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Abstract
Purpose of Review To synthesize and critically examine recent evidence regarding associations between immune system 
activity and perinatal depression.
Recent Findings Despite a significant number of studies assessing potential immunological markers of perinatal depression, 
it does not appear that levels of any individual pro- or anti-inflammatory marker is a useful predictor of perinatal depression. 
Some recent studies have observed differences in overall immune system functioning and adaptation across this period, taking 
into account multiple pro- and anti- inflammatory markers. Furthermore, there is evidence for interactions between depression 
and maternal psychosocial factors. Immune system functioning may be a mechanism through which social determinants of 
health contribute to risk for perinatal depression.
Summary There is substantial evidence implicating dysregulated immune activity in perinatal depression, yet little clarity 
regarding a consistent immune profile, especially based on analysis of circulating peripheral cytokines.
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Introduction

Perinatal mood disorders are among the most common birth 
complications, affecting nearly 700,000, or 1 in 5 women 
annually [1–3]. The consequences of perinatal depression 
are enduring and costly for both mother and child, ranging 
from reduced quality of life and loss of resources, negative 
effects on caregiving and compromised child development, 
to maternal suicide, which accounts for 20% of postpartum 
deaths [2]. Evidence from epidemiological studies point to 
clear risk factors for perinatal depression, including reduced 
social support, prior history of major depression, younger 
age, history of interpersonal trauma, prior pregnancy loss, 
and socioeconomic stress [3, 4]. Though clear causal 

mechanisms have not been determined, a combination of 
and interaction among social, environmental, and biologi-
cal factors is likely to contribute to the etiology of perinatal 
depression. Altered immune activity is a compelling medi-
ator between these factors and may explain consistently 
observed associations between physical and mental health 
[5], particularly during the peripartum, which is a period 
of immune modulation. Building on evidence that inflam-
mation is involved in the pathogenesis of major depression 
in non-pregnant adults [6, 7], and given the dynamic nature 
of the immune system over the peripartum, there is strong 
theoretical basis to explore immune dysregulation as part of 
the neurobiological profile of perinatal depression [8]. The 
aim of this review is to synthesize and critically examine 
recent evidence regarding associations between immune 
system activity and perinatal depression.

The Functioning Immune System in Health 
and Healthy Pregnancy

Immune system functioning is essential in protecting the 
body and maintaining homeostasis through responding to 
different external and internal stimuli. Briefly, the immune 
system is composed of two parts: innate and adaptive 
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systems, which work together to efficiently respond to 
challenges and protect the body from insults (Reviewed 
in [9]). The innate immune system includes macrophages, 
natural killer cells, mast cells, dendritic cells, mono-
cytes, and granulocytes, which patrol the circulation for 
cell damage and pathogens and provide a rapid response. 
It also recruits the adaptive immune system, which is 
composed of B and T lymphocytes that later differenti-
ate to express antigen-specific receptors. This specificity 
accounts for the slower response of the adaptive immune 
system relative to the innate. When activated, T-cells may 
become either cytotoxic  (CD8+ cells), helper (Th cells), or 
regulatory T cells (Tregs). These immune cells will secrete 
cytokines and chemokines to facilitate the recruitment 
and differentiation of the different subtypes of immune 
cells. Th cells including Th1, Th2, and Th17 have been 
studied in the context of depression by examining their 
key effector cytokines, IFN-γ, IL-4, and IL17A, respec-
tively [9, 10]. While Th1 cells are involved in targeting 
intracellular pathogens and autoimmunity, Th2 functions 
to target extracellular pathogens and are involved in aller-
gic reactions [10]. On the other hand,  CD8+ cells elimi-
nate infected cells and Tregs negatively regulate immune 
responses to ensure limited activation protecting against 
autoimmunity [10].

To better understand the role of inflammation in perina-
tal depression, it is essential to first review inflammation 
as part of the physiological changes that takes place in 
healthy pregnancy. Earlier views described pregnancy as 
a condition with a suppressed immunity, however more 
recent evidence indicates that this is a period of a complex 
immunological adaptation and modulation that ensures 
successful implantation, fetal growth, and parturition [11, 
12]. Locally in the uterus and placenta, immunological 
status goes through changes across gestation. During the 
first trimester, cytokines including, IL-6, IL-1β, IL-8, and 
TNF-α, are released by the endometrial cells and recruit 
immune cells to the site of implantation, facilitating a 
pro-inflammatory environment for the implantation of the 
embryo resembling a process of wound healing [13]. How-
ever, this is accompanied with Treg cells release of anti-
inflammatory factors such as IL-10 to limit inflammation 
[14, 15]. This later is shifted into an anti-inflammatory 
status in the  2nd trimester, during which the fetus is grow-
ing. In preparation for parturition during the  3rd trimes-
ter, a proinflammatory microenvironment is stimulated 
by an increased influx of immune cells facilitating labor 
[11, 12]. There are reports of increased systemic innate 
immunity during pregnancy with increased responses of 
monocytes, neutrophils, and natural killer cells to stimu-
lation [16]. While T cells counts do not change across 
gestation, they are lower during pregnancy compared to 
non-pregnant women [14, 17]. However, there is a known 

shift in the subsets of Th cells from intracellular responses 
by Th1 cells to humoral responses by Th2, measured by 
the ratio of Th1/Th2 and their effector cytokines IFN-γ/
IL-4 [14]. Others have reported an overall reduction in 
pro-inflammatory cytokine trajectories during pregnancy 
in both innate and adaptive, specifically Th1, immunity, 
and an increase in anti-inflammatory responses indicated 
by IL-10 levels [15].

Associations Between Inflammatory Markers 
and Perinatal Depression

To date, to identify potential immunological biomarkers of 
perinatal depression, the majority of research has focused 
on measuring peripheral levels of select cytokines and other 
circulating inflammatory markers in patients with perinatal 
depression, or correlating levels of markers with symptom 
severity. While this approach offers only indirect assess-
ment of neuroimmune activity, blood samples are conveni-
ent biospecimens and feasible to collect in human obser-
vational studies. Osborne and Monk (2013) conducted an 
early review of the literature, presented a theoretical basis 
for considering the role of the immune system in perinatal 
depression, and summarized available evidence regarding 
relevant inflammatory markers [8]. Here we present a brief 
review of the last five years of literature. We conducted a 
search using PubMed following the same search criteria as 
described in Osborne and Monk (2013), which was guided 
by the QUORUM and MOOSE checklists [18, 19] with three 
searches combined using the following terms as key words, 
along with closely matched MESH categories: (1) inflamma-
tion, inflammatory, cytokine, immune, (2) depression, mood 
and (3) pregnancy, pregnant, antenatal, postnatal, postpar-
tum, perinatal. Results were limited to results since 2017. 
This search yielded 554 results which were downloaded for 
screening. After title and abstract screening, 453 articles 
were deemed irrelevant and excluded. The remaining 101 
full texts were assessed for relevance to the present review. 
At this point, articles were included if they collected data 
from pregnant or postpartum women, included a measure of 
depression, included measurement of one or more inflam-
matory markers during pregnancy and/or the postpartum, 
and presented analyses of the association between inflam-
matory markers and either depressive symptoms or diagno-
sis of depression. Following this criteria, 39 studies were 
included in this review. Figure 1 presents a flow chart out-
lining the review process. We also conducted a secondary 
search for studies published 2013–2016 and identified a fur-
ther 16 studies. Though not included in our synthesis, they 
are referred to when informative for this narrative review 
and discussion.
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Table 1 summarizes the methodologies and results from 
all studies included in this review. These studies are nota-
bly heterogeneous, taking divergent approaches to defin-
ing depression and measurement of different inflammatory 
markers at varying timepoints during pregnancy or the 
postpartum. Nevertheless, over the past decade sufficient 
data has emerged focusing on a core group of pro- and anti-
inflammatory cytokines that there is now an opportunity to 
compare patterns of results across studies. To facilitate this, 
a generalization of findings organized by specific inflam-
matory markers is given in Table 2, selectively presenting 
markers for which data related to depression symptomatol-
ogy or diagnosis was compared in at least two studies. Taken 
together, the sum of current evidence does not describe a 
straightforward immunological profile of perinatal depres-
sion yet suggests a possible role for immune functioning in 
this disorder’s onset and maintenance.

Prenatal Inflammation and Perinatal Depression

The most commonly studied inflammatory markers in rela-
tion to depression are pro-inflammatory cytokines, notably 
IL-6, which was examined in 17 of the studies measuring 
prenatal inflammatory markers. In five of these studies, a 
significant positive association was observed between peri-
natal depressive symptoms and IL-6 levels during pregnancy 
[20–24]. In contrast, ten studies measured IL-6 during preg-
nancy but found no significant association with depression 
diagnosis or symptoms [25–35]. Two other studies did 
observe positive associations between prenatal IL-6 and 
depression but only in the context of other factors: comor-
bid anxiety [36] and experience of suboptimal care in own 
childhood [37], consistent with an association seen in an 

earlier study [38]. Another earlier study also observed an 
association only among those who also reported poor sleep 
efficiency [39], and a negative association between prenatal 
IL-6 and depressive symptoms was observed in another [40]. 
As outlined in Table 1, there is high heterogeneity between 
all studies which likely contributes to the inconsistencies in 
these findings, notably in terms of the populations studied, 
definition of depression and level of depression in samples, 
and analytic approach. Moreover, since those conducting 
subgroup or sensitivity analyses sometimes found evidence 
for important interaction effects between depression and 
other psychosocial factors on inflammation outcomes, asso-
ciations at the population may not always be expected.

After IL-6, the next most frequently examined pro-
inflammatory marker was TNF-⍺. Thirteen studies assessed 
TNF-⍺ during pregnancy, only two of which reported a 
positive association with perinatal depression [24, 41]. One 
study reported higher TNF-⍺ levels in women with depres-
sion who were non-responders to treatment and women with 
untreated depression compared to women with depression 
who were responsive to treatment [30], and two studies 
reported a positive association only in the context of higher 
maternal childhood maltreatment [25, 29]. Another study 
reported a negative association between prenatal TNF-⍺ 
levels and depression [42]. The remaining eight studies 
found no association between TNF-⍺ and depression [26, 
27, 32–35, 43, 44]. Thirteen studies assessed CRP during 
pregnancy, with three reporting a positive association with 
depression [28, 33, 45]. One reported a positive association 
but only among women carrying male fetuses and not those 
carrying females [46]. Two studies reported a negative asso-
ciation between prenatal CRP levels and depressive symp-
toms [25, 47]; for one of these studies this was only true 

Fig. 1  Flow chart of search and 
study selection
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for women with histories of sexual abuse [25]. The remain-
ing seven studies reported no association between CRP and 
depression [20, 30–32, 35, 48, 49].

IL-8 was another frequently examined pro-inflammatory 
cytokine, which also shows mixed patterns of associations. 
In three of ten studies an overall positive association between 
IL-8 and depression was observed [26, 32, 50]. One earlier 
study reported a positive association but only among those 
reporting short sleep duration [39]. A further seven studies 
found no association between prenatal IL-8 and depression 
[28, 30, 33, 34, 43, 44, 51]. Prenatal IFN-γ was also relatively 
frequently examined, yet none of the seven studies assessing 
it in our review found any association between prenatal lev-
els and depression [26–28, 30, 32–34]. Four studies observed 
positive associations overall between depression prenatal levels 

of IL-1β [23, 34, 35, 41], and a further study reported this 
positive association only when measured in CSF but not serum 
[44]. Other studies reported positive associations with less fre-
quently examined cytokines, including IL-15 [22], IL-18 [41], 
and CCL-3 [22]. Consistent with their finding in relation to 
IL-6, Leff Gelman et al. (2019) also observed positive asso-
ciation between prenatal IL-2 and perinatal depression in the 
context of comorbid anxiety [36].

The most frequently examined anti-inflammatory 
cytokine was IL-10. In only one of nine studies examining 
this marker during pregnancy was an association found with 
depression [41]. In this case, IL-10 in the first trimester was 
upregulated in participants with postpartum onset of depres-
sion compared to euthymic participants, yet not in partici-
pants who were also depressed prior to pregnancy [41]. Leff 

Table 2  Summary of associations between inflammatory markers and perinatal depression  

IL-1β IL-2 IL-6 IL-8 IL-12 IL-15 IL-17a IL-18 TNF-⍺ IFN- CRP CCL-3 IL-4 IL-5 IL-9 IL-10 IL-13 VEGF GCSF MIP

Bianciardi  et al. (2021) * *
Bränn et al. (2017)
Bränn et al. (2022)
Camacho-Arroyo et al. (2021) *
Edvinsson 2017
Finy & Christian (2018)
Freedman et al. (2021) *
Gillespie et al. (2021)
Gustafsson et al. (2018)
Jallo et al. (2021)
Karlsson et al. (2017)
Keane et al. (2021)
Kleih et al. (2022) * *
Lahti-Pulkkinen et al. (2020)
Leff Gelman et al. (2019) * * * * *
McCormack et al. (2021) *
Miller et al.  (2018) *
Miller et al.  (2019) (1)
Miller et al. (2019) (2) *
Nazzari 2020 (2)
Nazzari 2020 (3)
Nazzari et al. (2020) (1)
Osborne et al. (2019)
Osborne et. al. (2022)
Paul & Corwin (2019)
Petralia et al. (2019)
Saadat et al. (2022)
Sha et al. (2022)
Szpunar et al. (2021)
Weis et al. (2021)
Postpartum inflammation 

Achtyes et al. (2020)
Bränn et al. (2020)
Bränn et al. (2022)
Buglione-Corbett 2018
Christian et al. (2018) * *
Min et al. (2022)
Osborne et al. (2019)

Legend: *

No association 

Negative association 

OtherPro-inflammatory

Denotes association only in a subset of women or via interaction with other factors

Positive association 

Anti-inflammatory

Prenatal inflammation 
�
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Gelman et al. (2019) found elevated levels of IL-10 in the 
 3rd trimester in women with significant anxiety symptoms 
alone, or comorbid anxiety and depression [36]. Edvinsson 
et al. (2017) found negative associations between IL-10 lev-
els and depressive symptoms, which was the same pattern of 
results observed between depression and several other pro- 
and anti- inflammatory markers in the same study [52]. The 
other six studies that measured IL-10 in pregnancy found 
no association with perinatal depression [27, 32, 33, 35, 42, 
44]. Two studies measured IL-4 in pregnancy and found no 
association with depression [27, 32]. Karlsson et al. (2017) 
measured several anti-inflammatory cytokines and reported 
positive associations between prenatal depression and con-
current IL-5, IL-9 and IL-13 levels, but no association with 
IL-4 or IL-10 [27]. Finally, Leff Gelman et al. (2019) also 
found elevated levels of IL-9 and IL-13 in the context of 
comorbid maternal depression and anxiety [36].

Postnatal Inflammation and Perinatal Depression

There is some data supporting an association between post-
partum IL-6 levels and depression though findings are again 
mixed, with one out of the six studies reporting a positive 
association [53], one showing a positive association but only 
among those self-identifying with African American racial 
identity (and not White women) [54], and the remaining 
three failing to observe any association [22, 55, 56]. The 
only study measuring TNF-⍺ in the postpartum reported a 
negative association with depression [56]. Postpartum IL-8 
was associated with depression in one study [53]; a further 
study reported a positive association but only among self-
identified African American women [54]. In terms of anti-
inflammatory markers, neither of the studies that measured 
postpartum IL-10 reported an association with depression 
[53, 55], nor did the one measuring IL-4. [57]

A small number of studies have examined differences in 
immune cells in the context of postnatal depression. Osborne 
et al. (2020) measured T cell populations using flow cytom-
etry in women with severe postpartum-onset depression and 
compared these to healthy postpartum controls and controls 
who were neither pregnant nor postpartum. They found that 
women with postpartum depression failed to mount the typi-
cal T-cell activation during the postpartum period that was 
seen in postpartum controls. T-helper memory cells were 
elevated in healthy postpartum women (compared with 
non-postpartum controls), yet lower than control groups in 
women with depression [58]. Another study measured helper 
T-cells in whole blood, along with their related cytokines, 
and found both elevated Th17 cells and the related cytokine 
IL-17A were positively correlated with both perinatal 
depression and anxiety [57]. A further study examined the 
neutrophil to lymphocyte ratio during pregnancy, an indi-
cator of systemic inflammation. They found no association 

with prenatal depression, but women who reported sexual 
abuse history showed a greater increase in this ratio across 
pregnancy [59]. Together, these findings suggest immune 
cell dysregulation may be characteristic of perinatal depres-
sion, as has been observed in mood disorders outside preg-
nancy [60], yet this is an understudied area.

Dynamic and Interactive Effects Among 
Inflammatory Markers

The studies outlined above contribute to the identification of a 
potential neuroimmune profile of perinatal depression. How-
ever, given the marked inconsistency in results, it does not 
appear that levels of any individual pro- or anti-inflammatory 
marker is a useful predictor of perinatal depression, whether 
measured during pregnancy or in the postpartum: analyses 
taking into account the relative balance of pro- and anti-
inflammatory markers may be more significant. Some recent 
studies have begun to address this limitation by examining 
overall immune system functioning and adaptation across this 
period, providing a broader characterization of the inflamma-
tory system during the peripartum rather than a snapshot of 
one marker.

One approach to this is the use of a summary inflam-
mation variable derived from measured levels of multiple 
inflammatory markers. Gustaffson et al. (2018) computed 
a latent variable indicated by levels of IL-6, TNF-α, and 
MCP-1 after a confirmatory factor analysis supported this 
approach. Inflammation in the  3rd trimester was positively 
associated with maternal prenatal depressive symptoms at 
6 months postpartum [24]. Authors noted that the regulatory 
cytokine IL-10 also significantly loaded onto this general 
inflammation factor. Kleih et al. (2021) aggregated TNF-α 
and IL-6 and found no significant main effect for the asso-
ciation with depression, but did find a significant interaction 
between maternal exposure to childhood maltreatment and 
depressive symptoms with elevated inflammatory score [29]. 
Bränn et al. (2017) measured 92 different inflammation-
related markers late in the  3rd trimester, and found 40 mark-
ers were lower among women who later showed elevated 
depressive symptoms at 6 weeks postpartum [47]. Following 
correction for multiple comparison, this difference remained 
significant for STAM-BP, AXIN-1, ADA, ST1A1 and IL-10. 
They also computed a summary inflammation variable com-
prised of 40 inflammatory markers; women with postnatal 
depression had lower median scores on this summary vari-
able during pregnancy, suggesting there may be little predic-
tive value of a single inflammatory marker [47]. Similarly, 
Edvinsson et al. (2017) in a partially overlapping sample, 
also found lower levels of 23 inflammatory markers among 
women with untreated antenatal depression and those using 
SSRIs during pregnancy, which authors suggest could reflect 
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a dysregulated shift towards a more anti-inflammatory state 
that occurs in healthy pregnancy [52].

Another approach for taking into account the complex 
interaction among inflammatory markers is to examine 
relative levels of different cytokines. A predominance of 
pro-inflammatory (Th1/Th17) cytokines over the levels 
of anti-inflammatory cytokines is thought to contribute to 
pathogenesis of depression. Supporting this, Corwin et al. 
(2015) found the IL-8/IL-10 ratio in the early postpartum 
to be associated with postpartum depression at 6 months 
[61]. During pregnancy, Karlsson et al. (2017) found that 
a higher IFN-γ/IL-4 ratio at 24 weeks gestation correlated 
positively with concurrent depressive symptoms [27]. A 
notable recent study employed a data-driven approach using 
a principal component analysis to integrate inflammatory 
markers as well as kynurenine metabolites, tryptophan, 
serotonin, and three derivative ratios [23]. The principal 
component approach demonstrated strong ability to pre-
dict depression: scores on the component variable in the 
 2nd trimester had a > 99% chance of being associated with 
depression severity in the  3rd trimester. The top contributors 
to this component variable were: TNF, Kynurenine/Tryp-
tophan ratio (rKT), quinolinic acid (QUIN; a kynurenine 
pathway metabolite), kynurenine (KYN), QUIN/kynurenic 
acid ratio (rQK), IL-10, IL-6, and QUIN/picolinic acid ratio 
(rQP); they cumulatively explained > 90% of the variance in 
the principal component. Interestingly IL-6 and IL-10 were 
among the top inflammatory markers accounting for vari-
ance in this same study, and individually IL-6 and IL- 1β 
had the best performance among the individual biomarkers 
used to predict depressive symptoms. However, in combina-
tion with mechanistically relevant metabolites and derived 
ratios, the panel of factors demonstrated greater predictive 
power, suggesting its potential utility as a clinical marker 
of risk [23]. Osborne et al. (2019) conducted exploratory 
cluster analysis generating two groups with different bal-
ances of cytokine levels in the  3rd trimester – one group with 
relatively higher pro-inflammatory cytokine levels and one 
with lower levels. The two groups did not differ in terms of 
depression or anxiety symptoms but differed by race and 
BMI: the group with higher pro-inflammatory cytokines 
had fewer (self-identified) African American participants 
and more who self-identified as Hispanic, and also fewer 
subjects with BMI > 24 [22].

Since changes in immune system functioning are 
observed across healthy pregnancy [15], and perinatal 
depression varies in onset and trajectories of symptoms, 
differences in inflammation across pregnancy may reflect 
altered immune adaptation to pregnancy and contribute to 
risk for depression over time. The majority of studies out-
lined above are limited to cross-sectional analyses, but a 
small number have examined longitudinal data. Bränn et al. 

(2022) compared cytokine levels over the course of preg-
nancy among women with different trajectories of depres-
sive symptoms peripartum. While women with prenatal or 
postnatal depression both had consistently lower levels of 
VEGF-A throughout the study time period (18 weeks gesta-
tion to 8 weeks postpartum) than controls, no difference in 
trajectory was observed: patterns of fluctuations in levels 
across the peripartum were not affected by depression [43]. 
Osborne et al. (2019) measured 23 cytokines at 5 differ-
ent prenatal and postpartum time points and found a pro-
inflammatory “burst” specifically in the  3rd trimester among 
women with both depressive and anxious symptoms. They 
also observed difference in the slope of change in cytokine 
concentration across pregnancy, with IL-6 and CCL3 
decreasing from the  1st to  3rd trimester in less depressed 
women, yet the opposite pattern among more depressed 
women, as well as a lesser degree of decline in IL-15 among 
more depressed women [22]. Simpson et al. (2016) also 
reported no association between depressive symptoms and 
changes in inflammatory markers from pregnancy into the 
postpartum, though were limited by a small sample [62]. 
Szpunar et al. (2021) found depression symptom severity 
trended towards a positive association with larger increases 
in both IL-1β and TNF- α from pregnancy to postpartum, 
though this finding was not statistically significant.

Longitudinal studies are also necessary to determine whether 
inflammation measured at one time point is a potentially useful 
marker of risk for depression at later time points. This has been 
addressed by a relatively small number of studies with varying 
time points of assessment. As noted above, Brann et al. (2017) 
found 40 inflammatory markers measured in the  3rd trimester 
were lower among women who later showed elevated depres-
sive symptoms at 6 weeks postpartum. Similarly, Gustaffson 
et al. (2018) demonstrated a composite inflammation variable 
in the  3rd trimester was positively associated with maternal 
prenatal depressive symptoms at 6 months postpartum [24]. 
Sha et al. (2022) reported that a principal component score 
derived from multiple inflammation markers in the  2nd tri-
mester predicted  3rd trimester depression with high accuracy. 
Among studies examining individual inflammatory markers, 
McCormack et al. (2021) reported no association between  2nd 
trimester IL-6 and  3rd trimester depression levels. In a sample of 
women in treatment for postpartum MDD, Miller et al. (2019) 
observed no association between CRP levels in the postpartum 
with depression symptoms measured 4–8 weeks later. As the 
majority of studies have assessed inflammation and depression 
at concurrent time points, further studies are needed to deter-
mine whether alteration to the dynamic changes in immune 
system functioning that occur in healthy pregnancy are associ-
ated with depression onset or exacerbation, and whether inflam-
matory state measured at a single time point is predictive of 
future depression.
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Neuro‑immune Activity

If the peripartum period is a time of systemic immune mod-
ulation, is it also one of neuroimmune system modulation? 
And how might such changes affect mood outcomes? These 
questions are primarily addressed using animal models, and 
there are limited studies addressing this to date. The brain 
comprises its own immune cells that are in communication 
with the peripheral immune system through cytokines and 
chemokines crossing the blood–brain barrier [63]. Micro-
glia, the brain-resident macrophages, play essential roles 
in normal physiology of the brain and behavioral outcomes 
[64] and are influenced by hormones [63, 65]. There is evi-
dence for a transient reduction in microglia density during 
late pregnancy and into early and mid-postpartum period in 
several limbic brain regions, which was suggested to be due 
to attenuated microglial proliferation [66, 67]. In addition to 
microglia numbers, several studies indicate changes in the 
levels of cytokines. Specifically, a study found suppressed 
immune responses to lipopolysaccharide (LPS) stimulation 
during pregnancy indicated by low mRNA expression levels 
of IL-1β in the hippocampus and the medial prefrontal cortex 
[68]. Additionally, the study reported a reduction in mRNA 
IL-6 levels in the brain during pregnancy at baseline without 
diminishment in its response to LPS stimulation [68]. Oth-
ers reported elevated expression levels of cytokines such as 
IL-16, IL-4, IL-10 immediately after birth in the hippocampus 
and prefrontal cortex [66, 67]. In humans, one study examined 
both plasma and cerebral spinal fluid (CSF) cytokines and 
found that only markers in CSF were associated with depres-
sion (IL-1β, IL-23 and IL-33); moreover, levels of cytokines 
in the different samples did not correlate with one another 
[44] suggesting differences in peripheral vs central inflamma-
tion. Together these findings suggest that there is a significant 
modulation of the neuroimmune system during the perinatal 
period, yet further research is needed to better understand its 
link to behavioral and mental health outcomes.

Social Determinants of Health

One of the reasons that immune system dysregulation is a 
compelling candidate mechanism underlying perinatal depres-
sion is the overlap in psychosocial risk factors for perinatal 
depression with those commonly associated with elevated 
inflammatory states. For example, early life stress is one of 
the most robust predictors of increased inflammation [69–72]. 
A meta-analysis indicated early life stress is associated with 
systemic inflammation (elevated IL-6, CRP, and TNF-α) in 
non-pregnant adults [73]. Experiencing early life stress also 
increases the risk for postpartum psychiatric illnesses [74] 
above and beyond the influence of sociodemographic status or 

existing psychopathology [75]. Experimental preclinical mod-
els also support this association: chronic stress and early life 
adversity increase the risk for abnormal postpartum behaviors 
and deficits in maternal care in rodents [76–78]. While this 
review has highlighted inconsistencies in findings regarding 
levels of inflammatory markers implicated in perinatal depres-
sion, there is evidence demonstrating that women with histo-
ries of childhood adversity and depression during pregnancy 
show higher levels of inflammation [25, 29, 37, 38]. Perhaps 
early adversity and related chronic stress affects immune sys-
tem functioning, in line with an allostatic load model whereby 
chronic stress leads to vulnerability for dysregulated responses 
to further stress exposure and risk for illnesses including psy-
chiatric ones [79, 80].

Other studies highlighted in this review found associa-
tions between depression and inflammation only among 
certain subgroups of women. Christian et al. (2018) found 
that among postpartum women, poorer sleep quality, parent-
ing stress, perceived stress, and depressive symptoms were 
associated with elevated pro-inflammatory cytokine levels 
(IL-6, IL-8) – yet only among African American women 
and not White women [54]. Sleep quality was identified as 
a mediator and initiator linking stress with elevated inflam-
matory responding, consistent with previous findings dem-
onstrating no difference in baseline IL-6 levels between 
Black and White women yet heightened response follow-
ing a stressor exposure among Black women [81]. Gillespie 
et al. (2021) further found that among Black women in the 
 3rd trimester, an interaction between racial discrimination 
and chronic stress predicted IL-8 levels while the interac-
tion of discrimination and acute stress predicted TNF-α and 
IL-1β levels [51]. Together, findings suggest potential racial 
differences in associations between psychosocial factors and 
inflammation at postpartum, yet this is an area in need of 
further investigation.

If the association between depression and inflammation is 
more pronounced among those also experiencing chronic stress 
and among underrepresented minority populations, this may 
partly explain the inconsistent findings between different cohort 
studies reviewed here, and the preponderance of null effects. 
Notably, the majority of studies specifically recruited healthy 
women with uncomplicated pregnancies, and many excluded 
those with common immune-related health conditions such as 
asthma. This could also contribute to null effects frequently 
seen since samples with stringent exclusion criteria may skew 
towards having a less inflammatory milieu than the general 
population. Furthermore, as is common in behavioral science, 
it is possible this field is affected by the “WEIRD problem”– an 
overrepresentation of wealthy, educated, industrialized, rich, 
and democratic participants, meaning results may not general-
ize to all populations [82]. Moreover, perinatal depression is a 
heterogeneous disorder with different psychosocial risk factors 
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associated with onset at different points during pregnancy, dif-
ferent symptom patterns, and therefore potentially resulting 
from divergent etiologies [83]. Altered inflammation among 
certain subsets of women suffering from perinatal depres-
sion may point to particular underlying or related pathology, 
yet there is insufficient granularity in the present literature to 
determine this.

Conclusions

There is substantial evidence implicating dysregulated immune 
activity in perinatal depression, yet little clarity regarding a con-
sistent immune profile, especially based on analysis of circulating 
peripheral cytokines. Given the dynamic and interactive nature 
of immune activity, examination of relative levels of multiple 
inflammatory markers as well as longitudinal changes over this 
period are promising approaches for future research to continue 
to explore. The interaction between social determinants of health 
and chronic stress with immune activation is an important area 
of investigation: altered immune activity may be one mechanism 
by which these psychosocial factors contribute to increased risk 
for perinatal depression, and carefully accounting for these fac-
tors may produce more consistent results and thereby refine con-
ceptual models of perinatal depression etiology. Clearly, stud-
ies actively recruiting diverse samples and those experiencing 
adversity are needed. Since peripheral immune markers are not 
necessarily directly related to central nervous system immune 
functioning, research investigating neuroimmune activity specifi-
cally would strengthen mechanistic understanding of how altered 
inflammation may affect the brain and contribute to the onset or 
exacerbation of depression in the perinatal period.
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