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Abstract
Objective—To evaluate the impact of short sleep duration (SSD) and frequent snoring (FS) on
glucose metabolism during pregnancy.

Study Design—Prospective, cohort study of healthy nulliparas who participated in a sleep
survey study. SSD was defined as < 7 hours of sleep/night and FS, as snoring ≥3 nights/week.
Outcomes included one-hour oral glucose tolerance (OGT) results and the presence of gestational
diabetes (GDM). Univariate and multivariate analyses were performed.

Results—189 women participated; 48% reported a SSD and 18.5% complained of FS. SSD and
FS were associated with higher OGT values: SSD (116±31 vs. 105±23, p=.008), FS (118±34 vs.
108±25, p= 0.04). Both SSD (10.2% vs. 1.1%, p=.008) and FS (14.3% vs. 3.3%, p=.009) were
associated with a higher incidence of GDM. Even after controlling for potential confounders, SSD
and FS remained associated with GDM.

Conclusions—SSD and FS are associated with glucose intolerance in pregnancy.
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Introduction
Numerous studies have demonstrated associations between abnormal sleep patterns and a
wide spectrum of medical conditions.1, 2 In particular, poor sleep has been linked to insulin
resistance, glucose intolerance, and type 2 diabetes. 3 The two sleep disorders that have been
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most consistently associated with abnormal glucose metabolism are short sleep duration and
sleep disordered breathing. 4–8

Short sleep duration (SSD) has a variety of definitions, though most commonly it is defined
as sleeping on average less than 7 hours per night. According to recent data from the 2004–
2007 National Health Interview Survey, over 28% of the U.S adult population sleeps less
than 7 hours/night. 9 Sleep disordered breathing (SDB) is a chronic condition characterized
by repeated episodes of hypopnea and apnea during sleep. It is estimated that approximately
7% of adults in the general population have SDB of moderate to severe severity.10 Frequent
snoring is a common self-reported measure of SDB.11–13 In non-pregnant adults, laboratory
studies have shown that SSD and SDB are associated with impairments in glucose
metabolism, 14–17 and epidemiologic studies have demonstrated a link between these two
sleep disorders and the risk of developing diabetes. 5, 8, 18–21.

While studies have shown that SSD and frequent snoring are common complaints among
pregnant women, 22–25 there are limited data regarding the relationship between these sleep
disturbances and glucose metabolism during pregnancy. Abnormal glucose metabolism
during pregnancy is associated with adverse maternal and neonatal outcomes.26, 27 If SSD
and SDB during pregnancy contribute to maternal glucose intolerance, screening for and
treating these sleep disorders during pregnancy may lessen maternal glucose intolerance and
perhaps improve pregnancy outcomes. The objective of this study was to evaluate the
impact of self-reported SSD and SDB symptoms on glucose metabolism during pregnancy.

Material and Methods
This study was a planned secondary analysis of data from a prospective, observational study
designed to evaluate the prevalence of and trends in sleep disturbances across pregnancy.25

The study was approved by the Institutional Review Board of Northwestern University.
Patients were recruited in the outpatient setting from among women who received care at
Northwestern Memorial Hospital affiliated practices. These practices serve women who
have both government-based and private health insurance. Women were approached for
participation if they were nulliparous and had a singleton gestation. Women with the
following medical conditions were excluded: chronic hypertension, heart disease, chronic
lung disease, pre-gestational diabetes, chronic renal disease, and autoimmune disease
(excluding treated hypothyroidism). Women who were eligible and agreed to participate
provided informed consent.

The population was derived as a convenience sample (i.e., non-probability sampling, the
patients are selected, in part or in whole, at the convenience of the researcher). Study
participants were asked to complete a sleep questionnaire in early pregnancy (6–20 weeks)
and then again in the third trimester (28–40 weeks). This questionnaire included
demographic information such as maternal age, race and ethnicity, and pre-pregnancy
weight. Subjects were followed prospectively and pregnancy outcomes were abstracted from
the medical record by study personnel. Obstetric health care providers as well as study
personnel who abstracted the medical record were not aware of the results of the sleep
survey.

A full description of the sleep questionnaire used for this study has been reported elsewhere.
25 The questionnaire included items that addressed sleep duration and SDB symptoms.
Participants were asked “During the past month, how many hours of actual sleep did you get
at night?” The questionnaire specified that this number may be different than the number of
hours spent in bed. SSD was defined as sleeping less than 7 hours per night. Participants
were also asked if they snored (self-report). If they reported snoring they were asked to
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choose one of the following snoring frequencies: nearly every day, 3–4 nights per week, 1–2
nights per week, 1–2 nights per month or never/nearly never. Frequent snoring, used to
represent SDB, was defined as snoring ≥3 nights per week. Outcomes in women who
complained of SSD or frequent snoring while pregnant (early and/or late pregnancy) were
compared to outcomes in women without these sleep complaints.

Outcomes examined included mean 1-hour oral glucose tolerance (OGT) values, 1-hour
OGT values ≥130, and gestational diabetes (GDM). Results of 1-hour OGT screening were
obtained from the prenatal record. At our institution this testing is performed between 24–28
weeks using a 50 gram glucose load which is administered without regard to the time of the
last meal, in accordance with The American College of Obstetricians and Gynecologists
(ACOG) guidelines.28 Women who screened positive on the 1-hour OGT went on to do a
100 gram, 3-hour OGT test. The prenatal record and delivery record were searched and the
presence of GDM was based on documentation in the medical record. At the time of this
study physicians at our institution utilized the diagnostic thresholds established by the
National Diabetes Data Group (NDDG) to diagnose GDM.29

Outcomes and demographic characteristics in women with and without SSD and frequent
snoring were compared using the t-test for continuous data, and the χ2 and Fischer exact
tests for categorical data. Multivariable logistic regression models were used to control for
potential confounders. Covariates included in the multivariable regression models included
maternal age, race or ethnicity, and pre-pregnancy BMI. All tests were two-tailed and a P
value of less than 0.05 was considered statistically significant. Statistical analyses were
performed using SPSS 17.0 statistical software (SPSS Inc., Chicago, IL).

Results
Of the 224 eligible women who were approached, 202 (90%) agreed to participate and
completed the baseline survey. One hundred and eighty-nine of these women participated in
the third-trimester survey as well. The mean gestational age was 13.8 ± 3.8 and 30.0 ± 2.2
weeks at the first and second survey, respectively. Demographic characteristics of the study
population, as a whole, and stratified by sleep complaints, are provided in Table 1. Results
of 1-hr OGT screening were available for 182 women. For six women the prenatal record
only stated that the screening test was “normal”, and for one subject there was no
documentation of a 1-hr OGT. Complete prenatal records that allowed for the ascertainment
of GDM were available for 188 women.

At the time of the initial survey 26% of participants reported SSD (48/183). This increased
to 40% (73/183) in the third trimester (p=.001).25 In all, 48% of women (88/183) reported a
SSD in early and/or late pregnancy. The prevalence of frequent snoring rose from 11%
(21/189) in early pregnancy to 16% (31/189) in late pregnancy (p=.03). 25 In total, 18.5%
(35/189) of women complained of frequent snoring while pregnant. Markers of glucose
intolerance, stratified by presence of abnormal sleep patterns, are shown in Table 2. Both
SSD and frequent snoring during pregnancy were associated with higher 1-hour OGT
values. Women who reported SSD during pregnancy also were more likely to have 1-hour
OGT values of ≥130 (OR 2.6, 95% CI 1.3, 5.7). The prevalence of 1-hour OGT ≥130 was
greater in women with frequent snoring (32% vs. 20%); however, this difference was not
statistically significant. This evidence of glucose intolerance was not limited to higher
values on the 1-hour OGT, as women with SSD and frequent snoring were also noted to
have a greater frequency of overt GDM: OR 10.6 ( 95% CI 1.3, 85.5) and OR 4.9 ( 95% CI
1.3, 18.1), respectively.
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Multivariable logistic regression models were used to adjust for potential confounding
factors. Even after controlling for age, race/ethnicity, and pre-pregnancy BMI, and adjusting
for frequent snoring, SSD continued to be significantly associated with 1-hour GTT values
≥130 (adjusted OR 2.4, 95% CI 1.1,5.3) and the development of GDM (adjusted OR 11.7,
95% CI 1.2, 114.5). Likewise, after adjusting for demographic factors and SSD, frequent
snoring remained associated with an increased risk of GDM (adjusted OR 6.7, 95% CI 1.4,
33.8). We performed an analysis to assess for an interaction between SSD and frequent
snoring and no significant interaction was observed.

Discussion
This study examined glucose metabolism and risk of GDM in healthy nulliparous women
reporting SSD and frequent snoring during pregnancy. Our findings suggest that women
with these sleep disturbances are at increased risk of impaired glucose tolerance and GDM.
Studies of non-pregnant individuals have linked SSD and SDB to fasting hyperglycemia,
impaired glucose tolerance and type 2 diabetes.14–21 Yet, evidence for the association
between sleep and pregnancy abnormalities has been lacking. There is biologic plausibility
for this association, as research has found that SSD and SDB are associated with elevated
levels of pro-inflammatory cytokines and oxidative stress markers. It is thought that the
enhanced inflammatory and oxidative stress response caused by these sleep disorders
promotes insulin resistance which ultimately leads to impaired glucose tolerance and
diabetes. 30, 31

Women with GDM are at increased risk for pregnancy complications including
preeclampsia and cesarean delivery, and their neonates are at risk for macrosomia, birth
injury, hypoglycemia and hyperbilirubinemia. The Hyperglycemia and Adverse Pregnancy
Outcomes (HAPO) trial demonstrated that even women who have a more modest degree of
glucose intolerance, less than that required for the diagnosis of GDM, are at greater risk of
adverse pregnancy outcomes. 27 Known risk factors for GDM or impaired glucose tolerance
during pregnancy include advanced maternal age, obesity, multiple gestations, and a family
history of diabetes. This study suggests that poor sleep during pregnancy may also increase a
women’s risk of hyperglycemia during pregnancy, and that this risk is independent of
maternal characteristics such as BMI.

The potential association of sleep abnormalities with glucose intolerance has clinical
relevance, as abnormal sleep patterns are potentially modifiable risk factors. It is possible,
for example, that screening for and treating sleep disorders during pregnancy could improve
glucose metabolism, decrease the incidence of GDM, and improve pregnancy outcomes.
Studies of non-pregnant individuals have shown just such a benefit with regards to treatment
of SDB with nasal continuous positive airway pressure (nCPAP), and improvements in
glucose metabolism. 32–34 Yet, evidence is lacking that diabetes itself, or adverse health
outcome related to diabetes, can be prevented by interventions related to sleep. In non-
pregnant individuals this type of study would be relatively difficult to accomplish since
subjects would require such long term follow-up. Conversely, pregnancy may be a perfect
setting to evaluate the possibility that treatments to improve abnormal sleep patterns can
improve outcomes, given the abbreviated time course required for the manifestation of
GDM and its consequences.

The main strengths of this study are its prospective design as well as the limited potential for
ascertainment bias. The category of a patient’s exposure was not known by either the
individuals who cared for the patient or by the researcher who abstracted data from the
clinical chart. Moreover, because sleep is not routinely evaluated in pregnancy, and there is
not a well known association between sleep patterns and adverse pregnancy outcomes, there
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is little reason to believe that ascertainment bias could have been introduced during regular
clinical care. The principle limitation is that we assessed subjective sleep duration and
symptoms of SDB. Self-reports of SSD and SDB have a reasonable although not exact
correlation with objective measures (i.e., actigraphy or polysomnography) of sleep.35, 36

Yet, if bias were to be introduced from this lack of correlation, it should be against the
finding of an association. There is no reason to believe that women who are destined to
develop GDM are more likely to incorrectly report the presence of abnormal sleep long
before the GDM develops. Also, subjects were unaware what criteria would be used to
define abnormal sleep patterns. Another limitation is that due to our sample size, stratified
analyses to determine whether the associations we reported are present or different in certain
populations (e.g., younger vs. older women) were not able to be adequately explored given
the lack of power for informative subgroup analyses. On the whole, our results provide an
estimate of the association between SSD and SDB during pregnancy and GDM that ideally
would be confirmed by larger studies using objective measures of sleep (i.e., actigraphy or
polysomnography). Additionally, this was an observational study and while we report a
relationship between SSD and frequent snoring and impaired glucose tolerance during
pregnancy, our study cannot infer causation. Furthermore, our study population was
modestly diverse and recruited from a single institution, limiting the generalizability of our
findings. Lastly, while our findings were statistically significant our confidence intervals
were wide and further studies with greater power are required to provide more precise
estimates of the association.

In summary, we found that self reported SSD and SDB are common during pregnancy and
are associated with impaired glucose tolerance and GDM in healthy nulliparous women.
Further studies, and in particular prospective investigations with objective sleep measures,
are needed to confirm this association in a larger cohort of pregnant women. If our findings
are confirmed, the next step would be to design studies to evaluate if screening for and
treatment of sleep disorders during pregnancy can improve pregnancy outcomes.
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