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Abstract
Objective—Stress and depressive symptoms predict exaggerated inflammatory responses to a
biological challenge in nonpregnant humans and animals. The extent to which these findings
generalize to pregnancy is unknown because the immune system exhibits substantial changes to
support pregnancy. Notably, inflammatory responses to infectious agents play a causal role in the
development of gestational hypertension as well as risk for preterm birth. Thus, depressive symptoms
may increase susceptibility to these outcomes via sensitization of inflammatory processes. The
current study was designed to test the hypothesis that depressive symptoms would predict an
exaggerated proinflammatory response to an in vivo antigen challenge, influenza virus vaccination,
among pregnant women.

Method—Twenty-two pregnant women completed two study visits: baseline and one week after
receiving influenza virus vaccination. Depressive symptoms were measured with the Center for
Epidemiological Studies Depression Scale (CES-D) at baseline. Serum levels of macrophage
migration inhibitory factor (MIF) were determined using a high sensitivity immunoassay at both
study visits.

Outcomes—Analyses demonstrated that, as compared to those in the lowest tertile of CES-D
scores, those in the highest tertile exhibited significantly higher levels of MIF one week after
influenza virus vaccination (p = .035).

Conclusions—Depressive symptoms predicted exaggerated MIF production following influenza
virus vaccination during pregnancy. These data support the hypothesis that depressive symptoms are
associated with sensitization of the inflammatory response during pregnancy. Thus, women with
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greater depressive symptoms may be more vulnerable to negative sequelae of infectious illness during
pregnancy.

Conservatively, it is estimated that 25–40% of preterm births are attributable intrauterine
infection and associated inflammation (Goldenberg et al., 2008). In addition, infections
including periodontal disease and urinary tract infection are associated with increased risk of
preeclampsia and preterm delivery (Conde-Agudelo et al., 2008; Jeffcoat et al., 2001). Further,
certain maternal infections, including influenza, predict increased risk of negative health
outcomes in offspring and inflammatory processes are implicated in this link (Smith et al.,
2007).

Stress and depressive symptoms predict exaggerated responses to biological challenges in
humans and animals. Rodents exposed to repeated stressors evidence exaggerated
inflammatory responses upon antigen exposure, higher levels of circulating interleukin(IL)-6,
and enhanced IL-6 and tumor necrosis factor (TNF)-α production from myeloid cells (Avitsur
et al., 2005; Johnson et al., 2002; Stark et al., 2002). In human studies, lymphocytes from
depressed individuals show greater inflammatory responses upon in vitro exposure to mitogens
(Anisman et al., 1999; Maes, 1995, 1999). Similarly, in response to the in vivo antigen challenge
of influenza virus vaccination, older adults who reported more depressive symptoms exhibited
increases in serum IL-6 two weeks following vaccination while no increase was seen among
those with fewer depressive symptoms (Glaser et al., 2003). Providing further evidence that
depression primes inflammatory responding, women with a history of major depression
showed greater inflammatory responses following childbirth, a physical and psychological
stressor (Maes et al., 2001).

The extent to which such effects generalize to pregnancy is of interest. The immune system
demonstrates considerable changes to support pregnancy and negative perinatal outcomes have
consistently been associated with an exaggerated inflammatory state as compared to healthy
pregnancy (Redman et al., 1999; Sargent et al., 2006). Available data from pregnant women
show that perceived stress is associated with elevated maternal serum proinflammatory
cytokines, lower antiinflammatory cytokines, and exaggerated production of the
proinflammatory cytokines by lymphocytes stimulated in vitro (Coussons-Read et al., 2007;
Coussons-Read et al., 2005). Recent data from our group demonstrate that current depressive
symptoms during pregnancy are associated with elevated maternal serum IL-6 and TNF-α
(Christian et al., in press). To our knowledge, no studies have examined effects of distress (e.g.,
perceived stress or depressive symptoms) on inflammatory responses to in vivo antigen
challenge in pregnancy. As described above, inflammatory responses to infectious agents are
associated with negative effects for maternal health and pregnancy outcomes. Therefore,
exaggerated inflammatory responses may have unique implications during pregnancy.

The role of macrophage migration inhibitory factor (MIF) in inflammatory responses has
gained increasing attention. In the 1960s, MIF was one of the first cytokines identified;
however, it was not until the mid-1990s that the functional properties of MIF began to be
elucidated. Notably, MIF has the unique ability to counteract the anti-inflammatory properties
of glucocorticoids in a dose-response fashion (Calandra and Bucala, 1995; Flaster et al.,
2007). Due to its broad effects and essential role in both innate and adaptive immune function,
antagonism of MIF is now being considered as a therapeutic target for many diseases with an
inflammatory component, including rheumatoid arthritis (Morand et al., 2003), vascular
diseases (Burger-Kentischer et al., 2006), and multiple sclerosis (Denkinger et al., 2003).

In pregnancy, elevated MIF has been implicated in risk of preeclampsia (Todros et al., 2005)
and preterm delivery (Pearce et al., 2008). Moreover, Pearce (2004) reported that, compared
to nondepressed pregnant women, clinically depressed pregnant women exhibited significantly
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higher serum levels of MIF. Due to its unique proinflammatory properties and emerging links
with perinatal outcomes, the effects of psychosocial factors on MIF during pregnancy are of
great interest.

The current study was designed to examine whether depressive symptoms predict sensitization
of MIF responses during pregnancy. To test this hypothesis, influenza virus vaccination was
used as an in vivo antigen challenge. It was hypothesized that women reporting greater
depressive symptoms would exhibit greater MIF responses, indicating heightened sensitivity
of the inflammatory response.

Of note, pregnant women evidence higher rates of influenza-related health complications and
deaths than nonpregnant individuals. Given their high risk status, the American College of
Obstetricians and Gynecologists, American Academy of Family Physicians, and Centers for
Disease Control recommend that all women who are pregnant or will be pregnant during
influenza season be vaccinated (Fiore et al., 2008). Despite this recommendation, it is estimated
that only 12–13% of pregnant women have been vaccinated in recent years (Fiore et al.,
2008). Thus, influenza vaccination provides an excellent model for examining immune
responses while promoting vaccination.

Method
Study Design and Participants

Twenty-two pregnant women were recruited from the Ohio State University (OSU) General
Perinatal Medical Clinic. Participants completed two study visits: baseline and one week after
influenza virus vaccination. Depressive symptoms were assessed at baseline and serum levels
of macrophage migration inhibitory factor (MIF) were assessed at both study visits. Women
were excluded from participation if they reported recent acute illness, chronic health conditions
with implications for immune function, or if fetal anomaly or preeclampsia was indicated per
medical records. Participants received compensation for their participation at each study visit.
The study was approved by The OSU Biomedical Institutional Review Board. Data were
collected from November 2006 to April 2007.

Demographic and Psychosocial Measures
Information regarding height, current weight, pre-pregnancy weight, age, race, education level,
marital status, income, and employment status was collected. The following health behaviors
were assessed: cigarette use, participation in regular physical activity (i.e., at least one hour
per week of vigorous activity), the number of hours of sleep in the previous night, frequency
of prenatal vitamin use, and receipt of influenza virus vaccination in the prior influenza season.

Depressive symptoms were assessed prior to vaccination using the Center for Epidemiological
Studies Depression Scale (CES-D), which demonstrates good test-retest reliability and
excellent construct validity (Radloff, 1977). In addition, women were asked if they had ever
been diagnosed with and/or treated for a mood disorder (i.e., major depression, dysthymia or
minor depression, or bipolar disorder) by a healthcare provider.

Cytokine Measurements
At both study visits, whole blood was collected into vacutainer tubes between 9:30 am –1:30
pm while subjects were in a seated position. Post-vaccination samples were collected between
6–9 days following vaccination. Samples were immediately centrifuged, aliquoted, and placed
in −80 C degree freezer storage until analysis. Serum levels of MIF were assayed in duplicate
by using a Quantikine High Sensitivity ELISA kit (R&D Systems Minneapolis, MN) per kit
instructions.
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Influenza Virus Vaccination
Each woman received Fluarix vaccine (GlaxoSmithKline) during the 2006–2007 influenza
season. Vaccines were administered within 30 minutes after blood sampling. Each .05mL dose
contained 45 μg hemagglutinin (HA), with 15 μg HA of each of the following three virus
strains: A/New Caledonia/20/99 (H1N1), A/Wisconsin/67/2005 (H3N2), and B/Malaysia/
2506/2004.

Analytic Strategy
Cytokine data were log-transformed to normalize the data distribution. Data points ≥ 3 standard
deviations from the mean were considered to be outliers and were excluded from analyses.
One-way ANOVAs were used to examine equivalence of women classified as low, moderate,
and high in depressive symptoms in terms of demographic and behavioral factors. A repeated
measures general linear model was utilized to examine effects of depressive symptoms on
changes in serum MIF over time, with levels of MIF as the dependent variable and tertiles of
depressive symptoms (low, moderate, high) as the independent variable. One-way analysis of
variance (ANOVA) and post-hoc tests of least significant difference were utilized to test simple
main effects post-vaccination. Data analyses were performed using SPSS statistical software
(SPSS 16.0).

Results
Demographic and Descriptive Characteristics

After excluding data from one participant with outlying MIF values, data were available from
22 women. Demographic and descriptive data are presented in Table 1. Participants were 25
(SD=4.6) years of age and at an average of 17 (SD=9) weeks gestation. Participants were
primarily African-American (n=14), unmarried (n=16), had completed high school or less
education (n=17), and reported a total annual family income of less than $15,000 per year
(n=15).

Depressive Symptoms
Scores on the CES-D ranged from 2–37 with an average score of 16 (SD=10). For the purposes
of analyses, CES-D scores were split into tertiles. Women were classified as having no/minimal
depressive symptoms (scores ranging 0–10; n=8), mild/moderate depressive symptoms (11–
21; n=8), and significant depressive symptoms (≥ 22; n=6). Three women reported that they
had previously been diagnosed with major depression (n=2) or bipolar disorder (n=1) by a
healthcare provider. All three were in the highest tertile in terms of current depressive
symptoms and had previously been treated with antidepressant or mood stabilizing
medications. No women in the study were currently taking psychotropic medications.

Group Characteristics
One-way ANOVAs demonstrated that women in the three tertiles of depressive symptoms did
not differ in terms of age (p=.31), pre-pregnancy BMI (p=.73), education (p=.23), income
(p=.67), gravidity (p=.64), parity (p=.46), or weeks gestation at the time of vaccination (p=.
67). Chi-square analyses demonstrated no group differences marital status (χ2 (2)=3.3 p=.19)
or race (χ2 (2)=1.9, p=.38). As further confirmation of lack of racial difference in depressive
symptoms, t-tests comparing CES-D scores among African-American versus Caucasian
women demonstrated no significant difference (p=.67). In terms of health behaviors, groups
did not differ in terms of hours of sleep the night prior to vaccination (p=.32) or post-vaccination
session (p=.70). In addition, chi-square analyses showed that groups did not differ in terms of
cigarette smoking (χ2 (2)=1.7, p=.92) or endorsement of regular vigorous physical activity ( 1
hour per week (χ2 (2)= 1.7, p=.44). One participant reported receiving influenza virus
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vaccination during the prior influenza season. Repeated measures ANOVA and tests for simple
main effects indicated no significant differences as compared to participants who had not been
vaccinated in the previous season in terms of MIF levels at baseline or post-vaccination (ps ≥ .
13).

Analyses revealed a statistically significant difference in the days from vaccination to post-
vaccination follow-up between women with low depressive symptoms versus moderate
depressive symptoms (p =.03). The post-vaccination visit was completed at an average of 7.13
(SD = .64) days among those with low depressive symptoms, 8.13 (SD = .99) among those
with moderate depressive symptoms and 7.33 (.82) among those with high depressive
symptoms. Based on these analyses, days to post-vaccination visit was used as a covariate in
subsequent analyses.

Depressive Symptoms and MIF Responses
Next, analyses were conducted to examine relationships between depressive symptoms and
MIF levels. Repeated measures analyses controlling for days to post-vaccination visit
demonstrated no main effect for change in MIF from pre to post-vaccination (F(1,18) = 1.25,
p=.28). Post-hoc univariate ANOVAs were conducted to test for simple main effects at baseline
and post-vaccination. Results demonstrated that, controlling for days to post-vaccination visit,
women who scored in the top tertile on the CES-D (scores ≥ 22) exhibited significantly higher
levels of macrophage MIF at one week post-vaccination as compared to those scoring in the
bottom tertile (scores 0–10) (p=.035; Figure 1).

Discussion
The current data provide evidence that depressive symptoms predict sensitization of
inflammatory responses to an in vivo immune challenge during pregnancy. Women scoring in
the highest tertile of depressive symptoms as measured by the CES-D exhibited significantly
higher MIF at one week following influenza virus vaccination as compared to women in the
lowest tertile. Groups did not differ in demographic characteristics (e.g., age, BMI, race,
income) or health behaviors (e.g., sleep, smoking, regular exercise) assessed, suggesting that
these factors did not account for the effects of depressive symptoms.

The absence of an increase in MIF levels at one week post-vaccination among women with
lower depressive symptoms is consistent with previous evidence that influenza virus
vaccination does not generally cause an extended inflammatory response (Glaser et al., 2003;
Posthouwer et al., 2004; Tsai et al., 2005). Thus, we suggest that the inflammatory response
seen among the more depressed individuals at one week post-vaccination indicates
dysregulation of normal inflammatory processes.

These data have important implications for understanding risk of negative perinatal outcomes.
As described previously, inflammatory responses to infection during pregnancy are implicated
in outcomes relevant to maternal health, preterm delivery, and fetal development. Women who
experience greater depressive symptoms during pregnancy may experience greater
inflammatory responses upon exposure to other immune challenges including infectious
agents, putting them at greater risk for negative sequelae. Relatedly, inflammatory responses
to influenza vaccination are mild as compared to responses to influenza infection (e.g., Hayden
et al., 1998; Tsai et al., 2005), supporting the clinical utility of vaccination.

Evidence also suggests that individuals experiencing greater stress are more susceptible to
infection. For example, chronic stress among pregnant women has been associated with
approximately two times greater risk of bacterial vaginosis (BV) (Culhane et al., 2001).
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Therefore distress may contribute to inflammation during pregnancy by increasing both
susceptibility and response to infectious agents.

To our knowledge, there are no prior studies examining whether distress predicts priming of
MIF responses to biological challenge. However, data from animal models indicates that MIF
rises in response to acute behavioral stress (Calandra et al., 1995) and elevations in MIF have
previously been associated with depressive symptoms among young men (Hawkley et al.,
2006) and pregnant women (Pearce, 2004).

In the current investigation, depressive symptoms did not predict differences in MIF prior to
vaccination, although a trend towards this effect equivalent to a medium effect size was
suggested. Thus, additional research with a larger sample size is needed to confirm the present
results and to further examine associations of depressive symptoms with MIF prior to
vaccination.

Although the CES-D is a valid and reliable measure of depressive symptomatology, it does
not allow for diagnosis of clinical depression. It is estimated that 40–50% of those scoring at
or above the commonly used cut-off of 16 on the CES-D meet criteria for major depression as
determined by clinical interview (Weissmann et al., 1977). A variety of higher cut-offs have
been suggested to provide greater specificity and to identify more severe cases (e.g., Radloff,
1991). In the current sample, exaggerated inflammatory responses were seen among those
scoring in the top third (≥ 22). Research in which diagnostic clinical interviews are utilized in
conjunction with questionnaire measures would allow for better determination of the predictive
validity of assessing depressive symptoms versus clinical depression. Also, in the current study,
three women classified as the highest tertile of depressive symptoms reported that they had
previously been diagnosed with and treated for a mood disorder. The study sample size did not
allow for analyses of effects of current versus recurrent depressive symptoms which could be
addressed in a larger sample with more comprehensive assessment of psychiatric history.

Of note, our ability to detect effects of interest within a small sample was largely a function of
the notably high rate of depressive symptoms in our study population. This rate was similar to
other studies of pregnant women from lower socioeconomic backgrounds, highlighting the
importance of delineating effects of depressive symptoms during pregnancy. For example,
Seguin and colleagues (1995) found that 47% of pregnant women whose incomes were below
the poverty line scored at or above a clinical cut-off for depressive symptoms as compared to
20% of pregnant women from higher socioeconomic backgrounds.

The current study does not address the dynamics of change in MIF over time. The follow-up
timepoint of one week post-vaccination was selected to capture relatively extended
inflammatory responses; because prolonged responses are not generally expected in the context
of vaccination, such responses may provide an indication of immune dysregulation. However,
research examining the dynamics of inflammatory responses over time, including timepoints
more immediately post-vaccination, would be highly informative. In addition, the extent to
which inflammatory responses to vaccination predict health outcomes (e.g., preterm delivery,
preeclampsia, antibody response to vaccination) should be addressed in future studies.

These data do not allow for examination of the effects of stage of pregnancy on inflammatory
responses. In addition, because effects of depressive symptoms during pregnancy were of
primary interest, a nonpregnant comparison group was not included in this study. Future
research utilizing a larger sample size and more comprehensive assessment of health behaviors
will allow for more thorough analysis of demographic and behavioral factors which may
mediate and/or moderate effects noted in the current investigation.
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In sum, the current data provide evidence that depressive symptoms predict exaggerated
inflammatory responses to an in vivo antigen challenge during pregnancy. These findings
implicate a novel and plausible pathway by which depressive symptoms may affect maternal
health (e.g., preeclampsia), pregnancy outcomes (e.g., preterm delivery), and offspring health.
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Figure 1. Macrophage migration inhibitory factor (MIF) levels prior to and one week post-influenza
virus vaccination
As compared to women in the lowest tertile of CES-D scores (n=8), those in the highest tertile
(n=6) exhibited significantly higher levels macrophage MIF at one week after vaccination
(p=.035).
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Table 1

Demographic Characteristics

Age (years) Mean: 25 (SD=4.6) Range: 18–37
Race African-American: 14

Caucasian: 7
Bi-racial: 1

Marital Status Unmarried: 16
Married: 6

Education Less than high school: 4
High school: 13
Greater than high school: 5

Employment Status Employed: 8
Unemployed: 14

Income < $15,000: 15
15,000–29,999: 5
>30,000: 2

Body Mass Index (kg/m2)
 Pre-pregnancy: Mean: 26.8 (SD=6.0) Range: 18.2–38.7
 Per scale: Mean: 28.9 (SD=6.3) Range: 20.2–42.9
Weeks Gestation Mean: 17 (SD=9) Range: 5–36
Gravidity Mean: 3.2 (SD=1.5) Range: 1–7
Parity Mean: 1.9 (SD=1.3) Range: 0–5
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