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Abstract

Background.—There are complex associations between immune function and mental illness, yet
studies in the perinatal period focus primarily on individual inflammatory markers and depressive
symptoms only, cross-sectionally. We sought to examine associations between both depressive and
anxious symptoms and immune activation longitudinally across the peripartum.

Methods.—We measured mood (Beck Depression Inventory, BDI-1A) and anxiety (State-Trait
Anxiety Inventory, STATE) and levels of 23 cytokines at 5 points in pregnancy and postpartum in
51 women. Within subject cytokine trajectories over time by depressive and anxious symptom
grouping were assessed using linear mixed effects models with random intercept and slope. We
also undertook an exploratory cluster analysis based on third trimester cytokine values.

Results.—Based on categorical BDI scores, IL-6 (p< 0.001), IL-15 (p=0.047), GCSF (p=
0.003), and CCL3 (o< .001) were significantly different across time, with IL-6 (p < 0.001), IL-15
(p=0.003), and CCL3 (p < 0.001) higher at the third trimester visit in more depressed subjects.
Based on categorical STATE scores, GM-CSF significantly decreased across pregnancy for the
less anxious group (p=0.016), but not for the more anxious, and CCL3 (p=0.017), CXCL8 (p=
0.011), and IL-6 (p < 0.001) were higher at the third trimester visit for more anxious subjects. In
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exploratory cluster analysis based on cytokine level, there were no differences in mood or anxiety
scores, but significant differences by race/ethnicity and overweight/obesity status. Women with
higher pro-inflammatory cytokine values are more likely to be Hispanics (69.2% vs. 21.4%, p=
0.015), but less likely to be African American (23.1% vs. 60.7%, p=0.015) or overweight/obese
(25% vs. 69.2%, p = 0.016) compared to women with lower pro-inflammatory cytokine values.

Conclusion.—We identified a pro-inflammatory burst at the third trimester, indicative of innate
immune activation, in women with higher levels of both depressive and anxious symptoms, as well
as differences in pro-inflammatory changes across time. We also found significant differences in
cytokine levels by race, ethnicity, and overweight/obesity status. These results point the way
toward future longitudinal work that considers race/ethnicity, timing, and weight status, and
evaluates perinatal mood and anxiety disorders in the context of changing immune functioning
across the peripartum.
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Introduction

Perinatal depressive and anxious symptoms affect up to 15% of women in high-income
countries and 20-40% of women in the developing world (Gaynes et al., 2005; World Health
Organization, 2009); they can be debilitating and result in adverse outcomes for both mother
and child (Skogen & Overland, 2012; Bianco-Miotto et al., 2017). Research on the
pathophysiology of perinatal depression and anxiety has focused on hormonal imbalance,
the role of monoamines, dysregulation of the hypothalamic-pituitary-adrenal (HPA) axis
(Gold and Chrousos, 2002; Kammerer et al., 2003), and contributions of the immune system
(Oshorne & Monk, 2013; Sherer et al., 2017). Research on immune responses in normal
pregnancy initially focused on pregnancy as a state of immune suppression, but our work
among others now supports a more complex model, where innate immune barriers are
enhanced but specific adaptive immunity shows reduced effectiveness (Kraus et al., 2012;
Holtan et al., 2015). Studies on immune dysregulation in perinatal depression and anxiety
are mostly cross-sectional and reflect little standardization of either immune markers or
mood and anxiety measures. Two recent studies have considered a broad range of cytokines
using a single score of inflammation, but neither could address change over time in either
mood or cytokines (Edvinsson et al., 2017; Brann et al., 2017).

To build on this substantial work, we evaluated how changes in 23 different cytokines over
five time points across the peripartum related to subjects’ depressive and anxious symptoms.
We hypothesized that perinatal women might represent an “inflammatory subset” of
individuals with depressive and anxious symptoms (Miller et al., 2009), and that we would
therefore see higher levels of proinflammatory cytokines across the perinatal period in
women with more depressive and anxious symptoms. Because this was an exploratory,
hypothesis-generating study, we chose to measure 23 different cytokines in order to capture
not only the pro-inflammatory shifts we expected but any other unexpected changes as well.
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2. Material and methods

2.1 General Study Procedures.

The Viral Immunity in Pregnancy Study (2006—2009) followed women prospectively from
early pregnancy until 6 months postpartum to examine systemic immunologic activity and
enhanced susceptibility to viral pathogens. Women were recruited from a general
community obstetrics practice at Mt. Sinai Medical Center, where rates of mental illness are
equivalent to those in the general population. Women who had underlying medical
conditions and/or had received therapies that might affect their immunologic responses were
excluded. At enrollment (T1) (median gestational age = 14.5 weeks, SD=3.1, range from 8
to 20 weeks), 55 mL of peripheral blood and baseline information on previous pregnancies,
medical history, and demographics were collected. Women were followed up for four
subsequent 55-mL blood draws at approximately 26 (SD+1) (T2) and 35 (SD=0.8) (T3)
weeks’ gestation and 6 weeks (PP1) and 24 weeks (PP2) postpartum; updated medical,
pregnancy, and delivery histories were obtained at each visit. Participants completed the
Beck Depression Inventory (BDI) 1A and the State-Trait Anxiety Inventory (STAI) Version
Y at each visit. (We report here on the STATE score of the STAI and will refer to it as
STATE throughout.) The study was approved by the Program for the Protection of Human
Subjects Institutional Review Board at the Mount Sinai School of Medicine. (See Kraus et
al., 2010; Kraus et al., 2012 for more details on study procedures.)

2.2 Cytokine Analysis.

Blood was collected in Vacutainer serum tubes (BD, Franklin Lakes, NJ, USA). Serum was
separated within 6 hours of collection, stored at —80°C, and thawed on ice immediately prior
to analysis, with no sample thawed more than once. All cytokines, chemokines, and growth
factors were analyzed by a bead-based ELISA method by Milliplex xXMAP technology
(Millipore, Billerica, MA) using a Luminex 200 (Luminex Corporation, Austin, TX).
Samples were run in duplicate with QCs on each plate. Data were analyzed using Milliplex
Analyst. All visits of each subject were analyzed simultaneously on the same plate,
eliminating any variability among assays. Hormones (cortisol, estradiol, and progesterone)
were analyzed in serum by ELISA by Lenetix Medical Screening Laboratories (now
BioReference Laboratories); we were unable to account for diurnal changes in these
measurements or in cytokines.

2.3 Statistical Analysis.

Demographic, pregnancy and medical history characteristics of the sample were summarized
using frequencies, means, and standard deviations. The presence of at least mild depressive
symptoms was defined by a BDI score of >9 (Beck and Steer, 1987) and the presence of at
least moderate anxious symptoms was defined by STATE score =35 (Spielberger et al.
1983). We chose cut-off scores rather than continuous scoring as this method enabled us to
compare women with clinically significant levels of symptomatology to those without; the
BDI cut-off score was based on literature standards (Beck et al., 1961; Aalto et al. 2012)
while that for the STATE was based on the mean score for women in the general population
(Knight et al. 1983; Santagelo et al. 2016). Data on cytokines were transformed with natural
logarithms due to the skewed nature of the variables. Generalized linear mixed effects
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models with random intercept for woman and random slope for visit were used to model
change in log-transformed cytokines over time. The random effects were assumed to be
normally distributed with respective variances and a covariance. The model included fixed
effects for time (4 indicator variables for each visit compared to the first visit, T1), presence
of depressive symptoms or anxious symptoms (1 indicator variable), and their interaction,
assuming different cytokine trajectories by concurrent depressive or anxious symptom
status. This model was further expanded to include other relevant predictors, such as race
(black vs. other), marital status (married vs. not), and cortisol level. We considered
additional covariates, including pre-pregnancy body mass index (BMI) (analyzed as
BMI>25 vs. BMI<25, referred to throughout as “overweight/obesity status™), income,
education level, employment status, asthma, estradiol and progesterone levels, and systemic
infection (by self-report, presence of an infection requiring prescription medication), but
found that including these factors did not alter our findings. We were not able to consider
autoimmune disease, pregnancy morbidities, gestational weight gain, or immune medication
use as covariates, as these factors were present in very small numbers in our sample. From
these models, we were able to estimate change in cytokine levels over time, comparing each
visit to all earlier visits, within depressive and anxious symptom groups. We were also able
to compare cytokine levels between groups at each time point.

We used K-means partition cluster analysis to subdivide the study participants into two
groups based on their 3" trimester log-transformed cytokine values, using Euclidean
distance as the similarity measure. Participant demographic, clinical, and pregnancy history
as well as depressive and anxious symptom scores were compared across the two groups
using t-test (for age) and Fisher’s exact test.

All tests were two-sided and were run at 0.05 statistical significance level. No adjustment
was made for multiple comparisons, as this was an exploratory study and we did not want to
miss potential associations that would be worthy of future study. The analyses were carried
out using STATA 14 software program (StataCorp. 2015. Stata Statistical Software: Release
14. College Station, TX: StataCorp LP).

3. Results

3.1 Patient Characteristics and Symptoms Across the Peripartum.

Fifty-seven women enrolled in the parent study; of these, 51 had cytokine data and were
included as the current study sample. Baseline demographic tables are based on the 48
women who had complete demographic data. Table 1 displays demographic variables.
Because our study sample was drawn from a non-clinical population, we hypothesized that
rates of depressive and anxious symptoms would be low. We found that 14% exhibited at
least mild depressive symptoms (>9 on the BDI1A) at study entry, and there were no
significant differences between the more depressed and less depressed groups on basic
demographic characteristics. Beck score at entry ranged from 0 to 20, with a mean of 5.4
and a median of 4; these values trended down slightly across the study (decrease of 0.57
points per visit (95% CI: 0.34-0.81, p < 0.001, Figure 1). Twenty-nine percent displayed at
least moderate anxious symptoms (= 35 on STATE Anxiety score) at study entry, with
STATE scores ranging from 20 to 53, a mean of 30.7, and a median of 28. These values also
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trended down across the study, with a decrease of 0.81 points per visit (95% Cl: 0.3-1.3), p
= 0.001 (Figure 1). Most women had either anxious or depressive symptoms only; subjects
who had both ranged from 35% at T1 to 5% at PP2 (data not shown). A greater proportion
of subjects was married or partnered in the less anxious group than in the more anxious
group (85% vs. 29%, p <0.001).

3.2 Association between Cytokines and Depressive Symptoms.

Our findings on changes in cytokine levels across time in the population as a whole have
been presented previously (Kraus et al., 2010; Kraus et al., 2012). We hypothesized that
women with higher depressive symptoms would show elevated levels of pro-inflammatory
cytokines across the perinatal period when compared to less depressed women. We log-
transformed mean cytokine levels, which were plotted against categorical BDI scores (<9
and >9) in longitudinal analysis at each of the five time points (T1, T2, T3, PP1, PP2), using
generalized linear mixed effects models. From these analyses, four pro-inflammatory
cytokines and chemokines showed significant associations with depressive symptoms (see
Figures 2 and 3).

When looking at individual time points, we found that concentrations of IL-6, a cytokine
that is integral in the acute phase response (Eder et al., 2009) and B and T cell activation
(Unver & McAllister, 2018), and CCL3, a chemokine that is involved in acute inflammatory
responses and activation (Baba & Mukaido, 2018), were significantly higher among the
more depressed women at T3 than among the less depressed women (IL-6: p = 2.330, p<
0.001; CCL3: g =1.914, p<0.001). IL-15, which induces proliferation of innate immune
cells, including NK cells (Guo et al., 2017), was significantly higher in the more depressed
women than in the less depressed women at both T1 and T3 (f = 0.384, p=0.027 and B =
0.616, p=0.003, respectively). Granulocyte colony-stimulating factor (G-CSF), an innate
immune cell growth factor (Eftekhar et al, 2018), was significantly higher for the more
depressed women than for the less depressed women at PP1 (B = 0.629, p = 0.002).

To evaluate the kinetics of individual cytokines, we compared the slope of cytokine change
across time between more and less depressed women. In less depressed women,
concentrations of IL-6 and CCL3 decreased across pregnancy (T1 to T3) and rebounded
slightly at PP1; more depressed women had the opposite pattern, with 1L-6 and CCL3 levels
increasing across pregnancy and then decreasing slightly at PP1 (for difference of slope
between groups, for IL-6, p< 0.001 from T1 to T3 and p=0.018 from T3 to PP1; for CCL3,
p=10.001 from T1 to T3 and p=0.044 from T3 to PP1). IL-15 decreased for both groups
from T1 to the last postpartum visit (PP2), but the decline was greater for those in the more
depressed group (p = 0.047 for difference in slopes). G-CSF increased across pregnancy for
both groups, but postpartum patterns were significantly different. For the less depressed
group, G-CSF decreased from T3 to PP1 and then increased from PP1 to PP2; for the more
depressed group, it increased from T3 to PP1 and decreased from PP1 to PP2 (p = 0.005 for
difference in slope between groups from T3 to PP1, p=0.028 for difference in slope
between groups from PP1 to PP2) (see Figure 3). These data show that women with more
depressive symptoms had increased levels of four pro-inflammatory markers at several time
points across the perinatal period, especially in the third trimester, than did less depressed
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women, and that the slope of change for these cytokines also differed between the two
groups of women.

3.3 Association between Cytokines and Anxious Symptoms.

We hypothesized that perinatal women with anxious symptoms would also show elevated
levels of pro-inflammatory cytokines and chemokines in late pregnancy and postpartum.
Using the generalized linear effects models described above, we plotted log-transformed
mean cytokine concentrations against categorical STATE scores (<35 and >35) and found
that four pro-inflammatory markers showed a significant association with anxious symptoms
(see Figures 4 and 5).

When looking at individual time points, we found that concentrations of IL-6 and CCL3
were significantly higher for the more anxious compared to the less anxious group at T3 (B
=1.84, p<0.001 and B =1.18, p=0.017, respectively), and levels of C-X-C motif ligand 8
(CXCL8), a chemokine that promotes the migration of neutrophils (Ha et al., 2017), were
significantly higher for the more anxious compared to the less anxious group at both T1 and
T3 (B =0.652, p=0.046 and p = 1.35, p=0.011, respectively).

In examining the kinetics of individual cytokines, we found that the slope of change of IL-6
from T1 to T3 differed between more anxious and less anxious women (B = -0.291, p=
0.043). Granulocyte macrophage colony-stimulating factor (GM-CSF), a growth factor that
stimulates the development of macrophages and dendritic cells (Becher et al., 2016),
significantly decreased across pregnancy (p = —0.570, p=0.016 for T3vs. TLand p =
-0.538, p=0.019 for T2 vs. T1) for the less anxious group, but not for the more anxious
women (see Figure 5). These data show that women with more anxious symptoms had
increased levels of three pro-inflammatory markers at several time points across the perinatal
period, especially in the third trimester, when compared to less anxious women, and that the
slope of change for these cytokines and one additional marker also differed between the two
groups of women.

3.4 Cluster Analysis.

We examined our data using an exploratory cluster analysis that generated two groups by
cytokine level at the T3 visit (N = 43), the time at which there were most substantial
differences in cytokine values by anxiety and depression status. Group 1 (N = 13) had higher
pro-inflammatory cytokine values (but lower values of IL-4, IL-7, and IL-10) and Group 2
(N =30) had lower pro-inflammatory cytokine values. The BDI and STATE scores between
the two groups were not statistically significantly different. The two groups were
significantly different by race and ethnicity (Group 1, with higher cytokine values, had fewer
African-American subjects (23.1% vs. 60.7%) and more Hispanic subjects (69.2% vs.
21.4%), p=0.015), and by overweight/obesity status (Group 1 had fewer subjects with pre-
preghancy BMI above 25, 25% vs. 69.2%, p = 0.016). These data show that cytokine values
may differ along lines of race, ethnicity, and weight status, but that when clustering all 23
cytokines together we did not find differences by mood or anxiety status.
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4. Discussion and Conclusions

The aim of this hypothesis-generating study was to shed light on the potential role of
inflammation in mood and anxiety symptoms across the peripartum. We found increases in
concentrations of proinflammatory markers at several time points, especially in the third
trimester; two of these markers (IL-6 and CCL-3) were elevated for both more anxious and
more depressed subjects. We also saw differences in the slope of change of pro-
inflammatory cytokines between groups. An exploratory cluster analysis revealed significant
demographic differences, with the group with higher pro-inflammatory cytokines having
fewer overweight/obese subjects, fewer African Americans, and more Hispanics, but no
differences in mood or anxiety, indicating that clustering different types of cytokines
together may not be a useful way to understand how immune characteristics may be related
to symptoms. We were surprised that overweight/obesity did not correlate with higher pro-
inflammatory cytokines. As the work of Christian et al. has shown, however, the relationship
between both overweight/obesity and depressive symptoms and inflammation may differ
across ethnic groups and by childhood trauma status (Christian et al., 2018; Mitchell et al.,
2018), and we were unable to account for trauma differences. Differences in baseline
cytokines have also been noted in a variety of other fields by weight status and by ethnicity
(Bastard et al, 2006; Chen et al., 2014; Somogyi et al., 2016; Tucker et al., 2017), and these
facts coupled with our data argue for careful characterization of both weight status and race
and ethnicity in future work on the role of immune dysregulation in perinatal psychiatric
illness. It was also surprising that including systemic infection in the model did not change
our results; this is likely due to the small number of subjects, as well as the nature of the
variable (self-report, based on the subject’s recollection of any infection that required
prescription medication).

Our results for depressive symptoms are consistent with a growing body of literature
supporting a role for increased inflammation in perinatal depression (Cassidy-Bushrow et al.
2002, Christian et al. 2012, Karlsson et al. 2017, Osborne & Monk 2013, Leff-Gelman et al.,
2016, Sherer et al., 2017), though they are inconsistent with a recent study that identified
decreases in three proinflammatory cytokines in women with antenatal depression
(Edvinsson et al. 2017). The literature for anxiety is more sparse. Our results are consistent
with those of Maes et al. (2000), who found elevations in IL-6 and IL-1ra for more anxious
subjects at 1 day postpartum, but inconsistent with those of Karlsson et al. (2017), who
found increases in anti-inflammatory Th2 cytokines and no relationship to pro-inflammatory
cytokines in anxious women. Of note, Karlsson’s findings were obtained at a single time
point in the second trimester, whereas our data show substantial differences at the third
trimester and in the early postpartum.

There are limitations to this study. It is a posthoc analysis, and we did not have a choice
about which psychiatric measures to use. The BDI and STATE are self-report measures and
not designed for the perinatal period (though they are validated), and we may have missed
some findings by using these measures categorically instead of continuously. Our small
sample size was not powered to detect differences in psychiatric symptoms, and we were
unable to account for circadian differences in cytokine levels. Moreover, our population was
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not particularly depressed or anxious, and these results might not be applicable to a more ill
population.

Despite these limitations, our results can point the way for future studies. Our cluster
analysis displayed no useful patterns of relationship of cytokines to psychiatric symptoms,
but indicated demographic differences that suggest that future work on the immune
contribution to perinatal mood and anxiety symptoms may want to evaluate and potentially
factor in race, ethnicity, and weight status. In addition, we identified pro-inflammatory
elevations in the third trimester that may indicate increased activation of the innate immune
response and the acute phase response in late pregnancy; this is a particular contribution in
anxiety where the literature is sparse. The differences we identified across time also point to
the importance of longitudinal rather than cross-sectional work in this area — an approach
that has already yielded considerable information on other immune-related morbidities of
pregnancy (such as preeclampsia and preterm birth). Future studies in this area — in more
psychiatrically ill women — might use more sophisticated techniques to examine immune
functioning, such as stimulation of immune cells; explorations of peripheral immune cell
phenotype (including natural killer cells, dendritic cells, monocytes and macrophages,
among others); consideration of pattern recognition receptors and damage-associated
molecular patterns (including, for example Toll-like receptors); and measurements of
placental immune activity and its relationship to perinatal mood and anxiety symptoms.
Future work might also consider the interaction between the immune system and the
endocrine system across pregnancy. Considerable prior research (Bloch et al., 2000) has
shown that women who develop perinatal mood and anxiety disorders are vulnerable to
fluctuations in sex hormones, but the exact mechanism of that vulnerability is uncertain.
Work that connects sex hormone fluctuations in early pregnancy, which may differ between
healthy and psychiatrically ill women (Osborne et al., 2017), with later immune system
changes, as indicated by our data here, may help to illuminate a mechanism that is
responsible for significant morbidity in two vulnerable populations, mothers and children.
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Highlights
. Recent evidence indicates complex associations between immune functioning
and depression.
. Evidence is sparse in the perinatal period, and rarely includes anxiety, which

is more prevalent than depression in pregnancy.

. The Viral Immunity in Pregnancy Study measured mood, anxiety, and 23
cytokines at 5 points in pregnancy and postpartum in 51 women.

. We found increases in levels and slope of pro-inflammatory markers across
the peripartum for subjects with more depressive and anxious symptoms.

. Results lend preliminary support to an increased activation of the innate
immune response in late pregnancy in psychiatrically ill women.

Psychoneuroendocrinology. Author manuscript; available in PMC 2020 January 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Osborne et al.

BDI score

10

25
L

20

15

50
L

State Anxiety score
40

Page 13

Figure 1.
Beck Depression Inventory and STATE Anxiety Scores Across the Study
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Figure 2.

Radar Plot of Cytokines Across Time by Depression Status
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Cytokine Trajectories Across Time by Depression Status
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Figure 4.
Radar Plot of Cytokines Across Time by Anxiety Status
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Table 1.
Baseline Demographics by Patients’ Emotional State (N=49)
Characteristic Total N =49 More Less depressed P More anxious Less anxious N P
depressed N = N = 37 (76%) N =28 (57%) =21 (43%)
12 (24%)

Maternal Age* 26.3+5.2 255+5.1 26.3+5.2 0.6550 26.0+55 26.3+4.38 0.8519
Race ™ 0.7250 0.3648

Black 22 (46%) 7 (58%) 15 (42%) 14 (50%) 8 (40%)

Hispanic 24 (50%) 5 (42%) 19 (53%) 12 (43%) 12 (60%)

Other 2 (4%) 0 2 (6%) 2 (7%) 0
Pre-pregnancy BMI = 26 (57%) 7 (58%) 19 (56%) 0.8829 16 (64%) 10 (48%) 0.2643
257
Asthma 13 (27%) 3 (25%) 10 (27%) 0.8901 9 (32%) 4 (19%) 0.3477
PE/GPH/PIM* 9 (19%) 2 (17%) 7 (19%) 1.0000 7 (25%) 2 (10%) 0.2707
Low birth weight 6 (12%) 0 6 (16%) 0.3142 5 (18%) 1 (5%) 0.2192
Pre-Term Birth 8 (16%) 2 (17%) 6 (16%) 1.0000 6 (21%) 2 (10%) 0.4384
Medicaid ™ 44 (92%) 12 (100%) 32 (89%) 0.5597 25 (89%) 19 (95%) 0.6309
Edu<HS* 21 (44%) 6 (50%) 15 (42%) 0.6143 13 (46%) 8 (40%) 0.6580
Married/Partner * 33 (69%) 7 (58%) 26 (72%) 0.3687 15 (54%) 18 (90%) 0.0108
Systemic Infection during 9 (18%) 2 (17%) 7 (19%) 1.000 7 (25%) 2 (10%) 0.2670
pregnancy
Median serum cortisol 13.8 111 0.765 10.1 12.2 0.798

(Hg/dL)

*
Missing values exist in demographic variables.
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