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Background

During the perinatal period, women may be more susceptible to
depressive symptoms because of fluctuating oestrogen levels.
Genetic variations, epigenetic modifications and varying gene
expression levels of oestrogen receptor genes may contribute to
inter-individual differences in the encoded receptors’ sensitivity
to oestrogen, ultimately modulating the susceptibility to
depressive symptoms.

Aims

The aim of this systematic review was to provide an overview of
the literature on the association between oestrogen receptor
genes and perinatal depression symptoms by including genetic,
epigenetic and gene expression studies.

Method

A systematic search of three public databases, PubMed,
PsycINFO and Web of Science, was conducted in accordance
with the PRISMA guidelines (PROSPERO registration number:
CRDA42023447446). Two independent reviewers extracted data
and assessed study quality.

Results

A total of 29 studies were finally included, of which 16
investigated genetic variants, five investigated epigenetic
modifications and eight investigated gene expression levels of
oestrogen receptor genes. A limited number of genetic

Oestrogen receptor genes and perinatal
depression symptoms: systematic review

variations were found to be associated with perinatal depression
symptoms, most of them in ESR7. Moreover, DNA methylation
marks involved in oestrogen signalling, and gene expression
levels of ESR71 and ESR2, were found to be associated with
perinatal depression symptoms.

Conclusions

Genetic variations, epigenetic modifications and gene expres-
sion levels of oestrogen receptor genes are associated with
susceptibility to perinatal depression symptoms. The underlying
mechanism might be the inter-individual modulation of the
encoded receptors’ sensitivity to oestrogen. Future research
employing more comprehensive and integrative approaches is
needed to better understand the aetiology of perinatal depres-
sion symptoms.
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Major depression is one of the most common mental disorders,
with an estimated lifetime prevalence of 10%, and affects twice as
many women as men.'” Various factors are hypothesised to
contribute to this gender difference, which is primarily observed
during the reproductive phase.*> Among these, fluctuations in sex
steroid hormones, particularly those associated with female
reproductive transitions, are considered a major biological
contributor.>!! One such reproductive transition occurs during
the perinatal period, which spans from pregnancy until 1 year after
birth and is characterised by very pronounced sex steroid
fluctuations. Depression during this period can result in adverse
impacts not only on the pregnant person but also on the offspring,
the partner and the family.!>"1* Recent data indicate that around
40% of women exhibit depressive symptoms during the perinatal
period, with a substantial proportion meeting the diagnostic criteria
for depression.'®

Perinatal depression

Over the past few years, depression during the perinatal period has
become the most frequent complication of childbirth, with an
estimated prevalence of 17%.''® Despite a growing body of
evidence, it is still debated whether depression during this period is
sufficiently distinct from major depression to be defined as a
separate diagnosis.'*?* However, this discrepancy can largely be
attributed to varying definitions, including the timing of onset,
which can range up to 1 year after delivery.”! For instance, the
DSM-5 uses the specifier ‘with peripartum onset’ for a major
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depressive episode that is diagnosed either during pregnancy or
within the first 4 weeks after delivery.”? In comparison, the
definition by the ICD-11 covers the period from pregnancy up to 6
weeks postpartum.?? Moreover, definitions with even broader time
ranges have been used, covering pregnancy and up to 1 year
postpartum.?* To accommodate the range of definitions used in the
existing literature, this review refers to perinatal depression as
depressive episodes that occur during pregnancy and up to
12 months postpartum.

Aetiology of perinatal depression

Although a conclusive aetiological model for perinatal depression is
still lacking, it is widely recognised that biological and psychosocial
factors, and interactions thereof, are involved in the pathophysio-
logical mechanisms.?>?” Given the overlap between fluctuations in
sex steroid hormones and an increased incidence of depressive
symptoms, the involvement of oestrogens and progesterone has
been investigated in more detail. So far, empirical evidence has
implicated progesterone, particularly its neuroactive metabolite
allopregnanolone (a modulator of GABA , receptors), in perinatal
depression symptoms.*® Moreover, two neuroactive steroid GABA »
modulators, brexanolone and zuranolone, seem to be effective in
the treatment of perinatal depression symptoms.** In contrast,
the empirical evidence on oestrogens has been inconclusive.’!
While findings on the association between perinatal depression
symptoms and oestrogen levels are contradictory,**** some studies
have identified an increased sensitivity to oestrogen in women with
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perinatal depression symptoms.**~3¢ Therefore, a potential mediat-
ing role of oestrogen sensitivity in the aetiology of the disorder has
been suggested, which warrants further investigation.

Oestrogen

Oestrogens are known to regulate reproductive functions, but are
further involved in numerous other functions in both females and
males®” since their synthesis and actions are not restricted to the
gonads but also occur in various extragonadal tissues.*®*** In the
brain, oestrogens are involved in molecular processes across several
neurotransmitter systems that affect emotional and cognitive
functions implicated in various mental disorders.?**! Qestrogens
can interact with the dopaminergic, serotonergic, GABAergic and
glutaminergic pathways by regulating neurotransmitter synthesis,
release and receptor interactions.*>** However, oestrogens are
largely bound to transport proteins, with only around 2-3% being
available in the unbound state with the capacity to induce an effect
in target tissues.*

Oestrogen receptors

Oestrogens exert their effects by binding to three oestrogen
receptors: oestrogen receptor-o, oestrogen receptor-f and the
G protein-coupled oestrogen receptor (GPER). Oestrogen receptors
mediate the emotional and cognitive effects of oestrogen, as they are
distributed in various brain regions involved in these functions.*>4¢
The receptors consist of distinct protein structures that provide
amino acid sequences to encode receptor functions.”’* Binding to
oestrogen receptors initiates cell type-specific transcriptional
processes and signalling mechanisms through both genomic and
non-genomic pathways, which ultimately regulate gene expres-
sion.’®! The efficiency of oestrogen-mediated signalling and the
associated biological and behavioural outcomes are regulated by the
individual sensitivity to oestrogen.>> However, oestrogen sensitivity
depends on the number and activity of oestrogen receptors, which
can be determined at different levels.®

Oestrogen receptor genes

The oestrogen receptors are encoded by three distinct genes,
consisting of ESRI encoding oestrogen receptor-a, ESR2 encoding
oestrogen receptor-f and GPER encoding GPER, which are
important determinants of oestrogen sensitivity.** So far, several
genetic variations in these genes have been identified, including
single nucleotide polymorphisms (SNPs), restriction fragment
length polymorphisms (RFLPs), short tandem repeats (STRs) and
haplotype combinations. Depending on the sequence location,
genetic variations have the potential to differentially modify gene
expression levels and the structure and function of the encoded
receptors.”® Furthermore, epigenetic modifications, such as DNA
methylation, can alter the accessibility of the DNA without
changing the DNA sequence itself, thereby mediating the
transcriptional activity of the gene.*® Research suggests that genetic
variations, epigenetic modifications and varying gene expression
levels of oestrogen receptor genes may lead to inter-individual
differences in the receptors’ sensitivity to oestrogen, which may
subsequently increase susceptibility to perinatal depression symp-
toms.”~>?

Scope of review

Previous reviews and meta-analyses have provided evidence that
oestrogen receptor gene variants, including rs2234693 and
rs9340799, may be involved in the aetiology of major depression
in women.5®®! However, these approaches did not strictly
distinguish between major depression and depression that occurs
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during reproductive transitions. Although each of the reproductive
transition phases is marked by changes in sex steroid hormones,
they exhibit distinct patterns of hormonal fluctuations.”*!** The
most pronounced fluctuations occur during the perinatal period,
and there is growing evidence suggesting that depression during
this phase is distinguishable from major depression.>!-2!
Considering that genetic variations, epigenetic modifications and
varying gene expression levels of oestrogen receptor genes may lead
to inter-individual differences in the sensitivity of the encoded
receptor to oestrogen, their involvement in the aetiology of
perinatal depression symptoms has been suggested.”’~>° Therefore,
this systematic review aims to provide an overview of the research
on the association between oestrogen receptor genes and perinatal
depression symptoms by including genetic, epigenetic and gene
expression studies.

Method

This systematic review was conducted according to the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines.®* The review protocol was registered with
the International Prospective Register of Systematic Reviews before
data collection (PROSPERO; registration no. CRD42023447446).
Ethics approval was not required for this systematic review.

Search strategy

An initial systematic literature search was conducted on 21 August
2023. Records were retrieved from three electronic databases:
PubMed, PsycINFO and Web of Science. All data were obtained
from published studies, with no restrictions on publication year or
language. Potentially eligible studies published in languages other
than English were translated into English and assessments were
conducted using the translated version. A two-component search
string with the Boolean operator ‘OR’ was used: (a) oestrogen
receptor synonyms and components, including (epi-)genetics and
gene expression, and (b) perinatal depression, including synonyms
(see Supplementary Table S1 available at https://doi.org/10.1192/
bjp.2025.39). A supplementary manual review of reference lists was
performed to identify additional publications. The literature search
was updated on 6 December 2024.

Study selection

After removal of duplicates, the remaining records were screened
for eligibility using titles and abstracts. To be included, records had
to meet the following criteria: (a) original research, (b) human
participants and (c) female participants who were (d) pregnant or
within the first year postpartum. Notably, the aim of employing a
broad period, encompassing both pregnancy and the 12-month
period following childbirth, was to accommodate the varying
definitions found in the literature and thus to provide a
comprehensive overview. The full text of records meeting these
criteria was reviewed for final eligibility. The following exclusion
criteria were applied: (a) no assessment of depression and/or
depressive symptoms, (b) no assessment of genetic variants,
epigenetic modifications or gene expression levels of oestrogen
receptor genes, (c) focus on child outcomes, (d) focus on
gestational/birth factors and (e) same sample. The screening was
performed by two independent reviewers and any disagreements
were resolved by consensus.

Data extraction

Data extraction was performed according to the guidelines
suggested by Sagoo et al.® The first data extraction took place


https://doi.org/10.1192/bjp.2025.39
https://doi.org/10.1192/bjp.2025.39
https://doi.org/10.1192/bjp.2025.39
https://doi.org/10.1192/bjp.2025.39

on 28 August 2023. Two independent reviewers extracted the data
using a predetermined form and categorised them according to
genetic, epigenetic and gene expression studies. The genetic studies
were further categorised according to two categories: (a) candidate
gene studies and (b) genome-wide association studies (GWASs).
The candidate gene studies were further classified according to the
three oestrogen receptor genes. We extracted information on the
first author, year of publication, country of origin, study design,
sample characteristics (sample size, mean age, ethnicity/race),
method of analysis, diagnostic criteria, time of assessment and main
findings. In addition, we extracted information on genotyped SNPs
and nucleotides for candidate gene studies. For epigenetic and gene
expression studies, we additionally extracted information on the
type of epigenetic marker or receptor gene, respectively, as well as
on the specimen. Because of the limited number of included studies
investigating each predictor variable (most were only investigated
once) and the methodological heterogeneity of the studies,
encompassing different outcome variables, diverse study designs
and different measurement approaches,***> we did not perform a
meta-analysis, and data were analysed narratively.

Quality appraisal

To assess risk of bias, we used a checklist developed by Elwood
et al®® in accordance with the guidelines of the HuGE Review
Handbook.®* The checklist included the following items: a clearly
stated objective and hypothesis, clear eligibility criteria for
participants, information bias in genotyping, selection bias,
information bias in assessment of environmental factors, informa-
tion bias in assessment of depression, restrictions on the ethnicity of
participants, replicable statistical methods, assessment of Hardy-
Weinberg equilibrium (HWE), comprehensive descriptive data and
genotype described. Each criterion on the checklist was rated as
Yes’ (study satisfied the criteria), ‘No’ (study did not satisfy the
criteria) or ‘NA’ (information not available in the study). Only the
criterion information bias in genotyping was rated additionally
with ‘QC’ (details given of quality control procedures). To assess the
quality of the evidence for each included study, the Grading of
Recommendation, Assessment, Development and Evaluation
(GRADE) criteria were applied.°® The initial confidence level was
defined according to the study design, with observational studies
starting at low confidence. The confidence level was raised by a
number of factors, including the use of clinical ratings for perinatal
depression symptoms, the inclusion of confounders, the exclusion
of psychiatric comorbidities, the use of correction for multiple
testing and a large sample size (n > 1000). The confidence level was
lowered by factors such as failure to account for confounders, lack
of correction for multiple testing, small (n <100) or very small
(n < 50) sample sizes and indirectness of assessment criteria for
perinatal depression. Based on these factors, ‘very low’, low’,
‘moderate’ and ‘high’ estimates (-2, —1, 0 and 1, respectively) were
assigned. The final confidence level was adjusted by one or two
categories if the difference between the number of factors raising or
lowering confidence was two or higher or four or higher,
respectively. Quality assessment was performed independently by
two reviewers, and any disagreements were resolved by consensus.

Results

Study selection

The initial literature search identified a total of 2093 records, from
which 561 duplicates were removed. Following an initial screening
of titles and abstracts, 1220 articles that did not meet the inclusion
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criteria were excluded. Reasons for exclusion at this stage
encompassed articles that did not cover any original research
(e.g. Fernandez et al®’), studies that investigated animal samples
(e.g. Furuta et al*®) and studies with a female sample analysed
outside of the perinatal period (e.g. Mehta et al*®). Subsequently, a
total of 287 articles were evaluated for full-text eligibility. Of these,
258 were removed based on the exclusion criteria. Notably, the
reasons for exclusion encompassed lack of assessment of depression
and/or depressive symptoms (e.g. Thippeswamy et al®), lack of
assessment of genetic variants, epigenetic modifications or gene
expression levels of oestrogen receptor genes (e.g. Figueira et al’’), a
focus on child outcomes (e.g. Wikenius et al’!), a focus on
gestational/birth factors (e.g. Pellicano et al’?) and the investigation
of the same sample (e.g. Nguyen et al’®). Furthermore, GWASs
conducting combined analyses of multiple cohorts without
reporting individual cohort findings separately were excluded
(e.g. Guintivano et al’*). Although such studies have the potential to
increase statistical power, their findings are limited by methodo-
logical variability (e.g. heterogeneous definitions of perinatal
depression across the cohorts). Therefore, a total of 29 studies
were ultimately included in the systematic review. The studies were
categorised according to genetic studies (n = 16), epigenetic studies
(n=05) and gene expression studies (n=8). The genetic studies
were further divided into two categories: (a) candidate gene studies
(n=9) and (b) GWASs (n = 7). Since no candidate gene study was
found to investigate the association between GPER and perinatal
depression symptoms, the studies were further divided into two
categories: (a) studies examining genetic variations in ESRI (n = 8)
and (b) studies focusing on genetic variations in ESR2 (n = 6). The
study characteristics and results of the included studies were
described within these categories (see Supplementary Tables Tables
S4-8). Figure 1 summarises the selection process based on the
PRISMA guidelines.

Study characteristics

The 29 included studies were published between 2010 and 2024. The
sample sizes ranged from 14 to 226 707. Seventeen studies conducted
a genome-wide approach, while 12 studies employed a targeted
approach. Nine genetic studies conducted a candidate gene approach
and genotyped and tested a total of 62 genetic variations in oestrogen
receptor genes, comprising 61 SNPs, of which four were RFLPs, and
one STR (see Fig. 2). In addition, four haplotype combinations were
tested for an association with perinatal depression symptoms.
Following the recommendations of Takezawa et al”> we avoid broad,
arbitrary groupings and therefore report self-reported ethnicities as
stated in the original studies to ensure an accurate description of the
participants. Three studies examined Asian samples, four examined
White samples, ten examined mixed-ethnicity samples, two
examined European samples, one examined a Spanish sample, one
examined a Japanese sample and eight studies did not provide
sufficient information on ethnicity. Twenty-three studies employed a
case—control design, and six studies adopted a cohort design. Eleven
of the case-control studies collected longitudinal data: six collected
data during pregnancy and the postpartum period and the other five
collected data only during the postpartum period, spanning from 2-3
days to 12 months postpartum.”®-3¢ Four of the case-control studies
used a cross-sectional design, collecting data within the first 12 weeks
postpartum.?’~° The remaining eight case-control studies did not
report the specific assessment time point during the perinatal
period.®*® The six cohort studies collected longitudinal data during
pregnancy and postpartum, ranging from 14 weeks of pregnancy to 9
months postpartum.”-1% The included studies applied various self-
report instruments and clinical interviews to assess perinatal
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Fig. 1 PRISMA flow diagram of the studies included in the review. ESR1, oestrogen receptor-o gene; ESR2, oestrogen receptor-p gene; GPER,

G protein-coupled oestrogen receptor gene; GWAS, genome-wide association study.

depression symptoms. A total of seven different self-report instru-
ments were used; the most frequently administered self-report
instrument was the Edinburgh Postnatal Depression Scale (EPDS).1%
The EPDS was employed in 22 studies, of which 16 reported a cut-off
score, ranging from § to 20.7678-80.82.8385-90.93,95-102,104

Critical appraisal of included studies

For an overview of the risk of bias assessment, please refer to
Supplementary Fig. S1 and Table S2. None of the included studies
indicated a high chance of bias for the criteria ‘replicable statistical
methods’ and ‘comprehensive descriptive data’. However, most of
the studies did not provide information on the assessment of
environmental factors, indicating a high chance of bias for this
criterion. An overview of the quality of evidence assessment is
provided in Supplementary Table S3. In summary, most of the
studies were attributed with a low (48.3%) level of confidence,
followed by very low (27.6%) and moderate (24.1%). No study
achieved a high (0.0%) level of confidence. It should be noted that
an initial low confidence level was assigned to observational studies,
which affected all of the included studies.
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Genetic studies on oestrogen receptor gene 1

Eight candidate gene studies investigated the association bet-
ween genetic variations in ESRI and perinatal depression
symptoms.’67887:88.93.94100 Thege studies genotyped and tested a
total of 45 genetic variations, including 44 SNPs, of which two
were RFLPs and one was a STR. The most frequently investigated
genetic variation was the SNP rs2077647, which was analysed in
four studies. The second most frequently investigated variations
(each analysed in three different studies) were the SNPs rs9340958
and rs3020434 and the RFLPs rs2234693, also known as the Pvu-I1l
variant, and rs9340799, also known as the Xba-1 variant. The third
most frequently investigated variants were the SNPs rs9341052,
rs3798577 and rs1801132, and one STR, the thymine-adenine
repeat, which were each analysed in two studies. The remaining
genetic variations were only tested once. Furthermore, three
studies analysed additional haplotype combinations. A significant
linkage disequilibrium was found between the haplotype
combinations of rs2077647 and rs9340799, rs2077647 and
rs2234693 and rs2234693 and rs9340799, but the haplotypes
did not show a significant association with perinatal depression
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Fig. 2 The genomic structure and approximate locations of the genetic variations in (a) ESR1, (b) ESR2 and (c) GPER investigated in the included

candidate gene studies. ESR1, oestrogen receptor-a gene; ESR2, oestrogen receptor- gene; GPER, G protein-coupled oestrogen receptor gene;
SNPs, single nucleotide polymorphisms. Blue color indicates significant findings. *Not significant after correction for multiple testing.

symptoms.”® Costas et al’® found that the haplotype combination
of rs9340954 and rs3020434 showed the strongest significant
association with perinatal depression symptoms, although it did
not withstand correction for multiple testing. Another study
found that the nine investigated SNPs defined approximately six
haplotype combinations, but they were not tested for an
association with perinatal depression symptoms.®® One study
also tested whether the joint genotype distribution of rs2234693
and rs9340799 was associated with perinatal depression symp-
toms, but no significant association emerged.78 Moreover, one
study investigated potential gene-gene interactions with oestro-
gen receptor genes in perinatal depression symptoms, of which
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three interactions with the thymine-adenine repeat were found to
be significant, specifically the dopamine transporter gene
(SLC6A3) and two genes involved in serotonergic signalling
(SLC6A4 and HTR2A).3% The most significant interaction was
found for the thymine-adenine repeat and the SERTLPR, although
the data were not adjusted for multiple testing.3

Genetic studies on oestrogen receptor gene 2

Six candidate gene studies investigated the association between genetic
variations in ESR2 and perinatal depression symptoms.’67787:939499
The studies genotyped and tested a total of 17 SNPs, including two
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RFLPs. The most frequently genotyped and tested genetic variation
was the RFLP rs4986938, also known as the Alu-1 variant, which was
examined in three studies. The second most frequently analysed
genetic variation was the RFLP rs1256049, also known as the Rsa-1
variant, which was examined in two studies. The remaining SNPs were
genotyped and tested only once, and no haplotype combinations were
constructed and tested. Notably, only one study found an association
between genetic variations in ESR2 and perinatal depression
symptoms. Specifically, the RFLP rs4986938 was associated with
perinatal depression symptoms, although the results were not adjusted
for multiple testing.””

Genome-wide association studies

Seven genetic studies conducted a genome-wide approach to
investigate  associations with perinatal depression  symp-
toms 3491929698104 The gtudies examined a total of 12 distinct
cohorts. A genome-wide significance for oestrogen receptor genes
was reached in one study.91 In detail, the SNP rs2347923 located in
Intron 3 of ESRI was found to be associated with perinatal
depression symptoms. Moreover, the SNP rs851981, located in the 5°
untranslated region (UTR) of ESRI, was associated with perinatal
depression symptoms after genome-wide significant loci for a latent
reproductive factor, including reproductive disorders such as
endometriosis, were identified and filtered for nominal significance
(p <0.05) in perinatal depression symptoms.®?

Gene expression studies

Eight studies investigated the association between gene expression
levels of oestrogen receptor genes and perinatal depression
symptoms.”*80:82:8586.89.90.103 Qe of them analysed mRNA levels
of ESR1,%? one analysed mRNA levels of ESR2!% and five employed
a genome-wide approach for mRNA analysis.”*80:858689.90 Ry
studies employed peripheral blood samples to determine mRNA
levels,”?808103 two studies investigated peripheral blood mononu-
clear cells (PBMCs),*>*° one study analysed extracellular vesicles in
peripheral blood® and one study used maternal placental tissue
samples.3? Five of the eight studies found significant associations
between gene expression levels of oestrogen receptor genes and
perinatal depression symptoms. In the case of mRNA levels of
ESRI, women with perinatal depression symptoms exhibited a
downregulation in maternal placental tissue and PBMCs, as well as
an enrichment in peripheral blood, compared to healthy
controls.?%82% Furthermore, transcript levels of ESRI were found
to be downregulated in granulocytes and upregulated in B-cells in
women with perinatal depression symptoms, but this did not
withstand correction for multiple testing.3® For mRNA levels of
ESR2, higher levels in peripheral blood were associated with
increased perinatal depression symptoms.!®® Moreover, transcript
levels of ESR2 were found to be downregulated in peripheral blood
and monocytes and upregulated in CD8+ T-cells in women with
perinatal depression symptoms, but this did not remain significant
after correction for multiple testing.®’

Epigenetic studies

Five studies investigated the association between epigenetic
modifications of oestrogen receptor genes and perinatal depression
symptoms.81839510L102 Eoyr of them analysed DNA methyla-
tion818395:10L102 while one study evaluated microRNAs.”> Three
studies investigated peripheral blood samples,3$*1%2 one study
examined extracellular vesicles in peripheral blood®® and one study
analysed maternal placental tissue samples.!®! All studies investi-
gating DNA methylation employed an epigenome-wide association
analysis (EWAS).818310L102 T - contrast, the study evaluating
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microRNAs employed a candidate approach.”® Three of the
EWAS studies investigated the methylation levels of individual
CpG sites,3#>1%1 whereas one study analysed differentially
methylated regions.!”® Three of the four EWAS studies found
significant associations between enrichment of DNA methylation
marks involved in oestrogen signalling and perinatal depression
symptoms.8100102 With regard to microRNAs, significantly
upregulated levels of miR-211 and miR-744, which target the 3’
UTR of ESRI and ESR2 and inhibit expression of these genes in
plasma exosomes, were identified in women with perinatal
depression symptoms.*®

Discussion

Previous research has indicated an involvement of oestrogen
receptor genes in the aetiology of depression in women. Notably,
the strongest evidence was reported for an association of rs2234693
and rs9340799 with severe depressive symptoms and major
depression in women.®*S! However, these studies failed to
distinguish between major depression and depression during the
perinatal period. While all of these phases are characterised by
changes in sex steroid hormones, they exhibit distinct patterns of
hormonal fluctuations.”*'** The most pronounced fluctuations
are observed during the perinatal period, and there is accumulating
evidence suggesting that depression during this phase is distin-
guishable from major depression.>!*-2! Therefore, we provided an
overview of the published literature on the association between
oestrogen receptor genes and perinatal depression symptoms, by
including genetic, epigenetic and gene expression studies. Overall,
our review revealed that a limited number of genetic variations in
ESRI and ESR2 were associated with perinatal depression
symptoms. Most of the associations were found for variations in
ESRI, of which the RFLP rs2234693 emerged as the most frequently
reported variant to show a significant association with perinatal
depression symptoms. Moreover, epigenetic modifications, includ-
ing DNA methylation marks involved in oestrogen signalling and
gene expression levels of ESRI and ESR2, were found to be
associated with perinatal depression symptoms.

When interpreting the associations between oestrogen receptor
gene variants and perinatal depression symptoms, it is important to
consider some mediating factors. One such factor is the specific
genes and the function of their encoded receptor, since three
different oestrogen receptor genes were investigated. We only
report findings for ESRI and ESR2, as we found no candidate gene
studies investigating the association between GPER and perinatal
depression symptoms and no GWASs with genome-wide signifi-
cance for variations in GPER. Despite the fact that GPERs are
membrane-bound oestrogen receptors, which are expressed in
various brain areas and are important mediators of oestrogen’s
rapid, non-genomic effects through the activation of various signal
transduction pathways, their function in the brain and thus their
implications for behaviour are still largely understudied.>!106-108
Consequently, no conclusions can be drawn regarding the impact of
genetic variations in GPERs and their associated rapid signalling
pathways, which may be implicated in the aetiology of perinatal
depression symptoms. However, our review revealed that ESRI was
more frequently associated with perinatal depression symptoms
than ESR2. On the one hand, this finding can be partially explained
by the higher number of genetic variations studied in ESRI
compared to ESR2, and thus a potential publication bias. On the
other hand, the distinct expression patterns of the encoded
receptors indicate a more important role in emotional functions
and moods for oestrogen receptor-o encoded by ESRI than for
oestrogen receptor-p encoded by ESR2.*°
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In addition to the specific gene and the function of the receptor
it encodes, the type of genetic variation must also be considered,
with a broad spectrum of genetic variation having already been
investigated. Most of the reviewed studies analysed SNPs, including
RFLPs, and only a few studies examined STRs and haplotype
combinations. Overall, 11 SNPs (including two RFLPs) and one
STR were found to be associated with perinatal depression
symptoms.”678878891L92 Geven of the SNPs did not remain
significant after correction for multiple testing, indicating that
the initial associations may be susceptible to false positives.”%88
Regarding RFLPs, one of three studies analysing rs4986938 (Alu-1)
and two of three studies analysing rs2234693 (Pvu-ll) found a
significant association with perinatal depression symptoms’®~7%%
However, these findings were not adjusted for multiple testing, thus
increasing the likelihood of false positive results. Notably, although
these variants are, by definition, also SNPs, they are referred to as
RFLPs because of their ability to disrupt the recognition sites of
specific restriction enzymes, such as Pvu-II or Alu-I, which cut the
DNA at these points.®® Previous research linked both of these
RFLPs to a risk of depression in women.5%1:1% However, as these
investigations did not strictly distinguish between major depression
and depression that occurs during reproductive transitions, for the
time being, it is not possible to conclude whether rs4986938 and
rs2234693 may represent a shared genetic factor for both major
depression and perinatal depression or whether they are specific to
perinatal depression symptoms. Regarding the STR thymine-
adenine repeat, one study found a significant association with
perinatal depression symptoms while another detected a trend for
an association.’®! Notably, a previous study found that the
thymine-adenine repeat was in strong linkage disequilibrium with
the RFLP rs2234693.!!° Considering linkage disequilibrium, single
variation analyses might be insufficient, as some alleles occur at
different sites more frequently than would be randomly expected.!!!
For instance, while some variants in linkage disequilibrium are
highly correlated, one may serve as a marker, whereas another
could directly be implicated in gene expression. Analysing a single
variant can therefore miss subtle or combined effects that
contribute to a phenotype. Therefore, analyses including hap-
lotypes, a combination of frequently co-occurring alleles on a
chromosome, provide more information on further genetic
variations.!%!12 This approach improves the robustness and
reliability of results and enhances the power of association tests,
particularly when multiple alleles are involved.!'*!!* However, the
reviewed haplotype combinations were not found to be significantly
associated with perinatal depression symptoms,’®** although this
finding should be interpreted with caution as only four different
haplotype combinations were examined, which were each tested
only once. Overall, although various types of genetic variations were
analysed across the included candidate gene studies, the majority of
the specific variants were only examined in a limited number of
studies. Given that genetic variations generally predict only small
differences in the phenotype,!'* a careful selection of the genetic
variation to be investigated might be crucial to achieve more stable
and reliable results. Moreover, genome-wide approaches may
provide evidence for novel risk variants without the bias of prior
hypotheses, thereby overcoming limitations of candidate gene
approaches and leading to a more comprehensive understanding of
the genetic architecture of perinatal depression symptoms.!!>!16
Notably, both SNPs identified by the included GWASs represent
novel risk variants, as they have not been investigated by the
included candidate gene studies.”®2 However, GWASs are often
underpowered, since a high level of significance is needed to
account for multiple testing.!'> This limitation was also evident in
the included GWASs, where the majority was underpowered.
Therefore, conducting meta-analyses combining different cohorts
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has gained considerable interest in increasing sample size and thus
statistical power. However, although 20 distinct cohorts were
investigated in a recent meta-analysis of GWASs of perinatal
depression, no SNP achieved genome-wide significance.”* To
address the power limitation, Kiewa et al®> employed another
approach, using a two-step analysis. First, they identified genome-
wide significant loci for a latent reproductive factor, including
reproductive disorders such as endometriosis. Second, the loci
identified were tested specifically for their association with perinatal
depression symptoms, applying a significance threshold of p < 0.05.
This approach reduced the multiple testing burden compared to
conducting a genome-wide analysis specifically for perinatal
depression. In summary, although various genetic variations have
been investigated, only a small number of them have been found to
be significantly associated with perinatal depression symptoms.
Moreover, the majority did not withstand correction for multiple
testing or were not adjusted for multiple testing, increasing the risk
of false positive results. Initial evidence suggests a more important
role for RFLPs such as rs2234693 in perinatal depression symptoms
than for other variations in oestrogen receptor genes. However,
little is known about their role and the biological pathways that
potentially result in perinatal depression symptoms.! Moreover, it
is important to note that the observed associations are based on
correlations, which precludes any direct causal interpretations
regarding the specific biological mechanisms that potentially
explain these associations. Consequently, it may also be that these
variations do not affect oestrogen signalling directly but are in
linkage disequilibrium with another functional variation, which
may in turn explain the significant associations with perinatal
depression symptoms.

While Mendelian inheritance provides a framework for
understanding how single-gene traits are transmitted over
generations, the majority of complex disorders, including perinatal
depression symptoms, do not follow simple Mendelian patterns
and involve multiple factors.'* Notably, none of the reviewed
studies investigated potential gene—environment interactions with
oestrogen receptor genes in perinatal depression symptoms. One
study additionally examined the influence of environmental factors
and found that a distressed partner relationship, unplanned
pregnancy and a self-reported history of depression were predictors
of perinatal depression.?” However, one study examined potential
gene-gene interactions with oestrogen receptor genes in perinatal
depression symptoms and found that three out of seven potential
gene-gene interactions with the thymine-adenine repeat were
associated with perinatal depression symptoms, including the
dopamine transporter gene (SLC6A3) and two genes involved in
serotonergic signalling (HTR2A and SLC6A4).%® Although these
data were not adjusted for multiple testing, meaning that false
positive results cannot be ruled out, the initial evidence suggests
that various gene-gene interactions with oestrogen receptor genes
may be involved in perinatal depression symptoms.

Besides genetic factors, it is also crucial to consider epigenetic
modifications, as they have the potential to regulate gene
transcription.®® Only a limited number of studies (1n=15) were
found to examine epigenetic modifications of oestrogen receptor
genes in relation to perinatal depression symptoms. The majority
investigated these modifications through epigenome-wide DNA
methylation analysis.8"8>100192 Notably, none of the reviewed
studies investigated methylation levels using a targeted approach.
Initial evidence from the reviewed studies suggests that DNA
methylation marks in regions involved in oestrogen signalling,
rather than in oestrogen receptor genes directly, may be associated
with perinatal depression symptoms. However, the ability to
directly compare these studies is limited, since there is only a small
number of studies, which employed varying methodologies,
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including the analysis of distinct tissue types. Given the tissue-
specific nature of epigenetic modifications, findings from periph-
eral blood may not be applicable to other tissues.!'”!!8 Moreover,
although one study found an association between microRNAs
targeting ESR1 and ESR2 and perinatal depression symptoms,” the
findings were not adjusted for multiple testing, meaning that false
positive results cannot be ruled out. Therefore, it is not yet possible
to draw definitive conclusions regarding the involvement of
epigenetic modifications of oestrogen receptor genes in the
aetiology of perinatal depression symptoms. Nevertheless, initial
evidence points to an involvement of epigenetic modifications
related to oestrogen signalling in perinatal depression symptoms.

Furthermore, gene expression levels also warrant careful
consideration, as they may offer crucial information about the
functional and biological implications of the genetic variants and
epigenetic modifications. While none of the genetic and epigenetic
studies investigated whether these (epi-)genetic variations affected
gene expression levels, a small number of studies (n=38)
investigated gene expression levels of oestrogen receptor genes in
relation to perinatal depression symptoms. Four studies reported an
association between mRNA levels of ESRI and perinatal depression
symptoms. 80828990103 However, the findings from one of these
studies did not withstand correction for multiple testing,®® and
findings from another study were not adjusted for multiple
testing,®? indicating a higher risk of false positive results. Similarly
for mRNA levels of ESR2, although two studies reported an
association with perinatal depression symptoms, one of these did
not withstand correction for multiple testing and the other did not
adjust for multiple testing.**'%> Moreover, conflicting results have
been reported, with both up- and downregulation of mRNA levels.
Given that gene expression levels of oestrogen receptors are known
to be tissue specific,'!!” comparisons between the studies are
challenging and interpretations may be limited in terms of
generalisability, because of the use of distinct tissue types across
the reviewed studies. Furthermore, although blood is suitable for
gene expression analysis, variations in collection, storage and
extraction may differentially affect transcription profiles.!?
Although binding to oestrogen receptors can induce both genomic
and non-genomic effects,'?1?2 the studies did not examine the
specific biological mechanisms implicated in the manifestation of
distinct gene expression levels, meaning that no causal conclusions
about the implicated pathways can be drawn. Nevertheless, initial
evidence indicates that gene expression levels of ESRI and ESR2 are
associated with perinatal depression symptoms.

In addition, when interpreting the findings of this review, it is
essential to take potential confounding factors into account.
Notably, 15 studies accounted for confounding variables, most
frequently age, followed by genetic ancestry. Although a previous
study found no direct association between genetic ancestry and
perinatal depression,'?® it is possible that differences in genetic
variations may reflect population-specific differences rather than
behavioural differences. This limitation is particularly relevant to
the candidate gene approach, since this approach is less effective in
accounting for subtle genetic ancestry differences compared to
genome-wide approaches.!!¢

The reviewed studies exhibited numerous methodological
differences regarding the assessment of perinatal depression
symptoms, which may account for some of the inconclusive
findings. First, the reviewed studies employed a wide range of
assessment time points, spanning from 11-14 weeks of pregnancy
to 12 months postpartum. These differences reflect the current
inconsistencies regarding the distinction between major depression
and perinatal depression, which can largely be attributed to varying
definitions of the time of symptom onset and how the postpartum
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period is defined.?® Research has suggested distinct genetic factors
contributing to depression during pregnancy and postpartum, with
a greater impact after birth.!**1% However, it was not possible to
compare the findings regarding onset during pregnancy and onset
postpartum because of the limited number of studies investigating
each time period, as well as the heterogeneous study designs. As
such, it cannot be ruled out that oestrogen receptor gene variants
associated with perinatal depression symptoms differ depending on
whether onset occurs during pregnancy or postpartum. Second, the
reviewed studies employed a wide range of self-report instruments
and clinical interviews to assess perinatal depression symptoms,
most of which were only employed in one study and were not
specifically designed for use during the perinatal period. Given that
some depressive symptoms are associated with common physio-
logical symptoms during the perinatal period, their differentiation
may be challenging.!?*!2” However, the most widely used screening
tool was the EPDS, which was specifically designed for use during
the perinatal period by excluding normative physiological perinatal
symptoms associated with depressive symptoms,'®® although
notably, the studies applied various cut-off values for the EPDS,
ranging from § to 20.767879-828387.8895 Although a cut-off value of 11
has been found to maximise both sensitivity and specificity for
detecting depression in pregnant and postpartum women, other
cut-off values may be used to prioritise either sensitivity or
specificity.!?® Moreover, the majority of the GWASs employed a
retrospective assessment of perinatal depression symptoms using
the EPDS, which may introduce recall bias and thus affect accuracy
of the reported symptoms.”®®1% Overall, the assessment of
perinatal depression symptoms varies widely, which makes it
difficult to compare the findings and may explain some of the
inconsistencies.

This is the first systematic review to provide an overview of the
current literature on the association among genetic variations,
epigenetic modifications and gene expression levels of oestrogen
receptor genes and perinatal depression symptoms. However, some
limitations need to be addressed. Despite 29 studies being included,
only a small number of studies investigated each category, with 16
studies investigating genetic variations, five studies examining
epigenetic modifications and eight studies analysing gene expres-
sion levels of oestrogen receptor genes. Moreover, although 16
genetic studies were identified for inclusion, nine of these employed
a candidate gene approach, whereby each genetic variation was only
analysed in a limited number of studies, with the majority being
tested in only one study. Furthermore, the genetic studies
conducting a genome-wide approach were mostly underpowered.
In addition, the broad inclusion criteria in terms of study design
restricted potential comparisons between the studies. Accordingly,
we were unable to compare the findings for subgroups with
symptom onset during pregnancy and symptom onset postpartum.
Moreover, as all of the included studies employed a correlational
design, we cannot draw causal conclusions regarding how the
investigated markers may ultimately affect perinatal depression
symptoms. Another limitation of this review lies in its primary
focus on oestrogen receptor genes. As other sex steroid hormones
such as progesterone also fluctuate during the perinatal period and
are also associated with mood and behaviour, the sensitivity of their
receptors may also be implicated in perinatal depression
symptoms.!? Since progesterone and oestrogen can exert both
synergistic and antagonistic effects within the same neurotransmit-
ter systems, a complex interplay underlying perinatal depression
symptoms cannot be ruled out and warrants further investigation.*?

To summarise, initial evidence supports the involvement of
oestrogen receptor genes in perinatal depression symptoms,
through a potential inter-individual modulation of the oestrogen


https://doi.org/10.1192/bjp.2025.39

receptors’ sensitivity to oestrogen. Genetic variations such as
rs2234693 in ESRI, along with epigenetic modifications, including
DNA methylation marks involved in oestrogen signalling and
gene expression levels of ESRI and ESR2, may serve as future
biomarkers for perinatal depression symptoms. However, the
current empirical evidence is insufficient to establish these
biomarkers for clinical use, and the correlational nature of the
results restricts definitive conclusions about the specific biological
mechanisms underlying these associations. In view of the present
findings, we recommend that future research should not only
replicate these findings in larger samples, with an emphasis on
reducing methodological inconsistencies and exploring potential
interactions, but should also conduct further functional inves-
tigations to uncover the specific biological pathways through
which oestrogen receptor genes may contribute to perinatal
depression symptoms. Future research also needs to explore the
potential involvement of GPER in perinatal depression symptoms
in more detail. Since non-genomic oestrogen signalling may be
crucial in modulating the rapid intracellular responses to
oestrogen fluctuations, a consideration of both the genomic and
non-genomic effects of oestrogen may provide vital insights into
how hormonal changes affect the brain and mood regulation
during the perinatal period. Given the complexity of perinatal
depression and its aetiology, we recommend that future studies
should also employ more comprehensive and integrative
approaches, such as multi-omics, to simultaneously analyse data
on various genetic, epigenetic, hormonal, environmental and
psychosocial factors. Such approaches will be critical in moving
towards a better understanding of the aetiology of perinatal
depression symptoms and in establishing reliable biomarkers.
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