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Effects of stress and depression on inflammatory
immune parameters in pregnancy
Lisa M. Christian, PhD
tress measured in a variety of ways
There is a substantial body of literature that links psychological stress to adverse
pregnancy outcomes, particularly preterm birth. Comparatively few studies have
examined potential biologic mechanisms that explain these associations. Attention to
inflammatory processes is warranted. This article describes emerging studies that
demonstrate that, as in nonpregnant humans and animals, psychological stress and
distress (ie, depressive symptoms) predict dysregulation of inflammatory processes in
human pregnancy. This includes elevations in circulating inflammatory cytokines,
exaggerated inflammatory responses to in vivo biologic challenges, and more robust
inflammatory responses to psychological challenges. Continued research in this area
is needed to determine the implications of such stress-induced immune dysregulation
for birth outcomes and for maternal health and fetal development.
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S has been associated with increased
risk of preterm birth after controlling for
traditional risk factors in >3 dozen
studies.1,2 This literature has become
more consistent over time, reflecting
more rigorous research methods and
larger sample sizes. Across studies,
women who report greater stress or
distress exhibit 1.5-3 times greater risk
of preterm delivery compared with
their less distressed counterparts. Sup-
porting the conceptualization of minor-
ity status as a chronic stressor, perceived
racial discrimination has been linked
repeatedly to increased risk of preterm
delivery and low birthweight. In addi-
tion, other subjective and objective in-
dicators of stress are associated with
increased risk of preterm delivery among
African Americanwomen and women of
other races. These indicators include
perceived stress, general distress, occur-
rence of stressful life events, pregnancy-
specific stress/anxiety, and depressive
symptoms.

Biologic pathways that link stress
and health
Despite substantial literature that
links psychological stress to adverse
pregnancy outcomes, comparatively
few studies have examined potential
biologic mechanisms to explain these
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associations, and available studies have
focused almost exclusively on potential
neuroendocrine mediators.3,4-6 Atten-
tion to inflammatory processes is war-
ranted. In nonpregnant humans and
animals, it is well-established that stress
and distress (eg, depressive symptoms)
predict dysregulation of inflammatory
processes that include elevated circu-
lating inflammatory cytokines, greater
inflammatory responses to psychologi-
cal stressors, and exaggerated inflam-
matory responses to in vitro and in vivo
biologic challenges.7 The extent to
which such effects generalize to preg-
nancy is not well-delineated.
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Stress and inflammatory processes
among pregnant women
Depressive symptoms and serum
inflammatory markers
We examined psychosocial factors
and serum proinflammatory cytokines
among 60 pregnant women who were
recruited from the Ohio State University
Prenatal Clinic, which serves a diverse
and largely disadvantaged population.
Most participants were African Amer-
ican (57%), had completed high school
or less education (82%), and reported a
total annual family income of <$15,000
per year (63%). Women were assessed
at one time point, primarily in the late
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first or early second trimester (15 � 7.8
weeks’ gestation). Those with greater
depressive symptoms, as measured by
the Center for Epidemiological Studies
Depression scale, had higher levels of
circulating interleukin (IL)-6 (b ¼ .23;
P ¼ .05) and marginally higher tumor
necrosis factorea (b ¼ .24; P ¼ .06).8

The magnitude of this effect was similar
to that reported in nonpregnant
adults.9 An effect for racial differences
in IL-6 approached statistical signifi-
cance (t(49) ¼ e1.6; P ¼ .12), with
African American women exhibiting
nonsignificantly higher levels. African
American women did not differ
significantly from white women in
depressive symptoms, education, in-
come, or number of previous preg-
nancies. These initial findings indicate
that, as is well-documented in non-
pregnancy, depressive symptoms are
associated with elevations in circulating
inflammatory markers during preg-
nancy. The translation of these findings
to the prenatal period is notable
because pregnancy is a time of signifi-
cant immune adaptation and occurs in
relatively young women.

Depressive symptoms and
inflammatory responses to an
in vivo biologic challenge
In addition to associations with serum
or circulating levels of inflammatory
markers, stress can also alter immune
responses to biologic challenges. More-
over, because such challenges elicit a
response, these models may have more
predictive power than descriptive mea-
sures of circulating markers because
they induce greater variability between
subjects.

For clear ethical reasons, human
studies of the inflammatory response
system in pregnant women to-date have
relied almost exclusively on in vitro
models.10,11 Although highly useful,
in vitro techniques involve isolation of
specific cells, removal of cells from the
complex in vivo environment, and
exposure to higher levels of antigen than
normally occurs in vivo.12 By providing
insight into immune function in the
complex, multifaceted, naturally occur-
ring environment, in vivo models
276 American Journal of Obstetrics & Gynecology
may provide data with clearer clinical
relevance.
Vaccines have been used as a model

to examine in vivo inflammatory re-
sponses in nonpregnant adults.13-18

Greater inflammatory responses to vac-
cines have been reported among older
adults with greater depressive symp-
toms17 and men with carotid artery
disease,18 which suggests that responses
to vaccination differ among those who
experience conditions with an inflam-
matory component. Seasonal influenza
virus vaccination provides a novel model
for the examination of inflammatory
responses to an in vivo immune chal-
lenge among pregnant women, because
this vaccination currently is recom-
mended by the Centers for Disease
Control and American College of Ob-
stetricians and Gynecologists for all
women without contraindications who
are pregnant or will be pregnant during
flu season.19,20

Using flu vaccine as an in vivo chal-
lenge model, we have demonstrated
that psychosocial factors are associated
with differential inflammatory responses
in pregnant women. Twenty-two preg-
nant women were assessed before and
approximately 1week after vaccination.21

Compared with those in the lowest tertile
of Center for Epidemiological Studies
Depression scores (n ¼ 8), those in the
highest tertile (n ¼ 6) had significantly
higher levels of macrophage migration
inhibitory factor at 1 week after vaccina-
tion. Groups did not differ in de-
mographics (eg, age, body mass index,
race, income) or health behaviors
(eg, sleep, smoking, regular exercise).
The absence of inflammatory res-

ponse at 1 week after vaccination among
women with lower depressive symptoms
is consistent with previous evidence
that seasonal influenza virus vaccination
generally does not cause an extended
inflammatory response.13,17,22 Thus, the
extended inflammatory responses that
are seen among the more depressed
women are indicative of dysregulation
of normal inflammatory processes.
This study provides evidence that psy-
chological stress predicts sensitization of
inflammatory responses to an in vivo
immune trigger during human
SEPTEMBER 2014
pregnancy. If this represents a stable
response tendency, women with this
predisposition may show similarly
exaggerated responses to everyday im-
mune insults that result in a cumulative
exposure to inflammatory mediators
that are clinically meaningful with regard
to perinatal health outcomes.

Racial differences in inflammatory
responses to acute psychological stress
Differential physiological reactivity to
acute stress is an important predictor
of health outcomes in nonpregnant
populations.7,23,24 More than 12 studies
have examined cardiovascular and ne-
uroendocrine reactivity to acute stress
in pregnancy. Overall these data suggest
that stress responses are attenuated
during healthy pregnancy.25,26 Similar
attenuation of responsivity has been re-
ported in animal models.27-29 These
adaptations may be critical from pro-
tecting the mother and fetus from
excessive exposure to physiological acti-
vation. However, data on inflammatory
responses to stress during pregnancy are
lacking.

We examined 39 women in the se-
cond trimester of pregnancy (19 African
American women; 20 white women)
and 39 demographically similar non-
pregnant women who completed an
acute stressor (Trier Social Stress Test).30

Psychosocial characteristics, health be-
haviors, and affective responses were
assessed. Serum IL-6 was measured with
high sensitivity enzyme-linked immu-
nosorbent assay at baseline, 45 minutes,
and 120 minutes after the stressor. Our
results showed that IL-6 responses at
120 minutes after the stressor were
46% higher in African American women
vs white women (95% confidence in-
terval, 8e81%; t(72) ¼ 3.51; P ¼ .001).
This effect was present in pregnancy
and nonpregnancy. IL-6 responses at
120 minutes after the stressor tended
to be lower (15%) in pregnant vs non-
pregnant women (95% confidence in-
terval, e5 to 32%; P ¼ .14). Racial
differences in inflammatory responses
were not accounted for by demo-
graphics, psychological characteristics,
health behaviors, or differences in sali-
vary cortisol across the study session.
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Pregnant white women also showed
lower negative affective responses than
nonpregnant women of either race
(P � .007).

This study provided novel evidence
that stress-induced inflammatory re-
sponses are more robust among African
American women vs white women dur-
ing pregnancy and nonpregnancy. This
could be attributable to chronic stress
that is associated with racial minority
status. The ultimate impact of stress
on health is a function of stressor expo-
sure and physiologic responses. Again,
women who experience repeated and
extended exposure to high levels of in-
flammatory mediators in response to
psychological stressors may experience
cumulatively a physiologic burden that
impacts perinatal health. Thus, individ-
ual differences in stress-induced in-
flammatory responses represent a clear
target for continued research efforts in
racial disparities in health during preg-
nancy and nonpregnancy.

Conclusions and future directions
In conclusion, these data support the
notion that relationships between psy-
chosocial stress and dysregulation of
inflammatory processes that are well-
documented in nonpregnant adults are
also present in pregnancy, despite sig-
nificant immune adaptation that occur
during this time. Specifically, our data
show that psychological stress or distress
(ie, depressive symptoms) during preg-
nancy is associated with elevated serum
inflammatory markers and exaggerated
inflammatory responses to both bio-
logic and psychosocial challenges. Con-
tinued research in this area is needed
to determine the implications of such
stress-induced immune dysregulation
for maternal health, fetal development,
and birth outcomes. -
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