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Abstract
PURPOSE—To examine the association between prepregnancy depressive symptoms and preterm
birth.

METHODS—The present study is a prospective investigation of prepregnancy depressive
symptoms—measured by the Center for Epidemiologic Studies Depression Scale (CES-D)—and
risk of preterm birth reported in the Black Women’s Health Study. With data on 2,627 singleton
births (175 spontaneous and 163 medically-indicated preterm births and 2,289 term births), we used
generalized estimating equation models to estimate odds ratios (ORs) and 95% confidence intervals
(CIs) adjusted for potential confounders.

RESULTS—Relative to mothers with CES-D scores <16, the multivariable ORs of spontaneous
preterm birth for mothers with CES-D scores of 16-22, 23-32, and ≥33 were 1.17 (95%
CI=0.78-1.80), 1.20 (95% CI=0.69-2.10), and 2.00 (95% CI=0.94-4.25), respectively (P-trend=0.09).
There was little evidence of an association between prepregnancy depressive symptoms and
medically-indicated preterm birth.

CONCLUSIONS—Our data provide some evidence of an increased risk of spontaneous preterm
birth among women with high prepregnancy depressive symptoms.
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Introduction
Preterm birth, which affects approximately one in eight births, is the leading cause of neonatal
disability and mortality in the United States (1-3). The risk of preterm birth is twice as high
among Blacks as among Whites (3-5). The disparity in preterm birth is not fully explained by
established risk factors such as history of preterm birth, intrauterine infections, single marital
status, and low socioeconomic status (6).

Some studies have suggested that depressive symptoms may be more prevalent among Blacks
than other racial groups (7-9). However, others have found no increased prevalence of major
depressive disorder among Blacks independent of socioeconomic position (10,11). The
association between depressive symptoms and preterm birth has been examined in 13 studies
(12-24). Five found positive associations with preterm birth (12-16) and one found a two-fold
increased risk of spontaneous preterm labor that was not statistically significant (17). All
previous studies except one (24) measured depressive symptoms during pregnancy. The single
study that examined the relation between preconception depressive symptoms and preterm
birth found no association of preterm birth with retrospectively assessed depressive symptoms
(24). Only two studies (12,13) included more than 100 Black women with preterm births. Since
Black women are more likely to give birth preterm and may have a higher prevalence of
depressive symptoms, it is of interest to assess associations of depressive symptoms with
preterm birth in this population group separately.

An association between depressive symptoms and spontaneous preterm birth may be due to
deleterious effects of maternal stress. Black women are more likely than White women in the
U.S. to be exposed to chronic and acute environmental stressors associated with discrimination
and socioeconomic disadvantage (25). High concentrations of the stress-responsive hormone,
cerebrospinal corticotrophin-releasing hormone (CRH), have been linked with melancholic
depression in pregnant (26) and non-pregnant (27,28) individuals. In turn, a history of
depression before pregnancy may predict higher CRH levels during pregnancy (29). Increased
concentrations of placental CRH are associated with higher risk of spontaneous preterm birth
(30-32) but it is unknown whether this association is causal (33). Thus, prepregnancy depression
may influence the hypothalamic-pituitary-adrenal-placental axis during pregnancy to raise the
risk of spontaneous preterm delivery. In addition, there may be as yet unknown mechanisms
at work related to the presence of underlying depression that could affect risk of spontaneous
or medically induced preterm birth.

Most studies to date used instruments that had limited ability to separate symptoms of
depression from some of the experiences of pregnancy (e.g. fatigue, changes in sleep or appetite
patterns) (12). As a result, some of the pregnant women could have been misclassified as
depressed. An appreciable proportion of women with prepregnancy depression will go on to
have depressive symptoms during pregnancy (34). Therefore, there is value in examining how
depressive symptoms measured before pregnancy affects birth outcomes. Public health
organizations such as the Centers for Disease Control and Prevention and the American College
of Obstetricians and Gynecologists have recommended examining women’s preconception
health in relation to obstetric outcomes (35,36). We did so in the present study by prospectively
examining the association between depressive symptoms measured before pregnancy with both
spontaneous and medically-indicated preterm birth among Black women in the United States.

Methods
Study population and data collection

The Black Women’s Health Study (BWHS) is a large prospective cohort study of determinants
of health and illness among Black women in the United States (37). In 1995, the study enrolled
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women aged 21 to 69 years who completed health questionnaires mailed to subscribers of
Essence, a general magazine marketed to Black women. Other enrollees were family and
friends of early participants or members of selected Black professional organizations. The
59,000 participants with valid addresses have been followed through biennial questionnaires.
In each of the follow-up cycles through 2003, questionnaires were completed by an average
of 80% of the cohort (37-39). Of these participants, 8,697 reported having a singleton birth, of
which 15.0% were preterm. The study was approved by the Institutional Review Board of
Boston University Medical Center.

Assessment of depressive symptoms
The Center for Epidemiologic Studies Depression Scale (CES-D), a 20-item psychiatric
instrument (40), was included in the 1999 BWHS follow-up questionnaire. The CES-D was
designed to identify symptoms of depression in community settings, not to impart a diagnosis
of clinical depression. The use of the CES-D in community settings has been shown to be
reliable and valid (40-42), including among Black women (42,43). A confirmatory factor
analysis showed that the four-factor structures of the CES-D (i.e. depressed, somatic, positive,
and interpersonal) fit the BWHS data well (44).

Participants were asked to report the frequency of various emotions felt during the past week
using the following four categories: “0–rarely or none of the time (less than 1 day)”, “1–some
or little of the time (1-2 days)”, “2–occasionally or a moderate amount of time (3-4 days)”, “3–
most or all of the time (5-7 days).” These frequencies were applied to each of the 20 items such
as “I felt depressed,” “My sleep was restless,” “I thought my life had been a failure,” and “I
was happy” to create scores ranging from 0 to 60. The cutoff score of ≥16 is commonly used
to indicate the presence of depressive symptoms (40). In the present study, the CES-D scores
were categorized into four levels (<16, 16-22, 23-32, and ≥33). A cut point of 23 was used in
a community-based validation study to distinguish “probable” from “possible” cases of
depression (45). A higher cut point of ≥33 was used in a study conducted among pregnant
Black women in Baltimore, Maryland (12).

Assessment of preterm birth
On each biennial questionnaire, women were asked if they had given birth to a liveborn or
stillborn singleton child in the previous two years. A total of 2,682 singleton births were
reported in the 2001 and 2003 questionnaires by women who were less than 45 years of age at
delivery who had completed the CES-D in 1999. Mothers were asked if they had been told by
the doctor that the baby was born at least three weeks early and if so, how early. Those who
reported a birth at least three weeks early were further asked whether the birth was due to any
of the following three reasons: labor began early for no known reason; membranes ruptured
early and baby was delivered to prevent infection; or labor was induced or had a caesarian
section because of a medical indication. We defined preterm birth as a birth three or more
weeks early. We classified 175 preterm births as spontaneous (premature labor for no known
reason or early rupture of membranes) and 163 preterm births as medically-indicated (medical
induction or caesarian section), although we acknowledge that some caesarian sections may
have followed preterm labor. We excluded 26 preterm births that could not be classified as
spontaneous or medically-indicated because the mothers reported both reasons for the preterm
birth. We also excluded 29 births of mothers who reported on the 1999 questionnaire that they
were taking antidepressant medications at least three days a week because the medications may
have altered their symptoms and their responses to the CES-D in 1999. Our final analytic
population consisted of 2,627 births.

We validated the BWHS classification of preterm birth (born ≥3 weeks early) and the reason
for this outcome (spontaneous or medically-indicated) against records in two small validation
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studies. In one study, medical records confirmed the outcome for 92% of 25 women who
reported a preterm birth and confirmed the stated reason for 87% of the 23 women who truly
had a preterm birth (38,39). In the second study, preterm birth cases reported by women who
delivered in Massachusetts were compared with birth certificates from the Massachusetts
Department of Public Health birth registry. Preterm birth was confirmed for 21 of 23 (91%)
participants overall (11 of 12 participants who reported spontaneous preterm birth and 10 of
11 who reported medically indicated preterm birth). The proportion of preterm births according
to level of education in this cohort fit well with national statistics. In the BWHS, 93% of the
mothers had at least 13 years of education. The proportion of preterm birth in the present data
was 14.6% among women who had completed 13-15 years of education and 11.9% among
women who had completed 16 years or more, compared to corresponding national data among
Black women showing 14.5 and 12.8%, respectively (25).

Covariates
Reproductive and demographic variables were selected a priori as potential confounders.
Maternal age (≤29, 30–34, 35–39, ≥40 years) was the participant’s age at the time of delivery.
The following covariates were chosen to avoid adjusting for factors that may be on the causal
pathway: years of completed education, ascertained in 1995 (≤12, 13–15, 16, ≥17), mother
herself born preterm (no, yes), ascertained in 1997, marital status in 1999 (married or living
as married, divorced/separated/widowed, single), body mass index (kg/m2) in 1999 (<20,
20-24, 25-29, ≥30) (46), cigarette smoking status in 1999 (current, past, never), and parity in
1999 (nulliparous, parous). We also adjusted for histories of any thyroid condition (e.g.
hypothyroidism) (no, yes), prepregnancy or gestational hypertension (no, yes), and
prepregnancy or gestational diabetes (no, yes), prior to the index pregnancy. While household
income may be a confounder, we did not control for it because income was assessed on the
2003 questionnaire rather than before the occurrence of the births. However, we note that
adjustment for this variable resulted in little change in the effect estimates.

Statistical analyses
Chi-square tests were used in descriptive analyses to compare CES-D score categories by
maternal demographic and reproductive characteristics. Age-adjusted and multivariable
generalized estimating equation (GEE) models (47) were used to estimate odds ratios (OR)
and 95% confidence intervals (CI) for the association between prepregnancy depressive
symptoms and preterm birth. Multivariable models were adjusted for covariates listed above.
To maximize power, we used indicator terms to model missing covariate values. Effect
estimates from this missing indicator method were compared to estimates based on the
complete case approach and multiple imputation. Overall, we found that our estimates from
the missing indicator method were similar to those from the other two methods of handling
missing values.

GEE models were used to adjust for correlations of more than one birth from the same mother.
Of 2,627 births in the analytic sample, 208 (7.9%) were second births to the same mother. The
procedure was executed using SAS PROC GENMOD with the “logit link” function, an
exchangeable working correlation structure, and an empirical variance estimator (47).

We conducted subgroup analyses among nulliparous women and among women with no
history of hypertension, diabetes, or thyroid conditions. We conducted these sensitivity
analyses to examine the possible influence of residual confounding by adverse pregnancy
outcomes (e.g. previous preterm birth which could be a common cause of depression and
subsequent preterm birth) or by comorbidities (hypertension, diabetes, thyroid conditions).
Residual confounding from previous adverse birth outcomes would have been absent among
nulliparous women, and residual confounding from maternal health conditions would have
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been reduced among women free of hypertension, diabetes, and thyroid disorders. All analyses
were conducted in SAS version 9.1 (48).

Results
Among the 2,627 births, the maternal CES-D score was ≥16 for 25.9%, ≥23 for 11.0%, and
≥33 for 2.9%. The mean CES-D score was 11.4 (SD= 8.7). Mothers who were less educated,
single, overweight or obese, cigarette smokers, parous, born preterm, or had lower household
income were more likely to report depressive symptoms (Table 1).

For spontaneous preterm birth, the multivariable ORs for mothers with CES-D scores of 16-22,
23-32, and ≥33 relative to <16 were 1.17 (95% CI=0.78-1.80), 1.20 (95% CI=0.69-2.10), and
2.00 (95% CI=0.94-4.25), respectively (p trend=0.09), after controlling for risk factors for
preterm birth and comorbid conditions (Model 3 in Table 2). When we collapsed the two upper
CES-D categories, the OR for CES-D ≥23 relative to <16 was 1.40 (95% CI=0.88-2.24) (p
trend=0.14).

For medically-indicated preterm birth, the multivariable ORs for mothers with CES-D scores
of 16-22, 23-32, and ≥33 relative to <16 were 0.89 (95% CI=0.55-1.42), 0.94 (95%
CI=0.52-1.70), and 1.41 (95% CI=0.61-3.27), respectively (p trend=0.85), after controlling for
risk factors for preterm birth and comorbid conditions (Model 3 in Table 2). The OR for CES-
D ≥23 relative to <16 was 1.05 (95% CI=0.64-1.74) (p trend=0.99). Given that we observed
little evidence of an association with medically-indicated preterm birth, all subsequent analyses
were restricted to spontaneous preterm births.

The adjusted OR for spontaneous preterm birth comparing CES-D ≥23 with <16 was stronger
among the 1,506 women who had not previously given birth (OR=1.81, 95% CI=1.03-3.20;
p trend= 0.08) (Table 3). Among women without any comorbid factors (hypertension, diabetes,
or thyroid conditions), the adjusted OR was also stronger (OR=1.51, 95% CI=0.89-2.58; p
trend= 0.19) for CES-D ≥23 relative to <16.

Discussion
In this cohort of U.S. Black women, we found some suggestive evidence of a positive
association between prepregnancy depressive symptoms and spontaneous preterm birth.
Women with CES-D scores of 33 or higher had two times the odds of spontaneous preterm
birth of women with CES-D scores less than 16, although the finding was not statistically
significant after adjustment for maternal demographic, reproductive, and comorbid factors.
The positive association persisted among nulliparous women. We found no evidence of an
association between depressive symptoms and medically-indicated preterm birth after
adjustment for confounders.

Given that hypertension, diabetes, and thyroid conditions have been associated with depression
(49-51) and preterm birth (24,52-56) in the literature, there may have been some residual
confounding by these factors. We found that the effect estimates were slightly larger among
women who had no comorbid conditions. Likewise, the association between depressive
symptoms and spontaneous preterm birth strengthened after restricting our analyses to
nulliparous women. These findings suggest that uncontrolled confounding by factors
associated with previous pregnancies or with comorbid chronic illnesses may have attenuated
our overall results rather than produced a spurious positive association.

Thirteen previous studies have assessed the risk of preterm birth in relation to depression during
pregnancy using a variety of instruments to assess depression: the CES-D (12,13,21,22,24),
Edinburgh Postnatal Depression Scale (17), Beck Inventory Depression (BDI) (15,19),
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Structured Clinical Interview for DSM Disorders (SCID) (16), Primary Care Evaluation of
Mental Disorders (PRIME-MD) (18), Abbreviated Scale for the Assessment of Psychosocial
Status in Pregnancy (14,20), and the General Health Questionnaire (GHQ) (23). In all studies
except one (17), the instruments may have had limited ability to distinguish symptoms of
depression from some of the experiences of pregnancy (e.g. fatigue, changes in sleep or appetite
patterns), resulting in some misclassification of pregnant women as depressed. However,
studies have implemented other methods in efforts to circumvent this issue, such as increasing
symptom cutoff levels (12,22). In the eight studies that made a distinction between spontaneous
and indicated preterm births (12,14,17-21,23), depression during pregnancy was associated with
an increased risk of spontaneous preterm birth (12), spontaneous and indicated preterm birth
combined (14), and a two-fold increased risk of spontaneous preterm labor that was not
statistically significant (17). In the five studies that did not assess spontaneous and medically-
indicated preterm birth separately (13,15,16,22,24), three found positive associations (13,15,16).
The study by Orr et al. (12), which only enrolled Black women, is most comparable to ours
because the investigators assessed spontaneous preterm birth and measured depressive
symptoms with the 20-item CES-D scale. Using the upper 10% of CES-D scores (cutpoint =
33) to define depressive symptoms, Orr et al. reported an adjusted odds ratio of 1.96 (95% CI:
1.04, 3.72), which is comparable to our estimate of 2.00 using the same cutpoint for high
prepregnancy depressive symptoms. The only prior study of prepregnancy depression (24)
assessed depressive symptoms after participants had given birth using the short-form version
of the CES-D with a cutpoint of ≥10 to indicate presence of symptoms. The odds ratio for
preterm birth overall in that study was 1.21 (95% CI 0.71, 2.08). Our estimate comparing CES-
D score ≥16 to <16 in relation to spontaneous preterm birth was similar, 1.26 (95% CI: 0.89,
1.79).

To our knowledge, our study is the first to prospectively examine prepregnancy depressive
symptomatology in relation to preterm birth. Recall bias was avoided because women were
unaware of their future pregnancy outcomes at the time they completed the CES-D instrument.
Although we had limited power to estimate the effect of having CES-D scores ≥33, our sample
size was larger than previous studies on depression and preterm birth. We assessed spontaneous
and medically-indicated preterm births separately because they may have different etiologies
(6) and we controlled for several important potentially confounding variables.

A limitation of our study is that we had only one measurement of depressive symptoms, before
the index pregnancy. We had no information on depressive symptoms during the pregnancy.
Given the transient nature of depression, multiple measurements would have been a more
robust approach to capture either lifetime depressive symptoms or psychologic state just prior
to, or in the early stages of, the index pregnancy. Furthermore, the gold standard for
determination of depression is clinical interview, which was not feasible in this large cohort.
Misclassification of the exposure would have generally biased the effect estimates toward
unity. In our study, depressive symptoms were measured in 1999, two to four years prior to
the birth outcome. A study by Cohen et al (34) found that 43% of pregnant women with histories
of major depression had a relapse of major depression during pregnancy.

Another limitation of our study is the self-report of gestational age which could be subject to
non-differential misclassification. However, the BWHS validation results and the similarity
between BWHS and national preterm birth estimates among Black women suggest that our
definition of preterm birth is consistent with the usual clinical definition (<37 weeks gestation).
Self-report of the type of preterm birth, spontaneous or medically indicated, would also have
been subject to error. Given the available data, we were unable to assess the role of stress,
personality, or coping. Finally, because the study included few women who had not graduated
from high school, our results may not be generalizable to Black women with low levels of
education.
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Our results, although not statistically significant, indicate some suggestive evidence of a
positive association between prepregnancy depressive symptoms and spontaneous preterm
birth. Studies that measure depression both before conception and during pregnancy could
increase our understanding of whether and how the timing of depression influences the risk of
preterm birth. Moreover, studies conducted among ethnically diverse populations are needed
to determine whether maternal depression contributes to the racial disparity of preterm birth
in the United States.
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Table 1

Distribution of maternal demographic and reproductive characteristics by CES-D score for
2,627 births, Black Women’s Health Study*

Characteristic (units)

CES-D < 16 CES-D 16-22 CES-D ≥ 23

χ2 p-valueN (%) N (%) N (%)

No. of births 1946 391 290

No. of mothers 1776 369 274

Age at delivery (years)

 24-29 303 (15.6) 90 (23.0) 58 (20.0) 0.003

 30-34 902 (46.4) 170 (43.5) 145 (50.0)

 35-39 609 (31.3) 110 (28.1) 71 (24.5)

 40-44 132 (6.8) 21 (5.4) 16 (5.5)

Completed education (years)

 ≤ 12 89 (4.6) 29 (7.4) 30 (10.3) <0.001

 13-15 592 (30.4) 159 (40.7) 119 (41.0)

 16 684 (35.2) 113 (28.9) 79 (27.2)

 ≥ 17 569 (29.2) 87 (22.3) 59 (20.3)

 Missing 12 (0.6) 3 (0.8) 3 (1.0)

Marital status

 Married or living as married 1388 (71.3) 218 (55.8) 148 (51.0) <0.001

 Divorced/separated/widowed 110 (5.7) 35 (9.0) 33 (11.4)

 Single 423 (21.7) 132 (33.8) 101 (34.8)

 Missing 25 (1.3) 6 (1.5) 8 (2.8)

Body mass index (kg/m2)

 < 20 115 (5.9) 16 (4.1) 13 (4.5) <0.001

 20-24 732 (37.6) 116 (29.7) 81 (27.9)

 25-29 604 (31.0) 125 (32.0) 87 (30.0)

 ≥ 30 486 (25.0) 130 (33.3) 106 (36.6)

 Missing 9 (0.5) 4 (1.0) 3 (1.0)

Smoking status

 Current 108 (5.6) 23 (5.9) 33 (11.4) <0.001

 Past 157 (8.1) 48 (12.3) 33 (11.4)

 Never 1679 (86.3) 320 (81.8) 224 (77.2)

 Missing 2 (0.1) 0 (0.0) 0 (0.0)

Parity

 Nulliparous 1230 (63.2) 231 (59.1) 147 (50.7) 0.001

 Parous 713 (36.6) 159 (40.7) 143 (49.3)

 Missing 3 (0.2) 1 (0.3) 0 (0.0)

Mother herself born preterm

 Yes 135 (6.9) 23 (5.9) 37 (12.8) 0.002

 No 1210 (62.2) 232 (59.3) 160 (55.2)

 Not sure/unknown 601 (30.9) 136 (34.8) 93 (32.1)
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*
Education was ascertained in 1995, mother herself born preterm was ascertained in 1997, and all other characteristics were

measured in 1999.
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