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Abstract
Study Objectives: Delivery prior to full term affects 37% of US births, including ~400,000 preterm births (<37 weeks) and >1,000,000 early term 
births (37–38 weeks). Approximately 70% of cases of shortened gestation are spontaneous—without medically-indicated cause. Elucidation of 
modifiable behavioral factors would have considerable clinical impact.
Methods: This study examined the role of depressive symptoms and sleep quality in predicting the odds of spontaneous shortened gestation 
among 317 women (135 black, 182 white) who completed psychosocial assessment in mid-pregnancy.
Results: Adjusting for key covariates, black women had 1.89 times higher odds of spontaneous shortened gestation compared to White 
women (OR [95% CI] = 1.89 [1.01, 3.53], p = 0.046). Women who reported only poor subjective sleep quality (PSQI > 6) or only elevated 
depressive symptoms (CES-D ≥ 16) exhibited no statistically significant differences in odds of spontaneous shortened gestation compared 
to those with neither risk factor. However, women with comorbid poor sleep and depressive symptoms exhibited markedly higher odds of 
spontaneous shortened gestation than those with neither risk factor (39.2% versus 15.7% [OR (95% CI) = 2.69 (1.27, 5.70)], p = 0.01). A higher 
proportion of black women met criteria for both risk factors (23% of black women versus 11% of white women; p = 0.004), with a lower 
proportion experiencing neither risk factor (40.7% of black versus 64.3% of white women; p < 0.001).
Conclusions: Additive effects of poor subjective sleep quality and depressive symptoms were observed with markedly higher odds of 
spontaneous shortened gestation among women with both risk factors. Racial inequities in rates of comorbid exposure corresponded with 
inequities in shortened gestation. Future empirical studies and intervention efforts should consider the interactive effects of these commonly 
co-morbid exposures.
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Statement of Significance

This study provides novel evidence that poor subjective sleep quality and depressive symptoms show synergistic effects on gestational 
length.
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Introduction

Delivery prior to full term (<39 weeks) affects 37% of US deliv-
eries per year, including ~400,000 preterm births (<37 weeks) and 
>1,000,000 early term births (37–386/7 weeks). Preterm birth (PTB) 
has received extensive empirical focus for decades. However, 
early term birth (ETB) was only established as a clinical designa-
tion in 2013. At this time, the American College of Obstetricians 
and Gynecologists (ACOG) redefined “full term pregnancy” as 
birth between 390/7 and 406/7 weeks due to mounting evidence 
that the lowest risk for adverse neonatal outcomes are seen in 
that period, accordingly births occurring at 37–386/7 weeks were 
redefined as early term birth (ETB) to more accurately describe 
the risks associated with this birth timing.[1]

Delivery at <39 weeks (shortened gestation) increases risk for 
hypoglycemia, intravenous fluids, treatment with IV antibiotics, 
mechanical ventilation/intubation, NICU admission, and other 
adverse events [1–13], as well as poorer childhood academic 
achievement [2–4], childhood asthma [14, 15], and neonatal, 
postnatal, infant, childhood, and young adult mortality [7, 10]. 
While PTB confers greater risk along this continuum, ETB affects 
nearly three times as many deliveries. Overall, the public health 
implications of shortened gestation are substantial.

Approximately 30% of cases of shortened gestation are 
medically-indicated, initiated by the provider to protect ma-
ternal/fetal health (e.g. in context of preeclampsia, intrauterine 
growth restriction, etc.). The remaining 70% are spontaneous, 
following onset of labor or rupture of membranes [11]. The two 
strongest predictors of spontaneous shortened gestation are 
black race and history of shortened gestation [16]. Neither pro-
vides insight as to causal mechanisms that can be addressed 
to mitigate risk. Beyond these two factors, clinical prediction is 
remarkably limited. Although spontaneous cases are both more 
common and unpredictable, data disproportionately focuses on 
medically-indicated cases. While women at risk for medically-
indicated delivery due to conditions such as preeclampsia or 
intrauterine growth restriction can easily be identified prior to 
delivery, studies of spontaneous occurrence of shortened gesta-
tion require prospective enrollment. This methodological hurdle 
partially contributes to a comparative lack of data on predictors 
and mechanisms [2].

There are remarkable and intractable racial inequities in 
shortened gestation in the United States; 40.6% of black births 
occur prior to full term (13.1% PTB and 27.5% ETB) compared to a 
rate of 33.1% among white births (8.9% PTB and 24.2% ETB) [17]. 
This racial inequity is not explained by SES; a black woman in 
the United States with college education has a greater risk for 
PTB than a white woman with <8th grade [18]. It is not explained 
by alcohol use, smoking, or access to early prenatal care [19–30]. 
Refuting a genetic explanation—birth weight increases across 
generations in white/European immigrants, while it decreases in 
those of African descent [31–33]. Remarkably, this effect is ob-
servable after only one generation spent in the United States, 
implicating a social rather than genetic underpinning. Thus, the 
role of psychosocial stress and related sequelae are receiving 
increasing attention [4].

Meta-analyses show that the presence of depressive symp-
toms is associated with relative risk of PTB of 1.39 [34]. However, 
studies to-date generally lack consideration of risk for short-
ened gestation inclusive of early term birth. Moreover, despite 
compelling evidence that short sleep contributes substantially 

to chronic disease, all-cause mortality, and racial inequities in 
health [35–37], until recently, sleep has received limited atten-
tion in relation to birth outcomes. Emerging data now link sleep 
parameters, including short sleep duration and poor subjective 
sleep quality, with risk for shortened gestation [38–44]. Given the 
common co-occurrence of depression and poor sleep quality, 
data on the independent versus additive effects of these expos-
ures is needed.

Regardless of race, depressed pregnant women tend to ex-
perience poorer sleep quality than non-depressed pregnant 
women [45, 46]. However, black women may be at an increased 
risk to experience an exacerbated comorbidity of depression 
and poor sleep quality contributing to PTB and ETB, as they are 
both more likely to experience depressive symptoms [47] and to 
report poorer sleep quality during pregnancy when compared to 
white women [48]. Exposure to racial discrimination substan-
tially contributes to these racial inequities [48–56]. Furthermore, 
black women may be less likely to seek treatment due to stigma 
and failure of the medical system to instill trust [57]. While re-
search specific to the comorbidity between depression and 
sleep quality experienced by black women during pregnancy 
is limited, Field et  al. [58] has reported that for black women 
during pregnancy, depressive symptoms were associated with 
disturbed sleep during late pregnancy and postpartum. Black 
women with elevated depressive symptoms also had a higher 
incidence of premature delivery prior to 37 weeks [58]. Further 
research clarifying the roles of depressive symptoms and sleep 
quality as mechanisms contributing to racial inequities in short-
ened gestation is warranted.

Addressing compelling gaps in the literature, we examined 
effects of maternal depressive symptoms and sleep on risk for 
spontaneous occurrence of shortened gestation among black 
and white women in the United States. We examined inde-
pendent and additive effects of these exposures. It was hypothe-
sized that women experiencing both high depressive symptoms 
and poor subjective sleep quality would exhibit the greatest risk 
for shortened gestation. In addition, we hypothesized that in-
creased risk for shortened gestation among black women would 
be in part accounted for by increased exposure to these behav-
ioral stressors.

Methods

Study design

This study was a prospective observational design. These ana-
lyses drew from data collected across five study protocols 
involving assessment of maternal psychosocial factors and 
birth outcomes. These included an observational longitudinal 
study (R21 HD067670) [59], a study of maternal oral health (Seed 
Grant, OSU College of Dentistry) [60], two protocols examining 
maternal immune responses to influenza virus vaccine (R01 
NR01366) [61, 62], and one study on physiological reactivity to 
an acute laboratory stressor (R21 HD061644) [63]. Although the 
focal point of studies varied, all protocols had in common the 
element of inclusion of the same core questionnaire meas-
ures of sleep and depressive symptoms, permitting data to be 
pooled across studies for the current analyses. Across these 
protocols, data were collected from a total of 575 women be-
tween 2009−2018. Participants for these studies were recruited 
from The Ohio State University Wexner Medical Center and the 
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surrounding community of Columbus, Ohio. All studies were 
approved by The Ohio State University Biomedical Institutional 
Review Board. All participants signed a written informed con-
sent to at least one of the aforementioned research protocols 
and all were compensated for their participation.

Participants

The current analyses focused on racial inequities among black 
women as compared to white women in pregnancy. Women of 
other races/ethnicities were excluded, as were those endorsing 
both black and white race. Due to the known variability in sleep 
and mood across trimesters [64], these analyses focused specif-
ically on women assessed in mid-pregnancy (14–28 weeks ges-
tation), thus women assessed only at other points in pregnancy 
were excluded. Analyses focused on occurrence of spontaneous 
birth at early term or preterm, thus women with medically-
indicated or elective births prior to full term were excluded as 
were those without adequate information available to define 
their birth outcomes.

Participants were also excluded from analyses if one or more 
of the following exclusion criteria were present. First, women 
with stillbirth or miscarriage, multiple fetal gestation, lack of 
dating ultrasound, elective abortion, progesterone use, illicit or 
controlled opioid use (methodone/suboxone), use of medica-
tions indicated for depression and/or use of medications indi-
cated for sleep were excluded. Women who participated in two 
different studies during the same pregnancy (n  = 13) were in-
cluded once in the combined dataset. After applying these ex-
clusionary criteria, the final analytic sample was 317.

Demographic, behavioral, and clinical characteristics

Demographic characteristics, including maternal race, marital 
status, and annual household income, were assessed by self-
report. Tobacco use was also assessed per self-report. Pre-
pregnancy body mass index (BMI) was calculated according to 
self-reported pre-pregnancy weight and height as measured at 
first study visit (kg/m2). Gravidity and parity were determined 
via medical record.

Maternal sleep and depressive symptoms

The Pittsburgh Sleep Quality Index (PSQI) was used to assess ma-
ternal sleep in the past month in all study participants. The PSQI 
has high diagnostic sensitivity and specificity in distinguishing 
good and poor sleepers [65]. Global scores as well as subscale 
scores show high test-retest reliability across short intervals 
in adults with insomnia [66]. The PSQI has good construct val-
idity and reliability for assessing sleep in pregnant women, as 
well as predictive validity for perinatal mental and physical 
health outcomes [67–70]. A  score >5 is indicative of poor sub-
jective sleep quality in the general population [65]. However, a 
2018 meta-analysis suggested that a higher cutoff of >6 may be 
appropriate in perinatal populations in accordance with higher 
overall symptoms reporting [64]. Thus, in these analyses a cutoff 
of >6 was used to operationalize poor subjective sleep quality.

The Center for Epidemiological Studies Depression Scale 
(CES-D) was used to assess depressive symptoms [71, 72]. This 
20-item measure has predictive validity for birth outcomes 

and inflammation in pregnancy [73–77], and is recommended 
as a screening tool for perinatal depression by ACOG [78]. 
A  score ≥16 is indicative of clinically significant depressive 
symptoms, including among pregnant populations. For ex-
ample, Tandon et al. estimated an AUC of 0.94 for prediction 
of DSM-IV-determined perinatal depression using this cut off 
among a sample of pregnancy and postpartum black American 
women [79].

Birth outcomes

Births were classified as preterm (<37 weeks), early term birth 
(37−386/7 weeks), full-term (39−416/7 weeks), or post-term (≥42 
weeks) based on medical record review. Cases of shortened ges-
tation (<39 weeks) were classified as medically-indicated, spon-
taneous, or elective per medical records. Spontaneous cases 
were defined as spontaneous rupture of the chorioamniotic 
membranes and/or preterm labor characterized by contrac-
tions. Medically-indicated births included both inductions of 
labor and cesarean deliveries for reasons other than ruptured 
membranes and/or preterm labor including gestational hyper-
tension, preeclampsia/ eclampsia, cardiac or renal disease, pre/
gestational diabetes, and intrauterine growth restriction. Only 
one delivery prior to full term was classified as elective (i.e. in-
duction of labor or cesarean delivery for non-medical reasons).

Statistical analyses

Differences in patient characteristics between black and 
white women were assessed using chi-square tests (or 
Fisher’s exact test when appropriate) for categorical variables. 
Binary logistic regression models were used to assess asso-
ciations with the occurrence of shortened gestation versus 
full-term birth. Separate multivariable binary logistic regres-
sion models for binary CES-D (≥16 versus <16) and binary PSQI 
(>6 versus ≤6) were then fit including race (black, white) and 
the covariates such as maternal age (<20, 20–34, ≥35), income 
(<$15,000, $15,000–29,999, ≥$30,000), and pre-pregnancy BMI 
(underweight, normal, overweight, obese). Next, the additive 
effects of these exposures were tested by creating a variable 
describing exposure to neither behavioral stressor, disturbed 
sleep only (PSQI > 6), depressive symptoms only (CES-D ≥ 16), 
or both behavioral stressors. Race, maternal age, income, and 
pre-pregnancy BMI were then added to the combined risk 
factor model. All statistical tests were evaluated at the α = 0.05 
significance level and completed in SAS, Version 9.4.[80] Main 
results are presented below. For greater detail, see supplemen-
tary tables.

Results

Participant characteristics

In total, 317 participants were included in these analyses. 
Participant characteristics are summarized in Table 1. This sample 
included 64 (20.2%) with spontaneous shortened gestation (15 
preterm, 39 early term) and 253 term deliveries (237 full-term, 16 
late-term). Women were assessed between 141/7and 28 weeks ges-
tation (mean = 153.6 ± 22.4 days). In this sample, 42.6% of parti-
cipants were black (n = 135) and 57.4% were white (n = 182). Black 
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women had an average age of 25.1(SD: 4.4) and white women had 
an average age of 27.0 (SD: 4.8) years old, with an average pre-
pregnancy BMI of 27.6 kg/m2 (SD: 7.2) and 26.0 kg/m2 (SD: 6.6), re-
spectively. Women from lower socioeconomic backgrounds were 
overrepresented, with 82.2% of black women and 42.3% of white 
women reporting an annual household income <$30,000.

Racial differences in odds of shortened gestation

In this sample, 28.2% of black women had spontaneous short-
ened gestation compared to 14.3% of white women. Adjusting 
for maternal age, income, and pre-pregnancy BMI, race remained 
a significant predictor of higher odds of spontaneous shortened 
gestation (p  =  0.046). Specifically, black women were almost 2 
times more likely to have spontaneous shortened gestation com-
pared to white women [odds ratio (OR) 95% CI = 1.89 (1.01, 3.53)].

Maternal sleep and odds of shortened gestation

First, we examined the role of maternal sleep in predicting 
odds of spontaneous occurrence of shortened gestation. As de-
tailed above, women were classified based on the PSQI cutoff 
of >6 to indicate presence of poor subjective sleep quality. In 
univariate analysis, compared to women with good subjective 
sleep quality, those with poor subjective sleep quality exhib-
ited marginally higher odds of spontaneous shortened gestation 
[OR (95% CI) = 1.73 (1.00, 3.01), p = 0.0522]. In a model including 
PSQI and race, after adjusting for age, income, and BMI, com-
pared to women with good subjective sleep quality, those with 
poor subjective sleep quality did not differ significantly in odds 
of spontaneous shortened gestation (Figure 1 (OR  =  1.44 [95% 
CI] = 0.80, 2.57), p = 0.22]. In this model, race was marginally as-
sociated with spontaneous shortened gestation (p = 0.057), with 
black women having 1.84 times higher odds compared to white 
women (95% CI = 0.98, 3.44).

Maternal depressive symptoms and odds of 
shortened gestation

Next, the predictive value of depressive symptoms for odds of 
spontaneous shortened gestation was examined. Women were 
categorized based on presence of clinically significant depres-
sive symptoms using the CES-D cutoff of ≥16. The odds of spon-
taneous shortened gestation was higher among women with 
significant depressive symptoms. Specifically, in univariate ana-
lysis, compared to women without significant depressive symp-
toms, those with CES-D scores ≥16 exhibited 2.78 times higher 
odds (95% CI = 1.54, 5.00; p = 0.001).

In a model including CES-D and race and adjusting for age, 
income, and BMI, black women exhibited 1.76 times higher 
odds of spontaneous shortened gestation (Figure 2; 95% 
CI = 0.93, 3.33; p = 0.08). In this model, depressive symptoms 
remained predictive; compared to women without significant 
depressive symptoms, those with presence of clinically sig-
nificant depressive symptoms were 2.28 times more likely 
to have spontaneous shortened gestation (OR [95% CI] = 2.28 
[1.20, 4.33]; p = 0.01).

Combined risk factor variable

As expected, a strong, positive correlation was observed be-
tween continuous scores on the CES-D and PSQI (Pearson cor-
relation coefficient (ρ) = 0.51, p < 0.001). We next examined the 
effects of unique versus co-occurring indication of clinically 
significant depressive symptoms (CES-D ≥ 16) and poor sleep 
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Figure 1. Sleep and rates of shortened gestation by race. In a model with PSQI 

and race and adjusting for age, income, and BMI, compared to women with 

PSQI ≤ 6, those with PSQI > 6 did not differ significantly in risk for spontaneous 

shortened gestation (OR [95% CI] = 1.44 [0.80, 2.57], p = 0.22). In this model, Black 

women were marginally more likely to have higher risk of spontaneous short-

ened gestation (p = 0.057) (bars indicate 95% confidence intervals).

Table 1. Participant characteristics

Variable
Total  
(n = 317)

Black  
 (n = 135)

White  
(n = 182)

p-
value*

Maternal age    0.06
 <20 20 (6.3%) 5 (3.7%) 15 (8.2%)  
 20–34 286 (90.2%) 128 (94.8%) 158 (86.8%)  
 ≥35 11 (3.5%) 2 (1.5%) 9 (5.0%)  
Annual household 

income
   <0.001

 <$15,000 120 (37.9%) 76 (56.3%) 44 (24.2%)  
 $15,000–29,999 68 (21.5%) 35 (25.9%) 33 (18.1%)  
 ≥$30,000 129 (40.7%) 24 (17.8%) 105 (57.7%)  
Prepregnancy BMI    0.07
 <18.5 10 (3.2%) 6 (4.4%) 4 (2.2%)  
 18.5–24.9 149 (47.0%) 53 (39.3%) 96 (52.8%)  
 25.0–29.9 85 (26.8%) 38 (28.2%) 47 (25.8%)  
 ≥30.0 73 (23.0%) 38 (28.2%) 35 (19.2%)  
CES-D, total    <0.001
 <16 241 (76.0%) 89 (65.9%) 152 (83.5%)  
 ≥16 76 (24.0%) 46 (34.1%) 30 (16.5%)  
PSQI, total    0.001
 ≤6 197 (62.2%) 70 (51.9%) 127 (69.8%)  
 >6 120 (37.8%) 65 (48.1%) 55 (30.2%)  
Shortened gestation 64 (20.2%) 38 (28.2%) 26 (14.3%) 0.002

*Black women compared to white women, chi-square test (Fisher’s exact test 

was used for maternal age and prepregnancy BMI).
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Figure 2. Depressive symptoms and rates of shortened gestation by race. In a 

model with CES-D and race and adjusting for age, income, and BMI, compared to 

women with CES-D <16, those with CES-D ≥ 16 had significantly greater risk for 

shortened gestation (OR [95% CI] = 2.28 [1.20, 4.33]; p = 0.01). In this model, Black 

women had 1.76 times higher odds of spontaneous shortened gestation (95% 

CI = 0.93, 3.33; p = 0.08) (bars indicate 95% confidence intervals).
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quality (PSQI > 6)  in a model including race and adjusting 
for maternal age, income, and pre-pregnancy BMI. Compared 
to those with neither risk factor, women who reported only 
disturbed sleep exhibited no increased risk for spontaneous 
shortened gestation (Figure 3; OR [95% CI]  =  0.84 [0.38, 1.87], 
p = 0.67). Similarly, those with only elevated depressive symp-
toms did not differ significantly in risk as compared to those 
with no risk factor (OR [95% CI] = 1.26 [0.43, 3.67], p = 0.67). In 
contrast, as compared to those with neither risk factor, women 
with both disturbed sleep and elevated depressive symptoms 
exhibited significantly higher odds of spontaneous shortened 
gestation (39.2% versus 15.7%, OR [95% CI]  =  2.69 [1.27, 5.70], 
p  =  0.01). In this model black women had 1.80 times higher 
odds of spontaneous shortened gestation than white women 
(95% CI = 0.95, 3.41; p = 0.07).

Racial inequities in psychosocial risk exposure

As shown in Table 2, compared to white women, a higher pro-
portion of black women met criteria for both poor subjective 
sleep quality and elevated depressive symptoms (23% of black 
women versus 11% of white women; p = 0.004), with a lower pro-
portion experiencing neither risk factor (40.7% of black versus 
64.3% of white women; p < 0.001).

Discussion
In this study of a racially diverse cohort assessed at mid-
gestation, we examined independent and additive effects of 
poor sleep quality and depressive symptoms on birth outcomes. 
These data showed higher risk in association with depressive 
symptoms. Notably, when examined in a combined risk factor 
model, effects of depressive symptoms alone were no longer 
significant. However, markedly higher odds of spontaneous oc-
currence of shortened gestation (inclusive of preterm and early 
term birth) were observed among women with concurrent ex-
posure to both poor sleep and elevated depressive symptoms. 
These data suggest that assessment of both sleep quality and 
depressive symptoms adds considerable predictive value for 
identifying risk for adverse birth outcomes.

Notably, black women in this sample had markedly higher 
rates of shortened gestation than did white women, with 
rates of 28.2% and 14.3%, respectively. Possible mediating ef-
fects of co-occurring poor sleep and depressive symptoms 
were suggested. Specifically, black women were markedly 
over-represented among participants with co-occurrence of 
both risk factors, with 23% of black versus 11% of white partici-
pants represented in this category. In addition, in the combined 
risk factor model, race was no longer a statistically significant 
predictor of risk for spontaneous shortened gestation.

While mediating effects were supported, this study was not 
adequately powered to examine moderating effects of race (i.e. 
differential risk for adverse birth outcome following the same 
behavioral exposure). Prior data from our group which suggest 
that upon similar exposure to poor subjective sleep quality, 
black women show enhanced vulnerability to inflammatory im-
mune dysregulation than white women, as well as increased 
risk for shortened gestation [42, 44, 81]. The potential for height-
ened physiological sensitivity to stressors due to chronic stress 
remains an important area of investigation.

In this study, birth categories were rigorously defined, to 
permit for specific examination of the spontaneous occurrence 
of shortened gestation. There is considerable debate with re-
gard to separating versus pooling spontaneous and medically-
indicated cases in studies of etiology [82]. The central argument 
for pooling is that both types may share common underlying 
causes, particularly inflammation and vascular dysfunction [83], 
thus, pooling increases statistical power. Conversely, arguments 
in favor of the separation of subtypes contend that distinctive 
pathways will be obscured by pooling. There is currently no 
consensus on this issue. However, data specific to spontaneous 
cases is notably underrepresented in the literature.

An additional novel aspect of the current study is the focus 
on shortened gestation inclusive of preterm and early term 
birth. As detailed, early term birth is a relatively new desig-
nation. As such, efforts to date have focused almost exclu-
sively on reducing occurrence of elective delivery prior to 39 
weeks [9, 84–86]. As described, early term birth confers two 
times greater risk for both subsequent preterm birth and re-
peated early term birth [16], suggesting that these are best 
understood as a continuum of the same condition: shortened 
gestation. Early term birth affects more than twice as many 
deliveries as does preterm birth. Therefore, focus on short-
ened gestation inclusive of preterm and early term birth has 
the considerable benefit of increasing statistical power to de-
tect effects of behavioral and biological exposures. In fact, if 
early term birth is instead combined with “term” deliveries, 
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Figure 3. Sleep, depressive symptoms, and rates of shortened gestation by race. 

Race and risk factor categorization were included in the same model along 

with covariate controls. Compared to women with neither risk factor, women 

with both poor sleep and significant depressive symptoms had higher odds of 

spontaneous shortened gestation (OR [95% CI] = 2.69 [1.27, 5.70], p = 0.01). After 

accounting for these covariates, black race was not statistically significantly as-

sociated with spontaneous shortened gestation in this model (OR [95% CI] = 1.80 

[0.95–3.41], p = 0.07) (bars indicate 95% confidence intervals).

Table 2 Distribution of combined risk factor

Risk factors
All subjects 
(n = 317)

Black  
(n = 135)

White  
(n = 182)

p-value versus 
all other risk 
factor levels*

Both 51 (16.1%) 31 (23.0%) 20 (11.0%) 0.004
PSQI > 6 

only
69 (21.8%) 34 (25.2%) 35 (19.2%) 0.20

CES-D ≥ 16 
only

25 (7.9%) 15 (11.1%) 10 (5.5%) 0.07

Neither 172 (54.3%) 55 (40.7%) 117 (64.3%) <0.001

aOverall (omnibus) chi-square test for difference in risk factor level distribution 

by race: X2(3) = 19.2, p < 0.001.
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it meaningfully reduces the ability to detect pathways that 
contribute to adverse birth outcomes. Thus, the role of spon-
taneous early term birth should be fully considered in future 
studies. In addition, greater data are needed on potential ra-
cial differences in adverse outcomes in relation to shorter 
gestation, as some data suggests that black women may have 
a shorter physiological gestational length which may affect 
the rates of adverse outcomes observed when delivery occurs 
prior to 40 weeks [87].

Despite the common co-occurrence of depression and poor 
sleep quality, the independent and additive role of these expos-
ures has not been adequately considered in the existing litera-
ture. As compared to depression [34], data on sleep and perinatal 
health is more limited, but growing. Among 166 women, poor 
sleep quality per self-report was associated with risk for preterm 
birth, particularly sleep in early pregnancy for which every one 
point increase on the PSQI corresponded with a 25% increase in 
the odds [39]. Demonstrating similar effects, an epidemiological 
analysis of 1,091 women demonstrated a significant association 
between both maternal snoring (indicating possible sleep apnea/
hypoxia) in late pregnancy and risk for fetal growth restriction, 
as well as sleep deprivation in late pregnancy (as defined by ≤5 h 
of sleep on average) and risk for preterm birth [40]. Moreover, re-
cent retrospective data in 672 women with diagnosed insomnia 
or sleep apnea per medical record review showed 1.3 times 
greater odds of preterm birth (PTB) in cases of insomnia and 
1.5 times greater odds among cases with sleep apnea as com-
pared to 1:1 healthy matched controls.[43] As demonstrated by 
the current data, consideration of only sleep or only depression 
provides an incomplete understanding of risk.

The current study focused on women assessed at mid-
pregnancy. This is important, in that sleep quality and depressive 
symptoms change considerably across the course of pregnancy 
[88]. Therefore, limiting assessment to mid-gestation increases 
the signal-to-noise ratio in statistical analyses. However, longi-
tudinal data would be informative for explicating the temporal 
relationship between depressive symptoms and sleep. In add-
ition, longitudinal data would permit for examining the extent 
to which timing and chronicity of exposures to these behavioral 
factors affect risk for adverse outcomes.

The current investigation examined subjective sleep quality. 
Both sleep quality and sleep duration have strong predictive 
validity for a variety of health outcomes in pregnant and non-
pregnant adults [89–92]. However, duration is more robustly as-
sociated with disease, disability, and death, with stronger effects 
for sleep duration measured objectively (i.e. via wrist actigraphy) 
[90, 93]. Sleep duration per self-report and actigraphy tend to 
be only modestly associated [94]. While subjective reports often 
reflect a person’s time in bed rather than time spent asleep, 
actigraphy-based sleep duration calculates actual sleep time, 
excluding difficulty in falling asleep and staying asleep (i.e. 
sleep disturbances), which are captured as sleep onset latency 
(SOL) and wake after sleep onset (WASO). Thus, future studies 
utilizing objective measures of sleep in addition to self-report 
would be informative.

In addition, in this study, depressive symptoms were as-
sessed. However the presence of clinical diagnoses of mood dis-
orders was not determined per a structured clinical interview. 
In the broader literature, a meta-analysis of studies of depres-
sion and birth outcomes found that only 3 of 29 studies exam-
ined clinical diagnoses [34]. A broad range of prior studies have 

examined other types of distress, such as perceived racial dis-
crimination or general perceived stress [95]. While these data 
have empirical value, screening for racial discrimination, gen-
eral perceived stress, or other types of stress in the clinic setting 
is unlikely due to unclear treatment options. In contrast, clinical 
mood diagnoses are well-defined with empirically-supported 
treatments [96, 97]. As such, clinical disorders present targets 
suitable for screening in the obstetric setting. Relatedly, while 
this study focused on depressive symptoms, anxiety disorders 
are highly comorbid with depressive symptoms and also highly 
treatable [98]. The studies aggregated to allow for the current 
analyses did not uniformly assess perinatal anxiety, prohib-
iting determination of the relative predictive value of depressive 
symptoms versus anxiety for birth outcomes. Future focus on 
clinical diagnoses inclusive of anxiety disorders and examining 
comparative predictive validity will help to advance translation 
to clinical application.

During the period of data collection (2009–2018), there was a 
decrease in preterm birth rates in the United States from 12.16% 
in 2009 to 9.57% in 2014 followed by a gradual rise to 10.02% in 
2018 [99–101]. The decreases were largely driven by successful 
efforts to decrease elective c-sections prior to 39 weeks com-
pleted gestation and thus have minimal, if any, impact within 
the current study which focuses on spontaneous shortened ges-
tation. Racial inequities in preterm birth rates persisted across 
the period of assessment.

In the current investigation, we were unable to explore ana-
lyses related to racial discrimination because different assess-
ment tools for discrimination were used in different protocols 
of the contributing studies. Of note, a systematic review of 17 
studies of discrimination and sleep found that 15 focused on 
individual experiences of discrimination [102]. However, racism 
contributes to differential exposures to social determinants of 
health across multiple levels (individual, interpersonal, commu-
nity/societal) and domains (behavioral, physical environment, 
and sociocultural environment). Future studies should examine 
multi-level and multi-domain indicators of racial discrimination 
in relation to depressive symptoms and sleep [48, 51–55].

Furthermore, while health disparities between white versus 
black adults in the United States are well-documented, data 
on the antecedents and consequences among black people are 
sparse. It is increasingly recognized that “comparison studies, 
however necessary to establish inequities, are not sufficient to 
advance the science of diversity” [103]. Thus, for future studies 
to explore racial inequities, utilizing within participants designs 
is crucial. The social construct of race is characterized by mul-
tiple complex and inter-rated exposures that cannot be mean-
ingfully disentangled statistically in comparative models (i.e. 
blacks versus whites).[103, 104]

In conclusion, the current study provides novel evidence 
that effects of poor subjective sleep quality and depressive 
symptoms show synergistic effects on gestational lengths, 
whereby women experiencing both risk factors exhibit mark-
edly elevated odds of shortened gestation as compared to 
those with no risk factors, or only one of these two risk factors. 
These data also implicate increased rates of co-occurrence of 
poor sleep and depressive symptoms among black women as 
a factor contributing to racial inequities in birth outcomes. 
Future studies focusing on depression and sleep should in-
clude assessment and analyses examining the independent, 
additive, and interactive effects of these exposures. As 
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empirically supported treatments are available for both sleep 
health and depressive symptoms, addressing these behavioral 
factors during pregnancy may provide considerable benefit for 
maternal health and birth outcomes.
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