
Research Article

Dialogues in Clinical Neuroscience
2025, VOL. 27, NO. 1, 24–33

The complex interaction between oestrogen receptor genes, oestradiol, 
and perinatal mood

Gianna Zorzini , Alexandra Johann , Jelena Dukic  and Ulrike Ehlert 

Department of Clinical Psychology and Psychotherapy, University of Zurich, Zurich, Switzerland

ABSTRACT
Introduction:  Genetic variations in oestrogen receptor (ER) genes are associated with 
inter-individual differences in the sensitivity of ER-α, ER-β and G protein-coupled oestrogen 
receptor (GPER). These sensitivity differences may modulate susceptibility to mood changes 
during phases of endogenous oestrogen fluctuations, thereby explaining individual vulnerability. 
This study examined the association between ER gene variations, oestradiol and perinatal mood 
disturbances.
Methods:  A total of 159 women were observed during the perinatal period, providing saliva 
samples for oestradiol assessment and completing self-report measures of depressive and anxiety 
symptoms at five time points. Polymorphisms in ER genes were determined from dried blood 
spots. The associations were analysed using linear mixed models.
Results:  The ER-α gene haplotypes were associated with perinatal mood disturbances. The CG 
haplotype was associated with perinatal depressive (p = 0.0162, F-test) and anxiety symptoms 
(p = 2.396e-05, F-test), whereas the TA haplotype was associated with perinatal anxiety symptoms 
(p = 0.004, F-test). The interaction between ER gene variations, oestradiol and perinatal mood 
disturbances was not significant.
Conclusions:  ER-α gene variations are associated with an increased susceptibility to perinatal 
mood disturbances. Sensitivity differences in ER-α appear to play a more important role for 
emotional processes than those in ER-β and GPER, independently of oestradiol levels. This might 
be explained by ER-α’s more dominant expression in the hypothalamus and amygdala.

Introduction

During the peripartum period, up to 70–80% of 
women experience mood disturbances, encompassing 
depressive and/or anxiety symptoms (Andela and 
Dewani 2023), which can have a profound negative 
impact not only on the mother but also on the child. 
A considerable proportion of these women meet the 
diagnostic criteria for a mood disorder, with preva-
lence estimates reaching as high as 17% for perinatal 
depression (Wang et  al. 2021) and 15.9% for any anxi-
ety disorder (Dennis et  al. 2017). Moreover, these dis-
turbances are linked to a wide range of adverse 
implications for the mother, including increased social 
isolation (Letourneau et  al. 2017) and mortality due to 
suicide (Orsolini et  al. 2016). Associated negative out-
comes have also been observed in children, such as a 

lower likelihood of being breastfed (Grigoriadis et  al. 
2018) and potential impairments in cognitive develop-
ment (Slomian et  al. 2019).

So far, various psychosocial and biological factors 
have been hypothesised to contribute to the vulnera-
bility to perinatal mood changes (Furtado et  al. 2018; 
Zhao and Zhang 2020; Yu et  al. 2021). Among these, 
oestrogen has been of particular interest for at least 
two reasons: First, pronounced oestrogen fluctuations 
are observed during the perinatal period (Kuijper et  al. 
2013; Vannuccini et  al. 2016). Second, oestrogens 
seem to be involved in cognitive and emotional dys-
functions in mental disorders (Hwang et  al. 2020). 
While there is no clear evidence of deviating oestro-
gen levels in women with perinatal mood disturbances 
(Bloch et  al. 2003; Schiller et  al. 2015; Yim et  al. 2015), 
some evidence of an involvement of oestrogen 
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sensitivity has emerged. For instance, in a study inves-
tigating affective symptoms in multiparous women 
following a pharmacological simulation of the perina-
tal hormonal state, Schiller et  al. (2022) found that 
affective symptoms increased in women with a history 
of postpartum depression (PPD) but not in those with-
out. Furthermore, most of the affected women were 
identified as hormone-sensitive, defined as a mini-
mum 30% increase in affective symptoms during the 
pharmacological simulation. Accordingly, oestrogen 
sensitivity is proposed as one biological factor mediat-
ing the vulnerability to perinatal mood disturbances 
(Soares and Zitek 2008; Payne et  al. 2009; Mehta et  al. 
2014; Mehta et  al. 2019). This sensitivity depends on 
the efficacy of the oestrogen receptors’ (ERs) response 
to fluctuating oestrogen, which can be regulated by 
several influencing factors (Champagne and Curley 
2008; Hua et  al. 2018).

Genetic variations in the ER genes ESR1, ESR2 and 
GPER, which encode for ER-α, ER-β and GPER, respec-
tively, can alter the receptors’ structure and abundance, 
ultimately moderating their sensitivity to oestrogen 
(Figtree et  al. 2009). Binding of oestrogen to the ERs 
activates various transcriptional processes and signal-
ling mechanisms, which in turn regulate gene expres-
sion (Fuentes and Silveyra 2019). Given the widespread 
expression of ERs in the brain, particularly in the hypo-
thalamus, hippocampus and amygdala (Osterlund and 
Hurd 2001; Hazell et  al. 2009), the neuronal effects of 

oestrogen encompass interactions with neurotransmit-
ter systems and modifications to the brain’s structure, 
which are thus associated with behavioural expres-
sions such as mood (Barth et  al. 2015; Prossnitz and 
Hathaway 2015; Del Río et  al. 2018; Krolick et  al. 2018).

Although several ER gene variations have been 
linked to perinatal phenotypic expressions, including 
depression and anxiety (Costas et  al. 2010; El-Ibiary 
et  al. 2013; Pinsonneault et  al. 2013), significant 
research gaps remain. To date, research on ESR1 and 
ESR2 in relation to perinatal mood is limited and 
inconclusive, and research on GPER is completely 
lacking. Most studies have focused on individual 
genetic variants rather than haplotypes, a combina-
tion of frequently co-occurring alleles on a chromo-
some. Certain alleles are more likely to occur together 
than would be expected by chance, which is known 
as linkage disequilibrium. Therefore, investigating 
haplotypes may yield more reliable and robust results 
by providing information about additional genetic 
variations (Clark 2004; Slatkin 2008; Sundermann 
et  al. 2010). Furthermore, most of the studies con-
ducted a case-control design, with perinatal depres-
sion treated as a binary variable, thus impeding the 
observation of subtle mood changes and interactions 
over time. Although ER gene variations are hypothe-
sised to induce inter-individual alterations in the sen-
sitivity of the ERs, potentially modulating different 
responses to fluctuating oestrogen (see Figure 1),  

Figure 1. O verview of the role of oestrogen receptor gene variations in the expression of perinatal mood symptoms. E2: 
oestradiol.
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no study has yet examined whether these variations 
interact with oestradiol levels, ultimately resulting in 
different mood expressions.

The present study addressed the research gap 
regarding the complex interaction between ER gene 
variations, oestradiol and perinatal mood. Specifically, 
to develop a more individualised and comprehensive 
understanding, we aimed to identify dynamic changes 
and interactions implicated in the regulation of perina-
tal depressive and anxiety symptoms. To achieve this 
objective, we employed a longitudinal design, with 
assessments conducted at five time points during the 
perinatal period.

Methods

This study was conducted as a part of a larger research 
project funded by the Swiss National Science 
Foundation and carried out at the University of Zurich, 
Department of Clinical Psychology and Psychotherapy. 
The project was approved by the Ethics Committee of 
the Canton of Zurich (KEK-ZH-Nr. 2018-02357) and 
conducted according to the principles of the 
Declaration of Helsinki. The project’s central aim was 
to investigate (epi-)genetic, biological and psychologi-
cal factors implicated in female mood disorders during 
the transition from pregnancy to postpartum. The 
present study investigated the interaction between ER 
gene variations, oestradiol and perinatal mood, using a 
longitudinal design.

Participants and procedure

Physically healthy women were recruited at 34–36 weeks 
of gestation and followed up until 8–12 weeks postpar-
tum. All participants provided informed consent prior to 
assessment. Detailed information on the participants 
and the procedure can be found in previously pub-
lished manuscripts (Johann and Ehlert 2020; Johann 
et  al. 2023; Dukic et  al. 2024). The original sample size 
(N = 161) was reduced to n = 159, as one participant 
withheld consent for the use of (epi-)genetic data and 
one participant did not provide blood samples. For the 
interaction analyses, the sample size was further reduced 
to n = 126, as 33 participants provided insufficient or no 
saliva samples (see Figure S1).

Assessment of polymorphisms

Blood samples were collected using the dried blood 
spot (DBS) method, and genomic DNA was extracted 
using the MicroGEM forensicGEM Kit (MicroGEM UK, 

Southampton, United Kingdom). Five single nucleotide 
polymorphisms (SNPs) in three ER genes were selected 
for investigation: rs2234693 and rs9340799 in ESR1, 
rs1256049 and rs4986938 in ESR2, and rs3808350 in 
GPER. The SNPs were analysed using TaqMan SNP 
Genotyping Assays (ThermoFischer, Waltham, MA, 
USA). Genotyping was successful for all five SNPs in 
158 samples. One sample failed to achieve sufficient 
fluorescent signal to discriminate between alleles of 
the SNP rs3808350 in GPER.

Assessment of oestradiol

Over two consecutive days, participants provided four 
saliva samples, three in the morning (immediately after 
awakening, 30 and 45 min later) and one in the eve-
ning (8pm–10pm), at the following time points: 34–36 
(T1) and 40 (T2) weeks gestation as well as 4–8 (T4) 
and 8–12 weeks postpartum (T5). Additionally, five 
consecutive daily samples were collected starting 
within 48 h after delivery (T3). Salivary oestradiol (E2; 
pg/mL) was quantified by luminescence immunoassay 
with enzyme-linked immunosorbent assay (ELISA) kits 
(IBL International GmbH, Hamburg, Germany, cata-
logue number RE62141/RE62149). E2 values were only 
available for n = 126 participants; of these, 2,154 E2 
samples (32.8%) were considered to be missing (1,048 
samples lay above the sensitivity threshold (>64 pg/
mL) and 1,106 were completely missing). Missing E2 
values were imputed using predictive mean matching 
in the mice package in R (version 4.3.2; R Core Team) 
and log-transformed.

Assessment of perinatal mood

Depressive symptoms were assessed using the vali-
dated German version of the Edinburgh Postnatal 
Depression Scale (EPDS), a 10-item self-report tool that 
has shown good internal consistency (Bergant et  al. 
1998). Anxiety was assessed using the validated 
German-language short form of the state subscale of 
the State-Trait Anxiety Inventory (STAI-SKD), a five-item 
self-report tool that has likewise shown good internal 
consistency (Englert et  al. 2011). Both questionnaires 
were completed at all assessment time points (T1–5).

Statistical analysis

Chi-square (χ2) tests were used to assess the 
Hardy-Weinberg equilibrium (HWE). Genotypes were ana-
lysed as haplotypes, which were reconstructed by group-
ing SNPs by gene using an expectation-maximization 
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algorithm (Schaid et  al. 2002). Small haplotype groups, 
with fewer than five carriers of two copies, were com-
bined with those of one copy. Extremely rare haplotypes, 
with an overall frequency of fewer than 10 occurrences, 
were excluded. SNPs that could not be grouped by gene 
were analysed separately.

For each genetic variable, a linear mixed model 
(LMM) was set up with continuous EPDS or STAI-SKD 
scores as the target variable, genetic variable (haplo-
type or SNP), time (T1-5), and their interactions as 
fixed effects, and ‘participant’ as a random effect. The 
haplotypes and SNPs were coded as categorical vari-
ables with levels 0, 1 and 2, according to the number 
of copies per participant and number of minor alleles, 
respectively. Time was treated as a categorical variable 
with five different time points (T1–5). These genetic 
models were each compared with a basic LMM with 
‘participant’ as a random effect and time as the only 
fixed effect, using the likelihood ratio test (LRT). The 
p-values of the LRTs were adjusted for multiple testing 
using the Bonferroni-Holm method, assuming 28 tests, 
as a combination of seven genetic variables (two 
genes with three haplotypes each and one indepen-
dent SNP) that were tested four times (for EPDS, 
STAI-SKD and for the interaction with oestradiol for 
both EPDS and STAI-SKD; p < 0.00179 = 0.05/28). In the 
case of significant LRT results, the model was further 
analysed using F-tests for fixed effects. For significant 
fixed effects of genetic variables and/or interactions, 
corresponding post-hoc pairwise comparisons were 
conducted.

The interaction between each genetic variable, E2 
levels and perinatal depressive and anxiety symptoms 
were analysed similarly, by employing E2 levels and 
their interactions as additional fixed effects. To account 
for the within-day variability of E2, we used the mean 
values for the first day of each assessment time point. 
The interaction models were each compared to the 
corresponding genetic model using the LRT.

The model requirements were tested graphically. All 
tests were two-sided, with statistical significance set at 
p < 0.05.

Results

Sample characteristics

Sample characteristics are presented in Table S1. The 
sample mainly consisted of Swiss (71.7%), well-educated 
women (69.2% university degree) who were pregnant 
with their first child (55.4%). The mood measures and 
E2 levels at each assessed time point are displayed in 
Table S2. The highest mean EPDS score occurred within 

the first 48 h after delivery, whereas the highest mean 
STAI-SKD score was observed at 40 weeks of gestation.

Genotype and haplotype distribution

The genotype distribution of all SNPs was consistent 
with the HWE (see Table S3). The distribution and fre-
quencies of the reconstructed haplotypes are shown in 
Table S4. The two SNPs rs2234693 and rs9340799 in 
ESR1 were reconstructed into three haplotypes: CG, TA 
and CA. Notably, the most frequent haplotype was TA, 
with 26.4% of participants carrying two copies and 
51.6% of participants carrying one copy. The small 
haplotype group CA, with two copies (n = 3), was com-
bined with the group with one copy. The two SNPs 
rs1256049 and rs4986938 in ESR2 were reconstructed 
into four haplotypes: CC, CT, TC and TT. The most com-
mon haplotype was CC, with 37.7% of participants car-
rying two copies and 46.6% of participants carrying 
one copy. The extremely rare haplotype TT, with only 
one occurrence, was excluded from further analyses. 
Finally, the extremely small haplotype group TC, with 
two copies (n = 3), was combined with the group with 
one copy.

Perinatal depressive symptoms and oestrogen 
receptor genes

Regarding the EPDS, the models with the haplotypes 
CG and TA in ESR1 showed significant LRT results (see 
Table S5), also after including covariates (see Table S6). 
Figure 2a-b illustrates the depressive symptom trajec-
tories by CG and TA haplotype frequencies across the 
perinatal period. After correction for multiple testing, 
only the model with the haplotype CG remained sig-
nificant, which was further analysed using F-tests for 
fixed effects.

The LMM of haplotype CG showed a significant 
effect of haplotype (F(2, 155) = 4.13, p = 0.018), time 
(F(4, 557) = 5.02, p = 0.0005), and their interaction (F(8, 
557) = 2.54, p = 0.009). Post-hoc pairwise comparisons 
revealed significant differences in EPDS scores between 
carriers of different numbers of haplotype CG at T2 
and T3. Specifically, two-copy carriers showed higher 
EPDS scores than one-copy carriers (T2: β = –3.46, 95% 
CI [–6.39, –0.53], p = 0.014, T3: β = –3.39, 95% CI [–6.19, 
–0.58], p = 0.012) and non-carriers (T2: β = –3.26, 95% CI 
[–6.27, –0.24], p = 0.029, T3: β = –4.14, 95% CI [–7.01, 
–1.28], p = 0.002). Significant differences between the 
five time points were also found within each haplo-
type group: EPDS scores increased from T2 to T3 in 
one-copy carriers (β = –1.68, 95% CI [–3.34, –0.03], 
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p = 0.043) and from T2 to T4 in non-carriers (β = –1.96, 
95% CI [–3.79, –0.13], p = 0.027), and decreased from 
T3 to T4 in two-copy carriers (β = 3.09, 95% CI [0.14, 
6.03], p = 0.033) and from T3 to T5 in one-copy carriers 
(β = 2.29, 95% CI [0.75, 3.82], p = 0.003) and two-copy 
carriers (β = 3.31, 95% CI [0.38, 6.22], p = 0.015). 
Additionally, follow-up logistic regression analyses 
were conducted to explore the association between 
haplotype CG and perinatal depression at each of the 
five assessment time points. Perinatal depression was 
classified using the EPDS cut-off score of ≥11 (see 
Table S9), which has been found to maximise both 
sensitivity and specificity (Levis et  al. 2020). However, 
no significant associations were observed (all p-values 
>0.05, see Table S10).

Perinatal anxiety and oestrogen receptor genes

Regarding the STAI-SKD, the models with the haplo-
type CG and TA in ESR1 showed significant LRT results 

(see Table S5), also after including covariates (see Table 
S6). Figure 2c-d illustrates the anxiety symptom trajec-
tories by CG and TA haplotype frequencies across the 
perinatal period. Both haplotype models remained sig-
nificant after correction for multiple testing and were 
therefore further analysed using F-tests for fixed 
effects.

The LMM with haplotype CG showed a significant 
effect of haplotype (F(2, 154) = 10.64, p < 0.001) and 
time (F(4, 550) = 16.94, p < 0.001), but not of their inter-
action (F(8, 550) = 1.83, p = 0.069). Post-hoc pairwise 
comparisons revealed significant differences in 
STAI-SKD scores between carriers of different numbers 
of the haplotype CG over all time points. In detail, 
two-copy carriers showed higher STAI-SKD scores than 
one-copy carriers (β = –2.05, 95% CI [–3.14, –0.97], 
p < 0.0001) and non-carriers (β = –1.71, 95% CI [–2.82, 
–0.61], p = 0.0008).

The LMM of the haplotype TA showed a significant 
effect of haplotype (F(2, 154) = 5.47, p = 0.005), time (F(4, 

Figure 2. U nadjusted Edinburgh Postnatal Depression Scale (EPDS) and short form of the state subscale of the State-Trait Anxiety 
Inventory (STAI-SKD) scores relative to the frequencies of haplotype CG and TA in ESR1 at five different time points across the 
perinatal period. Bars indicate 95% confidence intervals. For better differentiation the bars were slightly shifted. (a) Haplotype CG 
in ESR1 for EPDS scores, (b) Haplotype TA in ESR1 for EPDS scores, (c) Haplotype CG in ESR1 for STAI-SKD scores, (d) Haplotype 
TA in ESR1 for STAI-SKD scores.
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549) = 17.59, p < 0.001), and their interaction (F(8, 
549) = 2.35, p = 0.015). Post-hoc pairwise comparisons 
revealed significant differences in STAI-SKD scores 
between carriers of different numbers of the haplotype 
TA at T2, T3 and T5. Non-carriers showed higher 
STAI-SKD scores than one-copy carriers (T2: β = 2.05, 
95% CI [0.67, 3.40], p = 0.001, T5: β = 1.47, 95% CI [0.23, 
2.72], p = 0.013) and two-copy carriers (T2: β = 2.16, 95% 
CI [0.58, 3.75], p = 0.003). At T3, two-copy carriers showed 
higher STAI-SKD scores than one-copy carriers (β = –1.52, 
95% CI [–2.72, –0.32], p = 0.007). Significant differences 
between the five time points were also found within 
each haplotype group: STAI-SKD scores increased from 
T1 to T2 in non-carriers (β = –2.24, 95% CI [–3.67, –0.81], 
p = 0.0001) and one-copy carriers (β = –1.01, 95% CI 
[–1.96, –0.05], p = 0.031), and both non-carriers and 
one-copy carriers showed a decrease in STAI-SKD scores 
from T2 to T3 (β = 2.17, 95% CI [0.71, 3.62], p = 0.0003 
and β = 1.16, 95% CI [0.18, 2.13], p = 0.008, respectively), 
T2 to T4 (β = 3.01, 95% CI [1.56, 4.47], p = 0.0001 and 
β = 1.66, 95% CI [0.71, 2.62], p = 0.0001, respectively), and 
T2 to T5 (β = 2.46, 95% CI [1.03, 3.89], p = 0.0001 and 
β = 1.89, 95% CI:[0.94, 2.84], p = 0.0001, respectively). A 
decrease in STAI-SKD scores was also found from T1 to 
T5 in one-copy carriers (β = 0.89, 95% CI [0.008, 1.76], 
p = 0.046), and from T3 to T4 (β = 1.52, 95% CI [0.29, 
2.74], p = 0.005) and T3 to T5 (β = 1.71, 95% CI [0.47, 
2.94], p = 0.001) in two-copy carriers.

Perinatal mood, oestrogen receptor genes and 
oestradiol

None of the interaction models showed significant 
results for the LRTs (see Table S7-8); therefore, no 
F-tests for fixed effects were carried out.

Discussion

The present study investigated the interaction between 
ER gene variations, E2 levels and mood during the tran-
sition from pregnancy to postpartum using a longitudi-
nal study design. The haplotypes CG and TA in ESR1 
were associated with perinatal mood disturbances. 
Women carrying two copies of the haplotype CG exhib-
ited elevated depressive symptoms at 40 weeks of ges-
tation and within 48 h after delivery, and elevated 
anxiety throughout the perinatal period, compared to 
those carrying one or no copies. Across all genetic sub-
groups, women with no copy of the haplotype TA 
showed the highest anxiety scores at 40 weeks of gesta-
tion and 8-12 weeks postpartum. No associations were 
found for the interaction between ER gene variations, 
E2 levels and perinatal mood disturbances.

Previous research has indicated that various genetic 
variations are associated with the onset of perinatal 
depression, specifically in the last months of preg-
nancy and up to eight weeks postpartum (Figueiredo 
et  al. 2015). In line with this, we found an interaction 
between haplotypes, time and perinatal mood distur-
bances, indicating that these haplotypes affect mood 
symptoms, particularly around 40 weeks of gestation 
and in the initial 48 h following delivery, and between 
8–12 weeks postpartum. Thus, these variations may 
serve as potential biomarkers for mood disorders 
during specific perinatal time points. However, explor-
atory follow-up analyses did not reveal any association 
with the potential diagnosis of perinatal depression at 
any time point. Importantly, these findings should be 
interpreted with caution given the rather healthy sam-
ple and thus the low proportion of women meeting 
the cut-off for a potential diagnosis of perinatal 
depression, also in comparison to similar studies (e.g., 
Pinsonneault et  al. 2013). Therefore, future studies with 
larger, well-powered groups of women diagnosed with 
perinatal depression are needed to validate these 
associations and further explore their potential clinical 
relevance. While genetic susceptibility to perinatal 
mood disorders remains constant throughout life, its 
effects may become more pronounced in response to 
environmental factors and biological changes that 
occur during the perinatal period (Guintivano et  al. 
2018). Considering the unique course of E2 levels 
across the peripartum, we hypothesised that ER gene 
variations would have distinct implications for mood 
symptoms depending on the E2 levels at different 
time points. However, no associations emerged 
between ER gene variations, E2 levels and perinatal 
mood disturbances. One explanation for this might lie 
in the fact that we employed absolute E2 levels rather 
than fluctuation measures. A recent study by our 
workgroup provided initial evidence of an interplay 
between ER genes and E2 fluctuations (Grub et  al. 
2024). In detail, ER gene variations modulated the 
effect of E2 fluctuations on menopausal symptom tra-
jectories, including psychological, somatic-vegetative 
and urogenital symptoms.

So far, genetic variations encoding for ER-α have 
been more frequently associated with mood symp-
toms in women compared to variations encoding for 
ER-β, suggesting that ER-α plays a more important role 
in emotional processes than other ERs (Ryan and 
Ancelin 2012; Li et  al. 2022). Similarly, we identified an 
association between perinatal mood disturbances and 
variations encoding for ER-α, but not for ER-β and 
GPER. Although ER-α and ER-β are similar in structure 
and function, several differences may modulate their 
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effects on mood symptoms (Ascenzi et  al. 2006; 
Sundermann et  al. 2010). One such difference is their 
distinct neuronal expression pattern: ER-α is more 
dominantly expressed in the amygdala and hypothala-
mus than ER-β, which may explain its more important 
role in mood regulation (Osterlund and Hurd 2001; 
Ostlund et  al. 2003). In contrast, GPERs are expressed 
in the hippocampus, cortex and hypothalamus and 
exhibit a structure that is more distinct from both ER-α 
and ER-β (Prossnitz and Barton 2011; Prossnitz and 
Hathaway 2015). Several factors may explain the lack 
of association between GPER and perinatal mood dis-
turbances. One reason may lie in the use of the EPDS 
to assess subjective mood, as this scale aggregates 
depressive symptoms over a period of two weeks. 
Given that GPERs primarily mediate oestrogen’s rapid 
non-genomic effects (Fuentes and Silveyra 2019), the 
EPDS scores may not accurately reflect the rapid 
response to oestrogen mediated by GPERs. However, 
we did not find an association between GPER and anx-
iety, which was assessed using a current-state anxiety 
questionnaire. Another potential reason might be the 
limited number of investigated SNPs in GPER. 
Accordingly, other genetic variations in GPER, which 
were not investigated in the present study, may be 
involved in perinatal mood disturbances.

A recent meta-analysis revealed that the C allele of 
rs2234693 and the G allele of rs9340799 are associated 
with an increased risk of depression in women (Li et  al. 
2022). In line with this, we found that two-copy carriers 
of the haplotype CG, corresponding to the genotype CC 
of rs2234693 and GG of rs9340799, appeared to be sus-
ceptible to perinatal mood disturbances. In contrast, 
carriers of one or more copies of the haplotype TA, 
which refers to at least one T allele of rs2234693 and 
one A allele of rs9340799, seemed to be less susceptible 
to perinatal mood disturbances. Interestingly, both SNPs 
are located in a non-coding region of the gene. 
Consequently, rather than directly encoding the amino 
acid sequence, they modify the transcription of ESR1 
through altered transcription factor binding (Maney 
2017). For instance, Herrington et  al. (2002) demon-
strated that the C allele of rs2234693 created a func-
tional binding site for the transcription factor B-Myb, 
thereby amplifying ESR1 transcription. Therefore, it can 
be hypothesised that the upregulation of ER-α expres-
sion through the C allele of rs2234693 may increase 
sensitivity to oestrogen and thus susceptibility to peri-
natal mood disturbances. Findings by Mehta et  al. 
(2014) also point to an increased sensitivity to oestro-
gen in women with PPD. Notably, the authors found 
enrichment of transcription factor binding sites for ER-α 
in affected women compared to healthy controls, 

despite no differences in oestrogen levels. However, the 
specific functionality and implicated biological pathways 
of these variations remain inconclusive (Sundermann 
et  al. 2010; Maney 2017). Thus, it can be argued that 
these variations may not directly affect oestrogen sig-
nalling. Moreover, the above-mentioned associations 
may arise not from the variations investigated but rather 
from their linkage with another functional variation that 
is associated with perinatal mood disturbances. For 
instance, both rs2234693 and rs9340799 were found to 
be in LD with the SNP rs2077647 in ESR1, which in turn 
was associated with both depressive symptoms and 
PPD within the first 12 weeks postpartum (Pinsonneault 
et  al. 2013; Tan et  al. 2018). However, these associations 
did not remain significant after correction for multiple 
testing, suggesting that the initial results may have 
been affected by false positives.

Nevertheless, several limitations of this study need 
to be considered. First, our study sample consisted 
mainly of healthy participants with low mood symp-
tom scores, which restricts the ability to generalise our 
findings to individuals with clinically relevant mood 
disorders. For instance, two-copy carriers of the haplo-
type CG exhibited the highest EPDS scores, with a 
mean of around 9 points shortly after birth, which 
remains below the proposed cut-off score of 12/13 for 
depression in the original validation study (Cox et  al. 
1987) and below the proposed cut-off score of 11 to 
maximise combined sensitivity and specificity for 
depression (Levis et  al. 2020). In addition, although 
exploratory follow-up analyses were conducted to 
examine the association with perinatal depression, the 
ability to detect significant associations may have been 
limited by the small number of women meeting the 
cut-off (EPDS ≥ 11) for a potential clinically relevant 
diagnosis of perinatal depression. Second, we 
addressed population stratification only by including 
women of self-reported European ancestry rather than 
by genotyping ancestry information markers, which 
may have introduced biases or confounding due to 
inaccuracies in self-reported data. Third, the interaction 
analysis was conducted with a smaller sample size 
than the genetic analysis, thereby reducing the statis-
tical power. Although imputation was applied to 
address the missing E2 data, the high percentage of 
missing values (32.8%), of which 48.8% were above 
the sensitivity threshold, may have introduced bias 
(Kleinke 2018). Notably, our data showed comparable 
to higher rates of missing values than other studies 
conducting in-home saliva assessments during the 
perinatal period (e.g., Iliadis et  al. 2015; Murphy et  al. 
2022). This can be attributed to at least two reasons. 
First, non-compliance with in-home saliva collection, 
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which is both common and highly variable during 
pregnancy, may have been exacerbated by the large 
number of required samples (Kudielka et  al. 2007; 
Moeller et  al. 2014). Second, the sensitivity threshold 
of the ELISA (>64 pg/mL) overlapped with the salivary 
E2 range during the third trimester (24–75 pg/mL), 
which increased the likelihood of samples not being 
detected, particularly during the first two assessment 
time points (Dukic and Ehlert 2023).

In conclusion, the present study indicates that ESR1 
variations, which may increase ER-α’s sensitivity to oes-
trogen, are associated with an elevated susceptibility 
to perinatal mood disturbances. Moreover, the findings 
suggest that this effect is dependent on time, and 
thus potentially on different E2 levels. However, the 
inclusion of an interaction with E2 levels did not 
explain perinatal mood disturbances. Therefore, sensi-
tivity differences in ER-α seem to play a more import-
ant role in emotional processes than sensitivity 
differences in ER-β and GPER, independently of E2 lev-
els, which might be explained by the receptor’s more 
dominant expression in the hypothalamus and amyg-
dala. However, due to the correlational study design, 
the underlying mechanisms by which these variations 
may ultimately affect perinatal mood disturbances 
remain unclear. Nevertheless, our findings highlight 
the importance of inter- and intraindividual investiga-
tion of perinatal mood symptoms related to oestrogen 
sensitivity, which future studies should consider. 
Although evidence is still insufficient to establish these 
genetic variations as biomarkers for perinatal mood 
disorders, they provide a promising target for future 
research. However, more comprehensive studies are 
needed that consider not only individual genetic vari-
ations, but also combinations with additional varia-
tions, as well as interactions with further biopsychosocial 
factors. Such approaches may improve our under-
standing of perinatal mood disorders and ultimately 
contribute to improved early detection.
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