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Purpose: To investigate whether pregnant women’s subjective sleep quality during the first trimester independently predicted blood
glucose and gestational diabetes mellitus (GDM).
Methods: A total of 4550 pregnant women in the first trimester were enrolled in Chongqing Health Center for Women and Children,
China, from January to October 2020.The Pittsburgh Sleep Quality Index (PSQI) was used to measure subjective sleep quality.
Depression symptoms and anxiety were measured with the Patient Health Questionnaire-9 (PHQ-9) and General Anxiety Disorder-7
(GAD-7). Oral glucose tolerance tests (OGTT) and blood glucose area under the curve (AUC) were used for estimation of blood
glucose and diagnosis of GDM during the second trimester. Linear, mixed model, and logistic regression were used to analyze the
association between PSQI and blood glucose as well as GDM.
Results: 946/4550 were diagnosed with GDM (20.8%). In the mixed model analysis, the blood glucose level of the highest-scoring
group (PSQI score = 18) was 1.94 (95% CI: 0.45~3.43, P = 0.011) mmol/L higher than that of the lowest-scoring group (PSQI score
= 0). After adjusting for potential confounders, a one-point PSQI score increase was associated with a 0.014 (95% CI: 0.001~0.027,
P = 0.039) mmol/L increase in blood glucose level. Blood glucose AUC was also positively associated with PSQI scores (β = 0.034,
95% CI: 0.003~0.064, P = 0.030). The results for the logistic regression model showed that PSQI was marginal positively correlated
with GDM (OR = 1.146, 95% CI: 0.995~1.321, P = 0.059) when age and BMI were not controlled for. When investigating the
association between PSQI and the GDM-diagnosed time window, the 1-h diagnosed GDM had a borderline positive correlation with
PSQI (OR = 1.182, 95% CI: 0.993~1.405, P = 0.060).
Conclusion: Sleep quality during the first trimester may be a risk factor for elevated blood glucose and GDM later in gestation.
Keywords: gestational diabetes mellitus, PSQI, blood glucose AUC, sleep disturbance

Introduction
Gestational diabetes mellitus (GDM) is a form of glucose intolerance of varying severity that occurs or is first detected
during pregnancy. As one of the most common pregnancy complications, GDM can adversely affect maternal and
neonatal health.1–3 It can increase the risk for obesity, type 2 diabetes mellitus (T2DM), and cardiovascular disease of
mothers, and the risk of preterm birth, intrauterine growth delay, neonatal hypoglycemia, T2DM, obesity, and metabolic
syndrome of the offspring.4–6 According to the International Diabetes Federation, the global incidence of GDM is
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approximately 14%, ranging from 9% in Africa and 12.6% in North America to 21% in Asia in 2017.7 And the incidence
of GDM in China has risen sharply due to economic development and improvements in living standards, coupled with
changed dietary patterns, physical inactivity, and increasing emphasis on GDM screening.8

Sleep disturbances are associated with a myriad of health problems, including neuromuscular disease, depression,
and anxiety.9–12 Both epidemiological studies and animal experiments have confirmed that chronic sleep deprivation
is a risk factor for metabolism-related diseases, including impaired glucose regulation and diabetes.13 Studies have
shown that poor sleep quality is associated with the development of T2DM.14 And people with self-reported good
sleep quality had significantly lower HbA1c levels than those who reported poor sleep quality among patients with
type 1 diabetes mellitus (T1DM).15 Compared with the general population, pregnant women are more likely to suffer
from sleep disturbances due to endocrine and physical changes during pregnancy.16,17 Recently, there have been
several studies concerning whether sleep disturbances during pregnancy lead to hyperglycemia and GDM,18–21 but
the results are not consistent. A study with 38 pregnant and 22 non-pregnant women recruited in the United States
found that poor sleep quality of pregnant women was positively correlated with higher level of HbA1c, which
reflected a higher average blood glucose concentration.22 Another case-control study in the United States (n = 125)
found that sleep disturbance was associated with increased risk of GDM (OR = 4.71, 95% CI: 1.05~21.04).20

A prospective study (n = 542) in China also showed that sleep deficiency in early pregnancy was a risk factor for
the occurrence of GDM (OR = 7.38, 95% CI: 2.25~24.17).21 However, some studies did not observe an association
between sleep quality and GDM risk when monitoring the daily sleep of pregnant women.21,23 Notably, most of these
previous studies were cross-sectional or had case-control designs, and thus weak causal inference strength and recall
bias were inevitable Previous studies have shown that the prevalence of insulin resistance and diabetes mellitus varies
with ethnicity.24 These findings have been reported in both T1DM and T2DM studies.15,25 Given the differences in
diabetes susceptibility, therefore, studies of the association between sleep disturbance and blood glucose in other
populations are necessary. The present study aims to explore the relationship between first-trimester sleep quality
and second-trimester blood glucose and GDM risk based on a longitudinal design with a large sample size of 4550
women in China.

Materials and Methods
Study Population
This longitudinal study was conducted in Chongqing Health Center for Women and Children, China between
January 2020 and October 2020. The study participants were recruited from among the women who came to the hospital
for their first antenatal care visit. The recruiting criteria were as following: Chinese women aged 18–45 years old; during
the first trimester (8–13 weeks of gestation). Those who had any of the following conditions were excluded: diagnosed
with T1DM or T2DM or previous GDM during or before the first trimester; had a family history of diabetes; did not
complete the oral glucose tolerance test (OGTT) in the health center. A total of 4550 pregnant women were enrolled in
the study.

Assessment of Sleep Quality
The Pittsburgh Sleep Quality Index (PSQI) is a self-reported questionnaire evaluating sleep disturbances. The Chinese
version of the PSQI has been determined to have good reliability (r = 0.82–0.83). It can be a sensitive, reliable, and valid
outcome assessment tool.26 Seven underlying dimensions of sleep were assessed: (i) subjective sleep quality (very good
to very bad), (ii) sleep latency (≤ 15 minutes to > 60 minutes), (iii) sleep duration (≥ 7 hours to < 5 hours), (iv) sleep
efficiency (≥ 85% to < 65% hours sleep/hours in bed), (v) sleep disturbances (not during the past month to ≥ 3 times per
week), (vi) use of sleep medications (none to ≥ 3 times a week), and (vii) daytime dysfunction (not a problem to a very
big problem).27 The sum of all dimension scores is the global score of PSQI, which ranges from 0 to 21. A global PSQI
score > 5 provided a sensitive and specific measure of poor sleep quality, and higher scores indicate lower sleep quality
and more sleep disturbances.28 In the present study, the PSQI global score was divided into four grades: a score of 0–5
indicates very good sleep; 6–10 indicates good sleep; 11–15 indicates fair sleep, and 16–21 indicates very poor sleep.29
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Measurement of Blood Glucose and Diagnosis of GDM
The blood glucose of the participants was measured by OGTT test with the glucose oxidase method (Hitachi 7600-110
Automatic biochemical analyzer, Japan) at 24–28 weeks of gestation. After 8–12h fasting, venous blood was collected
from the participants between 7:00 and 9:00 AM for the measurement of blood glucose. After the blood collection, 75g
glucose was taken orally, and venous blood collection was conducted again 1 hour post and 2 hours post, respectively.
The diagnosis of GDM was made based on the criteria of the International Association of Diabetes and Pregnancy Study
Group30 when any of the following conditions was met: fasting glucose ≥ 5.1 mmol/L (92 mg/dL), or 1-h post glucose ≥
10.0 mmol/L (180 mg/dL), or 2-h post glucose ≥ 8.5 mmol/L (153 mg/dL).The blood glucose area under the curve
(AUC), an effective indicator to reflect the comprehensive level of fasting, 1-h post and 2-h post blood glucose,31 was
also calculated for the participants.

Measurement of Demographics, Gravidity and Other Potential Risk Factors
As a routine clinical process, the following information was recorded in the Maternity Information Management System
of the hospital: age, pre-pregnancy body mass index (BMI), gravidity, tobacco smoking, alcohol consumption. Pre-
pregnancy BMI was categorized according to the World Health Organization’s cut-off points: low weight (BMI <
18.5 kg/m2) normal weight (BMI < 18.5 kg/m2, BMI ≥ 18.5 and < 25.0 kg/m2), overweight (BMI ≥ 25.0 and < 30.0 kg/
m2), and obesity (BMI ≥ 30.0 kg/m2). Additionally, the psychological status of the pregnant women was routinely
estimated with the Patient Health Questionnaire-9 (PHQ-9) and General Anxiety Disorder-7 (GAD-7). The PHQ-9 is
a nine-item scale designed and validated for the diagnosis of depression and assessment of its severity.32 The GAD-7 is
used to screen anxiety status and assess its severity.33

Statistical Analysis
Continuous variables were expressed as mean ± SD (standard deviation), and categorical variables were expressed as
frequency (n) and percentage (%). For the continuous variables in this paper, the Shapiro–Wilk test and histograms were
used to assess normality. Chi-square tests or t-tests were used for univariate analysis. Mixed model regression was used
to analyze the association between PSQI score and OGTT blood glucose concentrations. Multiple linear regression was
used to analyze the association between PSQI score and blood glucose AUC. A multivariate logistic regression model
was developed to analyze the association between PSQI grade and GDM risk. Moreover, the associations between PSQI
grade and GDM risk confirmed only by fasting blood glucose, 1-h post or 2-h post were analyzed, respectively. In the
multivariate analyses, the following potential confounders were controlled: age, pre-pregnancy BMI, gravidity, parity,
PHQ-9 score, GAD-7 score, tobacco smoking, and alcohol consumption. The confounders were selected according to
literature review and expert knowledge.34,35 Missing values accounted for no more than 1.6% in a small number of
variables. The missing values were replaced with the median of the related variables. The statistical analyses were
performed with SPSS version 25.0 and R version 4.1.1. P-values of < 0.05 (two-tailed) were considered statistically
significant.

Results
The demographic characteristics of the participants are shown in Table 1. Of the 4550 participants recruited in the first
trimester, 61 (1.3%) women have the lowest score (PSQI score = 0), 2 women have the highest score (PSQI score = 18),
2449 (53.8%) people reported very good sleep quality, 1829 (40.2%) reported good sleep, 260 (5.7%) reported fair sleep
and 12 (0.3%) reported poor sleep. In the second trimester, 946 (20.8%) of the participants were diagnosed with GDM.
Among the 4550 women, the average fasting blood glucose was 4.46 ± 0.01mmol/L, the average 1-h post glucose was
7.99 ± 0.03mmol/L, and the average 2-h post glucose was 6.88 ± 0.02mmol/L. The maximum blood glucose AUC value
was 28.00 mmol/(L·h), the minimum was 7.50 mmol/(L·h), and the average was 13.66 ± 0.04 mmol/(L·h). There were
121 (2.7%) women who had blood glucose concentrations above the standard at three time points, and 568 (12.5%)
women had blood glucose concentrations above the standard at two time points, 297 (6.5%) women with fasting glucose
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≥ 5.1 mmol/L (92 mg/dL), 597 (13.1%) women with 1-h post glucose ≥ 10.0 mmol/L (180 mg/dL), and 620 (13.6%)
women with 2-h post glucose ≥ 8.5mmol/L (153 mg/dL).

Compared with the non-GDM group, the GDM group had a higher proportion of women with advanced age (≥ 35
years) (16.4% versus 7.0%, χ2 = 163.16, P < 0.001), with pre-pregnancy BMI ≥ 25 kg/cm2 (15.4% versus 6.8%, χ2 =
95.81, P < 0.001), multipara (34.6% versus 27.9%, χ2 = 18.68, P < 0.001). No significant difference was observed in
smoking and drinking consumption history. Frequency and percentage of scores for the PSQI, PHQ-9 and GAD-7 scales
are shown in Table 1.

In the mixed model, the three time-specific blood glucose values of OGTT were integrated to analyze the association
between blood glucose and time-specific PSQI scores, and the results are shown in Figure 1. The blood glucose
concentration of the group with the highest score (PSQI score = 18) was 1.938 (95% CI: 0.447~3.428, P = 0.011)
mmol/L higher than that of the group with the lowest (PSQI score = 0). In the univariate model, there was no significant
correlation between PSQI and blood glucose concentrations (β = −0.003, 95% CI: −0.014~0.007, P = 0.533). However,
after adjusting for age, pre-pregnancy BMI, gravidity, parity, PHQ-9 score, GAD-7 score, tobacco smoking, and alcohol

Table 1 General Characteristics of Pregnant Women with GDM and Non-GDM

Categories GDM Group Non-GDM Group χ2 P

Total N % N %

4550 946 20.8 3604 79.2

Age (years) <25 506 55 5.8 451 12.5 163.16 <0.001
25–30 2119 337 35.6 1782 49.4

30–35 1519 399 42.2 1120 31.1

≥35 406 155 16.4 251 7.0
Gravidity 1 1831 334 35.3 1497 41.5 14.64 0.001

2 1310 278 29.4 1032 28.6

≥3 1409 334 35.3 1075 29.8
Parity 0 3218 619 65.4 2599 72.1 18.68 <0.001

≥1 1332 327 34.6 1005 27.9

BMI (kg/cm2) <18.5 714 88 9.4 626 17.4 95.81 <0.001
18.5–24.9 3429 706 75.3 2723 75.8

25.0–29.9 316 120 12.8 196 5.5

≥30 70 24 2.6 46 1.3
Smoking Yes 133 29 3.1 104 2.9 0.08 0.775

No 4379 910 96.9 3469 97.1

Drinking Yes 783 152 16.2 631 17.8 1.27 0.261
No 3696 784 83.8 2912 82.2

PSQI score 0–5 2449 515 54.4 1934 53.7 1.65 0.648

6–10 1829 377 39.9 1452 40.3
11–15 260 50 5.3 210 5.8

16–21 12 4 0.4 8 0.2

GAD-7 score 0–4 3718 787 83.2 2931 81.3 2.94 0.401
5–9 721 142 15.0 579 16.1

10–14 88 13 1.4 75 2.1
15–29 23 4 0.4 19 0.5

PHQ-9 score 0–4 2427 553 58.5 1874 52.0 14.59 0.006

5–9 1651 309 32.7 1342 37.2
10–14 377 68 7.2 309 8.6

15–19 82 12 1.3 70 1.9

20–27 13 4 0.4 9 0.2

Abbreviations: GDM, gestational diabetes mellitus; BMI, body mass index; PSQI, The Pittsburgh Sleep Quality Index; GAD-7, General Anxiety Disorder-7; PHQ-9, Patient
Health Questionnaire-9.
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consumption history, a one-point increase in PSQI scores was associated with a 0.014 (95% CI: 0.001~0.027, P = 0.039)
mmol/L increase in blood glucose. According to the results for the fixed effects, we found that age, pre-pregnancy BMI
and PHQ-9 score had the greatest effect on the results. When we did not adjust for age and pre-pregnancy BMI, two
factors that were known to have an effect on the occurrence of GDM, the result was 0.023 (95% CI: 0.009~0.037, P =
0.001). The results of linear regression analysis of PSQI score and blood glucose AUC also showed that there was
a significant positive correlation between PSQI score and blood glucose AUC after adjusting potential variables (β =
0.034, 95% CI: 0.003~0.064, P = 0.030) (Table 2). We also investigated how was PSQI associated with fasting, 1-h post
and 2-h post blood glucose level. We found that 1-h post blood glucose level and 2-h post blood glucose level were
significantly associated with PSQI. But the association between fasting blood glucose and PSQI was not observed. Only
marginal positivity was observed in the correlation between fasting blood glucose level and PSQI in the univariate model
(Table S1).

Logistic regression analysis was used to analyze the relationship between the grade of PSQI scores and GDM; the
results are shown in the Table 3. When all the variables included in this study were controlled for, there was only
a slightly but not significantly increased risk (OR = 1.087, 95% CI: 0.939~1.258, P = 0.265). When age and pre-
pregnancy BMI were not controlled for, the association of PSQI grade and GDM became marginally significant (OR =
1.146, 95% CI: 0.995~1.321, P = 0.059). When investigating the association between PSQI grade and the GDM-
diagnosed time window, the 1-h diagnosed GDM was found to have a borderline positive correlation with PSQI (OR =
1.182, 95% CI: 0.993~1.405, P = 0.060) when potential confounders were controlled for, while fasting and 2-h diagnosed
GDM were not associated with a significant increase in risk (OR = 1.077, 95% CI: 0.845~1.371, P = 0.549 and OR =
1.065, 95% CI: 0.897~1.266, P = 0.472, respectively).

We then analyzed the association between PSQI and blood glucose as well as GDM in subgroups with different ages,
obesity levels, pregnancy statuses and different populations. The results are shown in Table 4. The participants were divided

A B C

Figure 1 (A) model 1, univariate model, β = −0.003 (95% CI: −0.014~0.007), P = 0.533; (B) model 2, adjust age, pre-pregnancy BMI, gravidity, parity, PHQ-9 score, GAD-7
score, smoking history, and drinking history, β = 0.014 (95% CI: 0.001~0.027), P = 0.039; (C) model 3, not adjust age and pre-pregnancy BMI, β = 0.023 (95% CI:
0.009~0.037), P = 0.001.

Table 2 Multiple Linear Regression Analysis for PSQI and Blood Glucose
AUC

Model β 95% CI P

1 −0.005 −0.030~0.020 0.672

2 0.034 0.003~0.064 0.030
3 0.054 0.022~0.086 0.001

Notes: Model 1: univariate model; model 2: adjust age, pre-pregnancy BMI, gravidity, parity, PHQ-
9 score, GAD-7 score, smoking history, and drinking history; model 3: not adjust age, pre-
pregnancy BMI.
Abbreviations: PSQI, The Pittsburgh Sleep Quality Index; AUC, area under the curve; β, beta
coefficient; CI, confidence intervals.
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into women with age < 35 years (4144/91.1%) versus age ≥ 35 years (406/8.9%) or pre-pregnancy BMI < 25 (4160/91.5%)
versus pre-pregnancy BMI ≥ 25 (386/8.5%) or singleton pregnancy (4452/98.8%) versus multiple pregnancies (98/2.2%) or
GDM (946/20.8%) versus non-GDM (3604/79.2%). For the younger (< 35 years) and the non-overweight (BMI < 25) women,
those with singleton pregnancies, and those that did not have GDM, there were positive correlations with PSQI score and
blood glucose concentration (younger: β = 0.013, 95% CI: −0.001~0.027, P = 0.061; singleton pregnancy: β = 0.014, 95% CI:
0.000~0.027, P = 0.045; non-GDM: β = 0.013, 95% CI: 0.002~0.025, P = 0.023); and blood glucose AUC (younger: β =
0.030, 95%CI: −0.001~0.062, P = 0.058; non-overweight: β = 0.028, 95%CI: −0.003~0.060, P = 0.077; singleton pregnancy:
β = 0.035, 95% CI: 0.004~0.066, P = 0.025; non-GDM: β = 0.032, 95% CI: 0.008~0.056, P = 0.010); and 1-h blood glucose
(younger: β = 0.031, 95% CI: 0.008~0.055, P = 0.009; non-overweight: β = 0.030, 95% CI: 0.006~0.053, P = 0.014; singleton
pregnancy: β = 0.035, 95% CI: 0.012~0.059, P = 0.003; non-GDM: β = 0.024, 95% CI: 0.005~0.043, P = 0.016); and
2-h blood glucose (younger: β = 0.019, 95% CI: −0.001~0.039, P = 0.058; non-overweight: β = 0.023, 95% CI: 0.003~0.042,
P = 0.027; singleton pregnancy: β = 0.024, 95% CI: 0.004~0.044, P = 0.017; non-GDM: β = 0.015, 95% CI: 0.001~0.030, P =
0.041). But non-significant in fasting blood glucose. The associations between PSQI grade and GDM were not significant in
any of the subgroups (younger: OR = 1.070, 95% CI: 0.912~1.254, P = 0.407; elder: OR = 1.162, 95% CI: 0.794~1.700, P =
0.441; non-overweight: OR = 1.047, 95% CI: 0.896~1.224, P = 0.563; overweight: OR = 1.385, 95% CI: 0.899~2.134, P =
0.140; singleton pregnancy: OR = 1.088, 95% CI: 0.938~1.263, P = 0.263; multiple pregnancies: OR = 1.055, 95% CI:
0.382~2.916, P = 0.918). When the association between 1-h post blood glucose diagnosed GDM and PSQI grade in the six
sub-groups was investigated, there were significant positive associations for elder (≥ 35 years) women and women with
singleton pregnancies (elder: OR = 1.544, 95% CI:1.022~2.335, P = 0.039; singleton pregnancy: OR = 1.205, 95%
CI:1.011~1.437, P = 0.037).

Discussion
Based on a longitudinal design with large sample size in Chinese women, the present study explored the association
between sleep quality (by PSQI) in the first trimester and blood glucose concentrations and GDM risk in the second
trimester in Chinese women. After adjusting for relevant confounders, PSQI was positively associated with elevated
blood glucose and a suggestive increased risk of GDM.

Table 3 Multiple Logistic Regression Analysis for PSQI and GDM

Model OR 95% CI P

Total GDM
1 0.976 0.869~1.097 0.684

2 1.087 0.939~1.258 0.265

3 1.146 0.995~1.321 0.059
Fasting blood glucose diagnosed GDM
1 0.929 0.765~1.128 0.454

2 1.077 0.845~1.371 0.549
3 1.136 0.897~1.440 0.290

1-h blood glucose diagnosed GDM
1 1.052 0.916~1.208 0.473

2 1.182 0.993~1.405 0.060

3 1.240 1.047~1.468 0.013
2-h blood glucose diagnosed GDM
1 1.025 0.894~1.175 0.725

2 1.065 0.897~1.266 0.472
3 1.140 0.965~1.346 0.124

Notes: Model 1: univariate model; model 2: adjust age, pre-pregnancy BMI, gravidity, parity, PHQ-9
score, GAD-7 score, smoking history, and drinking history; model 3: not adjust age, pre-pregnancy
BMI.
Abbreviations: PSQI, The Pittsburgh Sleep Quality Index; GDM, gestational diabetes mellitus; CI,
confidence intervals; OR, odds ratio.
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Table 4 Sensitivity Analysis: Potential Effect Modification for the Impact of PSQI Score in First Trimester on GDM

Subgroup

Mix model β 95% CI P

Age<35 years 0.013 −0.001~0.027 0.061
Age≥35 years 0.028 −0.020~0.077 0.259

BMI<25 0.012 −0.002~0.026 0.087

BMI≥25 0.030 −0.019~0.079 0.228
Singleton pregnancy 0.014 0.000~0.027 0.045

Multiple pregnancies 0.009 −0.073~0.090 0.841

Non-GDM group 0.013 0.002~0.025 0.023
GDM group 0.016 −0.018~0.049 0.361

Multiple linear regression of blood glucose AUC β 95% CI P

Age<35 years 0.030 −0.001~0.062 0.058
Age≥35 years 0.061 −0.050~0.172 0.281

BMI<25 0.028 −0.003~0.060 0.077

BMI≥25 0.080 −0.030~0.191 0.153
Singleton pregnancy 0.035 0.004~0.066 0.025

Multiple pregnancies −0.057 −0.253~0.140 0.570

Non-GDM group 0.032 0.008~0.056 0.010
GDM group 0.041 −0.014~0.096 0.144

Fasting blood glucose
Age<35 years 0.000 −0.005~0.006 0.858
Age≥35 years 0.001 −0.017~0.019 0.923

BMI<25 0.001 −0.004~0.006 0.748

BMI≥25 −0.003 −0.025~0.019 0.781
Singleton pregnancy 0.001 −0.004~0.006 0.785

Multiple pregnancies 0.006 −0.029~0.040 0.747

Non-GDM group 0.001 0.003~0.006 0.509
GDM group −0.007 −0.021~0.008 0.359

1-h blood glucose
Age<35 years 0.031 0.008~0.055 0.009

Age≥35 years 0.030 −0.047~0.106 0.447

BMI<25 0.030 0.006~0.053 0.014
BMI≥25 0.073 −0.007~0.153 0.074

Singleton pregnancy 0.035 0.012~0.059 0.003

Multiple pregnancies −0.054 −0.191~0.083 0.438
Non-GDM group 0.024 0.005~0.043 0.016

GDM group 0.035 −0.006~0.075 0.095

2-h blood glucose
Age<35 years 0.019 −0.001~0.039 0.058

Age≥35 years 0.041 −0.031~0.112 0.262

BMI<25 0.023 0.003~0.042 0.027
BMI≥25 0.026 −0.048~0.100 0.494

Singleton pregnancy 0.024 0.004~0.044 0.017

Multiple pregnancies −0.011 −0.132~0.110 0.857
Non-GDM group 0.015 0.001~0.030 0.041

GDM group 0.020 −0.023~0.062 0.363

(Continued)
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Several studies have investigated the association between sleep quality and GDM, but the findings have not been
consistent. Some studies have found no significant association between sleep quality and GDM,36–38 and only two of
them used the PSQI scale to evaluate sleep quality.36,37 In a Swiss cross-sectional study, 203 pregnant women were
recruited at 24–30 weeks into their pregnancy and, as in our study, classified sleep quality in four categories (very good,
fairly good, fairly bad and very bad). However, they did not exclude participants with a family history of diabetes or
a previous history of GDM.36 In a study with 209 participants in India, the association between PSQI and GDM was
analyzed by using the frequency of PSQI score > 5 among the results of enrollment/first/second/third trimester during
pregnancy. They did not examine the relationship between sleep quality in the first trimester alone and the occurrence of
GDM in detail.37 There were also several studies that suggested a link between sleep disturbance and GDM.25,39,40

Among these three studies, two used the PSQI for evaluating sleep quality,39,40 and one study adopted self-designed
single choice questionnaires.25 All the studies ultimately confirmed GDM by OGTT test with the same diagnostic
criteria, but in one of them, participants underwent a round of 50-g glucose challenge test screening first.40 The OGTT
test was performed only when the first blood glucose test result was higher than 7.8mmol/L. Only one study investigated
the association between sleep quality in the first trimester and GDM diagnosed in the second trimester.39 However, they
did not specify the gestational age for the early pregnancy. Two studies excluded women with multiple pregnancies.25,40

Table 4 (Continued).

Subgroup

Multiple logistic regression OR 95% CI P

Total GDM
Age<35 years 1.070 0.912~1.254 0.407

Age≥35 years 1.162 0.794~1.700 0.441
BMI<25 1.047 0.896~1.224 0.563

BMI≥25 1.385 0.899~2.134 0.140

Singleton pregnancy 1.088 0.938~1.263 0.263
Multiple pregnancies 1.055 0.382~2.916 0.918

Fasting blood glucose diagnosed GDM
Age<35 years 1.065 0.812~1.396 0.649
Age≥35 years 1.069 0.621~1.842 0.809

BMI<25 1.040 0.795~1.359 0.776

BMI≥25 1.204 0.684~2.118 0.520
Singleton pregnancy 1.095 0.858~1.399 0.466

Multiple pregnancies 0.567 0.105~3.065 0.510

1-h blood glucose diagnosed GDM
Age<35 years 1.110 0.915~1.346 0.289

Age≥35 years 1.544 1.022~2.335 0.039

BMI<25 1.156 0.958~1.395 0.130
BMI≥25 1.359 0.848~2.180 0.202

Singleton pregnancy 1.205 1.011~1.437 0.037

Multiple pregnancies 0.646 0.192~2.175 0.481
2-h blood glucose diagnosed GDM
Age<35 years 1.049 0.866~1.270 0.627

Age≥35 years 1.129 0.757~1.683 0.553
BMI<25 1.053 0.877~1.264 0.582

BMI≥25 1.109 0.655~1.881 0.700

Singleton pregnancy 1.059 0.889~1.262 0.521
Multiple pregnancies 1.531 0.451~5.194 0.494

Note: Adjust age, pre-pregnancy BMI, gravidity, parity, PHQ-9 score, GAD-7 score, smoking history, and drinking history.
Abbreviations: PSQI, The Pittsburgh Sleep Quality Index; GDM, gestational diabetes mellitus; BMI, body mass index; AUC, area under the curve;
β, beta coefficient; CI, confidence intervals; OR, odds ratio.
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In the present study, not only was the relationship between sleep quality and GDM studied, but also the relationship
between sleep quality and blood glucose or the blood glucose AUC. Sensitivity analyses were also conducted to explore
the influence of other possible risk factors. The association between PSQI and blood glucose level was significantly
positive, especially for postprandial blood glucose. However, only a slightly increased but non-significant risk for GDM
was observed. The results of this large-scale Chinese population study may greatly help with investigating the association
between sleep quality and GDM.

In univariate analysis of PSQI and blood glucose concentration, no significant correlation was observed, but positive
results emerged after variable adjustment. We found that age, pre-pregnancy BMI and PHQ-9 score had a significant
effect on the results, but the analysis showed that there was no statistically significant correlation between PSQI score
and age or pre-pregnancy BMI, so these two factors could not be simply assumed to be confounders. However, PHQ-9
score was found to be strongly correlated with PSQI score and blood glucose concentration, so it was a clear confounder.
In the research on PSQI score and GDM, an increased significant association of risk was observed if not age and pre-
pregnancy BMI were not adjusted for. So, we speculated that the correlation between GDM and PSQI score was weak,
and once age and pre-pregnancy BMI, two variables strongly correlated with GDM, were controlled for, the effect of
PSQI score on GDM would no longer appear. The results for time-specific diagnosed GDM might be due to the moderate
or the inconsistent effect of PSQI on blood glucose at different time points. We found that PSQI was associated with
1-h diagnosed GDM but not with the GDM diagnosed at the other two time points. The reliability of these results needs
to be corroborated in future research.

Pregnant women often have poor sleep quality and short sleep duration due to hormonal changes, physical
discomfort, and psychological stress.41,42 Increased muscle tone, increased excitability of nerve cells, dyspnea, increased
nocturia frequency, and excessive psychological stress throughout pregnancy all disturb pregnant women’s sleep.43–45

Previous studies have found that sleep disturbances of pregnant women can commence with the onset of pregnancy in the
first trimester, and sleep quality gradually decreases during the remainder of the pregnancy.46,47 Mechanism-related
animal experiments and limited epidemiological research has observed that poor sleep quality might trigger a series of
pathophysiological responses resulting in increased insulin resistance, glucose intolerance, and eventually GDM.25,47–49

Possible pathways included that the sleep disturbance may lead to hyperactivation of the hypothalamic-pituitary-adrenal
axis, thereby increasing the production of glucocorticoid cortisol, which was involved in the occurrence and progression
of insulin resistance. Sleep disturbance may also cause the level of circulating inflammatory mediators, such as
C-reactive protein (CRP), interleukin-6 (IL-6), and tumor necrosis factor alpha (TNF-α), to increase, leading to increased
inflammatory response,13,21,40 then decreasing insulin sensitivity and downstream insulin signaling.45 Another possible
pathway was Inducing oxidative stress which can decrease glucose transporter type 4 (GLUT4) expression by impairing
nuclear proteins to the insulin responsive element in the GLUT4 promoter or cause inflammatory response.50

Strengths and Limitations
In this large-scale prospective observational study, probability of selection bias was reduced by including pregnant
women all who came to our hospital for regular antenatal examinations and got OGTT results. The longitudinal study
design is a robust means of clarifying the temporal relationship between sleep quality and the sequential occurrence of
GDM. The present study used the PSQI questionnaire, the reliability and validity of which have been verified in the
Chinese population, to evaluate sleep quality rather than a self-made questionnaire or simple questions. The present study
also has several major limitations. With the progress of pregnancy, the sleep quality of pregnant women may become
poorer, while our study only analyzed sleep quality during the first trimester. Moreover, we did not collect information on
weight gain during pregnancy, diet, exercise, napping, and macrosomia history, so the influence of these confounders on
sleep quality or GDM may not be controlled. In addition, although PSQI can better reflect the subjective sleep quality of
pregnant women, it can be combined with objective measurement methods to obtain more comprehensive results in
further studies.
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Summary
The present study found that unfavorable PSQI status in the first trimester was associated with increased blood glucose
concentrations and blood glucose AUC in the subsequent trimester. The risk of GDM, especially the 1-h diagnosed
GDM, was significantly associated with PSQI score. These results suggest that more attention should be paid to the sleep
quality of pregnant women in the first trimester. Screening with PSQI and related interventions may help to prevent GDM
risk.
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