
R E S E A R C H Open Access

© The Author(s) 2023. Open Access  This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use, 
sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and 
the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included 
in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/. The 
Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available 
in this article, unless otherwise stated in a credit line to the data.

Wu et al. BMC Pregnancy and Childbirth          (2023) 23:597 
https://doi.org/10.1186/s12884-023-05905-x

BMC Pregnancy and Childbirth

*Correspondence:
Tongying Yi
421566129@qq.com

Full list of author information is available at the end of the article

Abstract
Purpose  Sleep quality is an important indicator of individual quality of life, which not only affects people’s mental 
health but is also closely related to the occurrence of many diseases. Sleep disorders associated with diabetes in 
pregnancy can greatly endanger the health of both mothers and babies, and their hazards are strongly associated 
with blood glucose levels. This study explored the quality of sleep and sleep disorders in pregnant women with 
diabetes.

Methods  From June 2020 to July 2021, a total of 693 patients diagnosed with diabetes during pregnancy in Gansu 
Provincial Maternal and Child Health Hospital were used as the experiment group, including 626 patients with 
gestational diabetes mellitus (GDM) and 67 patients with pregestational diabetes mellitus (PGDM). At the same time, 
709 women not having diabetes were randomly selected as the control group. To obtain the general situation of the 
participants, the participants were surveyed using the Pittsburgh Sleep Quality Index (PSQI) and the STOP-BANG (S, 
Snoring; T, Tiredness; O, Observed apnea; P, high blood Pressure; B, Body mass index > 35 kg/ m2; A, Age > 50 years; N, 
Neck circumference > 40 cm; G, male Gender) questionnaire. The differences in sleep quality and obstructive sleep 
apnea-hypopnea syndrome (OSAHS) were analyzed between the experiment group and the control group by using 
chi-square and t-test, and the clinical features and related factors of sleep disorder were analyzed.

Results  Compared with the control group, the age, pre-pregnancy weight, body mass index (BMI), and neck 
circumference were larger in the experimental group (P < 0.05). The experimental group had higher PSQI scores 
for sleep quality, time to fall asleep score, sleep duration, sleep efficiency, sleep disorder, and daytime dysfunction 
than the control group (all P < 0.001). Specific analysis of the clinical features of sleep disorders indicated that the 
experimental group scored higher than the control group (P < 0.05). The analysis of the types of daytime dysfunction 
showed that the experiment group scored higher in terms of frequently feeling sleepy and lack of energy to do 
things than the control group (P < 0.05). Analysis of STOP-BANG scores indicated that the proportion of patients with 
GDM or PGDM having fatigue, hypertension, BMI > 35 kg/m2, and neck circumference > 40 cm was higher than that 
in the control group (P < 0.05). According to regression analysis, sleep quality of patients with GDM was significantly 
impacted by the increases in age (OR: 1.243, CI:1.197–1.290), neck circumference (OR: 1.350, CI: 1.234–1.476), PSQI 
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Introduction
Diabetes in pregnancy includes pregestational diabe-
tes mellitus (PGDM) and gestational diabetes mellitus 
(GDM). PGDM may be diagnosed before or during preg-
nancy. GDM is characterized by the abnormality in glu-
cose metabolism to varying degrees that occurs or is first 
detected during pregnancy. In recent years, improve-
ments in living standards and changes in lifestyle have 
resulted in the increased annual incidence of GDM and 
PGDM in China, with an incidence rate of more than 
10%. Diabetes in pregnancy can increase the incidence 
of preterm birth, hypertension, infection, and diseases 
of the cardiovascular system and can increase the risk 
of metabolic diseases such as congenital malformations, 
hypoglycemia, sleep disturbances, and polycythemia in 
new-borns [1–3]. Sleep is an indispensable part of peo-
ple’s lives, and every individual spends 1/3rd of their life 
in sleep. Previous studies have reported that circadian 
rhythm disturbances caused by various types of sleep dis-
orders can impair glucose metabolism by affecting insulin 
sensitivity and β-cell function. Sleep disturbances have 
been reported to increase the risk of hypertension, obe-
sity, dyslipidemia, depression, and dementia [4–7]. The 
sleep quality of pregnant women with diabetes is easily 
neglected, but sleep quality seriously affects the quality 
of life of pregnant women. Short sleep time is associated 
with an increased risk of diabetes, cardiovascular disease, 
coronary heart disease, and obesity  [8]. A study found 
that high-risk (gestational diabetes and hypertension) 
pregnant women had lower sleep quality and moderate 
quality of life  [9]. A clinical study in China found that 
poor sleep quality and shortened sleep duration during 
pregnancy in turn increased the risk of gestational diabe-
tes  [10]. Recent studies have reported that sleeping for 
too long or too short time may increase the risk of mor-
tality in people with diabetes, especially in those diag-
nosed with diabetes at a young age and those with severe 
diabetes who receive both insulin and oral hypoglycemic 
drugs [11]. Although the association between hypergly-
cemia and sleep duration is not fully understood, it is 
generally accepted that sleeping for too short time may 
reduce insulin sensitivity, leading to insulin resistance 
and obesity, which in turn leads to increased blood sugar 
[12]. Longer sleep duration may be related to low income 
levels and poor physical conditions [13]. According to a 

recent study, bedtime at night, night-time sleep time, and 
daytime nap times were associated with increased blood 
glucose, especially in women [14].

Therefore, the sleep quality of pregnant women with 
diabetes requires our attention. However, in China, only 
a few studies have analyzed the sleep quality of patients 
with GDM and PGDM and the risk of several sleep disor-
ders. The purpose of this study was to analyze sleep qual-
ity and the occurrence of sleep disorders in women with 
diabetes in pregnancy.

Methods
Study design and participants
From June 2020 to July 2021, 693 patients diagnosed with 
diabetes in pregnancy (626 patients with GDM and 67 
patients with PGDM) in Gansu Provincial Maternity and 
Child-Care Hospital were considered the experimental 
group. At the same time, 709 pregnant women without 
diabetes were randomly selected as the control group.

PGDM was confirmed if either of the following two cri-
teria was met [15, 16]: (1) Patients diagnosed with diabe-
tes before pregnancy and (2) Pregnant women who had 
not undergone blood glucose examination before preg-
nancy, especially those with high-risk factors for diabetes, 
needed to clarify whether diabetes was present at the first 
prenatal examination. PGDM was diagnosed if any of the 
following criteria was met during pregnancy: (1) fast-
ing plasma glucose (FPG) ≥ 7.0 mmol/L (126 mg/dL); (2) 
blood glucose 2 h after taking 75 g sugar in the oral glu-
cose tolerance test (OGTT) ≥ 11.1 mmol/L (200 mg/dL), 
with typical hyperglycemia symptoms or hyperglycemic 
crisis, random blood glucose ≥ 11.1 mmol/L (200 mg/dL), 
or glycosylated hemoglobin (HbA1c) ≥ 6.5%. The national 
glycohemoglobin standardization program (NGSP)/dia-
betes control and complication trial (DCCT) was used. 
The risk factors included obesity (especially severe obe-
sity), type 2 diabetes mellitus in first-degree relatives, his-
tory of GDM, macrosomia, polycystic ovary syndrome, 
and repeated positive fasting glucose in the first trimester 
of pregnancy.

For all pregnant women who had not been diag-
nosed with PGDM or GDM, the OGTT was performed 
at 24–28 weeks of gestation. The 75-g OGTT method 
was performed as follows. Women were told to fast for 
at least 8  h before the OGTT. Additionally, they were 

score (OR: 2.124, CI:1.656–2.724), and sleep efficiency score (OR: 3.083, CI:1.534–6.195), whereas that of patients with 
PGDM was impacted by age (OR: 1.191, CI:1.086–1.305), neck circumference (OR: 1.981, CI: 1.469–2.673), and PSQI 
score (OR: 7.835, CI: 2.383–25.761).

Conclusions  Pregnant women with diabetes had poorer sleep quality and a higher risk of developing OSAHS than 
those without diabetes. There may be some link between sleep quality and the onset of diabetic.
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asked to stay on a normal diet 3 days prior to the test 
and eat no less than 150 g of carbohydrates per day. At 
the time of examination, 300 mL liquid containing 75 g 
of glucose was administered orally within 5  min. Then, 
venous blood of pregnant women was drawn before and 
1 and 2 h after administering sugar (calculating the time 
from the beginning of drinking glucose water). The glu-
cose oxidase test was used to determine blood glucose 
levels after placing a test tube containing sodium fluo-
ride. Diagnostic criteria for 75-g OGTT method were 
as follows [17]: Blood glucose values < 5.1, 10.0, and 8.5 
mmol/L (92, 180, and 153 mg/dL) before and 1 and 2 h 
after taking sugar, respectively. Patients with the blood 
glucose level meeting or exceeding the aforementioned 
criteria were diagnosed as having GDM. Patients with the 
first detection during pregnancy and the increase in the 
blood glucose level reaching the criteria for diabetes mel-
litus were diagnosed as having PGDM rather than GDM. 
OGTT-negative pregnant women were included in the 
control group.

Data collection and quality control
Based on the information of electronic medical record 
registration and medical history, we collected relevant 
data including the age, pre-pregnancy weight, pre-
pregnancy body mass index (BMI), height, neck cir-
cumference, number of pregnancies and deliveries, 
comorbidities and complications before and during preg-
nancy, and contact information of the pregnant women. 
Each pregnant woman was consulted by a trained phy-
sician who reviewed the electronic medical record and 
medical history. Once the inclusion criteria were met, 
the basic information was recorded in a computer data-
base. The participants were instructed to complete the 
Pittsburgh Sleep Quality Index (PSQI) scale and STOP-
BANG (S, Snoring; T, Tiredness; O, Observed apnea; P, 
high blood Pressure; B, Body mass index > 35 kg/ m2; A, 
Age > 50 years; N, Neck circumference > 40  cm; G, male 
Gender) questionnaire at 24–28 weeks of uniform gesta-
tional age. To ensure the accuracy of the research, sam-
ples and information were collected and maintained by 
special personnel. A double-blind entry rule was adopted 
for data entry. Parallel entry was performed by two listed 
persons.

Sleep quality assessment
PSQI was used to measure sleep quality in the last month 
and to distinguish between good and poor sleep qual-
ity [18]. It included 19 questions categorized into seven 
sleep components: (1) subjective sleep quality (1 item); 
(2) sleep latency (2 items); (3) night sleep time (1 item); 
(4) sleep efficiency (3 items); (5) sleep disorders (9 items); 
(6) use of sleep drugs (1 item); and (7) daytime dysfunc-
tion (2 items). The score for each group ranged from 0 

to 3, where 3 represented the greatest dysfunction. The 
sleep score added up to a total score of 0–21. The higher 
the total score, the worse was the quality of sleep, with 
0–5, > 5 points indicating good, and poor sleep quali-
ties, respectively. The PSQI score of > 5 was considered 
to denote poor sleep quality, with a sensitivity of 89.6%, 
specificity of 86.5%, and an internal consistency of 0.83 
for Cronbach’s alpha  [18]. The Chinese version of PSQI 
had good overall reliability (R = 0.82–0.83) and repeat-
ability (R = 0.77–0.85) [19]. The PSQI had been validated 
for assessing the quality of perinatal sleep, supporting its 
use during pregnancy [20, 21].

Assessment of the risk of obstructive sleep apnea-
hypopnea syndrome development
The STOP-BANG questionnaire consists of eight acro-
nyms [22]. The patient answered the first four ques-
tions (STOP questions). The researchers measured the 
patients’ height, weight, blood pressure, and neck cir-
cumference and then answered the last four questions 
(BANG questions). The answer was yes (1 point) or no (0 
points). The total score was calculated, which was found 
to range from 0 to 8. The higher the score, the greater was 
the risk. The score of ≥ 3 or < 3 was considered as high-
risk or low-risk OSAHS, respectively.

Statistical analysis
The data were statistically analyzed using SPSS ver-
sion 22.0 (SPSS, Inc., Chicago, IL, USA). The continu-
ous variables that conformed to a normal distribution 
are expressed as the mean ± SD. The continuous vari-
ables that did not conform to a normal distribution 
are expressed as median (range). The count data are 
expressed as n (%). The normal metrology data are 
expressed as −x ± S. The quantitative comparison was per-
formed using the Student’s t test, whereas the rate com-
parison was performed the using chi-square test. Linear 
regression analysis of sleep quality of the GDM or PGDM 
group was performed using the Wald test. A P value of 
< 0.05 was considered statistically significant.

Results
Participant characteristics
A total of 693 patients with diabetes in pregnancy, 
including 626 patients with GDM and 67 patients with 
PGDM, were considered as the experiment group. Over-
all, 709 non-diabetic pregnant women were included in 
the control group. The results showed that age, precon-
ception weight, preconception BMI, and neck circumfer-
ence between the diabetes in pregnancy group and the 
non-diabetic control group were significantly different 
(all P < 0.001). However, there was no significant differ-
ence in the height between the two groups (Table 1).
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PSQI scores
Compared with the control group, patients with GDM 
or PGDM had high overall PSQI scores, higher propor-
tion of patients with a score of > 5 and worse sleep qual-
ity (P < 0.001; Table 2). The patients with GDM or PGDM 
exhibited higher PSQI scores for sleep quality, time to fall 

asleep score, sleep duration, sleep efficiency, sleep disor-
der, and daytime dysfunction (P < 0.05) than those in the 
control group (all P < 0.001). There is no need to compare 
the two groups because none of the participants were 
taking hypnotic medications, which were not shown in 
Table 2.

Table 1  Characteristics of study population
The control group Diabetes in pregnancy t1 (GDM vs. controls) P1 t2 (PGDM vs. controls) P2

(n = 709) GDM (n = 626) PGDM (n = 67)
Age (years) 28.27 ± 3.56 31.73 ± 4.41 31.39 ± 3.93 15.659 < 0.001 6.805 < 0.001

Prepregnancy weight (kg) 54.94 ± 8.45 62.07 ± 15.67 67.28 ± 10.71 10.157 < 0.001 9.163 < 0.001

Height (cm) 161.12 ± 4.89 161.44 ± 4.91 160.88 ± 4.54 1.177 0.239 -0.387 0.682

Prepregnancy BMI (kg/m2) 21.14 ± 3.10 23.59 ± 3.83 25.58 ± 3.65 12.753 < 0.001 11.047 < 0.001

Neck circumference (cm) 33.13 ± 1.74 34.63 ± 2.25 35.98 ± 2.63 13.464 < 0.001 8.679 < 0.001
Abbreviations: GDM, gestational diabetes mellitus; PGDM, pregestational diabetes mellitus; BMI, body mass index

Table 2  Comparison of PSQI scores
The control group GDM t/χ2 (GDM vs. control) P 1value PGDM t/χ2 (PGDM vs. control) P2 value
n(%) n(%) n(%)

PSQI Score 3.57 ± 1.71 5.74 ± 2.81 16.748 < 0.001* 6.24 ± 3.12 6.903 < 0.001*

PSQI grade 189.194 < 0.001* 69.830 < 0.001*

0–5 points 623(87.9) 338(54.0) 33(49.3)

>5 points 86(12.1) 288(46.0) 34(50.7)

Sleep quality score 66.871 < 0.001* 64.756 < 0.001*

0 175(67.05) 76(29.12) 10(3.83)

1 441(51.34) 384(44.70) 34(3.96)

2 93(35.50) 151(57.63) 18(6.87)

3 0(0.00) 15(75.00) 5(25.00)

Time to fall asleep score 87.222 < 0.001* 37.580 < 0.001*

0 175(51.78) 145(42.90) 18(5.33)

1 432(59.02) 270(36.89) 30(4.10)

2 98(35.38) 166(59.93) 13(4.69)

3 4(7.27) 45(81.82) 6(10.91)

Sleep duration score 186.122 < 0.001* 151.201 < 0.001*

0 681(59.58) 425(37.18) 37(3.24)

1 24(10.96) 169(77.17) 26(11.87)

2 4(13.33) 23(76.67) 3(10.00)

3 0(0.00) 9(90.00) 1(10.00)

Sleep efficiency score 270.433 < 0.001* 285.797 < 0.001*

0 705(60.78) 416(35.86) 39(3.36)

1 0(0.00) 137(88.39) 18(11.61)

2 0(0.00) 36(83.72) 7(16.28)

3 4(9.09) 37(84.09) 3(6.82)

Sleep disorder score 89.897 < 0.001* 31.937 < 0.001*

0 16(38.10) 23(54.76) 3(7.14)

1 638(56.81) 438(39.00) 47(4.19)

2 55(23.81) 160(69.26) 16(6.93)

3 0(0.00) 5(83.33) 1(16.67)

Daytime dysfunction score 163.281 < 0.001* 53.786 < 0.001*

0 383(74.08) 128(24.76) 6(1.16)

1 158(35.51) 256(57.53) 31(6.97)

2 138(40.95) 178(52.82) 21(6.23)

3 30(29.13) 64(62.14) 9(8.74)
Abbreviations: PQSI, Pittsburgh Sleep Quality Index; GDM, gestational diabetes mellitus; PGDM, pregestational diabetes mellitus;
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Sleep disorder analysis
The study compared the risk of sleep disorders between 
the two groups of patients and found that the scores of 
difficulties falling asleep, ease of waking up at night or 
waking up early, poor breathing, cough or loud snor-
ing, feeling hot, nightmares, pain, feeling cold, and 
other events that affected sleep of pregnant women 
with diabetes (including GDM and PGDM) were sig-
nificantly higher than those of controls (all P < 0.05). 
In terms of going to the toilet at night, the score of the 
GDM group was significantly lower than that of the con-
trol group (P < 0.001); However, it did not differ signifi-
cantly between the PGDM group and the control group 
(P = 0.067) (Table 3).

Analysis of daytime dysfunction and STOP-BANG scores
After analyzing the types of daytime dysfunction, it was 
observed that patients with GDM or PGDM scored 
higher in terms of frequently feeling sleepy and lack of 
energy to do things than the patients in the control group 
(P < 0.05; Table 4).

Patients with GDM or PGDM exhibited higher overall 
STOP-BANG scores than patients in the control group 
(P < 0.05; Tables 5 and 6). The comparison of age and gen-
der in STOP-BANG scores was removed since all partici-
pants were pregnant women under the age of 50. Analysis 
of STOP-BANG scores indicated that the proportion of 
patients with GDM or PGDM having fatigue, hyperten-
sion, BMI > 35  kg/m2, and neck circumference > 40  cm 
was higher than that of patients in the control group 
(P < 0.05); however, the GDM or PGDM group and the 
control group patients exhibited no significant difference 
in terms of snore and breathing stops.

Multifactorial analysis of sleep quality
The selection of variable for inclusion in the regression 
analysis for sleep quality on GDM and PGDM was made 
possible by the unifactorial comparison of the popula-
tion characteristics and all the scores. Sleep quality of 
the patients with GDM was significantly impacted by 
the increase in age (OR: 1.243, CI: 1.197–1.290), neck 
circumference (OR: 1.350, CI: 1.234–1.476), PSQI score 
(OR: 2.124, CI: 1.656–2.724), and sleep efficiency score 
(OR: 3.083, CI:1.534–6.195) (P < 0.05; Table 7). With the 
exception of the sleep efficiency score, the same variables 
were found to affect sleep quality of the PGDM group 
(age, OR: 1.191, CI: 1.086–1.305; neck circumference, 
OR: 1.981, CI: 1.469–2.673; PSQI score, OR: 7.835, CI: 
2.383–25.761) (P < 0.05; Table 8).

Thus, we obtained the following regression equations:
Sleep quality on GDM = 0.217 * age + 0.300 * neck cir-

cumference + 0.753 * PSQI score + 1.126 * sleep efficiency 
score – 17.272.

Sleep quality on PGDM = 0.175 * age + 0.684 * neck cir-
cumference + 2.059 * PSQI score.

Intriguingly, STOP-BANG was left out of the regres-
sion equation in both groups despite significant differ-
ences in univariate analysis.

Discussion
Sleep quality during pregnancy has a profound effect on 
health of both the mother and the child. Some studies 
have reported that sleep disturbances during pregnancy 
may be associated with pregnancy-induced hyperten-
sion syndrome, preterm birth, increased cesarean section 
rates [23–26], and an increased risk of attention deficit 
hyperactivity disorder in children [27]. Improving sleep 
quality in pregnant women with diabetes may be benefi-
cial for improving glycemic control and pregnancy out-
comes. In this series, we sought to assess the sleep quality 
and the risk of OSAHS in patients with PGDM and GDM 
compared with those in patients with non-gestational 
diabetes. Our results showed that pregnant women 
with diabetics had poorer sleep quality, more sleep dis-
turbances, and a higher risk of developing OSAHS than 
pregnant women without diabetes. This result is consis-
tent with those of previous studies  [9, 28].

The results of this study demonstrated that patients 
with diabetes in pregnancy were older and had a larger 
neck circumference and higher preconception weight 
and preconception BMI than patients in the control 
group. This finding is consistent with the risk factors for 
diabetes in pregnancy reported in previous studies [29, 
30].

By comparing the PSQI scores between pregnant 
women with non-gestational diabetes and non-dia-
betic controls, we found that the patients with GDM or 
PGDM had higher overall PSQI scores than the control 
group patients. The findings indicated that sleep quality 
in pregnant patients with diabetes was poor. Compared 
with the control group, pregnant patients with diabetes 
had shorter sleep time, less efficient sleep, and more sleep 
disorders and daytime dysfunction.

After analyzing the specific types of sleep disturbances 
in patients, we observed that patients with GDM or 
PGDM scored higher than the control group in terms of 
many events that affect sleep. Additionally, the pregnant 
patients with diabetes had more sleep disturbances. In 
terms of going to the toilet at night, the score of the GDM 
group was significantly lower than that of the control 
group, but the score did not differ significantly between 
the PGDM group and the control group. This suggests 
that the frequency of going to the toilet at night is low in 
pregnant women with diabetes. This might be due to the 
frequent urination at night, which is not uncommon in 
pregnant women and pregnant women with diabetes.
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Table 3  Classification comparison of sleep disorders
The control group GDM χ2 P value PGDM χ2 P value
n(%) n(%) n(%)

Difficulty falling asleep 38.458 < 0.001* 11.715 0.008*

0 425(56.97) 289(38.74) 32(4.29)

1 107(48.64) 106(48.18) 7(3.18)

2 77(33.33) 138(59.74) 16(6.93)

3 100(48.78) 93(45.37) 12(5.85)

Easy to wake up at night or wake up early 91.705 < 0.001* 29.722 < 0.001*

0 379(65.01) 189(32.42) 15(2.57)

1 121(51.49) 100(42.55) 14(5.96)

2 130(37.79) 195(56.69) 19(5.52)

3 79(32.92) 142(59.17) 19(7.92)

Go to the toilet at night 11.519 < 0.001* 7.168 0.067

0 63(46.67) 64(47.41) 8(5.93)

1 51(39.53) 70(54.26) 8(6.20)

2 213(47.97) 205(46.17) 26(5.86)

3 382(55.04) 287(41.35) 25(3.60)

Poor breathing 49.157 < 0.001* 22.739 < 0.001*

0 615(55.11) 455(40.77) 46(4.12)

1 57(40.43) 73(51.77) 11(7.80)

2 23(22.77) 69(68.32) 9(8.91)

3 14(31.82) 29(65.91) 1(2.27)

Cough or snoring high 168.495 < 0.001* 143.565 < 0.001*

0 669(59.05) 423(37.33) 41(3.62)

1 28(26.17) 75(70.09) 4(3.74)

2 8(7.84) 80(78.43) 14(13.73)

3 4(6.67) 48(80.00) 8(13.33)

Feeling cold 19.704 0.001* 10.756 0.005*

0 673(51.69) 567(43.55) 62(4.76)

1 32(47.06) 34(50.00) 2(2.94)

2 4(14.81) 20(74.07) 3(11.11)

3 0(0.00) 5(100.00) 0(0.00)

Feeling hot 99.107 < 0.001* 45.975 < 0.001*

0 547(60.85) 322(35.82) 30(3.34)

1 44(37.61) 68(58.12) 5(4.27)

2 72(33.49) 129(60.00) 14(6.51)

3 46(26.90) 107(62.57) 18(10.53)

Nightmares 33.559 < 0.001* 17.823 < 0.001*

0 551(55.60) 401(40.46) 39(3.94)

1 99(40.57) 132(54.10) 13(5.33)

2 51(38.35) 70(52.63) 12(9.02)

3 8(23.53) 23(67.65) 3(8.82)

Pain 57.844 < 0.001* 19.383 < 0.001*

0 628(55.43) 458(40.42) 47(4.15)

1 51(36.69) 77(55.40) 11(7.91)

2 22(23.91) 63(68.48) 7(7.61)

3 8(21.05) 28(73.68) 2(5.26)

Others 84.974 < 0.001* 51.430 < 0.001*

0 670(55.37) 491(40.58) 49(4.05)

1 31(29.52) 64(60.95) 10(9.52)

2 4(6.78) 50(84.75) 5(8.47)

3 4(14.29) 21(75.00) 3(10.71)
Abbreviations: GDM, gestational diabetes mellitus; PGDM, pregestational diabetes mellitus
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All of these have a big impact on sleep quality. How-
ever, because the main factor affecting sleep quality of 
pregnant women without diabetics is going to the toilet at 
night, these people subjectively believe that the score of 
going to the toilet at night is higher than that of other dis-
eases that affect sleep quality. Analysis of the type of day-
time dysfunction in the study participants indicated that 
the pregnant patients with diabetes had higher scores 
in terms of frequent sleepiness and lack of energy to do 

things than the control group patients. Whether there is 
a correlation between sleep disturbances and gestational 
diabetes remains controversial. A meta-analysis reported 
that sleeping for too short time increases the risk of 
GDM [31]. However, results from another meta-analysis 
suggested a significant association between longer but 
not shorter sleep duration and GDM incidence [32]. 
According to another study, the relationship between 
the sleep duration of patients during different trimesters 

Table 4  Classification comparison of daytime dysfunction
The control group GDM χ2 P value PGDM χ2 P value
n(%) n(%) n(%)

Felt sleepy 126.968 < 0.001 37.977 < 0.001

0 453(65.18) 222(31.94) 20(2.88)

1 110(41.51) 142(53.58) 13(4.91)

2 77(26.64) 191(66.09) 21(7.27)

3 69(45.10) 71(46.40) 13(8.50)

Lack of energy
to do things

135.229 < 0.001 62.061 < 0.001

0 431(68.09) 188(29.70) 14(2.21)

1 223(39.61) 308(54.71) 32(5.68)

2 35(24.65) 90(63.38) 17(11.97)

3 20(31.25) 40(62.50) 4(6.25)
Abbreviations: GDM, gestational diabetes mellitus; PGDM, pregestational diabetes mellitus

Table 5  Comparison of STOP-Bang scores
The control group Diabetes in pregnancy t1 (GDM vs. controls) P1 t2 (PGDM vs. controls) P2

(n = 709) GDM (n = 626) PGDM (n = 67)
Score 0.50 ± 0.73 0.77 ± 0.77 1.09 ± 0.81 6.425 < 0.001 6.175 < 0.001
Abbreviations: GDM, gestational diabetes mellitus; PGDM, pregestational diabetes mellitus

Table 6  STOP-Bang score items
The control group GDM χ2 P value PGDM χ2 P value
n(%) n(%) n(%)

Snore 0.002 0.991 3.343 0.068

No 565(50.86) 499(44.91) 47(4.23)

Yes 144(49.48) 127(43.64) 20(6.87)

Fatigue 106.925 < 0.001 46.596 < 0.001

No 547(61.74) 313(35.33) 26(2.93)

Yes 162(31.40) 313(60.66) 41(7.95)

Stop breathing 0.253 0.615 0.071 0.790

No 701(50.65) 617(44.58) 66(4.77)

Yes 8(44.44) 9(50.00) 1(5.56)

Hypertension 13.033 < 0.001 33.883 < 0.001

No 705(51.38) 606(44.17) 61(4.45)

Yes 4(13.33) 20(66.67) 6(20.00)

BMI > 35 kg/ m2 5.684 0.017 21.219 < 0.001*

No 709(50.82) 621(44.52) 65(4.66)

Yes 0(0.00) 5(71.43) 2(28.57)

Neck circumference
> 40 cm

5.684 0.017 31.869 < 0.001*

No 709(50.86) 621(44.55) 64(4.59)

Yes 0(0.00) 5(62.50) 3(37.50)
Abbreviations: GDM, gestational diabetes mellitus; PGDM, pregestational diabetes mellitus; BMI, body mass index. *, Fisher’s precision probability test
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and the risk of developing GDM in the first trimester 
was unclear [33]. Moreover, some studies have reported 
that a short sleep duration in the second trimester was 
associated with the development of GDM [34, 35]. Stud-
ies from China have reported that poor sleep quality may 
be associated with high blood glucose or GDM during 
pregnancy [36]. Therefore, to determine whether sleep 
is related to diabetes in pregnancy, objective indicators 
such as polysomnography (PSG) are needed. Moreover, 
future prospective studies with a large sample size are 
needed.

OSAHS causes intermittent hypoxemia, sleep depri-
vation, and hypercapnia at night, which can cause insu-
lin resistance and affect glucose metabolism. Increasing 
studies have confirmed that OSAHS is strongly associ-
ated with abnormalities in glucose metabolism. Mod-
erate-to-severe sleep breathing disorders in the first 
trimester of pregnancy elevated the risk of GDM com-
pared with mild sleep disorders. In the present study, 
patients with GDM/PGDM had a higher risk of devel-
oping OSAHS than pregnant women without diabetes, 

which is consistent with the findings of aforementioned 
studies.

Overall, the accuracy of subjective and objective assess-
ments of sleep during pregnancy by using the existing 
screening tools is limited, and these assessments are usu-
ally conducted by recording clinical data and standard-
izing scale questionnaires. By contrast, the STOP-BANG 
questionnaire is simple to operate and has high sensitiv-
ity and specificity [37]. In future studies, more appropri-
ate screening tools should be developed for use during 
pregnancy, or PSG should be used to demonstrate the 
relationship between OSAHS and GDM.

This study has some limitations. First, this study was a 
single-center retrospective study. Future studies should 
include multiple centers to obtain more definitive results. 
Second, this study was conducted only in patients with 
diabetes in pregnancy in China, leading to selection bias, 
which may be due to the small sample size of the study; In 
addition, China is a multi-ethnic country, and pregnant 
women from different ethnic groups have differences in 
their living environment and habits, which may have an 

Table 7  Multifactorial effect of sleep quality on gestational 
diabetes mellitus
variate β SE Wald 

χ2
OR(95%CI) P 

value
Age (years) 0.217 0.019 131.808 1.243(1.197 ~ 1.290) <0.001

Prepreg-
nancy 
weight (kg)

0.014 0.022 0.383 1.014 
(0.970 ~ 1.059)

0.536

Height (cm) -0.026 0.022 1.383 0.975(0.934 ~ 1.017) 0.240

Prepreg-
nancy BMI 
(kg/m2)

0.085 0.063 1.789 1.088(0.961 ~ 1.232 0.181

Neck cir-
cumference 
(cm)

0.300 0.046 42.822 1.350(1.234 ~ 1.476) <0.001

PSQI Score 0.753 0.127 35.195 2.124(1.656 ~ 2.724) <0.001

Sleep qual-
ity score

-0.107 0.106 1.006 0.899(0.730 ~ 1.107) 0.316

Time to 
fall asleep 
score

0.141 0.095 2.201 1.152(0.956 ~ 1.387) 0.138

Sleep dura-
tion score

-0.467 0.378 1.530 0.627(0.299 ~ 1.314) 0.216

Sleep 
efficiency 
score

1.126 0.356 10.003 3.083(1.534 ~ 6.195) 0.002

Sleep disor-
der score

0.221 0.119 3.433 1.247(0.987 ~ 1.576) 0.064

Daytime 
dysfunction 
score

0.084 0.089 0.890 1.087(0.914 ~ 1.294) 0.346

STOP-Bang 
score

-0.102 0.542 0.036 903(0.312 ~ 2.611) 0.850

constant -17.272 3.670 22.152 <0.001
Abbreviation: SE, standard error; OR, odds ratio; BMI, body mass index

Table 8  Multifactorial effect of sleep quality on pregestational 
diabetes mellitus
variate β SE Wald 

χ2
OR(95%CI) P 

value
Age (years) 0.175 0.047 13.836 1.191(1.086 ~ 1.305) <0.001

Prepreg-
nancy 
weight (kg)

0.143 0.24 1.320 1.153(0.904 ~ 1.471) 0.251

Height (cm) -0.143 0.103 1.933 0.866(0.708 ~ 1.060) 0.164

Prepreg-
nancy BMI 
(kg/m2)

-0.255 0.322 0.626 0.775(0.413 ~ 1.457) 0.429

Neck cir-
cumference 
(cm)

0.684 0.153 20.023 1.981(1.469 ~ 2.673) <0.001

PSQI Score 2.059 0.607 11.489 7.835(2.383 ~ 25.761) 0.001

Sleep qual-
ity score

0.049 0.495 0.010 1.050(0.398 ~ 2.770) 0.922

Time to 
fall asleep 
score

-0.263 0.487 0.293 0.768(0.296 ~ 1.995) 0.588

Sleep dura-
tion score

0.712 1.140 0.390 2.038(0.218 ~ 19.051) 0.533

Sleep 
efficiency 
score

1.573 0.981 2.572 4.821(0.705 ~ 32.962) 0.109

Sleep disor-
der score

-0.442 0.550 0.645 0.643(0.219 ~ 1.889) 0.422

Daytime 
dysfunction 
score

0.029 0.498 0.003 1.030(0.388 ~ 2.733) 0.953

STOP-Bang 
score

-0.063 0.551 0.013 0.939(0.319 ~ 2.761) 0.909

constant -11.182 16.786 0.444 0.505
Abbreviation: SE, standard error; OR, odds ratio; BMI, body mass index
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impact on sleep quality, so the patients included in the 
study cannot represent the whole population of pregnant 
women with diabetes in China. Third, this study was a 
kind of investigation, inevitably leading to some biases. 
Fourth, pregnant women with negative glucose tolerance 
tests at 24–28 weeks of gestation constituted the control 
group in this study; however, the possibility of abnormal 
blood sugar during subsequent pregnancy in a patient 
cannot be completely ruled out, although the proportion 
of this population is relatively low. Therefore, it has little 
effect on the result.

Conclusion
This study demonstrated that pregnant women with 
diabetes had poorer sleep quality and a higher risk of 
developing OSAHS than pregnant women without dia-
betes. There may be some link between sleep quality and 
the onset of diabetic. Clinicians should pay more atten-
tion to sleep quality in high-risk pregnant women, with 
timely screening and interventions. This study lays the 
foundation for further studies and provides new ideas for 
the prevention and treatment of pregnant women with 
diabetes.
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