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Abstract

Background: Gestational diabetes mellitus (GDM) has serious effects on both mother and child. Like Type 2
Diabetes Mellitus, it is increasing in prevalence world-wide. In addition to obesity, sleep duration has been named
an important risk factor. Using a large cohort study, including data from 48,787 participants of the Japan
Environment and Children’s Study (JECS), we examined the association between sleep duration and both random
blood glucose levels and GDM rates during pregnancy.

Methods: Random blood glucose levels were measured during pregnancy. GDM diagnosis was based on the
results of 75 g oral glucose tolerance test. Additional anthropometric data was collected from questionnaires for
statistical analysis.

Results: Compared to mothers averaging 7 to < 10 h sleep (reference group), women receiving <5h or= 10h
sleep exhibited significantly elevated random blood glucose levels. This was associated with an elevated risk for
positive GDM screening (< 5 h sleep: OR 1.17 (0.96-1.44) p =0.126; 210 h sleep: OR 1.13 (1.03-1.25) p =0.006).
Calculating the risk for GDM, women sleeping <5 h or = 10 h exhibited elevated risks of 1.31-fold and 1.21
respectively. However, this trend was not found to be significant.

Conclusions: Sleep is a critical factor in glucose metabolism, with both abnormally long and short sleep duration
increasing random blood glucose levels in pregnant women. Moreover, the risk for positive GDM screening
increases significantly with elevated sleep, 210 h per night. These findings are promising because they support the
idea that sleep duration is a modifiable risk factor, and can be focused upon to improve health and pregnancy
outcome.
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Condensation

Abnormally long and short sleep duration increases ran-
dom blood glucose levels, and sleep of >10h per night
increases the risk for positive GDM screening in preg-
nant women.

Background

Gestational Diabetes Mellitus (GDM) is a serious health
risk for both pregnant women and their offspring. GDM
is prevalent worldwide, affecting ~ 13% of pregnancies.
Rates of 20-25% are estimated for some countries of
North Africa and the Middle East (United Arab Emir-
ates) and the Western Pacific (Singapore and Thailand),
whose medians are 12.9 and 11.7%, while rates are sig-
nificantly lower in North America and many but not all
of the European countries with estimated medians of 7.0
and 5.8% respectively [1]. In Japan, reported rates range
from 1.8 to 13% [2, 3]. However, globally the Asian
population accounts for some 60% of the diabetic popu-
lation. In both Japan and China, rates of Type 2 Diabetes
Mellitus (T2DM) has grown significantly over the past
20 years [4]. Similar to T2DM, the major risk factors for
GDM include obesity and diet, hypertension, stress and
inflammation. Likewise, GDM rates are also on the rise,
increasing by more than 30% within the past 2 decades
[5]. Due to the modifiable nature of several of its known
risk factors, it is important to understand them and turn
back its growing prevalence.

Sleep duration and quality are modifiable factors that
have been linked to changes in glucose metabolism and
T2DM [6]. Both epidemiology and animal models con-
firm that chronic sleep deficiency is a risk for metabolic-
related diseases including obesity and impaired glucose
tolerance, diabetes, and hypertension. As reviewed by
Briancon-Marjollet A, et al., abnormal sleep patterns
may lead to changes in hormone regulation, oxidative
stress, inflammation, and adipogenesis-regulating signals
[6]. All of these actions in turn can adversely affect glu-
cose tolerance and metabolism.

Adequate sleep is commonly a challenge to maintain
during pregnancy. Changes in sleep, both increases and
decreases, are thought to be caused by hormonal
changes, physical discomfort, and other pregnancy-
related stresses [7, 8]. Indeed, a limited number of stud-
ies are now beginning to describe the predicted risk of
changes in sleep pattern for developing GDM. As a pilot
study, Qui C. et al. described an increased risk for GDM
in women sleeping <4 h vs. 9h per night [9]. More re-
cently, Flacco FL, et al. demonstrated significant ties be-
tween both short sleep duration and later sleep
midpoints with GDM [10, 11]. In addition, an associ-
ation between sleep-disorder breathing patterns and
GDM was observed [11]. Meanwhile, Rawal S, et al. has
identified a U-shaped relationship between sleep
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duration and GDM, defining both excessive as well as
limited sleep amounts as risk factors for GDM. They
also suggest that napping and pre-pregnancy obesity
may be modifiers of this relationship [12].

Obesity is a risk factor on the rise in parallel with Dia-
betes rates in the Americas and European populations.
However, while this risk factor is much lower in East
Asian populations, it is observed that T2DM rates in-
crease at a lower average body-mass index (BMI) in
these populations [4]. It is therefore necessary to under-
stand the role of additional modifiable factors in the bat-
tle against Diabetes. Using data collected by the large
cohort Japan Environment and Children’s Study (JECS)
we examined the effect of sleep duration on random
blood glucose levels and GDM incidence during preg-
nancy within the Japanese population.

Materials and methods

Enrollment of participants

JECS is a nationwide, government funded birth cohort
study begun in 2011 with the aim to elucidate the effects
of environmental factors on the health of mother and
child [13, 14]. 103,099 pregnancies were enrolled across
the fifteen regional centers, which include representation
of the diverse social, economic, and urban lifestyles of
Japan during a 3-year period ending March 2014. The
JECS protocol was approved nationally by the Institu-
tional Review Board (IRB) in compliance with the Ethical
Guidelines for Epidemiological Research, published by
the Ministry of Education, Culture, Sports, Science and
Technology, and the Ministry of Health, Labor and Wel-
fare, and by the Ethics Committees at all participating
institutions. Written informed consent was obtained
from participants.

Data collection

Two questionnaires per person were completed in the
first (mean 16 weeks) and second to third trimesters
(mean 27 weeks), addressing past pregnancy history, life-
style, foods, and sleeping habits including sleep start and
waking times. Specifically, sleep questions were adminis-
tered in the second to third trimesters, and had the fol-
lowing phrasing, “What was the average time to get into
bed and turn off the light over the last month?” and
“What was your average waking time over the last
month?”

Medical records were obtained, including maternal
age, parity, height, pre-pregnancy body weight, body
weight before delivery, blood glucose during pregnancy
(random blood glucose, RBG, see below methods), gesta-
tional age at delivery, birth weight, and placental weight.
Additional history, including information about Typel
or Type 2 DM or previous GDM diagnosis, and use of
steroids during pregnancy were collected. Sleep
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duration, pre-pregnancy body-mass index (BMI) and
gestational weight gain were calculated from raw data.

Glucose tolerance and GDM screening

Glucose tolerance screening and testing for GDM was
performed according to the protocols of the Obstetrics
Society or Diabetes Society of Japan depending on the
local institution using a 2-step protocol (Additional file
1: Figure S1). The first step was screening of random
blood plasma glucose levels (RBG) during the first tri-
mester. The second step was screening using either RBG
or a fasting 50 g oral glucose challenge test (GCT) in the
second trimester. An RBG score of 295mg/dL or a 1h
50 g GCT result of > 140 mg/dL were scored as a posi-
tive screening result. After a positive screening result, a
75¢g oral glucose tolerance test (OGTT) was adminis-
tered with GDM-positive cut-off values of fasting blood
plasma glucose of <92 mg/dL, 1h>180mg/dL, or 2h
>153 mg/dL. In this study, for the purpose of
consistency, we selected only subjects with RBG screen-
ing data (the majority 82%), to the exclusion of the fast-
ing 50 g GCT-tested subjects (see Statistical analysis, Fig.
1).

Statistical analysis

Participants were excluded based upon missing data
(n =39,991), non-compliant blood glucose screening re-
sults (10,949), existing typel or type 2 diabetes (n = 686),
and average sleep duration values less than 3 and over
13 h (n = 2686). Finally, 48,787 subjects were included in
the analysis (see Fig. 1).

Sleep duration was categorized according to hours per
night (<5, 5to <7, 7 to < 10, and > 10 h), with values es-
timated from sleep start and waking time survey re-
sponses. The 7 to <10 h group was set as the reference.
Because the random blood glucose level data did not
have a normal distribution, the median (25th,75th) per
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sleeping duration were expressed, and the Mann-
Whitney test based upon non-Gaussian distribution was
used to compare sleep group blood glucose levels. Co-
variant factors included age, pre-pregnancy BMI, gesta-
tional weight gain [15], steroid use during pregnancy,
and previous GDM. The adjusted relative risk ratios
were calculated using a log-binomial regression model.
Statistical analyses were completed using STATA ver-
sion 11.1 (Texas, USA).

Results
To begin our analysis, in addition to missing data, mis-
reported sleep habits, and pre-existing T1 and T2DM, a
large number of participants were excluded due to non-
compliant blood glucose screening in order to remove
variation associated with differences in screening and
testing protocols (see Fig. 1) [2]. The resulting study
group characteristics were similar to those of the original
total participant population (Additional file 1: Table S1).
The maternal characteristics of the study population
(n =48,787) are provided in Table 1. The values are
similar to averages reported for the Japanese population
recently, including values for pre-pregnancy BMI and
gestational weight gain [16-18]. The study group con-
tained 1000 GDM patients (2.05%). The rate of GDM is
similar to rates previously observed in the Japanese
population using the same diagnostic criteria [2, 3].
Estimated daily sleep duration ranged between 3 and
13 h per day. The median random blood glucose (RBG)
levels for each sleep category are presented in Table 2.
Pregnant mothers in the reference group of 7 to <10h
sleep per night (84 mg/dL (77, 94)), and the group re-
ceiving 5 to <7 h of sleep (median 84 mg/dL (77, 94))
had the lowest median RBG levels. Women receiving <
5h or> 10 h of sleep exhibited significantly elevated glu-
cose levels compared to the 7 to <10h sleep reference
group using the Mann-Whitney test based upon non-

Total study participants

(n=103, 099)

——>

Final study population

(n=48, 787)

glusion Criteria (Total excluded n54,?§

Missing data (n= 39, 991)
history.

Mis—reported sleep habits, estimated (n=2,686)

Pre-existing type 1 or 2 Diabetes Mellitus (n=686)

w—compliant blood glucose screening (n=10, 949y

Maternal and gestation characteristics, medical

Sleep time < 3 hours or = 13 hours.

Fig. 1 Study population inclusion characteristics
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Table 1 Study population characteristics
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Total GDM-negative GDM

Number 48,787 (100%) 47,787 (97.95%) 1000 (2.05%)
Age (mean +SD) 31.2+4.99 31.1£498 333+£5.00
Age (years)

15-19 408 (0.8%) 3(0.3%)

20-29 17,774 (37.2%) 241 (24.1%)

30-39 27,618 (57.8%) 651 (65.1%)

40- 1987 (4.2%) 105 (10.5%)
Pre-pregnancy BMI (mean) 2124322 21.1+£3.15 23.7+£5.12
Pre-pregnancy BMI (kg/m2 + SD)

<185 7750 (16.2%) 95 (9.5%)

185-<25 35,373 (74.0%) 590 (59.0%)

225 4664 (9.8%) 315 (31.5%)
Parity (time) 0.87+0.89 0.87+0.89 0.92 £0.96
gestational weight gain (kg) 103 +393 104 +3.89 789+5.16
Gestational age at delivery (weeks) 388+ 147 388+147 385+162
Birth weight (g) 3027 £ 407 3027 £406 3028 + 444
Placenta weight (g) 563+ 119 563+ 119 574+ 121

Participant values are presented with percent of group (%). Average values are presented +standard deviation

Gaussian distribution (Table 2). This observation de-
scribes a U-shaped relationship, with sleep times at both
the short and long end of the scale associated with
higher RBG levels.

Comparing the positive-screening rates between the
four sleep duration categories (Table 3), significant in-
creases were observed for women sleeping 210h (OR
1.13 (95%CI = 1.03-1.25), p =0.006), compared to the
reference group of 7 to <10h sleep per night. An ele-
vated risk was also observed in the <5h sleep group
(OR 1.17 (0.96-1.44)), however the statistical signifi-
cance of this association fell short (p = 0.126).

Finally, the risk for GDM diagnosis relative to sleep
duration was determined using a log-binomial regression
model. Women sleeping <5h were found to have 1.30-
fold risk for GDM. Similarly, women sleeping 210 h had
a 1.21-fold risk for developing GDM compared to the
reference group (Table 4). However, these observations
failed to meet the significant value cut-off. Therefore,

Table 2 Mean RBG associated with sleep duration
Sleep time (hr) N

Median random blood glucose (mg/dL) P ¢

<5 468 85 (78, 96) 0.042*
5to<7 8897 84 (77,94) 0.109
7to <10 36,836 84 (77, 94) Ref.

210 2586 85 (77, 96) 0.033*

a. P value was determined using the Mann-Whitney test base upon non-
Gaussian distribution of data
* Significant p < 0.05

the effects of elevated or limited sleep observed directly
on blood glucose levels did not translate into significant
increases in GDM incidence in this Japanese population.

Discussion
This study utilized a large cohort study representing the
population of Japan to focus on defining the effects of
sleep duration on glucose metabolism and the risk of
GDM [13]. Participant data was sorted based on esti-
mated sleep duration into 4 categories. As previously ob-
served, this study’s median random blood glucose levels
increased with both decreased and increased sleep dur-
ation, following a U-shaped association with respect to
sleep. Using the Japanese national guidelines in their
two-step screening protocol, a significant relationship
between sleep duration and positive screening results
was also identified. Excessive sleep, >10 h was associated
with an increased risk (OR =1.13 (95%CI = 1.03-1.25),
p =0.006), compared to the reference group. An elevated
risk in the limited, <5h sleep group, although non-
significant, was also observed (OR 1.17 (0.96-1.44), p =
0.126). The significant association measured here be-
tween excessive or limited sleep and blood glucose me-
tabolism failed to translate into the increased GDM
diagnosis rates that are predicted. Indeed, only modest
increases could be determined for the <5h (OR=1.31
(0.74-2.30), p =0.353) and> 10h (OR=1.21 (0.90—
1.63), p =0.207) sleep duration groups.

Based upon similar studies, it was surprising that this
large cohort data set did not reveal a significant
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Table 3 Risk for positive GDM screening associated with sleep duration

GDM Pre-screening result ¢

Negative (n = 36,908) Positive (n=11,879) OR® 95%Cl p
Sleep time (hours)
5< 336 132 117 0.96-1.44 0.126
5to<7 6807 2090 095 0.90-1.00 0.047 *
7to <10 27,860 8976 Ref. Ref. Ref.
210 1905 681 113 1.03-1.25 0.006 *

a. GDM Pre-screening proceeded a diagnostic 75 g OGTT test. Positive result was a 295 mg/dL resting glucose score
b. Adjusted relative risk (95% Cl) for positive GDM screening associated with sleep duration, confounding factors included age, pre-pregnancy BMI, gestational
weight gain [12], steroid use during pregnancy, and previous GDM. The adjusted relative risk ratios were calculated regression mode

* Significant p <0.05

relationship between sleep and GDM rates. By an alter-
native analysis, using eight, 1-h sleep duration categories,
the same trend was revealed as that using four categories
(see Additional file 1: Table S2). Moderate sleep groups
of 6, 7 (reference), 8, and 9 h exhibited lower GDM-risk
rates (OR =0.93, (ref.), 0.88, and 0.9 respectively). Mean-
while, excessive sleep, >10h (OR=1.13), or minimal
sleep, 3h (OR =4.05 (1.68-9.80), p =0.002), were both
associated with elevated risk of GDM diagnosis. In the
case of minimal sleep, this elevated risk was found to be
significant.

These findings support initial reports in the literature
which describe how both sleep quantity and quality dur-
ing pregnancy are important GDM risk factors [9, 10,
12, 19-22]. Together we present strong support for the
idea that both restricted as well as excessive sleep is a
risk for the loss of proper glucose metabolism and con-
trol during pregnancy.

Obesity and the rising rate of diabetes, including Type
2 diabetes mellitus (T2DM) and GDM is a global med-
ical concern. Importantly, there is evidence for risk fac-
tors that are associated with different ethnic groups and
races [7]. Two studies examining sleep duration and
GDM, conducted with ethnically mixed populations in
America, found that sleep duration was significantly re-
lated to ethnicity and race [11, 12]. This study is unique
because it is focused on the East Asian population of
Japan, a population which, despite low rates of obesity

Table 4 Risk for GDM associated with sleep duration
GDM

no (n=47,787) yes (n=1000) OR“ 95%Cl p
Sleep time (hours)
<5 454 14 131 074-230 0353
5to<7 8703 194 103 087-1.22 0742
7to <10 36,096 740 Ref.  Ref. Ref.
210 2534 52 121 090-1.63 0.207

a. Adjusted relative risk (95% Cl) for GDM associated with sleep duration.
Confounding factors included age, pre-pregnancy BMI, gestational weight gain
[12], steroid use during pregnancy and previous GDM

* Significant p <0.05

and weight gain during pregnancy, has a growing rate of
T2DM and GDM [23]. The screening protocol of the
Japanese Obstetrics Society is the same in most aspects
to that of the International Association of the Diabetes
and Pregnancy Study Groups (IADPSG), and so our re-
sults are applicable to populations worldwide.

While the size of this study allowed us to draw signifi-
cant conclusions about the relationship between sleep
quantity and blood glucose metabolism, this study is
preliminary in regards to sleep and GDM incidence in
Japan. Future questionnaires should include a validated
sleep survey to better quantify sleep duration. In
addition, data on related, confounding factors not
accounted for in this study, such as sleep quality, a pri-
mary risk factor of GDM which acts through changing
glucose metabolism should be collected [10, 12].

The variability that is inherent in a large, nationwide
cohort study was also likely to adversely affect our out-
come. Designed to represent the diverse living condi-
tions and areas of Japan, data collection was dependent
on a large number of institutions, ranging from univer-
sity research hospitals to small obstetrics clinics [13].
Even in the case of applying the same protocol there is
often significant variation in measurements reported be-
tween institutions [24]. Finally, at the time of this study
the standard protocol for screening and final determin-
ation of GDM were in transition in Japan, based upon
the recommendation of the Japan Obstetrics Society
[25]. In the process of this analysis a large number of
participants needed to be excluded from the final study
group to insure a single universal GDM protocol was
used. Indeed, the universalization of protocols and diag-
nostic criteria has been a challenge in the field of Dia-
betes and GDM research.

Conclusions

This investigation aides the current effort to identify and
define modifiable factors associated with the growing
global threat of Diabetes. Our findings of a U-shaped as-
sociation between sleep duration and glucose metabol-
ism, support other current reports. In addition, this
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report importantly adds unique data from the East Asian
population of Japan to help understand racial differ-
ences, as well as to address the growing proportion of
Diabetes cases associated with this population relative to
the entire world.
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