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Abstract

Background: Intimate partner violence (IPV) is a public health concern, affecting one-third of US women. Prior
research suggests an association between exposure to IPV and poor maternal perinatal health, but the underlying
biological correlates are not well understood. This study examined the relationship between exposure to IPV
and proinflammatory cytokine levels, a candidate mechanism accounting for poor psychiatric and obstetric
outcomes, across the perinatal period.
Materials and Methods: Data were obtained from a prospective, longitudinal cohort study of 171 women
receiving obstetrical care from a hospital-based practice serving a predominantly low-income minority popu-
lation. Participants completed questionnaires on IPV exposure, psychiatric symptoms, and psychosocial and
obstetric factors and provided blood samples at 18 and 32 weeks of gestation and 6 weeks and 6 months
postpartum. Serum levels of interleukin-6 (IL-6) and tumor necrosis factor alpha (TNF-a) were assayed via
enzyme-linked immunosorbent assay.
Results: Thirty-five (20.5%) women reported lifetime exposure to IPV and 7 (4.1%) reported being physically
hurt in the preceding 12 months (4 while pregnant). Lifetime exposure to IPV was associated with increased
likelihood of experiencing perinatal depression and smoking during pregnancy. Women with a history of IPV
had significantly higher levels of TNF-a at 18 weeks (z = -2.29, p < 0.05), but significantly smaller changes in
levels of IL-6 (b = -0.36, p = 0.04) across time.
Conclusion: Lifetime exposure to IPV was associated with a range of adverse mental health outcomes and may
affect proinflammatory cytokine levels in pregnancy.

Introduction

V iolence against women is a leading public health
concern1,2 with one in three women (35.6%) in the

United States reporting experiencing rape, physical violence,
and/or stalking by a partner in their lifetime.3 There is con-
flicting evidence as to whether or not pregnancy increases the
risk of experiencing violence compared with other periods in
the life cycle, with studies showing increased,4 decreased,5

and similar6 rates. However, it is clear that violence during
pregnancy is commonplace, affecting 4%–8% of women in
the United States.7

Exposure to intimate partner violence (IPV) before and dur-
ing pregnancy is associated with a range of adverse pregnancy
outcomes, including obstetric complications,7–10 maternal psy-
chiatric illness,10,11 and greater risk of preterm birth, lower birth
weight, and infant mortality and morbidity.7–10,12–14 The bio-
logical correlates of exposure to violence for pregnant women
that might account for these effects are not well understood, and
studies to date have produced equivocal results.8 Dysregulation
in several biological systems may explain the association be-
tween exposure to violence, psychological stress, and ad-
verse perinatal health outcomes; two leading candidates are
the hypothalamic–pituitary–adrenal (HPA) axis and immune
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system.15,16 In this study, we focus on the immune system and
specifically inflammatory cytokines, markers of immune func-
tion that have been linked with the obstetric and psychiatric
outcomes noted above15,17 and undergo considerable (norma-
tive) changes in the perinatal period.18–20

For many years, the prevailing model was that pregnancy was
an immunosuppressive state. The Th1/Th2 model proposed that
successful pregnancy was dependent on a shift to a Th2 (or anti-
inflammatory) response17,20,21 that protected the fetus, but left
the mother vulnerable to pathogenic attack.18,19 However, data
to support this hypothesis were contradictory and it was felt to be
an oversimplification of the complex and different immune re-
sponses that occurred across the trimesters of pregnancy.17,19–21

Recent data and theories suggest that pregnancy is a unique
immune condition that is modulated rather than sup-
pressed.17,20,21 Mor et al.21 propose that pregnancy should not
be viewed as a single event, but rather in distinct phases. To
summarize briefly, the first trimester is a proinflammatory
phase, the second trimester is an anti-inflammatory state, and the
late third trimester and initiation of parturition are proin-
flammatory states.21 Pregnancy is, therefore, both a proin-
flammatory and anti-inflammatory condition, with differential
responses, depending on the stage of gestation.22,23

Empirical evidence on the exact changes in pro- and anti-
inflammatory profiles throughout pregnancy is limited and, at
times, equivocal,18–20 particularly in relation to stress exposure
and psychiatric symptoms. Although there are dynamic chan-
ges between pro- and anti-inflammatory cytokines, much of the
research on stress, trauma, and psychiatric symptoms in preg-
nancy has focused on proinflammatory markers.

Interleukin-6 (IL-6) and tumor necrosis factor alpha (TNF-a)
were chosen as the focus of the current research because ele-
vated levels of both of these proinflammatory cytokines have
been linked with a range of perinatal health conditions. These
include adverse obstetric and birth outcomes, including pre-
eclampsia,24 spontaneous preterm birth,25,26 and gestational
diabetes.27 IL-6 and TNF-a are among the cytokines produced
by activated macrophages, which play a key role in pregnancy
maintenance as well as containing receptors for both estrogen
and serotonin.17,19,21 Elevated IL-6 and TNF-a have also been
linked with antenatal mood symptoms, including stress, de-
pression, and anxiety,28–30 postpartum mood, including blues,
anxiety, and depression,31–35 and exposure to childhood trau-
ma.36,37 There are several potential mechanisms through which
cytokines may contribute to depressive symptoms, including
cytokine-induced changes in 5-HT receptors and cytokine-
induced activation of indoleamine 2,3-dioxygenase (IDO) (see
Leonard and Maes38 for a review).

Several indirect lines of evidence support the hypothesis that
IPV would be associated with an altered proinflammatory state
in pregnant women. Nonpregnant women exposed to IPV are at
increased risk of chronic health conditions, such as cancer and
cardiovascular disease, which are characterized by increased
inflammation.36–41 These changes appear to be persistent; that is,
despite no longer being in abusive relationships, women exposed
to IPV showed persistently increased C-reactive protein, IL-
6,39,41 and increased interferon-c production.39–42 However,
these studies were conducted on nonpregnant and/or postmen-
opausal women and, as such, it is unclear whether the results are
relevant to the perinatal period.

The current analyses add to the small but growing litera-
ture on the behavioral and biological correlates of exposure to

violence in the prenatal period. Specifically, in a prospective
longitudinal study, we examined the association between
exposure to IPV and IL-6 and TNF-a. Changes in levels of
IL-6 and TNF-a were examined and compared between
women with and without a history of IPV on four occasions:
at 18 and 32 weeks of gestation and at 6 weeks and 6 months
postpartum.

Materials and Methods

Sample

Data were obtained from a prospective, longitudinal
cohort study of pregnant women receiving obstetrical care
from a hospital-based practice serving a predominantly
low-income minority population.43 Because we were in-
terested in the associations between IPV, cytokines, and
psychiatric symptoms across the perinatal period in a
normal (i.e., nondiseased) population, we excluded women
with medical conditions that could themselves alter cyto-
kine levels and potentially confound the relationship being
tested, for example, HIV, cancer, type 1 diabetes, rheu-
matoid arthritis, multiple sclerosis, asthma, and lupus. For
the same reason, we excluded women who were on steroids
to treat/manage a medical condition. All potential exclu-
sions were reviewed by three members of the study team,
including a board-certified specialist in Maternal-Fetal
Medicine and an immunologist ( J.A.M.) following a re-
view of medical notes. In addition, because high medical
risk (e.g., prenatal drug use) and adverse clinical obstetric
outcomes (e.g., premature labor and delivery, premature
rupture of membranes, preeclampsia, stillbirth) may con-
found any association between IPV and cytokines, these
women were also excluded. In practice, however, very few
women were excluded for these medical conditions, and
the results were not substantially different according to
whether or not we excluded the few women with abnormal
obstetric outcomes. We also excluded women with a his-
tory of psychotic disorder as determined from case notes or
clinical interview. Therefore, women included in analy-
ses were considered low to medium obstetric risk by
the medical team using standardized definitions (NIH,
ACOG), aged 19–34 years, had a confirmed singleton
pregnancy, less than 18 weeks of gestation at enroll-
ment, were fluent in English, and able to provide informed
consent.

Nursing staff in the obstetric clinic provided an overview of the
study to all clinic attendees who met initial inclusion criteria and
asked if they were interested in learning more about the study.
Study team members met with 397 pregnant women who met
initial eligibility criteria and expressed an interest in participating
in a research study. After receiving a full explanation of the study
procedures, 214/397 (53.9%) women consented to participate in
this study. Thirty-five women (35/214, 16.4%) were excluded
after the first interview because they had at least one exclusion
criterion that was not previously detected, or suffered a perinatal
loss, or changed the obstetric provider, or were lost to contact
before the clinical interview assessment. Additionally, eight
women were excluded following subsequent interviews that re-
vealed the presence of psychotic features or drug abuse that had
not been previously disclosed or identified. The final sample in-
cluded 171 women (Fig. 1). All procedures were approved by the
University of Rochester Institutional Review Board.
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Procedures and measures

The women were interviewed on four separate occasions:
twice in pregnancy at 18 and 32 weeks of gestation (–1 week)
and twice in the postpartum period at 6 weeks and 6 months
(–1 week). Assessments were conducted by highly trained
clinical interviewers, and participants completed the same
series of psychosocial questionnaires and a semistructured
diagnostic clinical interview (Structured Clinical Interview
for DSM [SCID])44 at each assessment.

Clinical diagnoses of current and past history of depression
(major, minor, or not otherwise specified) and generalized
anxiety disorder (GAD) were made according to DSM-IV-
TR from the mood disorders section of the SCID. Exposure to
traumatic events was elicited through the post-traumatic
stress disorder (PTSD) section of the SCID. A description of
each event that a woman had experienced and the age at
which it occurred were recorded. We defined a traumatic
event as meeting criterion A1 of the diagnostic criteria for
PTSD (309.81). This criterion includes exposure to an ex-
treme traumatic stressor involving direct personal experience
of an event that involves actual or threatened death or serious
injury or other threat to one’s physical integrity; witnessing
an event that involves death, injury, or a threat to the physical
integrity of another person; or learning about an unexpected
or violent death, serious harm, or threat of death or injury
experienced by a family member or other close associate
(pp. 428–429). For the purposes of these analyses, we created
a separate variable that included traumatic exposures other
than IPV.

Depressive symptoms at 32 weeks of gestation were assessed
using the Edinburgh Postnatal Depression Scale (EPDS).45 A
10-item self-report questionnaire, including an anxiety subscale,
the EPDS assesses symptoms in the preceding 7 days and is the
most widely used and validated screening tool for depressive
symptoms in pregnant and postpartum women.

Interviews took place in the Clinical Research Center
(CRC) located within the same hospital in which they re-
ceived their obstetric care; blood samples were taken by CRC
nursing staff during these assessments. Detailed clinical,
medical, and sociodemographic data were obtained from
interview and medical notes.

Exposure to IPV. At each assessment, women were asked
five questions about their history of partner violence. Life-
time exposure to IPV was ascertained through the question
‘‘Have you ever been emotionally or physically abused by
your partner?’’ Based on their response (yes/no), participants
were divided into two groups, those exposed and not exposed
to IPV. Recent exposure to physical violence from their
partner was ascertained through the question ‘‘Have you been
hit, slapped, kicked, or otherwise physically hurt?’’ If the
women gave an affirmative response, they were asked if this
had occurred (1) within the past year and (2) during this
pregnancy. Seven women (7/171, 4.1%) reported being
physically hurt in the past year by either their current boy-
friend or the baby’s father: three women were hurt before
pregnancy and four were abused while pregnant. Two ques-
tions were asked about safety, ‘‘Do you feel safe in your
current relationship?’’ (three women reported feeling unsafe)
and ‘‘Is there a person from a previous relationship who is
making you feel unsafe now?’’ (six women endorsed this).
Given the relatively low frequencies of physical and emo-
tional violence, all subsequent analyses focused on lifetime
exposure to violence more broadly. All comparisons were
made between these two groups (e.g., exposed or not exposed
to lifetime IPV).

Proinflammatory cytokines. Blood was collected into
vacutainer tubes (BD Diagnostics, Franklin Lakes, NJ) via
conventional venipuncture. Blood was centrifuged at 1000 g
for 10 minutes within 15 minutes of collection, and serum
was stored at -80�C until assayed. To ensure that elevated
cytokine levels were not due to an underlying medical con-
dition or infection, women were asked before the blood draw
if they had been ill recently, the nature of any illness, and any
medications that they had taken. Women who had been fe-
brile, experienced a cold or flu, or were taking medications
for these were asked to return a week later or, when asymp-
tomatic, to provide blood and to complete assessments
(n = 2); medical chart data were also reviewed for evidence of
illness. Most blood samples were obtained between 8:00 am
and 2:00 pm, although 14 samples were collected between
2:00 pm and 4:00 pm. Those women providing blood samples
later in the afternoon did so at each time point. Analyses with
and without these 14 samples showed similar results and
therefore data are reported on the whole sample.

Serum levels of IL-6 and TNF-a were assayed by enzyme-
linked immunosorbent assay using high-sensitivity kits pur-
chased from R&D Systems, Inc. (Minneapolis, MN). The kits
were used according to the manufacturer’s standard protocols
with the standard curve run on each 96-well assay plate.

FIG. 1. Flowchart depicting enrollment.
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Samples were run in duplicate. Absorbance was read at
490 nm with 650 nm wavelength correction within 30 min-
utes after development using an automated Opsys MR Mi-
croplate Reader (Thermo Labsystems, Chantilly, VA). The
minimum detectable limit for IL-6 is 0.039 and 0.106 pg/mL
for TNF-a. The intra-assay variability for both cytokines was
4% and the interassay coefficient of variation was <5%.

Data analyses

All data were analyzed using SAS 9.3. Due to the skewness
of the data, IL-6 and TNF-a values were log transformed. The
IL-6 and TNF-a changes between 32- and 18-week gestation,
6 weeks postpartum and 32-week gestation, and 6 months and
6 weeks postpartum were computed for each participant.
Bivariate analyses were performed to compare changes in the
cytokines between the two groups. Two-sample independent
t-tests, Mann–Whitney, chi-square tests, and logistic regres-
sion analyses were used as appropriate. For multivariable
analysis, a mixed model of IL-6 and TNF-a change46,47 was
performed against exposure to violence and time effect, ad-
justing for participants’ age, race, marital status, parity (coded
first child or not), body–mass index (BMI) in early pregnancy,
self-reported smoking and drinking status (yes/no) during
pregnancy, depressive symptoms (measured by the EPDS) at
32 weeks in pregnancy, and exposure to a traumatic event
(other than IPV) (yes/no) (Table 4). In these models, we as-
sumed a compound symmetry correlation structure to control
for within-participant clustering effect. The mixed model was
applied due to its ability to deal with missing data under the
missing at random condition. The overall changes among

consecutive follow-ups, and change between each of the
consecutive follow-ups, were compared between the two
groups at the 0.05 significance level. The study was designed to
have 80% power to detect a mean difference of half of a
standard deviation (two-tailed) or an effect size of 0.5 based on
a sample of 128 women.

Results

As shown in Table 1, the overall sample was predomi-
nantly single, African American, received Medicaid, and had
a high school education or less. Almost half (48.5%, n = 83)
reported a history of depression, and 57.3% (n = 98) were
classified as overweight or obese according to BMI in early
pregnancy. Retention within the study was relatively high for
a sample at elevated psychosocial risk, with 91.2% of women
completing both pregnancy assessments and 58.2% com-
pleting both postpartum assessments.

Sociodemographic and obstetric correlates of lifetime
exposure to IPV

Of the 171 women, 35 (20.5%) reported lifetime exposure to
IPV. As shown in Table 1, there were no significant differences
between the groups on the majority of demographic or ob-
stetric variables. Lifetime exposure to IPV was significantly
associated with smoking during pregnancy (odds ratio [OR]
2.38, 95% confidence interval [CI] 1.01–5.54); there was a
nonsignificant trend for violence exposure and premature birth
(21.9% vs. 10.9%) (OR 1.03, 95% CI 0.41–2.60).

Lifetime exposure to IPV and psychiatric diagnoses

As shown in Table 2, exposure to IPV during the life course
was significantly associated with experiencing a range of psy-
chiatric disorders, including GAD, PTSD, and depression. Fur-
thermore, there was a significant association with experiencing
depression during both the pregnancy (antenatal depression) and
postpartum periods (postpartum depression) studied.

IPV status and cytokine levels

Table 3 presents the mean levels of each cytokine at the
four assessment points by lifetime IPV status; for descriptive
purposes, the raw data are shown. Mann–Whitney analyses
compared levels at each assessment using raw and log-
transformed data and identical results were obtained. At
baseline (18 weeks of gestation), one significant effect
emerged: women with a history of IPV had significantly

Table 2. Logistic Regression Analysis

of Lifetime Exposure to Intimate Partner Violence

and Experiencing Psychiatric Diagnoses

Psychiatric diagnosis (DSM-IV TR) OR (95% CI)

History of major depressive episode 3.36 (1.50–7.54)
Lifetime diagnosis of

general anxiety disorder
3.24 (1.51–6.98)

Lifetime diagnosis of PTSD 5.54 (1.96–15.69)
Antenatal depressiona 2.36 (1.07–5.18)
Postpartum depressionb 2.77 (1.01–7.55)

aExperienced major or minor episode of depression according to
DSM-IV TR criteria during the pregnancy studied.

bExperienced major or minor episode of depression according to
DSM-IV TR criteria within 6 months of childbirth.

CI, confidence interval; OR, odds ratio.

Table 3. Mean Levels of Interleukin-6 and Tumor Necrosis Factor Alpha (Raw Data)

by Lifetime Intimate Partner Violence Exposure Status at the Four Assessments

Assessment

IL-6, pg/mL (mean, SD) TNF-a, pg/mL (mean, SD)

IPV positive IPV negative IPV positive IPV negative

18 weeks of gestation 1.98 (1.4) 2.17 (1.7) 1.63 (2.8) 0.93 (1.5) p < 0.05*
32 weeks of gestation 2.25 (1.4) 2.60 (1.8) 1.30 (1.5) 1.20 (1.6)
6 weeks postpartum 2.85 (2.2) 2.31 (2.1) 3.76 (6.7) 2.04 (2.9)
6 months postpartum 1.85 (1.3) 2.35 (2.1) 1.71 (1.6) 1.68 (1.7)

IL-6, interleukin-6; TNF-a, tumor necrosis factor alpha.
*Statistically significant at p < 0.05.
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higher levels of TNF-a (z = -2.29, p < 0.05) compared with
women who were not IPV exposed.

Change model analysis

Table 4 shows the multivariable analysis results of IL-6
and TNF-a change model for lifetime exposure to violence,
time effect, their interaction, depressive symptoms (mea-
sured by the EPDS) at 32 weeks of gestation, lifetime history
of trauma exposure (other than IPV), and participants’
characteristics (age, race, marital status, primiparity, BMI,
and self-reported smoking and drinking status [yes/no] dur-
ing pregnancy). Within the entire sample, and after control-
ling for participants’ characteristics, there was a significantly
greater change in the levels of IL-6 during pregnancy com-
pared with the postpartum period (b = 0.21, p = 0.04). That is,
the amount of increase in IL-6 during pregnancy was sig-
nificantly greater than the amount of decrease during the
postpartum period. This general trend was different accord-
ing to IPV status. Women who experienced violence had
significantly smaller changes in IL-6 across the different time
points than those not exposed to violence (b = -0.36, p = 0.04)
(Fig. 2). In addition, from 6 weeks to 6 months postpartum,
the women exposed to violence showed a greater decrease of
IL-6 compared with those without exposure to violence
(b = 0.36, p = 0.04). The association between IPV exposure
and change in TNF-a over time was not statistically signifi-

cant (b = -0.13, p = 0.79) (Fig. 3). However, the change in
TNF-a levels at 32 weeks of gestation to 6 weeks postpartum
(for the entire sample) was significantly greater than the
change from 6 weeks to 6 months postpartum (b = 1.54,
p < 0.01).

Discussion

Lifetime IPV and psychiatric and obstetric outcomes

Interpersonal violence is a major public health concern and
is associated with a range of adverse maternal and child out-
comes. Understanding the biological pathways that link
pregnancy and women’s history and experiences of violence is
a critical area of inquiry. This study adds to a small but growing
literature examining the biological correlates of exposure to
relationship violence and its effects on perinatal outcomes.48,49

A fifth of women (20.5%) in this study reported experiencing
emotional or physical abuse in their lifetime, which is lower
than current national and international estimates1–3; this may
be due to the use of a single-item measure to assess lifetime
exposure of the two subtypes of IPV, physical and emotional
abuse. Close to 4% of the study participants reported experi-
encing physical violence in the year before or during preg-
nancy; these rates are similar in magnitude to those reported in
previous studies using similar measures to assess women’s
experiences of recent physical violence.4–6

Table 4. Multivariable Analysis of IL-6 and Tumor Necrosis Factor Alpha Change and Lifetime

Exposure to Intimate Partner Violence

Effect

IL-6 TNF-a

Coefficient p Coefficient p

Intercept 0.14 0.61 -0.72 0.34
Time effect

32 weeks of gestation–18 weeks of gestation 0.21 0.04 0.43 0.12
32 weeks of gestation–6 weeks postpartum -0.03 0.80 1.54 <0.01
6 months postpartum–6 weeks postpartuma — — — —

Lifetime exposure to IPV
Yes -0.36 0.04 -0.13 0.79
Noa — — — —

Timea lifetime exposure to IPV
32 weeks of gestation–18 weeks of gestation, IPV history 0.27 0.20 0.01 0.98
6 weeks postpartum–32 weeks of gestation, IPV history 0.48 0.04 0.24 0.70

BMI at 18 weeks of gestation 0.01 0.21 0.01 0.37
Age at first interview 0.01 0.75 0.02 0.43
Primiparous -0.09 0.25 -0.25 0.23
Married or cohabiting with partner -0.09 0.23 -0.20 0.38
Race

Black -0.18 0.07 0.05 0.86
Other -0.09 0.39 0.03 0.93
Whiteb — — — —

Any smoking reported in pregnancy -0.01 0.88 0.03 0.91
Any alcohol use reported in pregnancy -0.12 0.68 -0.51 0.44
Depressive symptoms at 32 weeks of gestation -0.03 0.73 0.12 0.61
History of trauma exposure 0.09 0.24 -0.02 0.92
Lifetime IPV history vs. no history of IPV

32 weeks of gestation–18 weeks of gestation 0.09 0.47 0.12 0.73
6 weeks postpartum–32 weeks of gestation -0.12 0.44 -0.12 0.78
6 months postpartum–6 weeks postpartum 0.36 0.04 0.13 0.79

aIL-6 and TNF-a were log transformed.
bReference groups.
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Our results provide further evidence for the link between
IPV exposure and increased risk of experiencing psychiatric
illness, particularly during the perinatal period.10,11 Maternal
mental health in pregnancy and postpartum has been shown to
independently predict poorer child behavioral, cognitive, and
psychological outcomes50; therefore, early identification and
treatment of these conditions are needed to mitigate long-term
adverse outcomes. The perinatal period offers an important
opportunity to screen for history of and current exposure to
IPV and psychological symptoms as these women interact
regularly and frequently with healthcare providers.

Although women who experienced lifetime IPV were more
likely to smoke during pregnancy, a major risk factor for
preterm birth and low birth weight, we did not find direct links
between IPV history and adverse birth outcomes. Recent evi-
dence showed that severity of IPV in pregnancy predicted
small-for-gestational-age or low birth weight babies8 in a high-
risk sample. We report a nonsignificant association between
IPV exposure and premature birth; this may be due to lack of
power in the exposed group (n = 35) to detect small differences
in birth weight and gestational age. Furthermore, we were not
able to assess the duration or severity of IPV and had a small

number of women who experienced current and perinatal IPV,
all of which may strongly predict these outcomes.

Lifetime IPV and cytokine changes

Several studies have longitudinal data on cytokine changes
across pregnancy and the postpartum20,26,30,51–53 period with
conflicting patterns reported. Overall, IL-6 significantly in-
creased during pregnancy, which has been reported in
some,30,51,53 but not all, studies.20,26 Levels of TNF-a were
elevated in the IPV group at 18 weeks, but remained rela-
tively stable over time, supporting previous studies,26,30,51,53

but contradicting others.18,20 Notably, our findings are very
similar to those of Coussons-Read et al.30 who recruited
samples of women with psychosocial risk factors for elevated
psychological stress. It may be that observed differences
between studies reflect varying sample characteristics in
terms of psychological and medical risk factors, timing of
assessments, or other methodological factors.

Based on studies of nonpregnant women, one might expect
that women with a history of IPV would have elevated levels of
proinflammatory cytokines early in pregnancy because a history

FIG. 3. TNF-a change
across time by IPV status.
TNF-a, tumor necrosis factor
alpha.

FIG. 2. IL-6 change across
time by IPV status. IL-6,
interleukin-6; IPV, intimate
partner violence.
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of stress exposure may be associated with greater inflammation.
This was partially supported at the first assessment in the second
trimester of pregnancy; women exposed to IPV had significantly
higher levels of TNF-a. However, over time, we found differ-
ences in levels of IL-6 according to IPV exposure. A lower level
of initial IL-6 and a reduced increase over pregnancy may
suggest that women exposed to IPV may be hyporesponsive
during pregnancy. Importantly, we obtained this effect even
after controlling for depression and trauma exposure. In this
regard, it is interesting that Shelton et al.52 found that pregnant
women with depressive symptoms had lower levels of cytokines
in the second trimester compared with nondepressed women
and postulated that this may be an exaggeration of the normal
immunomodulation of pregnancy. Stress exposure or affective
symptoms trigger HPA axis activation that results in down-
regulation of the normal cytokine balance and hence lower
cytokine levels.52

Hyporesponsiveness during pregnancy and the early
postpartum period, assessed via HPA axis response and lack
of normal postpartum T-cell rebound, has been reported in
women exposed to a range of acute and chronic stressors53

and in women with severe affective postpartum mood dis-
orders.54 Future work is needed to consider the complex in-
terplay between behavioral phenotypes and the immune,
neuroendocrine, and nervous systems within the perinatal
period. In addition, further work is needed that examines a
broader range of cytokines, including anti-inflammatory
markers. More refined assessments that assess the timing,
duration, and severity of IPV are needed. Studies that con-
currently assess IPV exposure during the perinatal period,
cytokine levels, and obstetric outcomes are also required.

The study had several limitations. We used a single-item
measure of lifetime IPV, which did not assess the severity,
duration, or timing of abuse. It is possible that for women
with chronic exposure to IPV, or those experiencing IPV in
the perinatal period, the relationship among cytokines, IPV,
and birth outcomes may be clearer. Participants may have
underreported experiences of IPV, perhaps due to feelings of
fear or shame, and it is possible that women in currently
abusive relationships were not willing to participate in re-
search. Future studies are needed that consider subtypes,
timing, and duration of IPV. Studies should actively attempt
to recruit women who are currently being abused and are at
even higher risk of poor maternal and infant outcomes.
However, these limitations were offset by several strengths,
including a prospective longitudinal design, recruitment of a
psychosocial high-risk and ethnically diverse sample, and
multiple blood draws during pregnancy and the postpartum
period. In addition, the study is one of the few to examine
changes in proinflammatory cytokines across the perinatal
period26,52,55 rather than cross-sectionally.

Conclusions

Pregnancy and the postpartum period offer a unique op-
portunity for healthcare providers to screen for current or past
exposure to IPV. This study supports the clinical implications
of the U.S. Preventive Services Task Force (USPSTF) that
call for early intervention, screening, and referral to address
IPV among women of childbearing age.56,57 Multicomponent
interventions comprising routine annual monitoring of IPV
using validated screening instruments and provider engage-

ment in prenatal care settings, as well as targeted home-based
and brief interventions, hold promise to reduce adverse out-
comes in maternal and child health and to decrease delivery-
related healthcare costs.57,58 Furthermore, this study showed
that women with a history of IPV had significant and wide-
spread psychiatric morbidity, despite not being in currently
abusive relationships. The results also suggest that IPV ex-
posure may affect the levels of proinflammatory cytokines
across the perinatal period; these alterations in pregnancy
may affect the health of both the mother and child.
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