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Abstract:

Aim. Gender dysphoria (GD) refers to the psychological distress associated with the
incongruence between one’s sex and one’s gender identity. To manage gender dysphoria (GD),
individuals may delay the development of primary and secondary sex characteristics with the use
of puberty blockers. In this systematic review, we assess and summarize the certainty of the

evidence about the effects of puberty blockers in individuals experiencing GD.

Methods: We searched MEDLINE, Embase, PsychINFO, Social Sciences Abstracts, LGBTQ+
Source, and Sociological Abstracts through September 2023. We included observational studies
comparing puberty blockers to no puberty blockers in individuals under 26 years of age
experiencing GD, as well as before-after and case series studies. Outcomes of interest included
psychological and physical. Pairs of reviewers independently screened articles, abstracted data,
and assessed risk of bias. We performed meta-analysis and assessed the certainty of a non-zero

effect using the GRADE approach.



Results: We included 10 studies. Comparative observational studies (n=3), comparing puberty
blockers versus no puberty blockers, provided very low certainty evidence on the outcomes of
global function and depression. Before-after studies (n=7) provided very low certainty evidence

addressing gender dysphoria, global function, depression, and bone mineral density.

Conclusion: There remains considerable uncertainty regarding the effects of puberty blockers in
individuals experiencing GD. Methodologically rigorous prospective studies are needed to

elucidate the effects of this intervention.

Key messages:

1. What is known on this topic: Previously published systematic reviews addressing the
effects of puberty blockers in individuals experiencing GD have not conducted a meta-
analysis.

2. What this study adds: This publication addresses the effects of puberty blockers in
individuals experiencing GD, while adhering to the highest methodological standards for
conducting and reporting a systematic review and meta-analysis and assessing the risk of
bias in each included study and the certainty of the evidence for each outcome of interest.

3. How this study might affect research, practice, and policy: The evidence from this
systematic review and meta-analysis can be used to inform individuals experiencing GD
and considering puberty blockers, clinicians involved in their care as well as clinical
practice guideline developers, policy makers and stakeholders who make decisions about

treatment related to gender dysphoria.
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Introduction

Gender dysphoria refers to intense psychological distress or impairment in functioning attributed
to the feelings of incongruence between one’s gender identity and sex assigned at birth .
Individuals experiencing gender dysphoria may seek hormonal and surgical interventions to
align their bodies with their experienced or expressed gender. These interventions, including
hormonal treatments or surgeries, aim to alleviate the distress caused by GD and improve mental

well-being. 2

Puberty blockers, or gonadotropin-releasing hormone analogues (GnRHa), suppress the release
of sex hormones an delay puberty’s physical changes, which normally begins between the ages
of 8 and 13 for natal females and between the ages of 9 and 14 for natal males and follows a 5-
stage process. ? Initially developed to treat precocious puberty, these medications have more
recently been used to manage gender dysphoria. > By pausing puberty, it was postulated that
they would provide time for individuals to explore their gender identity without the added stress
of unwanted secondary sexual characteristics, before deciding whether to continue with gender-
affirming hormone therapy.%’ While originally considered fully reversible, - concerns have

emerged about potential long-term effects and partial irreversibility. 10!



The use of puberty blockers in gender dysphoria remains controversial due to the methodological
limitations of previously published evidence syntheses and individual studies. '?-4 This
systematic review, using the highest methodological standards, synthetizes the evidence to

inform decision-making regarding puberty blockers for youth with gender dysphoria.

Methods

We report this systematic review and meta-analysis following the guidance of the preferred

reporting items for systematic reviews and meta-analyses (PRISMA) checklist (Appendix 1). We

registered the protocol in PROSPERO (registration ID: CRD42023452171).

Eligibility criteria

For the eligibility criteria, see Appendix 2.

Information sources

With the assistance of an information specialist (RC), we searched in MEDLINE, Embase,
PsycINFO, Social Sciences Abstracts, Contemporary Women'’s Issues, LGBTQ+ Source,
Sociological Abstracts, Studies on Women, Gender Abstracts, and Google Scholar from
inception to September 2023. The search for this systematic review was part of an umbrella

search for another related systematic review. '3 All search strategies are included in Appendix 3.

Study selection


https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42023452171

Using Covidence software (https://www.covidence.org/), a pair of reviewers (SI, YR), following
training and calibration exercises, independently screened titles and abstracts, and full texts of
potentially eligible studies. A third reviewer (AM) resolved conflicts. The study selection was
completed in tandem alongside another related systematic review at the abstract and full text

stages. 1

Data collection

For data collection, see Appendix 4.

Risk of bias in included studies

For each eligible study and outcome, a pair of reviewers (SI, YR), following training and
calibration exercises, used a modified version of the Cochrane risk of bias tool for non-
randomized studies of interventions (ROBINS-I) ¢ to ensure standardized and consistent
assessments across study designs (i.e., studies comparing two groups, studies comparing before-
after, and case series). Reviewer rated studies as having low, moderate, high, or critical risk of
bias across several domains (Appendix 5; Appendix 6). For randomized control trials (RCTs),
we planned to use the revised Cochrane risk of bias tool. !” Reviewers resolved discrepancies by

discussion or by consulting a third reviewer (AM) when necessary.

Data synthesis



While study authors used various observational study designs, we classified studies as
comparative observational if they reported outcome data for an intervention group compared to
an independent group. We considered studies as before-after if researchers measured outcomes
in a single group before and after the intervention, and as case series if researchers measured
outcomes in a single group after the intervention. Depending on how outcomes were measured

and reported, studies could be classified under different designs for different outcomes.

For dichotomous outcomes, we summarized the effect of interventions using odds ratios in
comparative observational and before-after studies, and proportions (i.e., number of events per
number of participants in the study group) in case series. For continuous outcomes, we
summarized the effects of interventions using mean difference in comparative observational
studies (i.e., difference in scores between the study groups), mean change in before-after studies

(i.e., difference in scores before and after intervention), and mean in case series.

Since the study authors did not provide correlation coefficients, we imputed a moderate
correlation coefficient (r=0.5) when calculating mean change. We calculated 95% confidence

intervals (CI) around all estimates.

We conducted meta-analysis using a random-effects model when appropriate, according to
subject area experts (CKM, SM), of studies addressing the same outcome and if there was no
clinical heterogeneity between them (i.e., study design, population, intervention/comparator,
outcome definition). When two or more studies reported the same outcome using different

scales, we reported the effect estimate as a standardized mean change for before-after studies.



When we could not perform a meta-analysis, we provided summaries of evidence across studies

for each outcome. We used the meta and metafor packages in R Studio Version 4.2 for analyses.

Certainty of the evidence

We assessed the certainty of the evidence using the grading of recommendations assessment,
development, and evaluation (GRADE) approach. '® For each comparison and outcome, a pair of
methodologists with experience in GRADE (SI, YR) rated each domain independently, resolving
discrepancies by consulting a third methodologist (AM). We rated the certainty as high,
moderate, low, or very low. All bodies of evidence started as high certainty, '° and could be rated
down for risk of bias, inconsistency, indirectness, imprecision, and publication bias; or rated up
when a large magnitude of effect or a dose-response relationship was observed, or when all

plausible confounders or other biases increased our confidence in the estimated effect. 2°

Following GRADE guidance, when assessing risk of bias at the outcome level, we rated down
the certainty of the evidence up to three levels for risk of prognostic imbalance in observational
comparative studies where risk of bias at the study level was assessed using the ROBINS-I tool.

19 For case series, we rated down three levels due to lack of a comparison group.

To minimize value judgments, we used a null effect threshold (1 for relative measures, and 0 for
absolute measures and mean differences or mean changes) to rate the certainty that puberty
blockers caused any benefit or harm, regardless of magnitude. We did not establish a minimally

important difference to infer whether an effect was important or not. We assessed the causal



effect of puberty blockers on health outcomes, rather than associations, even if the included
studies were not design with this aim. Following GRADE guidance and principles to address
questions about interventions using observational studies, we defined the target question, 2!
clarified its intent (causality), and assessed the certainty of the evidence.?> We used GRADEpro

to create the summary of findings tables.?3

Subgroup and sensitivity analyses

For the subgroup and sensitivity analyses, see Appendix 7 and 8.

Management of conflicts of interest

For the management of conflicts of interest, see Appendix 9. Other systematic reviews that are

part of the described agreement include systematic reviews about the effects of social gender

transition (submitted for publication), mastectomy,?* chest binding and genital tucking

(submitted for publication), and gender-affirming hormone therapy (submitted for publication).

Results

After screening 6,736 titles and abstracts for this systematic review and another related

systematic review, 1> we included 10 studies in this systematic review. Figure 1 shows the results

of the study search and selection process. We present the reasons for exclusion (n=311) with

references in Appendix 10.



Characteristics of included studies

Of 10 included studies, 3 were comparative observational and 7 used a before-after design
(Figure 1). 82533 In addition, two of the before-after studies reported data about progression to
gender-affirming hormone therapy after the intervention and we classified these as case series for
that outcome. 2730 After conducting the search, we did not identify any RCTs meeting our

eligibility criteria.

The mean (SD) age of participants at the time of puberty blockers ranged from 12.93 (2.52) to
16.48 (1.26). We present characteristics of included studies in Appendix 11. Appendix 12

describes measurement instruments and their interpretability.

Risk of bias in included studies

Across comparative observational studies, the domain most frequently judged as serious or
critical risk of bias were confounding and missing data. Before-after studies were at serious or
critical risk of bias due to missing data, and moderate or critical risk of bias due to deviation
from intended intervention and lack of an independent comparator group. Case series were at
critical risk of bias due to deviation from intended intervention (i.e., administration of co-

interventions) and lack of a comparison group (Appendix 6).

Effects of puberty blockers
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We describe the effects of the intervention for each study design (i.e., comparative observational
studies, before-after study design, case series). Tables 1-3 provide summary of findings tables.

Appendix 13 displays forest plots of meta-analysis.

1. Comparative observational studies

Global function: When assessed at 12 months with the Children’s Global Assessment Scale
ranging from 1 to 100 (higher scores = greater global function), the meta-analysis suggests that
the difference in mean change in scores from baseline (MC) may be higher (MC 7.67 higher
[95% CI 2 lower to 17.34 higher], number of studies (n) = 2, very low certainty) in individuals
who received puberty blockers compared to those who do not, although we are very uncertain
about the causal effect of the intervention on global function. When assessed at 6 months, the

evidence about global function was also very low certainty. See Table 1.

Depression: When measured at 12 months with the Center for Epidemiologic Studies
Depression Scale (CESD-R) ranging from 0 to 60 (higher scores = greater depression), a linear
regression analysis reported that puberty blockers may not decrease depression scores in female
to male participants (r>=0.09, b=-0.02, p=0.95), but may decrease depression in male to female
(r*=0.52, b=-2.41, p=0.008) participants. We are very uncertain about the causal effect of the

intervention on depression. See Table 1.

11



Table 1. Puberty blockers vs no puberty blockers: evidence from comparative observational

studies.

Outcomes
Global Function, Long
Term Follow-Up
assessed with: participant
reported Children's
Global Assessment Scale
Scale from: 1 to 100,
higher scores = greater
global function
follow-up: 12 months ®

Anticipated absolute effects” (95% CI)

No puberty

blockers Puberty blockers

difference in mean change
- from baseline 7.67 higher
(2 lower to 17.34 higher)

Ne of
participants
(studies)

103
(2 non-
randomised
studies)'

Certainty of the
evidence
(GRADE)

eO00O

Very low bed

Comments

The evidence is very
uncertain about the effect
of puberty blockers on
global function, at long
term follow-up.

Global Function, Short
Term Follow-Up
assessed with: participant
reported Children's
Global Assessment Scale
Scale from: 1 to 100,
higher scores = greater
global function
follow-up: 6 months ¢

difference in mean change
- from baseline 0.36 lower
(0.96 lower to 0.24 higher)

121
(1 non-
randomised
study)?

®O00O

Very low fe&

The evidence is very
uncertain about the effect
of puberty blockers on
global function at short
term follow-up.

Depression, Long term
Follow-Up
assessed with: participant
reported The Center for
Epidemiologic Studies
Depression Scale; Scale
from: 1 to 60, higher
scores = greater
depression
follow-up: 12 months *

88% participants received puberty blockers.
A linear regression analysis reported that,
when measuring depression using the
CESDS-R, and using as the reference no
puberty blockers, puberty blockers:

- did not result in a statistically significant
decrease in scores in female to male
participants (R2= 0.09, b= -0.02, p= 0.95);
- resulted in a statistically significant decrease
in score in male to female participants (R2
=0.52, b=-2.41, p=0.008).

The analysis adjusted for psychiatric
medications and engagement in counseling.

26
(1 non-
randomised
study)?

®O0O

Very low

The evidence is very
uncertain about the effect
of puberty blockers on
depression at long term
follow-up.

Other outcomes - not
measured J

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

CI: confidence interval

GRADE Working Group grades of evidence
High certainty: we are very confident that the true effect lies close to that of the estimate of the effect.
Moderate certainty: we are moderately confident in the effect estimate: the true effect is likely to be close to the estimate of the effect, but there
is a possibility that it is substantially different.
Low certainty: our confidence in the effect estimate is limited: the true effect may be substantially different from the estimate of the effect.

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

effect.

Explanations
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a. Long Term Follow-Up: outcome measured at > 12 months follow-up.

b. Rated down three levels for critical risk of bias due to lack of adjustment for important confounders (psychiatric interventions, mental health
comorbidities, socioeconomic status, or family support) and missing data (less than 50% provided outcome data) in 2 included studies.

c. Statistically, there was considerable heterogeneity with 12=99% and p<0.01. However, we did not rate down for inconsistency as the overall
effect estimate was not importantly affected by the studies contributing to statistical heterogeneity.

d. Rated down one level for imprecision due to the confidence interval (CI) crossing the threshold of no effect (i.e., difference in mean change
from baseline=0) and a CI that suggests both a possibility of a benefit or a harm in the outcome.

e. Short Term Follow-Up: outcome measured at < 6 months follow-up.

f. Rated down three levels for critical risk of bias due to lack of adjustment for important confounders (psychiatric interventions, mental health
comorbidities, socioeconomic status, or family support) and serious risk of bias due to missing data (i.e., 60% of participants provided outcome
data).

g. Optimal information size (OIS) of 200 participants was not met as only 121 participants were included in this study. Rated down one levels for
imprecision because of this. Low sample size importantly increases the risk of random error.

h. Rated down two levels for serious risk of bias due to lack of adjustment for important confounders (i.e., mental health comorbidities,
socioeconomic status, or family support) and missing data (i.e., 56% of participants provided outcome data).

i. Optimal information size (OIS) of 200 participants was not met as only 26 participants were included in this study. Rated down two levels for
imprecision because of this. Low sample size importantly increases the risk of random error.

j- Outcomes not measured: gender dysphoria, death by suicide, sexual dysfunction, progression to gender-affirming hormone treatment, bone
mineral density.

References

1.1, Becker-Hebly, S, Fahrenkrug, F, Campion, H, Richter-Appelt, M, Schulte-Markwort, C, Barkmann. Psychosocial health in adolescents and
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2. Before-after studies

Gender dysphoria: When measured between 23 to 36 months with the Utrecht Gender
Dysphoria Scale ranging from 1 to 5 (higher scores = greater gender dysphoria), meta-analysis
suggests that gender dysphoria may be lower (SMC (standardized mean change) 0.01 lower
[95% CI 0.4 lower to 0.19 higher], n = 2, very low certainty) after receiving puberty blockers
compared to before, although we are very uncertain about the causal effect of the intervention on

gender dysphoria. See Table 2.

Global function: When measured between 23 to 36 months with the Children’s Clinical Global

Assessment ranging from 1 to 100 (higher scores = greater global function), meta-analysis

suggests that global function may be higher (MC 3.63 higher [95% CI 3.17 higher to 4.09

13



higher], n = 2, very low certainty) after receiving puberty blockers compared to before, although

we are very uncertain about the causal effect of the intervention on global function. See Table 2.

Depression: When measured at 23 months with the Beck Depression Inventory ranging from 0
to 63 (higher scores = greater depression), depression may be lower (MC 3.36 lower [95% CI
3.69 lower to 3.03 lower], n = 1, very low certainty) after receiving puberty blockers compared

to before. See Table 2.

Bone mineral density of the hip: When assessed between 12 and 36 months with dual energy x-
ray absorptiometry (DXA), z-scores ranging from -3 to 3, meta-analysis suggests that bone
density of the hip may be lower (MC 0.71 lower [95% CI 1.09 lower to 0.33 lower], n = 2, very
low certainty) after receiving puberty blockers compared to before, although we are very

uncertain about the causal effect of the intervention on bone mineral density. See Table 2.

Bone mineral density of the lumbar spine: When assessed between 12 and 36 months with

dual energy x-ray absorptiometry (DXA), z-scores ranging from -3 to 3, meta-analysis suggests
that bone density of the lumbar spine may be lower (MC 0.72 lower [95% CI 0.91 lower to 0.54
lower], n =5, very low certainty) after receiving puberty blockers compared to before, although
we are very uncertain about the causal effect of the intervention on bone mineral density. When

assessed at 6 months, the evidence about this outcome was also very low certainty. See Table 2.

Bone mineral density of the femoral neck: When assessed between 20 and 24 months with

dual energy x-ray absorptiometry (DXA), z-scores ranging from -3 to 3, meta-analysis suggests

14



that bone density of the femoral neck may be lower (MC 0.7 lower [95% CI 1.11 lower to 0.29
lower], n = 2, very low certainty) after receiving puberty blockers compared to before, although

we are very uncertain about the causal effect of the intervention on bone mineral density. See

Table 2.

Table 2. Puberty blockers vs no puberty blockers: evidence from before-after studies.

Anticipated absolute effects” (95% CI) ES:EEGTE Ne of Certainty of
No puberty effect participants the evidence
Outcomes blockers Puberty blockers (95% CI) (studies) (GRADE) Comments
Gender Dysphoria,
Long Term Follow-Up
a.ss.essed with: The evidence is
participant reported . very uncertain
Utrecht Gender stz aelize e 39 about the effect of
. change 0.1 lower (2 non- @OOO
Dysphoria Scale - - . puberty blockers
(0.4 lower to 0.19 randomised Very low bed
Scale from: 1 to 5, - 2 ry on gender
. higher) studies) dvsphoria at |
higher scores = greater ysphoria at long
gender dysphoria term follow-up.
follow-up: range 23
months to 36 months *
Global Function, Long
Term Follow-Up
asgessed with: The evidence is
part.1c1pant re[.)o.rted The mean mean chanee 3.63 53 very uncertain
Children's Clinical global function, hich egr : (2 non- ® O O O about the effect of
Global Assessment long term 1g - . puberty blockers
(3.17 higher to 4.09 randomised Very low be .
Scale from: 1 to 100, follow-up was I studies)!? Ty on global function
higher scores = greater 66.53 at long term
global function follow-up.
follow-up: range 23
months to 36 months *
Depression, Long Term
Follow-Up
assessed with: The evidence is
participant reported The mean mean change 3.36 41 bvertyt}llm cc}taltn ¢
Beck Depression depression, long lower ) (1 non- @OOO a Stl)le " ebiocelfer(;
Inventory term follow-up (3.69 lower to 3.03 randomised Very low of Ic))n depﬁession at
Scale from: 0 to 63, was 8.31 lower) study)' long term follow-
higher scores = greater up.
depression
follow-up: 23 months *
Bone Mineral Density -
Hip, Iﬁong Term The evidence is
Fo OW-Up The mean bone very uncertain
assessed with: Dual- mineral densit mean change 0.71 128 about the effect of
energy x-ray  hip. Ton, terri lower ) (2 non- @OOO puberty blockers
absorptiometry (DXA), follg;v-u gwas _ | (1.09 lower to 0.33 randomised Very low &h on bone mineral
Z-scores 0 0}; lower) studies)>* density - hip at
Scale from: -3 to 3 ' long term follow-
follow-up: range 12 up-
months to 36 months *
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Bone Mineral Density -
Lumbar Spine, Long
Term Follow-Up
assessed with: Dual-
energy x-ray
absorptiometry (DXA),
Z-scores
Scale from: -3 to 3
follow-up: range 12
months to 36 months *

The mean bone

mineral density

follow-up was -

- lumbar spine,
long term

0.13

mean change 0.72
lower

(0.91 lower to 0.54
lower)

222
(5 non-
randomised

studies)>*36.7

®O00O

Very low

The evidence is
very uncertain
about the effect of
puberty blockers
on bone mineral
density - lumbar
spine at long term
follow-up.

Bone Mineral Density -
Lumbar Spine, Short
Term Follow-Up
assessed with: Dual-
energy x-ray
absorptiometry (DXA),
Z-scores
Scale from: -3 to 3
follow-up: 6 months ¥

The mean bone

mineral density

follow-up was -

- lumbar spine,
short term

1

mean change 1.3
lower
(1.57 lower to 1.03
lower)

9
(1 non-
randomised
study)®

®OO0O

Very low '™

The evidence is
very uncertain
about the effect of
puberty blockers
on bone mineral
density - lumbar
spine at short term
follow-up.

Bone Mineral Density -
Femoral Neck, Long
Term Follow-up
assessed with: Dual-
energy x-ray
absorptiometry (DXA),
Z-scores
Scale from: -3 to 3
follow-up: range 20
months to 24 months *

The mean bone
mineral density

follow-up was -

- femoral neck,
long term

0.43

mean change 0.7
lower
(1.11 lower to 0.29
lower)

93
(2 non-
randomised
studies)>’

®O00O

Very low e

The evidence is
very uncertain
about the effect of
puberty blockers
on bone mineral
density - femoral
neck at long term
follow-up.

Other outcomes - not
measured P

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

effect of the intervention (and its 95% CI).

CI: confidence interval

GRADE Working Group grades of evidence

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

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

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

estimate of effect.

Explanations
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a. Long Term Follow-Up: outcome measured at > 12 months follow-up.

b. Rated down three levels for risk of bias due to risk of bias with respect to prognostic imbalance associated with the observational study
design not having a comparison group, and one of the two included studies having critical risk of bias because of deviation from intended
intervention (i.e., all participants received social support and psychotherapy) and missing data (i.e., 43.9% participants provided outcome
data).

c. Rated down one level for inconsistency due to heterogeneity among included studies marked by a lack of overlap of confidence intervals
between the included studies. Statistically, there is considerable heterogeneity with 12=96% and p<0.01.

d. Rated down two levels for imprecision as the confidence intervals cross the threshold of no effect (i.e., difference in mean change from
baseline=0), suggesting both a possibility of a benefit or a harm in the outcome; and because the optimal information size (OIS) of 200
participants was not met (i.e., low sample size importantly increases the risk of random error).

e. Rated down one level for imprecision because the optimal information size of 200 participants was not met (<100 participants included).
Low sample size importantly increases the risk of random error.

f. Rated down two levels due to risk of bias stemming from prognostic imbalance associated with the observational study design not having a
comparison group.

g. Rated down three levels due to risk of bias stemming from prognostic imbalance associated with the observational study design not having
a comparison group. Moreover, of the two included studies, one has critical risk and the second serious risk due to missing outcome data (i.e.,
9.92% and 68.24%, respectively, provided outcome data).

h. Statistically, there was considerable heterogeneity with 12=97% and p<0.01. However, we did not rate down for inconsistency as the overall
effect estimate was not importantly affected by the studies contributing to statistical heterogeneity.

i. Rated down three levels due to risk of bias stemming from prognostic imbalance associated with the observational study design not having a
comparison group. Moreover, of the five included studies, three have critical risk of bias (i.e., 28.7%, 10.74%, 27.27%, respectively, provided
outcome data), one has serious risk (i.e. 68.24% provided outcome data), and another one has moderate risk (i.e., 85.9% provided outcome
data) due to missing outcome data.

j- Statistically, there was considerable heterogeneity with 12=89% and p<0.01. However, we did not rate down for inconsistency as the overall
effect estimate was not importantly affected by the studies contributing to statistical heterogeneity.

k. Short Term Follow-Up: outcome measured at < 6 months follow-up.

1. Rated down three levels due to risk of bias stemming from prognostic imbalance associated with the observational study design not having a
comparison group. Moreover, the study has critical risk due to missing outcome data (i.e., 27.27% provided outcome data).

m. Rated down two levels for imprecision because the optimal information size of 200 participants was not met (6 participants included). Low
sample size importantly increases the risk of random error.

n. Rated down three levels due to risk of bias stemming from prognostic imbalance associated with the observational study design not having
a comparison group. Moreover, one of two included studies has critical risk (i.e., 44.29% provided outcome data) and another one has serious
risk (i.e., 60% provided outcome data) of bias due to missing outcome data.

o. Statistically, there was considerable heterogeneity with 12=98% and p<0.01. However, we did not rate down for inconsistency as the overall
effect estimate was not importantly affected by the studies contributing to statistical heterogeneity.

p. Outcomes not measured: death by suicide, sexual dysfunction from a psychological perspective (i.e., lack of erection, dyspareunia,
problems related to dry and degenerated mucosal tissue, anorgasmia), progression to gender-affirming hormone treatment.
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hormone analog. The Journal of clinical endocrinology and metabolism; 2015.

6.E, Karakilig,Ozturan, AP, Oztiirk, F, Bas, AB, Erdogdu, S, Kaptan, AD, Kardelen,Al, S, Poyrazoglu, M, Yildiz, N, Direk, S, Yiiksel, F,
Darendeliler. Endocrinological Approach to Adolescents with Gender Dysphoria: Experience of a. Journal of clinical research in pediatric
endocrinology; 2023.

7.T, Joseph, J, Ting, G, Butler. The effect of GnRH analogue treatment on bone mineral density in young. Journal of pediatric endocrinology
&amp; metabolism: JPEM; 2019.

3. Case series

Two of the before-after studies reported data about progression to gender-affirming hormone

therapy after the intervention and we classified these as case series for that outcome 27-3°,
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Progression to gender-affirming hormone therapy: Within a range of 12 to 36 months, 92%
of individuals who received puberty blockers progressed to receiving gender-affirming hormone
therapy (proportion 0.92 [95% CI 0.53 to 0.99], n = 2, very low certainty), although we are very
uncertain about the effects of the intervention on this outcome. When assessed at 12 months, the
evidence about this outcome was also very low certainty. See Table 3. In terms of the incidence
of this outcome after receiving puberty blockers, the certainty of the evidence is low. See

Appendix 14.

Table 3. Puberty blockers vs no puberty blockers: evidence from case series. *

Anticipated absolute effects” (95% CI)

Risk with no Relative Ne of Certainty of
puberty Risk with puberty effect participants  the evidence
Outcomes blockers blockers (95% CI) (studies) (GRADE) Comments
Progression t9 The evidence is very
Gender-Affirming uncertain about the
Hormone Therapy, No proportio 65 effect of puberty
Long Term Follow-Up | comparison 920 per 1,000 n 0.92 (2 non- 1000) blockers on
assessed with: data group (530 to 990) (0.53 to randomised | yery [ow bed progression to
from medical records available 0.99) studies)'? gender affirming

hormone therapy at

follow-up: range 12
long term follow-up.

months to 36 months *
Progression to

The evidence is very

Gender-Affirming uncertain about the
Hormone Therapy, No proportio 13 effect of puberty
Short Term Follow- comparison 690 per 1,000 n 0.69 (1 non- @OOO blockers on
Up group (390 to 910) (0.39 to randomised Very low b4 progression to
assessed with: data available 0.91) study)! gender affirming

hormone therapy at

from medical records
long term follow-up.

follow-up: 12 months ®

Other outcomes - not =

measured © i i i i

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

CI: confidence interval

GRADE Working Group grades of evidence

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

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

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

Explanations
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Anticipated absolute effects” (95% CI)
Risk with no Relative Ne of Certainty of
puberty Risk with puberty effect participants  the evidence
Outcomes blockers blockers (95% CI) (studies) (GRADE) Comments

a. Long Term Follow-Up: outcome measured at > 12 months follow-up.
b. Rated down three levels due to lack of a comparison group when assessing the effect of puberty blockers on progression of gender-
affirming hormone therapy. We did not rate down for risk of bias due to deviation from intended intervention (i.e., all participants were
receiving psychosocial support and psychiatric interventions), because these co-interventions would likely result in less individuals receiving
the intervention of interest.
c. Statistically, there was considerable heterogeneity with 12=74% and p<0.01. However, we did not rate down for inconsistency as the overall
effect estimate was not importantly affected by the studies contributing to statistical heterogeneity.
d. Rated down two levels for imprecision because the optimal information size (OIS) of 200 participants was not met. Low sample size
importantly increases the risk of random error.
e. Outcomes not measured: gender dysphoria, death by suicide, global function, depression, sexual dysfunction from physiological perspective
(i.e., lack of erection, dyspareunia, problems related to dry and degenerated mucosal tissue, anorgasmia), bone mineral density.
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2.P, Carmichael, G, Butler, U, Masic, TJ, Cole, BL, De,Stavola, S, Davidson, EM, Skageberg, S, Khadr, RM, Viner. Short-term outcomes of
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*The research question of interest involves the comparison of puberty blockers to no puberty blockers.

Discussion

This systematic review and meta-analysis synthesized and appraised the available evidence
regarding the effects of puberty blockers in youth experiencing gender dysphoria. Most studies
provided very low certainty evidence about the outcomes of interest, thus, we cannot exclude the

possibility of benefit or harm.

Although some may consider our modification of the ROBINS-I tool for assessing risk of bias a
limitation, we believe that this adjustment produced conclusions comparable to those that would
have been reached using the original tool or alternative tools, such as the Newcastle-Ottawa
scale. 3* Methodological shortcomings in the included studies would likely yield similar findings
across any risk of bias tool. Comparative observational studies had critical risk bias due to
confounding and missing data. Before-after studies had moderate to critical risk of bias due to
missing data and moderate to critical risk of bias due to deviation from intended intervention. In

addition to lacking a comparison group, case series studies were at critical risk of bias due to
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deviation from intended intervention (i.e., administration of co-interventions). Given their

design, findings from case series studies should only be used for hypothesis generation.

To address the target question of this systematic review and that of the decision makers of
whether these interventions should be used, we evaluated the effects of puberty blockers using
case series and before-after studies because randomized clinical trials and comparative
observational studies were unavailable. While these study designs can provide insights for
certain single-group questions (e.g., what is the quality of life of individuals who have received
puberty blockers), they cannot answer questions about the effects of interventions (e.g., whether
quality of life is better in individuals who received puberty blockers compared to those who did
not). It is crucial to account for these limitations when the target question focuses on intervention
effects. Therefore, we rated down the certainty of the evidence primarily because of risk of bias
and imprecision for most outcomes and study designs. Imprecision often resulted from an
insufficient sample size and confidence intervals crossing the null effect threshold. We did not

find data for the outcomes of death by suicide and sexual dysfunction.

This is the first systematic review and meta-analysis to assess the effects of puberty blockers in
children, adolescents, and young adults experiencing gender dysphoria using the highest
methodological standards. 3> Several other published systematic reviews have assessed puberty
blockers, and their conclusions align with ours. 340 One of these systematic reviews used the
ROBINS-I tool, 3¢ while others used a different tool to assess the risk of bias. 374 Only two of
these systematic reviews assessed the certainty of the evidence using GRADE guidance,’%37 and

none conducted a meta-analysis. All other published systematic reviews had similar conclusions
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to our review: the current best available evidence about the effects of puberty blockers in the
population of interest is very low certainty, and high-quality studies evaluating short and long-

term outcomes of puberty blockers are needed.

To understand the effects of puberty blockers in youth with gender dysphoria, methodologically
rigorous studies, such as RCTs (if ethical) and prospective cohort studies, are needed to produce
higher certainty evidence. Since the current best evidence, including our systematic review and
meta-analysis is predominantly very low certainty, clinicians must clearly communicate this
evidence to patients and caregivers. Treatment decisions should consider the lack of moderate-
and high-quality evidence, uncertainty about the effects of puberty blockers, and patient’s values
and preferences Given the individualistic nature of values and preferences, guideline developers
and policy makers should be transparent about which and whose values they are prioritizing

when making recommendations and policy decisions.

Strengths and limitations of the review process

This systematic review and meta-analysis has multiple strengths. We rigorously followed the
highest methodological standards, assessed the risk of bias for each study, and evaluated the
certainty of the evidence for each outcome using the latest guidance. We performed analyses and
interpreted results following the GRADE approach. A limitation of our review is the inclusion of
only English language studies. However, we do not expect this to fundamentally change our

conclusions. Additionally, due to feasibility considerations, we had to prioritize outcomes to
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include in our systematic review. Therefore, we cannot make any conclusions regarding other

outcomes of interest, such as regret, anxiety, and pelvic pain.

Conclusion

The best available evidence reporting the effects of puberty blockers in youth with gender
dysphoria was mostly very low certainty and therefore we cannot exclude the possibility of
benefit or harm. There was evidence available for the outcomes of global function, depression,
gender dysphoria, bone mineral density, and progression to gender-affirming hormone therapy.
High certainty evidence from prospective cohort studies and, if ethical, RCTs, is needed to
understand the short- and long-term effects of puberty blockers in individuals experiencing

gender dysphoria.
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Figure 1. PRISMA 2020 flow diagram for new systematic reviews which included searches of databases and
registers only
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