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Objective: To systematically review studies on the correlation between sleep duration during pregnancy and gestational diabetes mellitus (GDM) and use meta-analysis to explore the correlation between the two to provide a basis for preventing GDM during pregnancy.

Methods: The search databases were China Knowledge Network (CNKI), Weipu, Wanfang, China Biomedical Literature Service System (SinoMed), Cochrane Library, Web of Science, Embase, and PubMed, and the search time was from the establishment of the above databases to July 2023. The data were statistically analyzed using STATA/MP17 and RevMan 5.3 software. Publication bias could be accurately assessed using funnel plots and Egger’s test.

Results: A total of 5,197 papers were searched, and 13 studies were finally included, which included 80,259 individuals, including 3,461 patients with GDM. The comprehensive analysis showed that. Based on pooled data from prospective, cross-sectional, and case–control studies, extreme sleep duration during pregnancy was strongly associated with GDM compared with average sleep duration. The results of the prospective studies showed that both short (OR = 1.50, 95% CI: 1.07–2.10, I2 = 60.9%, p = 0.02) and long (OR = 1.28, 95% CI: 1.13–1.46, I2 = 0.0%, p < 0.0001) sleep duration increased the risk of gestational diabetes mellitus, but the harms were more pronounced with short sleep. In analyzing the association between extreme sleep duration and GDM, publication bias was found in prospective, cross-sectional, and case–control studies with moderate heterogeneity and prospective-only studies with low heterogeneity.

Conclusion: Both too short and too long sleep duration during pregnancy are strongly associated with GDM. Either too short or too long sleep duration predicts the risk of developing GDM, but the harms are more pronounced with short sleep. These findings remind us of the importance of controlling sleep duration during pregnancy and help to optimize early strategies to prevent GDM.

Systematic review registration: http://www.crd.york.ac.uk/prospero, identifier [CRD42023470925].
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1 Introduction

Pregnant women who had normal glucose metabolism or maybe decreased glucose tolerance before becoming pregnant but developed or were diagnosed with diabetes mellitus during pregnancy are said to have gestational diabetes mellitus (GDM). The prevalence of this disease is reported to be 5.40–33.60% in China (1) and 6.07–20.40% worldwide (2, 3). Numerous factors, including advanced maternal age, obesity, and a family history of diabetes mellitus, increase the chance of developing GDM (4, 5).

Sleep is a necessary physiological need for humans, and a person needs to spend one-third of their life sleeping (6). Adequate and sound sleep during pregnancy is one of the conditions for the mother’s health and the development of the fetus. The National Sleep Foundation’s recommended sleep time for adults is 7–9 h (7). However, it is typical for expectant mothers to feel sleep disturbances during pregnancy because of anxiety, physical discomfort, and hormonal shifts related to childbirth (8). Previous studies have shown that both too much and too little sleep can make type 2 diabetes more likely, and the association between sleep duration and type 2 diabetes has a U-shaped curve (9). A growing number of investigations conducted in recent years have revealed that the occurrence of GDM may be related to sleep duration (10–12), which has aroused extensive attention to the correlation between sleep and GDM in various circles.

There is a relative lack of studies and inconsistent findings on the relationship between sleep duration and GDM in the specific group of pregnant women. A meta-analysis (13) suggested that prolonged sleep may be a pregnant woman’s risk factor for GDM, showing that excessive sleep increased the risk of developing GDM by 28% (OR = 1.28, 95% CI: 1.10–1.49). In contrast, short sleep showed no statistical significance. However, another meta-study (14) showed that pregnant women who slept for short periods (< 6–7 h/night) had a more significant chance of developing GDM than people who had enough sleep, with a 70% increased risk of developing the disease (OR = 1.70, 95% CI: 1.24–2.33). Therefore, the relationship between sleep duration and GDM must be further confirmed.



2 Materials and methods

Ethical approval was not required as this study involved a systematic review and meta-analysis of previously published studies. We adhered to the PRISMA guidelines to ensure transparent and comprehensive reporting of our methods and results (15). This paper is registered at PROSPERO with the number CRD42023470925.


2.1 Search strategy

To investigate the relationship between sleep duration and GDM risk. A computerized search of China Knowledge Network (CNKI), Weipu, Wanfang, China Biomedical Literature Service System (SinoMed), Cochrane Library, Web of Science, Embase, and PubMed, with the years of search from the establishment of the above databases to July 2023, and using the search strategy of subject words plus free words, with the English search terms as follows: (1) “Diabetes, Gestational,” “Diabetes, Pregnancy-Induced,” “Diabetes, Pregnancy Induced,” “Pregnancy-Induced Diabetes,” “Gestational Diabetes,” “Diabetes Mellitus, Gestational,” “Gestational Diabetes Mellitus”; (2) “Sleep,” “Insomnia,” “Sleep Disorder,” “Sleep Initiation and Maintenance Disorders,” “Sleep Hygiene,” “Dyssomnias,” “Lifestyle,” “Healthy Lifestyle,” “sleep duration.” The search formula can be found in Table 1. Additionally, we screened the reference lists of relevant articles and systematic reviews to identify any additional studies that met our inclusion criteria.



TABLE 1 Specific search strategies in PubMed.
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2.2 Inclusion and exclusion criteria

Inclusion criteria: Studies were included in this Meta-analysis if they met the following criteria: (1) participants were pregnant women with undiagnosed diabetes mellitus before pregnancy; (2) observational or experimental studies investigating the relationship between gestational sleep duration and GDM in pregnant women; (3) clinically diagnosed GDM was used as an outcome; (4) The study was designed as a cohort study, a cross-sectional study, and a case–control study, with GDM risk as the primary observation indicator, and was expressed as an adjusted odds ratio (OR); (5) to report the duration of sleep during pregnancy; (6) Published articles in Chinese and English.

Exclusion criteria: (1) the number of study participants <10; (2) secondary research literature; (3) reviews, case reports, commentaries, etc.; (4) ambiguous reporting of sleep duration, which could not be grouped according to sleep duration; (5) duplicate reporting of the literature; and (6) studies with endpoints other than GDM. The detailed process of identifying eligible studies and the reasons for exclusion are shown in Figure 1.

[image: Figure 1]

FIGURE 1
 Flow chart of identification of eligible studies.




2.3 Data extraction and quality assessment

Two researchers independently extracted data according to the inclusion and exclusion criteria. After reading the complete text, the following information was extracted from each study: (1) first author; (2) year of publication; (3) type of study; (4) country (study site); (5) sample size and number of GDM cases; (6) age; (7) sleep duration measures; (8) clinical diagnostic tools for GDM; and (9) covariates used for adjusted covariates (Table 2). If the adjusted OR had different adjustment levels, the level with the most considerable adjustment was selected. If disagreement was encountered, the agreement was reached in consultation with a third researcher to finalize inclusion in the study.



TABLE 2 Basic characteristics of the included studies.
[image: Table2]

All studies were evaluated for literature quality by two researchers using the Newcastle-Ottawa scale, which consists of 3 dimensions (selection of study population, comparability, and evaluation of exposure or outcome) (29). Studies with a score of 0–3 are of low quality, 4–6 are moderate quality, and 7–9 are high quality. Studies with scores greater than or equal to 6 were included for analysis.



2.4 Statistical analysis

Data were analyzed using RevMan 5.3 and Stata/MP17 software. To determine the association between the risk of extreme sleep duration and GDM, corrected OR and 95% CI information was collected for each trial. The heterogeneity of the studies was analyzed using the I2 test and Q-test; when p < 0.1, heterogeneity was indicated. The presence of low, medium, and high heterogeneity was defined when I2 reached 25, 50, and 75%, respectively. When I2 < 50%, the heterogeneity among the literature was small, and the effect sizes were combined using a fixed-effects model. When I2 > 50%, a random effects model was used, and further subgroup analysis and sensitivity analysis were used to analyze the sensitivity of the included studies. Publication bias could be accurately assessed using funnel plots and Egger’s test. If publication bias existed, the cut-and-patch method was used to determine the effect of publication bias on the outcomes by estimating the actual central value and providing the estimates of the missing studies.




3 Results


3.1 Search results

A total of 5,197 articles were searched. Firstly, 1,742 duplicates were excluded, 506 irrelevant articles were excluded by reading the titles and abstracts, and then 2,936 articles were excluded by reading the full text of the articles, including reviews, data descriptions, commentaries, case studies, and repetitive publications. Finally, 13 studies were included, 11 in English and 2 in Chinese, and the screening process is shown in Figure 1.



3.2 Study characteristics

Literature was published from 2010 to 2021, six from the United States (17–19, 21–23), one from Singapore (16), one from Japan (20), and five from China (24–28). In the current meta-analysis, we evaluated the connection between extreme sleep and the risk of GDM. Based on each preliminary study, we categorized sleep duration into three main categories: short, reference, and long sleep (30). When determining the correlation between extreme sleep duration and the risk of GDM, we combined short and long sleep duration from different studies. The outcome of interest is incident GDM. Assess sleep duration as an exposure factor, objective measurements were recorded using an Actiwatch Spectrum instrument in one paper (18), and self-assessment was used in 12 other articles (16, 17, 19–28). For the assessment of GDM using the OGTT method, Cai et al. (16) and Myoga et al. (20) adopted the 1999 World Health Organization WHO criteria for diagnosing GDM (fasting glucose of 7.0 mmol/L or 2-h OGTT blood glucose of 7.8 mmol/L), and Facco et al. (17) and Zhong et al. (25) were used the criteria of the National Diabetes Data Group. Facco et al. (18, 19) use the following criteria: (1) 100 g oral glucose tolerance test on fasting: fasting blood glucose ≥95 mg/dL, 1 h blood glucose ≥180 mg/dL, 2 h blood glucose ≥155 mg/dL, or 3 h blood glucose ≥140 mg/dL (fulfilling any 2 items); (2) 75 g oral glucose tolerance test on fasting: fasting blood glucose ≥92 mg/dL, 1 h blood glucose ≥180 mg/dL, or 2 h blood glucose ≥153 mg/dL (fulfilling any 1 item); (3) 50 g oral glucose tolerance test on non-fasting: 1 h blood glucose ≥200 mg/dL. Qiu et al. (21) adopted the American Diabetes Association’s (ADF) glucose test. Reutrakul et al. (23) used the criterion of a 50 g glucose tolerance test with a 1 h glucose of ≥200 mg/dL, and three studies (24, 26, 27) used the International Organization for the Study of Diabetes and Pregnancy definition. Blood glucose ≥10.0 mmol/L or 2 h blood glucose ≥8.5 mmol/L. Zhou et al. (28) used the GDM diagnostic criteria in the Chinese Guidelines for the Diagnosis and Treatment of Diabetes Mellitus in Pregnancy and Complicated Gestation (2014) (31) to diagnose GDM. Rawal et al. (22) based their diagnosis of GDM either on the OGTT, using the Carpenter and Coustan diagnostic criteria, or on the medication indications for GDM in hospital fee-for-service diagnosis. All these methods of diagnosing GDM were approved for inclusion in our meta-analysis.

A total sample size of 80,259 patients was included in this study, with 3,461 cases (4.31%) of morbidity. All patients were pregnant, and those with pre-pregnancy diabetes were excluded. Adjustments for confounders varied between studies, but all adjusted for recognized or potential confounders (e.g., BMI, race, sex, age, etc.). Table 2 displays the primary attributes of the listed studies.



3.3 Quality assessment

Under the NOS criterion, according to NOS, four studies were of high quality (18, 19, 21, 22), and nine studies were of moderate quality (16, 17, 20, 23–28). All studies provided usable OR and 95% CI.



3.4 Extreme sleep duration and GDM

According to Figure 2, combining prospective, cross-sectional and case–control studies, there was a significant relationship between extreme sleep duration during pregnancy and the risk of GDM (combined: OR = 1.95, 95% CI: 1.54–2.46, I2 = 73.7%, p < 0.00001; prospective: OR = 1.33, 95% CI: 1.13–1.57, I2 = 42.9%, p = 0.0006; cross-sectional: OR = 2.10, 95% CI: 1.26–3.49, I2 = 0.0%, p = 0.005; case–control: OR = 6.23, 95% CI: 3.09–12.53, I2 = 62.6%, p < 0.00001); subgroup analyses showed that studies from the United States and Asia demonstrated an association between extreme sleep duration in pregnancy and GDM risk there was an association between (US: OR = 1.44, 95% CI: 1.07–1.92, I2 = 49%, p = 0.01; Asia: OR = 2.37, 95% CI: 1.70–3.32, I2 = 80%, p < 0.00001). Next, we combined nine prospective cohort studies to examine the predictive significance of both short and long sleep duration in the development of GDM. We found that pregnant women with longer sleep duration had an increased risk of GDM (OR = 1.28, 95% CI: 1.13–1.46, I2 = 0.0%, p < 0.0001, Figure 3); the duration of short sleep gestation was also a risk factor for GDM (OR = 1.50, 95% CI: 1.07–2.10, I2 = 60.9%, p = 0.02, Figure 3). This implies that extreme sleep duration during pregnancy may increase the chance of incident GDM.
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FIGURE 2
 Forest plot of association between extreme sleep duration and GDM, based on pooled data from prospective, cross-sectional, and case–control studies. The results are expressed as odds ratios (OR) and 95% confidence intervals (95% CI). GDM, gestational diabetes mellitus.
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FIGURE 3
 Forest plot of association between extreme sleep duration and GDM, based only on data from prospective studies. The results are expressed as odds ratios (OR) and 95% confidence intervals (95% CI). GDM, gestational diabetes mellitus.




3.5 Publication bias and sensitivity analysis

Publication bias was found when combining prospective, cross-sectional, and case–control studies in assessing the predictive role of extreme sleep duration on GDM events (p = 0.000, Figure 4A). Combining prospective studies revealed publication bias (p = 0.021, Figure 4B). Meta-regression analysis was used to assess the role of covariates on the outcome and discovered that the GDM diagnosis’s definition was not responsible for the heterogeneity (p = 0.533). Therefore, the clipping method was used to determine the effect of publication bias on the results by estimating the actual center value and missing studies. There was no publication bias after adding 10 data samples after combining prospective, cross-sectional, and case–control studies through 4 iterations of calculations (the exact number of publications could not be determined because of the variable samples available in each literature). Heterogeneity test: Q = 191.217, p = 0.000, using the random effect model, the OR of the combined effect after clipping was 1.34 (95% CI: 1.03–1.75), which did not change significantly, suggesting that the results of the Meta-analysis were robust. Publication bias did not affect the results of the Meta-analysis. Combined with the prospective study, there was no publication bias after adding 4 samples after 4 iterations of calculation and the heterogeneity test: Q = 49.209, p = 0.042, using the random effect model, and the OR of the combined effects after clipping and patching was 1.23 (95% CI: 1.01–1.50), which did not change significantly, suggesting that the results of the Meta-analysis were relatively robust. The results of the Meta-analysis were not affected by publication bias. The overall conclusions of the meta-analysis remained unchanged after the literature was excluded one by one using the exclusion method, which suggested that the overall stability of the study was good and the conclusions were reliable.
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FIGURE 4
 Funnel plots of publication bias analysis (A) Combined prospective, cross-sectional, and case–control studies; (B) only from prospective studies.





4 Discussion

Sleep, an indispensable physiological need in human life, significantly affects people’s health, especially for some people. Changes in endocrine metabolism in pregnant women during early pregnancy will have both physiological and psychological effects, quickly leading to emotional stress and endocrine hormone imbalance, which in turn affects their sleep conditions (17). Relevant studies have shown that the sleep status of pregnant women is associated with the occurrence of adverse pregnancy outcomes such as preeclampsia and preterm labor (18, 19). GDM is among the most typical pregnancy problems. The occurrence of GDM is influenced by the BMI, age, and family history of diabetes mellitus of pregnant women. The increasing prevalence of GDM has increased the burden of global public health in recent years (32). In this study, we reviewed the studies on the correlation between extreme sleep duration during pregnancy and GDM through a comprehensive search system. We explored the correlation between the two through meta-analysis so that GDM could be prevented better.

Our meta-analysis was based on observing nine cohort studies (17–22, 24, 25, 28), two cross-sectional studies (16, 23), and two case–control studies (26, 27) to provide a link between the risk of GDM and extreme sleep duration during pregnancy. We found a strong association between extreme sleep duration during pregnancy and the risk of GDM, which was confirmed by 80,259 pregnant women and 3,461 patients with GDM and supported by prospective, cross-sectional, and case–control studies from the United States and Asia. Prospective results showed that women who slept too little during pregnancy had a 1.50-fold increased risk of developing GDM. In addition, long sleep duration during pregnancy is also a risk factor for the development of GDM, with a 1.28-fold increased risk of GDM in women with excessive sleep duration during pregnancy. These findings provide a comprehensive overview of the relationship between extreme sleep duration during pregnancy and the risk of GDM and remind us of the importance of controlling sleep duration in pregnant women.

Epidemiologic studies have examined the correlation between sleep during pregnancy and GDM, but the results and conclusions have been inconsistent. The current research found a statistical association between sleep duration and the risk of developing GDM. This result is consistent with some previous studies. Wang et al. (24) found that by analyzing the sleep of 12,506 women in mid-pregnancy in Tianjin, China, the risk of GDM was increased by 21% (95% CI: 1.03–1.42) in pregnant women with sleep duration <7 h compared with those with sleep duration of 7–9 h per day (the sleep duration in this study included daytime sleep duration) The risk of GDM increased by 21% (95% CI: 1.03–1.42) in pregnant women who slept <7 h, and by 61% (95% CI: 1.04–2.50) in those who slept ≥9 h. Other studies have shown a U-shaped correlation between the sleep duration during pregnancy and the risk of GDM, i.e., either too short or too long sleep duration increases the risk of GDM (16, 17). Unlike the results of this study, it has been found that short sleep duration during pregnancy can lead to an increased risk of GDM in pregnant women (23). Compared with pregnant women who slept ≥7 h per night, Facco et al. (18, 19) found an increased risk of GDM in women who slept <7 h per night in both early and mid-pregnancy, with the risk of GDM increasing 1.45-fold (95% CI: 1.10–1.92) and 1.14-fold (95% CI: 1.11–4.53), respectively suggesting that pregnancy may also be an influential factor. In addition, Du et al. (33) found in a cohort study that pregnant women with short night sleep duration (< 7 h) had a 32% increased risk of developing GDM compared to pregnant women in early pregnancy with night sleep duration of 7–9 h. In contrast, those with prolonged sleep duration (> 9 h) showed no statistically significant association. Balserak et al. (34) found that after adjusting for age, ethnicity, and neck circumference, there was no significant correlation between sleep duration during pregnancy and GDM, which is different from the findings of other studies. However, this study observed that either too short or too long sleep duration during pregnancy was associated with an increased risk of GDM onset, but the harm was more pronounced with short sleep. This is inconsistent with two 2018 meta-analyses. Xu et al. (13) concluded that prolonged sleep may be a risk factor for women during pregnancy, and short sleep showed no statistical significance. However, another meta-study by Reutrakul et al. (14) showed that pregnant women with brief duration of sleep (< 6–7 h/night) were more likely to develop GDM than those with adequate sleep duration. In the present study, we found that pregnant women with the shortest limit of sleep duration during pregnancy were less than 4 h and generally within 7 h. The most extended limit of sleep duration was usually more than 10 h, except for Zhong et al. (25), who showed that the most extended sleep duration was ≥8.5 h. We could observe that the optimal sleep duration of pregnant women during pregnancy in the 13 papers included was generally in the range of 7–9 h, like the idea of 8 h of optimal sleep time that we are familiar with daily.

Possible reasons for the differences between this study and previous studies include, first, the existence of racial specificity in the prevalence of GDM (35). Second, there is no standardized definition of the length of sleep duration at night, and different studies have different criteria and reference standards for the division of sleep duration. In addition, in this study, due to the limitation of sample size, there were relatively few pregnant women with extreme sleep duration (too short or too long). The scope of the division of sleep periods was narrower than that of other studies, which may affect the research results and lead to consistency with previous studies. Thirdly, different diagnostic criteria for GDM used in various studies may lead to differences in the results: there are one-step and two-step tests for GDM, and there are IADPSG, American Diabetes Association (ADA), European Association for the Study of Diabetes (EASD), etc. (36). Fourth, due to the limitations of research conditions, achieving objective standardization in measuring sleep duration takes a lot of work. The sample sizes of studies that have been able to use instruments to measure sleep duration at night objectively are generally small, and most of the studies with large sample sizes have used self-reporting by respondents relying on their memories, which may result in bias and influence the results and lead to discrepancies. Therefore, more extensive prospective cohort studies using scientifically standardized measurement instruments must demonstrate the association between sleep duration and GDM.

The strengths of this study: Firstly, the literature included in this study is of relatively high quality, and the conclusions are credible. Secondly, meticulous adjustments for multiple confounding variables within the prior literature integrated into this study enhance the validity of conclusions, ensuring relevance to real-world scenarios. Thirdly, this study diverges from previous research, by investigating the correlation between sleep duration and gestational diabetes mellitus (GDM) during pregnancy, thereby opening avenues for novel perspectives in exploring the impact of sleep duration on GDM.

The limitations of this study: Primarily, despite the substantial overall sample size, the original quantity of studies is comparatively limited, with research sites confined to the United States and Asia. Secondly, inherent publication biases pose challenges when scrutinizing the link between sleep duration during pregnancy and the development of GDM across various study designs. Thirdly, while meta-regression analysis suggests the definition of GDM diagnosis is not solely accountable for heterogeneity, potential covariates, such as interactions between sleep duration, sleep disturbances, or nap times, alongside pre-pregnancy diabetes history and other GDM-related risk factors, remain influential and warrant further investigation. Fourthly, the varying diagnostic criteria for GDM may increase the clinical heterogeneity of this meta-analysis.

The biological mechanisms by which sleep duration affects GDM have yet to be elucidated fully. The mechanisms identified so far include the following: first, excessive or short sleep duration can lead to endothelial dysfunction with increased inflammation and oxidative stress, and endothelial dysfunction is closely related to insulin resistance in type 2 diabetes mellitus (37, 38). Secondly, sleep disorders cause a decrease in basal glucagon concentration, leading to abnormal blood glucose levels (39). Again, Elevated sympathetic nervous system activity, dysregulation of the hypothalamic–pituitary axis (HPA), altered synthesis and release of cytokines and adipokines, high serum cortisol levels, and constriction of peripheral vasculature are other possible biological mechanisms (40, 41).

Although GDM is associated with some risk factors, such as obesity, the exact mechanism remains to be tested. Like type 2 diabetes mellitus, GDM is associated with impaired insulin secretion and insulin resistance, which share the same risk factors and genetic predisposition. Mild insulin resistance is often present in pregnant women due to hormonal changes during pregnancy (42). Therefore, small changes in sleep factors may increase the risk of GDM in pregnant women, and the following mechanisms are hypothesized. Too little sleep may increase the inflammatory response by increasing C-reactive protein concentrations, interleukin-6, and tumor necrosis factor α (43, 44).

Meanwhile, sleep-disordered breathing with intermittent hypoxia during sleep may lead to an increase in oxidative stress, which may lead to hyperactivation of the hypothalamic–pituitary–adrenal axis, which may increase the production of glucocorticoids and cortisol, which are involved in the development and progression of insulin resistance (45). Further research into the potential mechanisms linking sleep duration and GDM would be valuable in promoting public health and guiding healthy lifestyles during pregnancy.



5 Conclusion

Extreme sleep duration during pregnancy is strongly associated with the development of GDM. Pregnant women who sleep too short or too long during pregnancy have a higher risk of developing GDM. Long and short sleep duration are risk factors for the development of GDM, but the harm is more pronounced with short sleep. These results extend our understanding of the adverse effects of extreme sleep duration during pregnancy and remind us of the importance of controlling sleep duration during pregnancy to improve maternal and infant health. Future well-designed prospective cohort and experimental studies are needed to confirm the current findings and provide additional evidence for the role of sleep duration in the development of GDM.



Data availability statement

The original contributions presented in the study are included in the article/supplementary material, further inquiries can be directed to the corresponding author.



Author contributions

YL: Data curation, Formal analysis, Investigation, Methodology, Writing – original draft. CL: Formal analysis, Funding acquisition, Methodology, Software, Validation, Writing – review & editing. CW: Data curation, Formal analysis, Methodology, Validation, Visualization, Writing – review & editing. ZN: Conceptualization, Project administration, Supervision, Writing – review & editing.



Funding

The author(s) declare financial support was received for the research, authorship, and/or publication of this article. This work was supported by the Jilin Provincial Department of Education Science and Technology Research Project (JJKH20220863KJ).



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References

 1. Gao, C, Sun, X, Lu, L, Liu, F, and Yuan, J. Prevalence of gestational diabetes mellitus in mainland China: a systematic review and meta-analysis. J Diabetes Investig. (2019) 10:154–62. doi: 10.1111/jdi.12854 

 2. Badakhsh, M, Daneshi, F, Abavisani, M, Rafiemanesh, H, Bouya, S, Sheyback, M , et al. Prevalence of gestational diabetes mellitus in eastern Mediterranean region: a systematic review and meta-analysis. Endocrine. (2019) 65:505–14. doi: 10.1007/s12020-019-02026-4 

 3. Ozgu-Erdinc, AS, Sert, UY, Buyuk, GN, and Engin-Ustun, Y. Prevalence of gestational diabetes mellitus and results of the screening tests at a tertiary referral center: a cross-sectional study. Diabetes Metab Syndr. (2019) 13:74–7. doi: 10.1016/j.dsx.2018.08.019


 4. Ahmed, MA, Bailey, HD, Pereira, G, White, SW, Hare, MJL, Wong, K , et al. Overweight/obesity and other predictors of gestational diabetes among aboriginal and non-aboriginal women in Western Australia. Prev Med Rep. (2023) 36:102444. doi: 10.1016/j.pmedr.2023.102444 

 5. Pathirana, MM, Andraweera, PH, Leemaqz, S, Aldridge, E, Arstall, MA, Dekker, GA , et al. Anxiety and depression in early gestation and the association with subsequent gestational diabetes mellitus in a disadvantaged population. Matern Child Health J. (2023) 27:2185–93. doi: 10.1007/s10995-023-03778-2 

 6. Sejbuk, M, Mirończuk-Chodakowska, I, and Witkowska, AM. Sleep quality: a narrative review on nutrition, stimulants, and physical activity as important factors. Nutrients. (2022) 14:1912. doi: 10.3390/nu14091912 

 7. Smiley, A, King, D, and Bidulescu, A. The association between sleep duration and metabolic syndrome: the NHANES 2013/2014. Nutrients. (2019) 11:2582. doi: 10.3390/nu11112582 

 8. Wang, W-J, Hou, CL, Jiang, YP, Han, FZ, Wang, XY, Wang, SB , et al. Prevalence and associated risk factors of insomnia among pregnant women in China. Compr Psychiatry. (2020) 98:152168. doi: 10.1016/j.comppsych.2020.152168 

 9. Reutrakul, S, and Van Cauter, E. Interactions between sleep, circadian function, and glucose metabolism: implications for risk and severity of diabetes. Ann N Y Acad Sci. (2014) 1311:151–73. doi: 10.1111/nyas.12355 

 10. Lu, Q, Zhang, X, Wang, Y, Li, J, Xu, Y, Song, X , et al. Sleep disturbances during pregnancy and adverse maternal and fetal outcomes: a systematic review and meta-analysis. Sleep Med Rev. (2021) 58:101436. doi: 10.1016/j.smrv.2021.101436


 11. Nicolì, F, Prete, A, Citro, F, Bertolotto, A, Battini, L, de Gennaro, G , et al. Short sleep duration and risk of gestational diabetes. Gynecol Endocrinol. (2022) 38:672–5. doi: 10.1080/09513590.2022.2089105 

 12. Eleftheriou, D, Athanasiadou, KI, Sifnaios, E, Vagiakis, E, Katsaounou, P, Psaltopoulou, T , et al. Sleep disorders during pregnancy: an underestimated risk factor for gestational diabetes mellitus. Endocrine. (2023) 83:41–50. doi: 10.1007/s12020-023-03537-x 

 13. Xu, Y-H, Shi, L, Bao, YP, Chen, SJ, Shi, J, Zhang, RL , et al. Association between sleep duration during pregnancy and gestational diabetes mellitus: a meta-analysis. Sleep Med. (2018) 52:67–74. doi: 10.1016/j.sleep.2018.07.021


 14. Reutrakul, S, Anothaisintawee, T, Herring, SJ, Balserak, BI, Marc, I, and Thakkinstian, A. Short sleep duration and hyperglycemia in pregnancy: aggregate and individual patient data meta-analysis. Sleep Med Rev. (2018) 40:31–42. doi: 10.1016/j.smrv.2017.09.003 

 15. Page, MJ, McKenzie, JE, Bossuyt, PM, Boutron, I, Hoffmann, TC, Mulrow, CD , et al. The PRISMA 2020 statement: an updated guideline for reporting systematic reviews. BMJ (Clinical Research ed). (2021) 372:n71. doi: 10.1136/bmj.n71


 16. Cai, S, Tan, S, Gluckman, PD, Godfrey, KM, Saw, SM, Teoh, OH , et al. Sleep quality and nocturnal sleep duration in pregnancy and risk of gestational diabetes mellitus. Sleep. (2017) 40. doi: 10.1093/sleep/zsw058 

 17. Facco, FL, Grobman, WA, Kramer, J, Ho, KH, and Zee, PC. Self-reported short sleep duration and frequent snoring in pregnancy: impact on glucose metabolism. Am J Obstet Gynecol. (2010) 203:142.e1–5. doi: 10.1016/j.ajog.2010.03.041 

 18. Facco, FL, Grobman, WA, Reid, KJ, Parker, CB, Hunter, SM, Silver, RM , et al. Objectively measured short sleep duration and later sleep midpoint in pregnancy are associated with a higher risk of gestational diabetes. Am J Obstet Gynecol. (2017) 217:447.e1–447.e13. doi: 10.1016/j.ajog.2017.05.066 

 19. Facco, FL, Parker, CB, Hunter, S, Reid, KJ, Zee, PC, Silver, RM , et al. Association of Adverse Pregnancy Outcomes with Self-Reported Measures of sleep duration and timing in women who are nulliparous. J Clin Sleep Med. (2018) 14:2047–56. doi: 10.5664/jcsm.7534 

 20. 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 Children’s study (JECS). BMC Pregnancy Childbirth. (2019) 19:483. doi: 10.1186/s12884-019-2632-9 

 21. Qiu, C, Enquobahrie, D, Frederick, IO, Abetew, D, and 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. doi: 10.1186/1472-6874-10-17 

 22. Rawal, S, Hinkle, SN, Zhu, Y, Albert, PS, and Zhang, C. A longitudinal study of sleep duration in pregnancy and subsequent risk of gestational diabetes: findings from a prospective, multiracial cohort. Am J Obstet Gynecol. (2017) 216:399.e1–8. doi: 10.1016/j.ajog.2016.11.1051 

 23. 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) 34:2454–7. doi: 10.2337/dc11-0780 

 24. Wang, H, Leng, J, Li, W, Wang, L, Zhang, C, Li, W , et al. Sleep duration and quality, and risk of gestational diabetes mellitus in pregnant Chinese women. Diabet Med. (2017) 34:44–50. doi: 10.1111/dme.13155 

 25. 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) 46:20–5. doi: 10.1016/j.sleep.2018.02.014 

 26. Wang, W, Li, M, Huang, T, Fu, Q, Zou, L, Song, B , et al. Effect of nighttime sleep duration and midday napping in early pregnancy on gestational diabetes mellitus. Sleep Breath. (2021) 25:487–92. doi: 10.1007/s11325-020-02076-3 

 27. Wang, W, Guo, P, Yao, Z, and Gao, Y. Effects of sleep duration and napping frequency in the first trimester on gestational diabetes. J Jinggangshan Univ (Nat Sci). (2021) 42:96–100. doi: 10.3969/j.issn.1674-8085.2021.01.016


 28. Zhou, F, Yang, L, Zhao, R, Liu, D, Li, R, Wang, Y , et al. A prospective study on the effect of sleep status in the first trimester on gestational diabetes mellitus. J Sichuan Univ (Med Sci Edi). (2016) 47:964–8. doi: 10.13464/j.scuxbyxb.2016.06.032


 29. Lo, CK-L, Mertz, D, and Loeb, M. Newcastle-Ottawa scale: comparing reviewers' to authors' assessments. BMC Med Res Methodol. (2014) 14:45. doi: 10.1186/1471-2288-14-45 

 30. Lee, SWH, Ng, KY, and Chin, WK. The impact of sleep amount and sleep quality on glycemic control in type 2 diabetes: a systematic review and meta-analysis. Sleep Med Rev. (2017) 31:91–101. doi: 10.1016/j.smrv.2016.02.001 

 31. Yang, H, Xu, X, Wang, Z, Sun, W, Hu, Y, Chen, W , et al. Guidelines for the diagnosis and treatment of gestational diabetes mellitus (2014). Diabetes World (Clinical). (2014) 8:489–98. doi: 10.3969/j.issn.1672-7851.2014.11.002


 32. Lovic, D, Piperidou, A, Zografou, I, Grassos, H, Pittaras, A, and Manolis, A. The growing epidemic of diabetes mellitus. Curr Vasc Pharmacol. (2020) 18:104–9. doi: 10.2174/1570161117666190405165911


 33. Du, M, Liu, J, Han, N, Zhao, Z, Luo, S, and Wang, H. Association between sleep duration in early pregnancy and risk of gestational diabetes mellitus: a prospective cohort study. Diabetes Metab. (2021) 47:101217. doi: 10.1016/j.diabet.2020.101217 

 34. Izci Balserak, B, Jackson, N, Ratcliffe, SA, Pack, AI, and Pien, GW. Sleep-disordered breathing and daytime napping are associated with maternal hyperglycemia. Sleep Breath. (2013) 17:1093–102. doi: 10.1007/s11325-013-0809-4


 35. Dickens, LT, and Thomas, CC. Updates in gestational diabetes prevalence, treatment, and health policy. Curr Diab Rep. (2019) 19:33. doi: 10.1007/s11892-019-1147-0


 36. Moon, JH, and Jang, HC. Gestational diabetes mellitus: diagnostic approaches and maternal-offspring complications. Diabetes Metab J. (2022) 46:3–14. doi: 10.4093/dmj.2021.0335 

 37. Jackson, CL, Umesi, C, Gaston, SA, Azarbarzin, A, Lunyera, J, McGrath, JA , et al. Multiple, objectively measured sleep dimensions including hypoxic burden and chronic kidney disease: findings from the multi-ethnic study of atherosclerosis. Thorax. (2021) 76:704–13. doi: 10.1136/thoraxjnl-2020-214713 

 38. Lam, JCM, and Ip, MSM. Sleep & the metabolic syndrome. Indian J Med Res. (2010) 131:206–16.

 39. Pei, H, Li, S, Su, X, Lu, Y, Wang, Z, and Wu, S. Association between triglyceride glucose index and sleep disorders: results from the NHANES 2005-2008. BMC Psychiatry. (2023) 23:156. doi: 10.1186/s12888-022-04434-9 

 40. Javaheri, S, Peker, Y, Yaggi, HK, and Bassetti, CLA. Obstructive sleep apnea and stroke: the mechanisms, the randomized trials, and the road ahead. Sleep Med Rev. (2022) 61:101568. doi: 10.1016/j.smrv.2021.101568 

 41. Jha, PK, Valekunja, UK, Ray, S, Nollet, M, and Reddy, AB. Single-cell transcriptomics and cell-specific proteomics reveals molecular signatures of sleep. Commun Biol. (2022) 5:846. doi: 10.1038/s42003-022-03800-3 

 42. Alejandro, EU, Mamerto, TP, Chung, G, Villavieja, A, Gaus, NL, Morgan, E , et al. Gestational diabetes mellitus: a harbinger of the vicious cycle of diabetes. Int J Mol Sci. (2020) 21:5003. doi: 10.3390/ijms21145003 

 43. Fadaei, R, Goodarzi, G, Yarahmadi, S, Allahyari, P, Fallah, S, and Moradi, N. Circulating levels of C1q/TNF-related protein 3 (CTRP3) and CTRP9 in gestational diabetes and their association with insulin resistance and inflammatory cytokines. Lab Med. (2023) 54:262–9. doi: 10.1093/labmed/lmac096 

 44. Ma, S, Li, P, Li, D, Zhou, M, Li, L, Yin, W , et al. Increasing systemic chronic inflammation mediated the association between poor sleep during pregnancy and gestational cardiovascular health. Sleep Health. (2023) 9:460–6. doi: 10.1016/j.sleh.2023.01.015 

 45. Liu, PY, and Reddy, RT. Sleep, testosterone and cortisol balance, and ageing men. Rev Endocr Metab Disord. (2022) 23:1323–39. doi: 10.1007/s11154-022-09755-4 


Copyright
 © 2024 Li, Liang, Wu and Nan. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/images/fmed-11-1337492-t001.jpg
Search  Query

#1 Diabetes, Gestational [Mesh]

) Diabetes, Pregnancy-Induced|Title/ Abstract] OR Diabetes,
Pregnancy Induced|[Title/Abstract] OR Pregnancy-Induced
Diabetes|Title/ Abstract] OR Gestational Diabetes{Title/Abstract]
OR Diabetes Mellitus, Gestational[Title/ Abstract] OR Gestational
Diabetes Mellitus{ Title/Abstract]

= #10R%2
“ Sleep [Mesh]
#5 Insomnia|Title/ Abstract] OR Sleep Disorder[Title/ Abstract] OR

Sleep Initiation and Maintenance Disorders[Title/ Abstract] OR
Sleep Hygiene[Title/Abstract] OR Dyssomnias[Title/ Abstract] OR
Lifestyle(Title/ Abstract] OR Healthy Lifestyle[Title/Abstract] OR
sleep duration[Title/ Abstract]

#6 #40R#5

#7 #3 AND #6





OPS/images/fmed-11-1337492-t002.jpg
Caietal. (16)

Facco etal. (17)

Facco etal. (18)

Facco etal. (19)

Myoga etal.

©0)

Qiuetal. (21)

Rawal etal.
@2)

Reutrakul etal.
©3)

Wangetal. (24)

Wang etal. (26)

Zhongetal.
(25)

Wangetal. (27)

Zhou etal. (28)

Design

Cross-

sectional

Prospective

cohort

Prospective

cohort

Prospective
cohort

Prospective

cohort

Prospective

cohort

Prospective

cohort

Cross-
sectional
Prospective
cohort

Case-

control

Prospective

cohort

Case-

control

Prospective

cohort

Country

Singapore

USA

USA

USA

Japan

USA

USA

USA

China

China

China

China

China

Sample

size

182

782

7,668

48,787

1,290

2,581

169

12,506

500

4,066

500

542

Age,
years

307451

297455

26745.6

312450

333£4.4

281455

285455

285428

283434

280433

295440

GDM,
case

131

33

304

1,000

68

107

2

919

335

136

Sleep duration

Classification

<6h
26h

<7h
>7h
<7h
27h

<7h
>7h
<sh
5-7h
7-10h
210h

<4h
5-8h
9h
210h
5-6h
7h
8-9h
210h
<7h
27h
<7h
7-9h
29h
<7h
7-89h
9-99h
210h

<7h
7-85h
>85h
<7h
7-89h
9-99h
210h
<7h
7-9h
29h

Period,
gestation
weeks

26-28

13838

15-22

6-13,22-29

16,27

8-13,16-22

13-27

After enrollment
and 24-28 weeks

“The gestational

age for the first

prenatal check-
up <12weeks

GDM diagnosis

Diagnosis Period,
criteria gestation
weeks
oGTT 24-28
OGTT, 2428

prenatal record

OGTT, Afier enrollment
medical record | and before
delivery
oGTT 6-13,22-29
RBG, GCT, “The first
OGTT trimester, the
second trimester
OGTT, 24-28

medical record

OGTT, Afier enrollment
medical record | and before
delivery
OGTT 13-27
oGTT 228
OGTT 24-28
OGTT 24-28
oGTT 2-28
OGTT 24-28

Adjusted confounding factor

Maternal age, ethnicity; education, BMI, at <14 weeks of
gestation, previous history of gestational diabetes, State~
“Trait Anxiety Inventory total score

Age, race/ethnicity, pre-pregnancy BMI, frequent snoring

BMI

Age, BMI race/ethnicity, employed, insurance status

Age, pre-pregnancy BMI, weight gain

Maternal age, race/ethnicity

Maternal age, gestational age, racefethnicity, parity,
education, pre-pregnancy BMI, marital status, family
history of diabetes, napping frequency

None

Maternal age, height, family history of diabetes, parity, Han
ethnicity, education, BML, systolic blood pressure, multiple
pregnancies, weight gain, smoking, drinking,

Age, ethnicity, education, drinking, smoking, pre-pregnancy

BMI, gestational age, parity, family history of diabetes

Pre-gravid BMI, maternal age, family history of diabetes,

education, smoking, weight gain

Age, ethnicity, education, family history of diabetes,
drinking, smoking, pre-pregnancy BMI,

Age, pre-pregnancy BMI, weight gain, education, pregnancy
time, childbirth, type 2 diabetes family history, smoking,

exercise, employment





OPS/images/fmed-11-1337492-g003.jpg
author

short
Facco et al.2010 (<7h)
Facco et al.2017 (<7h)
Facco et al.2018 (<7h)

Myoga et al.2019 (<5h) —
Qv et 12010 (<4) ——
Rawal et al 2016 (5-6h first) =

Rawal et al.2016 (5-6h Second) ——

Wang et al 2016 (<7h) —

Zhong et a.2018 (<7h) —_—

Zhou2016 (<7h) | ——

Subotal (I-squared = 60.9%, p = 0.006)

long

Myoga et al 2019 (>10h)
Qiu et al.2010 (>10h)
Rawal et al 2016 (=10h first)

Wang et al 2016 (>h)

Zhong et al.2018 (>8.5h)

Zhou.2016 (>9h)

Subotal (I-squared = 0.0%, p = 0.552)

Overall (I-squared = 42.9%, p = 0.031)

NOTE: Weights are from random effects analysis

ES (95% CI)

1170 (120, 114.28)
242(1.04,431)
1.01(076,1.34)
1.31(0.74,231)
5,56 (1.31,23.64)
087 (0.49, 1.54)
151(0.88, 258)
1.12(069, 1.81)
1.09(047,253)
7.38 (225, 24.19)
1,50 (1.07, 2.10)

121(090, 1.63)
1,82 (0.60, 5.55)
1,04 (065, 1.67)
149 (082, 269)
1.29(1.09, 1.52)
227(1.20,4.29)
1.13(0.73,1.74)
1.28(1.13,1.46)

1.33(1.13,1.57)

Weight

051
a4
151
572
122
564
615
7.02
315
175
46.81

1.14
1.96
745
539
1479
486
791
5319

10000

<>
-
—I
—
Rawal et al 2016 (>10h Second) - N
-~
T
—
0
"
4
'
T
1

T
00875

14





OPS/images/fmed-11-1337492-g004.jpg
se.ofnor

Funnel plot with pseudo 95% confidence imits

SN\

s0.ofnor

Funnel plot with pseudo 95% confidence limits






OPS/xhtml/Nav.xhtml




Contents





		Cover



		Association between sleep duration during pregnancy and gestational diabetes mellitus: a systematic review and meta-analysis



		1 Introduction



		2 Materials and methods



		2.1 Search strategy



		2.2 Inclusion and exclusion criteria



		2.3 Data extraction and quality assessment



		2.4 Statistical analysis









		3 Results



		3.1 Search results



		3.2 Study characteristics



		3.3 Quality assessment



		3.4 Extreme sleep duration and GDM



		3.5 Publication bias and sensitivity analysis









		4 Discussion



		5 Conclusion



		Data availability statement



		Author contributions



		Funding



		Conflict of interest



		Publisher’s note



		References



















OPS/images/fmed-11-1337492-g001.jpg
=
=
s
S
L2
=
5
=

Eligibility

Included

Records identified through databasc Additional
searching (n=5197) records identified
(CBM=450, CNKI=318, VIP=194, through other
WANFANG=976, PubMed=441, sources
Embase=1043, Cochranc=437, WOS=1338) (n=0)

Records deleted duc to
duplicates (n=1742)

[ Records after duplicates removed (n=3455) |

Records screened(n=3455)

F——
[ Full-text articles assessed for eligibility (1=2949) |

I ——

[ studies included in qualitative synthesis(a=13) |

Studies included in qualitative
synthesis (meta-analysis) (n=13)

Records excluded (

06)

Full-text articles exclude, with
reasons (n=2936)

Participants did not mect the
inclusion criteria(n=470)
Research design does not
‘match(n=2459)

Unable to extract data (n=7)






OPS/images/fmed-11-1337492-g002.jpg
author ES (95% C) Weight
Cross-sectional |
Cai etal.2017 (<6h) f—— 196(1.05,366) 450
Reutrakul et al.2011 (<7h) — 240(099,583) 339
Subtotal (I-squared = 0.0%, p = 0.714) q) 2.10 (1.26, 3.49) 7.89
Prospective 1
Facco et al.2010 (<7h) 1170(1.20,114.28) 0.91
Facco et al.2017 (<7h) —— 212(104,431) 411
Facco et al.2018 (<7h) - 101(076,134) 604
Myoga et al.2019 (<sh) —— 131(074,231) 477
Myoga et al.2019 (>10h) - 121(090,163) 599
Qiu et 2010 (< — 556(1.31,2364) 187
Qi et 2010 (. —Lo— 182(060,555) 264
Rawal et a.2016 (5-6h first) B! 087 (049,154) 474
Rawal ot a.2016 (=>10h first - 104(085,167) 521
Rawal et l.2016 (5-6h Second) _t: 151(088,258) 492
Rawal et a.2016 (>10h Second) 149(082,269) 465
Wang et al.2016 (<7h) - 112(069,181) 517
Wang et al.2016 (>9h) - 129(109,152) 642
Zhong et al.2018 (>8.5h) |—— 227(120,420) 444
Zhong et al.2018 (<7h) - 109(047,253) 356
2Zhou.2016 (<7h) | 1—— 7.38(225,24.19) 244
Zhou.2016 (>9h) = 113(073,174) 540
Subtotal (-squared = 42.9%, p = 0.031) 1 133(113,157) 7328
Case-control .
Wang et al.2020 (<7h <1h/day) | ———%————  4932(474,51330) 086
Wang et al.2020 (>10h <1h/day) L e 958(4.10,2240) 353
Wang et al.2020 (<7h >1h/day) —— 285(051,1595) 144
Wang et al.2020 (>10h > 1hiday) +— 171(074,395) 358
Wang et al.2021 (<7h <5diweek) | % 8660(7.97,94075) 0.84
Wang et al.2021 (>10h <5dweek) | 688(3.13,1511) 379
Wang et al.2021 (<7h >5diweek) ‘——— 392(072,2138) 147
Wang et al.2021 (>10h >5dweek) —— 469(189,1163) 331
Subtotal (I-squared = 62.6%, p = 0.009) <> 623(309,1253) 1883
I
Overall (l-squared = 73.7%, p = 0.000) $ 1.95 (1.54, 2.46) 100.00
NOTE: Weights are from random effects analysis H
T T
00106 1 941





OPS/images/cover.jpg
& frontiers | Frontiers in Medicine

Association between sleep
duration during pregnancy and
gestational diabetes mellitus: a

systematic review and
meta-analysis












OPS/images/crossmark.jpg
©

2

i

|






OPS/images/logo.jpg
¥ frontiers Frontiers in Medicine






