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ﬂstract \
The

Background: Postpartum depression (PPD) is influenced by immune factors, particularly immune cells.
causal relationship between these cells and PPD is unclear.

Methods: Bidirectional two-sample Mendelian randomization (TSMR) analysis was performed to determine the
causal relationship between immune cell characteristics and PPD. The main analysis method used was the inverse
variance weighted (IVW) method. To ensure the robustness, heterogeneity, and horizontal pleiotropy of the re-
sults, a comprehensive sensitivity analysis was conducted.

Results: Overall, 28 immune cell phenotypes were identified as causally related to the onset of PPD. Most of
them were distributed in the B cell group and the Treg cell group. Further analysis revealed that 13 types of im-
mune cells had a promoting effect on PPD, whereas 15 types of immune cells had a protective effect. In addition,
the incidence of PPD was found to be causally related to CD62L on granulocyte [IVW: OR (95%): 1.183 (1.037
to 1.348), P = 0.012].

Conclusion: The study unveils the causal link between immune cells and susceptibility to postpartum depression
from a genetic standpoint, providing new directions for drug development and precision medicine for PPD
treatment.
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Introduction

Postpartum depression (PPD) is an emotional sleep issues, appetite changes, difficulty concen-
disorder occurring after childbirth, characterized trating, and feelings of helplessness (1). About
by low mood, loss of interest, anxiety, irritability, 10%-15% of postpartum women may be diag-
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nosed with PPD, with over half experiencing
symptoms within the first week (2). PPD can ad-
versely affect physical and mental health and, in
severe cases, pose a life threat (3). Therefore,
finding new early diagnostic methods and novel
therapeutic targets is currently a research focus
“).

PPD is associated with immune cell activation
and increased inflammatory response, although
our understanding of this relationship is still in-
complete (5). Research has found that women
with PPD show increased activation of the im-
mune system and inflammatory response (6). Ex-
cessive immune activation can cause body-wide
inflammation and contribute to diseases. In PPD,
immune cell activation may influence neuro-
transmitters and brain function, leading to emo-
tional and behavioral changes. In the context of
PPD, activation of immune cells may affect neu-
rotransmitters and brain function, resulting in
emotional and behavioral changes (7). While
more research is needed to establish the exact
link between the immune system and PPD, these
findings provide us with a new perspective to
understand this mood disorder and offer new
insights for future prevention and treatment
strategies (8).

Mendelian randomization (MR) is a powerful
method that uses genetic variation as instrumen-
tal variables (IVs) to establish causal relationships
between risk factors and diseases (9). This ap-
proach helps overcome inherent biases in obser-
vational studies and provides reliable and repre-
sentative results (10). MR is preferred over ran-
domized controlled trials (RCTSs) due to its ethi-
cal acceptability, ease of experimental control,
and the interpretability of data. By randomly as-
signing conditions at the genetic level and elimi-
nating the influence of other factors, MR ensures
more reliable outcomes. Therefore, previous re-
search has utilized MR to investigate the causal
impact of opioid drugs on PPD in order to ex-
plore early diagnostic methods (11), as well as to
uncover the causal relationship between PPD and
cognitive impairment, demonstrating cognitive
impairment as a key aspect of PPD and highlight-
ing its independent role in addressing cognitive
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impairments and alleviating symptoms associated
with PPD (12). MR analysis has confirmed a
causal relationship between age at first birth
(AFB) and PPD, with severe depression, family
income level, and marital stress identified as po-
tential mediators of this association (13). Howev-
er, few studies have evaluated the causal relation-
ship between circulating immune cell counts and
the onset of PPD, particularly using MR analysis
to explore the causal link between 731 immune
cells as the exposure factor and PPD.

We aimed to investigate the causal relationship
between immune cell characteristics and PPD
using bidirectional two-sample MR analysis,
providing insights for drug development and pre-
cision medicine in PPD treatment.

Materials and Methods

Study design

The causal relationship between 731 immune cell
features and PPD was assessed by employing a
two-sample bidirectional MR analysis. Firstly, the
immune cell features were treated as the exposure
factors, utilizing the single nucleotide polymor-
phisms (SNPs) of each immune cell as IVs, with
PPD as the outcome. MR analysis was performed
for each immune cell and PPD, using the results
from the inverse variance weighted IVW) meth-
od as the primary statistical analysis, with a signif-
icance threshold of P < 0.05. Secondly, PPD was
treated as the exposure factor and immune cells
showed positive results as the outcome, perform-
ing reverse MR analysis. Sensitivity analyses were
conducted for all results to ensure their robust-
ness. All data used in this study were acquired
from publicly available databases, and the re-
search studies included in our analysis had ob-
tained approval from the relevant institutional
review boards.

Genome-wide association study (GWAS) da-
ta sources for PPD

The PPD-related GWAS data used in this study
were obtained from the FinnGen public database

(https://gwas.mrcieu.ac.uk), with the dataset
identified by the 1D "finn-b-
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O15_POSTPART_DEPR". The study included a
total of 13,657 PPD patients and 59,601 Europe-
an ancestry controls. PPD was defined as the oc-
currence of depression within a short period after
childbirth (within 4 weeks or at 3, 6, or 12
months) (14). Finding a sufficient number of
SNPs for instrumental variable analysis posed a
challenge due to the limited number of SNPs that
met the threshold of 5 X 10, Therefore, all rele-
vant SNPs were screened in the GWAS data
based on a selection threshold of P < 1 X 10°
and the following criteria: distance between SNPs
greater than or equal to 10,000 kbp and linkage
disequilibrium (R2) = 0.001. The association be-
tween these SNPs and the exposure factor was
evaluated using the F-statistic (F = beta2/se2),
and SNPs with low statistical power (F-statistic <
10) were excluded (15).

Immunity-wide GWAS data sources

Each GWAS summary statistic of immune traits
can be obtained from the GWAS catalog (regis-
tration numbers ranging from GCST0001391 to
GCST0002121) (16). A total of 731 immune
phenotypes were included, encompassing abso-
lute cell counts (AC) (n=118), median fluores-
cence intensity (MFI) reflecting surface antigen
levels (n=389), morphological parameters (MP)
(n=32), and relative cell counts (RC) (n=192).
Specific proteins and molecules on the surface of
immune cells can be used to distinguish different
types of immune cells and are used for diagnos-
ing and monitoring immune system function
(17). The four immune features of immune cells
include surface markers, cell population counts,
cell activity, and MP, all of which are essential for
assessing normal immune system functioning and
widely applied in immunological research and
diagnosis. Specifically, the MFI, AC, and RC fea-
tures encompass B cells, conventional dendritic
cells (cDCs), mature stage T cells, monocytes,
bone marrow cells, T-cell/B-cell/NK-cell
(TBNK), and regulatory T (Treg) cells, while the
MP feature includes cDC and TBNK cells. When
immune cells are treated as exposure factors, the
P-value was set at 1X107 (18).
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Sensitivity and Statistical Analysis

The IVW method was used as the primary ap-
proach to estimate causal relationships between
exposure and outcome. The IVW method calcu-
lates the ratio of the effect size of the SNP asso-
ciated with the outcome to the effect size of the
SNP associated with the exposure (19). To en-
sure the reliability of our conclusions, sensitivity
analyses were conducted, including heterogeneity
tests and analysis of differences among individual
IVs. If there are substantial differences among
the IVs, it indicates high heterogeneity. An im-
portant test is the test for horizontal pleiotropy.
If the P-value is greater than 0.05, it suggests the
absence of horizontal pleiotropy. If horizontal
pleiotropy exists, our conclusions are considered
unreliable. Other tests include leave-one-out
(LOO) and Pleiotropy Residual Sum and Outlier
(PRESSO) tests. The LOO test evaluates the in-
fluence of each observation by excluding one in-
dividual from the analysis dataset in each iteration
and assessing the impact on the results. PRESSO
is a statistical tool used to detect potential shared
genetic effects (pleiotropy) on the genotype and
outcome (20).

Summary statistics were harmonized from two
datasets to ensure that the SNPs' effects on ex-
posure and outcome corresponded to the same
alleles. To infer causal associations, a two-sample
Mendelian randomization (TSMR) analysis was
performed using multiple methods, including
IVW, weighted median, MR-Egger regression,
simple model, and weighted model. IVW method
was used as the primary method for MR, which
combines the Wald ratio estimates from different
SNPs to provide a consistent estimate of the
causal effect of exposure on outcome (21). The
reliability of the IVW method depends on the
assumption of no horizontal pleiotropy (22).
When at least half of the SNPs are valid IVs, the
weighted median method provides a consistent
estimate of the causal effect (23). MR-Egger re-
gression is used to confirm the presence of hori-
zontal pleiotropy, with the intercept representing
the estimated effect of horizontal pleiotropy (24).
Even in the presence of horizontal pleiotropy,
MR-Egger regression can still provide an unbi-
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ased estimate of the causal association. Com-
pared to MR-Egger, the weighted median meth-
od improves the accuracy of results (25). Sup-
plementary analyses were also conducted using a
simple model and weighted model (26). In addi-
tion, scatter plots and funnel plots were used to
demonstrate the robustness and absence of het-
erogeneity. All analyses were performed using R
software version 4.3.1 with the packages TSMR
and MR-PRESSO (27). The plotting was done
using the random Forest and ggplot2 packages in
R.

Results

The causal relationship between immune
cells and PPD pathogenesis.

To explore the causal relationship between im-
mune cells and PPD pathogenesis, data from 731
immune cells were employed as exposure and
utilized immune cell SNPs as I'Vs in a two-sample
MR analysis with PPD. The primary analytic
method used was IVW, with a significance
threshold of P < 0.05 for inclusion. Through this
analysis, a total of 28 immune cell phenotypes
were identified that exhibited causal associations
with PPD incidence. Among these associations,
the majority were observed in B cells and Treg
cells, with 7 and 10 phenotypes respectively. Ad-
ditionally, 2 associations were found in the cDC
group, 4 in the Myeloid cell group, 2 in the Matu-
ration stages of the T cell group, 2 in the TBNK
group, and 1 in the Monocyte group (Supplemen-
tary Table 1) (Not published).

To further refine our findings, the immune cells'
impact on PPD development was further differ-
entiated based on the odds ratio (OR) values ob-
tained from the IVW statistical analysis. OR val-
ues greater than 1 are generally considered to
promote disease progression, while values less
than 1 indicate a protective effect against disease
occurrence. Among the 28 immune cell types
that yielded positive results, 13 were found to
promote disease incidence, while 15 exhibited a
protective role. The immune cell phenotypes that
contributed to PPD occurrence included 6 types
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in the Treg cell group, 3 types in the B cell group,
2 types in the TBNK group, and 1 type each in
the Monocyte and Myeloid cell groups (Supple-
mentary Table 1) (Fig. 1). On the other hand, out
of the 15 immune cell types that showed a pro-
tective effect against PPD, there were 4 types in
the B cell group, 4 types in the Treg cell group, 3
types in the Myeloid cell group, 2 types in the
cDC cell group, and 2 types in the Maturation
stages of T cell group (Supplementary Table 1)

(Fig. 2).

Exploring the causal relationship between
PPD onset and immune cells

To further investigate the causal relationship be-
tween PPD incidence and immune cells, a TSMR
analysis was conducted, using PPD as the expo-
sure factor, immune cells with positive results
(n=28) as the outcome, and SNPs influencing
PPD as IVs. The main analysis was performed
using the IVW method, with a significance
threshold set at P < 0.05 for inclusion. Through
this approach, a causal relationship between PPD
incidence and one specific immune cell pheno-
type was identified. Our research findings indi-
cate that in the forward MR analysis, where im-
mune cells serve as the exposure and the disease
as the outcome, the immune cell CDG62L on
granulocytes has a protective effect on PPD (Fig.
3A-B). In the reverse MR analysis, where the dis-
ease acts as the exposure and immune cells as the
outcome, PPD exhibits a promoting effect on the
immune cell CD62L on granulocytes (Fig. 3C-D).
The results from TSMR were consistent with the
primary IVW analysis, providing further reliability
to our findings. To enhance the robustness of
our results, sensitivity analyses were also per-
formed, which showed consistent estimates with
the main IVW analysis, and all associations were
non-significant. There was no evidence of heter-
ogeneity in the genetic instrumental estimates.
Furthermore, based on the MR-Egger intercept
test and the MR-PRESSO global test, no signifi-
cant evidence of pleiotropy was found (Supple-
mentary Table 1).
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Fig. 1: The causal associations between PPD and 13 immune cells with promoting effect. Note: OR, odds ratio; CI,
confidence interval; IVW, inverse variance weighted
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ID Trait SNPs Methods OR (95% CI) P value
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Fig. 2: The causal associations between PPD and 15 immune cells with a protective effect. Note: OR, odds ratio; CI,
confidence interval; IVW, inverse variance weighted
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Discussion

PPD has a serious negative impact on maternal
health, and maternal depression adversely affects
the behavior, emotions, and development of in-
fants (28). Therefore, exploring the etiology and
early diagnosis of PPD is crucial.

In this study, 28 immune cells were found to
have a causal relationship with PPD, of which 13
immune cells had a promoting effect on PPD
and 15 immune cells had a protective effect on
PPD. Through data analysis, the majority was
comprised of cDC and Myeloid cell groups in
our findings, which may indicate that these two
types of immune cells play a crucial role in pro-
moting the development of PPD. cDCs are es-
sential for antigen presentation and immune acti-
vation. In PPD patients, reduced cDC numbers
and impaired function lead to immune dysregula-
tion (29). Myeloid cells are essential for antimi-
crobial and anti-inflammatory responses. In PPD,
they exhibit functional abnormalities, such as re-
duced macrophage phagocytosis and pathogen
killing, which may lead to immune imbalance and
contribute to the development of PPD (30). In
PPD patients, macrophages and dendritic cells
secrete elevated levels of inflammatory factors
(such as TNF-a, IL-18) and cytokines (such as
IL-6), which can disrupt neurotransmitter metab-
olism and contribute to symptoms like low mood
and anxiety (31).

Immune cells with protective effects on PPD are
mainly concentrated in three types: B cells, Treg
cells, and myeloid cells. Studies have shown that
changes in B cell homeostasis and excessive acti-
vation of B cells may lead to the production of
excessive autoantibodies and immune complexes,
increasing the risk of depression (32). The num-
ber and function of Treg cells in PPD patients
are abnormal, manifested as decreased numbers
and reduced inhibitory function. This may lead to
immune imbalance and inflammatory reactions,
harming the nervous system (5). Myeloid cells
control infections and reduce inflammation by
phagocytosing pathogens and releasing cytokines
(33). They also assist in Treg cell differentiation
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and function, inhibiting immune over-activation
(34), and influence neurotransmitter balance and
signal transduction, affecting emotions and be-
havior (35). Identifying the normal fluctuations in
immune cells and further exploring the immune
regulation mechanisms postpartum can help bet-
ter promote immune stability and health, poten-
tially playing a role in preventing PPD.

During reverse MR analysis, PPD was used as the
exposure factor and focused on 28 positive re-
sults of immune cells as the outcome. Our analy-
sis uncovered a causal relationship between the
onset of PPD and a specific immune cell pheno-
type, CD62L, also known as L-selectin. CD62L, a
cell surface molecule in the selectin family, is
primarily found on white blood cells and is essen-
tial for regulating immune cell migration and ad-
hesion (33). Under normal circumstances,
CDO2L is expressed on the surface of resting
granulocytes, allowing weak adhesion with endo-
thelial cells and helping granulocytes to roll on
the inner wall of blood vessels. When granulo-
cytes are sufficiently stimulated, such as by in-
flammatory mediators, the expression of CD62L
is downregulated, allowing granulocytes to bind
more tightly to endothelial cells and remain at the
site of inflammation. CD62L mediates the pro-
cess of granulocyte migration and transfer by
binding to ligands on the surface of endothelial
cells. It helps granulocytes move through the en-
dothelial cell layer from the bloodstream into the
tissue gap and participate in the inflaimmatory
response and immune response (34). A study of
new mothers six weeks after delivery found that
the expression level of CD62L on CD4+ T cells
decreased significantly, while the expression level
of CDG62L on CD8+ T cells increased significant-
ly, and this change was associated with the occur-
rence of PPD (35). Another study found a nega-
tive correlation between the expression level of
CDO62L on CD4+ T cells in the eatly postpartum
period and the severity of PPD (36). Abnormal
levels of CDG62L may indicate immune system
dysfunction and could be related to the patho-
genesis of PPD, but further exploration is need-
ed.
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Numerous studies have employed MR to explore
various factors associated with PPD. These stud-
ies have contributed to a better understanding of
the causal relationships between different biolog-
ical and environmental factors and the onset of
PPD. For instance, several studies have investi-
gated the role of the gut microbiome in PPD,
highlighting the potential link between dysbiosis
and mental health outcomes (37, 38). In addition,
MR studies have suggested that immune dysregu-
lation may be closely associated with the devel-
opment of PPD (39). Furthermore, MR-based
investigations have provided evidence that genet-
ic variations in reproductive traits, may influence
susceptibility to PPD (40). While these studies
provide valuable insights into various risk factors
for PPD, our study adds a unique dimension by
focusing specifically on the causal relationship
between immune cell characteristics and PPD. By
using a bidirectional two-sample MR approach,
we aim to better understand the relationship be-
tween specific immune cell and PPD, which may
provide new avenues for targeted prevention and
treatment strategies.

MR still has some limitations. First, MR is limited
by the sample size and quality of GWAS because
it can only be performed based on known genetic
variations. Second, MR cannot completely elimi-
nate the impact of confounding bias, which may
lead to incorrect inferences about causality. Final-
ly, because MR can only analyze existing datasets,
it does not apply to newly identified or unobserv-
able variables. To more accurately determine the
causal relationship between two variables, multi-
ple methods should be used to corroborate each
other and incorporate different types of evidence.

Conclusion

Our study highlights the causal relationship be-
tween immune cells and PPD through bidirec-
tional TSMR analysis, identifies key cells, suggests
potential targets, but deeper research needed to
elucidate fully mechanisms.
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