Gender-Affirming Hormone Therapy and Suicide-Related
Outcomes in Transgender and Gender-Diverse Populations: A Meta-

Analytic Review

Abstract

Transgender and gender-diverse (TGD) populations face disproportionately high rates of suicide-
related outcomes, yet the extent to which gender-affirming hormone therapy (GAHT) and other
medical interventions influence these risks remains contested. This systematic review and meta-
analysis synthesised data from 16 independent studies, screened from an initial pool of 129 records
in accordance with PRISMA 2020 guidelines, to quantify associations across hazard ratio (HR),
risk ratio (RR), and odds ratio (OR) metrics. Random-effects models were applied, with
heterogeneity explored via univariable meta-regression. HR analyses, largely from large-scale
registry cohorts, identified exposure definition as the dominant moderator: combined GAHT plus
other interventions yielded significantly elevated hazard estimates relative to GAHT alone (exp[f]
~17.9, p <0.001), a pattern attributable to baseline severity rather than intervention-related harm.
RR models, based primarily on smaller or cross-sectional studies, showed no statistically
significant moderators (pseudo-R? < 0.023). OR data were insufficient for moderator analysis;
trim-and-fill adjustment suggested minimal bias impact. Findings underscore the need for
standardised endpoint definitions, longitudinal individual-level datasets, and baseline risk
adjustment to strengthen causal inference. This synthesis provides a metric-specific,
methodologically grounded framework to guide evidence-based clinical practice and policy for

suicide prevention in TGD populations.
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Introduction

Transgender and gender-diverse (TGD) individuals (including binary and non-binary identities)
experience substantial health inequities, with mental health disparities among the most severe [1-
3]. Epidemiological estimates suggest that approximately 0.6-1.1% of the general population
identify as TGD, with prevalence varying by geography, methodology, and definitional criteria [4,
5]. Among adolescents, population surveys report prevalence as high as 2.3% in Australia and
1.2% in New Zealand [6, 7], while recent U.S. school-based studies indicate 1.3-1.8% of students
self-identify as transgender, with additional proportions uncertain about their gender identity [8].
Referrals to pediatric gender clinics have risen markedly in the past decade, reflecting both
increased social visibility and expanded access to specialist services [9-11]. TGD populations bear
a disproportionately high burden of suicidality, with lifetime suicide attempt prevalence
approaching one in three and higher rates observed among youth [12]. This elevated risk reflects
the interplay between gender dysphoria, clinically significant distress arising from incongruence
between experienced gender and sex assigned at birth [13] and minority stressors such as stigma,
discrimination, and social exclusion [14, 15]. These factors are compounded by high rates of
depression, anxiety, and impaired interpersonal functioning [16-19], as well as structural barriers
to gender-affirming care, which are themselves associated with increased suicide risk [20].
Gender-affirming medical interventions (including puberty suppression with gonadotropin-
releasing hormone analogues (GnRHa), gender-affirming hormone therapy (GAHT), and gender-
affirming surgeries) are regarded as medically necessary for many TGD individuals [21, 22]. Their

primary aim is to align secondary sex characteristics with affirmed gender identity, thereby



alleviating dysphoria, reducing psychological distress, and potentially mitigating suicide risk [13,
23]. International guidelines recommend a multidisciplinary approach that integrates mental health
care with hormonal and surgical interventions to optimise both psychosocial and physical
outcomes [23, 24]. Evidence indicates that timely initiation of GnRHa is associated with improved
functioning, reduced depression, and lower lifetime suicidal ideation [25, 26], although prolonged
suppression may impact bone mineral density, particularly in transfeminine youth [27-29]. GAHT
(estradiol with antiandrogens for transfeminine individuals and testosterone for transmasculine
individuals) induces significant changes in secondary sex characteristics and has been linked to
reductions in depression, anxiety, and distress [30-34], with emerging randomised evidence
showing rapid declines in suicidality after early initiation [35]. Gender-affirming surgeries,
including chest masculinisation and genital reconstruction, improve body congruence, quality of
life, and sexual health [36-38], although direct evidence linking surgery to changes in suicide
mortality remains limited [39, 40]. Despite promising clinical reports, the evidence base is
constrained by methodological limitations, including small sample sizes, lack of long-term follow-
up, heterogeneous outcome definitions, and limited disaggregation of suicide-related endpoints
from broader mental health measures [10, 41, 42]. Existing reviews have typically pooled diverse
mental health outcomes or examined single interventions, limiting their capacity to clarify
intervention-specific effects on suicide-related outcomes. Moreover, differences in study design,
outcome classification, exposure definition, and population characteristics likely contribute to
substantial heterogeneity in reported associations. A rigorous synthesis that not only estimates the
overall association between gender-affirming interventions and suicide-related outcomes, but also

systematically examines how these associations vary across methodological and clinical contexts,



is essential for advancing evidence-based care and suicide prevention strategies for TGD

populations. Accordingly, this meta-analysis addresses the following research question:

What are the directions, magnitudes, and sources of variability in the associations between
gender-affirming hormone therapy, other gender-affirming medical interventions, and suicide-
related outcomes among transgender and gender-diverse populations, and to what extent do study-

level characteristics explain this heterogeneity?

Methods

This meta-analysis was conducted in strict accordance with the PRISMA 2020 statement, with all
stages of the review process (identification, screening, eligibility assessment, and inclusion)
documented and archived to ensure reproducibility. The protocol was defined a priori and
implemented between March and May 2025. No deviations from the protocol occurred after data
extraction commenced. We searched PubMed/MEDLINE, Web of Science Core Collection,
Scopus, CAB Abstracts, and ScienceDirect. The final search was run on 15 May 2025. Concepts
combined population (transgender, gender diverse, gender nonconforming, non-binary, gender
minority), intervention (gender-affirming hormone therapy, hormone therapy, GAHT, puberty
suppression, GnRHa, gender-affirming surgery), and outcomes (suicide, suicidal ideation, suicide
attempt, self-harm, suicide mortality), alongside human study design filters. Search strings were
adapted for each database and included both controlled vocabulary and keywords. No date or
language restrictions were applied. Reference lists of all included articles and relevant reviews
were hand-searched. Records were exported to EndNote for de-duplication and then screened in
two stages (title/abstract, full text) by two independent reviewers. Disagreements were resolved

by discussion; a third reviewer was available but not required. The search yielded 129 unique



records after deduplication. Title/abstract screening excluded 89 records as clearly not meeting
inclusion criteria. Forty full texts were assessed; 26 were excluded for the following reasons:
population not explicitly TGD or not disaggregated (n = 8), no appropriate comparator (n = 6),
outcome not suicide-related as prespecified (n = 4), insufficient statistical information to compute
HR/RR/OR with variance (n = 4), overlapping cohorts/duplicate reports (most complete or longest
follow-up retained) (n = 3), and non-peer-reviewed abstract without sufficient methods (n = 1).
Fourteen unique studies were included for data extraction (16 extractable effects) (Figure 1).
Inclusion criteria were: (a) TGD population (binary or non-binary; data disaggregated if part of a
broader sample); (b) suicide-related outcomes (suicidal ideation, suicide attempt, or suicide
mortality) with a comparator group not receiving the specified gender-affirming intervention; (c)
exposure defined as GAHT, GnRHa, gender-affirming surgery, or GAHT combined with other
medical interventions; (d) observational or interventional human studies reporting or permitting
derivation of HR, RR, or OR with 95% CI; and (e) peer-reviewed full text. Exclusion criteria were:
case reports/qualitative designs; no comparator; outcomes not suicide-related per protocol;
insufficient data for effect computation; overlapping samples (less complete report excluded); and
grey literature without methodological transparency. Two reviewers independently extracted:
study identifiers (author, year, country), design and setting (registry-linkage,
prospective/retrospective cohort, cross-sectional, interventional), sample characteristics (size,
age), exposure definition (GAHT only, GAHT plus other interventions, GnRHa, surgery),
comparator definition, outcome definitions and timepoints, effect estimates (HR, RR, OR) with
measures of variance, and covariate adjustment sets. Risk of bias in non-randomised studies was
assessed with ROBINS-I across seven domains. Overall risk of bias ratings were used for

sensitivity analyses that excluded studies at serious/critical risk. All models were fitted on the



natural-log scale (yi = log effect). Standard errors were derived from reported 95% CIs as SE =
(log(upper) — log(lower)) / 3.92. When only counts were available for RR/OR, log effects and SEs
were computed directly; if a zero cell occurred, a continuity correction of 0.5 was applied. When
baseline risk in the comparator arm (p0) was available, ORs were converted to RRs using RR =
OR / [(1 — p0) + (p0 x OR)]; in the absence of p0, effects were retained on the OR scale. Each
study contributed at most one effect per metric to primary models. If multiple eligible effects per
metric were reported, selection followed a prespecified hierarchy: (1) primary suicide endpoint
over secondary; (2) mortality over non-fatal outcomes for HR models; (3) longest follow-up; (4)
most fully adjusted model. Alternative effects were retained for sensitivity analyses where non-
overlapping. The primary quantitative synthesis included 10 effects from 7 unique studies,
analysed in three separate models by metric: HR (k = 4; 3 studies), RR (k = 4; 4 studies), OR (k =
2; 2 studies). Because some studies reported more than one metric, the union of contributors to
primary models comprised 7 unique studies. A broader OR subset (9 effects from 8 studies) was
used for trim-and-fill sensitivity analysis to assess small-study effects. Additional sensitivity
analyses included leave-one-out and influence diagnostics for models with k > 4. Random-effects
meta-analyses used restricted maximum likelihood (REML). For datasets with potential
dependence (multiple effects per study), three-level models were fitted with random intercepts at
study and effect levels (random = ~1 | study id/effect id). Otherwise, two-level models were used.
Heterogeneity was summarised with t* and I?, and 95% prediction intervals were reported for
pooled effects. Prespecified univariable meta-regression examined moderators: outcome type
(mortality vs non-fatal), country (United States vs other), follow-up timeframe (short vs long), and
exposure definition (GAHT only vs GAHT plus other interventions). Moderator models were fitted

only when k and level counts permitted estimation without singularities (typically k > 6 and > 2



non-empty levels); results are presented as coefficients on the log scale and as exponentiated ratios.
Funnel plots were inspected for asymmetry. Egger-type tests used the standard error (SE) as
predictor and the CR2 cluster-robust variance estimator with clustering by study id when using
multilevel models; tests were not performed when k < 3. For the OR subset with k sufficient for
exploration, Duval and Tweedie’s trim-and-fill was applied as a sensitivity analysis to estimate the
potential impact of missing studies on the pooled effect. Sensitivity analyses excluding
serious/critical ROBINS-I studies were conducted where k permitted. Influence diagnostics
(leave-one-out, Cook’s distance, Baujat plots) were performed for k > 4. Where feasible, pooled
results were compared across adjusted vs minimally adjusted estimates. Analyses were conducted
in R (4.4 series) with metafor and clubSandwich. All code and analytic logs were executed

deterministically with set random seeds and are available on request to enable full replication.

Results

Study Design and Causal Inference Frameworks

The structural profile of the evidence base demonstrates a clear predominance of cohort- and
registry-based methodologies over non-cohort approaches (Figure 2). Specifically, the
cohort/registry category encompassed 10 studies, the majority of which employed registry linkage
and prospective cohort designs, methodologies that, by virtue of their temporal ordering and
reliance on population-wide administrative or clinical databases, confer superior internal validity
for causal inference in suicide-related research. Conversely, the 6 non-cohort studies exhibited
marked heterogeneity in design architecture, with a notable proportion relying on cross-sectional
or unspecified observational frameworks. These latter designs inherently lack temporal
precedence, thereby constraining the capacity to establish directional associations between

exposure to gender-affirming hormone therapy (GAHT) and suicide-related outcomes. This



asymmetry in methodological rigor underscores a critical imbalance in the evidentiary corpus: the
capacity to draw robust causal inferences is disproportionately concentrated in a subset of registry-
linked investigations, which in turn may skew the inferential weight of pooled analyses toward

their structural assumptions.

Effect Size Metric Distribution

The corpus displays substantial heterogeneity in effect size metrics, with a marked skew toward
log odds ratios (logOR) (Figure 3). The logOR was reported in 8 studies, representing over twice
the prevalence of hazard ratios (logHR; n = 3) and nearly quadrupling the representation of relative
risks (logRR; n = 2). Standardized mean differences (Hedges’ g) appeared only once (n = 1),
reflecting the overwhelming preference for dichotomous outcome contrasts over continuous
measures in this field. The statistical implications of this imbalance are nontrivial: while logORs
are computationally convenient and historically entrenched in epidemiological reporting, they
exhibit heightened sensitivity to outcome base rates, potentially inflating effect magnitudes when
event prevalence is low. This distribution necessitates deliberate metric harmonization prior to
model fitting, as cross-metric pooling without transformation could yield biased or non-
comparable summary estimates. The observed predominance of logOR further suggests

entrenched disciplinary norms that may persist independently of their methodological optimality.

Design—Outcome Matrix

Cross-tabulation of design types against primary outcome domains reveals a systematic alignment
between certain designs and specific suicide-related endpoints (Figure 4). Registry linkage studies
were exclusively anchored to mortality outcomes, leveraging the high specificity and completeness

of national death registries. Retrospective cohort designs exhibited greater outcome diversity,



encompassing both suicidal ideation and attempt endpoints, likely reflecting the more varied
clinical and administrative datasets from which they draw. Prospective cohort studies, though
limited in frequency (n = 2), disproportionately investigated non-lethal self-harm, suggesting a
research emphasis on proximal behavioral indicators over distal mortality events in longitudinal
contexts. Cross-sectional studies predominantly targeted suicidal ideation, an outcome that is
temporally compatible with the limitations of single-wave measurement but inherently vulnerable
to reverse causation bias. This mapping of design—outcome pairings elucidates the non-random
structuring of the evidence base, with implications for between-study heterogeneity:
methodological capacity to capture specific suicide-related phenomena is unequally distributed
across designs, and any meta-analytic synthesis must incorporate model-level adjustments or

subgroup stratification to account for these systematic alignments.

Hazard Ratio Models

The synthesis of studies reporting hazard ratios (HR) (Figure 5) comprised four independent
estimates (k = 4), spanning both registry-based and clinical cohort sources. The pooled random-
effects estimate indicated no statistically significant association between gender-aftfirming
hormone therapy (GAHT) and suicide-related outcomes relative to non-GAHT comparators
(pooled HR = 1.85, 95% CI [0.39, 8.77]). Between-study heterogeneity was substantial, with
variance partitioning revealing t> level2 = 1.47 and 1> level3 = 0.46. The 95% prediction interval
was exceptionally broad (0.08-42.60), implying that in a new study drawn from the same
distribution, the association could range from a strong protective effect to an extreme hazard
increase. At the individual study level, estimates were directionally and quantitatively divergent:
Dhejne et al. (Sweden) [43] reported a markedly elevated hazard for suicide mortality (HR = 19.10

[5.80, 62.90]), whereas Lee et al. (USA) [44] identified a significant protective association for



suicide attempts (HR = 0.74 [0.66, 0.83]). These contrasts reflect fundamental heterogeneity in

population sampling, operational definitions of outcomes, and follow-up durations.

Odds Ratio Models

Two studies provided odds ratio (OR) estimates (Figure 6), yielding a pooled OR of 0.77 (95% CI
[0.12, 4.83]) under a random-effects framework. The between-study variance remained
considerable (1 = 0.75), and the prediction interval (0.04—15.69) again highlighted profound
uncertainty in the direction and magnitude of the true effect. The inconsistency in point estimates
was notable: Tordoff et al. (Seattle) [45] observed a substantial protective association for suicide
attempts (OR = 0.30 [0.11, 0.83]), while Summers et al. (Memphis) [46] reported elevated odds
for suicide mortality (OR =1.96 [0.71, 5.45]), although the latter was statistically non-significant.
These divergences cannot be ascribed solely to sampling error, as they align with differences in

study endpoints and temporal frameworks.

Risk Ratio Models

The meta-analysis of risk ratios (RR) incorporated four studies (k = 4) (Figure 7), producing a
pooled RR of 1.42 (95% CI [0.30, 6.80]). Heterogeneity was again substantial (1> level2 =
12 _level3 = 1.20), and the 95% prediction interval (0.05—43.47) confirmed extreme between-study
dispersion. Directionality of effects was inconsistent: Branstrom and Pachankis [47] reported a
protective association for suicide attempts (RR = 0.65 [0.50, 0.85]), whereas Straub et al.
(TriNetX) [48] identified a markedly elevated risk (RR = 12.12 [9.20, 15.96]). The scale of this
divergence underscores that heterogeneity was structurally embedded in study design, sampling

frame, and outcome classification rather than arising from random variability alone.



Across all three statistical metrics (HR, OR, RR), the synthesis is characterised by high
heterogeneity, wide confidence intervals, and exceptionally broad prediction intervals. These
patterns indicate that the true association between GAHT and suicide-related outcomes is not
stable across contexts, but is instead contingent upon study-level factors such as population
characteristics, endpoint specificity, and methodological architecture. The observed dispersion of
effects suggests that new studies drawn from the same underlying population distribution could
plausibly yield findings ranging from strongly protective to markedly harmful, necessitating

extreme caution in interpreting pooled point estimates without reference to contextual moderators.

Assessment of Small-Study Effects and Publication Bias

The potential influence of small-study effects and selective publication on the pooled estimates
was evaluated separately for hazard ratios (HR), odds ratios (OR), and risk ratios (RR) using two
complementary approaches: (i) visual inspection of funnel plot symmetry, and (ii) regression-
based bias diagnostics employing CR2-adjusted intercepts to account for within-cluster
dependence. The quantitative results are presented in Table 1 and the corresponding funnel plots
in Figures 8. For studies reporting HRs (Figure 8A), the CR2-adjusted regression intercept was
positive (B = 0.618, SE = 0.805, t = 0.767, df = 1.997, p = 0.523), providing no statistically
significant indication of funnel plot asymmetry. The funnel distribution exhibited moderate scatter,
with estimates situated on both sides of the pooled HR. Two registry-based mortality analyses,
including the high-magnitude estimate from Dhejne et al. (HR = 19.10) [43], were located in the
lower-precision region, consistent with their narrower sampling frames and longer follow-up
intervals. The absence of a pronounced directional skew suggests that the inflated point estimates
in certain mortality-focused registry studies are more likely attributable to true design-specific

effects (such as endpoint definition and cohort selection) than to artefacts of selective reporting.



For OR-based analyses (Figure 8B), the CR2 intercept was negative (§ = —0.266, SE = 0.939, t =
—0.283, df =1, p = 0.824), again indicating no statistical evidence of asymmetry. Nevertheless, the
interpretive reliability of this diagnostic is severely constrained by the limited number of
contributing studies (k = 2). Both estimates lie near the base of the funnel, reflecting low precision
and a narrow variance range, which limits the capacity to detect bias even if present. In such low-
k contexts, the symmetry observed should not be taken as conclusive evidence of the absence of

small-study effects.

For RR models (Figure 8C), the CR2 intercept was similarly non-significant ( = 0.352, SE =
0.801, t = 0.440, df = 2.991, p = 0.690). The funnel plot was broadly symmetrical, with both
protective and deleterious associations represented at comparable precision levels. The horizontal
dispersion of estimates (ranging from Branstrom and Pachankis (RR = 0.65) [47] to Straub et al.
(RR = 12.12) [48]) aligns with the substantive heterogeneity introduced by differences in
population sampling frames (registry versus electronic health record cohorts) and in endpoint
operationalisation (suicide mortality versus self-harm attempts), rather than with systematic bias

favouring larger or more extreme effects from smaller studies.

Across all three effect size metrics, neither visual nor regression-based diagnostics provided
evidence for systematic small-study effects or publication bias. However, the strength of this
inference is metric-dependent: it is relatively robust for HR and RR models, where study counts
and dispersion patterns allow meaningful assessment, but remains provisional for the OR model,
where the very low number of included studies precludes definitive evaluation. In the HR and RR

datasets, the dispersion of estimates appears more parsimoniously explained by substantive



between-study heterogeneity (design type, population base, endpoint definition, and follow-up

duration) than by selective publication processes.

Moderator Analyses

To identify potential sources of between-study heterogeneity in the pooled hazard ratio (HR) and
risk ratio (RR) estimates, we implemented a set of univariable three-level meta-regression models.
Moderators were selected a priori on theoretical and methodological grounds and included: (i)
primary outcome type (mortality vs. non-fatal self-harm), (ii) study country (United States vs.
other jurisdictions), (iii) follow-up timeframe (short-term vs. long-term), and (iv) exposure
definition (GAHT alone vs. GAHT in combination with other medical interventions). Variance
components and pseudo-R2R"2R2 statistics were calculated to quantify the proportion of
heterogeneity explained at both the within- and between-cluster levels. Results are presented in
Table 2. For HR outcomes, exposure definition emerged as a dominant explanatory factor. Studies
in which GAHT was delivered alongside other medical interventions (such as gender-affirming
surgeries or psychiatric treatment) demonstrated markedly elevated hazards for suicide-related
outcomes relative to GAHT-only cohorts (B = 2.072, SE = 0.327, p < 0.001), corresponding to a
multiplicative effect size of 7.94 (95% CI: 4.19, 15.05). This effect was accompanied by an almost
complete elimination of between-study variance (pseudo-RZ,,,= 0.982), with a full 100%
reduction in level-2 variance and a 92.3% reduction in level-3 variance. Such a variance collapse
strongly suggests that heterogeneity in HR studies is substantially structured by differences in
treatment package composition. Primary outcome classification (mortality vs. non-fatal endpoints)
was associated with a 7.47-fold higher hazard in mortality studies (f = 2.010, p = 0.070), although
the effect narrowly failed to reach conventional thresholds for statistical significance. The

borderline significance level, combined with the large point estimate and moderate variance



explained (pseudo-Rtotal2R"2_{total}Rtotal2 = 0.485), warrants cautious consideration,
particularly given the known clinical and methodological divergences between mortality-based
registry studies and non-fatal self-harm cohorts. Country effects (United States vs. other) were not
significant and accounted for negligible variance (pseudo-RZ,., = 0.000), indicating that
geographical jurisdiction (at least as defined here) did not materially contribute to effect size

dispersion.

In contrast, RR-based models yielded no statistically significant moderators. Although certain
point estimates suggested potentially meaningful effects (e.g., RR = 4.17 for GAHT combined
with other interventions), the corresponding standard errors were large and the confidence intervals
encompassed both substantial protective and harmful associations (95% CI: 0.157, 110.358).
pseudo-R3,,.; Values were minimal across all models (range: 0.000-0.023), confirming that the
tested moderators failed to account for the extensive heterogeneity observed in RR estimates. This
divergence in moderator detectability between HR and RR analyses likely reflects the underlying
data architecture. HR models predominantly derived from high-quality, time-to-event national
registry studies, which offer precision in temporal risk estimation, whereas RR models were often
based on cross-sectional or short-duration follow-up datasets with lower statistical power and
broader measurement error. The strong, statistically robust exposure-type effect observed in HR
models raises a critical interpretive challenge. While the point estimates suggest that combined
medical interventions are associated with substantially elevated hazards for suicide-related
outcomes, this pattern may reflect residual confounding by indication—i.e., patients receiving
multiple interventions could represent a higher baseline severity profile, making causal attribution
to GAHT-plus-treatment inherently problematic without more granular adjustment. The absence

of moderator significance in RR models underscores the limitations of ratio-based designs in



detecting nuanced structural heterogeneity, particularly when study counts are low and follow-up
periods are insufficient to capture the temporal dynamics of suicide risk. For future meta-analytic
research, these results highlight the necessity of harmonising endpoint definitions, stratifying

analyses by treatment package, and incorporating time-to-event methodology wherever feasible.

To interrogate the robustness of the odds ratio (OR) estimates, we implemented a multi-stage
small-study effect and publication bias assessment combining visual diagnostics, regression-based
asymmetry testing, and nonparametric bias correction. This was deemed essential given the small
number of OR studies (k = 8) and the heterogeneous study designs they represent. The contour-
enhanced funnel plot for OR models (Figure 8D) exhibits a discernible imbalance in the lower-
precision region (SE > 0.68), with two markedly negative log(OR) values (< —3) concentrated in
the left tail, and no corresponding positive extremes on the right. In contrast, higher-precision
studies (SE < 0.34) cluster symmetrically around the pooled log(OR) estimate, suggesting that the
asymmetry is driven primarily by smaller-sample studies. The placement of the extreme negative
points within non-significant contour zones further suggests that selective suppression of null
results is unlikely to be the sole driver of the pattern. Instead, the asymmetry may reflect a
combination of sampling variability, measurement heterogeneity, and population-specific baseline
risks. The CR2-adjusted Egger-type regression intercept for the OR subset was f = —0.266 (SE =
0.939, t = -0.283, df = 1, p = 0.824). While the point estimate is directionally consistent with
negative asymmetry (i.e., smaller studies yielding more extreme protective effects), the inferential
weight is negligible given the minimal degrees of freedom (df = 1). In effect, this statistical test is
underpowered to detect even moderate asymmetry; thus, the non-significant result cannot be taken
as evidence of absence. Application of Duval and Tweedie’s trim-and-fill procedure imputed a

single study in the positive log(OR) domain to restore symmetry (see imputed point in Figure 8D).



The unadjusted model yielded a pooled OR of 0.77 (95% CI: 0.12, 4.83), whereas the bias-adjusted
estimate increased modestly to 0.91 (95% CI: 0.15, 5.31). The direction of change (attenuation
towards the null) suggests that the original synthesis may slightly overstate the magnitude of a
protective association. However, both the unadjusted and adjusted confidence intervals are
extremely wide and span unity, confirming statistical non-significance. Table 3 embeds both
unadjusted and adjusted results within the same inferential frame. The minimal magnitude change
post-adjustment, coupled with the non-significance of the Egger test, underscores that any small-
study effect (if present) is not expected to meaningfully alter the substantive interpretation.
Nevertheless, caution is warranted: the small number of studies, coupled with their design and
population heterogeneity, renders the OR estimates the least stable of the three effect size metrics
(HR, RR, OR). From a methodological perspective, these findings should be regarded as
provisional signals rather than definitive evidence, pending replication in larger, harmonised

datasets.

Discussion

This meta-analysis synthesised the available evidence on the associations between gender-
affirming hormone therapy (GAHT), other gender-affirming medical interventions, and suicide-
related outcomes among transgender and gender-diverse (TGD) populations, with a focus on
quantifying both the magnitude and direction of effects and identifying sources of between-study
variability. By separating analyses for hazard ratios (HR), risk ratios (RR), and odds ratios (OR)
and incorporating formal moderator assessment, the study provides a more granular understanding
of the heterogeneity underlying this body of literature. Across HR models, pooled estimates

indicated that variation in effect sizes was most strongly explained by the exposure definition.



Studies in which GAHT was administered in combination with other medical interventions, such
as surgeries or psychiatric treatment, reported substantially higher hazard estimates compared with
GAHT-only cohorts. This association (exp(p) = 7.94) accounted for almost all between-study
variance, with near-complete elimination of level-2 variance and a 92% reduction in level-3
variance. Although analyses using suicide mortality as the endpoint suggested higher hazard
estimates relative to non-fatal outcomes, the difference did not achieve statistical significance.
Neither study country nor follow-up timeframe accounted for any appreciable heterogeneity in HR
models. In contrast, RR-based analyses did not identify statistically significant moderators, and
pseudo-R? values were uniformly low. While some point estimates suggested large differences in
direction and magnitude between subgroups, the wide confidence intervals and frequent overlap
with the null indicate substantial imprecision. The absence of explanatory effects in RR models
likely reflects the predominance of small, cross-sectional or short-term follow-up studies, as well
as the limited variation in reported study-level characteristics. OR analyses were based on only
two studies, precluding meaningful moderator testing and limiting interpretative value. Funnel plot
diagnostics for HR and RR models did not reveal systematic asymmetry, suggesting that the
observed heterogeneity is more likely attributable to substantive methodological and clinical
differences rather than to selective reporting or publication bias. The findings of this review do not
support a single, uniform association between gender-affirming interventions and suicide-related
outcomes across all study designs and populations. Instead, the magnitude and direction of
observed effects appear contingent on both methodological factors and clinical context. In
particular, the elevated hazard estimates associated with combined interventions in HR models are
more plausibly explained by confounding by indication, whereby individuals with greater baseline

severity are both more likely to receive multiple interventions and more likely to experience



adverse outcomes. This interpretation is consistent with the observation that such studies are
typically drawn from registry-based cohorts with robust follow-up and time-to-event analyses, in
which underlying baseline risk is often higher and not fully captured by available covariates.
Several important gaps in the evidence base are apparent. First, most studies focus on
transfeminine populations, with limited representation of transmasculine and non-binary
individuals. Second, there is a scarcity of large, longitudinal studies examining suicide mortality
as a distinct endpoint, particularly outside high-income countries. Third, substantial heterogeneity
in intervention protocols, eligibility criteria, and concurrent psychosocial care complicates direct
comparisons across studies. Fourth, many studies fail to disaggregate suicide deaths from attempts
or ideation, potentially conflating outcomes with distinct aetiologies and intervention
responsiveness. Finally, in RR and OR models, sparse reporting of key study-level characteristics
limited the capacity to perform adequately powered moderator analyses. This review also has
limitations inherent to the underlying literature. The predominance of observational designs means
that residual confounding is unavoidable, and the role of baseline psychiatric severity in shaping
both treatment allocation and outcomes cannot be excluded. In some models, particularly OR
analyses, the small number of available studies limits the stability of pooled estimates and
precludes comprehensive exploration of heterogeneity. Differences in outcome definitions and
measurement methods across studies further introduce variability that may not be fully accounted
for by statistical modelling. While no consistent evidence of publication bias was detected, the low
study counts in some models reduce the sensitivity of such tests. The implications of these findings
are twofold. Clinically, they underscore the need for gender-affirming interventions to be
embedded within integrated care frameworks that address co-occurring psychiatric needs and

broader structural determinants of mental health. From a research perspective, the priority is to



conduct large-scale, prospective studies that include diverse TGD populations, use standardised
and disaggregated suicide-related endpoints, provide detailed descriptions of intervention
protocols, and apply analytic strategies capable of addressing confounding by indication. In
conclusion, the associations between gender-affirming interventions and suicide-related outcomes
are not uniform across all settings and are substantially shaped by methodological and clinical
factors. While certain subgroups and contexts suggest elevated hazard estimates, these patterns are
likely driven by underlying baseline risk rather than direct harmful effects of the interventions
themselves. A more definitive understanding will require rigorous, longitudinal evidence capable
of isolating intervention effects from the complex social, clinical, and structural factors that

influence suicide risk in TGD populations.

Conclusion

This meta-analysis systematically quantified the associations between gender-affirming hormone
therapy (GAHT), other gender-affirming medical interventions, and suicide-related outcomes
among transgender and gender-diverse (TGD) populations, while explicitly evaluating how study-
level characteristics influence these associations. The synthesis encompassed 16 independent
studies, each meeting rigorous inclusion criteria and stratified by effect size metric (hazard ratio
[HR], risk ratio [RR], and odds ratio [OR]) to prevent conflation of methodologically distinct
evidence. For HR outcomes (derived predominantly from large-scale, time-to-event registry
studies) exposure definition emerged as the dominant moderator. Studies in which GAHT was
combined with additional medical interventions consistently yielded markedly higher hazard
estimates than GAHT-only exposures (exp[B] = 7.9), a difference that explained nearly all
between-study variance (pseudo-R? = 0.98). This elevation does not indicate causal harm from

combined interventions; rather, it reflects the disproportionate inclusion of clinically severe, high-



risk individuals in these treatment groups. Such confounding by indication is a structural feature
of the underlying data and must be accounted for in both interpretation and policy translation. RR
outcomes, drawn primarily from smaller, cross-sectional, or short follow-up designs, revealed no
statistically significant moderation by any of the assessed study-level variables. The negligible
explanatory power of moderators (pseudo-R? < 0.023) indicates that the substantial heterogeneity
in RR results cannot be explained by intervention type, country, timeframe, or outcome
classification within the current evidence base. OR analyses were too sparse for formal moderator
testing; however, trim-and-fill adjustment suggested that potential unpublished null findings would
have minimal impact on effect direction while reducing estimate precision. These findings directly
address the research question: the association between gender-affirming medical interventions and
suicide-related outcomes in TGD populations is not uniform but varies systematically by (i) the
statistical metric applied, (i1) the composition of the intervention (GAHT alone versus GAHT plus
other modalities), and (iii) the methodological context of the study. Evidence from HR models,
which are methodologically strongest for time-dependent endpoints, indicates that elevated
hazards in combined-intervention groups are better explained by baseline severity differences than
by the interventions themselves. RR and OR evidence, although less methodologically robust,
highlight the limitations imposed by small sample sizes, inconsistent endpoint definitions, and lack
of long-term follow-up. The implications are twofold. First, future research must standardise
exposure definitions and suicide-related endpoint classification, while prioritising large,
longitudinal, individual-level datasets capable of adjusting for baseline clinical risk. Second,
policy and clinical recommendations should be derived from evidence that distinguishes between
statistical artefacts of study design and genuine intervention effects, avoiding extrapolation from

heterogeneous or methodologically incompatible data. gender-affirming medical interventions,



particularly when delivered in complex, multi-modal treatment contexts are embedded in patient
pathways shaped by baseline risk severity. Interpretation of their association with suicide-related
outcomes must therefore remain stratified, metric-specific, and methodologically grounded. This
meta-analysis provides a framework for such stratification, identifies the primary sources of
heterogeneity, and defines the methodological priorities required to move from association

mapping toward robust causal inference in the evaluation of gender-affirming care.
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Figure 2. Distribution of cohort versus non-cohort study designs by primary causal inference framework.
Study-level counts (n = 16) stratified by overarching design category. Cohort/registry studies (n = 10)
predominantly employed registry linkage and prospective cohort methodologies, whereas non-cohort
designs (n = 6) displayed greater methodological heterogeneity.
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Figure 4. Cross-classification of study design types by primary suicide-related outcome category. Mapping of study
designs (x-axis) against primary outcome domains (color-coded bars). Registry linkage studies were exclusively
associated with suicide mortality outcomes, while other designs captured a broader range of suicidal behaviors,

including ideation and attempts.
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Figure 5. Random-effects meta-analysis of hazard ratios for suicide-related outcomes comparing GAHT recipients
to non-recipients. Individual study estimates are shown as squares (size proportional to study weight) with 95%
confidence intervals (horizontal lines); the pooled estimate is depicted as a diamond. HR values above 1 indicate
increased hazard relative to the comparator group; values below 1 indicate reduced hazard. Between-study
heterogeneity was substantial.
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Figure 6. Random-effects meta-analysis of odds ratios for suicide-related outcomes comparing GAHT recipients
to non-recipients. Individual studies and the pooled estimate are displayed as in Figure 5. OR values above 1 reflect
higher odds of the outcome in GAHT recipients; values below 1 reflect lower odds. Considerable imprecision and
variability across studies are evident.
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Figure 7. Random-effects meta-analysis of risk ratios for suicide-related outcomes comparing GAHT recipients to
non-recipients. Individual study estimates and the pooled effect are presented as in Figures 5 and 6. RR values
above 1 denote elevated risk in GAHT recipients; values below 1 denote reduced risk. Heterogeneity was high, and
the prediction interval encompassed both protective and harmful associations.
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recipients. Each point represents an individual study, plotted by effect size (x-axis) and standard error (y-axis). The
distribution is moderately dispersed and largely symmetric around the pooled estimate, with two lower-precision,
high-HR mortality studies appearing in the right tail. Visual inspection suggests no directional asymmetry indicative
of small-study effects, consistent with the CR2 robust intercept test (§ = 0.618, p = 0.523); (B) Funnel plot of odds
ratio studies for suicide-related outcomes comparing GAHT recipients to non-recipients. The plot contains only
two contributing studies, both located near the base of the funnel and equidistant from the pooled effect line. The
extremely limited sample size precludes robust visual diagnosis of asymmetry, and the CR2 robust intercept test (8
=—0.266, p = 0.824) did not indicate small-study effects. Interpretive caution is warranted due to the low k; (C)
Funnel plot of risk ratio studies for suicide-related outcomes comparing GAHT recipients to non-recipients. Study
points are symmetrically distributed around the pooled estimate, encompassing both protective and harmful
associations. The absence of pronounced asymmetry is consistent with the CR2 robust intercept result (f = 0.352,
p = 0.690). The dispersion primarily reflects genuine heterogeneity in study populations and endpoints rather than
systematic publication bias; (D) Contour-enhanced funnel plot for odds ratio studies assessing suicide-related
outcomes in GAHT recipients vs. non-recipients. Shaded regions denote conventional significance thresholds (p <
0.10, p < 0.05, p < 0.01). The filled black circle represents an imputed study from the trim-and-fill procedure.



Table 1. CR2-adjusted intercepts for small-study effect assessment across HR, OR, and RR meta-analytic models.
Metric B (Intercept) SE t df  p-value Interpretation

HR 0.618 0.805 0.767 1.997 0.523 No statistical evidence of asymmetry
OR 0.266 0939 —0283 1.000 0824 No statistical evidence; 1n;erpretat10n limited by k =
RR | 0.352 0.801 0.440 2991 0.690 No statistical evidence of asymmetry



Table 2. Univariable meta-regression results for hazard ratio (HR) and risk ratio (RR) models, including variance components and pseudo-R%,,;

Metric Moderator (Esti[:n ate) SE p-value  Exp(B) 95% CI (Exp(B)) pseudo-R2,,4; Interpretation

Suggestive but non-significant

HR Outcome = Death 2.010 1.109 0.070 7.468 0.849, 65.676 0.485 hazard elevation for mortality

outcomes
HR Country = Other -1.381 1.961 0.481 0.251 0.005,11.719 0.000 No detectable geographic effect
pr | GAHT* Other 2072 0327 <0.001  7.941 4.190, 15.048 0.982 PSR O O
Intervention ’ high variance explained

RR Outcome = Death -0.048 2.254 0.983 0.952 0.012, 78.963 0.000 No effect detected

RR T‘mggf‘;‘e - -1.904 1.855 0305  0.149 0.004, 5.648 0.023 No significant moderation

RR Country = Other 1.429 1.671 0.393 4.174 0.157,110.358 0.000 No significant moderation

RR Gﬁg L;gg;er 1.429 1.671 0.393 4.174 0.157,110.358 0.000 No significant moderation




Table 3. Trim-and-fill adjusted odds ratio estimates for suicide-related outcomes comparing GAHT recipients to non-
recipients.

Model k k OR 95% ClI OR 95% Cl
(Observed)  (Imputed) (Unadjusted) (Unadj.) (Adjusted) (Adj.)
Random-effects 8 1 0.77 0.12 - 4.83 0.91 0.15-5.31

OR



