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Abstract

This systematic review and meta-analysis examined the association between gender-affirming hormone therapy (GAHT) and suicide-
related outcomes (including suicidal ideation, suicide attempt, and suicide death) among transgender and gender-diverse individuals. It
included 8 independent studies with 11 effect sizes. The pooled multilevel estimate was not statistically significant but pointed in a neg-
ative direction (log odds ratio = -0.3576; 95% confidence interval: -1.2768 to 0.5617; p=0.4458), suggesting a possible but not definitive
protective effect of GAHT against suicidality. There was substantial heterogeneity among studies [Q (10)=170.5309, p<0.0001;
62=1.7820; I>~94.1%]. Moderator analyses showed that age group was significant [QM (2)=6.9350, p=0.0312], with mixed-age samples
differing from adolescent samples, but adult samples did not significantly differ from adolescent samples. Comparator type, study design,
and outcome domain were not significant moderators. Sensitivity analyses pointed to influential studies and evidence of funnel asymme-
try and small-study effects. The conclusions highlight that while there is a non-significant trend toward a protective effect of GAHT, the
evidence is limited by high heterogeneity, influential studies, small-study effects, and the predominantly observational nature of the data.
Larger and better-characterized longitudinal studies are needed for clearer causal inference.
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The burden of suicidality in TGD populations represents one of the
Introduction most concerning mental health disparities documented to date.
Lifetime suicide attempt prevalence has been estimated to
approach 30%, with higher rates reported in some adolescent sam-
ples.12 These elevated risks are increasingly understood not as iso-
lated consequences of medical treatment exposure, but as arising
within an interactional framework that includes gender dysphoria,
minority stress, structural stigma, victimization, and barriers to
affirming care.!3-16 Recent evidence strengthens this interpretation.
A systematic review of self-harm thoughts and behaviors in TGD

Transgender and gender-diverse (TGD) individuals (including
binary and non-binary identities) experience pronounced health
inequities, with disparities in mental health among the most consis-
tent and severe findings in the literature.!-3 Epidemiological esti-
mates suggest that approximately 0.6% to 1.1% of the general pop-
ulation identify as TGD, although prevalence varies by geographic
region, measurement strategy, and definitional criteria.45 Among
adolescents, reported prevalence is often higher, with national sur-
veys indicating TGD identification in 2.3% of Australian and 1.2%  Ppopulations found that discrimination, victimization, and proximal

of New Zealand youth,57 and U.S.-based school surveillance stud- minority stressors were consistently associated with suicidal
ies reporting comparable rates (1.3-1.8%) alongside additional sub- ideation and attempts, whereas affirming social environments func-
groups expressing gender uncertainty.8 In parallel, referrals to pedi- tioned as protective factors, while also documenting substantial
atric gender services have increased substantially over the past heterogeneity in measures and study designs.!7 Similarly, a recent
decade, likely reflecting greater visibility, evolving social recogni- meta-analysis of structural, interpersonal, and individual stigma in
tion, and expanded access to gender-affirming care pathways.%-11 transgender and nonbinary populations reported robust associa-
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tions between stigma exposures and adverse health outcomes, while
emphasizing considerable between-study heterogeneity and the pre-
dominance of cross-sectional evidence.!8 Longitudinal work has
further shown that distal and proximal gender minority stressors
may differentially relate to internalizing symptoms and suicidality,
with hopelessness partially mediating these associations, although
causal interpretation remains constrained in baseline-focused analy-
ses.!9 Together, these findings underscore that suicidality in TGD
populations is embedded in broader psychosocial and structural
determinants. Gender-affirming medical interventions, including
puberty suppression with gonadotropin-releasing hormone ana-
logues (GnRHa), gender-affirming hormone therapy (GAHT), and
gender-affirming surgeries, are increasingly recognized as medical-
ly necessary for many TGD individuals.20.2! These interventions are
intended to reduce distress associated with incongruence between
experienced gender and assigned sex at birth and, in appropriate
clinical contexts, may contribute to improved psychosocial func-
tioning and mental health.!3.22 International standards emphasize
multidisciplinary care integrating medical, mental health, and psy-
chosocial support to optimize outcomes.20.23 Evidence suggests that
the timely initiation of GnRHa may be associated with improved
functioning and lower lifetime suicidal ideation in some popula-
tions,24.25 although potential adverse effects (e.g., bone mineral
density impacts with prolonged use in some youth populations)
must also be considered.26-28 GAHT, typically involving estradiol
with antiandrogens for transfeminine individuals and testosterone
for transmasculine individuals, induces substantial somatic changes
and has been associated with improvements in depression, anxiety,
and general distress in many observational studies.?9-33 Emerging
randomized evidence also suggests that earlier GAHT initiation
may be associated with rapid reductions in psychological burden,
including suicidal ideation, in selected clinical contexts.34 Gender-
affirming surgeries have similarly been associated with improve-
ments in body congruence, quality of life, and sexual well-being,
although direct evidence regarding suicide-related mortality
remains limited and methodologically complex.35-39 At the same
time, the literature relevant to GAHT and suicide-related outcomes
is neither uniform nor methodologically straightforward. Some
studies report beneficial associations under specific conditions,
whereas others yield null, mixed, or design-sensitive findings, par-
ticularly when exposure definitions, comparators, and outcome
measures differ. In a prospective cohort of transgender and nonbi-
nary adolescents and young adults attending a multidisciplinary
U.S. gender clinic, initiation of puberty blockers or GAHT (vs. no
initiation) was associated with lower odds of depression and suici-
dality over 12 months, but the authors explicitly noted the observa-
tional design, clinic-based sampling, and potential for residual con-
founding.40 In a large U.S. cross-sectional adult survey, access to
pubertal suppression among those who desired it was associated
with lower lifetime suicidal ideation, but the authors cautioned that
recall bias, cohort effects, and the inability to isolate puberty sup-
pression from later interventions limited causal inference.2’
Prospective adult evidence also suggests improvements in psycho-
logical functioning following gender-affirming treatment, including
hormones, but with heterogeneity across outcome domains, follow-
up periods, and baseline symptom severity.3! Consistent with this, a
recent systematic review of prospective adult mental health out-
comes following affirmative interventions reported overall
improvements in depression and anxiety after hormonal and surgi-
cal treatments, while highlighting small samples, lack of control
groups, substantial methodological heterogeneity, and limited suici-
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dality-specific evidence.4! Large-scale observational work further
illustrates that inferences about post-intervention mental health out-
comes can be sensitive to analytic specification and comparator
definition; for example, population-level analyses involving gen-
der-affirming surgical care and mental health treatment utilization
have been the subject of methodological scrutiny and interpretation
shifts depending on modeling decisions.42 In youth populations,
broader work on gender identity milestones and family support also
indicates that affirmation-related mental health outcomes vary sub-
stantially by social context, particularly family support, rather than
following a wuniform trajectory across all adolescents.43
Collectively, this literature supports the need to examine not only
whether associations are observed, but also the conditions under
which they strengthen, attenuate, or become difficult to interpret.
These inconsistencies are not merely noise; they point to specific
methodological and clinical features that may moderate observed
associations between GAHT and suicide-related outcomes.
Outcome domain is one such source of variation. Risk and protec-
tive factors for suicidal ideation, suicide attempts, and related self-
harm behaviors do not necessarily operate identically, and many
studies in this literature prioritize depressive symptoms or suicidal
ideation while attempts and mortality remain comparatively under-
examined.!74! The developmental stage is another plausible moder-
ator. Adolescence is a sensitive period for identity consolidation,
peer stress, and family dynamics, and earlier access to affirming
interventions (including puberty suppression and/or hormones)
may alter cumulative exposure to minority stress, whereas adult ini-
tiation often occurs after prolonged exposure to stigma and
distress.2541:43 Comparator selection may also materially influence
estimates: pre-post clinic-based comparisons may capture symptom
change over time but are more vulnerable to expectancy effects,
regression to the mean, and concurrent psychosocial support than
studies using concurrent non-initiation comparators.4142 Study
design may likewise influence the magnitude and direction of
observed associations through differences in temporal ordering,
confounding control, and outcome ascertainment.!7:4! In addition to
these primary moderators, sample composition may contribute to
heterogeneity because transmasculine, transfeminine, and nonbina-
ry participants are often combined despite potentially different
social exposures, baseline risk profiles, and treatment pathways,
while stratified analyses remain uncommon.!7-19 Reviews have
likewise called for longer follow-up and explicit evaluation of treat-
ment duration to determine whether the mental health correlates of
hormone exposure vary over time.#! Finally, psychosocial modera-
tors such as discrimination, coping style, self-compassion, and
community support may buffer or amplify suicide risk independent
of, or in interaction with, access to medical care, reinforcing the
importance of an integrative analytic framework rather than a treat-
ment-only model.17.18:44 Despite encouraging findings from some
clinical and observational studies, the empirical literature on sui-
cide-related outcomes in relation to GAHT remains fragmented by
small samples, variable follow-up periods, inconsistent exposure
definitions (e.g., current use, past use, initiation status), heteroge-
neous comparators (e.g., pre-GAHT baseline vs. no-GAHT), and
variable operationalization of suicidality (ideation, attempts, and
death).1041.45.46 Existing reviews often aggregate diverse mental
health endpoints or combine distinct gender-affirming interven-
tions, which can obscure intervention-specific patterns for suicide-
related outcomes. A rigorous quantitative synthesis focused specif-
ically on GAHT and suicide-related outcomes is therefore warrant-
ed, particularly one that evaluates whether associations differ sys-
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tematically by study design, comparator definition, developmental
stage, and outcome domain, while situating those findings within
the broader psychosocial context in which suicidality occurs.
Accordingly, the present systematic review and meta-analysis
aimed to estimate the association between GAHT and suicide-relat-
ed outcomes (including ideation, attempts, and death) among TGD
populations and to examine whether observed effect sizes varied by
study design, comparator group, age group, and suicide outcome
domain.

Methods

Study design and reporting framework

This systematic review and meta-analysis was conducted to
quantitatively synthesize evidence on the association between
GAHT and suicide-related outcomes in TGD populations. The
review was reported in accordance with the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA 2020)
statement,4’ and the literature search was documented in line with
the PRISMA-S extension for search reporting.48

Protocol and registration

A review protocol was developed prior to study selection and
data extraction. The review was not prospectively registered in
PROSPERO or another registry. This should be considered a limi-
tation affecting transparency and reproducibility, although the pro-
tocol-defined eligibility criteria, extraction fields, and synthesis
plan were established before completion of full-text review and
meta-analytic modeling.47

Information sources and search strategy

A systematic search was conducted in PubMed, PsycINFO,
Scopus, and Web of Science from database inception to February
2025. Search strategies combined controlled vocabulary (where
available) and free-text terms related to TGD populations, GAHT,
and suicide-related outcomes (including suicidal ideation, suicide
attempt, and suicide mortality). Reference lists of relevant reviews
and eligible empirical studies were hand-searched to identify addi-
tional records and recently published studies. The complete data-
base-specific search syntaxes, search dates, database
platforms/interfaces, and any applied limits (e.g., language or date)
are provided in Supplementary Material 1 in accordance with
PRISMA-S.48 Grey-literature eligibility (including treatment of
preprints, dissertations, conference abstracts, and reports) is also
specified in Supplementary Material 1.

Record management and duplicate removal

Search results were exported to a reference-management and
screening workflow, and duplicates were removed using automat-
ed matching (e.g., DOI/title/author matching) followed by manual
verification. The record-management and duplicate-removal
process is described in Supplementary Material 1.48

Eligibility criteria

Eligibility criteria were defined a priori using a PICOS-
informed framework.47 Eligible studies included TGD partici-
pants (including transmasculine, transfeminine, and/or nonbinary
participants, as defined by study authors) and examined GAHT
as an exposure (current use, initiation, or exposure history).
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Studies were required to include a comparator condition (e.g., no
GAHT, treatment-naive group, delayed/non-initiation group, or
pre-GAHT baseline comparison) and report at least one suicide-
related outcome, operationalized as suicidal ideation, suicide
attempt, or suicide death/mortality. Eligible study designs were
quantitative observational designs (including cross-sectional,
prospective cohort, and retrospective cohort studies). Studies
were required to provide sufficient statistical information to
extract or compute an effect size [log odds ratio (logOR)] and its
standard error (SE) [e.g., OR with confidence intervals (Cls) or
raw event-count data]. Editorials, commentaries, qualitative stud-
ies, case reports, and studies without disaggregated suicide-relat-
ed outcomes or without sufficient data for effect-size computa-
tion were excluded. Language restrictions, publication-type
restrictions, and any minimum follow-up or minimum sample-
size requirements applied in the review are specified in
Supplementary Material 1.

Screening and study selection

The study selection process is summarized in the PRISMA
flow diagram (Figure 1). The initial search yielded 129 unique
records. After title/abstract screening, 41 articles underwent full-
text review. Following a full-text eligibility assessment, 8 inde-
pendent studies contributing 11 effect sizes were retained for meta-
analytic synthesis. Title/abstract screening, full-text review, data
extraction, and coding were conducted by two reviewers, with dis-
agreements resolved by consensus. Where needed, discrepancies
were resolved through re-review of the original report and discus-
sion of coding rules. Reviewer roles at each stage are detailed in
Supplementary Material 2. Inter-rater agreement was not formally
quantified.

Data extraction and coding

A standardized extraction form was used to collect study-level
and effect-size-level data. Extracted variables included study iden-
tifier, full citation, country, study design, sample size in exposed
and comparator/baseline conditions, age group, mean age (when
reported), sample composition [including assigned female at birth
(AFAB)/assigned male at birth (AMAB) proportions when report-
ed], exposure type, treatment duration (months, when available),
comparator type, suicide outcome domain (ideation, attempt,
death), outcome timeframe, measurement instrument/ascertain-
ment method, reported effect estimate inputs (e.g., ORs and ClIs, or
raw counts), computed effect size (logOR), SE, and risk-of-bias
classification. Study-level and effect-size-level characteristics
used in the synthesis and moderator analyses are presented in Table
1. Where multiple eligible suicide-related outcomes were reported
within the same study (e.g., ideation and attempt), each outcome
was retained as a separate effect size. Moderator variables were
coded using predefined categories: study design (cross-sectional,
prospective cohort, retrospective cohort), age group (adolescent,
adult, mixed), comparator type (e.g., no GAHT vs. pre-GAHT
baseline), and suicide outcome domain (ideation, attempt, death).
Additional variables, including sample composition and treatment
duration, were extracted where reported to assess feasibility for
future moderator analyses.

Risk-of-bias assessment

Risk of bias in included non-randomized studies was assessed
using the Risk of Bias in Non-randomized Studies of Interventions
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(ROBINS-I) framework.49 ROBINS-I evaluates bias across
domains, including confounding, participant selection, classifica-
tion of interventions, deviations from intended interventions, miss-
ing data, outcome measurement, and selection of reported results.
Domain-level judgments and overall judgments were recorded for
each study and are reported in Supplementary Material 3. For con-
sistency of presentation in the main text and Tables 1 and 2, overall
judgments were grouped into summary categories used in sensitiv-
ity analyses.

Effect-size computation

The primary effect size metric was logOR. When studies
reported ORs, effect sizes were transformed using the natural log-
arithm. SEs were derived from reported Cls using standard meta-
analytic conversion procedures (e.g., SE=[In (upper CI)-In (upper
CI)]/2%1.96)) and/or computed from raw count data when avail-
able.50 Effect directions were harmonized such that negative
logOR values indicated lower odds of the suicide-related outcome
in the GAHT-exposed group relative to the comparator.

Statistical synthesis

Meta-analytic models were fitted in R (version 4.x) using the
metafor package.5! Because multiple effect sizes were available
from some studies, a multilevel random-effects meta-analysis was
conducted using rma.mv, consistent with multilevel meta-analytic
methods for dependent effect sizes.52 Random effects were speci-
fied at the study level to model dependence among effect sizes
from the same study and to estimate between-study heterogeneity.
Effect sizes were weighted by inverse variance to derive pooled
estimates.

Heterogeneity assessment

Heterogeneity was evaluated using t2 (between-study vari-
ance), the Q statistic (test of residual heterogeneity), and 12 (the
proportion of total variability attributable to heterogeneity rather
than sampling error).50 Because 12 estimation in multilevel models
can depend on the variance structure, the method used to derive 12
is reported alongside the results, and 12 values were interpreted in

Identification

n=129

Records identified from databases

n=24

Duplicates removed

n=105

Titles and abstracts screened

<

-

Records excluded
n=064

Full text articles assessed

n=41

/

Articles excluded

n=33

No GAHT or suicide outcome

<,

Studies included in synthesis
n=8§

Effect sizes extracted
n=11

Studies included in meta-analysis
n=8

Figure 1. PRISMA flow diagram of study selection. GAHT, gender-affirming hormone therapy.
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conjunction with 12, Q statistics, and visual dispersion of study
estimates.

Moderator analyses

Moderator analyses were conducted using separate multilevel
meta-regression models, entering one categorical moderator at a
time while retaining the multilevel random-effects structure.
Moderators included study design, age group, comparator type,
and suicide outcome domain. These variables were selected to

Table 1. Characteristics of studies included in the meta-analysis.

evaluate whether effect estimates varied systematically across key
methodological and clinical features identified a priori in the
review rationale.

Bias diagnostics and sensitivity analyses

Several diagnostics were used to examine the robustness of the
pooled estimate. Influence diagnostics included leave-one-out
analyses and Baujat plots to identify studies contributing dispro-
portionately to the pooled effect size and/or heterogeneity.53

Year Country Study Age Mean N N com- Exposure Com- Overall
design group age exposed parator type parator risk of
bias
Green2022Trevor,>s 2022 United Cross-sectional Mixed 17.62 1216 4537 GAHT No GAHT  Some
States concerns
Green2022Trevor,5S 2022 United Cross-sectional Mixed 17.62 1216 4537 GAHT No GAHT Some
States concerns
Hughto2020 TSHS,36 2020 United  Cross-sectional Mixed 32.80 288 288 GAHT Pre-GAHT  Some
States baseline concerns
Hughto2020 TSHS attempt,56 2020 United  Cross-sectional Mixed 32.80 288 288 GAHT Pre-GAHT  Some
States baseline concerns
Turban2020StanfordPeds,25 2020 United Prospective Adolescent 15.80 240 112 GAHT No GAHT Low
States cohort
Tordoff2022Seattle,40 2022 United Prospective Adolescent 15.80 63 42 GAHT No GAHT  Some
States cohort concerns
Summers2021Memphis,>’ 2021 United Retrospective  Adult NR 31 28 GAHT No GAHT  Some
States cohort concerns
Colizzi2014-GermanCohort,58 2014 Germany Prospective Adult 36.20 47 0 GAHT Pre-GAHT  Some
cohort baseline concerns
Brinstrom2020,42 2023 United Cross-sectional Adult 30.20 2454 301 GAHT No GAHT Some
States concerns
Brinstrom2020,42 2023 United Cross-sectional Adult 30.20 2454 301 GAHT No GAHT Some
States concerns
Tucker2018 TransgenderVeterans,® 2018 United  Cross-sectional Adult 56.50 28 36 GAHT+ No GAHT  Some
States other concerns
intervention
GAHT, gender-affirming hormone therapy.
Table 2. Characteristics of studies included in the meta-analysis.
Study ID Outcome Outcome Duration Outcome logOR SE
domain timeframe/follow-up  (months) measure/ascertainment
Green2022Trevor,5 Ideation Past year NR YRBS -0.30 0.09
Green2022Trevor,5s Attempt Past year NR YRBS -0.17 0.12
Hughto2020_TSHS,s6 Ideation Lifetime NR Self-report 1.35 0.19
Hughto2020 TSHS attempt,56 Attempt Lifetime NR Self-report 1.71 0.24
Turban2020StanfordPeds,25 Ideation Past year 12 PHQ-9 item 9 -1.11 0.28
Tordoff2022Seattle,40 Attempt Past year 12 Self-report -1.20 0.52
Summers202 1 Memphis,>’ Death During follow-up 36 Viral load suppression definition 0.67 0.52
Colizzi2015-GermanCohort,58 Ideation During follow-up 12 Structured self-report interview -1.83 0.50
Brénstrom2020,42 Ideation Past year NR NR -0.69 0.28
Brinstrom2020,42 Attempt Past year NR NR -0.92 0.35
Tucker2018_TransgenderVeterans,®  Ideation Past 2 weeks NR PHQ-9 item 9 -2.84 1.07

YRBS, Youth Risk Behavior Survey; PHQ-9, Patient Health Questionnaire-9; NR, not reported.

[Mental Wellness 2026; 4:42]

OPEN aACCESS



Review

Publication bias/small-study effects were assessed through visual
inspection of funnel plot asymmetry and formally tested using
Egger’s regression test.>4 Because the primary synthesis used a
multilevel model and formal asymmetry testing was implemented
in a single-level framework, Egger’s test was conducted as a ran-
dom-effects sensitivity analysis using 7ma. Funnel-plot asymmetry
and Egger’s test were interpreted cautiously, given the small num-
ber of included effect sizes and substantial heterogeneity.48
Additional sensitivity analyses included subgroup analyses by
risk-of-bias classification and outlier-influence checks comparing
pooled estimates with and without influential studies.

Data presentation and visualization

Forest plots, funnel plots, and influence diagnostics (including
Baujat plots) were generated in R, including ggplot2-based visual-
izations. Figures were exported in high-resolution formats suitable
for publication. Table 1 and Table 2 present the expanded study
and effect-size characteristics (including sample size, country, age
group, comparator type, outcome domain, outcome timeframe,
extracted duration where available, and effect-size inputs/outputs)
used in the primary and moderator analyses.25:40,42.55-59

Results

This meta-analysis synthesized 11 effect sizes drawn from 8§
independent studies examining the association between GAHT
and suicide-related outcomes among TGD populations. All effect
sizes were expressed as logORs, with negative values indicating

lower odds of the suicide-related outcome (suicidal ideation, sui-
cide attempt, or suicide death) in the GAHT-exposed group rela-
tive to the comparator. In the multilevel random-effects meta-
analysis, the pooled estimate was logOR=-0.3576 (SE=0.4690;
95% CI: -1.2768 to 0.5617; p=0.4458), indicating no statistically
significant overall association in the pooled model.
Heterogeneity was substantial [Q (10)=170.5309, p<0.0001], and
the estimated between-study variance component in the multi-
level model was 62=1.7820 (12-equivalent variance component).
The corresponding overall heterogeneity was high (12=94.1%,
based on the Q-statistic approximation; see Methods for report-
ing approach in the multilevel setting). The study-level effect
estimates varied in both direction and magnitude (Figure 2).
Observed logORs ranged from -2.84 to 1.71. Statistically

significant negative estimates (95% CI excluding 0)
were observed for several effect sizes, including
Turban2020StanfordPeds  (ideation),  Tordoff2022Seattle

(attempt), Colizzi2015-GermanCohort (ideation), Brénstrém
2020 (ideation and attempt), Green2022Trevor (ideation), and
Tucker2018 TransgenderVeterans (ideation). The Green202
2Trevor (attempt) estimate was negative but not statistically sig-
nificant. Positive estimates were observed for 2020 TSHS
(ideation) and Hughto2020 TSHS attempt (attempt), with
the attempt estimate excluding 0 and the ideation estimate
remaining close to the null boundary. The single death-outcome
estimate (Summers2021Memphis) was positive and imprecise,
with a CI crossing 0. Figure 2 presents the multilevel forest
plot of all included effect sizes and the pooled random-effects
estimate.

Study Estimate [95% CI]
Green2022Trevor Ideation - -0.30 [-0.48, -0.13]
Green2022Trevor Attempt E -0.17 [-0.42, 0.07]
Hughto2020_TSHS Ideation it 1.35[0.98, 1.72]
Hughto2020_TSHS_attempt Attempt . 1.71[1.24, 2.18)
Turban2024StanfordPeds Ideation —=—  : =-1.11 [-1.65, -0.57]
Tordoff2022Seattle Attempt—e—— -1.20 [-2.22, -0.18)
Summers2021Memphis Death ———t 0.67 [-0.35, 1.69]
Colizzi2014-GermanCohort Idemtore -1.83[-2.81, -0.86]
Branstrom2020 Ideation +—a— -0.69[-1.24,-0.14)
Brinstrém2020 Attempt —e—s : -0.92 [-1.61, -0.22)
Tucker2018_TransgenderVeterans e oy — -2.84[-4.95,-0.74)
Random-Effects Model ——— -0.36 [-1.28, 0.56]

[ | I I | |

-6 -4 -2 0 2 4

Log Odds Ratio

Figure 2. Forest plot of associations between gender-affirming hormone therapy (GAHT) and suicide-Related outcomes. Forest plot dis-
playing study-level log odds ratios and 95% confidence intervals (Cls) for the association between GAHT and suicide-related outcomes.
Negative values indicate lower odds of the suicide-related outcome in the GAHT-exposed group relative to the comparator. Squares rep-
resent point estimates and horizontal lines represent 95% Cls; square size reflects inverse-variance weighting. The diamond denotes the
pooled estimate from the multilevel random-effects model and its 95% CI.
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Heterogeneity and moderator analyses

Substantial heterogeneity was observed in the pooled associa-
tion between GAHT and suicide-related outcomes. In the primary
multilevel random-effects model, heterogeneity was statistically
significant [Q (10)=170.5309, p<0.0001], with an estimated
between-study variance component of ¢2=1.7820 (t2-equivalent
variance component in the multilevel model). The corresponding
overall heterogeneity was high (12~94.1%, based on the Q-statistic
approximation; see Methods for the reporting approach used in the
multilevel setting). Across moderator models, tests of residual het-
erogeneity remained statistically significant (Q<sub>E</sub>
range=68.3119 to 164.6506, all p<0.001), indicating that substan-
tial variability in effect sizes persisted after inclusion of individual
moderators. To examine potential sources of heterogeneity, 4 pre-
specified moderators were evaluated using separate multilevel
meta-regression models with random intercepts at the study level:
age group, comparator type, study design, and suicide outcome
domain. Age group was the only moderator with a statistically sig-
nificant omnibus test [Q<sub>M</sub>(2)=6.9350, p=0.0312;
Q<sub>E</sub>(8)=1 30.5838, p<0.0001; o 2=1.0144]. In this
model, the reference category was adolescent samples. The inter-
cept estimate for the adolescent reference group was logOR=-
1.1524 (p=0.1335). The coefficient for adult samples was
b=0.1518 (p=0.8747), and the coefficient for mixed-age samples
was b=2.0693 (p=0.0327), indicating a statistically significant dif-
ference between mixed-age and adolescent samples in the fitted
model. Comparator type did not significantly moderate effect sizes
[Q<sub>M</sub>(1)=1.9721, p=0.1602;
Q<sub>E</sub>(9)=68.3119, p<0.0001; 62=1.5449]. In the fitted
model, the reference category was the no-GAHT comparator. The
intercept estimate was 1ogOR=-0.7989 (p=0.1430), and the coeffi-
cient for pre-GAHT comparator studies was b=1.2935 (p=0.1602).

Study

Study design was also not a statistically significant moderator
[Q<sub>M</sub>(2)=3.0930, p=0.2130; Q<sub>E</sub>(8)=1
37.3456, p<0.0001; 62=1.4498]. With cross-sectional studies as the
reference category, the intercept estimate was logOR=0.0824
(p=0.8851). The coefficient for prospective cohort studies was b=-
1.4551 (p=0.1193), and the coefficient for retrospective cohort
studies was b=0.5909 (p=0.6796). Suicide outcome domain did not
significantly moderate effect sizes [Q<sub>M</sub>(2)=1.1001,
p=0.5769; Q<sub>E</sub>(8)=164.6506, p<0.0001; 52=1.8936].
In this model, suicide attempt was the reference category. The
intercept estimate was logOR=-0.4188 (p=0.4196). Relative to
attempts, the coefficient for suicidal ideation was b=-0.1058
(p=0.4604), and the coefficient for suicide death was b=1.0921
(p=0.4840). The suicide death category was represented by a sin-
gle effect size in the dataset. Influence diagnostics were examined
to evaluate contributions to heterogeneity and model influence.
The Baujat plot (Figure 3) identified Hughto et al. and Tucker as
influential observations with high contributions to heterogeneity
and/or influence on the pooled estimate.5¢ Results of outlier- and
influence-based sensitivity analyses are reported in the sensitivity
analyses subsection.

Sensitivity and publication bias analyses

To examine the robustness of the pooled estimate and assess
possible funnel plot asymmetry/small-study effects, diagnostic
analyses included visual inspection of the forest plot (Figure 4) and
funnel plot (Figure 5), together with Egger’s regression test.
As described in the Methods, because the primary synthesis used a
multilevel model, Egger’s test was conducted as a single-level
random-effects sensitivity analysis. Egger’s regression test
indicated statistically significant funnel plot asymmetry
(z=-2.0723, p=0.0382). The corresponding limit estimate
(as SE approaches 0) was b=0.6907 (95% CI: -0.4903 to 1.8716).

Estimate [95% CI]

Green2022Trevor

Hughto2020_TSHS

Branstrsm202)

-0.30 [-0.48, -0.13)

- 1.35[0.98, 1.72]

Turban2024StanfordPeds —.— -1.11[-1.65, -0.57)
Colizzi2014 -GermanCohort —— -1.83[-2.81, -0.86)
Briinstrém2020 —.— -0.69[-1.24, -0.14]
Tucker2018_Transgenderveterans — —————e———— -2.84[-4.95, -0.74]
Random-Effects Model —— -0.74 [-1.79, 0.32)

[ 1 1 ] 1

-6 -4 -2 0 2

Log Odds Ratio

Figure 3. Baujat plot for influence and heterogeneity contribution across included effect sizes-studies. Baujat plot displaying each included
effect size-study according to its contribution to total heterogeneity (Q; y-axis) and its influence on the pooled log odds ratio estimate (x-
axis). Points located toward the upper-right portion of the plot indicate greater contribution to heterogeneity and/or pooled-effect influence.

CI, confidence interval.
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Figure 4. Forest plot of study-level log odds ratios (logORs) for gender-affirming hormone therapy (GAHT) and suicide-related outcomes.
Forest plot displaying study-specific logORs and 95% confidence intervals (Cls) for the association between GAHT and suicide-related
outcomes. Negative values indicate lower odds of the outcome in the GAHT-exposed group relative to the comparator, and positive values
indicate higher odds. The dashed vertical line marks the null value (logOR=0).
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Figure 5. Funnel plot of log odds ratios for assessment of asymmetry/small-study effects. Funnel plot of study-level log odds ratios plotted
against standard error (inverted on the y-axis). Labels identify individual study/effect rows. Visual asymmetry was evaluated in conjunc-
tion with Egger’s regression test, which was conducted as a single-level random-effects sensitivity analysis.
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These results were considered evidence of funnel
asymmetry/small-study effects in the included effect sizes. Given
the small number of effect sizes (k=11), the multilevel dependence
structure of the primary dataset, and the substantial heterogeneity
observed in the main model, these findings were interpreted cau-
tiously. Visual inspection of the forest plot (Figure 4) showed sub-
stantial dispersion in study-level estimates, with effect sizes dis-
tributed on both sides of the null and with varying precision. The
most negative estimate was observed for
Tucker2018_TransgenderVeterans (Ideation) (logOR=-2.84, 95%
CI: -4.95 to -0.74), whereas the most positive estimate was
observed for Hughto2020 TSHS attempt (Attempt) (logOR=1.71,
95% CI: 1.24 to 2.18). Additional positive estimates were observed
for Hughto2020 TSHS (Ideation) and Summers2021Memphis
(Death), with the latter showing a CI crossing 0. This distribution
was consistent with the heterogeneity reported in the primary and
moderator models. Visual inspection of the funnel plot (Figure 5)
showed an uneven distribution of study-level estimates, including
low-precision points at more extreme negative values and positive
estimates among more precise observations. In particular,
Tucker2018_TransgenderVeterans appeared as a low-precision,
strongly negative estimate, and the Hughto2020 TSHS and
Hughto2020 TSHS_attempt rows appeared on the positive side of
the distribution. These visual features were considered alongside
the Egger test result as part of the assessment of asymmetry/small-
study effects. Formal influence diagnostics (including Baujat plot-
ting; Figure 3) identified the Hughto er al. rows and Tucker as
influential observations.5¢ Exclusion-based sensitivity analyses
were therefore conducted by re-estimating the multilevel pooled
model after removing influential publications/effect sets. In publi-
cation-level sensitivity analyses, exclusion of the two Hughto et
al 56 effect sizes yielded a pooled estimate of logOR=-0.8720 (95%
CI: -1.5119 to -0.2321) and reduced heterogeneity (62=0.5475;
12=76.8%). Exclusion of Tucker alone yielded logOR=-0.4015
(95% CI: -1.2622 to 0.4591), with heterogeneity remaining high
(62=1.2249; 12~94.5%).56 Exclusion of both the Hughto et al. rows
and Tucker yielded logOR=-0.7368 (95% CI: -1.3373 to -0.1364),
with reduced heterogeneity (62=0.4321; 12=76.1%).56 These exclu-
sion-based sensitivity analyses showed changes in both the pooled
estimate and heterogeneity after removal of influential studies with
extreme and divergent effect estimates. Sensitivity analyses strati-
fied by risk-of-bias classification were limited by sparse subgroup
counts. Of the 11 effect sizes, 10 were classified as “some con-
cerns” and 1 as “low” risk of bias, precluding a meaningful pooled
subgroup comparison for the low-risk category. A restricted sensi-
tivity analysis including only effect sizes rated “some concerns”
yielded a pooled estimate of logOR=-0.5335 (95% CI: -1.5500 to
0.4831; p=0.3037), with substantial heterogeneity remaining
(02=1.6495; 12=94.2%). The single low-risk effect
(Turban2020StanfordPeds, ideation) was negative (logOR=-
1.1087) and is reported descriptively.

Discussion

With respect to the primary study aim, this systematic review
and multilevel meta-analysis did not identify a statistically signifi-
cant pooled association between GAHT and suicide-related out-
comes in TGD populations. The pooled estimate was directionally
negative, but the CI was wide and crossed the null, indicating sub-
stantial uncertainty in the magnitude and direction of the overall
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association. This pattern is more appropriately interpreted as a non-
significant, directionally protective trend rather than evidence of a
definitive protective effect. Importantly, heterogeneity was very
high, and study-level estimates varied markedly in both direction
and precision, indicating that the included effects are unlikely to
reflect a single, stable underlying association across all study con-
texts. This overall pattern is consistent with the rationale articulated
in the Introduction: the literature on GAHT and suicide-related out-
comes is methodologically heterogeneous and clinically context-
dependent, rather than uniformly positive or negative. Prior work
has documented substantial heterogeneity across mental health out-
comes, study designs, and follow-up intervals in TGD popula-
tions.17.18:41 In addition, suicidality in TGD populations is embed-
ded within broader psychosocial and structural determinants,
including minority stress, discrimination, victimization, barriers to
care, and social support rather than being reducible to treatment
exposure alone.!4-17 The mixed pattern observed here, including
both directionally protective and directionally adverse estimates, is
therefore compatible with a multifactorial model in which the
observed association between GAHT and suicide-related outcomes
may vary depending on developmental stage, comparator defini-
tion, baseline distress, social context, and co-occurring supports.
With respect to the secondary aim (moderation), age group was the
only prespecified moderator with a statistically significant omnibus
test in the reported models. In the fitted model, mixed-age samples
differed significantly from adolescent samples, whereas adult sam-
ples did not significantly differ from adolescent samples. At the
same time, the adolescent reference estimate itself was not statisti-
cally significant, and residual heterogeneity remained substantial
after inclusion of age group. Accordingly, the age-group finding
should be interpreted as an important but exploratory signal rather
than definitive evidence that GAHT has stronger suicide-related
effects in adolescents than in adults. A more precise interpretation
is that developmental stage may contribute to effect-size variability,
and that combining adolescents and adults within the same analytic
strata may attenuate or obscure clinically meaningful patterns. This
cautious interpretation is nevertheless consistent with prior litera-
ture suggesting that developmental timing, family context, and
cumulative exposure to minority stress may shape mental health
trajectories in TGD youth and young adults.24253443 The remaining
prespecified moderators (comparator type, study design, and sui-
cide outcome domain) did not significantly explain effect-size vari-
ability in the present analyses. However, the non-significant find-
ings should not be interpreted as evidence that these factors are
unimportant. Rather, they likely reflect a combination of limited
statistical power, sparse subgroup counts, imprecise estimates, and
persistent between-study heterogeneity. This is especially relevant
for comparator type and study design, which were identified a pri-
ori as conceptually important sources of variation. As discussed in
prior methodological critiques and longitudinal reviews, differences
in comparator definitions (e.g., pre-GAHT baseline vs. no-GAHT
comparators) and analytic specification can materially influence
apparent treatment associations in gender-affirming care
research.41:42 Similarly, the non-significant outcome-domain mod-
erator should be interpreted cautiously, particularly because the sui-
cide death category was represented by a single effect size and is
therefore too sparse to support strong inferences. Influence diagnos-
tics and exclusion-based sensitivity analyses provide further con-
text for interpreting the pooled estimate. The Baujat plot identified
the Hughto e al. rows and Tucker as influential observations,¢ and
re-estimating the pooled model after excluding these influential
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effect sets changed both the pooled estimate and the heterogeneity
magnitude. In particular, exclusion of the Hughto rows and exclu-
sion of both Hughto and Tucker shifted the pooled estimate further
in the negative direction and reduced heterogeneity, whereas exclu-
sion of Tucker alone produced a more modest change, and hetero-
geneity remained high. These results indicate that the pooled asso-
ciation is sensitive to influential studies with extreme and divergent
estimates, reinforcing the need to avoid overgeneralizing from the
primary pooled model alone. At the same time, these analyses
should be viewed as robustness checks rather than replacements for
the primary analysis. The asymmetry diagnostics likewise support a
cautious interpretation. Visual inspection of the funnel plot suggest-
ed an uneven distribution of effects, and Egger’s regression indicat-
ed statistically significant asymmetry in the single-level sensitivity
analysis. However, this should be interpreted as evidence of funnel
asymmetry-small-study effects, not as definitive proof of publica-
tion bias. In the present dataset, asymmetry may plausibly reflect
several overlapping mechanisms, including selective reporting,
sparse small-study evidence, heterogeneity-driven asymmetry, pos-
sible publication/reporting bias, and dependence among effect
sizes. This is particularly important in a small evidence base with
widely varying study designs, comparator conditions, and outcome
definitions. Accordingly, the asymmetry findings strengthen the
case for caution but do not by themselves resolve the direction of
the underlying association. Taken together, the present findings are
best understood as consistent with a broader, integrative account of
suicide risk in TGD populations, in which access to GAHT may be
one relevant component of care for some individuals, but not a
stand-alone determinant of suicide-related outcomes. This interpre-
tation is congruent with minority stress-informed frameworks and
with recent evidence emphasizing the roles of stigma, discrimina-
tion, social support, and other psychosocial factors in shaping men-
tal health outcomes.!4.17-19 It is also consistent with evidence that
mental health trajectories following gender-affirming interventions
vary by social context (e.g., family support), baseline symptom bur-
den, and care environment.41.43

From a clinical perspective, these results should be interpreted
alongside (not in place of) existing clinical guidelines and individ-
ualized care standards.20.21.23 The present meta-analysis does not
establish a uniform causal effect of GAHT on suicide-related out-
comes across all TGD populations. However, neither does it sup-
port a simplistic conclusion that associations are absent or clinical-
ly irrelevant in all settings. Rather, the findings underscore the
importance of individualized, multidisciplinary care models that
integrate gender-affirming medical treatment with mental health
support, family and social interventions, and efforts to reduce
structural and interpersonal barriers to care.!3.20 Given the age-
related moderation signal observed here, developmental context
may be especially important to consider in future clinical and
research work, while recognizing that the present age-group find-
ings remain exploratory. Several limitations should be explicitly
acknowledged. First, the evidence base was small (8 studies; 11
effect sizes), limiting precision and reducing power for moderator
analyses. Second, heterogeneity was substantial in the primary
model and remained significant across all moderator models, indi-
cating that important sources of variation were not captured by the
prespecified moderators. Third, the included evidence was pre-
dominantly observational and non-randomized, with associated
risks of residual confounding, confounding by indication, reverse
causality (particularly in cross-sectional designs), and comparator
non-equivalence. Fourth, outcome ascertainment and exposure
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definitions varied substantially across studies, including differ-
ences in suicidality operationalization (ideation, attempts, death),
timeframe, and GAHT exposure definition (e.g., initiation, current
use, history), which limits comparability. Fifth, evidence for sui-
cide mortality was extremely sparse (one effect size), precluding
meaningful domain-specific conclusions for death outcomes.
Sixth, asymmetry/small-study effects were detected but are diffi-
cult to attribute definitively in a dataset of this size and structure;
possible publication/reporting bias remains a concern but cannot
be isolated from other sources of asymmetry. Seventh, risk-of-bias
sensitivity analyses were constrained by imbalanced subgroup
counts (predominantly “some concerns”, with only one low-risk
effect), limiting inference from risk-stratified comparisons. Eighth,
as a systematic review, the protocol was developed a priori but
was not prospectively registered, which may reduce transparency
and reproducibility relative to prospectively registered evidence
syntheses. An additional limitation, also relevant to future research
priorities, is that several clinically plausible moderators could not
be evaluated robustly in the present meta-regression framework
because of incomplete or non-comparable reporting across studies.
These include sample composition (e.g., transmasculine, transfem-
inine, and nonbinary subgroup proportions; AFAB/AMAB compo-
sition), treatment duration and time since GAHT initiation, and
psychosocial-contextual variables such as discrimination expo-
sure, family support, coping style, self-compassion, and communi-
ty connectedness.!7.18:41.44 Given the conceptual importance of
these variables, future syntheses will depend on more standardized
primary-study reporting and more consistent subgroup-specific
analyses. Despite these limitations, the study has several strengths.
It focuses specifically on GAHT and suicide-related outcomes
(rather than aggregating across broader mental health endpoints or
multiple intervention types), applies a multilevel meta-analytic
framework to account for dependent effect sizes, and evaluates
prespecified moderators together with influence and asymmetry
diagnostics. This approach provides a more differentiated picture
of the current evidence base than a single pooled estimate alone.
Overall, the present findings support a cautious and context-sensi-
tive interpretation. The pooled association between GAHT and sui-
cide-related outcomes was non-significant and highly heteroge-
neous. Age group emerged as the only statistically significant mod-
erator in the reported models, and both asymmetry diagnostics and
influence analyses indicated that the summary estimate is sensitive
to study-level features. These results reinforce the need for larger,
better-characterized prospective studies with clearer comparator
definitions, standardized suicidality measures, longer follow-up,
and explicit reporting of treatment duration, subgroup composi-
tion, and psychosocial context.

Conclusions

This systematic review and multilevel meta-analysis provides
a focused quantitative synthesis of the association between
GAHT and suicide-related outcomes in TGD populations. The
pooled association was non-significant and directionally nega-
tive, and therefore is most appropriately interpreted as a potential
protective trend rather than definitive evidence of a protective
effect. At the same time, the evidence base was highly heteroge-
neous, and the summary estimate was sensitive to influential
studies and asymmetry/small-study effects, warranting caution in
drawing generalized conclusions. Among the prespecified mod-

OPEN aACCESS



Review

erators, age group was the only statistically significant source of
effect-size variation; specifically, mixed-age samples differed
from adolescent samples, whereas adult samples did not signifi-
cantly differ from adolescent samples in the fitted model. This
pattern suggests that the developmental stage may contribute to
heterogeneity, but it should be interpreted as exploratory given
the small number of studies, sparse subgroup structure, and sub-
stantial residual heterogeneity. Comparator type, study design,
and suicide outcome domain did not significantly moderate
effects in the present analyses, although these factors remain
clinically and methodologically important and may have been
underpowered in the available dataset. The findings are consis-
tent with current clinical guidance that situates GAHT within
individualized, multidisciplinary gender-affirming care, while
also underscoring that suicide-related outcomes in TGD popula-
tions are shaped by broader psychosocial and structural determi-
nants in addition to medical treatment access. The present evi-
dence does not support uniform causal claims across all TGD
populations or study contexts. Future research should prioritize
larger and better-characterized prospective studies, clearer and
more comparable comparator definitions, standardized and
explicitly reported suicide-related outcomes (including attempts
and mortality), and longer follow-up periods. More consistent
reporting is also needed for clinically relevant moderators that
could not be robustly tested here, including treatment
duration/time since GAHT initiation, sample composition (e.g.,
transmasculine, transfeminine, and nonbinary subgroup propor-
tions), and psychosocial-contextual factors such as discrimina-
tion exposure, family support, and community connectedness. In
a field marked by both clinical urgency and sociopolitical
salience, methodologically rigorous, transparently reported, and
analytically cautious research remains essential for informing
care, policy, and suicide prevention efforts among TGD popula-
tions.
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