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Abstract

Objective: A prospective cohort study was conducted to investigate sleep status during the first and second trimester of
pregnancy in pregnant women on adverse birth outcome, such as preterm birth (PTB), low birth weight (LBW) and small
for gestational age (SGA). Design: Prospective cohort study. Setting: China. Population: Cases were singleton pregnant
women aged 18-40 years from the prospective Tongji-Shuangliu Birth Cohort. Methods: Multivariable logistic regression
models were used to analyze the associationof sleep status during the first and second trimester of pregnancy with adverse
birth outcomes and generated the odds ratio (OR) and 95% confidence interval (CI). Main outcome measures: Birth
outcomes. Results: Finally, 5,412 pregnant women were included in the analysis. In the multivariable model, compared with
8-9 hours/night, sleep less than 7 hours/night during second trimester increases the risk of PTB (OR: 1.80, 95% CI: 1.12,2.89),
and the risk of PTB was decreased in pregnant women who slept [?]11 hours/night (OR: 0.53, 95% CI: 0.30,0.93). Sleep quality,
napping and sleep changes in the first and second trimesters, and sleep duration in the first trimester were not statistically
associated with PTB, LBW and SGA. Conclusions: Short sleep duration during pregnancy is associated with a higher risk
of PTB, while longer sleep duration at night is associated with a lower risk of PTB. Sleep status during pregnancy was not
associated with LBW and SGA. In order to reduce risk of adverse birth outcomes, sleep problems in pregnant women should

be strengthened during pregnancy care.

Introduction

Adverse birth outcomes are a major public health problem worldwide. Common adverse birth outcomes
include preterm birth (PTB), low birth weight (LBW) and small for gestational age (SGA), etc!™3. The
incidence of PTB, LBW and SGA is estimated to be 10.6 %!, 14.6%? and 9.7%3 globally. In China, the
incidence of PTB, LBW and SGA were reported to be 6.4 %*, 5.2%° and 10.1%° respectively. Adverse birth
outcomes not only increase perinatalies morbidities and mortality, but also have lasting effects on the growth
and development of neonates and even the whole life cycle™.

Pregnant women are more prone to sleep disorders due to the influence of physiological, physical and social
factors'®. Existing research has found that sleep disorders during pregnancy, including insomnia, sleep apnea,
and obstructive ventilation disorder, can lead to adverse birth outcomes!*'3. Similarly, quality and duration
of sleep at night were also reported to be associated with adverse outcomes. Studies in other countries
have reported that women with PSQI>5 (Pittsburgh sleep quality index, PSQI) and sleep duration during



pregnancy had an increased risk of PTB'16, LBW and SGA!'"!?, while other studies found no association
between night sleep quality or duration and adverse outcomes?’?2. Several studies in China have also
reported that poor sleep quality and short sleep duration during pregnancy are associated with an increased
risk of PTB, LBW and SGA 2325, Other studies, however, have found no link between sleep duration and
PTB and LBW 2426, Limited studies have also examined the effect of napping duration on adverse birth
outcomes. A large cohort study in China found that women who reported napping for >1 hour had a reduced
risk of LBW compared to women who did not nap 27. A small cohort study in Brazil found no relationship?”.
In general, the existing research results are not uniform, which may be related to the differences in regional
and research conditions, so more research is necessary.

This study is based on data from the Tongji Shuangliu birth cohort (TSBC), and aims to examine the effects
of sleep quality, duration and nap duration during pregnancy on adverse birth outcomes, so as to provide
more evidence for current research in this field.

Materials and methods
Study design and population

From 2017 to 2020, the TSBC enrolled women aged 18-40 years with a singleton pregnancy in the Shuangliu
Maternal and Child Health Hospital in Chengdu, China. Details of this birth cohort have been reported
elsewhere 28. Briefly, pregnant women who attended antenatal care and had an gestational age [?]15 weeks
were invited to participate in our study. Women who met the following criteria were included: 1) women aged
18-40 with a singleton pregnancy; 2) gestational age less than 15 weeks. Participants were excluded if they
1) conceived the fetus using assisted reproductive technology, such as in-vitro fertilization and intrauterine
insemination; 2) reported severe chronic disease or infectious disease like cancer, tuberculosis, and HIV
infection; 3) refused to sign the written informed consent or was unable to complete the questionnaire.

Of 7281 pregnant women, 21 patients who were diagnosed with hypertension and diabetes before pregnancy
or had blood glucose [?] 7.0 mmol/L during early pregnancy and two pregnant women with gestational age
[?] 42 were excluded. 374 women were missing birth outcomes, 1696 women were missing interim sleep data,
and 1282 women were missing covariate data. Finally, 5412 pregnant women were included in the analysis.
A total of 5412 pregnant women were invited to complete a structured questionnaire at [?]15 weeks (first
trimester) and 24-28 weeks (second trimester) of pregnancy.

Assessment of sleep duration

(a) During the first trimester and the second trimester, PSQI?” was used to assess the quality of sleep during

the previous week. PSQI >5 was defined as poor sleep quality, and PSQI[?]5 was defined as good sleep quality
and was set as the control group. (b) Sleep duration of the past week in the first and second trimester of
pregnancy was estimated: “What time did you go to bed at night in the past week?”, “How long does it
usually take you to fall asleep each night?”, “What time do you usually get up in the morning?”. The sleep
time was defined as the interval between the time to go to bed and the time to get up, which was divided into
four grades based on the classification method of previous literature: [?]7 hours of nocturnal sleep is defined
as short sleep time, 8-9 hours of nocturnal sleep is defined as adequate sleep time and control group 28, 10
hours of nocturnal sleep is defined as the length of long sleep, [?]11 hours of nocturnal sleep is defined as
longer sleep time?*3%. (c) Nap duration of the past week in the first and second trimester of pregnancy was
estimated: ”"How many minutes is the usual nap time for nearly a week?”. Nap duration was divided into
five levels:0 minutes, 1-30 minutes, 31-60 minutes, 61-90 minutes, 90 minutes3!. (d) Changes in sleep quality
from the first trimester to the second trimester were divided into four mutually exclusive groups according
to good/poor sleep quality during the first and second trimesters: always good (Sleep quality were all good
in the first and second trimesters and were set as the control group), always poor (Both early and middle
trimesters were poor), from good to poor, from poor to good. (e) Changes of sleep duration from the first
trimester to the second trimester were divided into four mutually exclusive groups according to the groups
of sleep duration during the first and second trimester: always good (Both the first and second trimesters of
pregnancy were sufficient and were set as the control group), always poor (The first and second trimesters



were short or long), from good to poor (From sufficient to short or long), from poor to good (From short or
long to sufficient). (f) Changes in nap duration from the first trimester to the second trimester were divided
into four mutually exclusive groups according to nap duration during the first and second trimester: always
good (In the first and second trimesters of pregnancy, the napping duration was 1-60 minutes and were set
as the control group), always poor (No napping or napping duration [?]90 minutes in the first and second
trimesters of pregnancy), from good to poor (From 1-60 minutes to no nap or nap duration [?]90 minutes),
from poor to good (From no nap or nap duration [?]90 minutes to 1-60 minutes).

Measurement of birth outcomes

Information on birth outcomes was collected either through medical records. Full term was defined as 37
to 41 weeks®?, and PTB was defined as less than 37 weeks of gestation'4; LBW is defined as birth weight
<2500g, macrosomia defined as birth weight [?]4000g, and normal birth weight (NBW) defined as weight
[?]2 500 g to <4 000g 33; SGA defines newborns whose birth weight is below the 10th percentile of the
average weight of children for the same gestational age, and larger than gestational age (LGA) is defined as
a newborn whose birth weight is above the 90th percentile of the average weight of children for the same
gestational age 34.

Definition of variables

Pregnant women in the first trimester and the second trimester were interviewed by trained investigators
to complete structured questionnaires on the maternal sociodemographic characteristics, lifestyle and health
status.

Age was treated as three groups: <25, 25-29, [?]30. Employment was categorized as two groups: unem-
ployed and employed. Average family income was categorized as two groups: 49,999 yuan [?] and [?]50,000
yuan. Education was categorized as two groups: senior high school or lower and college or above. Place of
residence was categorized as two groups: urban and rural area. Smoking was categorized as three groups:
current, former and never. Drinking was categorized as three groups: current, former and never. Parity was
categorized as: 0 and [?]1. The Chinese version of the Pregnancy Physical Activity Questionnaire (PPAQ)
35was used to calculate the past week physical activity energy expenditure (MET-H/week) in the second
trimester of pregnancy, which has been validated among pregnant women in China3%. The physical activity
were classified as low, medium and high. Prepregnancy weight was self-reported by the women, and the
weight of women in the second trimester was measured by a hospital body fat meter. Weight and standing
height were measured with light clothes and no shoes. Prepregnancy BMI (kg/m?) was calculated using
self-reported prepregnancy weight (kg) divided by height squared (m). Prepregnancy BMI was divided into
four categories: underweight (<18.5 kg/m?), normal weight (18.5-23.9 kg/m?), overweight (24.0-27.9 kg/m?)
and obese ([?7]28.0 kg/m?) 37. GWG was classified according to prepregnancy BMI and the normal values
recommended by the Institute of Medicine (IOM) 2%: Underweight 12.5 to 18.0 kg; Normal 11.5-16.0 kg;
7.0-11.5 kg overweight; Obesity 5.0-9.0 kg. GWG within the recommended range was defined as appropriate,
below the recommended range was defined as insufficient, and above the recommended range was defined as
excessive. Preeclampsia was divided into two groups: yes and no; HDP was divided into two groups: yes
and no; GDM was divided into two groups: yes and no.

Statistical analyses

Baseline characteristics were presented as mean + standard deviation (SD) or median (interquartile range)
for continuous variables, and n (%) for categorical variables. T tests, Mann-Whitney Utests and y2 tests were
used to analyze the relationships of basic characteristics between birth outcome categories. Multivariable
logistic regression was used to examine the relationship between sleep and birth outcomes. Odds ratios (ORs)
and their 95% confidence intervals (95% CIs) were calculated in a stepwise manner. In Model 1: unadjusted.
In Model 2: age, employment, education, place of residence, and family income, smoking, drinking, physical
activity in the first trimester, physical activity in the second trimester, parity, pre-pregnancy BMI, GWG,
sleep quality and changes in sleep quality during pregnancy were adjusted. In Model 3: Based on Model 2,
preeclampsia, HDP and GDM were further adjusted. Statistical analyses were conducted by SPSS software



version 26 with two-sided Pvalues <0.05 as the level of significance.
Results
Baseline characteristics

The mean age of all included subjects was 26.6+3.7 years. 223 (4.3%) were PTB; 126 (2.3%) gave birth to
LBW infants; The incidence of SGA was 316 (5.8%). Women who delivered PTB infants or LBW infants had
higher prevalence of HDP (P <0.05); Compared with full-term women, women who gave PTB have a lower
proportion of rural residents (P <0.05); Mothers who gave birth to LBW babies had a higher proportion
of non-births than mothers who gave birth to NBW babies (P <0.05); The proportion of mothers who
delivered SGA, young in age, annual household income [?]49,999, pre-pregnancy weight, insufficient weight
gain during pregnancy and non-birth was higher, and the incidence of gestational diabetes was lower (P
<0.05), as detailed in Table 1.

Relationship between nocturnal sleep quality, sleep duration, nap duration and PTB during
pregnancy

Binary logistic regression was used to analyze the relationship between sleep quality, sleep duration and
nap duration during pregnancy and PTB. After adjusting for confounding factors, the results showed that
compared with sleeping 8 to 9 hours/night, sleeping less than 7 hours/night in pregnant women was a risk
factor for increased risk of PTB (OR: 1.80, 95%CI: 1.12, 2.89), [?] 11 hours/night remained a protective
factor for reduced risk of PTB (OR: 0.53, 95%CI: 0.30, 0.93). Sleep duration in early pregnancy, sleep
quality during pregnancy and nap duration were not statistically associated with the risk of PTB (P >0.05),
as detailed in Table 2.

Relationship between nocturnal sleep quality, sleep duration, nap duration and LBW and SGA
during pregnancy

Binary logistic regression was used to analyze the relationship between sleep quality, sleep duration and nap
duration during pregnancy and LBW and SGA. No confounding factor correction was performed in Model 1.
The results showed that only pregnant women with nap duration of more than 90 minutes were statistically
correlated with SGA. After adjustment for confounder factors, no association was found between night sleep
quality, sleep duration, and nap duration during pregnancy and LBW and SGA, as detailed in Table 2-3.
At the same time, binary logistic regression was used to analyze the influence of changes in sleep quality,
duration and nap duration during pregnancy on adverse birth outcomes, and no statistical significance was
found in all model results. See supplemental table 5-7 for details.

Comment
Main findings

Based on the TSBC, this study aimed to examine the relationship between night sleep quality, sleep duration
and nap duration and adverse birth outcomes during pregnancy. The results showed that insufficient sleep
duration during pregnancy was associated with an increased risk of PTB, but longer sleep duration was
associated with a lower risk of PTB, and night sleep quality, duration, and nap duration during pregnancy
were not associated with LBW and SGA.

Strengths and limitations

This study was a prospective cohort study with a large sample size. Sleep information was collected before
birth outcomes, so the results were credible because of small recall bias. In this study, the PSQI with high
reliability and validity was used to assess the effects of sleep at different stages of pregnancy and sleep changes
on birth outcomes, adding to the relevant research field. The study has some limitations. First, although
this is a prospective cohort study, the sleep information of pregnant women over the past week was obtained
from subjective reports, which may have had recall bias. Some studies have shown that pregnant women
actually sleep about 30 minutes less than they subjectively report, so sleep duration during pregnancy may



be overestimated. However, it was found that subjectively reported sleep data had a more significant effect
on adverse birth outcomes than was assessed by objective methods*'. When conditions permit, future studies
can combine subjective reports with sleep assessed by more reliable devices such as polysomnography and
wrist motion detectors. Secondly, although we adjusted socio-demographic characteristics, living habits, and
health status, other residual confounding may still exist, such as fatigue, restless leg syndrome, sleep apnea,
etc., which can be considered for inclusion in future studies. Moreover, the subjects included in this study
only included pregnant women who went to Shuangliu Maternal and Child Health Hospital in Chengdu,
China, and could not be extended to people in other areas, which could be further discussed by conducting
multi-center studies in the future. This study did not collect sleep information during the third trimester
of pregnancy, so it could not assess the relationship between sleep during the whole pregnancy and birth
outcome. Future studies can add the third trimester to make the study results more comprehensive.

Interpretation, the association between sleep during pregnancy and adverse birth outcomes

This study found that short sleep duration during the second trimester was associated with PTB. Consistent
with recent meta-study3?. Some studies have found the same results in different pregnancies. Micheli et
al. assessed sleep in the third trimester (28-32 weeks) of 1091 singleton pregnancies and found that women
who slept less than 5 hours had an increased risk of preterm delivery?®. Similarly, Li et al. assessed sleep
duration in 1082 healthy women with single fetal pregnancies at 8-12, 24-28, and 32-36 weeks of gestation and
found that participants with short sleep duration ([?]7 h) at 32-36 weeks were more likely to report PTB?3.
However, other studies have reported different results. Previous case-control studies by Guendelman et al.
also found no link between short sleep duration and PTB*’. Two other large-sample prospective cohort
studies assessing the relationship between sleep duration and poor birth outcomes in late pregnancy in
Chinese women and throughout pregnancy in Japanese women also found no association between short sleep
duration and the risk of PTB2%:24, Different definitions of sleep duration, gestational age of concern, corrected
covariates, and sample size may explain this controversial result. The mechanisms underlying the current
association between short sleep duration and PTB are not clear, and some mechanisms may explain the
association between lack of sleep and PTB. One possibility is the effect of excessive inflammatory reaction.
Sleep deprivation will promote the increase of inflammatory cytokines such as interleukin-6 (IL-6) and IL-8,
thereby stimulating the production of prostaglandins in pregnancy tissue, leading to cervical maturation and
uterine contraction?34L.

Studies have reported that longer sleep duration (>9 hours or >10 hours) is significantly associated with
impaired glucose tolerance, coronary heart disease, cardiovascular events, stroke, and mortality3%42. A
study by Yang et al. reported an increased incidence of PTB in pregnant women who slept longer?. But,
Kajeepeta et al. showed that women who reported long sleep duration and fatigue in the first 6 months of
pregnancy had an increased risk of PTB, while women who reported long sleep duration ([?] 9 hours) and no
fatigue had no statistically significant risk of PTB, and fatigue may be a new risk factor for PTB*3. Notably,
this study found that longer sleep duration during the second trimester was associated with a lower risk of
PTB, and differences in study design and definition of long sleep duration may lead to conflicting findings.
We did not find a mechanism to explain the protective effect of longer sleep duration on pregnant women. It
may be that longer sleep duration counteracts the effects of fatigue. In conclusion, the results of this study
need further verification. In addition, this study did not find an association between sleep duration in early
pregnancy and PTB, which is consistent with the results of Li and Nakahara et al2?®23. Data analysis in this
study showed that, compared with the second trimester, women in the first trimester subjectively reported
longer sleep duration. The difference in sleep duration between the first trimester and the second trimester
may explain the relationship between sleep duration in different stages of pregnancy and PTB, and the lack
of sleep information in some subjects may also be one of the reasons.

Analysis of the data in this study found that sleep quality during pregnancy was not associated with PTB.
A study by Du et al. in China also reported consistent results2%:23. Other findings suggest that poor sleep
quality during pregnancy may be a risk factor for PTB. A small cohort study in the United States found
that PSQI> 5 in early pregnancy was associated with PTB, with a 25% increase in the chance of PTB



for every percentage point increase (OR: 1.25, 95% CI: 1.04, 1.50)**. However, this study only corrected
for obstetric risk, income, and stress. A Chinese cohort with a sample size of 688 Li et al., after adjusting
for prepregnancy weight and birth weight, found that women with poor sleep quality in the second and
third trimesters had a four-fold (OR: 5.35, 95%CI: 2.10, 13.63) and two-fold (OR: 3.01, 95%CI: 1.26, 7.19)
increased risk of PTB, respectively*®. The results were inconsistent, possibly due to sample size, pregnancy,
and adjusted confounding factors.

The study also did not find an association between sleep during pregnancy and LBW and SGA. Consistent
with some research findings'#!818:26 However, two large-sample cohort studies in China during the third
trimester found that poor sleep quality (PSQI>5) was associated with LBW (OR: 1.50, 95%CI: 1.08, 2.08) 26
and sleep duration [?] 7h was a risk factor for SGA (OR: 2.67, 95%CI: 1.18, 6.54) 237, Another prospective
study also reported that women with poor sleep quality or sleep deprivation (<7 hours vs. >9 hours) at
30 weeks gestation had lower baby weight*”. We speculate that the controversial findings may be related
to the study environment, sleep classification, and the focus on differences in sleep gestational age. The
relationship between sleep during pregnancy and birth weight of newborn remains to be further verified.

To the best of our knowledge, there have been relatively few studies on nap duration and poor birth outcomes,
focusing on birth weight. A Chinese birth cohort study recruiting 10,111 women found that women who
reported napping >1 hour had a lower risk of LBW delivery compared to women who reported no napping
(OR: 0.61, 95%CT: 0.44, 0.83)%7. In contrast, the present study found that women who napped for more than
90 minutes had an increased risk of giving birth small for gestational age, but that association disappeared
after controlling for potential risk factors. Differences in gestational age and number of outcomes may
explain the difference in results. A similar study in Brazil also examined the relationship and found no
correlation between nap duration during pregnancy and birth weight, although the sample size was only
176 and the outcome was birth weight z-score'®. This study found no association between lunchtime sleep
during pregnancy and other birth outcomes, and more evidence on the effect of napping on birth outcomes
is needed.

Overall, the available research results are inconsistent, but some of the findings suggest that poor sleep
leads to the possibility of adverse birth outcome cannot be ignored. Adverse birth outcomes are not only
bad for the short-term physical health of newborns harmful effects and increased susceptibility to disease in
adulthood. Identification of possible risk factors is helpful for pregnancy preparation, prevention, screening
and early intervention during pregnancy, and will have a positive impact on the reduction of the incidence
of adverse birth outcomes and good birth and good upbringing.

Conclusions

Overall, this study did not observe the effects of maternal sleep quality, sleep duration and nap duration on
LBW and SGA, but found that insufficient sleep duration during pregnancy is an independent risk factor for
PTB, and longer sleep duration may be associated with a lower risk of PTB. It is suggested that pregnancy
health care providers should strengthen sleep problem care for pregnant women in order to reduce adverse
birth outcomes.

Authors’ contributions

CL, HC, RW, XF and XS designed the study. CL, HC performed the statistical analysis and wrote the
manuscript. CL, HC, SY, CZ, WH, YL, QL, ZS, ,RW, XF and XS contributed to the interpretation of the
results and revision of the manuscript. CL, HC contributed equally to this work. All authors judged and
reviewed the manuscript and approve the final version, and have obtained permission from RW, XF and XS
corresponding authors before submission.

Acknowledgements
The authors would like to thank all the participants and staff for their contribution to the study.
Funding



This study was supported by Hainan Provincial Natural Science Foundation of China (821(QQN414, 822RC845,
821RC557), the Central Guidance on Local Science and Technology Development Fund of Hainan Province
(ZY2021HN19), Hainan Clinical Medical Research Center Project (LCYX202205), Science and Technology
special fund of Hainan Province(ZDYF2020016).

Conflict of interest statement
The authors declare that they have no competing interests.
Ethic approval

The cohort was approved by the Ethics Committee of Tongji Medical College, Huazhong University of
Science and Technology (approval number: S225) . All participants provided written informed consent at
recruitment.

References:

1. Chawanpaiboon S, Vogel JP, Moller AB, et al. Global, regional, and national estimates of levels of
preterm birth in 2014: a systematic review and modelling analysis. LANCET GLOB HEALTH. 2019-01-
01;7(1):e37-46.

2. Blencowe H, Krasevec J, de Onis M, et al. National, regional, and worldwide estimates of low birthweight
in 2015, with trends from 2000: a systematic analysis. LANCET GLOB HEALTH. 2019-07-01;7(7):e849-60.

3. Ding G, Tian Y, Zhang Y, Pang Y, Zhang JS, Zhang J. Application of a global reference for fetal-weight
and birthweight percentiles in predicting infant mortality. BJOG.2013-12-01;120(13):1613-21.

4. Deng K, Liang J, Mu Y, et al. Preterm births in China between 2012 and 2018: an observational study
of more than 9 million women. LANCET GLOB HEALTH. 2021-09-01;9(9):e1226-41.

5. Shen L, Wang J, Duan Y, Yang Z. Prevalence of low birth weight and macrosomia estimates based on
heaping adjustment method in China. Sci Rep. 2021-07-22;11(1):15016.

6. Zhang YQ, Li H, Zong XN, Wu HH. Comparison of updated birth weight, length and head circumference
charts by gestational age in China with the INTERGROWTH-21st NCSS charts: a population-based study.
WORLD J PEDIATR. 2023-01-01;19(1):96-105.

7. Wang N, Lu J, Zhao Y, Wei Y, Gamble J, Creedy DK. The Use of a Brief Antenatal Lifestyle Education
Intervention to Reduce Preterm Birth: A Retrospective Cohort Study. NUTRIENTS. 2022-07-07;14(14).

8. Chernausek SD. Update: consequences of abnormal fetal growth. J Clin Endocrinol Metab. 2012-03-
01;97(3):689-95.

9. Fung C, Zinkhan E. Short- and Long-Term Implications of Small for Gestational Age. Obstet Gynecol
Clin North Am. 2021-06-01;48(2):311-23.

10. Signal TL, Paine SJ, Sweeney B, et al. Prevalence of abnormal sleep duration and excessive daytime
sleepiness in pregnancy and the role of socio-demographic factors: comparing pregnant women with women
in the general population. SLEEP MED. 2014-12-01;15(12):1477-83.

11. Felder JN, Baer RJ, Rand L, Jelliffe-Pawlowski LL, Prather AA. Sleep Disorder Diagnosis During
Pregnancy and Risk of Preterm Birth. OBSTET GYNECOL. 2017-09-01;130(3):573-81.

12. Brown NT, Turner JM, Kumar S. The intrapartum and perinatal risks of sleep-disordered breathing in
pregnancy: a systematic review and metaanalysis. AM J OBSTET GYNECOL. 2018-08-01;219(2):147-61.

13. Bin YS, Cistulli PA, Ford JB. Population-Based Study of Sleep Apnea in Pregnancy and Maternal and
Infant Outcomes. J CLIN SLEEP MED. 2016-06-15;12(6):871-7.

14. Micheli K, Komninos I, Bagkeris E, et al. Sleep patterns in late pregnancy and risk of preterm birth
and fetal growth restriction. EPIDEMIOLOGY. 2011-09-01;22(5):738-44.



15. Kajeepeta S, Sanchez SE, Gelaye B, et al. Sleep duration, vital exhaustion, and odds of spontaneous
preterm birth: a case-control study. BMC Pregnancy Childbirth. 2014 2014-09-27;14:337.

16. Blair LM, Porter K, Leblebicioglu B, Christian LM. Poor Sleep Quality and Associated Inflammation
Predict Preterm Birth: Heightened Risk among African Americans. SLEEP. 2015-08-01;38(8):1259-67.

17. Abeysena C, Jayawardana P, Seneviratne RA. Effect of psychosocial stress and physical activity on low
birthweight: a cohort study. J Obstet Gynaecol Res. 2010-04-01;36(2):296-303.

18. Franco-Sena AB, Kahn LG, Farias DR, et al. Sleep duration of 24 h is associated with birth weight in
nulli-but not multiparous women. NUTRITION. 2018-11-01;

55-56:91-8.

19. Murata T, Kyozuka H, Fukuda T, et al. Maternal sleep duration and neonatal birth weight: the Japan
Environment and Children’s Study. BMC Pregnancy Childbirth. 2021-04-12;21(1):295.

20. Nakahara K, Michikawa T, Morokuma S, et al. Association of maternal sleep before and during pregnancy
with preterm birth and early infant sleep and temperament. Sci Rep. 2020-07-06;10(1):11084.

21. Owusu JT, Anderson FJ, Coleman J, et al. Association of maternal sleep practices with pre-eclampsia,
low birth weight, and stillbirth among Ghanaian women. Int J Gynaecol Obstet. 2013-06-01;121(3):261-5.

22. Du M, Liu J, Han N, et al. Maternal sleep quality during early pregnancy, risk factors and its impact
on pregnancy outcomes: a prospective cohort study. SLEEP MED. 2021 2021-03-01;79:11-8.

23. Li R, Zhang J, Gao Y, et al. Duration and quality of sleep during pregnancy are associated with preterm
birth and small for gestational age: A prospective study. Int J Gynaecol Obstet. 2021-12-01;155(3):505-11.

24. Liu B, Song L, Zhang L, et al. Sleep patterns and the risk of adverse birth outcomes among Chinese
women. Int J Gynaecol Obstet. 2019-09-01;146(3):308-14.

25. Liu H, Li H, Li C, et al. Associations between Maternal Sleep Quality Throughout Pregnancy and
Newborn Birth Weight. BEHAV SLEEP MED. 2021-01-01;19(1):57-69.

26. Wang W, Zhong C, Zhang Y, et al. Shorter sleep duration in early pregnancy is associated with birth
length: a prospective cohort study in Wuhan, China. SLEEP MED. 2017 2017-06-01;34:99-104.

27. Song L, Shen L, Li H, et al. Afternoon napping during pregnancy and low birth weight: the Healthy
Baby Cohort study. SLEEP MED. 2018-08-01;48:35-41.

28. Pan XF, Huang Y, Li X, et al. Circulating fatty acids and risk of gestational diabetes mellitus:
prospective analyses in China. EUR J ENDOCRINOL. 2021-05-24;185(1):87-97.

29. Buysse DJ, Reynolds CR, Monk TH, Berman SR, Kupfer DJ. The Pittsburgh Sleep Quality Index: a
new instrument for psychiatric practice and research. Psychiatry Res.1989-05-01;28(2):193-213.

30. Rawal S, Hinkle SN, Zhu Y, Albert PS, 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 2017-04-01;216(4):391-9.

31. Zhou L, Yu K, Yang L, et al. Sleep duration, midday napping, and sleep quality and incident stroke:
The Dongfeng-Tongji cohort. NEUROLOGY. 2020-01-28;94(4):e345-56.

32. Kim SY, Sharma AJ, Sappenfield W, Salihu HM. Preventing large birth size in women with preexisting
diabetes mellitus: The benefit of appropriate gestational weight gain. PREV MED. 2016-10-01;91:164-8.

33. Zhang J, Wu X, Song Q. Analytical Comparison of Risk Prediction Models for the Onset of Macrosomia
Based on Three Statistical Methods. DIS MARKERS. 2022 2022-01-20;2022:9073043.



34. [Growth standard curves of birth weight, length and head circumference of Chinese newborns of different
gestation]. Zhonghua Er Ke Za Zhi. 2020-09-02;58(9):738-46.

35. Chasan-Taber L, Schmidt MD, Roberts DE, Hosmer D, Markenson G, Freedson PS. Development and
validation of a Pregnancy Physical Activity Questionnaire. Med Sci Sports Exerc. 2004-10-01;36(10):1750-
60.

36. Adanas AG, Tasan HA, Tarhan N, et al. Reliability and validity of Turkish version of pregnancy physical
activity questionnaire (PPAQ) in patients with gestational diabetes mellitus(). J OBSTET GYNAECOL.
2020-02-01;40(2):176-81.

37. Obesity: preventing and managing the global epidemic. Report of a WHO consultation. World Health
Organ Tech Rep Ser. 2000-01-20;894:1-253.

38. to IOMU, Guidelines RIPW. Weight Gain During Pregnancy: Reexamining the Guidelines. Washington
(DC): National Academies Press (US); 2009.

39. Lu Q, Zhang X, Wang Y, et al. Sleep disturbances during pregnancy and adverse maternal and fetal
outcomes: A systematic review and meta-analysis. SLEEP MED REV. 2021-08-01;58:101436.

40. Guendelman S, Pearl M, Kosa JL, Graham S, Abrams B, Kharrazi M. Association between preterm
delivery and pre-pregnancy body mass (BMI), exercise and sleep during pregnancy among working women
in Southern California. Matern Child Health J. 2013-05-01;17(4):723-31.

41. Chang JJ, Pien GW, Duntley SP, Macones GA. Sleep deprivation during pregnancy and maternal and
fetal outcomes: is there a relationship? SLEEP MED REV. 2010-04-01;14(2):107-14.

42. Belloir J, Makarem N, Shechter A. Sleep and Circadian Disturbance in Cardiovascular Risk. CURR
CARDIOL REP. 2022-12-01;24(12):2097-107.

43. Yang Z, Zhu Z, Wang C, Zhang F, Zeng H. Association between adverse perinatal outcomes and sleep
disturbances during pregnancy: a systematic review and meta-analysis. J Matern Fetal Neonatal Med.
2022-01-01;35(1):166-74.

44. Okun ML, Schetter CD, Glynn LM. Poor sleep quality is associated with preterm birth. SLEEP.
2011-11-01;34(11):1493-8.

45. Li R, Zhang J, Zhou R, et al. Sleep disturbances during pregnancy are associated with cesarean delivery
and preterm birth. J Matern Fetal Neonatal Med. 2017-03-01;30(6):733-8.

46. Liu H, Li H, Li C, et al. Associations between Maternal Sleep Quality Throughout Pregnancy and
Newborn Birth Weight. BEHAV SLEEP MED. 2021-01-01;19(1):57-69.

47. Okun ML, Luther JF, Wisniewski SR, Wisner KL. Disturbed sleep and inflammatory cytokines in de-
pressed and nondepressed pregnant women: an exploratory analysis of pregnancy outcomes. PSYCHOSOM
MED. 2013-09-01;75(7):670-81.

Table 1 Demographic and clinical characteristics of the study population

Characteristi¢clotal PTB PTB LBW LBW SGA SC
No Yes No Yes No Ye

(n=5188)  (n=224) (n=5059)  (n=126) (n=4395)  (n:

Age° 26.6+3.7 26.6+3.7 27.0£3.6 26.64+3.7 26.0+3.5 26.5+3.7 25
<25 2523 1623 65 1574 44 1377 12.
(31.2) (31.3) (29.0) (31.1) (34.9) (31.3) (3¢

25729 1688 2420 103 2355 61 2068 14
(46.6) (46.6) (46.0) (46.6) (48.4) (47.1) (48

[7]30 1201 1145 56 1130 21 950 48
(22.2) (22.1) (25.0) (22.3) (16.7) (21.6) (12
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/Current

1143
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(56.8)
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3680
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2 (0.9)

174
(77.7)
50

(22.3)

10

3985
(78.8)

2877
(56.9)
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Parity"°

[?]1 2344 2258 85 2203 40 1888
(43.3) (43.5) (37.9) (43.5) (31.7) (43.0)

HDP?P

Yes 101 91 10 88 6 (4.8) 79
(1.9) (1.8) (4.5) (1.7) (1.8)

Pre-

eclampsia

Yes 40 37 3 (1.3) 37 2 (1.6) 30
(0.7) (0.7) (0.7) (0.7)

GDM¢

Yes 369 347 22 340 7 (5.6) 292
(6.8) (6.7) (9.8) (6.7) (6.6)

Physical

activ-

ity

during

pregnancy

Low 1804 1733 71 1687 43 1470
(33.3) (33.4) (31.7) (33.3) (34.1) (33.4)

Medium 1805 1721 84 1679 47 1455
(33.4) (33.2) (37.5) (33.2) (37.3) (33.1)

High 1803 1734 69 1693 36 147
(33.3) (33.4) (30.8) (33.5) (28.6) (33.4)

Abbreviations: BMI=body mass index; GDM=gestational diabetes mellitus; GWG=gestational weight gain;
HDP=hypertensive disorders in pregnancy.

Data are mean £ SD or n (%) or median (P25, P75). Percentages may not sum up to 100% because of
rounding.

227 women were excluded from the LBW analysis due to delivery Macrosomia. 126 women were excluded
from the Macrosomia analysis due to delivery LBW.

695 women were excluded from the SGA analysis due to delivery LGA.

aStatistically significant differences between preterm delivery groups (p < 0.05). PStatistically significant
differences between LBW groups (p < 0.05).

“Statistically significant differences between SGA groups (p < 0.05).

Table 2 Relationship between nocturnal sleep duration and PTB

Sleep Total PTB PTB

variable
Model Model Model Model Model
1 1 2 2 3
OR OR OR
(95% (95% (95%
CI) CI) CI)

<15 <15

weeks weeks

Sleep Sleep

quality?® quality®
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0 0 4572 1.05 1.07 1.09

(84.5) (0.72,1.54) (0.73,1.57) (0.74,1.60)
1-30 1-30 840 1 1 1

(15.5)
31-60 31-60 4572 0.87 0.89 0.89

(84.5) (0.60,1.26) (0.61,1.29) (0.62,1.30)
61-90 61-90 840 1.25 1.28 1.29

(15.5) (0.78,1.98) (0.80,2.05) (0.80,2.07)
90 90 4572 0.77 0.79 0.81

(84.5) (0.46,1.28) (0.47,1.34) (0.48,1.36)
Abbreviations: Cl=confidence interval; OR=o0dds ratio. Data are n (%) or OR (95% CI).
@Model 1: unadjusted. Model 2: Adjusted for age, employment, education, residence, and family income,
smoking, drinking, Physical activity during regnancy, Parity, Pre-pregnancy BMI, GWG. Model 3: HDP,
GDM and preeclampsia were added on the basis of Model 2.
b Model 1: unadjusted. Model 2:Adjusted for sleep quality basis of a Model 2. Model 3:HDP, GDM and
preeclampsia were added on the basis of Model 2.
C Adjusted for the same factors as b.
Table 3 Relationship between nocturnal sleep duration and LBW
Sleep variable Total LBW. LBW.

Model 1 Model 1 Model 2 Model 2 Model
OR (95% CI) OR (95% CI) OR (95

<15 weeks <15 weeks
Sleep quality® Sleep quality®
PSQI[?]5 PSQI[?]5 4572 (84.5) 1 1 1
PSQI>5 PSQI>5 840 (15.5)  1.23 (0.78,1.94) 1.25 (0.79,1.98) 1.24 (0.
Sleep duration (h)®  Sleep duration (h)P
7 (77 4572 (84.5) 1.01 (0.36,2.83) 1.10 (0.55,2.23) 1.02 (0.
8-9 8-9 840 (15.5) 1 1 1
10 10 4572 (84.5)  1.10 (0.72,1.68) 1.03 (0.75,1.41) 1.04 (0.
11 [7]11 840 (15.5)  1.40 (0.89,219) 0.99 (0.68,1.45) 1.31 (0.
Napping (h)° Napping (h)°
0 0 4572 (84.5) 0.56 (0.18,1.78) 0.53 (0.17,1.70) 0.55 (0.
1-30 1-30 840 (15.5) 1 1 1
31-60 31-60 4572 (84.5) 1.1 (0.60,2.06) 1.12 (0.60,2.10) 1.09 (0.
61-90 61-90 840 (15.5)  0.93 (0.29,2.96) 0.88 (0.27,2.82) 0.60 (0.
90 90 4572 (84.5) 0.67 (0.21,2.12) 0.60 (0.19,1.91) 0.59 (0.
24-28 weeks 24-28 weeks
Sleep quality® Sleep quality?®
PSQI[?]5 PSQI[?]5 4572 (84.5) 1 1 1
PSQI>5 PSQI>5 840 (15.5)  1.08 (0.69,1.68) 1.12 (0.72,1.75) 1.11 (0.
Sleep duration (h)®  Sleep duration (h)"
7 [77 4572 (84.5) 1.76 (0.94,3.30) 1.84 (0.96,3.54) 1.86 (0.
8-9 8-9 840 (15.5) 1 1 1
10 10 4572 (84.5) 1.48 (1.00,2.21) 1.42 (0.95,2.13) 1.39 (0.
11 [7]11 840 (15.5)  0.62 (0.30,1.30) 0.58 (0.27,1.22) 0.58 (0.
Napping (h)° Napping (h)°
0 0 4572 (84.5)  1.05 (0.72,1.54) 1.13 (0.67,1.89) 1.15 (0.
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1-30 1-30 840 (15.5) 1 1 1
31-60 31-60 4572 (84.5) 0.87 (0.60,1.26) 0.78 (0.46,1.30) 0.78 (0.
61-90 61-90 840 (15.5)  1.25 (0.78,1.98) 1.22 (0.64,2.31) 1.23 (0.
90 90 4572 (84.5) 0.77 (0.46,1.28) 1.37 (0.75,2.48) 1.41 (0.
Abbreviations: Cl=confidence interval; OR=o0dds ratio. Data are n (%) or OR (95% CI).
227 women were excluded from the LBW analysis due to delivery Macrosomia.
& Model 1: unadjusted. Model 2: Adjusted for age, employment, education, residence, and family income,
smoking, drinking, Physical activity during regnancy, Parity, Pre-pregnancy BMI, GWG. Model 3: HDP,
GDM and preeclampsia were added on the basis of Model 2.
b Model 1: unadjusted. Model 2:Adjusted for sleep quality basis of a Model 2. Model 3:HDP, GDM and
preeclampsia were added on the basis of Model 2.
C Adjusted for the same factors as b.
Table 4 Relationship between nocturnal sleep duration and SGA
Sleep variable Total SGA SGA
Model 1 Model 1  Model 2 Model 2 Model ¢
OR (95% CI) OR (95% CI) OR (95
<15 weeks <15 weeks
Sleep quality® Sleep quality®
PSQI[?]5 PSQI[?]5 4572 (84.5) 1 1 1
PSQI>5 PSQI>5 840 (15.5)  0.80 (0.57,1.12) 0.77 (0.55,1.09) 0.77 (0.
Sleep duration (h)®  Sleep duration (h)"
7 77 4572 (84.5) 0.88 (0.44,1.75) 0.96 (0.48,1.94) 0.96 (0.
8-9 8-9 840 (15.5) 1 1 1
10 10 4572 (84.5) 1.18 (0.90,1.54) 1.08 (0.83,1.42) 1.08 (0.
11 [7]11 840 (15.5)  1.30 (0.96,1.75) 1.15 (0.84,1.57) 1.13 (0.
Napping (h)° Napping (h)°
0 0 4572 (84.5) 0.56 (0.18,1.78) 0.90 (0.39,2.09) 0.90 (0.
1-30 1-30 840 (15.5) 1 1 1
31-60 31-60 4572 (84.5) 0.67 (0.35,1.28) 0.74 (0.39,1.43) 0.74 (0.
61-90 61-90 840 (15.5)  1.35 (0.58,3.15) 1.48 (0.63,3.48) 1.45 (0.
90 90 4572 (84.5) 1.18 (0.51,2.44) 1.13 (0.51,2.48) 1.09 (0.
24-28 weeks 24-28 weeks
Sleep quality® Sleep quality®
PSQI[?)5 PSQI[?]5 4572 (84.5) 1 1 1
PSQI>5 PSQI>5 840 (15.5)  0.89 (0.66,1.20) 0.89 (0.65,1.21) 0.89 (0.
Sleep duration (h)®  Sleep duration (h)"
7 (77 4572 (84.5) 1.76 (0.94,3.30) 1.16 (0.70,1.93) 1.17 (0.
8-9 8-9 840 (15.5) 1 1 1
10 10 4572 (84.5) 1.48 (1.00,2.21) 1.30 (0.99,1.70) 1.29 (0.
11 [7]11 840 (15.5)  0.62 (0.30,1.30) 1.24 (0.86,1.78) 1.22 (0.
Napping (h)® Napping (h)°
0 0 4572 (84.5) 1.15 (0.83,1.60) 1.15 (0.82,1.61) 1.15 (0.
1-30 1-30 840 (15.5) 1 1 1
31-60 31-60 4572 (84.5) 0.94 (0.68,1.30) 0.93 (0.67,1.29) 0.93 (0.
61-90 61-90 840 (15.5)  1.13 (0.73,1.74) 1.10 (0.71,1.71) 1.10 (0.
90 90 4572 (84.5) 1.48 (1.01,2.16) 1.37 (0.93,2.03) 1.38 (0.
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Abbreviations: Cl=confidence interval; OR=o0dds ratio. Data are n (%) or OR (95% CI).

695women were excluded from the SGA analysis due to delivery LGA.

& Model 1: unadjusted. Model 2: Adjusted for age, employment, education, residence, and family income,
smoking, drinking, Physical activity during pregnancy, Parity, Pre-pregnancy BMI, GWG. Model 3: HDP,
GDM and preeclampsia were added on the basis of Model 2.

b Model 1: unadjusted. Model 2:Adjusted for sleep quality basis of * Model 2. Model 3:HDP, GDM and
preeclampsia were added on the basis of Model 2.

C Adjusted for the same factors as b.

Table 5 Relationship between sleep changes during pregnancy and PTB

Sleep variable Total

Model 1

OR (95% CI
Changes in sleep quality during pregnancy ® Changes in sleep quality during pregnancy #
Always good Always good 3888 (71.8) 1
Always poor Always poor 326 (6.0) 1.09 (0.62,1.
From good to poor From good to poor 684 (12.6)  1.15 (0.78,1.
From poor to good From poor to good 514 (9.5) 1.24 (0.80,1.
Changes in sleep duration during pregnancy ® Changes in sleep duration during pregnancy P
Always good Always good 1745 (32.2) 1
Always poor Always poor 1436 (26.5) 0.97 (0.67,1.
From good to poor From good to poor 856 (15.8)  1.13 (0.75,1.
From poor to good From poor to good 1375 (25.4) 1.15 (0.81,1.
Changes in napping during pregnancy © Changes in napping during pregnancy ©
Always good Always good 2867 (53.0) 1
Always poor Always poor 153 (2.8) 0.64 (0.23,1.
From good to poor From good to poor 2237 (41.3) 1.12 (0.85,1.
From poor to good From poor to good 155 (2.9) 0.80 (0.32,1.
Abbreviations: CI=confidence interval; OR=o0dds ratio. Data are n (%) or OR (95% CI).
a Model 1: unadjusted. Model 2: Adjusted for age, employment, education, residence, and family income,
smoking, drinking, Physical activity during regnancy, Parity, Pre-pregnancy BMI, GWG. Model 3: HDP,
GDM and preeclampsia were added on the basis of Model 2.
b Model 1: unadjusted. Model 2:Adjusted for changes in sleep quality during pregnancy basis of * Model 2.
Model 3:HDP, GDM and preeclampsia were added on the basis of Model 2.
C Adjusted for the same factors as b.
Table 6 Relationship between sleep changes during pregnancy and LBW
Sleep variable Total

Model 1

OR (95% CI
Changes in sleep quality during pregnancy ® Changes in sleep quality during pregnancy #
Always good Always good 3726 (71.9) 1
Always poor Always poor 314 (6.1) 1.48 (0.78,2.
From good to poor From good to poor 658 (12.7)  0.89 (0.50,1.
From poor to good From poor to good 487 (9.4) 1.03 (0.56,1.
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Changes in sleep duration during pregnancy P

Changes in sleep duration during pregnancy °

Always good Always good 1676 (32.3) 1
Always poor Always poor 314 (26.5)  1.46 (0.91,2.
From good to poor From good to poor 818 (15.8)  1.49 (0.86,2.
From poor to good From poor to good 1316 (25.4) 1.32 (0.81,2.
Changes in napping during pregnancy © Changes in napping during pregnancy ©
Always good Always good 2759 (53.2) 1
Always poor Always poor 147 (2.7) 0.67 (0.25,1.
From good to poor From good to poor 2136 (41.2) 1.14 (0.87,1.
From poor to good From poor to good 148 (2.9) 0.81 (0.83,2.
Abbreviations: Cl=confidence interval; OR=o0dds ratio. Data are n (%) or OR (95% CI).
227 women were excluded from the LBW analysis due to delivery Macrosomia.
a Model 1: unadjusted. Model 2: Adjusted for age, employment, education, residence, and family income,
smoking, drinking, Physical activity during regnancy, Parity, Pre-pregnancy BMI, GWG. Model 3: HDP,
GDM and preeclampsia were added on the basis of Model 2.
b Model 1: unadjusted. Model 2:Adjusted for changes in sleep quality during pregnancy basis of  Model 2.
Model 3:HDP, GDM and preeclampsia were added on the basis of Model 2.
C Adjusted for the same factors as b.
Table 7 Relationship between sleep changes during pregnancy and SGA
Sleep variable Total

Model 1

OR (95% CI
Changes in sleep quality during pregnancy Changes in sleep quality during pregnancy #
Always good Always good 3380 (71.7) 1
Always poor Always poor 286 (6.1) 0.83 (0.50,1.
From good to poor From good to poor 597 (12.7)  0.87 (0.61,1.
From poor to good From poor to good 448 (9.5) 0.75 (0.49,1.
Changes in sleep duration during pregnancy ® Changes in sleep duration during pregnancy P
Always good Always good 1494 (31.7) 1
Always poor Always poor 1268 (26.9) 1.45 (1.08,1.
From good to poor From good to poor 734 (15.6)  1.20 (0.84,1.
From poor to good From poor to good 1215 (25.8) 1.11 (0.81,1.
Changes in napping during pregnancy © Changes in napping during pregnancy ©
Always good Always good 2502 (53.1) 1
Always poor Always poor 136 (2.9) 1.50 (0.60,2.
From good to poor From good to poor 1942 (41.2) 1.25 (0.99,1.
From poor to good From poor to good 131 (2.8) 0.87 (0.40,1.

Abbreviations: Cl=confidence interval; OR=o0dds ratio. Data are n (%) or OR (95% CI).

695women were excluded from the SGA analysis due to delivery LGA.

a Model 1: unadjusted. Model 2: Adjusted for age, employment, education, residence, and family income,
smoking, drinking, Physical activity during pregnancy, Parity, Pre-pregnancy BMI, GWG. Model 3: HDP,
GDM and preeclampsia were added on the basis of Model 2.

b Model 1: unadjusted. Model 2:Adjusted for changes in sleep quality during pregnancy basis of * Model 2.
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Model 3:HDP, GDM and preeclampsia were added on the basis of Model 2.
C Adjusted for the same factors as b.
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