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Abstract
Purpose of Review Prevalence of gestational diabetes is increasing globally and sleep may be a modifiable lifestyle factor
associated with it. However, existing findings have been inconsistent.
Recent Findings Majority of studies reviewed found a link between extreme sleep durations and elevated risk of maternal
hyperglycemia. The findings with sleep-disordered breathing are less consistent. Methodological differences across studies, in
terms of sleep assessment methods (subjective vs. objective), study population (low vs. high risk), classification of gestational
diabetes and sleep problems, may have contributed to the inconsistent findings. Some studies also suggest the possibility of
trimester-specific association between sleep and maternal hyperglycemia.
Summary Large-scale prospective studies comprising objective measurements of sleep, preferably over three trimesters and
preconception, are needed to better evaluate the relationship between sleep and maternal hyperglycemia.
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Introduction

There is increasing global health burden of gestational
diabetes mellitus (GDM), which is defined as glucose in-
tolerance with onset or first recognition in pregnancy [1,
2]. Maternal hyperglycemia has been linked to adverse
perinatal outcomes [3], and the women are at higher risk
of developing type 2 diabetes later in life [4]. The off-

spring are also more likely to be obese and develop type
2 diabetes [5, 6] as well as suffer from other long-term
health issues [7]. In order to alleviate the burden of GDM,
it is important to identify behavioural risk factors that are
modifiable.

Pregnant women often experience a decrease in sleep quan-
tity and quality as a result of anxiety, physical and hormonal
changes. As the pregnancy advances, nocturnal awakenings
and insomnia tend to increase [8–10] coupled with decrease in
sleep duration, quality and efficiency [9, 11, 12]. Pregnant
women are also more susceptible to sleep-disordered breath-
ing (SDB), which is a spectrum of abnormal respiratory events
such as habitual snoring and obstructive sleep apnea (OSA),
attributed to physiological and hormonal changes [13, 14].
Literature suggests that sleep insufficiency and sleep distur-
bances during pregnancy might be linked to hyperglycemia
and GDM [15–20]. Exposure to poor sleep, sleep deprivation
or SDB during pregnancy has been shown to associate with
elevated markers of oxidative stress and pro-inflammatory
cytokines in women with GDM compared with women with
normal glucose levels [21–23]. During pregnancy, insufficient
sleep or SDB can potentially result in increased sympathetic
nervous system activity through changes in heart rate variabil-
ity [24, 25], which promotes insulin resistance and gluconeo-
genesis. Another physiological pathway that has been de-
scribed in some studies is the increase in cortisol secretion
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due to these sleep disturbances or lack of sleep [26, 27]. It has
been proposed that chronically elevated cortisol may alter glu-
cose metabolism by suppressing insulin secretion by pancre-
atic B-cells, subsequently impairing glucose uptake and
downstream insulin signalling, thereby enhancing gluconeo-
genesis [28].

Current findings around the topic of sleep and GDM have
been inconsistent, possibly due to the methodological differ-
ences across the studies, such as methods of sleep assessment
(e.g. self-reported questionnaires, polysomnography,
actigraphy) and study population (e.g. sample size, high-risk
population). In this review, we aim to critically evaluate the
recent literature in the past 5 years on sleep and gestational
diabetes and/or maternal hyperglycemia.

Sleep Duration and Gestational Diabetes

Summary of Reviews

Recent reviews have covered studies that examined the
relationship between sleep duration during pregnancy and
GDM in the past decade (2010–2017). Reutrakul et al. per-
formed a systematic review and meta-analysis to evaluate
the relationship between sleep duration and hyperglycemia
in pregnancy [29]. Results of the aggregate data analysis
revealed that women with short sleep duration (< 6–7 h)
during pregnancy, both self-reported and objectively mea-
sured, were more likely to have GDM than those without
short sleep duration (odds ratio (OR) = 1.70, 95% CI 1.24,
2.33) [29]. In addition, Xu et al. pooled results from pro-
spective and cross-sectional studies and reported that ex-
treme sleep durations during early and middle pregnancy
were closely associated with GDM (OR = 1.43, 95% CI
1.16, 1.75) [30]. When she narrowed down to findings
from prospective studies, she found both long (≥ 9 h or ≥
10 h) (OR = 1.28, 95% CI 1.10, 1.49) and short (≤ 4 h, 5–
6 h or < 7 h) (OR = 1.58, 95% CI 0.99, 2.52) sleep dura-
tions (measured ≤ 22 weeks of gestation) to be associated
with increased risk of GDM, although it is only statistically
significant with long sleep duration. The wide confidence
interval for the pooled OR with short sleep duration could
be attributed to the wide confidence intervals for Facco
et al. [17] (OR = 11.7, 95% CI 1.20, 114.50) and Qiu
et al. [31] (OR = 5.56, 95% CI 1.31, 23.69) studies where
the number of women with GDM [17, 31] and short sleep
duration (≤ 4 h) [31] was small. A recent narrative review
by Gooley et al. examined the association between sleep
duration and risk for GDM and showed supportive evi-
dence that both short (≤ 4 h, < 6 h, or < 7 h) and long (≥
9 h or ≥ 10 h) sleep durations during pregnancy can in-
crease the odds of GDM [32].

Recent Studies

We reviewed studies that were published in the past 5 years
that examined the relationship between sleep duration during
pregnancy and GDM (Table 1). In line with previous studies,
majority of the newer studies using self-reported and/or ob-
jective sleep measures also showed that short sleep duration
(< 6 h or < 7 h) and/or long sleep duration (≥ 9 h) during
pregnancy can influence glucose tolerance [33–35] and they
are associatedwith increased odds of GDM [20, 36, 37]. Some
studies however revealed mixed results, possibly due to meth-
odological differences such as gestational age at which the
sleep measurement is taken. For example, a study by Wang
et al. found no association between self-reported short total
sleep duration (< 7 h) (≤ 12 weeks of gestation) with GDM.
Instead, they observed a positive association between longer
total sleep duration and GDM risk, compared with women
with 7 to < 9 h of sleep [37] (Fig. 1). Further, Xu et al. ob-
served no significant associations between both short (< 7 h)
and long (≥ 9 h) total sleep duration (reported anytime be-
tween enrolment and delivery) and GDM [38], which is con-
sistent with a study by Facco et al. which also observed no
significant association between self-reported short nighttime
sleep and GDM [39] (Fig. 1). Unlike studies that have shown
an influence of sleep duration on glucose tolerance [33–35],
Ahmed et al. found no significant differences in blood glucose
levels between groups of women who reported getting > 7 h
vs. ≤ 7 h of sleep each night [40].

In addition to those studies that only included general pop-
ulation of pregnant women, recent studies have focused on
high-risk pregnancies such as pregnant women who were
obese or diagnosed with GDM [34, 35, 41••]. In a study that
recruited only pregnant women with GDM, Twedt et al. found
a significant negative association between nighttime sleep and
lower fasting glucose (adjusted β = − 2.09 mg/dL, 95% CI −
3.98, − 0.20) after adjusting for age, gestational age and BMI.
Moreover, those women with extremely short sleep (< 5 h)
were associated with significantly higher glucose values at
fasting (adjusted β = 15.87 mg/dL, 95% CI 5.13, 26.61), as
well as marked increases in postprandial glucose values (all
p < 0.005) compared with those women who slept for ≥ 7 to <
9 h at night [35]. Rawal et al. observed in their study that all
women (both non-obese and obese) that were exposed to short
or long sleep durations showed no association with increased
risk for GDM compared with those women who slept 8–9 h
per night (Fig. 1). However, when stratified, non-obese wom-
en with short (5–6 h or < 7 h) (adjusted RR = 2.52, 95% CI
1.27, 4.99; adjusted RR = 2.01, 95% CI 1.09, 3.68 respective-
ly) and long (≥ 10 h) (adjusted RR = 2.17, 95% CI 1.01, 4.67)
sleep durations had increased GDM risk in the second trimes-
ter, after adjusting for relevant covariates [41••].

In summary, amongst the studies that looked at sleep dura-
tion and GDM risk, the findings were inconsistent. This is
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possibly due to the differences in study populations and the
methods of measuring sleep duration. We reviewed six recent
papers that studied short sleep duration and GDM risk, of
which half observed that short sleep duration is associated
with increased GDM risk [20, 36, 41••]. One of these studies
only saw an increased GDM risk in non-obese women but not
when obese women were included [41••]. The only study to
use objectively assessed sleep parameter was the Sleep
Duration and Continuity Study [20], while the others used
self-reported data [36–39, 41••]. Participants were asked to
report total sleep duration for some studies [37, 38, 41••] while
others asked specifically about night sleep duration [20, 36,
39]. The definition of short sleep duration was similar (i.e. <
7 h) except for Cai et al. which defined short sleep duration as
< 6 h [36] and Rawal et al. which used < 8 h [41••]. Five
studies also looked at long sleep duration and risk of GDM
[36–39, 41••], and three of them found long sleep duration to
be linked to higher GDM risk [37, 39, 41••], although for
Rawal et al. this was again only observed amongst the non-
obese women [41••]. Cai et al. acknowledged that no associ-
ation was observed with long sleep duration possibly due to

the small number of women (n = 32) who reported long night
sleep (> 9 h) [36].

It is noteworthy that half of the studies were done in the
USA [20, 39, 41••] and the other half in Asian countries (i.e.
China and Singapore) [36–38]. Asians have been reported to
have higher risk for GDM compared with their Caucasian
counterparts [42, 43]. Even amongst the Asian populations
studied, there is also heterogeneity. While some studies in-
cluded a largely homogenous Chinese population [37, 38],
Cai et al. included a multiethnic population consisting of
Chinese, Malay and Indian. The gestational age at which the
sleep duration is assessed is quite varied across the studies
(ranging from 6 to 29 weeks), and this may have contributed
to the inconsistent findings. It has been reported that it is the
sleep duration in the 2nd but not the1st trimester that is sig-
nificantly associated with GDM risk [41••], suggesting that
sleep duration closer to when the GDM diagnosis is made
(usually late second trimester) tends to be more predictive.

Four studies only looked at sleep duration and blood glu-
cose levels in pregnant women, either because they had a
study population with only participants who had GDM [35]

Fig. 1 Forest plot of the associations between GDM and extreme sleep
duration as well as sleep-disordered breathing. OR, odds ratio; RR,
relative risk; CI, confidence interval; GDM, gestational diabetes

mellitus. Results are expressed as ORs with 95% CI, unless otherwise
stated. 1Results expressed as adjusted RR. 2Results reported for early
pregnancy
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or the number of GDM cases was too few to make meaningful
conclusion on the effect on GDM risk [33, 34, 40]. All but one
study showed a negative association between night sleep du-
ration and blood glucose levels, in both the fasting [35] as well
as postprandial/postoral glucose tolerance test blood concen-
trations [33–35]. No similar association was observed with
day sleep duration [33]. Ahmed et al. were the only group that
did not observe association between night sleep duration and
blood glucose levels. In their study, night sleep duration was
stratified to < 7 and ≥ 7 h per night [40] and it was not clear
how many women were in each category. Given that only n =
43 women were retained in the study, there might be insuffi-
cient power, especially given that sleep duration is dichoto-
mized instead of analysed as a continuous variable. It is im-
portant to note that most of these studies were done in high-
risk study populations, with pregnant women who are obese
[34], had GDM [35] or are largely of (over 60%) African
American ethnicity [40]. As such, the findings may not be
generalizable to other low-risk pregnant population.

Sleep Quality and Gestational Diabetes

A meta-analysis review of previous studies by Sedov and
colleagues concluded that some reduction in sleep quality
happens during pregnancy [44]. Past reviews of studies that
looked at sleep parameters during pregnancy and their associ-
ation with glucose tolerance did not report significant differ-
ences in sleep quality during pregnancy between healthy
women and women with hyperglycemia [15, 45]. For exam-
ple, a review of studies that investigated the influence of sleep
disturbances on maternal hyperglycemia, particularly GDM
[15], cited two studies that showed no significant differences
in sleep quality between those women with GDM, compared
with non-GDM women [19, 46].

The studies reviewed all used self-reported information to
determine sleep quality, either with the Pittsburgh Sleep
Quality Index (PSQI) [36, 40] or a single question to the
women to self-rate the sleep quality [37, 38] or whether they
suffered from insomnia [47•]. Out of the 4 studies, 3 of them
(2 prospective [37, 47•] and 1 cross-sectional [36]) reported
association between poor sleep quality and increased risk for
GDM. The only study that reported no association between
sleep quality and risk of GDM was a cross-sectional study
conducted by Xu et al. in China [38]. The study recruited
and examined pregnant women from all three trimesters,
which might have biased the findings towards the null because
the gestational age at which sleep quality is assessed may be
important. Zhong et al. observed that poor sleep quality was
associated with increased GDM risk in early but not mid-
pregnancy [47•]. Similarly, Wang et al. observed a significant
effect of first-trimester (≤ 12 weeks) sleep quality on GDM
risk. Another study observed an association between mid-

pregnancy (26–28 weeks) sleep quality and GDM risk [36];
however, it is a cross-sectional study unlike the two studies
mentioned above [37, 47•]. It is also noteworthy that all 4
studies were done in Asians, consisting of majority if not all
Chinese women. As such, the findings may not be generaliz-
able to other populations.

Aside from GDM, two other studies also looked at sleep
quality and measures of glycemia. Chirwa et al. reported that
poorer sleep quality is correlated with higher haemoglobin
A1c (HbA1c) [48] while Ahmed et al. did not observe any
difference in blood glucose levels between pregnant women
with good and poor sleep quality [40]. However, the sample
size in the latter is quite small (n = 43 retained in the study).

Sleep-Disordered Breathing and Gestational
Diabetes

Summary of Reviews

In the past 5 years, there have been several reviews that
support the association of SDB with GDM. In a meta-
analysis by Li et al. [49] consisting of 26 studies, they
reported that women with SDB had a significant in-
creased risk of GDM (OR = 1.95, 95% CI = 1.60–2.37)
compared with women without SDB. Further stratifica-
tion according to the type of SDB showed that snoring
(OR = 2.14, 95% CI = 1.63–2.81) and OSA (OR = 1.71,
95% CI = 1.23–2.38) in pregnant women were both inde-
pendently associated with an increased risk of GDM.
These findings are consistent with a meta-analysis by
Liu et al. [50•], who found that pregnant women with
OSA were at increased risk of GDM based on the adjust-
ed pooled results (OR = 1.55, 95% CI = 1.26–1.90) from
seven studies that objectively measured OSA. Ding et al.
classified SDB based on severity and pooled analyses
revealed that moderate-severe SDB was significantly as-
sociated with GDM (OR = 1.78, 95% CI = 1.29–2.46)
[51]. However, after further stratification by country,
study design and presence of data adjustment, it was
found that the association was not significant in studies
with Asian populations (OR = 1.17, 95% CI = 0.42–3.27),
prospective study design (OR = 1.20, 95% CI = 0.93–
1.53) and unadjusted data (OR = 1.38, 95% CI = 0.89–
2.14). The authors cautioned they were unable to address
the lack of precision by which important confounders
such as smoking and body mass index were measured
in most of the studies included in the review. This was
a similar limitation faced by Pamidi and colleagues [52]
in their own meta-analysis, where obesity (a strong risk
factor for SDB [53]) was controlled for in varying de-
grees across the five observational studies that were
pooled. While Pamidi et a l . found SDB to be
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significantly associated with GDM (OR = 1.86; 95%
CI = 1.30–2.42), they believed that the overall effect es-
timates may have been affected by the variability in def-
initions and assessments of SDB as well as the different
study populations across the pooled studies. Another me-
ta-analysis, which only included cohort studies (n = 5) (4
prospective and 1 retrospective), provided contrasting
findings from those discussed above, with no significant
difference in risk of GDM between pregnant women with
and without OSA (RR = 1.40, 95% CI = 0.62–3.19) [54].

An overarching view of the literature thus far has
produced mixed findings on the relationship between
SDB and GDM, as corroborated in a recent review by
Gooley et al. [32]. Several of the meta-analyses
reviewed by Gooley and colleagues have already been
described above [51, 52, 54], although they also includ-
ed an earlier meta-analysis by Luque-Fernandez et al.
[55] suggesting that SDB during pregnancy augments
GDM risk. All in all, they noted that of the studies
included that controlled for BMI or obesity, only about
half suggested an association between SDB and GDM,
possibly attributed to variability in the way SDB was
assessed.

Recent Studies

Although reviews in the last 5 years have generally
pointed to an association between SDB and GDM, this
relation has not always been incontrovertible. Indeed, 12
individual studies published over the last 5 years have
provided mixed findings (Table 2, Fig. 1). There are
four population-based studies that looked at the associ-
ation of OSA and GDM in large numbers of pregnant
women [56–59], but the findings were not consistent.
Two of the studies found significant association between
OSA and increased likelihood of GDM [57, 58] while
the other two did not [56, 59]. The study by Spence
et al. involved women who delivered in the Department
of Defense hospitals under the Military Health System
[59]. Their study was on a military population made up
of a significant proportion of women that are in active
duty, with reasonable level of physical fitness and body
weight. The other women are spouses of active duty
members. As such, the findings may not be generaliz-
able to the civilian population. The diagnoses of GDM
and OSA in these population studies were based on
medical records, classified by the International
Classification of Diseases (ICD) 9th or 10th edition or
a modified version of the 9th edition (ICD-9-CM).
There is a potential of variability in diagnosis, especial-
ly for OSA where we cannot be sure if all the diagnoses
were based on standard diagnostic criteria.

Overnight polysomnography (PSG) has been the gold
standard for the diagnosis of OSA [60]. Five studies used
some form of objective measurement to diagnose OSA.
Three of them used PSG [61, 62•, 63] while the other
two used the Watch-PAT [64, 65•] which has been validat-
ed against PSG in pregnancy [66]. Both studies by Facco
et al. suggest that severity of SDB may influence the asso-
ciation with GDM [62•, 64]. In the earlier study, she dem-
onstrated in a group of women at high risk for pre-
eclampsia (e.g. obese, twin gestation, with pre-gestational
diabetes) that moderate to severe SDB was associated with
increased risk of GDM, although it did not reach statistical
significance due to the relatively modest sample size [64].
She went on to show in the Nulliparous Pregnancy
Outcomes Study: Monitoring Mothers-to-Be parent study
a dose response between apnea-hypopnea index (AHI)
and GDM risk [62•]. This may explain why Bisson et al.
had null findings with SDB and GDM, as there is only one
subject with AHI ≥ 15 in the GDM group [61]. Meanwhile,
Pien et al. acknowledged that the small number of partici-
pants who developed GDM (n = 5) may have resulted in
lack of statistical power to observe any association with
OSA [63]. Separately, Wanitcharoenkul et al. studied 82
obese women with GDM and found that severity of OSA
to be positively correlated with fasting blood glucose
levels, but not haemoglobin A1c (HbA1c) [65•]. Amongst
the women with OSA, increasing severity of OSA, marked
by hypoxia-related parameters such as oxygen desaturation
index (ODI) and minimum oxygen saturation level (Min
O2), was shown to correlate positively with higher insulin
resistance (ODI, p = 0.037; Min O2, p = 0.040) and severe
B-cell dysfunction (ODI, p = 0.021; Min O2, p = 0.009),
thereby supporting the detrimental metabolic effects of
OSA in pregnant women with GDM [65•].

The other studies reviewed used only questionnaires
to self-report on SDB [67–69], which may be subjected
to recall bias and inaccuracy in reporting, especially
since some of the symptoms such as daytime sleepiness
and fatigue are also common pregnancy complaints
[70]. One advantage of self-reported data is that it is
cost-effective and relatively easy to collect and can be
collected repeatedly over the course of the pregnancy.
Interestingly, Ge et al. found that it is chronic snoring
(i.e. habitual snoring before and during pregnancy) and
not pregnancy onset snoring that significantly increased
GDM risk [67]. Unlike sleep duration and sleep quality,
the gestational age when SDB is assessed seems to
make little difference on the link between SDB and
GDM risk [62•, 64, 67]. Sharma et al. collected infor-
mation on SDB and other sleep disorders before preg-
nancy (based on recall) and for every trimester; howev-
er, the information was collated as the number of times
each sleep disorder occurred before delivery and unable
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to give more granularity as to which period was most
critical for SDB to exude an effect on GDM [69].

Other Sleep Parameters

Recent studies have also explored other estimates of sleep
parameters such as the midpoint of nocturnal sleep, wake after
sleep onset (WASO), sleepiness, restless leg syndrome and
frequency of napping. For example, studies by Facco et al.
have observed a positive association between self-reported
late sleep midpoint (> 5:00 am) and increased odds of GDM,
in both early and late pregnancy (visit 1 adjusted OR = 1.67,
95% CI 1.17, 2.38; visit 2 adjusted OR = 1.73, 95% CI 1.23,
2.43) [39], even after adjusting separately for BMI, maternal
age, ethnicity and snoring (all p < 0.05) [20]. The authors
agreed based on concordance between daily diary and
actigraphy data that self-reported sleep midpoint ascertain-
ment may be more accurate than self-reported sleep duration
when assessing the relationship between sleep during preg-
nancy and GDM [39]. Meanwhile, two studies showed no
association of WASO during pregnancy in relation to plasma
glucose values (β = − 0.04, 95% CI − 0.131, − 0.103, p =
0.809) [34] or GDM (OR = 1.32, 95% CI 0.62, 2.62, p =
0.479) [20]. Using objective measures of sleep, Herring
et al. did not observe any association of nap frequency with
glucose intolerance in pregnancy [33]. Separately, a case-
control study looked into the association between self-
reported daytime sleepiness (by the Epworth Sleepiness
Scale) and restless leg syndrome with GDM risk [61]. The
authors found that daytime sleepiness was greater in women
with GDM than in those without GDM (9.8 ± 3.6 vs. 7.2 ± 3.6,
p = 0.05), and prevalence of restless leg syndrome in women
with GDM was significantly greater than those without GDM
(46% vs. 19%, p = 0.07). Along this line, future research
should explore new reliable sleep measures to assess both
quantity and quality of sleep in pregnant women.

Conclusion

Most studies support that extreme sleep duration is associated
with elevated risk for maternal hyperglycemia. The findings
with sleep-disordered breathing are less consistent. From our
review, we noticed that gestational age of sleep assessment
may have contributed to the inconsistency, on top of the com-
mon methodological differences like subjective vs. objective
sleep assessment and type of study population (i.e. low vs.
high risk). Sleep duration closer to when the GDM diagnosis
is made (usually late second trimester) tends to be more pre-
dictive, while sleep quality in early, rather than middle/late
pregnancy, seems to be more predictive. Presence of SDB
preconception (e.g. chronic snoring) may also be more

predictive than pregnancy onset SDB (e.g. pregnancy onset
snoring). Severity of SDB is also a consideration, with
moderate/severe SDB more likely to be associated to GDM
compared with mild cases. Hence, stratification of SDB sever-
ity may be necessary for a clearer picture of the link between
SDB and GDM, instead of lumping mild cases together with
moderate/severe cases. Large-scale prospective studies com-
prising objective measurements of sleep problems, preferably
over three trimesters and preconception if possible, are needed
to better evaluate the relationship between sleep and GDM. If
a causal relationship is confirmed, behavioural therapies for
improving sleep can be tested out in randomised controlled
trials to potentially reduce risk and burden of GDM.
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