction for zero cells.

Thresholds for interpreting the effects

Following the GRADE approach for interpreting findings, all interpretations were based on where the combined
estimate of effect (point estimate) lies in relation to a prespecified threshold for an important effect (i.e. whether
an important effect is observed or not) and the direction of effect (beneficial or harmful) (59). Thresholds for
interpreting the size of effect were set in absolute terms (e.g. for continuous outcomes an SMD or MD, and for
dichotomous outcomes the absolute risk difference).

Given the diversity of outcome measurement methods that were anticipated in this review, it was not feasible to
prespecify thresholds. Instead, we proposed thresholds for each outcome to the Committee for discussion and
endorsement ahead of presenting any results. Where results from different outcome measures were combined
using an SMD, we used a common version of Cohen’s guiding rules for interpretation (an SMD of 0 to <0.2
represents a trivial effect, 0.2 represents a small effect, 0.5 a moderate effect, and 0.8 a large effect) (60). The
interpretation was initially based on whether there was an important effect or not (59, 61, 62), for which the small
effect threshold (SMD of 0.2) was used as the threshold for an important difference. Toillustrate the approach, if

© The Author(s) for the NHMRC. 2026 Creative Commons Attribution 4.0 International License

Effects of puberty suppression. Systematic review. Page |22

OFFICIAL



OFFICIAL

the SMD fell within the prespecified range of -0.2 to 0.2 (i.e. within both thresholds), the effect of puberty
suppressants was considered to be no different from control. An SMD above 0.2 or below -0.2 was interpreted as
an important effect. The thresholds are reported in the footer to the Summary of Findings table in the results.

3.3.5 Unit of analysis issues

In this review, we anticipated unit-of-analysis issues may have arisen from two types of studies: (i) studies that
used individual-level matching between those who did and did not receive puberty suppressants based on
particular characteristics (e.g. age), and did not account for this matching in the analysis; and (ii) uncontrolled
before-after studies in which the same individuals provided measurements before and after puberty
suppressants, but these repeated measurements were analysed as if they were independent. For (i), we identified
no studies that used individual-level matching (except for ineligible comparator groups). For (ii), we undertook a
paired analysis, assuming a correlation coefficient of 0.5 between before and after measurements for our primary
analysis, based on typical within-person correlations observed in treatment arms of randomised trials (63). We
examined the sensitivity of this assumption using a range of correlation coefficients (see Sensitivity analyses).

3.3.6 Dealing with missing data

We did not contact study authors to obtain missing information (e.g. study characteristics, description of conduct
of the study) or aggregate level statistics (e.g. missing standard deviations). We attempted to calculate statistics
necessary for meta-analysis using algebraic manipulation of reported statistics (e.g. computing the standard
deviation from the confidence interval of the mean). Details of our algebraic manipulations and imputations are
available in Supplement 1, Appendix S1.C.

Our approach for dealing with missing outcome data within the studies was through sensitivity analyses, where
studies judged to be at critical risk of bias were excluded (Section 3.3.9 Data synthesis). Risk of bias ‘due to missing
outcome data’ is considered within the overall bias judgement for a study.

3.3.7 Assessment of heterogeneity

We assessed statistical heterogeneity of the intervention effects visually by inspecting the overlap of confidence
intervals on the forest plots, formally testing for heterogeneity using the x? test (using a significance level of
a=0.1), and quantifying inconsistency using the I* statistic (64).

3.3.8 Assessment of biases due to missing results and integrity

We planned to use a framework for assessing risk of bias due to missing results in which an assessment is made for
each meta-analysis regarding the risk and potential impact of missing results from studies (termed ‘known-
unknowns’) and the risk of missing studies (termed ‘unknown-unknowns’) (65). However, we were unable to apply
this framework. As is typical of non-randomised studies, only one of the included studies had a registry entry or a
protocol specific to the reported analyses (66) (although several protocols were identified for multi-centre
collaborations, from which studies are now being published). In addition, there were too few studies contributing
to the meta-analyses to generate informative contour enhanced funnel plots to examine whether there was
evidence of small-study effects (67). Instead, we made a judgement of whether there was ‘undetected’ or
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‘suspected’ reporting bias for each of the comparisons in our GRADE assessment (Section 3.3.10 Summary of
findings tables and assessment of certainty of the body of evidence). Given the large number of ineligible studies
identified through the screening process as addressing similar questions, we judged that there was no evidence to
suspect reporting bias.

While there is increasing interest in assessing the integrity of randomised trials, the INSPECT-SR tool is yet to be
adapted for non-randomised studies (68). In the absence of a well-validated tool to assess integrity, and the low
likelihood of finding information required for assessment, we did not perform formal integrity checks.

3.3.9 Data synthesis

Meta-analysis

Prior to undertaking any meta-analysis, we carefully considered the clinical and methodological diversity of the
included studies, including variation in populations, interventions, study designs, effect measures, and risk of
bias, to determine whether meta-analysis was appropriate. In any meta-analyses we undertook, we used inverse-
variance random-effects meta-analysis, since we anticipated there could be statistical heterogeneity arising from
the likely aforementioned differences across studies. These analyses used the restricted maximum likelihood
estimator (REML) of between-trial heterogeneity variance and the Hartung-Knapp-Sidik-Jonkman confidence
interval method. An exception to this, and in line with advice from the Cochrane Handbook (69), was when the
estimated heterogeneity variance was zero, where we used a Wald-type confidence interval method with standard
normal quantiles. A further exception was for rare events or where there was only one study that provided two
estimates, for which we used an inverse-variance fixed-effect model instead of a random-effects model. For rare
events, estimating the heterogeneity variance can be difficult. Where a single study provided two estimates, a
fixed-effect model was appropriate because the estimates represented different strata within the same study.
Forest plots were used to visually depict the intervention effect estimates and their 95% confidence intervals.

Summary and synthesis when meta-analysis is not possible

We had prespecified methods for reporting results and for considering alternative synthesis methods if meta-
analysis could not be undertaken. However, for all outcomes, we were able to undertake meta-analysis or, where
only an effect estimate from an individual study was available, we reported the effect estimate and its 95%
confidence interval.

Subgroup analysis and investigation of heterogeneity

We had planned, if feasible to undertake a subgroup analysis to examine whether age (a proxy for stage of
pubertal development) and sex assigned at birth explained any observed statistical heterogeneity in the
intervention effects for relevant outcomes. In addition, where possible we had planned to stratify by different
measures for an outcome domain to investigate if this explained any observed statistical heterogeneity in the
intervention effects. Given that all meta-analyses included fewer than five studies and showed little or no
heterogeneity, we did not undertake these analyses. An exception was for outcomes penile length, breast cup size,
and breast resection volume, for which effects estimates were reported in only one study (70), and separately by
Tanner stage (2/3 and 4/5). We therefore maintained this stratification in the review.
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Sensitivity analyses

We undertook the following sensitivity analyses examining if the meta-analysis estimates were robust to the:

e inclusion of studies judged to be at critical risk of bias; and,
e choice of the imputed correlation coefficient in uncontrolled before-after studies in which we undertake a
re-analysis. We examined the impact of using a range of correlation coefficients (0, 0.3 and 0.7).

We had planned to also undertake sensitivity analyses to examine the impact of fitting a fixed-effect model as an
approach to investigating potential small-study effects, and to exclude studies that had not adjusted for
matching. We did not undertake these analyses because there was little or no heterogeneity in any of the meta-
analyses, meaning that the random-effects estimates and confidence intervals would not differ from those
obtained using a fixed-effect model. In addition, no studies used individual-level matching.

Results of the sensitivity analyses were tabulated, including the meta-analysis estimate (and its confidence
interval), along with details of the original and sensitivity analysis assumptions (see Supplement 4).

3.3.10 Summary of findings tables and assessment of certainty of the evidence

We prepared a GRADE summary of findings table, reporting results for all critical and important outcome domains.
For each result, one author (SB) applied the GRADE approach to assess our confidence in where the effect lies
relative to our threshold for an important effect (the certainty of evidence) (see 3.3.4 Measures of treatment
effect). A second author independently verified the assessment (JM) without knowledge of the first assessor’s
judgements. In accordance with detailed GRADE guidance (57, 71-73), an overall GRADE of high, moderate, low or
very low certainty is reported for each result based on whether there are serious, very serious, extremely serious
or no concerns in relation to each of the following domains.

1. Risk of bias. We assessed the overall risk of bias across all studies contributing to each synthesised result,
considering the weight studies rated at high risk of bias contribute to the analysis. Serious, very serious or
extremely serious concerns were more likely if studies at higher risk of bias contributed considerable
weight in the analysis and sensitivity analyses indicate that removing these studies changed the size of the
effect importantly (i.e. leading to a different interpretation in relation to the specified thresholds) (see
3.3.9 Sensitivity analyses) (57, 72, 74).

2. Inconsistency. We assessed whether there was important, unexplained inconsistency in results across
studies considering the overlap of confidence intervals (non-overlap indicating potentially important
differences in direction or size of effect), statistical measures that quantify and test for heterogeneity (I
statistic, x° test), results of subgroup analyses (see 3.3.7 Assessment of heterogeneity), and where the
point estimates lie in relation to the threshold for an important effect (if all to one side of a threshold, we
were less concerned) (75, 76). Where a result is based on a single study, inconsistency was not rated down
as per GRADE guidance.

3. Imprecision. We assessed whether the confidence interval for each pooled effect estimate crossed our
threshold for an important effect (meaning that the confidence interval is compatible with different
interpretations, for example an important effect and little or no difference in treatments). In judging
imprecision, we used the thresholds for an important effect as described in 3.3.4 Measures of treatment
effect (also reported in the Summary of findings table footer). We rated down for serious imprecision when
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the confidence interval crosses one threshold, very serious when two thresholds are crossed, and
extremely serious when the confidence interval is so wide that the estimate is considered uninterpretable
(59, 62, 77). Where the extent to which the confidence interval crossed the threshold was modest (e.g. 2™
decimal place for an SMD), and both the upper and lower bound of the confidence interval indicated the
same direction of effect, we did not rate down to avoid different certainty judgements for results that are
not materially different.

4. Indirectness. We assessed whether there were important differences between the characteristics of
studies included in each synthesis and the review question, such that the effects observed may not apply
to the review question (i.e. the applicability of the evidence) (78). Empirical evidence is required to justify a
concern that these differences are likely to influence the size of effect.

5. Dissemination bias. Our judgement of suspected dissemination bias was based on an informal
assessment of bias due to missing results, due to the absence of registry entries and protocols for
observational studies (see 3.3.8) (79).

6. Upgrading domains (large effect size, dose response gradient, opposing plausible residual confounding).
We considered upgrading for large effects (informed by advice from the Committee on thresholds for large
effects on the pubertal development and breast tissue resection outcomes). Where the effects are large or
very large the evidence may be rated up, with rating up more likely if both ends of the 95% confidence
interval indicate a large effect, effects are consistent, and the previous trajectory of the outcome is
reversed. There was no dose related data to assess dose response. Opposing residual confounding was
considered as part of the ROBINS-I assessment (judging whether this mitigated concerns that observed
effects are due to residual confounding), which we accounted for in the overall risk of bias for each study
(57, 72).

Using GRADE decision rules, we derived an overall GRADE for the certainty of evidence for each result included in
the summary of findings table (57, 72, 80). In line with GRADE guidance for when ROBINS-I is used, a result from a
body of evidence comprised of NRSIs begins as ‘high’ certainty evidence (score=4),and can be rated down (-1 or -2)
for serious or very serious concerns on any GRADE domain that reduces confidence in the effect of puberty
suppressants (as determined by the prespecified thresholds) (57, 72, 80). The option to rate down by -3 may be
considered if there are extremely serious concerns about risk of bias or imprecision (where results are compatible
with both important benefit and important harm) (62, 81). The evidence can be rated up for large (+1) or very large
(+2) effects.

Summary of findings tables were prepared using the GRADEpro GDT software (www.gradepro.org). The tables
included:
e estimates of the effects of puberty suppressants reported as SMD or MD for continuous outcomes
(absolute effects), and for binary outcomes relative and absolute effects
e the overall GRADE (rating of certainty) and an explanation of the reason(s) for rating down (or up) (82)
e the study design(s), number of studies and number of participants contributing data
e aplainlanguage statement interpreting the evidence for each comparison and outcome, following GRADE
guidance for writing informative statements (83).

We did not have any outcomes with evidence from more than one study design (e.g. before-after and cohort), so
there was no need to present multiple results for the same outcome (84).
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3.3.11 Interpretation of findings (evidence statements)

When interpreting results, we followed GRADE guidance for writing informative statements (83). All interpretations
were based on where the point estimate lies in relation to the prespecified thresholds for an important effect (an
important effect or not) and the direction of effect (beneficial or harmful). When we had evidence suggesting a
large effect (sufficient to rate up certainty), we confirmed this interpretation with the Committee. The certainty of
evidence is communicated by qualifying the interpretation of effect (e.g. ‘probably’ improves for moderate
certainty; ‘likely’ improves is an alternative). For low certainty evidence the interpretation is qualified with the
word ‘may’. For example, ‘puberty suppressants may improve [outcome]’ indicates that the point estimate lies
above the threshold for important benefit (an SMD >0.2) and that the evidence is of low certainty. For very low
certainty evidence, we provide an interpretation of the result except in certain circumstances (extreme
imprecision or inconsistency), which is consistent with the usual GRADE approach for non-randomised evidence
and one of two options GRADE provides for interpreting findings based on very low certainty of evidence (83).

4  Results

4.1 Search results

The database searches retrieved 830 records. After removing 270 duplicates in EndNote, 560 records were
imported into Covidence and deduplicated against the 100 studies already added to full-text review from the
existing systematic reviews and evidence reports (see table 2). A further 15 duplicate records were removed,
leaving 545 records from the database searches to screen at title/abstract. Forty-five records were retrieved from
the three register searches, of which 42 were imported to Covidence for screening (after removing duplicates).

In a separate Covidence folder we imported the records excluded at full-text review from the systematic reviews
by Miroshnychenko (n=299) and Tornese (n=126), after first deduplicating against the 100 studies identified from
the existing systematic reviews and evidence reports. Eighty-one duplicates were removed, leaving 344 to be
screened. To these we added 28 unique records from the Utah and RAND reviews. Of the 372 records screened,
365 were excluded at title/abstract, six were excluded at full-text review, and one was a conference abstract linked
to anincluded study (Turban 2020).

In total, 15 studies (18 reports) were included in the review (70, 85-99). Thirteen studies (16 reports) were sourced
from among the 100 studies included in existing SRs and evidence reports, and two studies (two reports) were
included from the update database searches (Lahaije 2025 and Zaitoon 2025). We identified one ongoing study
(PATHWAYS trial) and two abstracts as awaiting assessment (Sun 2025a and Sun 2025b) from the update search.

The flow of reports and studies through the review is shown in the PRISMA flow diagram (Figure 2). Details of
studies excluded at full-text review are given in the Table of Excluded Studies (Supplement 2). No additional
studies were identified by the Committee.
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Identification of studies

Identification

Screening

Total records identified (n = 1428)
Records identified from database
searching (n = 830)

MEDLINE (n = 224)

Embase (n=411)

PsycInfo (n=69)

CINAHL (n =99)

Europe PMC (n=27)
Records identified from register
searching (n =45)

ClinicalTrials.gov (n =41)

ISRCTN (n=3)

WHO ICTRP (n=1)
Records of studies included in SRs and
evidence reports (n = 128)
Records of studies excluded from SRs by
Miroshnychenko 2025 (n = 299) and
Tornese 2025 (n=126)

Duplicate records removed before
screening (n =369)

Records screened
(n=1059)

Records excluded
(n=911)

Reports sought for retrieval
(n=148)

Reports not retrieved
(n=0)

\4

Reports assessed for eligibility
(n=148)

A\ 4

Included

Studies included in evidence synthesis
(n=15; 18 reports)

Contributed data for meta-analysis or
single study for outcome (n = 15)

Reports excluded (n=127)
Clearly ineligible (n = 18)
Ineligible population (n =2)
Ineligible intervention (n = 8)
Ineligible comparator (n =6)
Ineligible comparison (including where

separate data for PS are not reported) (n = 37)

Ineligible outcome (n =43)
Ineligible design (n =13)
Studies awaiting assessment (n = 2)
Ongoing studies (n=1)

Fig 2 | PRISMA diagram showing the flow of studies through the review.
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4.2 Description of studies

A summary of the characteristics of all studies contributing to this review follows. The characteristics of the subset of
studies contributing to each result are synthesised alongside the effects. Characteristics of individual studies are
tabulated in Supplement 2 (an Excel spreadsheet filterable by outcome or other characteristics). Risk of bias
assessments are reported in Supplement 3.

4.2.1 Study setting and design

Location and setting. Eight of the 15 included studies were in continental Europe, 3 studies were in the United
Kingdom, 3 studies were in the United States, and one study was in Israel.

e Netherlands: 5 studies from the Vrije University Medical Centre Gender Clinic in Amsterdam

e UK: 3 studies at the National Health Service Gender Identity Service at the Tavistock Centre

e US:one national survey, one study in a paediatric hospital gender clinic and one study that analysed data
from 5 paediatric hospitals

e Germany: 1study at the Hamburg Gender Identity Service

e Israel: 1 studyin the Israeli Children and Adolescents Gender Clinic, located at Dana-Dwek Children’s
Hospital, Tel Aviv

e Italy: 1 study at the Florence Gender Clinic

e Sweden: 1 population-level study using data from national databases

There were multiple reports from two gender clinics (Amsterdam and UK), some of which had data that were likely
to have come from the same participants. Where this was the case, we included the data if the outcomes reported
addressed different outcome domains. If no unique outcome data were reported, the paper was listed as a
secondary report of a study (see list of included studies). In one instance, we could not rule out the possibility that
data from some participants were included in both papers, so we did a sensitivity analysis to ensure that including
only one of the papers did not alter interpretation of findings.

Study designs. We independently coded the design of studies based on design features prespecified in the protocol.
Using this classification, one included study was a prospective cohort (Costa 2015 (85)), 7 were retrospective cohort
studies (Becker Hebly 2021(100), Karamanis 2023 (89), McGregor 2024 (92), Nunes-Moreno 2025 (94), Turban 2020
(96, 97), van de Grift 2020 (70), van der Miesen 2020 (98)) and the other 7 studies used an uncontrolled before-after
design (Carmichael 2021 (66, 93), de Vries 2011 (86, 87), Fisher 2024 (88), Lahaije 2025 (90), Lavender 2023 (91),
Schagen 2016 (95), Zaitoon 2025 (99)).

While study design in and of itself does not convey whether the study is at risk of bias, in general, uncontrolled
before-after studies are at critical risk of bias for most outcomes. This is because it is usually not possible to know
whether any change is due to the intervention, other interventions to which an individual is exposed (such as gender
affirming care), or change over time (such as temporal changes in mental health). We consider pubertal
development to be an exception because the typical trajectory of pubertal development is predictable for the vast
majority of adolescents (e.g. in terms of development of physical characteristics), so effects that are in the opposite
direction to that expected are likely to be attributable to puberty suppression, especially if the effects are large.

© The Author(s) for the NHMRC. 2026 Creative Commons Attribution 4.0 International License

Effects of puberty suppression. Systematic review. Page |29

OFFICIAL



OFFICIAL

4.2.2 Characteristics of those receiving puberty suppressants

We included studies in which all (or a large majority) of participants were likely to have received puberty
suppressants before 18 years of age. We did not limit by age at follow-up (a decision taken ahead of screening
studies based on feedback on the protocol from the Committee and Reference Panel members). None of the studies
reported limiting their sample by gender or sex assigned at birth. The majority of studies reported the number of
participants by sex assigned at birth (7232 assigned male at birth [AMAB]; 5179 assigned female at birth [AFAB]).
When gender was reported, it was generally unclear whether this was self-identified by participants or assumed by
the investigators. Seven studies reported separate results data by sex assigned at birth or by gender (see
Supplement 2, Characteristics of included studies table for details of available data).

We sought data on equity related characteristics (race/ethnicity, rurality, socio-economic status, neurodivergence,
disability, other factors). There was limited reporting of equity related data, and the available data were sometimes
reported at the level of cohort. In such instances, data were not available for each treatment group and sometimes
included data for comparator groups that were ineligible for this review (e.g. those who had received GAH; see
Supplement 2, Characteristics of included studies). Five studies reported on race/ethnicity (three in the US, one in
the Netherlands, one in the UK). Two studies reported on socio-economic status, one using an established measure
(Winkler index). Three studies collected data about neurodivergence, two of these reported data. No studies
reported on rurality or disability. Seven studies reported on parents’ level of education.

4.2.3 Puberty suppression interventions

Assessments prior to prescribing puberty suppressants

Studies based in gender clinics followed a comprehensive interdisciplinary assessment process to determine
eligibility (or ‘readiness’) for puberty suppressants (reported either in the included study or a secondary paper, the
latter including descriptions of standard gender affirming care delivered in the clinic). Most cited the Endocrine
Society guidelines as the basis for assessment, with additional considerations for gender affirming care informed
by WPATH guidelines.

Commonly reported criteria included:

e persistent gender dysphoria (considering pervasiveness and intensity, with variable reporting of the use of
formal diagnostic criteria)

o first physical changes of puberty (Tanner 2 or above)

e anabsence of serious psychosocial comorbidity that would interfere with assessment or treatment (e.g.
repeated episodes of psychosis)

e no medical contraindications

e arequest for gender affirming intervention (usually, specifying that ‘puberty suppression’ was requested)

Other considerations included the adequacy of psychological and social support during treatment (e.g. from
family or others), and “knowledge and understanding of both the physical and social consequences of gender
affirmation” (for example, Becker-Hebly 2021, Costa 2015).
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Treatment protocols and duration

The primary aim of studies included in this review was to report evaluations of the effects of puberty
suppressants, rather than detailed protocols for treatment. Nonetheless, some information can be ascertained on
usual care delivered in gender clinics over the period in which the studies were conducted.

Usual care. Studies based in gender clinics reported regular follow-up (e.g. initially at 3 months, then 6 monthly) as
a prerequisite for care, which typically included psychosocial support, medical review and care (e.g. by
endocrinologist, paediatrician), routine blood testing to monitor metabolic and hormonal parameters (for
example), and bone health checks (including scans and blood-based biomarkers). Some reported more specific
elements of supportive care, for example fertility counselling and preservation, and coordination of care with
mental health services for those with co-existing mental health conditions (e.g. Carmichael 2021, Becker-Hebly
2021).

Type of GnRHa. We limited inclusion to gonadotrophin-releasing hormone agonists (GnRHa), so effects of GnRHa
were evaluated in all studies. All five studies that reported the type of GnRHa prescribed triptorelin administered
via intramuscular injection (usually 3.75 mg injection every 28 days). Four of these studies were in Europe and one
in Israel.

Timing and duration of treatment. The timing and duration of treatment with puberty suppression varied both
within and across clinics (influenced by factors such as pubertal stage at first assessment, time from assessment
to prescribing, and age at which GAH could be accessed). While it was possible to ascertain an approximate length
of time on puberty suppressants at follow-up in most studies, the time from commencing to stopping puberty
suppressants was rarely available. In part, this was because many studies had either a defined length of follow-up
or a cutoff date for data collection that was before treatment cessation for some or all in the cohort. Of the four
studies from which information was available, the typical duration of puberty suppressant treatment was 18
months to 2 years (de Vries 2011, Lavender 2023, McGregor 2024). The fourth reported “1 year to 4 or 5 years”
(Carmichael 2021).

Gender affirming hormones. In general, we excluded studies where participants had also received gender affirming
hormones (GAH), unless separate data were available that enabled effects of puberty suppressants to be isolated®.
One study reported outcomes in adulthood that enabled comparison of the effects of puberty suppressants versus
no puberty suppression on pubertal development and outcomes of future surgeries (specifically, serious adverse
effects) (van de Grift 2020).

4.2.4 Comparators

Care received in the comparator. We included two types of comparators - one where there was an independent
group of trans and gender diverse young people who did not receive puberty suppressants (retrospective and
prospective cohort studies), and the other where those who received puberty suppressants served as their own
controls (uncontrolled before-after studies). In the cohort studies, care received by the comparator group was

® The effects of gender affirming hormones will be examined in a future systematic review supporting the development of the
Guidelines.
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usually similar to that in the puberty suppressant group (i.e. gender affirming care or usual care, depending on the
setting of the study). In uncontrolled before-after studies, outcomes are compared in the period before
commencing puberty suppression to outcomes at follow-up. The care received in the period prior to suppression
may be quite different, especially for those whose baseline data (used for the outcome measure taken in the
‘before’ period) was measured at first visit to a gender clinic.

4.2.5 Outcomes

Outcomes. A complete list of outcomes reported in each study (both eligible and ineligible) is provided in the
characteristic of included studies (ColS) table, together with length and frequency of follow-up. From the eligible
outcomes (those prioritised for the guideline), we selected one outcome from each domain for inclusion in the
meta-analysis (marked in the ColS table with *).

Critical outcomes were eligible from studies of any design, whereas important outcomes were only included from
studies that had an independent comparator group (prospective and retrospective cohorts). The length of follow-
up varied; most studies reported results between 6 months and 2 years from commencing puberty suppressants.

4.3 Effects of puberty suppression

4.3.1 Summary of findings

Findings from the systematic review are presented in the GRADE summary of findings table (Table 4). The
thresholds used to interpret each result are presented at the end of the table. Explanations for all GRADE
judgements are in footnotes to the table. In the text following the SoF table, results are ordered by outcome
importance. Outcomes prioritised by the Committee as critical for decision-making appear first (pubertal
development, gender dysphoria, body image and satisfaction, and serious adverse events), followed by those
prioritised as important but not critical. The rationale for prioritisation was reported a-priori in the protocol (see
Methods, Types of outcomes; Appendix 1a outcomes table; Figure 1 logic model).

Table 4. Summary of findings table

Puberty suppressants compared to no puberty suppressants for young people experiencing gender incongruence or
dysphoria

Patient or population: young people experiencing gender incongruence or dysphoria who commenced puberty suppression at <18 years of age

Setting: Any care setting was eligible. Care was provided in specialist gender clinics in 12 of 15 studies, paediatric hospitals (ED or inpatient admissions) in one study, and not
reported in 2 studies (studies using national population data). Countries: 5 Netherlands, 3 UK, 3 USA, 1 Germany, 1 Israel, 1 Italy, 1 Sweden.

Intervention: puberty suppressants (gonadotropin-releasing hormone agonists, GnRH agonists). We included studies in which some participants had received gender affirming
hormones (GAH) if effects of puberty suppressants could be isolated. We included results from one study where participants had also received GAH and gender-affirming surgery
because the study examined potentially serious AEs for those who underwent future gender affirming surgery and compared outcomes for people who had received puberty
suppressants with those who had not.

Comparison: no puberty suppressants. Gender affirming care (GAC) was provided to both groups in 12 of the 15 studies with results in this table. Three of the 15 studies did not
report whether GAC was provided. In two of these studies, data were from a national population sample (one study from the USA that contributed data on mental health; one
study from Sweden on idiopathic intracranial hypertension). The third was a multi-centre study using data from paediatric hospitals (a study in the USA on suicidality diagnoses).

© The Author(s) for the NHMRC. 2026 Creative Commons Attribution 4.0 International License

Effects of puberty suppression. Systematic review. Page |32

OFFICIAL



OFFICIAL

Anticipated absolute effects (95% Cl)

Outcome Relative effect
Ne of participants e(géz/e ((§|)ec Certainty What happens
(studies) : no puberty Iz Difference
suppressants suppressants
CRITICAL OUTCOMES
Pubertal development Puberty suppressants (GnRH agonists)
(AMAB): penile length The mean penile I|Kely suppress pubertal dgvelopment
(cm) lenath without MD 3.26 cm importantly (shorter penile length)
follow-up: range 4 to 5 ) gube it shorter 000 compared to no puberty suppression.
years s P ress;lnts (3.44 shorterto  Moderatea®  Effects were larger among those who
Ne of participants: 103 w:sp 12.8 cm 3.09 shorter) received puberty suppressants at

(1 non-randomised
study)

Tanner stage 2/3 (MD 4.90 cm shorter,
95% Cl: 4.63 to 5.17 cm shorter). ©

Pubertal development .
(AFAB): menstruating In all four studies, none of the young people who were at menarche before

puberty suppressants (baseline: 15/19, 20/22, 49/65, 35/37) had menses
after puberty suppressants (follow-up: 12, 3, 12 and 12 months SODD
respectively). Highd

follow-up: range 3 to
12 months
Ne of participants: 143

(4 ”°”'trzf?d°)mised Proportion menstruating at follow-up: 0.00 (95% Cl: 0.00 to 0.01)
stuaies

Puberty suppressants (GnRH agonists)
suppress pubertal development
(menstruation) importantly compared
to no puberty suppression. The effects
were very large in all four studies.

Pubertal development
(AFAB): breast cup
size B or larger
follow-up: range 4 to 5 RD 47 fewer per 100 had a breast cup size of B or larger (95% ClI: 32 2100
years fewer to 62 fewer) Lowae
Ne of participants: 126
(1 non-randomised

Puberty suppressants (GnRH agonists)
may suppress breast growth
importantly compared to no puberty
suppression. Effects were larger
among those who received puberty
suppression at Tanner stage 2/3.

study)
Gender dysphoria
assessed with: Utrecht
gender dysphoria SMD 0.06 SD The evidence suggests that there may
scale (lower is better) Iov»ller ®000 be little to no change in gender
follow-up: range 12 to - - - (0.25 lower to Very low's dysphoria between commencing
24 months 0' 13 higher) puberty suppressants and follow-up,
Ne of participants: 100 ' but the evidence is very uncertain."
(3 non-randomised
studies)
Body image and
satisfaction
assessed with: Body
image scale (overall or The evidence suggests that there may
cha?'znc‘,t(:ar:'?satlgssfgwer SMﬁigi::rSD a000 be little to no change in body image
. ' - - - ” and satisfaction between commencing
is better) (0.03 lower to Very lowfi
follow-up: range 12 to 0.33 higher) puberty suppressants and follow-up,

24 months
Ne of participants: 118
(3 non-randomised
studies)

but the evidence is very uncertain."
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Outcome
Ne of participants

Relative effect

(studies) (900

SAE: idiopathic
intracranial
hypertension (IIH)
assessed with: ICD10

Anticipated absolute effects (95% Cl)

no puberty
suppressants

Difference

Incidence rate difference: 15.7 fewer IIH events per 100000 person-years
among those receiving PS (95% Cl: 37.4 fewer to 6.1 more per 100000

Certainty

What happens

Puberty suppressants may have little
to no effect on the incidence of

code during inpatient )
visit or specialist person-years) 63&9 idiopathic intracranial hypertension (a
outpatient care ~ Nocases of lIH were identified among individuals receiving GnRH serious but rare adverse outcome)
Ne of pjzrggpants. agonists (410 people, median follow-up 1.4 years) compared to no puberty suppressants.
(1 non-randomised
study)
SAE: QTc interval
assessed with: ECG Puberty suppressants may have little
follow-up: range 210 3 Trans women: MD 20.5 ms longer (95% Cl: 4.3 longer to 36.7 longer) o000 to no effect on QTc interval (which, if
months Very low™ prolonged, is a risk factor for serious
Ne of participants: 16 Trans men: MD 12.5 ms longer (95% Cl: 8 shorter to 33 longer) Y heart rhythm abnormalities) but the
(1 non-randomised evidence is very uncertain.
study)
Amount of breast The mean For those undergoing future gender-
tissue resected amount of affirming surgery, puber.ty
(grams) in future breast tissue sgppre§sants probably r.esult in less
surgeries (SAE: resected in MD 248 grams |n\éa3|t\(e ma;t]ectomy (|ie.fablargei
invasive mastectomy) i future surgeries lower o0 i reducton in q © amount (:j I;eﬁast
follow-up: range 4 to (SAE: invasive (270 lower to Moderate? issue removed or resected). eg S
5 years mastectomy) 226 lower) were larger among those who received
Ne of participants: 174 without puberty puberty suppressants at Tanner stage
(1 non-randomised suppressants 2/3 (MD 5‘:0 gr.ams less tissue
study) was 684 grams resected, 95% Cl: 605 lower to 475
lower).
IMPORTANT OUTCOMES
Satisfaction with care
(gender-affirming prior i B }
to receipt of GAH) -
not reported
Quality of life and
wellbeing
assessed with:
Kidscreen-27 or SF-8 SMD 0.77 SD The evidence is very uncertain about
(higher is better) i higher &OOQ  the effect of puberty suppressants on
follow-up: range 18 to (0.03 higherto  Verylower  quality of life and wellbeing (due to the
24 months 1.5 higher) extremely wide confidence interval).

Ne of participants: 32
(1 non-randomised
study)
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Outcome
Ne of participants

Relative effect

(studies) (900

no puberty
suppressants

puberty
suppressants

Anticipated absolute effects (95% Cl)

Difference

Functioning (socially;
family)
assessed with: Youth
self-report (YSR -
social problems
scale); Child Global
Assessment Scale
(CGAS) (lower is
better)
follow-up: range 18 to
24 months
Ne of participants: 991
(4 non-randomised
studies)

SMD 0.3 SD
lower
(0.45 lower to
0.15 lower)

Certainty

What happens

Puberty suppressants may improve
functioning (overall psychosocial,
social) importantly.

®eO0

Lowar

Mental health -
symptoms
(psychological
functioning)
assessed with: Youth
self-report (overall,
internalising) (lower is
better)
follow-up: range 18 to
24 months
Ne of participants:
4414
(4 non-randomised
studies)

SMD 0.39 SD
lower
(0.68 lower to
0.11 lower)

1100 Puberty suppressants may improve
Lowst psychological functioning importantly.

Mental health -
suicidality (attempts or

Moderate risk

thoughts, as
diagnosed at ED or
inpatient visit)
assessed from
electronic health
records at 5 paediatric
hospitals
follow-up: mean 2
years
Ne of participants:
3321
(1 non-randomised
study)

HR0.79

(0.47 to 1.31) 15.0%

13.0%
(81020)

3.0% fewer
(8.0% fewer to
4.0% more)

Puberty suppressants may reduce
suicidality diagnoses but the evidence
is very uncertain. Using the baseline
risk for suicide attempts reported in
Trans Pathways (an Australian national
survey of young TGD people), puberty
suppressants may lead to 3 fewer
diagnoses of suicidality in an
ED/inpatient setting per 100 people
over 12 months.

®O00

Very lowvY

Mental health - death
by suicide - not -
reported
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Anticipated absolute effects (95% Cl)

Outcome
Ne of participants

Relative effect

Certainty What happens

(studies) (95% C1) no puberty puberty

Difference
suppressants suppressants

AE: bone fracture - not
reported

AE: fertility - not
reported

The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and its

95% ClI).

Cl: confidence interval; HR: hazard ratio; MD: mean difference; SMD: standardised mean difference; RD: risk difference; AMAB: assigned male at birth; AFAB: assigned female

at birth; PS = puberty suppression; GnRH agonists = gonadotropin-releasing hormone agonists, GAC = gender affirming care, GAH = gender affirming hormones, GAS =

gender affirming surgery, ED = emergency department, AE = adverse event, SAE = serious adverse event, cm = centimetres, ms = milliseconds

Thresholds. The thresholds for an important effect (benefit or harm) were agreed prior to the GDC seeing results. These thresholds were used for interpreting point estimates

and assessing certainty of the evidence and were as follows.

. Pubertal development — penile length: 10% difference in length (in centimetres). Shorter penile length indicates pubertal suppression.

. Pubertal development — menstruating: 10 fewer [or more] people menstruating per 100. Fewer people menstruating indicates pubertal suppression.

. Pubertal development — breast cup size B or above: 10 fewer [or more] people with a breast cup size of B of above per 100 people. Fewer people with a breast cup size of
B or above indicates pubertal suppression.

. Gender dysphoria, body image and satisfaction, quality of life and wellbeing, functioning, mental health symptoms — psychological functioning: SMD of 0.2. A lower score
(i.e. SMD of -0.2 or below) is better for all outcomes (i.e. less dysphoria, less body dissatisfaction, fewer problems with psychosocial functioning, fewer problems with
psychological functioning) except quality of life (SMD of 0.2 or above is better).

. Serious adverse events — idiopathic intracranial hypertension (lIH): 20 more with incident IIH per 100000 person years. Fewer people with IIH is better. The threshold is set
low because this is a rare adverse event (not an outcome that is a goal of treatment), Left undetected, IIH can have serious undesirable consequences.

e Serious adverse events — QTc interval: change from baseline of 230 ms. Based on ICH E14 / FDA guidance where an increase of 230 ms signals a potential concern (
>500 ms or of >60 ms over baseline are commonly used as thresholds for potential discontinuation)

. Serious adverse events — breast resection volume for those undergoing future gender-affirming surgeries: 10% difference in volume resected. A reduction in the amount of
breast tissue removed or resected indicates less invasive surgery.

. Mental health symptoms — suicidality: 1 fewer [or more] person with a diagnosis of suicidality per 100 people over 12 months.

No eligible studies reported on satisfaction with care, mental health — death by suicide, adverse events — bone fracture or other functional measures of bone health, adverse

events — fertility potential

Control group risk. The baseline risks for ‘attempted suicide in the last 12 months’ was from Trans-pathways 2017, a large Australian survey of trans and gender diverse young

people. https://www.thekids.org.au/projects/past/trans-pathways/

GRADE Working Group grades of evidence

High certainty: we are very confident that the true effect lies close to that of the estimate of the effect.

Moderate certainty: we are moderately confident in the effect estimate: the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is
substantially different.

Low certainty: our confidence in the effect estimate is limited: the true effect may be substantially different from the estimate of the effect.

Very low certainty: we have very little confidence in the effect estimate: the true effect is likely to be substantially different from the estimate of effect.

Explanations

a. Serious risk of bias (-1)/large effect (+1): study with 100% of weight in the analysis rated at moderate risk of bias. This effect is large (both
the point estimate and either end of the 95% Cl indicate large effects relative to the threshold, with the direction of effect reversed from usual
pubertal development), offsetting concerns about risk of bias and justifying an upgrade for a large effect (+1).

b. Serious indirectness (-1): Tanner stage provides a more direct measure of pubertal development than penile length.

c. Compared to no puberty suppression, for those who commenced puberty suppression at Tanner stage 4/5 penile length was MD 2.10 cm
shorter (95% Cl: 1.87 to 2.33 cm shorter).

d. Very serious risk of bias (-2)/very large effect (+2): all four studies used an uncontrolled before-after design, but the effect is unlikely to be
explained by bias alone. The effect is very large (the point estimate and both ends of the 95% Cl indicate very large effects relative to the
threshold, with the direction of effect reversed from usual pubertal development), so the evidence was upgraded for a very large effect (+2).
e. Very serious indirectness (-2): breast cup size is an indirect measure of pubertal development.

f. Extremely serious risk of bias (-3): all three studies use an uncontrolled before-after design and were rated at critical risk of bias for this
outcome.
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g. Serious imprecision (-1): the 95% Cl crosses a threshold for an important effect (SMD=0.2) such that the result is compatible with important
benefit (SMD= -0.25) and little to no change (SMD=0.13).

h. This finding is consistent with hypothesis prespecified in the protocol that puberty suppressants may prevent deterioration in gender
dysphoria and body image and satisfaction, rather than improve these outcomes See Figure 1 in the prespecified protocol for this systematic
review, which shows the underpinning logic for how these outcomes relate to the primary and secondary goals of treatment and the predicted
effects.

i. Serious imprecision (-1): the 95% Cl crosses a threshold for an important effect (SMD=0.2) such that the result is compatible with little to no
change (SMD=-0.03) and slight, but important worsening (SMD=0.33).

j. The threshold for this outcome is set low because while this is a rare event, left undetected it can have serious consequences.

k. Serious risk of bias (-1): the single study is at moderate risk of bias due to confounding

. Serious imprecision (-1): the 95% Cl crosses a threshold for an important effect (20 events per 100000 person years), so the result is
compatible with important benefit (37 fewer cases of incident IIH) and little to no difference (6 more cases). Although the result is imprecise,
there is no indication of important harm (i.e. no indication of an increase in the incidence of IIH above the threshold).

m. Extremely serious risk of bias (-3): single study that uses an uncontrolled before-after design.

n. Serious imprecision (-1): Using a threshold for change of 30ms, the 95% confidence interval slightly crosses the threshold such that the
result is compatible with little or no difference and important harm. This is most likely due to the small sample size.

o. Extremely serious risk of bias (-3): single cohort study rated at critical risk of bias due to missing outcome data (follow-up data available for
75/204, intervention status ascertained at follow-up, so missingness may be due to intervention and outcome).

p. Extremely serious imprecision (-3): the 95% ClI crosses the threshold for an important effect (SMD=0.2), but the result is compatible with
very large benefit (SMD=1.5) and little to no difference (SMD=0.03), which is extremely imprecise.

g. Very serious risk of bias (-2): two studies at serious risk of bias, and one at moderate risk of bias. One study at critical risk of bias due to
missing outcome data (showing a large effect) but this study has negligible influence on the analysis (weight 4%).

r. No serious imprecision: although the Cl crosses the threshold for a small benefit, the effects favour puberty suppression and the upper
bound of the CI (SMD=-0.15) is close to the threshold (SMD=-0.2).

s. Very serious risk of bias (-2): Most of the included studies are at serious risk of bias, including the study with 43% of the weight in the
analysis.

t. No serious imprecision: although the Cl crosses the threshold for a small benefit, the effect favours puberty suppression and the upper
bound of the CI (SMD=-0.11) is close to the threshold (SMD=-0.2).

u. Very serious risk of bias (-2): study with 100% of weight in the analysis rated at serious risk of bias.

v. Very serious imprecision (-2): Using a 1% threshold for an important effect, the 95% Cl crosses both thresholds such that the result is
compatible with important benefit and important harm.

4.3.2 Critical outcomes

Pubertal development

Five studies (van de Grift 2020, Carmichael 2021; Fisher 2024, Schagen 2016; Lahaije 2025) reported results for a
measure of pubertal development that contributed data for this outcome. There is evidence from these studies
that puberty suppressants likely suppress pubertal development importantly when measured by penile length,
menstruation and breast development. Effects on penile length and breast size were measured in adulthood,
which provides evidence about longer-term effects on physical characteristics beyond immediate impacts in
puberty. Results and study characteristics for each of the three outcomes follow, together with a summary of
other pubertal development outcomes not addressed in the summary or synthesis.

Penile length

One study with 103 participants reported results for penile length (a measure of pubertal development) and
contributed data to this comparison (van de Grift 2020). The study compared effects in a group that received
puberty suppressants (GnRHa) to a group that did not. Separate comparisons are presented for those who
commenced puberty suppressants at Tanner 2/3 and Tanner 4/5.
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Effects

There is moderate certainty evidence that puberty suppressants likely suppress pubertal development
importantly (shorter penile length) compared to no puberty suppression (MD 3.26 cm shorter, 95% Cl: 3.09 cm to
3.44 cm; 1 retrospective cohort study, 103 participants; Figure 3). Effects were larger among those who received
puberty suppressants at Tanner stage 2/3 (MD 4.90 cm shorter, 95% Cl 4.63 to 5.17 cm shorter). While the evidence
was downgraded for risk of bias and indirectness, the effect is large and in the opposite direction to the trajectory
of pubertal development, so very unlikely to be explained by bias or other factors. For this reason, the evidence
was upgraded to moderate.

Study characteristics

Population. All participants had received gender affirming care at the gender service at Amsterdam University
Medical Centre and were returning as adults (18 years or over) for assessment for gender affirming surgery (GAS).

Interventions. On average, participants had started puberty suppressants at age 15. The exact duration of
treatment was not reported, but most started GAH 3 years after starting PS at Tanner 2/3, or 2 years after starting
PS at Tanner 4/5. Both groups had received gender affirming hormones.

Outcome measurement. Data were collected as part of routine assessment for GAS, approximately 4 to 5 years
after starting on puberty suppressants.

Intervention: PS Comparison: No P5 Effect size Weight
Study Qutcome Measure  Subgroup nl mnl sdl n2 mn2 sd2 MD [95%CI] (%)
vandeGrift 2020 Penile length cm Tanner 2/3 25 7.90 0.60 23 12.80 0.30 . -4.90 [ -5.17, -4.63] 41.58
vandeGrift 2020 Penile length cm Tanner 4/5 32 10.70 0.50 23 12.80 0.30 . -2.10[ -2.33, -1.87] 58.42
Overall & -3.26 [ -3.44, -3.09]
Heterogeneity: | =99.58%, H =237.64
Test of 8, = 8:Q[1) = 237.64, p = 0.00 favours PS | favours no PS

Test of 6 = 0:z =-36.46, p = 0.00

Fixed-effect model

Fig 3. | Forest plot showing effect of puberty suppression versus no puberty suppression on pubertal development
(penile length, cm). Length of follow-up: approximately 4 to 5 years from commencing puberty suppression. The

comparison group n values are halved as each subgroup is compared to the same participants. MD=mean
difference. PS=puberty suppression. n=number of participants. Blue lines show 95% confidence intervals (Cl).

Menstruation

Four studies reported results for menstruation (a measure of pubertal development) and contributed data to this
comparison. The studies compared effects before and after receiving puberty suppressants (GnRHa).

Effects

There is high certainty evidence that puberty suppressants suppress menstruation compared to no puberty
suppression (proportion menstruating at follow-up was zero, 95% CI 0 to 0.01; 4 uncontrolled before-after studies,
143 participants; Figure 4). Before puberty suppression (baseline), 119 of 143 participants were at menarche;
none of the 143 participants were menstruating at follow-up. While all evidence from uncontrolled before-after
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studies was rated as critical risk of bias in this review, the effect on menstruation is very large and in the opposite
direction to the expected trajectory of pubertal development. The effect is highly unlikely to be explained by other
factors, including study limitations. For this reason, the evidence was upgraded to high certainty.

Study characteristics

Population. All participants had received gender affirming care at a gender service.

Interventions. On average, participants started puberty suppressants at age 14 (two studies) or Tanner stage 4
(range 2 to 5; one study). The age of commencement was not reported in one study. The exact duration of
treatment was not reported. Triptorelin intramuscular injections were used in all four studies.

Outcome measurement. Data were collected as part of routine care at 3 to 12 months from commencing puberty
suppression.

Baseline Follow-up Weight
Not Proportion

Study nl  Menst menst N2 Menst with 95% Cl (%)
Carmichael 2021 19 15 4 15 0 0.00[0.00, 0.11] 12.81
Fisher 2024 22 20 2 20 0 0.00[0.00, 0.08] 16.94
Schagen 2016 65 49 16 49 0
Lahaije 2025 37 35 2 35 0 0.00[0.00, 0.05] 29.34
Overall 0.00[ 0.00, 0.01]

Heterogeneity: I2 = 0.00%, H2=1.00
Testof 6 =6:Q(3)=0.19, p =0.98
i j

[
B
B— 0.00[0.00, 0.03] 40.91
-
B>
Testof 6=0:2=0.00, p=1.00
I

Fixed-effect meta-analysis of Freeman-Tukey transformed proportions

Fig 4. | Forest plot showing effect on pubertal development (menstruating) before (baseline) and after (follow-up)
puberty suppression. Conditional proportions were calculated for those who were menstruating at baseline.
Length of follow-up: approximately 3 to 12 months from commencing puberty suppression. Menst= menstruating.
n=number of participants. Blue lines show 95% confidence intervals (Cl).

Breast size

The same study that reported on penile length also reported results for breast size (measured as the proportion
with a breast cup size of B or larger) and contributed data to this comparison (van de Grift 2020). The study
compared effects in a group that received puberty suppressants (GnRHa) to a group that did not. Separate
comparisons are presented for those who commenced puberty suppressants at Tanner 2/3 and Tanner 4/5.

Effects

There is low certainty evidence from this study that puberty suppressants may suppress breast development
importantly (smaller breast cup size) compared to no puberty suppression (47 fewer per 100 had a breast cup size
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of B or larger, 95% Cl 32 fewer to 62 fewer; 1 retrospective cohort study, 126 participants; Figure 5). Effects were
larger among those who received puberty suppressants at Tanner stage 2/3 (81 fewer per 100) than at Tanner
stage 4/5 (see Figure 5). While the evidence was downgraded for study limitations (risk of bias) and the
indirectness of breast cup size as a measure of pubertal development, the effect is very large and in the opposite
direction to the trajectory expected in pubertal development, so very unlikely to be explained by bias or other
factors. For this reason, the evidence was upgraded to low.

Study characteristics

Described with results for penile length.

Intervention: P5 Comparison: No PS Effect size Weight
Study Outcome Subgroup events intervention N events comparison M RD [95%CI] (%)
vandeGrift 2020  Breast cup size Tanner 2/3 1 3 15 16 - | ] - -0.81[-1.07, -0.55] 34.07
vandeGrift 2020  Breast cup size Tanner 4/5 50 85 15 17 —@— |-0.29[-048, -0.11] 65.93
Overall il -0.47 [ -0.62, -0.32]
Heterogeneity: 1” = 90.22%, H' = 10.22
Testof 8,=6;: Q1) = 10.22, p=0.00 favours PS | favours no PS
Testof8=0:z=-6.13, p = 0.00
T
1 -3 4]

Fixed-effect model

Fig 5. | Forest plot showing effect of puberty suppression versus no puberty suppression on pubertal development
(breast size). The event is defined as developing a breast cup size of B or larger. Length of follow-up:
approximately 4 to 5 years from commencing puberty suppression. The comparison group n values are halved as
each subgroup is compared to the same participants. RD=risk difference. PS=puberty suppression. N=number of
participants. Blue lines show 95% confidence intervals (CI).

Other pubertal development outcomes

Tanner stage was reported as an outcome (rather than as a baseline characteristic) in one study (Fisher 2024);
however, the effect estimates could not be calculated from this data (presented in a violin plot without the
required statistics). Testes volume was measured in two studies, one of which did not report results (Lahaije 2025)
and the other reported incompletely (Schagen 2016; the data could not be used to calculate effect estimates).
Additionally, van de Grift 2020 reported on testicular descent but these results were not selected for analysis (in
line with our prespecified plan to select one result per study for analysis in each outcome domain).

Gender dysphoria

Three studies (100 participants) reported results for gender dysphoria and contributed data to this comparison.
The studies compared effects before and after receiving puberty suppressants (GnRHa).

Effects

Results for gender dysphoria are presented in the summary of findings table and in Figure 6 (forest plot). Little to
no change in gender dysphoria was observed between commencing PS and follow-up (SMD 0.06 lower, 95% ClI
0.25 lower to 0.13 higher; lower is better; 1> = 0%, 1 uncontrolled before-after study, 100 participants; very low
certainty). However, the evidence is of very low certainty due to extremely serious risk of bias (arising from the use
of an uncontrolled before-after design in all three studies) and imprecision. Without a control group, it is not
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possible to infer whether the absence of change in gender dysphoria was due to the stabilising effects of puberty
suppression (as per the hypothesis in the protocol) or other factors.

Study characteristics

Population. All participants had received gender affirming care at a gender service.

Interventions. On average, participants started puberty suppressants at age 14 and were treated for 2 years.
Triptorelin, intramuscular injections were used in one study and the GnRHa was not reported in the other two.

Outcome measurement. Data were collected as part of routine care at 12 months from commencing puberty
suppression in two studies, and 12 months to 2 years in the third.

After PS Before PS Effect size Weight
Study Outcome Measure nl  mnl sdl n2 mn2 sd2 SMD [95%ClI] (%)
Carmichael 2021 Dysphoria, overall UGDS 40 4.77 0.31 . 4.80 0.31 -0.11[-0.41, 0.20] 39.63
deVries 2011 Dysphoria, overall UGDS 41 53.90 17.42 . 53.20 7.91 0.05[-0.25, 0.35] 40.76
Lavender 2023 Dysphoria, overall UGDS 19 4.60 0.54 . 4.70 0.51 —B— -0.18 [ -0.62, 0.25] 19.61
Overall <> -0.06 [ -0.25, 0.13]
Heterogeneity: T = 0.00, 1" = 0.00%, H' = 1.00
Test of 6, = 6;: Q(2) = 0.92, p = 0.63 favours after PS | favours before PS
Testof 6=0:2=-0.58, p=0.56

r T T T 1

Random effects model (REML) with Wald-type confidence intervals
Before-after studies with no independent comparison group

Fig 6. | Forest plot showing effect on gender dysphoria before (baseline) and after (follow-up) puberty suppression
Length of follow-up: approximately 12 months from commencing puberty suppression. PS=puberty suppression.

SMD=standardised mean difference. n=number of participants. mn=mean. sd=standard deviation. UGDS=Utrecht
Gender Dysphoria Scale. Blue lines show 95% confidence intervals (Cl). ’

Body image and satisfaction

The same three studies that reported on gender dysphoria also reported results for body image and satisfaction
and contributed data to this comparison. The studies compared effects before and after receiving puberty
suppressants (GnRHa). Study characteristics are the same as for gender dysphoria.

Effects

Results for body image and satisfaction are presented in the summary of findings table and in Figure 7 (forest
plot). Little to no change in body image and satisfaction was observed between commencing PS and follow-up
(SMD 0.15 higher 95% C1 0.03 lower to 0.33 higher; lower is better; 1> = 0%, 1 uncontrolled before-after study, 118
participants; very low certainty). However, the evidence is of very low certainty due to extremely serious risk of

"We cannot rule out the possibility that data from at least some of the same participants may have been included in both Carmichael and
Lavender. Participants in Carmichael were recruited between April 2011 and April 2014 and commenced GnRHa treatment between June
2011 and April 2015. The timing of treatment is unclear in Lavender, with participants reported as ‘attending’ the clinic between 2014 and
2018. We undertook a sensitivity analysis removing Lavender from the MA which did not importantly change the effect estimate.
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bias (arising from the use of an uncontrolled before-after design in all three studies) and imprecision. Without a
control group, it is not possible to infer whether the absence of change in body image and satisfaction was due to
the stabilising effects of puberty suppression (as per the hypothesis in the protocol) or other factors.

After PS Before PS Effect size Weight
Study Outcome Measure nl  mnl sdl n2 mn2 sd2 SMD [95%Cl] (%)
Carmichael 2021  Body image BIS, overall 40  3.20 0.63 . 3.10 0.80 0.14[-0.17, 0.44] 33.96
deVries 2011 Body image BIS, secondarysex 57 2.82  0.68 . 2.74 0.65 0.12[-0.14, 0.38] 47.90
Lavender 2023 Body image BIS, secondarysex 21 3.34 131 . 2.99 1.25 -+ 0.26[-0.16, 0.68] 18.13
Overall L g 0.15[-0.03, 0.33]
Heterogeneity: T = 0.00, I’ = 0.00%, H* = 1.00
Test of B, =6,: Q(2) = 0.34, p = 0.84 favours after PS | favours before PS
Testof 6=0:z=1.66, p=0.10

f T T T T 1

Random-effects model (REML) with Wald-type confidence intervals
Before-after studies with no independent comparison group

Fig 7. | Forest plot showing effect on body image and satisfaction before (baseline) and after (follow-up) puberty
suppression. Length of follow-up: approximately 12 months from commencing puberty suppression. PS=puberty

suppression. SMD=standardised mean difference. n=number of participants. mn=mean. sd=standard deviation.
BIS=Body Image Scale. Blue lines show 95% confidence intervals (Cl).!

Serious adverse events

Two studies reported on adverse events of special interest - idiopathic intracranial hypertension (IIH) and QTc
prolongation. A third study reported outcomes for people who undergo future gender affirming surgeries. We also
screened studies for spontaneously reported adverse events and did not find any serious adverse events reported.

Idiopathic intracranial hypertension (I1IH)

The study on idiopathic intracranial hypertension (a serious but rare adverse outcome), used population-wide
data from several national databases in Sweden. The study compared the incidence of IIH among people with a
recorded diagnosis of gender dysphoria who had received GnRHa to those who had not (Karamanis 2023). There
was low certainty evidence (due to risk of bias and imprecision) that GnRHa may have little to no effect on the
incidence of idiopathic intracranial hypertension compared to no GnRHa (Rate ratio: 15.7 fewer IIH events per
100000 person-years, 95% Cl 37.4 fewer to 6.1 more; 1 non-randomised study, 4230 people, low certainty
evidence) (see Table 4). No cases of IIH were identified among individuals receiving GnRHa (410 people, median
follow-up 1.4 years).

QT interval prolongation

The study on QTc interval was an uncontrolled before-after study involving 16 people (Zaitoon 2025). A prolonged
QTc interval is arisk factor for serious heart rhythm abnormalities. There was very low certainty evidence (due to
extremely serious risk of bias and imprecision) that puberty suppressants (GnRHa) may have little to no effect on
QTcinterval. Results were interpreted using a threshold commonly used by drug regulators (see end of Table 4).
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Outcomes from future gender affirming surgeries

One study compared post-surgical outcomes among those who received PS to those who did not (van de Grift
2020). The outcome descriptions were presented to the Committee to seek their views on whether any of the
outcomes should be considered under the serious adverse events domain. No information other than the
outcome measures (e.g. breast tissue volume resected) and the comparison was provided (i.e. not study
identifiers, results, or other data). The Committee agreed that evidence about volume of breast tissue resection
should be considered under SAEs.

There was moderate certainty evidence (due to risk of bias) that, for those undergoing future gender affirming top
surgery, puberty suppressants probably result in a large reduction in the amount of breast tissue removed or
resected (Figure 8). Effects were largest among those who received puberty suppressants at Tanner stage 2/3 (MD
540 grams less tissue resected, 95% CI 605 lower to 475 lower).

Intervention: PS Comparison: No PS Effect size Weight
Study Qutcome Measure Subgroup nl mnl sdl n2 mn2 sd2 MD [95%Cl] (%a)
vandeGrift 2020  Breast resection vol. grams  Tanner 2/3 3 144 33 25 684 91 = -540 [ -605, -475] 11.58
vandeGrift 2020  Breast resection vol. grams  Tanner 4/5 116 474 43 25 684 91 . -210[-234, -186] 88.42
Overall L -248 [-270, -226]
Heterogeneity: I” =98.86%, H =87.66
Test of 8 =6: Q(1) = 87.66, p =0.00 favours PS | favours no PS

Testof8=0:2=-22.01, p=0.00

-600-500-400-300-200-100 O

Fixed-effect model
The comparison group n values are halved as both intervention groups compare to the same comparison group

Fig 8. | Forest plot showing effect of puberty suppression versus no puberty suppression on breast tissue resection
volume (grams). Length of follow-up: approximately 4 to 5 years from commencing puberty suppression.

MD=mean difference. PS=puberty suppression. n=number of participants. mn=mean. sd=standard deviation. Blue
lines show 95% confidence intervals (Cl).

Other reports of adverse events

In screening the full text of studies, we identified 10 studies (11 papers) that considered adverse events, meaning
that the study either explicitly stated that ‘adverse events’ were an outcome of interest, or we judged that data
relevant to adverse events was reported.

Five of the 10 studies were included in the review:

e 3arereported under serious adverse events (Karamanis 2023, Lahaije 2025, van de Grift 2020).

e 2reported on adverse events, including those that were spontaneously reported (Carmichael 2021 and
Lahaije 2025), none of which met the commonly used definition for SAEs that we adopted for the review
(Appendix 1a, outcomes table).

Of the five studies that were ineligible for the review:

e 2 reported cross-sectional data (as is usual when an outcome that cannot be measured prior to
intervention is reported from an uncontrolled before-after study). In one (Olson 2024), none of the
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reported AEs met our definition of serious and the other reported two cases of non-serious AEs that
resolved (Khatchadourian 2014).

o 3did not report separate data for received puberty suppression, so effects could not be isolated from
other interventions (GAH, antiandrogens, ‘any intervention’).

Information about non-serious adverse events was summarised as additional information in the GRADE evidence
to decision framework for the Committee to consider.

4.3.4 Important outcomes

For important outcomes, studies had to provide data from a comparison of outcomes among a group who had
received PS compared to a group who did not receive PS. Comparisons of before and after treatment with puberty
suppression were not eligible.

Satisfaction with care

We did not identify any study that met the eligibility criteria for this outcome. Several studies reported cross-
sectional data on satisfaction with care involving puberty suppression (after treatment, without comparison to a
group that did not receive puberty suppression). It is not possible to isolate the effects of puberty suppression
from other components of care. Instead, these data were considered as additional information in the GRADE
evidence to decision framework.

Quality of life

One study (32 participants) reported data on quality of life comparing effects in a group that received puberty
suppressants (GnRHa) to a group that did not (Becker-Hebly 2021).

Effects

The evidence on quality of life is of very low certainty due to risk of bias and imprecision, that make the results too
uncertain to interpret (Figure 9). The study is at extremely serious risk of bias because of missing outcome data
(data for 75/204 participants were available), and extremely serious imprecision because the 95% confidence
interval is compatible with both ‘little to no effect’ and a ‘very large’ effect.

Study characteristics
Population. All participants had received gender affirming care at a gender service.

Interventions. The age at which participants started puberty suppression was 15 years on average. The exact
duration of treatment was not reported, nor was the type of GnRHa.

Outcome measurement. Data were collected as part of routine care 6 months to 4 years from commencing puberty
suppression.
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Intervention: PS Comparison: No PS Effect size Weight

Study Outcome Measure nl mnl sdl  n2 mn2 sd2 SMD [95%CI] (%6)
Becker-Hebly 2021 Mental wellbeing  Kidscreen-27 11 43.17 10.20 21 36.37 7.71 . 0.77 [ 0.03, 1.50] 100.00
Overall e —— (1,77 [ 0.03, 1.50]
Heterogeneity: 1" = 0.00%, H' = 1.00
Test of 8, =6, Q(0} =0.00, p=. favours no PS | favours PS
Test of 8 =0:z=2.05, p=0.04

r T T

] .5 1 1.5

Random effects model (REML) with Knapp-Hartung-Sidik-lonkman standard errors

Fig 9. | Forest plot showing effect of puberty suppression versus no puberty suppression on quality of life and
wellbeing. Length of follow-up: 6 months to 4 years from commencing puberty suppression. PS=puberty
suppression. SMD=standardised mean difference. n=number of participants. mn=mean. sd=standard deviation.
Blue lines show 95% confidence intervals (Cl).

Social functioning

Four studies (991 participants) compared effects on social function in a group that received puberty suppressants
(GnRHa) to a group that did not.

Effects

There is low certainty evidence (due to risk of bias) that puberty suppressants may improve social functioning
(overall psychosocial, social) compared to no puberty suppressants (SMD 0.30 lower, 95% Cl 0.45 lower to 0.15
lower; lower is better; I> = 0%, 4 cohort studies, 991 participants; low certainty; Figure 10; Table 4). All four studies
used a cohort design with an independent comparator group.

Study characteristics
Population. All participants had received gender affirming care at a gender service.

Interventions. The age at which participants were reported to have started puberty suppressants was not reported
in one study and varied in the other 3 studies (on average, 12 years, 15 years, and 16 years). The duration of
treatment was 18 months in one study and was not reported in the other 3. None of the studies reported the type
of GnRHa, route of administration or treatment schedule.

Outcome measurement. Data were collected as part of routine care at 6 months to 4 years from commencing
puberty suppression in one study, 18 months in 2 studies, and was not reported in the fourth study.
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Intervention: PS Comparison: No PS Effect size Weight
Study Qutcome Measure nl mnl sdl  n2 mn2 sd2 SMD [95%Cl] (%)
Becker-Hebly 2021 Fnctn, overall CGAS, global 11 81.82 751 21 70 12.25 - -1.06 [ -1.81, -0.30]  4.00
Costa 2015 Fnctn, overall CGAS, global 35 67.4 1393 36 62.53 13.54 —— -0.35[-0.81, 0.11] 10.65
vanderMiesen 2020 Fnctn, peer relations YSR, study specific scale 178 7 1.06 272 1.08 1.31 . -0.31[-0.50, -0.12] 63.62
McGregor 2024 Fnctn, social problems  YSR, social problems 40 58.9 9.1 398 59.6 7.9 —— -0.09[-0.41, 0.24] 21.74
Overall . 2 -0.30 [ -0.45, -0.15]
Heterogeneity: T = 0.00, I” = 0.00%, H' = 1.00
Test of 8,=0,:Q(3) = 5.55,p=0.14 favours PS | favours no PS

Test of 6 =0:z =-3.84, p = 0.00

Random-effects model (REML) with Wald-type confidence intervals. o )

Fig 10. | Forest plot showing effect of puberty suppression versus no puberty suppression on social functioning.
Length of follow-up: approximately 18 months from commencing puberty suppression (length of follow-up in
studies with the most weight in the analysis). MD=mean difference. PS=puberty suppression. n=number of
participants. mn=mean, sd=standard deviation. Blue lines show 95% confidence intervals (Cl). CGAS=Children's
Global Assessment Scale, YSR=youth self-report. Scores were reversed for CGAS, so that all scales operateina
consistent direction (lower scores are better).

Mental health - psychological functioning

Four studies (4414 participants) compared effects on mental health - psychological functioning in a group that
received puberty suppressants (GnRHa) to a group that did not.

Effects

There is low certainty evidence (due to serious risk of bias) that puberty suppressants may improve psychological
functioning compared to no puberty suppressants (SMD 0.39 lower, 95% Cl 0.68 lower to 0.11 lower; lower is
better; I =30.70%, 4 cohort studies, 4414 participants; Figure 11; Table 4). All four studies used cohort design
with an independent comparator group.

Study characteristics

Population. In three studies, participants had received gender affirming care at a gender service. The fourth study
was a large national survey in the US where other care received was likely to vary widely because of the diversity
of contexts and circumstances in which respondents lived.

Interventions. The average age at which participants were reported to have started puberty suppressants was not
reported in one study, 12 years in a second, 15 years in a third study, and around 15 years in the national survey.
The duration of treatment was 18 months in one study and was not reported in the other 3. None of the studies
reported the type of GnRHa, route of administration or treatment schedule.

Outcome measurement. Data were collected as part of routine care at 6 months to 4 years from commencing
puberty suppression in one study, 18 months in one study, and was not reported in a third study. In the national
survey, participants had started on puberty suppressant about 6 years prior to completing the mental health
measure (Kessler Psychological Distress Scale).
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Intervention: PS Comparison: No PS Effect size Weight
Study Outcome Measure nl mnl sdl n2 mn2 sd2 SMD [95%Cl] (%)
Becker-Hebly 2021 Fnctn, psychological YSR, total prbims 11 61.91 10.55 21 64.86 9.68 = -0.29[-1.00, 0.43] 6.86
vanderMiesen 2020 Fnctn, psychological YSR, internalising 178 7.76 6.68 272 11.67 8.38 —.— -0.50[ -0.69, -0.31] 45.34
McGregor 2024 Fnctn, psychological YSR, total prbims 40 55.2 10.6 398 60 9.6 —— -0.46[ -0.79, -0.14] 24.87
Turban 2020 Distress, psychological ~ Kessler psych distrss 89 . . 3405 . . —— -0.12[-0.47, 0.22] 22.93
Overall — -0.39[ -0.68, -0.11]
Heterogeneity: T =0.01, I = 30.70%, H’ = 1.44
Testof 0,=0,:Q(3)=3.77,p=0.29 favours PS | favours no PS
Testof 8=0:t(3) =-4.36, p=0.02

1 5 o 5

Random-effects model (REML) with Knapp-Hartung-Sidik-Jonkman confidence interval method

Fig 11. | Forest plot showing effect of puberty suppression versus no puberty suppression on mental health -
psychological functioning. Length of follow-up: approximately 6 months to 6 years from commencing puberty
suppression. MD=mean difference. PS=puberty suppression. n=number of participants. mn=mean. sd=standard
deviation. Blue lines show 95% confidence intervals (Cl). Kessler= Kessler Psychological Distress Scale, YSR=youth
self-report.

Mental health - suicidality diagnosis

One study (3321 participants) compared effects on mental health - suicidality among young people who had
received puberty suppressants (GnRHa) to those who had not (Nunes-Moreno 2025). The study used health record
data from PEDSnet, a research network of 5 paediatric hospitals in the United States, to identify trans and gender
diverse young people with a diagnosis of suicidality made during emergency department (ED) or inpatient visits.

Effects

There is very low certainty evidence that puberty suppressants may reduce the incidence of suicidality diagnoses
inthe ED (HR 0.79, 95% CI 0.47 to 1.31; 1 study 3321 participants). The evidence is very uncertain due to very
serious risk of bias and very serious imprecision (Table 4). In absolute terms, this translates to 3 fewer diagnoses
per 100 people over 12 months (from 8 fewer to 4 more; using a baseline risk from the Trans Pathways study - see
Table 4 footer for details).

Study characteristics

Population. Young people who had an ED or inpatient visit, and at least one outpatient visit at one of the 5
hospitals with data in PEDSnet.

Interventions. Puberty suppressants were started at a mean age of 12.8 years (mean; SD 2.1). The duration of
treatment was not available, nor was the type of GnRHa, the route of administration or treatment schedule.

Outcome measurement. Outcome data came from medical records reporting suicidality diagnoses at an ED or
inpatient visit. On average, those included in the study sample had been on puberty suppressants for 2 years.

Mental health - death by suicide
We did not find any eligible studies that examined death by suicide.
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Adverse events of special interest - bone health

We did not find any eligible studies that examined bone health - fractures or functional outcomes. Additional

information from a recent systematic review and findings from screening studies for this review is reported in the
Discussion.

Adverse events of special interest - fertility

We did not find any eligible studies that examined fertility potential (addressed in the Discussion). .
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5 Discussion

5.1 Summary of main results

We included 15 non-randomised studies that examined the effects of puberty suppression on outcomes for young
people experiencing gender incongruence or dysphoria. The studies reported data from 12,756 people.

We found evidence that compared to usual care, GnRHa is effective for suppressing puberty, with large effects on
menstruation (high certainty), penile length (moderate certainty), and breast size (low certainty). The usual
trajectory of pubertal development is predictable, and hence observing large effects in the opposite direction
increased our certainty that the effects were due to the use of GnRHa and not other factors (i.e. concerns about bias
were ameliorated). Some concerns about the indirectness of penile length and breast size as measures of pubertal
development explain the lower rating of the certainty of evidence for these outcomes. For those who receive
subsequent GAH, GnRHa may prevent permanent physical changes with implications for future gender affirming
surgeries. Specifically, large reductions in the amount of breast tissue resected were observed among those who had
received GnRHa compared with those who had not (moderate certainty). This outcome was included as a measure of
serious adverse events, reflecting the seriousness of invasive mastectomy.

We found low certainty evidence that there may be small but important improvements in mental health
(psychological functioning) and social functioning (reduction in overall problems and social problems) for those who
receive GnRHa compared to those who do not (low certainty evidence). From another study that reported data that
could not be combined with other results for mental health, we found evidence that GnRHa may lead to small but
important reductions in suicidality diagnoses in inpatient and emergency department settings, but the evidence is
very uncertain. While the study was well designed (reflected in low risk of bias on most domains), the results were
imprecise and there were differences in characteristics between the groups compared (those who received GnRHa
and those who did not), which may impact the outcome and could not be completely controlled for.

The effects on gender dysphoria and body image satisfaction were very uncertain because the evidence came
exclusively from studies that compared these outcomes before and after receiving GnRHa. While little to no change
in gender dysphoria and body image was observed between commencing puberty suppressants and follow-up, the
absence of a control group means it is not possible to infer whether this was due to the stabilising effects of puberty
suppression (as per the hypothesis in the logic model for the review, Figure 1) or other factors.

We did not find any eligible studies that reported on death by suicide or satisfaction with care (in relation to receipt
of puberty suppression). One small study examined effects on quality of life and wellbeing, but the evidence was too
uncertain to interpret (due to the observed effect being compatible with little to no effect and large benefit, i.e.
imprecise).

We did not find evidence of serious adverse events with GnRHa, noting that follow-up was short term. We identified
two studies that examined serious adverse events that are commonly evaluated for drugs to identify safety concerns
or signals that active monitoring may be needed in routine use. A large population-level study provided evidence
that GnRHa may have little to no effect on the incidence of idiopathic intracranial hypertension (low certainty),
which is a serious rare adverse outcome. One small study (16 participants) found that GnRHa may have little to no
effect on QTc interval, but this evidence is very uncertain. We did not find any eligible studies that examined bone
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health — fractures or functional outcomes, a result which we discuss in the context of a recent systematic review (see
‘Agreements and disagreements with other systematic reviews’). Nor did we find any eligible studies that examined
fertility potential.

5.2 Limitations of the evidence included in the review

Limitations of the evidence in a review can relate to the alignment (relevance) of the questions addressed in
primary studies and factors that influence the certainty of evidence (e.g. design limitations of primary studies). We
address both points, noting that the two are interrelated in this review. Reporting of studies is considered
throughout because it has cross-cutting implications.

Relevance relates to how closely the study population(s), intervention(s), comparator(s) and outcomes (i.e. PICO)
match the questions specified for the review. Overall, there was good coverage of the review questions and what
the included studies addressed in terms of relevant populations, interventions and outcomes. There were some
limitations, that if addressed, could enhance the evidence base for decision-making. Very few studies reported
results separately by Tanner stage (or age) except those that reported on pubertal development. There was also
limited reporting by gender (or sex assigned at birth). Reporting this data may help in understanding whether
puberty suppression is more effective for some groups than others. Reporting of equity-related population
characteristics was limited, so it is unclear to what extent studies included groups that may experience greater
inequity due to intersecting factors such as place of residence (especially rural and remote), neurodivergence,
First Nations identity, ethnic or racial background or disability. More recent studies tended to provide more
complete reporting of equity-related characteristics. None of the included studies were in Australia, so there is no
representation of Aboriginal or Torres Strait Islander peoples.

Several prioritised outcomes were not addressed in included studies. From our screening of 145 full text articles
(Supplement 2), we found 27 studies that reported on bone health (bone mineral density [BMD] in almost all) but
only two of these reported on fractures (neither used an eligible design; both reported that no fractures occurred)
(101, 102). Given the relevance of bone health, it is likely that data on fractures is collected as part of periodic
health checks (from which data are sought for studies), so non-reporting of this outcome is a surprising omission.
We found only cross-sectional data on fertility and satisfaction with care. Only one eligible study measured quality
of life. Some outcomes are more commonly reported - especially mental health outcomes - but often in studies
with an ineligible design. This points to limitations in the evidence arising from study design.

The choice of comparators is, perhaps, the most important study design consideration in this review. Limitations
arise from comparison of outcomes before and after GnRHa without an independent comparator group. While we
restricted inclusion of data from uncontrolled before-after studies to critical outcomes (including pubertal
development which has a clear trajectory, strengthening inferences from the design), the evidence on gender
dysphoria and body image was of very low certainty because it came entirely from uncontrolled before-after
studies. Results from these studies were judged to be at critical risk of bias due to confounding. Without a
comparator group, it is generally not possible to know whether any change in the outcome is due to GnRHa, other
interventions an individual receives (such as psychosocial support), or other factors (including temporal changes).
In other systematic reviews, this has ramifications for mental health outcomes because, for example, adolescence
is associated with the onset of common mental disorders (depression, anxiety) resulting from multiple biological
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and social factors (103, 104). Attributing any change in mental health outcomes during adolescence to GnRHa
would be problematic in the absence of a comparator group that does not receive GnRHa. While acknowledging
that the choice of comparator requires careful consideration, there may be an opportunity to strengthen the
design of studies using existing data. We noted that suitable data may have been available to some investigators
because they used medical records to identify outcomes for those who had received only puberty suppression and
excluded those who had not. In other studies, data were available but were not reported separately for those who
had received puberty suppression (i.e. the study reported results for a combined group that included youth who
had either received only puberty suppressants, only GAH or both). To some extent, these decisions reflect a
difference in the question addressed by the study authors and our review, but the value of studies can be
maximised by reporting data in formats that enable reuse in evidence synthesis.

Study design limitations were the main reason for lowering the certainty of evidence, but it is important to
recognise that not all study design limitations are preventable, and others are difficult to control. As is near
universal for reviews that include non-randomised studies, risk of bias due to confounding was common and
reduced the certainty of evidence. This does not lessen the importance of non-randomised studies for addressing
the questions in this review, nor does it imply that the studies were not well-designed. Where multiple studies
were available, the findings were consistent. Most studies provided direct evidence to address the question. For
outcomes for which there were fewer participants contributing data or for rare events (some of the serious
adverse events), there was imprecision, but generally this reduced certainty in the size of effect not the direction
(with most effects favouring puberty suppression, except for body image and satisfaction).

Finally, many commonly used scales for measuring outcomes related to gender identity, expression and dysphoria
are older measures that reflect outdated beliefs and terminology (including pathologising trans and gender
diverse identities) (16, 39). While there is evidence of the psychometric properties of these measures, recent
evaluations raise important concerns that suggest a lack of face and content validity for measuring outcomes of
importance such as gender dysphoria and body image.

5.3 Limitations of the review processes

We followed Cochrane and GRADE guidance to minimise preventable bias in the review process and specified our
methods ahead of commencing screening, however limitations may exist.

Rather than conduct our own searches (except for running an update search), we sourced studies that had been
included in recent systematic reviews and evidence reports of adolescents with gender incongruence or
dysphoria. This approach avoided rerunning searches and rescreening records that had already been screened
many times over by different review teams. Although this approach relies on the comprehensiveness of the search
methods of other reviews, given the large number of reviews included and the wide array of sources searched, we
benefited from the collective expertise of information specialists who had developed search strategies across
different databases and sources, thus maximising the pool of available studies and minimising the risk of missing
relevant ones.

Determining eligibility of non-randomised studies requires careful inspection of design features (40, 41) to avoid
missing potentially eligible studies or misinterpreting the study design. To address this, we retrieved a higher
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proportion of full-text studies to ascertain the study design than would be typical for reviews that rely on the
investigators labelling of designs. We screened the full text of all studies listed as excluded by previous reviews
(Supplement 2). We also implemented a triage step in our data extraction where we coded design features of near
miss studies, including those where the description of the design or the availability of data on puberty
suppression required close inspection.

While the requirement to consider puberty suppression and GAH in sequential systematic reviews enabled a more
streamlined approach to the conduct and reporting of the puberty suppression review, the evidence about these
two treatments is closely interlinked. This interlinking has both conceptual and practical implications. For
example, a complete understanding of the impact of puberty suppression on bone health requires evidence up to
when peak bone mass is reached. The most relevant evidence spans from adolescence into early adulthood,
which means that those who have received puberty suppression will have had subsequent exposures from
interventions and lifestyle factors that are associated with bone health and peak bone mass. GAH is one of these
exposures. To gain a complete understanding of effects, puberty suppression needs to be considered in the
context of GAH (and other exposures subsequent to puberty suppression). Such questions could be integrated
into the review of GAH. On a practical level, the close interlinking of evidence on puberty suppression and GAH
complicates identification of relevant evidence. Although uncommon, we found studies of GAH with no mention of
puberty suppression in the title or abstract that reported data suitable for estimating effects of puberty
suppression independently of GAH. Locating this data required scrutiny of results tables and text, so it is possible
that we may have missed eligible data. However, we screened the full text of studies excluded from other reviews
of puberty suppression, several of which had considered GAH in tandem.

We did not contact authors to obtain missing data or confirm assumptions made in synthesizing the data (e.g. the
correlation between baseline and follow-up measures). The assumptions only applied to results for gender
dysphoria and body image, the interpretation of which did not change based on sensitivity analyses and the
findings are of very low certainty.

Each stage of the review has been informed by the expertise of people with lived experience, members of the
Committee and members of the Reference Panel. However, the review team does not include authors who identify
as trans, have previous experience undertaking research on trans health, or are health professionals caring for
people who are trans and gender diverse. We recognise that this influences our worldview, and interpretation of
the evidence.

5.4 Agreements and disagreements with other studies or reviews

Multiple reviews have examined the effects of puberty suppression for young people experiencing gender
incongruence. We examined the methods and findings of 11 published reviews of the effectiveness and safety of
puberty suppression. These reviews do not reflect the full extent of reviews on puberty suppression, but they
include prominent reviews (including the review that informed the Cass review in the UK (32), a review by
Miroshnychenko for the Society for Evidence-based Gender Medicine (SEGM) (29), a review by Rand Health Care
(26), a review by an Italian team with funding from the Italian Ministry of Health (34), a review by the Swedish
Agency for Health Technology Assessment and Assessment of Social Services (SBU) (28) and a review for the Utah
Department of Health (27)). We also considered reviews conducted for jurisdictions in Australia and New Zealand
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(i.e. for New South Wales Health (25), Queensland Health (30), and the New Zealand Ministry of Health (23, 24)). In
addition to the 11 reviews, we consider a systematic review published in 2026 on the effects of GnRHa with or
without subsequent GAHT on bone accrual (105).

Of the 11 reviews we examined, we did not find any that described a comprehensive process to prioritise
outcomes, nor did we find mention of whether the outcomes considered reflected the priorities of those with lived
experience. For commissioned reviews, it is possible that this process was undertaken and reported separately.
We did not find an explicit rationale for the included outcomes or consideration of anticipated effects. Many of the
reviews included a large number of outcomes, some of which had been rated as of limited importance in the
prioritisation process for this review. Both Cochrane and GRADE recommends against including a large number of
outcomes (especially those of limited importance) because this “risks overwhelming and potentially misleading
readers” (46). The reviews vary widely in terms of the questions addressed (and associated PICO eligibility criteria)
and their methodology.

Most notable differences are in the:

o eligibility of study designs without an independent comparator group (uncontrolled before-after designs
were included for all outcomes, without rationale for including the design for outcomes such as mental
health ; some also included cross-sectional data, qualitative data or both),

e eligibility of studies in which some or all recipients of puberty suppression had also received GAH prior to
follow-up of outcomes (precluding isolation of effects of GnRHa if separate outcome data are
unavailable),

e use of meta-analysis (used in one review; results from existing meta-analyses may have been interpreted
in 2 overviews),

o methods used to interpret study-level results and synthesise results when meta-analysis is not used (fully
reported and appropriately used in one review; unclear in most others),

¢ inclusion of results from existing systematic reviews (done in two reviews),

e use of GRADE methods (applied in accordance with GRADE guidance in 4 reviews, misapplied in 2).

Below, we summarise agreements and disagreements with the two systematic reviews that report the most
comparable methodologies (26, 29) and the systematic review that informed the Cass review (32). We then
consider the recent review of bone health (105).

The review by Miroshnychenko 2025 uses meta-analysis and GRADE methods, suggesting it is similar
methodologically. There are four studies in common with our review; the difference in the number of studies in
common being partly due to the outcomes considered (of their 10 included studies, 5 measured bone health).
Outcomes that were not reported by Miroshnychenko 2025 included pubertal development, body satisfaction,
serious adverse effects, and quality of life. The analyses of gender dysphoria and social functioning (described as
‘global functioning’) are the most comparable to our analyses in terms of the outcomes considered, although the
authors report different effect measures and have fewer studies in each analysis. The results for gender dysphoria
(which included 2 of our 3 studies) and social functioning (which included 2 of our 4 studies) appear similar in
terms of direction of effect. However, the authors interpretation of findings is not directly comparable. Results are
interpreted in relation to the null rather than a threshold for a minimally important effect, such that
Miroshnychenko and colleagues describe potentially trivial results as an increase or reduction in an outcome (for
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example, an SMD of 0.01 is described as ‘gender dysphoria may be lower’). The authors elected not to provide a
plain language interpretation for very low certainty results in their GRADE table (such interpretations are essential
if results are to be used for decision-making (106) and are consistent with GRADE guidance (107)). In both
approaches used by the authors (interpretation or lack thereof), the approach could lead to misinterpretation of
the findings wherein effects that are large enough to be important could be ignored and trivial effects could be
overemphasised.

The review by Dopp 2025 for Rand Health Care, addressed effects of puberty suppression as one of multiple
questions. There are no meta-analyses, but the synthesis methods and approach to interpretation are completely
reported, with a clear rationale for decisions. There were few restrictions on study designs eligible for the review,
but the synthesis was limited to designs that were “sufficiently low risk of bias to justify summarising a single
study” (Joanna Briggs Institute risk of bias tools were used). The authors recorded all relevant outcomes, but only
summarised results for outcomes reported in multiple studies. Of the outcomes eligible for our review, Rand and
colleagues report summary results with GRADE ratings for pubertal development (a ‘decrease in pubertal
changes’, 20 studies, low certainty), gender dysphoria (‘improved’, 11 studies, very low certainty), mental health
symptoms (‘improved mental health functioning’, 21 studies, very low certainty), fertility (‘no effects on fertility’, 2
‘case studies only’) and side effects (‘low side effects and complications’, 18 studies, very low certainty). The
number of studies contributing to each outcome reflects a lenient approach to inclusion of study designs that are
at critical risk of bias (i.e. uncontrolled before-after designs) which likely explains the lower certainty of evidence
for some outcomes. It also illustrates why Cochrane and GRADE recommend restricting to designs that are more
suited to making causal inferences about intervention effects, and for which certainty in the evidence will
therefore be higher (40, 84, 108). Conceptually, Cochrane and GRADE’s approach is analogous to limiting to
randomised trials where these are feasible, ethical and suitable for addressing the outcomes of interest (108).

The review by Taylor 2024 is similar to the Rand review in its inclusive approach, but not the methodology. The
synthesis approach is not reported, interpretation appears likely to be based on statistical significance, which
becomes problematic especially when results from multiple studies are synthesised (see (109)), and study ‘quality’
is reported based on risk of bias assessments (using the Newcastle Ottawa Scale) without GRADE assessments. For
these reasons, we have not compared the results to those in our review.

A systematic review published in 2026 by Tienforti and colleagues examined the effects of GnRHa with or without
subsequent GAH on bone accrual (BMD, aBMAD and z-scores) in TGD adolescents (105). The review included 10
studies, all of which were identified in our original search (from a total of 27 excluded studies that reported on
bone parameters). All 10 studies were excluded from our SR (most because of study design, not reporting an
eligible outcome or both). Two of the 10 studies reported on fracture (101, 102), one of which used 6 monthly
lateral spine radiographs to monitor for vertebral fractures(102), which are diagnostic for paediatric osteoporosis
(110). Both studies were ineligible for our SR because they used an uncontrolled before-after design, but eligible
for the review by Tienforti and colleagues. Despite this, the SR by Tienforti 2026 reported that “no cohort reported
fracture outcomes” (105), p3. The results may have been overlooked because the studies did not fully report
guantitative data.
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6 Authors’ conclusions

6.1 Implications for practice

Although it is usual to report on implications for practice in a systematic review, we have not done so here since
this falls within the remit of the Gender Guidelines Development Committee.

6.2 Implications for research

The design of future studies on puberty suppression has been debated, often using arguments that neglect design
features that can enable inferences about causal effects from observational designs and that overstate the
potential of randomised trials to resolve uncertainty (111). The ethical and equity implications of withholding
puberty suppression in order to randomise to treatment are such, that non-randomised studies (observational
evidence) will likely remain the most important evidence source for understanding the effects of puberty
suppression. Non-randomised studies are an essential design for evaluating interventions when a trial is
unfeasible or unethical (108), and enable outcomes to be followed over a longer time, which is important for
serious and rare adverse events. Indeed, the historic focus in systematic reviews on randomised trials at the
exclusion of non-randomised studies has been particularly problematic for understanding harms (108, 112).

Future studies need to adopt non-randomised designs and methods of analysis that provide the best possible
evidence on the effects of interventions (i.e. addressing preventable sources of bias). Among newer designs, the
use of target trial emulation studies offers opportunity to use routinely collected data to estimate causal
intervention effects (44, 113). In a target trial, observational analyses are designed to “explicitly emulate a
hypothetical randomized trial that would answer the question at hand” (44). There is precedent for use of this
design in research evaluating effects of GAH for young trans people (114). While there is an argument for
prospective designs, in which participants are recruited into the target trial emulation study at the start of
treatment and their outcomes followed over time, such studies can be conducted using data from existing
medical records. These kinds of design decisions need to carefully weigh the advantages and disadvantages of
using substantial existing data to provide evidence in the shorter term (‘retrospective’ data), with the those of
prospective designs. At a minimum, the inclusion of appropriate comparator groups and controlling for
confounding needs to be prioritised to address preventable sources of bias.

There is a need for research to establish which outcomes matter most to young trans and gender diverse people,
especially those considering puberty suppression and future gender affirming medical care. Systematic reviews
and guidelines must prioritise outcomes that matter most to the people affected by the treatment being
evaluated (i.e. ‘patient’ or ‘people’ important outcomes). To prioritise outcomes, we relied heavily on experts with
lived experience, the Committee, and the Reference Panel for advice on the primary and secondary treatment
goals of puberty suppression and the value placed on different outcomes. This informed the logic model for the
review (Figure 1) and the outcome priorities, which differ from those addressed in numerous other systematic
reviews. Empirical evidence would increase confidence in the relative importance of different outcomes, ensuring
outcomes are weighed appropriately when making judgements about the balance of benefits and harms. The
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development of core outcome sets - reflecting consensus views - could complement this research and provide
guidance for primary studies on outcome measurement.

Arelated consideration is the emerging evidence about the appropriateness of commonly used scales for
measuring gender-related outcomes (15, 16, 39). Recent studies have evaluated instruments commonly used in
studies involving trans and gender diverse young people to measure patient reported outcome measures
(PROMS). A central finding from these reviews is that existing measures do not adequately represent (and
sometime misrepresent) the perspectives of people with lived experience. This evidence should be considered
when selecting outcome measures for future studies.

As in all areas of research, there are opportunities for future studies to maximise the value of their data for
evidence synthesis through more complete reporting. Reporting is crucial for the use and re-use of evidence from
primary studies by decision-makers and in evidence synthesis. Primary studies are often used in evidence
synthesis to address questions that differ from those addressed by the study investigators. For example, many of
the studies screened for inclusion in this systematic review aimed to examine effects of GAH but included data for
those who received puberty suppression that was not reported separately. This data could have contributed to
the synthesis had it been reported separately. The ease with which supplementary information can be made
available electronically substantially reduces barriers to complete reporting.

6.2.3 Equity related implications for research

There is a need for more complete reporting of equity-related characteristics, to enable greater understanding of
intersecting factors that may exacerbate experiences of inequity (as per PROGRESS plus (54)). Growing awareness
of the need to understand equity implications may mean that future studies address this gap. Considering equity-
related guidance from Cochrane, GRADE and the Guideline International Network may help investigators plan for
optimal reporting of equity-related data in primary studies(54, 115-117). In interpreting evidence, care needs to be
taken to ensure that factors that limit access to treatment for certain groups (such as place of residence, language
barriers, cultural safety or unconscious bias) are not conflated with a lack of treatment effectiveness.
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prior to formal title and abstract screening. The draft was also reviewed by the Committee, the Reference Panel,
and the ONHMRC (see governance structure at https://www.nhmrc.gov.au/health-advice/guidelines-care-trans-
and-gender-diverse-people/governance). Any changes to the methodology based on Committee or Reference
Panel feedback (e.g. to eligibility criteria) were finalised before screening of studies commenced. The revisions are
documented in the Supplement 1, Appendix A1.E. Differences between the review and protocol (i.e. material
changes to the methods reported in the protocol) are reported in the Supplement 1, Appendix A1.D.

Data, code and other materials [availability of]

Data, code and other materials relating to this review will be made available on an open access repository on
completion of the project for which this review is being conducted.

Disclosure of artificial intelligence use

Artificial intelligence was not used to draft, write or edit text in the protocol or review report. It was used to
provide initial leads on background sources related to defining and measuring adverse events and bone health,
augmenting targeted consultation with members of the Committee and Reference Panel. Any guidance and
research papers identified for this purpose using Al were retrieved, read and if relevant the key points summarised
by one of the review authors (SB). Al was not used to summarise or interpret the identified sources, and
subsequent leads were identified manually through the reference lists of retrieved literature.

Positionality statement

We acknowledge that our worldview, professional and lived experience influence the design and reporting of this
review. We are research methodologists who specialise in evidence synthesis. Our leads (SB, SM, JM) have each
worked in the field of evidence synthesis for more than two decades. Our primary training is in the fields of science
and education (SB), mathematics and statistics (JM, ST), social and political sciences (SM) and psychology (MP).
Five of us completed doctoral research in speciality fields of evidence synthesis (complex reviews, information
science, bias, biostatistics and meta-analysis). We undertake research on the methods used for evidence synthesis
and contribute to international guidance on the conduct of systematic reviews (e.g. Cochrane Handbook, GRADE
book). Four of us authored the PRISMA statement for reporting reviews, two led the statement (MP, JM). One of us
co-authored the health equity extension for the Guidelines International Network checklist extension (SB).

We have undertaken evidence syntheses across diverse topics but have not previously contributed to research
directly related to the health or care of people who are trans or gender diverse. Across all our reviews, we are
committed to transparent and fair evidence assessment, that empowers individuals to make informed, values-
based decisions about their health and wellbeing. This means we strive to address the outcomes that matter to
people directly affected by the interventions we evaluate, and we explicitly consider health equity to ensure that
the evidence can be interpreted appropriately for groups that experience inequity.
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Appendices

Appendix 1a. Outcome domains prioritised for this review

Exclusions: secondary sex
characteristics of the affirmed
gender induced by GAH (i.e. breast
size measured after GAH treatment
in individuals assigned male at birth
would be ineligible even if the study
compared those who had received
PS to those who had not, since this
outcome pertains primarily to the
effects of GAH not PS).

Outcome Specification of domain (definition, | Example measurement methods Primary Value to Rationale
domain inclusions) goal of those
treatment affected
Critical outcomes
1 Pubertal Progression of physical changes Tanner’s sexual maturation scale (118, | Yes High The main goal of puberty suppression is to
development induced by endogenous sex 119). (pausin temporarily “halt the development of
hormones. These secondary sex pausing secondary sex characteristics associated
o . Measures of developmental stage physical . " « .
characteristics include voice L with puberty” (19), “allowing a young
) . secondary sex characteristics changes, . L ;
deepening, hair growth, breast . . . ) person and their family time to consider
. . (testicular volume, penile length, including _—
development, final height, body . . . whether to progress to [gender affirming]
. . breast development, menstruation). irreversible ,, A
habitus, and menstruation. changes) treatment” (11). Longer-term implications

also require consideration. Many physical
changes that occur during pubertal
development are permanent (late-stage
breast development, lowering of the voice,
facial hair) (120). Puberty suppression may
prevent unwanted changes and reduce
future adverse consequences such as
invasive surgery in adulthood (92).

Timeframe for follow-up: during
treatment; after discontinuation of puberty
suppressants (sex hormone production is
expected to re-commence inducing
pubertal development)
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diverse people commonly report
negative subjective evaluations of
their physical appearance relating
to body characteristics that are not
congruent with their gender
identity, with increasing risk of

Body image scale (BIS) (127, 128)

e separate body area scales (e.g.
social and hair items, muscularity
and posture, hip region, chest
region, genitals)

goals)

Outcome Specification of domain (definition, | Example measurement methods Primary Value to Rationale
domain inclusions) goal of those
treatment affected
2 Gender “Distress that is associated with the | Includes clinical diagnosis using Yes - to High Temporarily halting puberty may prevent
dysphoria individual’s subjective experience recognised criteria (e.g. DSM) and stabilise (no (stabilisin distress (or exacerbation of distress)
of gender incongruence” (10). scales measuring severity. physical distress) & associated with onset or progression of
A broad definition of gender e Gender preoccupation and stability change) puberty (19).' These stabilising eff.egts
o . . rather than improvement are anticipated
dysphoria is used, rather than questionnaire (GPSQ) (121, 122)
narrower diagnostic criteria. o ) because puberty suppressants do not
q ional * Multidimensional gender induce gender affirming physical changes.
Concepts and operationa dysphoria scale (15)
definitions of gender dysphoria (for Other widelv used scales Timeframe for follow-up: during
measurement) vary in the extent to y treatment; end of treatment period
which they have been based on e Utrecht Gender Dysphoria Scale
clinical perspectives (e.g. DSM-5, (UGDS) (123)
some common measurement tools) | 4 Gender Identify / Gender dysphoria
versus integrating the lived questionnaire for adolescents and
experiences of people who are trans adults (GIDYQ-AA) (124)
and gende.r dl.verse (7). .Concepts Measures need careful interpretation
grounded in lived experience
. ) due conceptual changes, outdated
consider the influence of exposure . . .
L . terminology, omission of non-binary
to minority stress ( stemming from . . I
. ST gender identities, pathologisation etc
stigma, discrimination, non- (16, 39, 125)
acceptance etc) on body dysphoria T )
(12).
3 Body image and | Body image and satisfaction are Body image and satisfaction scalesand | Yes -to High Atemporary halt in puberty may prevent
satisfaction defined as “subjective evaluations other measures that provide indicators | stabilise (no (achievin deterioration in a young person’s body
of one’s physical appearance” of whether a young person’s physical embodimgent image and satisfaction associated with
(126). Young trans and gender embodiment goals are achieved. change) development of secondary sex

characteristics incongruent with gender
identity (19). These stabilising effects
rather than improvement are anticipated
because puberty suppressants do not
induce gender affirming physical changes.
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defined as serious if it “results in
death, is life-threatening, requires
hospitalisation or prolongation of
existing hospitalisation, results in
persistent or significant disability or
incapacity”?.

Eligible outcomes include
spontaneously reported events (e.g.
a symptom that emerges or
worsens after treatment
commences) and outcomes
prespecified by study investigators
(e.g. an AE of special interest for
which drug regulators require
active monitoring) (112).

total number participants with
SAEs) (112)

e  AEs of special interest

We will use the Common terminology
criteria for adverse events (CTCAE) or
similar to confirm severity as needed
(129). AEs of special interest are not
necessarily serious but may elucidate
any safety concerns or signal the need
for active monitoring.

Outcomes specified elsewhere in this
table are considered separately but
effects will be reported under SAEs if
serious undesirable effects are
observed (i.e. important harm).

Outcome Specification of domain (definition, | Example measurement methods Primary Value to Rationale
domain inclusions) goal of those
treatment affected
dissatisfaction as puberty e separate versions for people Timeframe for follow-up: during
progresses. assigned female at birth and treatment; end of treatment period
people assigned male at birth.
4 Serious adverse | Any serious untoward outcome that | Reports of Yes - Yes - Considering evidence about the risk of
events (SAEs) occurs during, or after, the use of avoidance avoidance of | serious adverse effects is critical for
e any measure of an AE that meets . - .
puberty suppressants, but not L . of serious SAEs balanced decision-making.
. the definition of serious
necessarily caused by the puberty ] adverse
suppressant®? (112). An AE is e composite measures of SAEs (e.g. effects

Timeframe for follow-up: during
treatment; short- and longer-term follow-
up after treatment if effects can be isolated
from subsequent medical care

8 Definition based on the Glossary of International Council for harmonisation terms and definitions (version 10) and the Cochrane Handbook of Interventions version 6.5. In these sources, an important
distinction is made between an adverse ‘event’ which may or may not be related to treatment and an adverse ‘effect’ (or ‘reaction’). The latter is established by evaluating whether there is evidence that the
event is attributable to the treatment (i.e. a causal effect).

° Description from the National Health and Medical Research Council (2016). Guidance: Safety monitoring and reporting in clinical trials involving therapeutic goods. Canberra: National Health and Medical
Research Council.
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e Social relationships

e  Family functioning,
communication, support
Excludes psychological function

which is considered under the
mental health domain.

(133)

e Gender Minority Stress and
Resilience Measure (community
connectedness and pride scales)
(134)

Some measures of QoL address this
domain. Where results for a social
functioning scale are reported

Outcome Specification of domain (definition, | Example measurement methods Primary Value to Rationale
domain inclusions) goal of those
treatment affected
Important outcomes
5 Quality of life As defined by the World Health Generic or population specific QoL No - may High Quality of life has been identified as a
(Qol) and Organisation (WHO) “an individual's | measures including: stabilise but highly valued outcome by trans and gender
wellbeing perception of their position in life in . - depends on diverse young people accessing gender
the context of the culture and value | © Child health utility 90 other affirming care (18). However, effects of
systems in which they live and in * GENDER-Q Youth Module (HR-QoL | oytcomes/ puberty suppression on QoL are expected
relation to their goals, expectations, module) (133) care only after other outcomes stabilise and
standards and concerns.” (130) further care is provided to affirm gender
(131, 132) 3).
Related concepts that are eligible Timeframe for follow-up: end of
for this domain: treatment period
e QoL (overall, may include
psychological, emotional and
social wellbeing)
e Wellbeing
6 Social Any of the following are eligible for | Social functioning scales from HR-QoL | No - may High Social functioning has been identified as a
functioning this domain (with a hierarchy to be | measures or specific measures of social | stabilise but highly valued outcome by trans and gender
agreed): functioning, for example: depends on diverse young people accessing gender
e Social functioning (at school, e GENDER-Q Youth Module (HR-QoL other affirming care (18.)' However, faffgcts of
. . . outcomes / puberty suppression on functioning are
outside school, at home) module - social function scale)
care expected only after other outcomes

stabilise and further care is provided to
affirm gender (3).

Timeframe for follow-up: end of
treatment period
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eligible for this domain (with a
hierarchy to be agreed):

depression symptoms

anxiety symptoms

suicidal thoughts (ideation,
severity of ideation and intent)
and behaviours (e.g. attempts,
self-harm with suicidal intent)
(135).

Outcomes listed here relate to co-
occurring mental health conditions
(depression, anxiety and suicidality)
or symptomes.

recognised criteria (e.g. DSM or ICD)
and scales used to measure symptom
severity (135, 136).

Beck Depression Inventory
(BDI)/Children's Depression
Inventory (CDI)

Spence children anxiety scales
(self-report, parent)

Patient Health Questionnaire
(PHQ)-9

Columbia-Suicide Severity Rating
Scale (C-SSRS) (137)

Ask Suicide-Screening Questions

(ASQ)

Outcome Specification of domain (definition, | Example measurement methods Primary Value to Rationale
domain inclusions) goal of those
treatment affected
separately, they will be included in the
synthesis for ‘social functioning’.
7 Satisfaction Subjective experiences of gender General and service-specific measures | No - but High Experience of care has been identified as a
with care affirming care, particularly those of experience of care including: important (alignment of | highly valued outcome by trans and gender
related to puberty suppressants e Validated measures used by indicator of Farg thh dl\{ersg young people acc‘essmg gender
, . . . . whether individual affirming care (18). Experience of care is
e Young person’s satisfaction services that provide gender . .
. . carealigns | values, included to capture whether the care
with care affirming care . . .
) ) ) ) with preferences, | received (access to puberty suppression)
*  Family satisfaction with care * GEND.ER'Q Youth Module - individual goals) aligns with expressed values, preferences,
experience of care scale (133) values, and embodiment goals. (3).
e  Measures of experience of cgre preferences, Timeframe for follow-up: end of
related to puberty suppression, goals .
. . treatment period
and whether care aligned with
personal values, preferences and
goals, will be prioritised.
8 Mental health Any of the following would be Includes clinical diagnosis using No High While care for trans and gender diverse

youth with co-occurring mental health
symptoms or conditions is paramount,
puberty suppressants are not a form of
psychological support or mental health
treatments. Any effects are expected to be
dependent on stabilising other outcomes
and provision of mental health care (12,
13). For this reason, mental health
outcomes are included as important but
not critical for decision-making.

Timeframe for follow-up: end of
treatment period
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cannot be measured directly (138-
140). DXA (dual-energy X-ray
absorptiometry) scans provide
proxy measures of bone strength;
primarily bone mass (bone mineral
content, BMC) and areal bone
mineral density (aBMD) (138-141)."

[fragility] fractures confirmed by
imaging)

e ISCD criteria for paediatric
osteoporosis (or equivalent
criteria), since these criteria
include vertebral compression

considered of
limited
importance

Outcome Specification of domain (definition, | Example measurement methods Primary Value to Rationale
domain inclusions) goal of those
treatment affected
e Hospitalisations for suicidal
thoughts or behaviours
e Emergency department visits for
suicidal thoughts or behaviours

9 Mental health - | Death by suicide. This outcome will | Medical record or direct inquiry with No High As per ‘Mental health’

suicide be considered separately from appropriate contact person at follow-
other mental health related up (136).
outcomes because of severity, and
the type and availability of data.

10 Adverse events Fractures or functional outcomes Any report of fracture (e.g. count, rate) No Uncertain - Sex hormones promote a period of rapid
of special related to bone health. or functional impact including new probably bone mineral accrual during puberty.
interest: bone vertebral fractures (e.g. non-traumatic varies for Suppressing sex hormone production may

Surrogate measures of bone health, . . . .
health compression fractures confirmed by fracture slow the rate of bone mineral accrual, with
(e.g. BMC, aBMD, Z-scores), were ) . . .
Lo . D imaging) potential to lead to lower bone mineral
not prioritised for this review (46, Surrogate . .
. density (BMD) relative to peers.
47). Bone strength is strongly e new non-vertebral fractures (e.g. measuresare || .o for people-important
associated with fracture risk but asymptomatic low trauma likely to be P peop P

outcomes (i.e. short- and longer-term
fracture risk and functional impacts) need
to be understood (17).

Timeframe for follow-up: during
treatment (short term). After cessation of

2 The GRADE book and Cochrane Handbook recommend against inclusion of interim or surrogate outcomes (including radiological results such as loss of bone mineral content) which
can be ‘misleading since thy may not predict clinically important outcomes accurately’. Surrogates are sometimes used absence of direct evidence when there is a ‘strong and well-
established correlation with meaningful, patient-important outcomes’. However, for the reasons given, BMD was not prioritised.

11 Annual monitoring of BMD is recommended during puberty suppression, as is advice to optimise bone health through lifestyle factors (physical activity, diet). While low BMD signals a
need for comprehensive bone health assessment, it is not diagnostic for paediatric osteoporosis. (See O’Connell 2022; Telfer 2018)
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Outcome
domain

Specification of domain (definition,
inclusions)

Example measurement methods

Primary
goal of
treatment

Value to
those
affected

Rationale

In adults, aBMD is strongly
associated with fracture risk and
plays a central role in diagnosing
osteoporosis. This is not the case in
adolescents. Interpretation of DXA-
acquired measures is complicated
by growth and skeletal maturation,
and commonly used aged-based Z-
scores (calculated relative to
healthy peers) do not account for
variation in pubertal timing (141).
How differences in BMD during this
period of rapid change in bone
accrual relate to fracture risk in the
short term or peak bone mass are
uncertain. (8)

(crush) fractures or a clinically
significant fracture history**(110)

e Measures of functional impact,
such as on age-appropriate normal
daily activity or mobility

Where data are available, we will

quantify fractures (e.g. fracture rate),

and report fracture location and
severity (e.g. Genant grading system for

vertebral fractures (142))

treatment, including longer term (in early
and later adulthood) if effects of GnRHa
can be isolated from other interventions.
Factors strongly associated with bone
health must be controlled for (e.g. physical
activity, calcium rich diet, and risk factors).

Exclusion of BMD (as a surrogate for
fracture). In studies examining
intervention effects, the importance of a
treatment-related difference in BMD during
adolescence is uncertain. There is no well-
established threshold for an important
between group difference in BMD in
adolescents that corresponds to an
important increase in fracture risk (141,
143). In addition, there is research
indicating catch-up after treatments that
affect bone accrual are withdrawn (140).
Understanding any effects in adulthood is
therefore a priority, however, will require
assessment that considers subsequent
exposures which can be done more
informatively in the review of GAH.3,

2 International Society for Clinical Densitometry 2019 Paediatric positions: “The finding of one or more vertebral compression (crush) fractures is indicative of osteoporosis, in the
absence of local disease or high energy trauma. In the absence of vertebral compression (crush) fractures, the diagnosis of osteoporosis is indicated by the presence of both a clinically
significant fracture history (3 or more long bone fractures at any age up to age 19 years) and a BMD Z-score <-2.0.”

13 Reviews that report on BMD longer term (in late adolescences and early adulthood) may be relevant to the interpretation of findings, especially for understanding effects on bone
health in the context of other exposures (including subsequent treatments and lifestyle factors).
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because direct measures of fertility
(e.g. live births) are expected to be
uncommon among those who have
recently completed puberty
suppressants.

Offering fertility counselling (FC)
and access to fertility preservation
(FP) are a recommended part of
gender affirming care (144). Process
measures such as rates of FC and FP
were not prioritised for this review
but may be relevant to the
interpretation of findings.

Measures of reproductive potential (i.e.

surrogates for outcomes of direct
importance to individuals)

e Oocyte development
e Spermatogenesis

Outcome Specification of domain (definition, | Example measurement methods Primary Value to Rationale
domain inclusions) goal of those
treatment affected
11 Adverse events | Reproductive function and Fertility measures of importance to No Uncertain, Fertility is not expected to be permanently
of special reproductive potential. individuals: live births, pregnancies and probably affected by puberty suppressants (17). The
interest: fertility - miscarriage. varies value trans and gender diverse young
Surrogate outcomes are eligible . s .
importantly people place on fertility relative to other

outcomes may vary (145). In combination,
this is why fertility is included as an
important but not critical outcome for
decision-making.

Timeframe for follow-up: after
discontinuation of puberty suppressants
but before starting gender affirming
hormones (GAH). Effects on outcomes of
importance to individuals (e.g. live births),
are unlikely to be able to be isolated from
other interventions (GAH, fertility
treatments in early adulthood) and factors.

© The Author(s) for the NHMRC. 2026 Creative Commons Attribution 4.0 International License.

Effects of puberty suppression. Systematic review.

OFFICIAL

Page |76




OFFICIAL

Appendix 1b. Outcomes that were considered but not prioritised for the review

The table below covers outcomes that were considered in the prioritisation process (3.1.4) but not prioritised for the systematic review of puberty suppression.

Outcome domain

Remarks on outcome domain

Rationale

1 | Physical,
metabolic and
cognitive effects

Other systematic reviews have considered effects of
puberty suppression on a range of physical, metabolic
and cognitive outcomes. In the prioritisation process,
there was consensus that the outcomes below were of
limited importance for decision-making compared to the
prioritised outcomes (e.g. quality of life, social function,
adverse events of special interest).

e Height (depending on stage of development, the
temporary halt in puberty is expected to prolong the
overall duration of growth, potentially altering
height) (17, 19)

e Body composition, weight, BMI

e Metabolic function, glucose metabolism, insulin
sensitivity, liver and kidney function (longer term)

e Cognitive function (the social functioning domain
covers related impacts on social functioning at
home, at school and in social settings; see Appendix
1a)

e Hot flashes, emotional lability, mood changes
(generally early in treatment)

The value young people place on height, longer-term metabolic outcomes and cognitive
function relative to the other outcomes for which they seek puberty suppression is unclear.

e Preferences for height depend on embodiment goals (i.e. precluding meaningful
interpretation of effects on average).

e Cognitive function (overall or on specific domains such as memory, executive function) was
not prioritised because it was considered less important to young people seeking care than
related impacts on social functioning (at home, at school, in other social settings) and
quality of life.

e Any serious effects on physical, metabolic or cognitive outcomes would be captured under
‘Serious adverse events’ (a critical outcome)

2 | Reversibility

Reversibility is considered in relation to specific
outcomes. For example, a direct measure of whether
puberty suppression is reversible is whether sex
hormones return to expected levels for endogenous
puberty after treatment ceases.

Considered in relation to specific outcomes. Since puberty suppressants are used to temporarily
halt puberty, rather than induce secondary sex characteristics of the desired gender,
reversibility in relation to sex characteristics was not relevant to this evidence review.

3 Discontinuation

Puberty suppressants are used temporarily, and
discontinuation is a routine part of care.

Discontinuation is not a prioritised outcome for this review, because puberty suppressants are
used temporarily and ‘discontinuation’ is therefore not an indicator of a desirable or
undesirable effect.
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Outcome domain

Remarks on outcome domain

Rationale

To be addressed in the contextual information in the
guideline.

gender identity experience have been defined and
measured in a way that conflates this concept with other
concepts (146).

4 | Reidentification “Includes people who have discontinued a trans identity, | The goal of puberty suppression is to allow time for a young person to make decisions about
regardless of what (if any) social or legal changes or their embodiment goals and gender affirming care. Reidentification is not prioritised as an
medical or surgical treatments have been accessed outcome for this review because it does not indicate a desirable or undesirable effect of puberty
during transition.” (146) suppression. This is underpinned by the principle that “ethical research in trans populations is
To be addressed in the contextual information in the f9unded on the understandln‘g that any gender identity outcome (tr'an”s, binary or nonbinary, or
suideline. cisgender [not transgender]) is equally acceptable, healthy, and valid.” (146)

5 | Regret Subjective experiences of ‘regret’ in relation to the To be addressed in the contextual information in the guideline, not as an outcome of this

review.

© The Author(s) for the NHMRC. 2026 Creative Commons Attribution 4.0 International License.

Effects of puberty suppression. Systematic review.

OFFICIAL

Page |78




	Copyright
	Suggested citation (attribution):
	Abbreviations used in this report
	1 Background
	Description of body image distress and gender dysphoria
	Description of puberty suppression and how it might work
	Initiation of puberty suppression
	Puberty suppressing medications available in Australia
	Why it is important to do this review

	2 Objectives
	3  Methods
	Involvement of interest holders and people with lived experience
	Terminology
	3.1  Criteria for considering studies for this review
	3.1.1 Types of studies
	3.1.2 Types of participants
	3.1.3 Types of interventions
	Comparisons

	3.1.4 Types of outcomes
	Outcome prioritisation methods
	Outcomes prioritised for the review


	3.2 Search methods for identification of studies
	3.2.1 Published systematic reviews and evidence reports
	3.2.2 Database searches
	3.2.3 Register searches
	3.2.4 Searching other sources

	3.3 Data collection and analysis
	3.3.1 Selection of studies
	Dealing with duplicate and companion publications

	3.3.2 Data extraction and management
	Characteristics of included studies
	Study results

	3.3.3 Assessment of risk of bias
	Selection of effects for RoB assessment and synthesis
	Pre-specification of confounding factors and co-exposures

	3.3.4  Measures of treatment effect
	Thresholds for interpreting the effects

	3.3.5  Unit of analysis issues
	3.3.6  Dealing with missing data
	3.3.7  Assessment of heterogeneity
	3.3.8  Assessment of biases due to missing results and integrity
	3.3.9  Data synthesis
	Meta-analysis
	Summary and synthesis when meta-analysis is not possible
	Subgroup analysis and investigation of heterogeneity
	Sensitivity analyses

	3.3.10  Summary of findings tables and assessment of certainty of the evidence
	3.3.11  Interpretation of findings (evidence statements)


	4 Results
	4.1 Search results
	4.2 Description of studies
	4.2.1 Study setting and design
	4.2.2 Characteristics of those receiving puberty suppressants
	4.2.3 Puberty suppression interventions
	Assessments prior to prescribing puberty suppressants
	Treatment protocols and duration

	4.2.4 Comparators
	4.2.5 Outcomes

	4.3 Effects of puberty suppression
	4.3.1 Summary of findings
	Explanations

	4.3.2 Critical outcomes
	Pubertal development
	Penile length
	Effects
	Study characteristics

	Menstruation
	Effects
	Study characteristics

	Breast size
	Effects
	Study characteristics

	Other pubertal development outcomes

	Gender dysphoria
	Effects
	Study characteristics

	Body image and satisfaction
	Effects

	Serious adverse events
	Idiopathic intracranial hypertension (IIH)
	QT interval prolongation
	Outcomes from future gender affirming surgeries
	Other reports of adverse events


	4.3.4 Important outcomes
	Satisfaction with care
	Quality of life
	Effects
	Study characteristics

	Social functioning
	Effects
	Study characteristics

	Mental health – psychological functioning
	Effects
	Study characteristics

	Mental health – suicidality diagnosis
	Effects
	Study characteristics

	Mental health – death by suicide
	Adverse events of special interest – bone health
	Adverse events of special interest – fertility



	5 Discussion
	5.1 Summary of main results
	5.2 Limitations of the evidence included in the review
	5.3 Limitations of the review processes
	5.4 Agreements and disagreements with other studies or reviews

	6 Authors’ conclusions
	6.1 Implications for practice
	6.2 Implications for research
	6.2.3 Equity related implications for research


	7 Additional information
	7.1 Acknowledgements
	7.2 Contributions of authors
	7.3 Declarations of interest
	7.4 Sources of support
	Internal sources
	External sources

	7.5 Registration and protocol
	Data, code and other materials [availability of]
	Disclosure of artiﬁcial intelligence use
	Positionality statement


	8 References
	Appendices
	Appendix 1a. Outcome domains prioritised for this review
	Appendix 1b. Outcomes that were considered but not prioritised for the review


