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Abstract

Background and objectives: Sleep disorders during pregnancy may be linked an increase risk of adverse pregnancy
outcomes. This study aimed to evaluate the relationship between sleep quality and duration in pregnancy and risk of
gestational diabetes mellitus (GDM).
Materials and methods: This prospective follow-up study was performed on 240 pregnant women with a gestational age

between 20 to 24 weeks, who were referred to Imam Khomeini Hospital in Sari from 2018 to 2019 for prenatal care. The
sleep quality of all eligible women were evaluated with the Pittsburgh Sleep Quality Index (PSQI). During the 26 to 28
weeks of gestation, 1-hour and 2-hour oral glucose tolerance test (OGTT) was done for all women.
Results: The results showed that women with poor sleep quality had a significantly higher mean BMI and 1-hour and 2-

hour OGTT results (P < 0.05). Compared to women with good sleep quality, women with poor sleep quality (PSQI >5) had
a greater risk of developing GDM (OR ¼ 2.99, 95% CI 1.77 to 5.06). In women with sleep duration of less than 7 and more
than 9 hours, the frequency of GDM was significantly higher than women with the 7e9 hour sleep duration (P < 0.05).
Also, the frequency of GDM in women with three or more than three times of snoring in a week (63.44%) was

significantly higher than women with once a week (30.61%) (P-value <0.001).
Conclusion: It seems that sleep disorders and poor sleep quality can be a risk factor in developing GDM. Therefore,

sleep characteristics should be considered in pregnancy care; especially in women with higher risk of GDM.

Keyword: Sleep wake disorders, Pregnancy, Diabetes, Gestational, Snoring

1. Introduction

S leep disorders, especially short sleep dura-
tion (SSD) and poor sleep quality, are prev-

alent during pregnancy; due to hormonal
changes, anxiety, and physical factors that are
associated with pregnancy [1e4]. It is believed
that the sleep disorders during pregnancy may be
linked with increased risk of adverse pregnancy
outcomes, such as intrauterine growth restriction

(IUGR), preterm delivery, preeclampsia, pro-
longed labor, and higher incidence of cesarean
section [5e7]. From about the 12th week of
pregnancy, difficulty in falling asleep, frequent
awakenings, reduced nighttime sleepiness, and
reduced sleep efficiency begin, and these issues
usually continue until two months after delivery
[8e10].
SSD has different definitions, often defined as

sleeping fewer than seven hours each night [11, 12].
Also, there is clear evidence that supports the
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relationship between the risk of developing type 2
diabetes and short-term sleep disorders [13e16].
Additionally, many previous epidemiological
studies revealed that SSD increases the risk of
developing type 2 diabetes, but there are some
studies, with conflicting results, about the relation-
ship between sleep disorders and increased risk of
gestational diabetes mellitus (GDM) [6, 17, 18]. In a
meta-analysis, the results showed that patients with
sleep apnea have a higher risk of GDM. However,
the link between GDM and poor sleep quality is
unclear [19]. Another meta-analysis revealed that
long-term sleep duration is a risk factor for GDM
[20].
Considering the high prevalence of sleep prob-

lems among pregnant women and the possible
relationship between GDM and sleep disorders and
the lack of strong available supportive evidence in
this area in our population and also according to the
racial differences and their impact on the prevalence
of disorders associated with pregnancy, this is one
of the priorities of public health and there is a need
to further studies [21]. Therefore, this study aimed
to evaluate the relationship between sleep quality
and duration in pregnancy and risk of GDM.

2. Materials and methods

2.1. Study design

This prospective follow-up study was performed
on pregnant women who were referred to Imam
Khomeini Hospital in Sari from 2018 to 2019 for
prenatal care. This study was carried out after
approval by the institutional Ethics Committee
(code:
IR.MAZUMS.IMAMHOSPITAL.REC.1398.2993).

2.2. Participants

Singleton pregnant women aged 18-35 years, with
a gestational age of fewer than 28 weeks, based on
sonography, were included in the study. Mothers
with risk factors for GDM including macrosomia,
history of GDM in previous pregnancies, persistent
glucosuria, obesity with body mass index (BMI)
above 30 in the first trimester, history of smoking
and alcohol use, intrauterine fetal death (IUFD),
miscarriage, diabetes in first-degree relatives,
endocrinopathies such as Cushing's syndrome,
pheochromocytoma, and history of glucocorticoid
use, beta-adrenergic agonists and thiazides, risk
factors for obstructive sleep apnea, such as acro-
megaly, hypothyroidism, achondroplasia, and
craniofacial disorders were excluded.

2.3. Data collection

After being eligible, individuals underwent
mental health surveys based on the Goldberg
General Health Questionnaire (GHQ-12). This self-
reporting questionnaire examines a person's mental
state in the last four weeks [22]. GHQ-12, including
12 questions that have six positive and negative
items and the scores of negative items that include
“not at all”, “as usual”, “a little more than usual”,
“much more than usual” are 0, 1, 2 and 3, respec-
tively. For positive items that contain “much less
than usual”, “less than usual”, “as usual” and “more
than usual”, scores 3, 2, 1 and 0 are considered,
respectively. In this case, the minimum score of the
GHQ-12 will be equal to 12. The lower a person's
score, the more mental health patient has, and the
higher the score than 12, the more likely it is to be
considered a mental health disorder [23]. In our
study, women with a score of more than 12 were
excluded from the study. At the first visit, womens'
demographic and clinical characteristics such as
height, weight, BMI and blood pressure (BP) were
recorded. The sleep quality of all eligible women
was assessed after the 20th week of pregnancy using
the Pittsburgh Sleep Quality Index (PSQI) ques-
tionnaire. PSQI is a standard tool for evaluating
quality of sleep over the past four weeks. The
questionnaire involves seven subscales. The sum of
the scores of the seven subscales makes up the
overall score of a person's sleep quality. The validity
and reliability of this questionnaire have been pre-
viously assessed and confirmed (Cronbach's alpha
0.83) [24]. This questionnaire has also been used in
the Iranian pregnant women's population [25].
Based on this, participants were divided into two
groups with and without sleep disorders. Also, the
frequency of snoring in women was examined.
Then, a 1-hour and 2-hour oral glucose tolerance
test (OGTT) was done at 26 to 28 weeks' gestation.
For OGTT, 75 g of oral glucose in the morning
(minimum of 8 hours and a maximum of 14 fasting
hours), following a 3-day diet without glucose re-
striction and unrestricted activity was done. Three
blood samples were taken first in the fasting state
and then one and two hours after eating 75 g of
glucose. For each sample, two cc of blood was taken
from the patient. The serum was immediately
removed from the patient's blood sample by
centrifugation. Diagnosis of GDM was confirmed if
the fasting blood sugar (FBS) and the results of
blood glucose level after at one and two hours of
glucose intake were greater than 92, 180, and 153
(mg/dL), respectively [26e28].
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2.4. Sample size calculation

Estimation of sample size was based on 7.3% prev-
alence of GDM during the 24e28 weeks of gestation
[21]. At a level of a ¼ .05 with a power of 0.8, we
calculated that it was necessary to enroll 200 eligible
women for this study, so in order to allow for a with-
drawal rate of 20%, we planned to recruit 240 women
(120 individuals with and without sleep disorders).

2.5. Statistical analysis

Quantitative data followed a normal distribution.
Chi-square and independent sample t-test were
used to compare the variables between good and
poor sleep quality, and chi-square and one-way
analysis of variance (ANOVA) was used to compare
sleep duration. Post-hoc tests such as Bonferroni,
Games-Howell, and least significant difference
(LSD) were also used to more accurately examine
this significant difference. Pearson's correlation
analysis was used to examine the relationship be-
tween blood glucose levels and sleep duration. To
evaluate the association between poor sleep quality
and sleep duration (<7, 7e9 and >9 hours) on GDM
risk, multivariable logistic regression models were
used. P-value of less than 0.05 was considered sig-
nificant. Also Spearman correlation test was also
used to determine the relationship between educa-
tion and sleep duration.

3. Results

A total of 310 pregnant women were examined
during the study period. Sixty women did not meet
the inclusion criteria (poor mental health), and 10

women were excluded during the study due to lack
of cooperation. In total, 240 women (120 with and
120 without sleep disorders) completed the study.
The mean age (standard deviation) of pregnant
women was 3.81 (28.29) years with the range of 19 to
35 years. The mean BMI was 23.56 (5.12). Most of the
women (40%) in the study had a diploma. Only 16
women (6.67%) had a history of multiparity. There
was no significant difference in terms of educational
level and history of multiparity, BP (systolic and
diastolic), and FBS among participants (P > 0.05).
Women with poor sleep quality had significantly
higher mean BMI and OGTT of one and two hours
(P < 0.05). The prevalence of GDM was significantly
higher in women with poor sleep quality (P < 0.001).
The mean daytime and nighttime sleep duration in
the group with poor sleep quality was significantly
higher (Table 1).
In this study, women were divided into three

groups in terms of sleep (25), which included <7
hours of sleep, 7-9 hours of sleep, and >9 hours of
sleep. Table 2 shows the mean plasma glucose levels
(FBS, OGTT-1h, OGTT-2h), GDM frequency and
sleep duration in pregnant women. The results
showed that there was a significant difference be-
tween the mean FBS, one-hour and two-hour post-
prandial glucose level with the daytime and
nighttime sleep duration (P-value <0.05). The results
of post hoc analysis using Bonferroni, Games-
Howell, and LSD tests showed that the FBS and
one-hour postprandial glucose level in women with
the mean sleep duration of <7 hours was signifi-
cantly higher than 7-9 hours of sleep duration (P-
value <0.05). There was also a significant difference
between the frequency of GDM and the sleep
duration (P < 0.0001). The results of Bonferroni-

Table 1. Demographic and clinical characteristics of women with good and poor sleep quality.

Variables Good (N ¼ 120) Poor (N ¼ 120) P-value

Age, mean (SD), years 28.27 (3.91) 28.41 (3.95) 0.781*
BMI, mean (SD) 21.62 (4.37) 23.60 (5.71) 0.003*
Education levels, N (%)

Under diploma 39 (32.5) 26 (21.67) <0.001*
Diploma 57 (47.5) 39 (32.5)
More than diploma 24 (20) 55 (45.83)

Parity>1, N (%) 9 (7.5) 7 (5.83) 0.605**
BP, mean (SD), mmHg

Systolic 111.42 (7.42) 113.79 (9.72) 0.034*
Diastolic 70.83 (4.36) 72.31 (5.99) 0.030*

Plasma glucose, mean (SD), mg/dl
FBS 86.5 (10.87) 89.64 (11.45) 0.030*
OGTT-1h 143.45 (30.84) 159.22 (36.65) <0.001*
OGTT-2h 120.84 (20.83) 134.13 (28.56) <0.001*

GDM, N (%) 41 (34.17) 73 (60.83) <0.001**
Sleep duration, mean (SD), hours 8.09 (0.71) 9.15 (3.23) <0.001*

GDM: Gestational diabetes mellitus. *Independent sample T-Test. **Chi-square.
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corrected test showed that frequency of GDM in
women with sleep duration of <7 and >9 hours was
significantly higher than women with the 7-9-hour
sleep duration (P-value <0.05). Also, using
Spearman correlation test, the relationship between
education and sleep duration was examined. Based
on the findings, no significant relationship was
observed between educational level and sleep
duration (r ¼ 0.78, p-value ¼ 0.229).
The results showed a significant weak negative

correlation between sleep duration and FBS (r ¼
0.13, P ¼ 0.04), OGTT-1h (r ¼ 0.18, P ¼ 0.005), and
OGTT-2h (r ¼ 0.26, P < 0.0001).
Multivariable logistic regression analysis was

used to model the relationship between sleep
quality and duration with the risk of GDM (Table 3).
As shown in Table 3, women with poor sleep quality
(PSQI >5) had a higher risk of GDM compared to
women with better sleep quality (OR ¼ 1.139, 95%
CI 0.69 to 1.85). Among women who had poor sleep
quality, 38 (31.67%) and 79 (65.83%) had a sleep
duration <7 and >9 hours, respectively. Compared
to women with normal sleep duration (7-9 h), these
women had an increased risk of GDM (OR ¼ 1.259,
95% CI 0.84 to 1.88).
The results showed a significant relationship be-

tween the frequency of snoring and GDM (P <
0.001). The result of the Games-Howel test showed
that women with three or more than three times of
snoring in a week (63.44%) had significantly higher
frequency of GDM than women with once a week
(30.61%) (P-value <0.001).

4. Discussion

Numerous studies indicated the effect of poor
sleep quality and quantity and greater risk of

hyperglycemia [29e32]. It has been previously
shown that pregnancy is associated with suboptimal
sleep quantity and quality. Most of pregnant women
experience reduced sleep duration, especially in the
third trimester [33e35]. Although, it has previously
indicated that the risk of type 2 diabetes is higher in
men and non-pregnant women with sleep disor-
ders, there are relatively limited studies to evaluate
the association between GDM and sleep problems
[36]. Our study showed that the prevalence of GDM
was women significantly higher in women with
poor sleep quality. Our hospital is the main referral
center in northern Iran, and this was one of the
reasons for the higher prevalence of GDM in our
study (47.5%). Reutrakul et al. reported that there
was no significant relationship between sleep dis-
turbances and GDM [6]. Although this study was
not consistent with our study, it was generally
consistent with our study of the effect of sleep dis-
orders on increasing GDM risk. Wang et al. evaluate
the quality and duration of sleep and the risk of
GDM in 28-24 weeks pregnant mothers in China
showed that poor sleep quality and sleep duration
<7 hours and >9 hours a day increases the risk of
GDM [21]. Although this study was consistent with
our study, failure to use the standard questionnaire
to assess the quality and duration of sleep is one of
the weaknesses of this study. In our study, women
with abnormal sleep duration (<7 and >9 hours)
have almost three times higher risk of developing
GDM.
A study by Cai et al. showed that a decrease in

sleep duration was significantly correlated with
impaired FBS, but sleep duration was not correlated
with two-hour OGTT. They reported a higher inci-
dence of GDM in women with sleep duration of <6
hours. They also demonstrated the 1.75 times
greater GDM risk in women with poor sleep quality
[37]. Herring et al. found an inverse correlation be-
tween mean nighttime sleep duration and one-hour
OGTT values and a positive correlation between
shorter nighttime sleep duration and hyperglycemia
[38]. Also, Zhong et al. showed that during early
pregnancy, poor sleep quality is significantly asso-
ciated with an increased risk of GDM [39]. Contrary

Table 3. Associations between the risks of GDM; sleep quality and sleep
duration.

Variables Unadjusted OR
(95% CI)

Adjusted OR
(95% CI)

Sleep Duration 1.84* (1.37-2.48) 1.259 (0.84-1.88)
Poor sleep quality 1.259 (0.99-1.59) 1.139 (0.69-1.85)

OR: Odds Ratio; PSQI: Pittsburg Score Quality Index. Sleep
Duration between 7 to 9 hours was considered as a reference. (*p-
value<0.05).

Table 2. Comparison of parity, plasma glucose, and gestational diabetes with sleep duration.

Variables Less than 7 hours mean (SD) 7-9 hours mean (SD) More than 9 hours mean (SD) P-value

FBS/mg/dl 90.87 (12.2) 86.33 (10.79) 89.43 (11.15) 0.039*
OGTT-1 h/mg/dl 164.26 (38.81) 143.86 (30.59) 156.75 (36.25) 0.001*
OGTT-2 h/mg/dl 131.58 (34.41) 120.92 (20.58) 135.73 (25.95) <0.0001*
GDM, N (%) 24 (63.16) 41 (33.33) 49 (62.03) <0.0001**

N: Number; SD: Standard deviation; GDM: Gestational diabetes mellitus; OGTT: Oral glucose tolerance test. *One-way ANOVA. **Chi-
square.
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to these studies, Niroomanesh et al. revealed that
higher sleep duration can be associated with the
increased risk of GDM [40]. Also, the results of a
meta-analysis demonstrated that long sleep dura-
tion during early and middle pregnancy is closely
associated with increased risk of GDM [20]. Also,
another recently published meta-analysis indicated
that both short and long sleep duration is associated
with increased risk of GDM [41]. One possible
explanation for this may be the potential changes of
sleep duration during pregnancy. In our study,
pregnant women were evaluated during their late
pregnancy. It has been previously shown that in
early pregnancy women usually are more inclined
to sleep, while it reduces during the late gestation
[42, 43].
In our study, the mean FBS, one hour and two

hour OGTT were significantly higher in women
with impaired sleep quality. Also, the mean FBS and
one hour and two hour OGTT in women who slept
less than 7 or more than 9 hours were significantly
higher than normal sleep (7-9 hours). We found a
weak negative correlation between sleep duration,
FBS, 1-hour OGTT, and 2-hour OGTT. Qiu et al.
revealed the 5.56 times higher risk of developing
GDM among women with <4 hours sleep duration
than women normal sleep duration (9 hours). Of
course, these results were obtained without
considering the BMI of all participants, which was
reduced to 3.23 times by adjusting the BMI to less
than 25 [19]. Considering that a BMI>30 is a signif-
icant risk factor for GDM [44, 45], as a positive point,
we only included women with a BMI<30 in this
study. However, our study demonstrated that the
risk of developing GDM in women with poor sleep
quality was 2.99 times greater than women with
good quality of sleep. A study by Jahanpak et al.
indicated that the frequency of abnormal glucose
challenge test in pregnant women with insomnia
was significantly higher than in women with normal
sleep duration [46].
There was a significant relationship between fre-

quency of snoring and GDM in the present study.
So that the frequency of GDM in women who
snorted three times a week was significantly higher
than once a week. Qiu et al. indicate an association
between frequency of snoring and GDM [19].

5. Conclusion

It seems that sleep disorders and poor sleep
quality can be risk factors in developing GDM.
Therefore, sleep characteristics should be consid-
ered in pregnancy care; especially in women with a
higher risk of GDM.

Acknowledgment

The authors gratefully acknowledge the financial
support of deputy of research and technology,
Mazandaran University of Medical Sciences, Sari,
Iran (Grant number: 2993).

References

[1] Pien GW, Schwab RJ. Sleep disorders during pregnancy.
Sleep 2004;27(7):1405e17.

[2] Bourjeily G, Ankner G, Mohsenin V. Sleep-disordered
breathing in pregnancy. Clin Chest Med 2011;32(1):175e89.

[3] Sedov ID, Cameron EE, Madigan S, Tomfohr-Madsen LM.
Sleep quality during pregnancy: A meta-analysis. Sleep Med
Rev 2018;38:168e76.

[4] Reichner CA. Insomnia and sleep deficiency in pregnancy.
Obstet Med 2015;8(4):168e71.

[5] Okun ML, Luther JF, Wisniewski SR, Sit D, Prairie BA,
Wisner KL. Disturbed sleep, a novel risk factor for preterm
birth? J Womens Health (Larchmt) 2012;21(1):54e60.

[6] Reutrakul S, Zaidi N, Wroblewski K, Kay HH, Ismail M,
Ehrmann DA, et al. Sleep disturbances and their relationship
to glucose tolerance in pregnancy. Diabetes Care 2011;34(11):
2454e7.

[7] Chang JJ, Pien GW, Duntley SP, Macones GA. Sleep depri-
vation during pregnancy and maternal and fetal outcomes: is
there a relationship? Sleep Med Rev 2010;14(2):107e14.

[8] Facco FL, Parker CB, Reddy UM, Silver RM, Koch MA, Louis
JM, et al. Association between sleep-disordered breathing and
hypertensive disorders of pregnancy and gestational diabetes
mellitus. Obstet Gynecol 2017;129(1):31e41.

[9] Gao M, Hu J, Yang L, Ding N, Wei X, Li L, et al. Association
of sleep quality during pregnancy with stress and depres-
sion: a prospective birth cohort study in China. BMC Preg-
nancy Childbirth 2019;19(1):444.

[10] Silvestri R, Aric�o I. Sleep disorders in pregnancy. Sleep Sci
2019;12(3):232e9.

[11] Louis JM, Auckley D, Sokol RJ, Mercer BM. Maternal and
neonatal morbidities associated with obstructive sleep apnea
complicating pregnancy. Am J Obstet Gynecol 2010;202(3):
261. e1-261.e2615.

[12] Ferrie JE, Kumari M, Salo P, Singh-Manoux A, Kivim€aki M.
Sleep epidemiology–a rapidly growing field. Int J Epidemiol
2011;40(6):1431e7.

[13] Romero R, Badr MS. A role for sleep disorders in pregnancy
complications: challenges and opportunities. Am J Obstet
Gynecol 2014;210(1):3e11.

[14] Myoga M, Tsuji M, Tanaka R, Shibata E, Askew DJ, Aiko Y, et
al. Impact of sleep duration during pregnancy on the risk of
gestational diabetes in the Japan environmental and Chil-
dren's study (JECS). BMCPregnancyChildbirth 2019;19(1):483.

[15] Cappuccio FP, D'Elia L, Strazzullo P, Miller MA. Quantity
and quality of sleep and incidence of type 2 diabetes: a
systematic review and meta-analysis. Diabetes Care 2010;
33(2):414e20.

[16] Niroomanesh S, Mohseni M, Gholizadeh M, Shokuhi N,
Saedi N. Association between sleep duration and quality
with risk of gestational diabetes mellitus. J Med Counc Iran
2020;3(1):23e8.

[17] Grandner MA, Seixas A, Shetty S, Shenoy S. Sleep duration
and diabetes risk: population trends and potential mecha-
nisms. Curr Diab Rep 2016;16(11):106.

[18] Shan Z, Ma H, Xie M, Yan P, Guo Y, Bao W, et al. Sleep
duration and risk of type 2 diabetes: a meta-analysis of
prospective studies. Diabetes Care 2015;38(3):529e37.

[19] Qiu C, Enquobahrie D, Frederick IO, Abetew D, Williams
MA. Glucose intolerance and gestational diabetes risk in
relation to sleep duration and snoring during pregnancy: a
pilot study. BMC Womens Health 2010;10:17.

28 S. PEIVANDI ET AL
SLEEP QUALITY AND RISK OF GESTATIONAL DIABETES MELLITUS

BioMedicine
2021;11(2):24e29

O
R
IG

IN
A
L
A
R
T
IC

L
E



[20] Xu YH, Shi L, Bao YP, Chen SJ, Shi J, Zhang RL, Lu L. As-
sociation between sleep duration during pregnancy and
gestational diabetes mellitus: a meta-analysis. Sleep Med
2018;52:67e74.

[21] Wang H, Leng J, Li W, Wang L, Zhang C, Li W, et al. Sleep
duration and quality, and risk of gestational diabetes melli-
tus in pregnant Chinese women. Diabet Med 2017;34(1):
44e50.

[22] Goldberg DP, Blackwell B. Psychiatric illness in general
practice: a detailed study using a new method of case iden-
tification. Br Med J 1970;2(5707):439e43.

[23] Yaghubi H. Validity and factor structure of the General
Health Questionnaire (GHQ-12) in university students. Int J
Behav Sci 2012;6(2):153e60.

[24] Buysse DJ, Reynolds CF, Monk TH, Berman SR, Kupfer DJ.
The Pittsburgh Sleep Quality Index: a new instrument for
psychiatric practice and research. Psychiatry Res 1989;28(2):
193e213.

[25] Effati-Daryani F, Mohammad-Alizadeh-Charandabi S,
Mohammadi A, Zarei S, Mirghafourvand M. Evaluation of
sleep quality and its socio-demographic predictors in three
trimesters of pregnancy among women referring to health
centers in Tabriz, Iran: a cross-sectional study. Evidence
Based Care 2019;9(1):69e76.

[26] Chiefari E, Arcidiacono B, Foti D, Brunetti A. Gestational
diabetes mellitus: an updated overview. J Endocrinol Invest
2017;40(9):899e909.

[27] American Diabetes Association. 2. Classification and diag-
nosis of diabetes: standards of medical care in dia-
betesd2018. Diabetes Care 2018;41(Supplement 1):S13e27.

[28] Diagnostic criteria and classification of hyperglycaemia first
detected in pregnancy: a World Health Organization
Guideline. Diabetes Res Clin Pract 2014;103(3):341e63.

[29] Zhu B, Hershberger PE, Kapella MC, Fritschi C. The rela-
tionship between sleep disturbance and glycaemic control in
adults with type 2 diabetes: An integrative review. J Clin
Nurs 2017;26(23-24):4053e64.

[30] Baradari AG, Emami Zeydi A, Aarabi M, Ghafari R. Met-
formin as an adjunct to insulin for glycemic control in pa-
tients with type 2 diabetes after CABG surgery: a
randomized double blind clinical trial. Pak J Biol Sci 2011;
14(23):1047e54.

[31] Strand LB, Carnethon M, Biggs ML, Djouss�e L, Kaplan RC,
Siscovick DS, et al. Sleep disturbances and glucose meta-
bolism in older adults: The cardiovascular health study.
Diabetes Care 2015;38(11):2050e8.

[32] LeBlanc ES, Smith NX, Nichols GA, Allison MJ, Clarke GN.
Insomnia is associated with an increased risk of type 2 dia-
betes in the clinical setting. BMJ Open Diabetes Res Care
2018;6(1):e000604.

[33] Moya J, Phillips L, Sanford J, Wooton M, Gregg A, Schuda L.
A review of physiological and behavioral changes during
pregnancy and lactation: potential exposure factors and data
gaps. J Expo Sci Environ Epidemiol 2014;24(5):449e58.

[34] Soma-Pillay P, Nelson-Piercy C, Tolppanen H, Mebazaa A.
Physiological changes in pregnancy. Cardiovasc J Afr 2016;
27(2):89e94.

[35] Motosko CC, Bieber AK, Pomeranz MK, Stein JA, Martires
KJ. Physiologic changes of pregnancy: A review of the liter-
ature. Int J Womens Dermatol 2017;3(4):219e24.

[36] O'Keeffe M, St-Onge M. Sleep duration and disorders in
pregnancy: implications for glucose metabolism and preg-
nancy outcomes. Int J Obes (Lond). 2013;37(6):765e70.

[37] Cai S, Tan S, Gluckman PD, Godfrey KM, Saw S-M, Teoh
OH, et al. Sleep quality and nocturnal sleep duration in
pregnancy and risk of gestational diabetes mellitus. Sleep
2017;40(2).

[38] Herring SJ, Nelson DB, Pien GW, Homko C, Goetzl LM,
Davey A, et al. Objectively measured sleep duration and
hyperglycemia in pregnancy. Sleep Med 2014;15(1):51e5.

[39] Zhong C, Chen R, Zhou X, Xu S, Li Q, Cui W, et al. Poor
sleep during early pregnancy increases subsequent risk of
gestational diabetes mellitus. Sleep Med 2018;46:20e5.

[40] Niroomanesh S, Mohseni M, Gholizadeh M, Shokuhi N,
Saedi N. Association between Sleep Duration and Quality
with Risk of Gestational Diabetes Mellitus. J Iran Med
Council 2020;3(1):23e8.

[41] Zhang X, Zhang R, Cheng L, Wang Y, Ding X, Fu J, et al. The
effect of sleep impairment on gestational diabetes mellitus: a
systematic review and meta-analysis of cohort studies. Sleep
Med 2020;74:267e77.

[42] Lee KA, Zaffke ME, McEnany G. Parity and sleep patterns
during and after pregnancy. Obstet Gynecol 2000;95:14e8.

[43] Facco FL, Grobman WA, Kramer J, et al. Self-reported short
sleep duration and frequent snoring in pregnancy: impact on
glucose metabolism. Am J Obstet Gynecol 2010;203:142. e1-5.

[44] Najafi F, Hasani J, Izadi N, Hashemi-Nazari SS, Namvar Z,
Mohammadi S, et al. The effect of prepregnancy body mass
index on the risk of gestational diabetes mellitus: A sys-
tematic review and dose-response meta-analysis. Obes Rev
2019;20(3):472e86.

[45] Torloni MR, Betr�an AP, Horta BL, Nakamura MU, Atallah
AN, Moron AF, et al. Prepregnancy BMI and the risk of
gestational diabetes: a systematic review of the literature
with meta-analysis. Obes Rev 2009;10(2):194e203.

[46] Jahanpak N, Razmjoo N, Rezaei Ardani A, Mazloum SR,
Bonakdaran S. The relationship between sleep duration and
glucose challenge test results in pregnant women without
risk factors of diabetes. Iran J Obstet Gynecol Infertil 2013;
16(60):9e17.

BioMedicine
2021;11(2):24e29

S. PEIVANDI ET AL
SLEEP QUALITY AND RISK OF GESTATIONAL DIABETES MELLITUS

29

O
R
IG

IN
A
L
A
R
T
IC

L
E


	Evaluation of sleep quality and duration in pregnancy and risk of gestational diabetes mellitus: A prospective follow-up study
	Recommended Citation

	Evaluation of sleep quality and duration in pregnancy and risk of gestational diabetes mellitus: A prospective follow-up study
	Cover Page Footnote

	Evaluation of sleep quality and duration in pregnancy and risk of gestational diabetes mellitus: A prospective follow-up study
	1 Introduction
	2 Materials and methods
	2.1 Study design
	2.2 Participants
	2.3 Data collection
	2.4 Sample size calculation
	2.5 Statistical analysis

	3 Results
	4 Discussion
	5 Conclusion
	Acknowledgment
	References


