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public health priority for the U.S. and a research priority of the 
National Institutes of Health (NIH). It is the leading cause of 
infant morbidity due to increased respiratory disease, neonatal 
infections, and neurodevelopmental impairments, as well as in-
fant mortality.15 The rate of PTB in the U.S. has increased from 
approximately 9% to 12% in the last 25 years.16,17 Although sev-
eral risk factors have been identified, a gap in the understanding 
of the pathophysiology of PTB persists.

To address this, we evaluated the relation between subjec-
tive sleep quality ascertained at 14-16, 24-26, and 30-32 weeks 
gestation and risk of preterm delivery (< 37 weeks) in a cohort 
of community dwelling women. We hypothesize that poor sleep 
quality, particularly in early pregnancy (< 20 weeks), is associ-
ated with increased risk of delivering preterm.3 Additionally, 
given that poor sleep may be one mediator of the association 
between psychosocial stress and adverse health outcomes,18-22 
we also explore the possibility that disrupted sleep may explain, 
in part, the established relation between psychosocial stress and 
preterm birth.23-25

METHODS

Participants
The current sample comprised 166 women who were re-

cruited from a large university medical center during the first 
trimester of pregnancy. Initial prenatal recruitment criteria were 
as follows: singleton pregnancy, ≥ 18 years, English-speaking, 
nonsmoker, and free of medications or any condition that could 
dysregulate neuroendocrine function. Additional inclusion cri-
teria for the current study were assessment of sleep at a mini-
mum of one of the following study visits: 14-16, 24-26, and 
30-32 weeks gestation. Participants provided written informed 
consent, and the study was approved by the U.C. Irvine Institu-
tional Internal Review Board.

INTRODUCTION
Sleep disturbances, a common complaint in pregnancy, can 

result from myriad physiological, hormonal, vascular, and 
metabolic changes.1-3 In a recent poll from the National Sleep 
Foundation, over 79% of women reported that their sleep was 
different during pregnancy than at any other time; however, no 
distinction was made as to which aspect of sleep the women 
were describing.4 Empirical studies suggest that up to 25% of 
pregnant women report significant sleep disturbance in the first 
trimester, with rates climbing to nearly 75% by the third tri-
mester.5,6 While it is accepted that sleep progressively worsens 
across the gestational period,2,6,7 our current knowledge relies 
heavily on a small handful of reports with one or two assess-
ments and a broad range of measurements.

Longitudinal assessments of sleep across pregnancy may be 
clinically relevant, given the overwhelming evidence that poor 
sleep quality—one’s subjective perception that one’s sleep was 
unrefreshing, poor or inadequate—is linked with an array of 
adverse health outcomes including inflammation, metabolic 
syndrome, insulin resistance, and type 2 diabetes,8-10 as well as 
the recent hypothesis that sleep disturbance is associated with 
an increased risk for adverse pregnancy outcomes.3 Indeed, 
emerging data indicate that poor sleep quality is associated 
with preeclampsia, longer time spent in labor and poor delivery 
outcomes (increased cesarean deliveries), postpartum depres-
sion,11-13 and recently preterm birth (PTB).14 PTB is a major 
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guidelines suggested by Baron and Kenny35 and more recently 
by Lockhart et al.,36 logistic regression also was used to evaluate 
whether sleep quality might mediate relations between stress and 
preterm delivery. Lastly, we ran a post hoc analysis to explore 
whether the duration of poor sleep quality was associated with 
other identified risk factors. Analyses were run using SAS 9.0. 
Associations were considered significant if P < 0.05. 

RESULTS
Demographic characteristics of the entire sample are shown 

in Table 1. There were 15 (9.0%) women who delivered pre-
term and 151 (91%) who delivered at term. The two groups 
did not differ in terms of age, ethnic distribution or education. 
However, there were significant groups differences in income 
categories (P = 0.003), thus income was included as a covariate 
in the logistic regression models. Women who delivered pre-
term reported more disrupted sleep at Time 1 (14-16 weeks) and 
Time 3 (30-32 weeks) (Table 2). There were no group differ-
ences at the first visit for the CES-D, the PSS, or the Spielberger 
anxiety questionnaire (Ps > 0.05) in this sample; therefore, they 
were not included in the models. However, as shown in Table 2, 
there were group differences at Time 3 for the PSS, the CES-D 
(minus the sleep item), and the STAI (Ps < 0.05). There were 
no group differences in prenatal obstetric risk factors; however, 
due to the usual associations between medical risk factors and 
PTB, we chose to include it in the models.

Table 3 shows a correlation matrix of sleep, psychosocial 
measures, and preterm birth at each time point. Sleep quality 
was correlated with the PSS and the Spielberger anxiety ques-
tionnaire at each time point. However, it was only correlated 
with the CES-D (minus the sleep item) at Time 1 (14-16 weeks).

Logistic regression models were run for each time period. At 
Time 1 (14-16 weeks), poorer sleep quality significantly predict-
ed a higher probability of preterm birth after adjusting for income 
and the presence of medical risk factors (χ2 = 5.44, P = 0.02; 
OR 1.25 [95% CI 1.04-1.50]). At Time 3 (30-32 weeks), this 
was reduced to a trend (χ2 = 3.21, P = 0.07; OR 1.18 [95% CI 
0.98-1.42]). We also tested an a priori hypothesis that sleep may 
be a mediator in the relationship of stress and PTB in the third 
trimester. Using the Baron and Kenney method, first perceived 
stress, then both perceived stress and sleep quality were entered 
in a logistic regression model. The data suggest that sleep medi-
ates the relationship between perceived stress and PTB (Table 
4). The odds ratio between stress and PTB was attenuated and 
became nonsignificant consistent with mediation.

We lastly explored whether the duration of poor sleep quality 
(0, 1, 2, or 3 times) was associated with other known risk fac-
tors which could partially explain the variable results between 
sleep quality and PTB. Women with poor sleep quality at more 
time points had higher levels of perceived stress (ρ = 0.36, 
P = 0.0001), depression (ρ = 0.52, P < 0.0001), and anxiety 
(ρ = 0.38, P < 0.0001) at Time 1 (14-16 weeks). There was also 
a modest relationship between the number of times poor sleep 
quality was reported and PTB (ρ = 0.16, P = 0.095).

DISCUSSION
Our primary aim was to evaluate whether sleep quality was 

associated with preterm birth. We found that poor sleep qual-
ity, in early pregnancy (14-16 weeks) and in later pregnancy 

Sleep Quality Measure
The Pittsburgh Sleep Quality Index (PSQI),26 an 18-item 

questionnaire, was used to measure habitual sleep quality over 
the previous month. It comprises 7 subscales assessing habitual 
duration of sleep, nocturnal sleep disturbances, sleep latency, 
sleep quality, daytime dysfunction, sleep medication usage, and 
sleep efficiency. Each subscale has a possible score 0-3, with 
an overall global score 0-21. Higher scores reflect poorer sleep 
quality. In reports of various non-pregnant cohorts, a sensitivity 
of 89.6% and specificity of 86.5% and good internal consisten-
cy (Cronbach α = 0.80) are reported when using a cutoff ≤ 5.26,27 
The PSQI and its psychometric properties have been validated 
in pregnant women.28,29 We used the established cutoff > 5 to 
depict poor sleep quality.26

Determination of Gestational Length
Pregnancies were dated according to current American Col-

lege of Obstetricians and Gynecologists (ACOG) guidelines30 
by comparison of last menstrual period to estimates based on 
early ultrasound measurements by the research nurse at the first 
study visit at 15 weeks’ gestation. Deliveries occurring < 37 
weeks were categorized as preterm, while deliveries occurring 
≥ 37.0 weeks were categorized as term.

Additional Measures
Demographic variables associated with sleep and/or preterm 

birth were evaluated as covariates. Demographic variables in-
cluded maternal age, ethnicity (Caucasian: yes or no), income 
(< 30,000, 30,000-60,000, and > 60,000), and education (≤ high 
school, technical/some college, ≥ college degree). Psychoso-
cial variables included depressive symptoms characterized by 
the 9-item Center for Epidemiological Studies Depression scale 
(CES-D),31 perceived stress characterized by the 10-item Per-
ceived Stress Scale (PSS),32 and anxiety symptoms characterized 
by the 20-item Spielberger Trait Anxiety Inventory (STAI).33 
These variables were evaluated as continuous measures. The 
sleep item was removed from the CES-D to avoid redundancy 
and collinearity. Medical (obstetrical) risk for preterm birth was 
defined as the presence of specific historical risk factors and 
medical conditions in the index (current) pregnancy, including 
previous history of preterm birth, vaginal bleeding, and preg-
nancy-induced hypertension. Risk conditions were determined 
through interview and extensive medical chart review by the re-
search nurse. Medical risk was coded as a dichotomous variable 
with 1 indicating the presence of ≥ 1 condition and 0 indicating 
the absence of any current or historical risk conditions.23,34

Statistical Analysis
Demographic and clinical characteristics of the entire sample 

were examined with descriptive statistics. Due to the small num-
ber of women who delivered preterm and non-normal data distri-
bution, we used Wilcoxon/Fisher exact tests and Mann-Whitney 
U tests to evaluate whether the baseline demographic and psy-
chosocial measures were different between women who deliv-
ered preterm compared to women who delivered at term. Pearson 
correlation coefficients were run to examine relations between 
demographics, psychosocial variables, sleep quality, and preterm 
birth. Logistic regression models were run to evaluate whether 
sleep quality was associated with preterm delivery. According to 
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We sought to provide additional evidence as to whether 
poor sleep quality mediates the relationship between perceived 
stress and PTB.36 Interpretations are consistent with the cur-
rent literature of a bi-directional relationship between sleep and 
stress.18,20,38-40 We contend that our data provide evidence that 
sleep quality may indeed be one mediator in the established 
relationship between stress and PTB.23,41,42 Sleep is impaired 
by a multitude of influences ranging from financial strain43 to 
stressful life events44 to posttraumatic stress disorder.45 Preg-
nancy can also be a time of increased stress.23,46 Mounting evi-
dence confirms that higher levels of stress are indeed associated 
with more disrupted sleep,43,44,47,48 both of which are associated 
with immune and neuroendocrine dysregulation and increased 
morbidity.19,39 Further evaluation with studies designed to test 

(30-32 weeks), was associated with an increased risk of deliv-
ering preterm. Specifically, we showed that with every one-
point increase in the PSQI score in early pregnancy, the odds 
of preterm birth increased by 25%; in later pregnancy the odds 
increased by 18%. This is the first report, to our knowledge, 
that has evaluated sleep quality in conjunction with other estab-
lished correlates as a risk factor for preterm birth, and the only 
one to have more than two assessments of sleep quality across 
pregnancy. These data provide new evidence in support of our 
hypothesis that disturbed sleep in early pregnancy may be a 
critical behavioral risk factor for adverse pregnancy outcomes.3 
It also supports the extant literature indicating that poor sleep 
in late pregnancy is associated with an increased risk of poor 
delivery outcomes.11,12,37

Table 1—Demographic characteristics of 166 pregnant women at 14-16 weeks gestation by delivery status and PSQI Score

Characteristic

Total
N = 166

Term 
Deliveries

N = 151

Preterm 
Deliveries

N = 15
PSQI ≤ 5

N = 84
^PSQI > 5

N = 48
N % N % N % N % N %

Age*
18-24 37 22.7 34 23.0 3 20.0 15 18.07 10 20.83
25-29 53 32.5 48 32.4 5 33.3 31 37.35 13 27.08
30-34 47 28.8 44 29.7 3 20.0 22 26.51 15 31.25
35+ 26 16.0 22 14.9 4 26.7 15 18.07 10 20.83

Income*#

< $30,000 40 24.5 34 23.0 6 40.0 16 19.51 14 29.17
$30,000–60,000 38 23.3 31 20.9 7 46.7 18 21.95 16 33.33
Over $60,000 85 52.2 83 56.1 2 13.3 48 58.54 18 37.50

Education*
Primary, elementary, middle school 5 3.05 4 2.68 1 6.67 1 1.19 1 2.08
High school/or GED 23 14.02 22 14.77 1 6.67 13 15.48 7 14.58
Technical or vocational school 8 4.88 7 4.70 1 6.67 3 3.57 4 8.33
Some college but no degree 39 23.78 33 22.15 6 40.00 16 19.05 17 35.42
Associate degree 16 9.76 16 10.74 0 0.00 9 10.71 6 12.50
Bachelor’s degree 44 26.83 40 26.85 4 26.67 26 30.95 9 18.75
Other graduate degree (Masters, Doctorate) 22 13.41 22 14.77 0 0.00 13 15.48 2 4.17
Certificate 7 4.27 5 3.36 2 13.33 3 3.57 2 4.17

Ethnicity**
Non-Hispanic White 78 47.56 71 47.7 7 46.7 40 47.62 21 43.75
All others 86 52.44 78 52.3 8 53.3 44 52.38 27 56.25

Parity
0 73 44.0 68 45.0 5 33.3 35 41.67 23 47.92
1 57 34.3 49 32.5 8 53.3 31 36.90 16 33.33
2 21 12.7 21 13.9 0 0.0 12 14.29 7 14.58
3+ 15 9.0 13 8.6 2 13.4 6 7.14 2 4.17

History of Preterm Birth
 Yes 19 11.4 18 11.9 1 6.7 8 9.52 5 10.42
 No 147 88.6 133 88.1 14 93.3 76 90.48 43 89.58

Prenatal Medical Risk Factors
0 79 47.6 72 47.7 7 46.7 33 39.29 25 52.08
1-2 71 42.8 63 41.7 8 53.3 39 46.43 21 43.75
3+ 16 9.6 16 10.6 0 0 12 14.28 2 4.16

*Missing data from 3 women. **Missing data from 2 women. #Wilcoxon/Fisher exact tests show differences in the income categories (P = 0.003) between 
women who delivered preterm vs. term. ^PSQI > 5 indicates poor sleep quality.
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disordered breathing (SDB) as a robust 
physiological contributor to preeclampsia 
and preterm birth.49-51 SDB is associated 
with hypoxia and subsequent inflamma-
tion thought to contribute to gestational 
hypertension and preeclampsia.51,52 How-
ever, other investigations have identified 
subjective measures of sleep, including 
sleep duration12 and sleep quality13,37,53 as 
independent risk factors for increased time 
spent in labor, increased rate of cesarean 
delivery, and postpartum depression. This 
report augments these previous investiga-
tions and extends the association to pre-
term birth.

Identification of novel risk factors might 
provide insights into mechanisms leading 
to preterm birth.16 Although there are vari-
ous pathways postulated to increase risk of 
PTB, growing evidence supports a role for 
an exaggerated inflammatory response.54,55 
We speculate that the timing and chronic-
ity of poor sleep in pregnancy may affect 
different physiological pathways that may 

increase the vulnerability of women to subsequent infection, 
stress, or other psychosocial risk factors.3,56 Sleep disturbance, 
whether it is poor sleep quality or short sleep duration, is asso-
ciated with an exaggerated inflammatory response (i.e., higher 
circulating and stimulated levels of inflammatory cytokines).6,57 

mediation are required to effectively determine the direction of 
the relationship.

These data augment the small but growing literature re-
garding the link between sleep and pregnancy outcomes. The 
emphasis in previous studies has primarily focused on sleep 

Table 2—Sleep and psychosocial measures across pregnancy

Time 1: 14-16 Weeks Time 2: 24-26 Weeks Time 3: 30-32 Weeks
Preterm Term Preterm Term Preterm Term

M SD M SD M SD M SD M SD M SD
PSQI Total* 7.79 4.88 4.97 2.68 6.20 3.95 5.03 2.61 7.79 4.13 5.26 2.73
PSS** 28.7 9.1 26.5  7.2 27.1 8.8 24.9 7.2 31.6 12.2 25.1 7.5
CESD# 15.9 3.2 17.1 3.3 16.6 2.7 16.5 2.7 17.8 3.7 16.6 2.9
STAI^ 41.1 16.0 36.1 10.7 42.0 15.0 35.5 11.2 47.5 17.9 34.5 10.9

PSQI, Pittsburgh Sleep Quality Index; STAI, State-Trait Anxiety Inventory; PSS, Perceived Stress Scale; CES-D, Center for Epidemiologic Studies-
Depression Scale with the sleep item removed. *PSQI scores were significantly different between Preterm and Term deliveries at Time 1 Mann-Whitney U 
test, P-value = 0.05 and Time 3 P-value = 0.03. **PSS scores were significantly different between Preterm and Term deliveries at Time 3 Mann-Whitney U 
test, P-value = 0.04. #CES-D scores were significantly different between Preterm and Term deliveries at Time 3 Mann-Whitney U test, P-value = 0.02. ^STAI 
scores were significantly different between Preterm and Term deliveries at Time 3 Mann-Whitney U test, P-value = 0.002.

Table 3—Correlation matrix of sleep, psychosocial measures, and preterm birth across pregnancy 

14-16 Weeks 24-26 Weeks 30-32 Weeks
PSQI PSS CES-D# STAI PSQI PSS CES-D STAI PSQI PSS CES-D STAI

PSS  0.32** – –  –  0.43**  –  –  –  0.49**  –  –  –
CESD −0.20* −0.09 –  –  0.07  0.04  –  –  0.13 0.02  –  –
STAI  0.40** 0.72** −0.09  –  0.45**  0.73** −0.01  – 0.53**  0.75**  0.06  –
Preterm Birth^ -0.28** −0.08 −0.11 −0.13 −0.07 −0.09 −0.02 -0.17* -0.24** -0.23** −0.12 -0.31**

PSQI, Pittsburgh Sleep Quality Index; STAI, State-Trait Anxiety Inventory; PSS, Perceived Stress Scale; CES-D, Center for Epidemiologic Studies- Depression 
Scale. Value is minus the sleep item. *P < 0.01, **P < 0.001. ^point biserial correlations.

Table 4—Regression analyses evaluating sleep quality and perceived stress at 32 weeks gestation 
and whether quality of sleep mediates the relationship between perceived stress at 32 weeks’ 
gestation and preterm birth

β estimate Odds Ratio 95% CI R2 Change
Crude Model 0.10 1.10 1.03-1.18
Model 1 0.11

Obstetric Risk 0.20 1.22 0.60-2.50
Income Category (> $60,000) −1.66 0.19 0.01-0.82
Income Category ($30,000-$60,000) 0.91 2.49 0.32-4.38
PSS (Time 3) 0.08 1.08 1.00-1.16

Model 2 0.12
Obstetric Risk 0.26 1.30 0.63-2.71
Income Category (> $60,000) −1.59 0.20 0.01-0.98
Income Category ($30,000-$60,000) 0.91 2.49 0.33-4.85
PSQI (Time 3) 0.09 1.10 0.89-1.36
PSS (Time 3) 0.06 1.06 0.97-1.15

The Crude Model represents a logistic regression in which perceived stress at 32 weeks’ gestation 
predicts preterm birth. Model 1 was adjusted for obstetric risk (none or 1+) and income categories (< 
$30,000, $30,000–$60,000, and > $60,000). Model 2 was adjusted for income, obstetric risk, and for 
quality of sleep at 32 weeks’ gestation.
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supports the hypothesis that risk for PTB is determined by a 
cluster of risk factors24 and is multifactorial.62 What is unique 
and clinically relevant here is that sleep is a behavior that can 
be measured easily and quickly during prenatal visits. More 
importantly, it can be modified behaviorally with positive ben-
efits.68-70 Improving maternal sleep through behavioral interven-
tions may be a relatively simple option to reduce the risk for 
adverse pregnancy outcomes by ameliorating the negative ef-
fects of deleterious psychosocial (i.e., depression) and biologi-
cal (i.e., inflammatory) pathways.3

ACKNOWLEDGMENTS
The authors thank the families who participated, the staff at 

the UCI Women and Children’s Health and Well-Being proj-
ect, and Melissa Shablesky-Cade, Linda Willrich and Joann 
Broadus for their excellent work. This work was supported 
by NICHD Grant R01 HD-40967 (Laura M. Glynn, PhD) and 
NINR R00-010813 (Michele L. Okun, PhD).

DISCLOSURE STATEMENT
This was not an industry supported study. The authors have 

indicated no financial conflicts of interest.

REFERENCES
1. Baratte-Beebe KR, Lee K. Sources of midsleep awakenings in childbear-

ing women. Clin Nurs Res 1999;8:386-97.
2. Lee KA. Sleep during pregnancy and postpartum. In: Lee-Chiong T, ed. 

Encyclopedia of sleep medicine. John Wiley & Sons; 2006:629-35.
3. Okun ML, Roberts JM, Marsland AL, Hall M. How disturbed sleep may 

be a risk factor for adverse pregnancy outcomes. Obstet Gynecol Surv 
2009;64:273-80.

4. National Sleep Foundation. Summary of Findings of the 2007 Sleep in 
America Poll. 2007.

5. Lee KA, Zaffke ME, McEnany G. Parity and sleep patterns during and 
after pregnancy. Obstet Gynecol 2000;95:14-8.

6. Okun ML, Coussons-Read ME. Sleep disruption during pregnancy: how 
does it influence serum cytokines? J Reprod Immunol 2007;73:158-65.

7. Mindell JA, Jacobson BJ. Sleep disturbances during pregnancy. J Obstet 
Gynecol Neonatal Nurs 2000;29:590-7.

8. Jennings JR, Muldoon MF, Hall M, Buysse DJ, Manuck SB. Self-re-
ported sleep quality is associated with the metabolic syndrome. Sleep 
2007;30:219-23.

9. Knutson KL, Ryden AM, Mander BA, Van Cauter E. Role of sleep dura-
tion and quality in the risk and severity of type 2 diabetes mellitus. Arch 
Intern Med 2006;166:1768-74.

10. Okun ML, Hall M, Coussons-Read ME. Sleep disturbances increase 
interleukin-6 production during pregnancy: implications for pregnancy 
complications. Reprod Sci 2007;14:560-7.

11. Ekholm EM, Polo O, Rauhala ER, Ekblad UU. Sleep quality in pre-
eclampsia. Am J Obstet Gynecol 1992;167:1262-6.

12. Lee KA, Gay CL. Sleep in late pregnancy predicts length of labor and 
type of delivery. Am J Obstet Gynecol 2004;191:2041-6.

13. Okun ML, Hanusa BH, Hall M, Wisner KL. Sleep complaints in late preg-
nancy and the recurrence of postpartum depression. Behav Sleep Med 
2009;7:106-17.

14. Strange LB, Parker KP, Moore ML, Strickland OL, Bliwise DL. Dis-
turbed sleep and preterm birth: a potential relationship? Clin Exp Obstet 
Gynecol 2009;36:166-8.

15. Khashu M, Narayanan M, Bhargava S, Osiovich H. Perinatal outcomes 
associated with preterm birth at 33 to 36 weeks’ gestation: a population-
based cohort study. Pediatrics 2009;123:109-13.

16. Goldenberg RL, Culhane JF, Iams JD, Romero R. Epidemiology and 
causes of preterm birth. Lancet 2008;371:75-84.

17. Green NS, Damus K, Simpson JL, et al. Research agenda for preterm 
birth: recommendations from the March of Dimes. Am J Obstet Gynecol 
2005;193:626-35.

Stemming from these reports, a model describing the role of 
sleep and inflammation in the pathogenesis of adverse preg-
nancy outcomes was recently proposed, in which sleep dis-
turbances, particularly during the first 20 weeks of pregnancy, 
contribute to the development of subclinical symptomatology 
and eventual disease via increased systemic inflammation.3 
This hypothesis is based on in vitro data, which suggest that in-
creased levels of cytokines inhibit trophoblast invasion.58 This 
would result in subsequent disruption of the remodeling of the 
maternal vessels of the maternal vascular bed and placenta, an 
abnormality present in preeclampsia, preterm birth, and preg-
nancies with intrauterine growth retardation. Sleep disturbances 
in late pregnancy, on the other hand, may directly initiate the in-
flammatory response associated with parturition.59,60 Since poor 
sleep can initiate an inappropriate inflammatory response,10,61 
sleep may contribute to PTB by the premature activation of one 
or more of the normal processes associated with parturition.59 
Disturbed sleep may also augment this response in conjunction 
with stress, a known activator of inflammatory pathways.25,62

The reason for a lack of association between sleep quality at 
Time 2 and PTB is unclear. Although most reports indicate that 
sleep quality is improved during the late second trimester, the 
mechanisms through which this occurs are unknown. Definitive 
evidence is unavailable, for instance, as to whether a hormonal 
shift affects sleep or if simply sleep is “less” disrupted during 
this time, as compared to early gestation with the accretion of 
physiological changes or late gestation when physical size and 
restless legs syndrome (RLS) significantly disrupt sleep.63 It is 
also plausible that RLS, a motor-sensory disorder which causes 
significant sleep disruption, contributes to poor sleep quality 
in a percentage of the women, particularly in late pregnancy. 
Upwards of 30% of women in the third trimester complain of 
RLS.63-65 Studies to further evaluate the interactions among 
sleep, inflammatory markers, and delivery/pregnancy outcomes 
are desperately needed.

While our findings are both novel and provocative, we ac-
knowledge several limitations that may preclude the ability to 
generalize to all women. Although the percentage of preterm 
births (9%) is consistent with expectations based on epidemio-
logical data,66 the relatively small number requires replication 
to increase confidence in the findings. We also recognize that 
sleep quality was the only measure of sleep available. Although 
sleep quality is one of the more robust correlates of adverse 
health outcomes in other domains,8,13,67 additional measures of 
sleep, including continuity and duration, are needed to provide 
corroborative evidence of this relation. There are however, sev-
eral strengths of the current study. First, this was a prospective 
study in which the pregnancies were carefully dated according 
to current ACOG guidelines, which increases the confidence in 
the outcome variable of PTB. There was also detailed medi-
cal information collected upon enrollment and throughout the 
study, as well as at delivery, to characterize the cohort. This al-
lowed for evaluation of alternative explanations, including ges-
tational hypertension and other medical risk factors, and also 
for investigation of the mediating role of sleep disruption in the 
link between psychosocial stress and preterm birth.

In summary, this study provides evidence for the first time, 
that poor sleep quality represents a risk for PTB. It likely co-
occurs in the presence of other established risk factors, which 



SLEEP, Vol. 34, No. 11, 2011 1498 Sleep and Preterm Birth—Okun et al

45. Germain A, Buysse DJ, Nofzinger E. Sleep-specific mechanisms underly-
ing posttraumatic stress disorder: Integrative review and neurobiological 
hypotheses. Sleep Med Rev 2008;12:185-95.

46. Coussons-Read ME, Okun ML, Nettles CD. Psychosocial stress increases 
inflammatory markers and alters cytokine production across pregnancy. 
Brain Behav Immunol 2007;21:343-50.

47. Hall M, Buysse DJ, Nowell PD, et al. Symptoms of stress and de-
pression as correlates of sleep in primary insomnia. Psychosom Med 
2000;62:227-30.

48. Jansson M, Linton SJ. Psychosocial work stressors in the development 
and maintenance of insomnia: a prospective study. J Occup Health Psy-
chol 2006;11:241-8.

49. Maasilta P, Bachour A, Teramo K, Polo O, Laitinen LA. Sleep-re-
lated disordered breathing during pregnancy in obese women. Chest 
2001;120:1448-54.

50. Pien GW, Schwab RJ. Sleep disorders during pregnancy. Sleep 
2004;27:1405-17.

51. Yinon D, Lowenstein L, Suraya S, et al. Pre-eclampsia is associated with 
sleep-disordered breathing and endothelial dysfunction. Eur Respir J 
2006;27:328-33.

52. Pien GW, Fife D, Pack AI, Nkwuo JE, Schwab RJ. Changes in symptoms 
of sleep-disordered breathing during pregnancy. Sleep 2005;28:1299-305.

53. Evans ML, Dick MJ, Clark AS. Sleep during the week before labor: rela-
tionships to labor outcomes. Clin Nurs Res 1995;4:238-49.

54. Gargano JW, Holzman C, Senagore P, et al. Mid-pregnancy circulating 
cytokine levels, histologic chorioamnionitis and spontaneous preterm 
birth. J Reprod Immunol 2008;79:100-10.

55. Simhan HN, Krohn MA. First-trimester cervical inflammatory milieu and 
subsequent early preterm birth. Am J Obstet Gynecol 2009;200:377-4.

56. Stinson JC, Lee KA. Premature labor and birth: influence of rank 
and perception of fatigue in active duty military women. Mil Med. 
2003;168:385-90.

57. Irwin M. Effects of sleep and sleep loss on immunity and cytokines. Brain 
Behav Immun 2002;16:503-12.

58. Mor G. Inflammation and pregnancy: the role of toll-like receptors in 
trophoblast-immune interaction. Ann N Y Acad Sci 2008;1127:121-8.

59. Challis JR, Lockwood CJ, Myatt L, Norman JE, Strauss JF III, Petraglia 
F. Inflammation and pregnancy. Reprod Sci 2009;16:206-15.

60. Dudley DJ. Immunoendocrinology of preterm labor: The link between 
corticotropin-releasing hormone and inflammation. Am J Obstet Gynecol 
1999;180:S251-6.

61. Vgontzas AN, Zoumakis E, Bixler EO, et al. Adverse effects of modest 
sleep restriction on sleepiness, performance, and inflammatory cytokines. 
J Clin Endocrinol Metab 2004;89:2119-26.

62. Williamson DM, Abe K, Bean C, Ferre C, Henderson Z, Lackritz 
E. Current research in preterm birth. J Womens Health (Larchmt) 
2008;17:1545-9.

63. Facco FL, Kramer J, Ho KH, Zee PC, Grobman WA. Sleep disturbances 
in pregnancy. Obstet Gynecol 2010;115:77-83.

64. Lee KA, Zaffke ME, Baratte-Beebe K. Restless legs syndrome and sleep 
disturbance during pregnancy: the role of folate and iron. J Womens 
Health Gend Based Med 2001;10:335-41.

65. Suzuki K, Ohida T, Sone T, et al. The prevalence of restless legs syndrome 
among pregnant women in Japan and the relationship between restless 
legs syndrome and sleep problems. Sleep 2003;26:673-7.

66. Ananth CV, Joseph KS, Oyelese Y, Demissie K, Vintzileos AM. Trends 
in preterm birth and perinatal mortality among singletons: United States, 
1989 through 2000. Obstet Gynecol 2005;105:1084-91.

67. Fiorentini A, Valente R, Perciaccante A, Tubani L. Sleep’s quality dis-
orders in patients with hypertension and type 2 diabetes mellitus. Int J 
Cardiol 2007;114:E50-2.

68. Davidson JR. Insomnia treatment options for women. Obstet Gynecol 
Clin North Am 2009;36:831-46.

69. Edinger JD, Olsen MK, Stechuchak KM, et al. Cognitive behavioral 
therapy for patients with primary insomnia or insomnia associated pre-
dominantly with mixed psychiatric disorders: a randomized clinical trial. 
Sleep 2009;32:499-510.

70. Stremler R, Hodnett E, Lee K, et al. A behavioral-educational intervention 
to promote maternal and infant sleep: a pilot randomized, controlled trial. 
Sleep 2006;29:1609-15.

18. Caldwell BA, Redeker NS. Sleep patterns and psychological distress in 
women living in an inner city. Res Nurs Health 2009;32:177-90.

19. Cruess DG, Antoni MH, Gonzalez J, et al. Sleep disturbance mediates 
the association between psychological distress and immune status among 
HIV-positive men and women on combination antiretroviral therapy. J 
Psychosom Res 2003;54:185-89.

20. Hall M, Baum A, Buysse DJ, Prigerson HG, Kupfer DJ, Reynolds CF. 
Sleep as a mediator of the stress-immune relationship. Psychosom Med 
1998;60:48-51.

21. Hall M, Buysse DJ, Frank E, Sherrill JT, Kupfer DJ. Stressful life events 
interfere with sleep in healthy men and women. Sleep Res 1997;26,293.

22. Nilsson PM, Nilsson JA, Hedblad B, Berglund G. Sleep disturbance in 
association with elevated pulse rate for prediction of mortality--conse-
quences of mental strain? J Intern Med 2001;250:521-9.

23. Glynn LM, Schetter CD, Hobel CJ, Sandman CA. Pattern of perceived 
stress and anxiety in pregnancy predicts preterm birth. Health Psychol 
2008;27:43-51.

24. Peacock JL, Bland JM, Anderson HR. Preterm delivery: effects of socio-
economic factors, psychological stress, smoking, alcohol, and caffeine. 
BMJ 1995;311:531-5.

25. Wadhwa PD, Culhane JF, Rauh V, Barve SS. Stress and preterm birth: 
neuroendocrine, immune/inflammatory, and vascular mechanisms. Ma-
tern Child Health J 2001;5:119-25.

26. Buysse DJ, Reynolds CF, Monk TH, Berman SR, Kupfer DJ. The Pitts-
burgh Sleep Quality Index: A new instrument for psychiatric practice and 
research. Psychiatry Res 1989;28:193-213.

27. Carpenter JS, Andrykowski MA. Psychometric evaluation of the Pitts-
burgh Sleep Quality Index. J Psychosom Res 1998;45:5-13.

28. Jomeen J, Martin CR. Assessment and relationship of sleep quality to de-
pression in early pregnancy. J Reprod Infant Psychol 2007;25:97-9.

29. Skouteris H, Wertheim EH, Germano C, Paxton SJ, Milgrom J. Assessing 
sleep during pregnancy: a study across two time points examining the 
Pittsburgh Sleep Quality Index and associations with depressive symp-
toms. Womens Health Issues 2009;19:45-51.

30. American College of Obstetrics and Gynecologists. ACOG practice bul-
letin: ultrasonography in pregnancy. Obstet Gynecol 2009;113:451-61.

31. Radloff LS. The CES-D Scale: A self-report depression scale for research 
in the general population. Appl Psychol Meas 1977;1:385-401.

32. Cohen S, Kamarck T, Mermelstein R. A global measure of perceived 
stress. J Health Soc Behav 1983;24:385-96.

33. Spielberger CD, Gorsuch RL, Lushene RE. Manual for the State-Trait 
Anxiety Inventory (Form Y). Palo Alto, CA, Consulting Psychologists 
Press, 1970.

34. Hobel CJ. Identification of the patient at risk. In: Bolognese RJ, Schwartz 
RH, Schneider J, eds. Perinatal medicine: Management of the high risk 
fetus and neonate. Baltimore: Williams & Wilkins; 1982: 3-28.

35. Baron RM, Kenny DA. The moderator-mediator variable distinction in 
social psychological research: conceptual, strategic, and statistical con-
siderations. J Pers Soc Psychol 1986;51:1173-82.

36. Lockhart G, MacKinnon DP, Ohlrich V. Mediation analysis in psychoso-
matic medicine research. Psychosom Med 2011;73:29-43.

37. Beebe KR, Lee KA. Sleep disturbance in late pregnancy and early labor. 
J Perinat Neonatal Nurs 2007;21:103-8.

38. Landis CA, Lentz MJ, Tsuji J, Buchwald D, Shaver JL. Pain, psychologi-
cal variables, sleep quality, and natural killer cell activity in midlife wom-
en with and without fibromyalgia. Brain Behav Immun 2004;18:304-13.

39. McEwen BS. Sleep deprivation as a neurobiologic and physiologic stress-
or: Allostasis and allostatic load. Metabolism 2006;55:S20-S23.

40. Paulsen VM, Shaver JL. Stress, support, psychological states and sleep. 
Soc Sci Med 1991;32:1237-43.

41. Copper RL, Goldenberg RL, Das A, et al. The preterm prediction study: 
maternal stress is associated with spontaneous preterm birth at less than 
thirty-five weeks’ gestation. National Institute of Child Health and Hu-
man Development Maternal-Fetal Medicine Units Network. Am J Obstet 
Gynecol 1996;175:1286-92.

42. Wadhwa PD, Culhane JF, Rauh V, et al. Stress, infection and preterm 
birth: a biobehavioural perspective. Paediatr Perinat Epidemiol 2001;15 
Suppl 2:17-29.

43. Hall M, Buysse DJ, Nofzinger EA, et al. Financial strain is a signifi-
cant correlate of sleep continuity disturbances in late-life. Biol Psychol 
2008;77:217-22.

44. Mezick EJ, Matthews KA, Hall M, et al. Intra-individual variability in 
sleep duration and fragmentation: associations with stress. Psychoneuro-
endocrinology 2009;34:1346-54.


