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Abstract

Purpose Postpartum depression (PPD) brings adverse and serious consequences to both new parents and newborns. Neu-
roticism affects PPD, which remains controversial for confounding factors and reverse causality in cross-sectional research.
Therefore, mendelian randomization (MR) study has been adopted to investigate their causal relationship.

Methods This study utilized large-scale genome-wide association study genetic pooled data from three major databases: the
United Kingdom Biobank, the European Bioinformatics Institute, and the FinnGen databases. The causal analysis methods
used inverse variance weighting (IVW). The weighted median, MR-Egger method, MR-PRESSO test, and the leave-one-out
sensitivity test have been used to examine the results’ robustness, heterogeneity, and horizontal pleiotropy. The fixed effect
model yielded the results of meta-analysis.

Results In the [IVW model, a meta-analysis of the MR study showed that neuroticism increased the risk of PPD (OR, 1.17;
95% CI, 1.11-1.25, p<0.01). Reverse analysis showed that PPD could not genetically predict neuroticism. There was no
significant heterogeneity or horizontal pleiotropy bias in this result.

Conclusion Our study suggests neuroticism is the risk factor for PPD from a gene perspective and PPD is not the risk factor
for neuroticism. This finding may provide new insights into prevention and intervention strategies for PPD according to early

detection of neuroticism.
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Introduction

Postpartum depression (PPD) refers to a specifier for
depressive disorders meeting the Diagnostic and Statisti-
cal Manual of Mental Disorders, Fifth Edition, in the weeks
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or months following delivery (American Psychiatric Asso-
ciation, 2013). The prevalence of PDD falls in the 12-26%
range (Liu et al. 2022; O’Hara and McCabe 2013; Shorey
et al. 2018). Generally, economically developed countries
tend to exhibit a lower incidence of PPD (Escriba-Agiiir
and Artazcoz 2011; Howard et al. 2014; Shorey et al. 2018).
It is worth noting that even new fathers may experience
PPD at a rate of about 8.4% (Cameron et al. 2016). The
main negative consequences of PDD include harming the
mother’s physical and psychological health, impacting her
social and intimate relationships, giving rise to her risky and
maladaptive behaviors, affecting the infant’s growth and
development, and influencing the mother-infant relationship
(Slomian et al. 2019). Meanwhile, PPD poses a risk for the
subsequent development of bipolar disorder and may also
confuse the detection and treatment of postpartum bipolar
disorders (Sharma et al. 2009). The literature has indicated
numerous risk factors for PDD, such as the mother’s medi-
cal conditions and delivery-related factors (e.g., gestational
diabetes mellitus,
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gestational diabetes, vitamin D deficiency, obese and
overweight, cesarean section, multiple births, preterm and
low birth-weight infants, negative birth experience, clinical
delivery difficulties, postpartum anemia), the mother’s men-
tal health and psychological factors (e.g., history of depres-
sion before delivery, postpartum sleep disruption, lack of
social support, level of prenatal attachment to child, qual-
ity of romantic relationship, first-time mothers, woman’s
age), and social and environmental factors (e.g., violence
and abuse, immigration status, traditional dietary pattern)
(Bradshaw et al. 2022; Liu et al. 2022; Smorti et al. 2019;
Zhao and Zhang 2020). In addition to the factors men-
tioned above, personality traits, especially neuroticism, may
increase the risk of PPD (MartiN-Santos et al. 2012).

Neuroticism, as a personality trait, manifests in height-
ened emotional sensitivity. Individuals with high neuroti-
cism scores are more susceptible to feelings of anxiety,
worry, fear, anger, frustration, envy, jealousy, guilt, depres-
sion, and loneliness (Jeronimus et al. 2016). In scientific
research, personality measurement involving neuroticism
is often operationalized and standardized by questionnaires,
such as the Eysenck Personality Questionnaire (Eysenck et
al. 1985), NEO Personality Inventory (Costa and McCrae
1992), and Big Five Inventory (Soto and John 2009).
Among the three personality traits—extraversion, neuroti-
cism, and psychoticism—only neuroticism can predict the
occurrence of postpartum depression (MartiN-Santos et al.
2012). Neuroticism was linked to a single nucleotide poly-
morphism in the hydroxysteroid (11-beta) dehydrogenase
1 gene, mediating its association with postpartum depres-
sion (Iliadis et al. 2017). For maternal depression, expres-
sion levels of hydroxysteroid (11-beta) dehydrogenase
positively correlate with serotonin transporter (Ponder et al.
2011). Serotonin transporter may influence the relationship
between neuroticism and PPD (Canli and Lesch 2007; Sha-
piro et al. 2012; Takano et al. 2007).

Some studies indeed suggested a correlation between
neuroticism and postpartum depression (Axfors et al. 2017;
Boyce et al. 1991), while others indicate that neuroticism is
associated with postpartum depression within the first 3—-5
days but not after 69 weeks postpartum (Iliadis et al. 2015;
Imsiragi¢ et al. 2014). One study reports that within the first
week after delivery, neuroticism transitions from a signifi-
cant risk factor to a non-significant one after full adjustment
(Maliszewska et al. 2016). Therefore, the uncertain rela-
tionship between neuroticism and postpartum depression
requires further validation. Additionally, it remains uncer-
tain whether neuroticism has an influence on postpartum
depression predominantly from biological factors, or just by
socio-psychological influences. This study adopted a Men-
delian randomization study to address these problems.
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The Mendelian randomization (MR) posits that parental
alleles are randomly distributed to offspring during gam-
ete formation. If the genotype determines the phenotype
and the genotype is associated with the disease through the
phenotype, then the genotype can serve as an instrumen-
tal variable to infer the association between the phenotype
and the disease (Bowden & Holmes, 2019). MR studies uti-
lize genetic variation as an instrumental variable to assess
potential causal relationships between exposure variables
and outcome variables, aiming to reduce potential biases
caused by confounding and reverse causation (Skrivankova
et al. 2021). Therefore, this study employs an MR study
to investigate the causal association between neuroticism
and postpartum depression, overcoming the limitations
of observational studies. We hypothesize that neuroticism
genetically increases the risk of postpartum depression and
can predict its occurrence.

Methods
Study design

An MR study design delineated a causal relationship
between neuroticism and PPD. Within this methodologi-
cal framework, single nucleotide polymorphisms (SNPs)
associated with neuroticism were utilized as instrumental
variables representing the exposures, with PPD being the
outcome (Bowden et al. 2017). Three assumptions were elu-
cidated for MR analyses as follows: (1) A direct correlation
exists between the SNPs, serving as instrumental variables,
and neuroticism as the exposures; (2) Confounding vari-
ables remain independent of the association between SNPs
and neuroticism; And (3) the causal pathway linking SNPs
to the outcomes (PPD) is only through neuroticism.

Data sources and filter instrumental variables

Neuroticism data sources were sourced from the United
Kingdom Biobank (UKB) and the European Bioinformat-
ics Institute (EBI), encompassing the Neuroticism score (id:
ukb —b—4630), Neuroticism (id: ebi—a—GCST005232),
and Neuroticism score (id: ukb —a—230). Due to the bidi-
rectional causal testing design of the study, the genetic
variant-exposure and genetic variant-outcome should come
from different samples (Skrivankova et al. 2021). ,There-
fore, we acquired the SNPs of postpartum depression from
FinnGen (id: finn-b-O15 POSTPART DEPR). Detailed
characteristics of the data sources are presented in Table 1.
Initially, single nucleotide polymorphisms (SNPs)
associated exposures meeting a significance level of
P-value<5x 107 were extracted. The independence of
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Table 1 The characteristics of data sources used

Traits Datasets Unit Population Sample Number of instru- Consortium Year

size SNPs mental

variable

The Neuroticism score  UKB-b-44,630 SD  European 374,323 9,851,867 108 MRC-IEU 2018
The Neuroticism EBI-a-GCST005232 UA  European 329,821 18,436,568 65 Neale Lab 2017
The Neuroticism score  UKB-a-230 SD  European 274,108 10,894,596 62 Neale Lab 2017
Postpartum depression ~ FINN-b-O15 POSTPART DEPR UA European 66,665 16,376,275 11 UA 2021
SD: Standard deviation
UA: Unavailable
SNP: Single nucleotide polymorphisms
included SNPs as instrumental variables (IVs) was assured  Results

by utilizing a clumping method with a linkage disequilib-
rium threshold of r>>0.001 within a 10,000 kb window. The
F-statistics (F=beta%/se2) for all IVs, indicating their pre-
dictive capability, were required to be higher than 10. SNPs
significantly associated with the exposure, and simultane-
ously associated with the outcome (with a p-value < 5x 107%)
were excluded. These specific thresholds of summary-level
statistics of the association of each genetic variant are
required by the Two-sample MR approach (Georgakis et al.
2019). Subsequently, these SNPs were harmonized and fil-
tered using the Setiger filtering method. Supplementary File
1 provides information on the remaining SNPs.

Data analysis

The “Two Sample MR” package in R (version 4.3.0) was
employed for Mendelian randomization analysis. The pri-
mary method for assessing the causal effects of neuroticism
on postpartum depression was the inverse-variance-weighted
(IVW) (Bowden et al. 2015), The weighted-median estima-
tor, weighted mode, and MR-Egger regression were applied
to gauge the robustness of the IVW results(Burgess and
Thompson 2017). The heterogeneity of the included results
was analyzed with a significance level set at p=0.1. If
p>0.1, indicating no statistically significant heterogeneity
among the results of IVW, a fixed effect model was applied
for meta-analysis. If p<0.1, suggesting statistical hetero-
geneity among the study outcomes, a random effect model
was used for meta-analysis (Riley et al. 2011). To inves-
tigate reverse causation, a bidirectional study design was
adopted. Heterogeneity among results was assessed using
the Cochran-Q statistic test(Bowden et al. 2016). To address
potential horizontal pleiotropy, the MR-Egger intercept and
MR PRESSO methods were implemented (Burgess and
Thompson 2017). Funnel plots were generated to visualize
the individual Wald ratios for each SNP plotted against their
precision.

We explored the SNPs for neuroticism by identifying them
in three datasets and for postpartum depression in one data-
set as shown in Table 1. We found 108, 65, and 66 SNPs
for neuroticism respectively (p<5x 107, R*<0.001 and
> 10,000 kb, F>10). The details of SNPs associated with
both the exposures and outcome GWASs are provided in
Supplementary File 1.

A meta-analysis of MR results about neuroticism on the
risk of postpartum depression was shown in Fig. 1, in which
neuroticism genetically predicted postpartum depression
with an odds ratio of 1.17 (95% CI, 1.11-1.24). Further-
more, the meta-analysis model exhibited no heterogeneity
(»p=0.87) and a good overall effect (p <0.01). In detail, the
odds ratio (OR) of the Neuroticism score (id: ukb —b—4630)
for PPD was 1.18 (95%CI, 1.10-1.28; p=0.000) in the [IVW
MR analysis. Similar results were observed in the Neuroti-
cism score (id: ukb—a—230) (OR:1.17, 95%CI, 1.07-1.28,
p=0.001]. Neuroticism (id: ebi—a—GCST005232) was
marginally significantly associated with PPD using the
IVW method, with an odds ratio of 1.13 (95% CI 0.98-
1.31; p=0.099). The other methods including MR-Egger,
Weighted median, and Weighted mode examine the robust-
ness of the IVW method. We found all predictive directions
are consistent, but there is heterogeneity in significance. A
scatter plot was used to visualize the causal effect of neu-
roticism on the risk of PPD shown in Fig. 2. The results of
the reverse MR analyses indicated that PPD has no causal
effect on neuroticism (Table 2).

Table 3 shows the results of the Cochran’s Q statistic test.
There was no significant heterogeneity in SNP effects (All
p>0.05). To investigate the direction of the horizontal plei-
otropy, MR-Egger intercepts, and MR-PRESSO were uti-
lized. The results of MR-Egger intercept tests did not show
any significant horizontal pleiotropy bias (All p>0.05) as
shown in Table 3.
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Exposure No.of SNP  Method OR (95% CI) P

Neuroticism score || id:ukb—b—4630 108 IVW 1.18 (1.10 to 1.28) jre 0.000
MR Egger 127 (0.84101.90) o 0.256
Weighted median  1.23 (1.10 to 1.37) i ro-i 0.000
Weighted mode 124 (0.93 to 1.65)  #—e—s 0.144

Neuroticism || id:ebi—a—GCST005232 65 VW 1.13 (098 to 1.31) i"" 0.099
MR Egger 1.81(0.5505.96) — 0.330
Weighted median  1.17 (0.95 to 1.43) vi—o—- 0.139
Weighted mode 127 (077 t02.11) +—1—e—— 0.350

Neuroticism score || id:ukb—a—230 62 VW 1.17 (1.07 to 1.28) im 0.001
MR Egger 138(0.79102.41) e 0.268
Weighted median 125 (1.10to 1.41)  tre 0.000
Weighted mode 1.31(0.95t01.81) ni—o—- 0.099

05 1 152 253

Neuroticism score || id:ukb—b—4630 Vw 1.18 (1.10 to 1.28) —:'— 0.000

Neuroticism || id:ebi—a—GCST005232 VW 1.13 (‘0-98 to 1.31) ' 0.099

Neuroticism score || id:ukb—a—230 VW 1.17(1.07 to 1.28) ! 0.001

1.17 (1.11 to 1.24) <I>
Fixed effect model T 1
Heterogeneity: I2 = 0%, 12 =0, p = .87 0.76
Test for overall effect: z=5.73 (p < .01) 1 1.25

Fig. 1 A meta-analysis of Mendelian randomization results about neuroticism on risk of postpartum depression

Inverse variance weighted

/ MR Egger

0.10-

YA LIVdISOd §10-q-tug :pt
norssoxdop wnyred}sod U0 199739 NS

-0.15

0.05 0.10 0.15 010

SNP effect on Neuroticism score | id:ukb-b-4630

Fig. 2 Scatter plots of Mendelian randomization analyses

Discussion

This study has revealed that neuroticism increases the risk
of postpartum depression (PPD) from a genetic perspective,
but PPD cannot predict the risk of neuroticism. Our results
are consistent with previous observational research. A total
of 1,974 women without any mental disorders during preg-
nancy participated in a 32-week longitudinal study within
2-3 days postpartum. The findings indicated that women
experiencing postpartum depressive symptoms or PPD
scored significantly higher in neuroticism compared to the
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healthy control group (MartiN-Santos et al. 2012). Further-
more, a meta-analysis suggested that neuroticism increases
the risk of PPD by 1.37 folds (Puyané et al. 2022). However,
reverse Mendelian randomization (MR) results indicate that
PPD does not lead to neuroticism. This is because neuroti-
cism has its unique genetic loci, specific tissue expression,
and cell expression (Nagel et al. 2018), which interacted
with environmental factors, leading to a stable personal-
ity trait over time (Barlow et al. 2014), rather than being
the outcome of PPD occurring within approximately four
weeks after childbirth.
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Table 2 The reverse Mendelian randomization results of postpartum depression on risk of Neuroticism

Exposure. id NO. SNPs Outcomes. id OR (95%CI) P

postpartum depression (id: 11 The Neuroticism score (id: UKB-b-44,630)

finn-b-O15_POSTPART_DEPR) Inverse variance weighted 0.98 (0.91,1.04) 0.47
MR Egger 0.97 (0.70, 1.35) 0.86
Weighted median 0.94 (0.87,1.02) 0.14
Weighted mode 0.93 (0.82,1.04) 0.23
The Neuroticism (id: ebi-a-GCST005232)
Inverse variance weighted 1.01 (0.98, 1.03) 0.61
MR Egger 1.00 (0.92,1.09) 0.97
Weighted median 1.00 (0.96, 1.03) 0.85
Weighted mode 0.99 (0.95,1.04) 0.70
The Neuroticism score (id: ukb-a-230)
Inverse variance weighted 1.01 (0.94,1.09) 0.74
MR Egger 0.97 (0.68, 1.40) 0.88
Weighted median 0.95(0.87,1.04) 0.27
Weighted mode 0.93 (0.81,1.07) 0.35

NO. SNPs: Number of single nucleotide polymorphisms

OR: Odds ration

CI: Confidence interval

Table 3 The analysis of heterogeneity and horizontal pleiotropy in the risk of neuroticism on postpartum depression

Exposures (id) NO. SNPs Cochrane’s Q Pleiotropy

MR-Egger IVW MR-Egger MR-PRESSO
Q P Q P P P

The Neuroticism score (UKB-b-44,630) 108 109.70 0.38 109.81 0.40 0.74 0.41

The Neuroticism (evi-a-GCST005232) 65 68.93 0.28 69.60 0.30 0.44 0.30

The Neuroticism score (ukb-b-230) 62 68.82 0.20 69.21 0.22 0.60 0.24

NO. SNPs: Number of single nucleotide polymorphisms
IVW: Inverse variance weighted

Genetical mechanisms and sociological data affirm neu-
roticism as an independent risk factor for postpartum depres-
sion, rather than a mediator for traumatic influence. Existing
literature reports that postpartum anxiety fully mediates the
relationship between neuroticism and depressive symptoms
assessed two weeks postpartum, and this mediating effect
is also influenced by the mode of delivery (Roman et al.
2019). Specifically, mothers with high levels of neuroticism
also reported elevated postpartum anxiety levels 3 to 4 days
after childbirth, which is associated with postpartum depres-
sion. This association may be attributed to anxiety partially
stemming from environmental control, with neurotic per-
sonality traits making individuals more susceptible to a loss
of environmental control, ultimately leading to postpartum
depression(Gross and Hen 2004). This meditation model is
exclusively in women undergoing cesarean section, possibly
because women opting for this procedure without specific
medical indications may experience higher anxiety, lack of
confidence, and fear of childbirth (Olieman et al. 2017).

The genetic loci associated with neuroticism contain
genes related to depression, primarily distributed on chro-
mosomes 2 and 19 genetic loci (Nagel et al. 2018). Exten-
sive functional annotations of neuroticism include the

neurogenesis pathway, which would be impaired by Post-
partum estrogen withdrawal (Nagel et al. 2018; Zhang et
al. 2016). Meanwhile, the neural circuit activity of GAB-
Aergic neurons projecting to serotonergic neurons may
decrease due to ovarian hormone withdrawal, leading to the
occurrence of depression, while serotonergic neurons are
involved in the genetic correlation of neuroticism, implicat-
ing the involvement of specific cell types (Nagel et al. 2018;
Tao et al. 2023).

The serotonin transporter serves as an important mediator
between neuroticism and postpartum depression. Serotonin
transporter binding is positively correlated with neuroticism
score (Takano et al. 2007). Abnormalities in genes encod-
ing serotonin transporter are associated with genes for emo-
tional dysregulation (Canli and Lesch 2007), leading to the
vulnerability of depression. Neuroticism at age 25 is linked
to increased emotional dysregulation at age 36 (Kokkonen
and Pulkkinen 2001). The impact of neuroticism, particu-
larly on emotional stability circuits such as the prefrontal
cortex, constitutes an independent pathological mechanism.
Neuroimaging reveals a significant negative association
between neuroticism scores and prefrontal cortex activ-
ity during negative emotion processing (Yang et al. 2020).
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Proteomics analysis of the prefrontal cortex in depression
also indicates anomalies (Johnston-Wilson et al. 2000).
Additionally, the menstrual cycle influences emotional pro-
cessing in the prefrontal cortex (Protopopescu et al. 2005).
All of them suggest that the prefrontal cortex may be a criti-
cal brain region governing the predictive role of neuroticism
on postpartum depression. Clinical evidence indicated that
the prefrontal cortex could serve as a potential target for
transcranial direct current stimulation in the treatment of
postpartum depression(Ironside et al. 2016).

Conclusion

Neuroticism represents an independent risk factor for post-
partum depression, as confirmed by genetic research. The
causal relationship established in this study further under-
scores the value of early detection for the population with
neuroticism and then intervention, which emphasizes the
importance of preventing postpartum depression.

Limitation

In the robustness analysis of the [IVW method, MR-Egger
and weighted mode showed insufficient as non-significant
results. The statistical power of MR-Egger is compromised
by outliers resulting from measurement errors. Even with
the removal of outliers, measurement errors in other vari-
ables may still contribute to heterogeneity in the results.
Once MR-Egger violates the no measurement error assump-
tion, the bias it introduces tends to be greater than that of the
IVW estimate, and it is particularly susceptible to the influ-
ence of weak instrument bias (Bowden et al., 2016). The
weighted mode method is sensitive for nonlinear effects,
leading to biased results (Hartwig et al. 2017). However the
weighted median method supports the robustness of [IVW. In
addition, we conducted outlier detection and removal strat-
egies to outlier detection and removal strategies (Bowden
& Holmes, 2019). Supplementary File 2 shows the good
robustness of [IVW. Additionally, a limitation arises in this
study when incorporating exposure variables, as one trait
is the neuroticism score rather than neuroticism, potentially
leading to inconsistencies in the instrumental variables.
Moreover, in the process of obtaining samples for this study,
data were acquired through public data resources without
access to detailed reports from relevant databases. This lack
of detailed information may result in the inability to account
for some confounding factors, potentially impacting the
interpretation and generalizability of the study results.
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Implications

This study has genetically confirmed neuroticism as a sig-
nificant risk factor for postpartum depression, demonstrating
its predictive ability for postpartum depressive tendencies.
These findings offer new insights into the prevention of
postpartum depression. Before childbirth, the risk of devel-
oping postpartum depression can be assessed through per-
sonality trait testing. If a pregnant woman exhibits a higher
neuroticism score, caution should be exercised regarding
the potential development of postpartum depression. Addi-
tionally, in the treatment of postpartum depression, tailored
treatment plans can be developed based on personality
characteristics to enhance the individual’s response to the
treatment. Lastly, neuroticism may serve as a crucial distin-
guishing indicator for subtypes of postpartum depression,
offering clear markers for a more accurate classification of
postpartum depression.

Supplementary Information The online version  contains
supplementary material available at https://doi.org/10.1007/s00737-
024-01466-w.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in any medium or format,
as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons licence, and indicate
if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless
indicated otherwise in a credit line to the material. If material is not
included in the article’s Creative Commons licence and your intended
use is not permitted by statutory regulation or exceeds the permitted
use, you will need to obtain permission directly from the copyright
holder. To view a copy of this licence, visit http://creativecommons.
org/licenses/by/4.0/.

References

American Psychiatric Association, D (2013) Diagnostic and statistical
manual of mental disorders: DSM-5, vol 5. American psychiatric
association Washington, DC

Axfors C, Sylvén S, Ramklint M, Skalkidou A (2017) Adult attach-
ment’s unique contribution in the prediction of postpartum
depressive symptoms, beyond personality traits. J Affect Disord
222:177-184. https://doi.org/10.1016/j.jad.2017.07.005

Barlow DH, Ellard KK, Sauer-Zavala S, Bullis JR, Carl JR (2014)
The origins of Neuroticism. Perspect Psychol Sci 9(5):481-496.
https://doi.org/10.1177/1745691614544528

Bowden J, Holmes MV (2019) Meta-analysis and mendelian random-
ization: a review. Res Synth Methods 10(4):486—496. https://doi.
org/10.1002/jrsm.1346

Bowden J, Holmes MV (2019b) Meta-analysis and mendelian ran-
domization: a review. Res Synthesis Methods 10(4):486—496.
https://doi.org/10.1002/jrsm.1346

Bowden J, Davey Smith G, Burgess S (2015) Mendelian randomiza-
tion with invalid instruments: effect estimation and bias detection
through Egger regression. Int J Epidemiol 44(2):512-525. https:/
doi.org/10.1093/ije/dyv080


https://doi.org/10.1007/s00737-024-01466-w
https://doi.org/10.1007/s00737-024-01466-w
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.jad.2017.07.005
https://doi.org/10.1177/1745691614544528
https://doi.org/10.1002/jrsm.1346
https://doi.org/10.1002/jrsm.1346
https://doi.org/10.1002/jrsm.1346
https://doi.org/10.1093/ije/dyv080
https://doi.org/10.1093/ije/dyv080

Causal effects of neuroticism on postpartum depression: a bidirectional mendelian randomization study

Bowden J, Davey Smith G, Haycock PC, Burgess S (2016) Consis-
tent estimation in mendelian randomization with some Invalid
instruments using a weighted median estimator. Genet Epidemiol
40(4):304-314. https://doi.org/10.1002/gepi.21965

Bowden J, Greco D, Minelli MF, Davey Smith C, Sheehan G, N. A.,
Thompson JR (2016b) Assessing the suitability of summary
data for two-sample mendelian randomization analyses using
MR-Egger regression: the role of the 12 statistic. Int J Epidemiol
45(6):1961-1974. https://doi.org/10.1093/ije/dyw220

Bowden J, Del Greco MF, Minelli C, Davey Smith G, Sheehan N,
Thompson J (2017) A framework for the investigation of pleiot-
ropy in two-sample summary data mendelian randomization. Stat
Med 36(11):1783-1802. https://doi.org/10.1002/sim.7221

Boyce P, Parker G, Barnett B, Cooney M, Smith F (1991) Personality
as a vulnerability factor to depression. Br J Psychiatry 159:106—
114. https://doi.org/10.1192/bjp.159.1.106

Bradshaw H, Riddle JN, Salimgaraev R, Zhaunova L, Payne JL (2022)
Risk factors associated with postpartum depressive symptoms:
a multinational study. J Affect Disord 301:345-351. https://doi.
org/10.1016/j.jad.2021.12.121

Burgess S, Thompson SG (2017) Interpreting findings from mende-
lian randomization using the MR-Egger method. Eur J Epidemiol
32(5):377-389. https://doi.org/10.1007/s10654-017-0255-x

Cameron EE, Sedov ID, Tomfohr-Madsen LM (2016) Prevalence
of paternal depression in pregnancy and the postpartum: an
updated meta-analysis. J Affect Disord 206:189-203. https://doi.
org/10.1016/j.jad.2016.07.044

Canli T, Lesch KP (2007) Long story short: the serotonin trans-
porter in emotion regulation and social cognition. Nat Neurosci
10(9):1103-1109. https://doi.org/10.1038/nn1964

Costa PT, McCrae RR (1992) Professional manual: revised NEO per-
sonality inventory (NEO-PI-R) and NEO five-factor inventory
(NEO-FFI). Psychological Assessment Resources, Odessa, FL,
p 61

Escriba-Agiiir V, Artazcoz L (2011) Gender differences in postpartum
depression: a longitudinal cohort study. J Epidemiol Community
Health 65(4):320-326. https://doi.org/10.1136/jech.2008.085894

Eysenck SB, Eysenck HJ, Barrett P (1985) A revised version of the
psychoticism scale. Pers Indiv Differ 6(1):21-29

Georgakis MK, Gill D, Rannikmée K, Traylor M, Anderson CD, Lee
IM, Dichgans M (2019) Genetically determined levels of circu-
lating cytokines and risk of stroke. Circulation 139(2):256-268.
https://doi.org/10.1161/circulationaha.118.035905

Gross C, Hen R (2004) The developmental origins of anxiety. Nat Rev
Neurosci 5(7):545-552. https://doi.org/10.1038/nrn1429

Hartwig FP, Smith D, G., Bowden J (2017) Robust inference in sum-
mary data mendelian randomization via the zero modal pleiot-
ropy assumption. Int J Epidemiol 46(6):1985—1998. https://doi.
org/10.1093/ije/dyx102

Howard LM, Molyneaux E, Dennis CL, Rochat T, Stein A, Mil-
grom J (2014) Non-psychotic mental disorders in the perinatal
period. Lancet 384(9956):1775-1788. https://doi.org/10.1016/
s0140-6736(14)61276-9

Iliadis SI, Koulouris P, Gingnell M, Sylvén SM, Sundstrém-Poro-
maa I, Ekselius L, Skalkidou A (2015) Personality and risk for
postpartum depressive symptoms. Arch Womens Ment Health
18(3):539-546. https://doi.org/10.1007/s00737-014-0478-8

Iliadis SI, Comasco E, Hellgren C, Kollia N, Sundstrém Poromaa I,
Skalkidou A (2017) Associations between a polymorphism in the
hydroxysteroid (11-beta) dehydrogenase 1 gene, neuroticism and
postpartum depression. J Affect Disord 207:141-147. https://doi.
org/10.1016/j.jad.2016.09.030

Imsiragié¢ AS, Begi¢ D, Vukovié IS, Simi¢evié¢ L, Javorina T (2014)
Multivariate analysis of predictors of depression symptomatol-
ogy after childbirth. Psychiatr Danub 26(Suppl 3):416-421

Ironside M, O’Shea J, Cowen PJ, Harmer CJ (2016) Frontal cortex
stimulation reduces vigilance to threat: implications for the treat-
ment of depression and anxiety. Biol Psychiatry 79(10):823-830.
https://doi.org/10.1016/j.biopsych.2015.06.012

Jeronimus BF, Kotov R, Riese H, Ormel J (2016) Neuroticism’s pro-
spective association with mental disorders halves after adjust-
ment for baseline symptoms and psychiatric history, but the
adjusted association hardly decays with time: a meta-analysis
on 59 longitudinal/prospective studies with 443 313 partici-
pants. Psychol Med 46(14):2883-2906. https://doi.org/10.1017/
s0033291716001653

Johnston-Wilson NL, Sims CD, Hofmann JP, Anderson L, Shore AD,
Torrey EF, Yolken RH (2000) Disease-specific alterations in
frontal cortex brain proteins in schizophrenia, bipolar disorder,
and major depressive disorder. Stanley Neuropathology Con-
sortium Mol Psychiatry 5(2):142-149. https://doi.org/10.1038/
sj.mp.4000696

Kokkonen M, Pulkkinen L (2001) Extraversion and neuroticism as
antecedents of emotion regulation and dysregulation in adult-
hood. Eur J Pers 15(6):407-424

Liu X, Wang S, Wang G (2022) Prevalence and risk factors of postpar-
tum depression in women: a systematic review and meta-analysis.
J Clin Nurs 31(19-20):2665-2677

Maliszewska K, Swiatkowska-Freund M, Bidzan M, Preis K (2016)
Relationship, social support, and personality as psychoso-
cial determinants of the risk for postpartum blues. Ginekol Pol
87(6):442-447. https://doi.org/10.5603/gp.2016.0023

Mart{N-Santos R, Gelabert E, SubirA S, Gutierrez-Zotes A, Langorh
K, Jover M, Sanjuan J (2012) Research Letter: is neuroticism a
risk factor for postpartum depression? Psychol Med 42(7):1559—
1565. https://doi.org/10.1017/S0033291712000712

Nagel M, Jansen PR, Stringer S, Watanabe K, de Leeuw CA, Bryois
J, Posthuma D (2018) Meta-analysis of genome-wide association
studies for neuroticism in 449,484 individuals identifies novel
genetic loci and pathways. Nat Genet 50(7):920-927. https://doi.
org/10.1038/s41588-018-0151-7

O’Hara MW, McCabe JE (2013) Postpartum depression: current status
and future directions. Annu Rev Clin Psychol 9:379-407. https://
doi.org/10.1146/annurev-clinpsy-050212-185612

Olieman RM, Siemonsma F, Bartens MA, Garthus-Niegel S, Scheele
F, Honig A (2017) The effect of an elective cesarean section on
maternal request on peripartum anxiety and depression in women
with childbirth fear: a systematic review. BMC Pregnancy Child-
birth 17(1):195. https://doi.org/10.1186/s12884-017-1371-z

Ponder KL, Salisbury A, McGonnigal B, Laliberte A, Lester B, Pad-
bury JF (2011) Maternal depression and anxiety are associated
with altered gene expression in the human placenta without mod-
ification by antidepressant use: implications for fetal program-
ming. Dev Psychobiol 53(7):711-723. https://doi.org/10.1002/
dev.20549

Protopopescu X, Pan H, Altemus M, Tuescher O, Polanecsky M,
McEwen B, Stern E (2005) Orbitofrontal cortex activity related
to emotional processing changes across the menstrual cycle.
Proc Natl Acad Sci U S A 102(44):16060—16065. https://doi.
org/10.1073/pnas.0502818102

Puyané M, Subira S, Torres A, Roca A, Garcia-Esteve L, Gelabert E
(2022) Personality traits as a risk factor for postpartum depres-
sion: a systematic review and meta-analysis. J Affect Disord
298(Pt A):577-589. https://doi.org/10.1016/j.jad.2021.11.010

Riley RD, Higgins JP, Deeks JJ (2011) Interpretation of random effects
meta-analyses. BMJ 342:d549. https://doi.org/10.1136/bmj.d549

Roman M, Bostan CM, Diaconu-Gherasim LR, Constantin T (2019)
Personality traits and postnatal depression: the mediated role of
postnatal anxiety and Moderated Role of type of birth. Front Psy-
chol 10:1625. https://doi.org/10.3389/fpsyg.2019.01625

@ Springer


https://doi.org/10.1016/j.biopsych.2015.06.012
https://doi.org/10.1017/s0033291716001653
https://doi.org/10.1017/s0033291716001653
https://doi.org/10.1038/sj.mp.4000696
https://doi.org/10.1038/sj.mp.4000696
https://doi.org/10.5603/gp.2016.0023
https://doi.org/10.1017/S0033291712000712
https://doi.org/10.1038/s41588-018-0151-7
https://doi.org/10.1038/s41588-018-0151-7
https://doi.org/10.1146/annurev-clinpsy-050212-185612
https://doi.org/10.1146/annurev-clinpsy-050212-185612
https://doi.org/10.1186/s12884-017-1371-z
https://doi.org/10.1002/dev.20549
https://doi.org/10.1002/dev.20549
https://doi.org/10.1073/pnas.0502818102
https://doi.org/10.1073/pnas.0502818102
https://doi.org/10.1016/j.jad.2021.11.010
https://doi.org/10.1136/bmj.d549
https://doi.org/10.3389/fpsyg.2019.01625
https://doi.org/10.1002/gepi.21965
https://doi.org/10.1093/ije/dyw220
https://doi.org/10.1002/sim.7221
https://doi.org/10.1192/bjp.159.1.106
https://doi.org/10.1016/j.jad.2021.12.121
https://doi.org/10.1016/j.jad.2021.12.121
https://doi.org/10.1007/s10654-017-0255-x
https://doi.org/10.1016/j.jad.2016.07.044
https://doi.org/10.1016/j.jad.2016.07.044
https://doi.org/10.1038/nn1964
https://doi.org/10.1136/jech.2008.085894
https://doi.org/10.1161/circulationaha.118.035905
https://doi.org/10.1038/nrn1429
https://doi.org/10.1093/ije/dyx102
https://doi.org/10.1093/ije/dyx102
https://doi.org/10.1016/s0140-6736(14)61276-9
https://doi.org/10.1016/s0140-6736(14)61276-9
https://doi.org/10.1007/s00737-014-0478-8
https://doi.org/10.1016/j.jad.2016.09.030
https://doi.org/10.1016/j.jad.2016.09.030

Q. Hu et al.

Shapiro GD, Fraser WD, Séguin JR (2012) Emerging risk factors
for postpartum depression: serotonin transporter genotype and
omega-3 fatty acid status. Can J Psychiatry 57(11):704-712.
https://doi.org/10.1177/070674371205701108

Sharma V, Burt VK, Ritchie HL (2009) Bipolar II postpartum
depression: detection, diagnosis, and treatment. Am J Psy-
chiatry 166(11):1217-1221. https://doi.org/10.1176/appi.
ajp.2009.08121902

Shorey S, Chee CYI, Ng ED, Chan YH, Tam WWS, Chong YS (2018)
Prevalence and incidence of postpartum depression among healthy
mothers: a systematic review and meta-analysis. J Psychiatr Res
104:235-248. https://doi.org/10.1016/j.jpsychires.2018.08.001

Skrivankova VW, Richmond RC, Woolf BAR, Yarmolinsky J,
Davies NM, Swanson SA, Richards JB (2021) Strengthening
the reporting of Observational studies in Epidemiology using
mendelian randomization: the STROBE-MR Statement. JAMA
326(16):1614-1621. https://doi.org/10.1001/jama.2021.18236

Slomian J, Honvo G, Emonts P, Reginster JY, Bruyére O (2019)
Consequences of maternal postpartum depression: a sys-
tematic review of maternal and infant outcomes. Wom-
ens Health (Lond) 15:1745506519844044. https:/doi.
org/10.1177/1745506519844044

Smorti M, Ponti L, Pancetti F (2019) A comprehensive analysis of Post-
partum Depression Risk factors: the role of Socio-Demographic,
Individual, Relational, and delivery characteristics. Front Public
Health 7:295. https://doi.org/10.3389/fpubh.2019.00295

Soto CJ, John OP (2009) Ten facet scales for the big five inventory:
convergence with NEO PI-R facets, self-peer agreement, and dis-
criminant validity. J Res Pers 43(1):84-90

@ Springer

Takano A, Arakawa R, Hayashi M, Takahashi H, Ito H, Suhara T
(2007) Biol Psychiatry 62(6):588-592. https://doi.org/10.1016/].
biopsych.2006.11.007. Relationship Between Neuroticism Per-
sonality Trait and Serotonin Transporter Binding

Tao C, Zhang GW, Huang JJ, Li Z, Tao HW, Zhang LI (2023) The
medial preoptic area mediates depressive-like behaviors induced
by ovarian hormone withdrawal through distinct GABAergic pro-
jections. Nat Neurosci 26(9):1529-1540. https://doi.org/10.1038/
541593-023-01397-2

Yang J, Mao Y, Niu Y, Wei D, Wang X, Qiu J (2020) Individual dif-
ferences in neuroticism personality trait in emotion regula-
tion. J Affect Disord 265:468-474. https://doi.org/10.1016/;.
jad.2020.01.086

Zhang Z, Hong J, Zhang S, Zhang T, Sha S, Yang R, Chen L (2016)
Postpartum estrogen withdrawal impairs hippocampal neu-
rogenesis and causes depression- and anxiety-like behaviors
in mice. Psychoneuroendocrinology 66:138-149. https://doi.
org/10.1016/j.psyneuen.2016.01.013

Zhao XH, Zhang ZH (2020) Risk factors for postpartum depression:
an evidence-based systematic review of systematic reviews
and meta-analyses. Asian J Psychiatr 53:102353. https:/doi.
org/10.1016/j.2jp.2020.102353

Publisher’s Note Springer Nature remains neutral with regard to juris-
dictional claims in published maps and institutional affiliations.


https://doi.org/10.1016/j.biopsych.2006.11.007
https://doi.org/10.1016/j.biopsych.2006.11.007
https://doi.org/10.1038/s41593-023-01397-2
https://doi.org/10.1038/s41593-023-01397-2
https://doi.org/10.1016/j.jad.2020.01.086
https://doi.org/10.1016/j.jad.2020.01.086
https://doi.org/10.1016/j.psyneuen.2016.01.013
https://doi.org/10.1016/j.psyneuen.2016.01.013
https://doi.org/10.1016/j.ajp.2020.102353
https://doi.org/10.1016/j.ajp.2020.102353
https://doi.org/10.1177/070674371205701108
https://doi.org/10.1176/appi.ajp.2009.08121902
https://doi.org/10.1176/appi.ajp.2009.08121902
https://doi.org/10.1016/j.jpsychires.2018.08.001
https://doi.org/10.1001/jama.2021.18236
https://doi.org/10.1177/1745506519844044
https://doi.org/10.1177/1745506519844044
https://doi.org/10.3389/fpubh.2019.00295

	﻿Causal effects of neuroticism on postpartum depression: a bidirectional mendelian randomization study
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Study design
	﻿Data sources and filter instrumental variables
	﻿Data analysis

	﻿Results
	﻿Discussion
	﻿Conclusion
	﻿Limitation
	﻿Implications

	﻿References


