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Abstract

OBJECTIVE—To describe the relationship between objectively assessed sleep and blood glucose 

in a prospective cohort of women recently diagnosed with gestational diabetes mellitus (GDM).

METHODS—Women with GDM were enrolled immediately after attending a GDM education 

class. All patients were recruited during their first week of attempted dietary management of 

GDM. They were instructed on the use of a glucometer and on the principles of a GDM diet. 

Women wore an actigraph and completed a sleep log for 7 consecutive days. Glucose records were 

compared against the objective sleep data. Linear mixed model analysis was used to estimate the 

association of sleep duration on morning fasting and one-hour postprandial blood glucose 

concentrations.

RESULTS—Thirty-seven participants provided data for 213 sleep-intervals that corresponded to 

at least one glucose reading. Sleep duration was negatively associated with fasting and one-hour 

postprandial blood glucose concentrations In analyses adjusted for age, gestational age and BMI, a 

one-hour increase in sleep time was associated with statistically significant reductions in fasting 

glucose (−2.09 mg/dL, 95% CI −3.98, −0.20) as well as postprandial glucose concentrations 

[lunch −4.62 mg/dL (95% CI −8.75, −0.50), dinner −6.07 mg/dL (95% CI −9.40, −2.73)].

CONCLUSION—Short sleep durations are associated with worsened glucose control in women 

with gestational diabetes. Educating women on healthy sleep and screening for and treating sleep 

disorders during pregnancy may have a role in optimizing blood glucose control in gestational 

diabetes.
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INTRODUCTION

There is emerging interest in evaluating whether poor sleep during pregnancy affects 

maternal glucose metabolism. Diabetes mellitus complicates 6–7% of all pregnancies with 

90% representing gestational diabetes mellitus (GDM)[1]. GDM is associated with an 

increased risk of preeclampsia, fetal macrosomia, birth trauma, and neonatal metabolic 

complications. Treatment of GDM during pregnancy has benefits including a decrease in 

large for gestational age infants, cesarean delivery, shoulder dystocia, and hypertensive 

disorders of pregnancy[2].

Several studies have found associations between shortened sleep duration (less than 7 hours/

night) and impaired glucose metabolism in pregnancy[3–5]. Women with self-reported 

shortened sleep durations during pregnancy have 2–10 times greater risk of GDM. In 

addition to short sleep, long sleep durations may also affect glucose metabolism in 

pregnancy[4]. A limitation of the currently published data is the use of self-reported sleep 

duration as the exposure variable. Self-reports of sleep duration generally overestimate 

objectively measured sleep[6].

The aim of this study was to describe the relationship between objectively measured sleep 

and glucose control in a cohort of women with recently diagnosed GDM. We hypothesized 

that short and long sleep durations would be associated with higher fasting and 1-hour 

postprandial glucose values and that greater degrees of sleep disruption would be associated 

higher glucose concentrations.

MATERIALS AND METHODS

This was a prospective cohort study conducted at Magee-Womens Hospital of the 

University of Pittsburgh Medical Center from December 2012 to May 2014 with 

Institutional Review Board approval. Pregnant women with a new diagnosis of GDM were 

enrolled after obtaining written informed consent. Inclusion criteria included maternal age 

between 18 and 50 years old and a new diagnosis of GDM, not on treatment with insulin or 

glyburide. Non-English speaking and women with multiple gestations were excluded. GDM 

was diagnosed by a fasting 3-hour, 100-gram glucose tolerance test (GTT) with 2 abnormal 

values: fasting ≥95 mg/dL, 1 hour ≥180mg/dL, 2 hour ≥155 mg/dL, 3 hour ≥140 mg/dL. If 

no 3-hour GTT was performed (e.g., patient refusal or intolerance) a diagnosis of GDM was 

made based on a glucose concentration greater than 180 from a 1-hour 50-gram glucose 

challenge test or greater than three elevated fasting (>95mg/dL) and/or 1-hour postprandial 

(>140 mg/dL) fingerstick values after 1 week of glucose monitoring.

Participants were enrolled immediately after standardized group education on GDM 

conducted by diabetic educators. They were instructed on the use of a glucometer, timing of 

fingerstick glucose testing, and nutritional principles of a GDM diet. They were asked to 

follow the recommended diet and measure their fasting and 1-hour postprandial glucose 

values for 1 week. Participants wore an actigraph to objectively assess sleep and completed 

a sleep diary for the 7 days immediately after their GDM education class. The sleep diary 

recorded the participant’s subjective bedtime, wake time, and total sleep time and was used 
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to inform the scoring of the actigraph data. Demographic data was obtained as well as 

obstetrical, medical, and surgical history, current medications, and height and weight 

information (current and pre-pregnancy). After a week of glucose and sleep monitoring 

participants met with a physician to determine whether medical management of GDM was 

warranted. Participants were not on insulin or glyburide during the week of glucose and 

sleep monitoring. The actigraph and sleep diary were returned and glucose measurements 

were received at this time.

Actigraphy is established as a valid and objective method of assessing sleep-wake 

parameters in natural settings[7]. Actigraph devices are worn on the wrist and record 

movements that can be used to estimate sleep parameters[8]. We used the Actiwatch 

Spectrum (Respironics) actigraphy device (Figure 1). Participants marked the beginning and 

end of each rest period by pressing an event marker button on the side of the Actiwatch. The 

actigraphy data was examined to ensure sufficient quality with no off-wrist time during each 

sleep interval. Actigraphy data was processed using Actiware software (version 6.0), with 

default settings (wake threshold medium, 10 minutes immobile for both sleep onset and 

offset criteria). Rest intervals were set by a single, trained scorer after examination of the 

event marker and sleep log entries. The event marker was used if a given rest interval had an 

event marker and sleep log data that were within 15-minutes of each other and reflective of 

activity in the actogram. If the event marker was present but the actigraphy device was not 

recording or if the event marker was absent altogether then the sleep log was used if the rest 

interval and sleep log were in agreement with the actogram data. In situations where event 

markers and sleep logs were completely absent or present, but with low agreement with 

activity, then the interval was set by the technician’s judgment[9]. All sleep durations of < 5 

hours and > 9 hours were confirmed by a separate examiner. Figure 2 is a representative 

actigraphy recording from our study.

Our primary sleep exposure variable was sleep duration during the primary sleep period. 

Other sleep variables measured were sleep midpoint (sleep onset time-wakeup time/2), wake 

after sleep onset (minutes spent awake after sleep has been initiated and before final 

awakening), and sleep fragmentation (sum of percent mobile and percent one minute 

immobile bouts divided by the number of immobile bouts for the sleep interval). Higher 

levels of wake after sleep onset and sleep fragmentation indicate worse sleep continuity[8].

We aimed to recruit enough women to have sufficient nights with sleep durations <7 hours 

to allow for a meaningful analysis. Referring to data from national survey studies[10], we 

expected that 30% of women would sleep less than 7 hours per night. We aimed for 200 

nights of data, which would provide 60 nights with sleep durations of <7 hours. We 

estimated that we needed to recruit between 40–45 women to achieve this goal.

Relationships between sleep exposures and glucose outcomes were assessed using linear 

mixed models to provide the proper covariance structure to account for repeated 

measurements on the same patients. Four glucose outcomes were evaluated (fasting and 1-

hour post-breakfast, lunch, and dinner) in each analysis. All models were computed first 

with no covariates to estimate the unadjusted effects of each sleep exposure on the glucose 

outcomes; then potential confounders of the sleep-glucose relationship (maternal age, pre-
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pregnancy BMI, and gestational age at enrollment) were introduced. We performed models 

that considered sleep exposures as continuous and as categorical variables to account for the 

possibility of a nonlinear relationship. All statistical analyses were performed using SAS 

version 9.4 (Cary, NC). P-values <0.05 are considered statistically significant.

RESULTS

Forty-five women were enrolled in the study. To contribute to the analysis a participant must 

have had at least one day with complete sleep data and at least one glucose measurement the 

following day. Sufficient data was available for 37 of the 45 enrolled participants (Table 1). 

Most of the 37 participants who contributed data had nearly complete glucose data. The 

median number of glucose values that correlated to a night of sleep was 6 fasting, 6 

breakfast, 5.5 lunch, and 5.5 dinner.

Sleep and blood glucose correlation was possible for 209 fasting glucose readings, 196 

breakfast, 188 lunch, and 204 dinner postprandial readings. Median fasting glucose was 92 

(range 34–199). Median postprandial glucose values were 122 (84–417), 119 (83–350), and 

123 (76–376) for 1-hour post-breakfast, lunch, and dinner, respectively.

There were 213 sleep-nights from 37 women that corresponded to at least one glucose 

reading. The median bedtime was 11:30 PM (range 8:30 PM – 6 AM) with 61% of the days 

having a bedtime before midnight. The median sleep time was 6.77 hours (range 1.1–12.3 

hours) and women mostly slept somewhere between >5–≤7 hours (46.3%) or >7–≤9 hours 

(37.8%). Eleven percent of study days had sleep duration less than 5 hours and 4.8% had 

sleep durations greater than 9 hours.

Increased sleep time was associated with lower glucose at all time points in unadjusted 

analyses (Table 2). When adjusting for maternal age, pre-pregnancy BMI, and gestational 

age at enrollment, there were significant associations between sleep and lower fasting 

glucose (β= −2.09 mg/dl per one-hour increase in sleep, p=0.03), post-lunch glucose (β= 

−4.62 mg/dl per one-hour increase in sleep, p=0.03), and post-dinner glucose (β= −6.07 

mg/dl per one-hour increase in sleep, p=0.001). (Table 2.) The relationship was in the same 

direction for post-breakfast but was not statistically significant.

A later sleep midpoint was significantly associated with lower fasting glucose but no 

relationships were observed between sleep midpoint and postprandial blood glucose. 

Increasing sleep fragmentation was also associated with slightly higher post-lunch and post-

dinner glucose. There was no relationship seen between wake after sleep onset and glucose.

We repeated the previous analysis using categories for sleep time (Table 3) using ≥7–<9 

hours as the reference category. This analysis revealed that women with extremely short 

sleep (< 5 hours) significantly drove the effects from the prior set of models. It was 

associated with significantly higher glucose values at all measurement time points, with 

marked increases in postprandial glucose values.
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DISCUSSION

This study demonstrates that shorter sleep durations are associated with poorer glucose 

control in women with gestational diabetes. Sleep disorders are prevalent in pregnancy, and 

pregnancy itself has been linked to alterations in sleep[11–14]. Additionally, data suggests 

that the United States population is sleeping less over time. Since 1985, age-adjusted mean 

sleep duration has decreased and the percentage of adults sleeping less than 6 hours has 

increased by 31%, with an estimated 70.1 million Americans sleeping less than 6 hours in 

2012[15]. Disturbed sleep is associated with oxidative stress, metabolic dysregulation, 

endothelial dysfunction and inflammation[16–18]. These same pathophysiologic 

mechanisms have been implicated in the pathogenesis of adverse pregnancy outcomes, 

including gestational diabetes[19, 20].

Data from the Sleep Heart Health Study suggest that compared to individuals sleeping 7–8 

hours/night, individuals who report sleeping ≤ 5 hours/night or less than 6 hours/night have 

an adjusted odds ratio for diabetes of 2.51 and 1.66, respectively[21]. Investigations of sleep 

duration in pregnancy have predominantly used subjective measures, but demonstrate an 

association between short sleep and gestational diabetes[3, 4]. In an actigraphy-based 

analysis of 63 women, shorter sleep was associated with a higher rate of abnormal values in 

routine 1-hour glucose tolerance testing[22].

Our study was designed to evaluate the association of objectively assessed sleep and 

glycemic control in pregnancy after gestational diabetes is diagnosed. Our results indicate 

that short sleep durations in pregnancy are associated with poorer glucose control. We 

demonstrated a 2–6 mg/dL increase in glucose per hour less of sleep. If these associations 

were entirely causal in nature (which is unlikely), increasing sleep time from 5 hours to 8 

hours per night has the potential to result in a 6–18 mg/dL reduction in blood glucose 

throughout the day. Given the glucose values in our sample, this represents a 5–20% 

improvement. The magnitude of this effect is similar to that seen with the administration of 

2.5–5mg of glyburide[23].

Our data did not demonstrate a robust relationship between sleep continuity measures and 

glycemic control. Additionally, our data regarding sleep timing did not reveal any consistent 

relationships between sleep midpoint and glucose control, but our analysis is limited 

secondary to not having data regarding meal timing and dietary intake. Just as appetite and 

calorie intake vary over the 24-hour period, so does the body’s ability to process and utilize 

energy. Altered circadian timing may lead to appetite dysregulation and staying up later may 

also affect the availability of and preference for certain foods[24, 25]. Our study is also 

limited by the number of participants with long sleep (≥ 9 hours), which prohibited a more 

in depth analysis of the possible curvilinear relationship between sleep and glycemic control.

In pregnancies complicated by GDM, failure to achieve glycemic control occurs in 10–20% 

of cases[26] and is associated with a higher rate of adverse pregnancy outcomes[27]. Our 

study was powered to examine the relationship between sleep and glucose control and not 

clinical outcomes related to GDM such as macrosomia, neonatal hypoglycemia, and rate of 

cesarean delivery. Furthermore, it is not known whether interventions to improve sleep in 
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pregnancy could optimize glycemic control or improve clinical outcomes in women with 

GDM.

Our results support those of previous studies that demonstrated a positive association 

between self-reported short sleep duration and maternal metabolism[3–5] and strengthen 

these associations with the use of objective sleep data. Moreover, beyond being associated 

with an increased risk of GDM, short sleep may limit the ability to achieve glucose control 

during pregnancy once GDM is diagnosed.
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Figure 1. 
Actiwatch Spectrum actigraphy device.
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Figure 2. 
Representative actigraphy recording from a study participant. Rest or sleep intervals are 

marked in light blue, off-wrist time is indicated by dark purple, activity counts are indicated 

by black bars, and recorded light exposure is shown by the yellow lines.

Twedt et al. Page 9

Obstet Gynecol. Author manuscript; available in PMC 2016 August 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Twedt et al. Page 10

Table 1

Descriptive Statistics of Study Participants

Characteristic Sufficient Data* For Analysis Glucose and/or Sleep Data P-Value†

# Study Participants 37 8

Age, years 31 (20–43) 30 (23–38) 0.88

Gravidity 2 (1–7) 3.5 (2–7) 0.06

Pre-Pregnancy BMI, kg/m2 31 (19–51) 28 (21–48) 0.77

Gestational Age at Enrollment, weeks 28 (6–33) 28 (10–32) 0.26

BMI @ Enrollment, kg/m2 34 (22–52) 32 (24–49) 0.94

Race, n (%) 0.91

 White 26 (70.3%) 5 (62.5%)

 Black 5 (13.5%) 1 (12.5%)

 Other 6 (16.2%) 2 (25.0%)

Tobacco Use, n (%) 5 (13.5%) 0 (0.0%) 0.27

Quit Tobacco During Pregnancy, n (%) 3 (8.1%) 0 (0.0%) 0.40

Prior gestational diabetes, n (%) 6 (16.2%) 4 (50.0%) 0.04

Glucose Screening Results

 1 hr glucose challenge test, mg/dL 158 (138–280) 181 (154–199) 0.46

 Fasting GTT, mg/dL 90 (63–151) 82 (64–177) 0.72

 1-hour GTT, mg/dL 196 (158–319) 185 (181–205) 0.25

 2-hour GTT, mg/dL 176 (128–317) 180 (159–215) 0.83

 3-hour GTT, mg/dL 117 (59–235) 119 (69–202) 0.75

Continuous variables reported as median (range); categorical variables reported as n (%)

*
Sufficient data = participants with at least one day that has both sleep and glucose data

†
P-values compare N=37 participants vs. N=8 with insufficient data using Wilcoxon tests (continuous) or Chi-Squared Tests (Categorical)
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