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Abstract

Background. Epigenetic changes can be affected by gender-adaptive hormone therapy
(GAHT) in individuals with gender dysphoria. These changes may help to regulate
identity better and reduce sexual dissatisfaction. Therefore, this systematic review was
conducted to investigate the epigenetic effects of GAHT on these individuals.
Methods. Using keywords related to the study topic, a comprehensive and structured
search was conducted in Medline (PubMed), Scopus, and Web of Science databases
without time limits until the publication date of December 2024. After reviewing the
inclusion and exclusion criteria, relevant articles were selected and reviewed.

Results. Of the 421 articles identified after reviewing the title and abstract, 25 articles
were included in the study, and 5 articles were selected for the final analysis. The
research data demonstrated substantial epigenetic modifications through DNA
methylation patterns inthe ESR1, ESR2, AR, PRR4, and VMP1 genes following GAHT
treatment, indicating that gender identity influences the development of secondary sex
characteristics.

Conclusion. The present study demonstrated that GAHT may play a crucial role in
regulating gene expression and cellular processes related to gender identity through
epigenetic modifications. However, larger studies with larger samples and more
advanced epigenetic methods are needed to develop optimal and effective hormonal
protocols.

Practical Implications. ldentifying epigenetic changes that can predict a favorable
response or adverse effects of GAHT will pave the way for more precise and
personalized medical care.
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Extended Abstract

Background

Gender dysphoria (GD) is a complex condition
characterized by a persistent conflict between an
individual's experienced gender identity and the
gender assigned at birth. The cause of GD is not fully
understood, but biological, genetic, hormonal, and
environmental factors are suggested to play a role. As
an essential component of a medical transition,

gender-affirming hormone therapy (GAHT) is a
valuable way to match the external aspects of your
body to your internal gender identity by reducing
gender dysphoria. While the physiological and
metabolic effects of GAHT have been extensively
studied, the epigenetic effects GAHT entails in terms
of whether GAHT can change DNA methylation and
other epigenetic mechanisms that mediate gene
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expression, brain function, and sexual differentiation
are less well-known. These epigenetic effects may
provide useful information on the biological basis of
GD. Understanding these changes can provide
valuable insights into the biological underpinnings of
GD and enhance the precision of therapeutic
strategies.

Methods

This systematic review was conducted following
the PRISMA (Preferred Reporting Items for
Systematic Reviews and Meta-Analyses) guidelines.
A comprehensive literature search was performed in
December 2024 across four major electronic
databases: PubMed, Scopus, and Web of Science. The
search strategy incorporated both Medical Subject
Headings (MeSH) and free-text keywords related to
gender-affirming  hormone  therapy  (GAHT),
epigenetics, DNA methylation, histone modification,
and gender dysphoria. Boolean operators (AND, OR)
were used to combine and refine the search terms.
Studies that examined transgender individuals on
GAHT, and that included original data on epigenetic
changes, including DNA methylation, histone
changes, or changes to non-coding RNA, were
eligible for inclusion. Observational studies, clinical
studies, and preclinical studies were all acceptable
types of studies. Any article published in English or
Persian without a timeframe restriction up until
December 2024 was considered for inclusion. Studies
that were excluded included review articles, opinion
articles, case reports that had a small sample size
and/or did not have generalizable results, studies that
did not have full-text access, studies with
methodological and procedural flaws, studies that did
not address an epigenetic mechanism related to
GAHT.
Screening was executed independently by two
reviewers assessing whether titles, abstracts, or full
texts were relevant. Disagreements were settled
through discussions with a third reviewer. Relevant
data from the included studies were extracted into a
data extraction template. The data extraction template
included: author, year of publication, country, study
design, sample size, hormone therapy type and
duration, study design, epigenetics outcomes

measured, and key findings. The Newcastle- Ottawa
Scale (NOS) was used to determine methodological
quality and risk of bias. Studies must obtain a
minimum of 5 out of 9 on NOS for the study to be used
in the final synthesis.

Results

From an initial pool of 421 articles, 25 full-text
studies were assessed, and 5 studies met the eligibility
criteria. These five studies, published between 2017
and 2022, included a total of 123 participants. Two
studies were conducted in Spain, two in Australia, and
one in ltaly. All studies focused on individuals
diagnosed with GD who were undergoing GAHT,
either testosterone-based masculinizing therapy for
AFAB individuals or estrogen/anti-androgen-based
feminizing therapy for AMAB individuals.

DNA Methylation of Estrogen Receptors (ESR1 and
ESR2):

Multiple studies have observed substantial changes
in the methylation profiles of the ESR1 and ESR2
genes. For example, Fernandez and colleagues (2020)
reported that trans men had greater methylation in the
RII promoter region of ESR1 after six months of
testosterone exposure that was approximately
consistent with patterns seen in cisgender males.
Pallotti et al. (2022) similarly reported an increase in
ESR2 promoter methylation at 6 and 12 months of
testosterone exposure. That methylation of the ESR2
gene promoters was related to serum testosterone
levels and age as measured at 6 and 12 months. These
data suggest that potential epigenetic modifications in
estrogen receptor expression may occur through
GAHT, which could be associated with both
neuroendocrine and phenotypic congruence.

Changes in Androgen Receptor (AR) Methylation:

Hormone therapy involving anti-androgens and
estrogens in trans women was associated with
increased methylation in the AR gene, leading to
decreased AR expression. Aranda et al. (2017)
reported that feminizing GAHT influenced both AR
methylation and its expression levels, reflecting a
possible mechanism by which hormone therapy
suppresses masculinizing features.
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Broader Epigenomic Changes:

Studies using genome-wide methylation analysis
(Shepherd et al., 2022; EI-Osta, 2022) identified
thousands of differentially methylated positions
(DMPs) and regions (DMRs) across the genome.
Most changes were found in autosomal CpG sites and

were hormone- and time-dependent. However,
methylation patterns in  sex-specific  regions,
particularly ~ those  established during early

development, were largely resistant to GAHT.
Notably, some age-related and sex-specific DMPs
(e.g., in PRR4 and VMP1) did exhibit modification,
indicating the partial plasticity of the epigenome in
response to exogenous hormones.

Gene-Specific Effects (PRR4, VMP1):

The H19 gene, known for its role in growth
regulation and imprinting, exhibited subtle changes in
methylation after hormone therapy. In trans men,
hypomethylation of PRR4 was observed, aligning
their epigenetic profiles with those of cis men.
Similarly, trans women showed increased methylation

in the 3" UTR of VMPL, resembling cis-female
profiles. These gene-specific changes may influence
developmental and neurobehavioral pathways related
to gender identity and sexual differentiation.

Conclusion

This systematic review reveals that gender-
affirming hormone therapy induces meaningful
epigenetic changes in transgender individuals,
particularly in DNA methylation patterns of hormone
receptor genes and other regulatory regions. These
changes are likely to contribute to physiological and
neurodevelopmental alignment with an affirmed
gender identity. However, current evidence is
constrained by methodological limitations, including
small sample sizes, narrow tissue analysis, and short
follow-up periods. Future research should employ
larger, longitudinal cohorts, integrate multiple
epigenetic markers, and explore tissue-specific effects
to elucidate the biological mechanisms and long-term
implications of GAHT fully.
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