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Background: The management of poor sleep during pregnancy is important for maternal 
and foetal health. The aim of the present study was to investigate the prevalence of poor 
sleep quality and risk factors for poor sleep during different trimesters of pregnancy for 
better management of sleep during pregnancy.
Methods: A cross-sectional study was conducted among pregnant women in Foshan 
Women’s and Children’s Hospital. In total, 2281 pregnant women were analysed, and the 
Pittsburgh Sleep Quality Index (PSQI) was used to assess sleep quality. Cluster logistic 
regression was used to analyse the risk factors for poor sleep among all participants, and 
logistic regression models were built to identify potential risk factors for poor sleep quality in 
different trimesters of pregnancy.
Results: Over half of the participants reported poor sleep quality (51.8%). The rate of poor 
sleep was lowest in the second trimester. Women who were unmarried had >12 years of 
education, exercised <3 days/week, were in the third trimester, had a high level of nausea and 
vomiting during pregnancy (NVP) and had a history of infertility had a higher risk of poor 
sleep. Pregnancy-related factors contributed most to poor sleep. In the first trimester, the 
main risk factors for poor sleep were a history of infertility and a high level of NVP. In 
the second trimester, only a high level of NVP was a risk factor for poor sleep. In the last 
trimester, the risk factors for poor sleep were more education years, exercise <3 days/week 
and high levels of NVP.
Conclusion: The prevalence and risk factors for poor sleep were different in different 
trimesters. Clinicians should screen and address poor sleep prior to the first and, especially, 
the third trimester of pregnancy. Management of poor sleep should be consistent throughout 
pregnancy and be adjusted in different trimesters.
Keywords: prevalence, risk factors, poor sleep, trimesters of pregnancy

Introduction
Sleep quality during pregnancy is important for maternal and foetal health.1 Poor 
sleep quality has become common during pregnancy. As a recent meta-analysis 
demonstrated, 45.7% of pregnant women had experienced poor sleep quality, as 
measured by the PSQI, and the cut-off point was PSQI≥5.2 A high prevalence of 
poor sleep was also detected among pregnant women in China (57.3%).3 The 
estimated rates of poor sleep were 54.3% (95% CI [30.4%, 76.3%]) in the first 
trimester, 49.3% (95% CI [39.4%, 59.3%]) in the second trimester and 69.6% (95% 
CI [54.1%, 81.6%]) in the third trimester.2 This demonstrated that the prevalence of 
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poor sleep was high and fluctuated as pregnancy pro-
gressed. As the prevalence of poor sleep fluctuates across 
pregnancy, we hypothesize that the risk factors for poor 
sleep are different in different trimesters of pregnancy.

Researchers have reported that poor sleep quality 
increases the risk of systemic inflammation,4 preterm 
birth,5,6 longer labour,7 unplanned caesarean section,7 

gestational diabetes mellitus (GDM),8,9 depression during 
both the prenatal and postpartum periods and suicide 
among pregnant women.10–12 Fortunately, good manage-
ment of poor sleep during pregnancy can improve mater-
nal and neonatal health.13–15

Previous studies showed that age, race,16 parity,17 

smoking,18 obesity,19 physical activity,22 low income 
level, third-trimester pregnancy status and insufficient 
sleep duration20 were associated with poor sleep during 
pregnancy. However, to our knowledge, few studies have 
reported the prevalence and risk factors for poor sleep in 
different trimesters, especially among Chinese pregnant 
women. Scholars have suggested that all women be 
screened and treated for sleep problems throughout 
pregnancy.21 Therefore, a better understanding of the risk 
factors for poor sleep quality in every trimester of preg-
nancy will aid clinicians in providing a better health man-
agement strategy and facilitate timely intervention to 
prevent adverse maternal and foetal outcomes.

Thus, the aims of this study were to determine the 
prevalence of and risk factors for poor sleep during differ-
ent trimesters of pregnancy among pregnant women in 
China.

Methods
Participants
Participant recruitment was based on the Foshan 
Women’s and Children’s Hospital affiliated with 
Southern Medical University. This is the largest hospital 
to provide maternal and child health care in Foshan. There 
are over 13 thousand deliveries per year. The study was 
conducted from December 2018 to February 2019 in the 
obstetrics department. The inclusion criteria were a. age 
over 18 years; b. pregnancy diagnosed by 
B ultrasonography; and c. self-professed ability. We 
asked 3000 pregnant women to participate in our study, 
and 2831 women agreed to do so. Those less than 18 
years old, with serious mental diseases and incomplete 
questionnaires were excluded. Finally, the total sample 
size was 2281 pregnant women. Written informed consent 

was obtained from all participants. A flowchart illustrat-
ing the selection of study participants is presented in 
Supplementary Figure 1. The study was approved by the 
Human Subjects Committee of the Foshan Women’s and 
Children’s Hospital affiliated with Southern Medical 
University (FSFY-MEC-2017-056), and all methods 
were performed in accordance with the relevant guide-
lines and regulations.

Measurement of Sleep
Sleep quality was measured with the Chinese version of 
the Pittsburgh Sleep Quality Index (PSQI), which is 
widely used. The scale was originally invented by 
Buysse D.J. and consists of 19 items.22 These items are 
grouped into seven quality domains: subjective sleep qual-
ity, sleep latency, sleep duration, habitual sleep efficiency, 
sleep disturbances, use of sleeping medication and daytime 
dysfunction. Every domain has a score from 0 to 3. The 
total score of PSQI ranges from 0 to 21. A higher score 
indicates worse sleep quality. PSQI>5 was defined as poor 
sleep quality, while a score ≤5 was regarded as good sleep, 
as in most published studies.2,10

Covariables
Covariables were categorized into three groups: 1, demo-
graphic factors; 2, lifestyle factors; and 3, pregnancy-related 
factors. Demographic factors included age, education, mar-
riage and employment. Lifestyle factors included sedentary 
time and exercise frequency. Pregnancy-related factors 
included trimester of pregnancy, parity, nausea and vomit-
ing and history of infertility.

The severity of nausea and vomiting during pregnancy 
(NVP) was measured by means of the Chinese version of 
the Pregnancy Unique Quantification of Emesis Scale 
(PUQE).23 The scale consists of 3 items. Every item is 
given a score from 1 to 5, and the total PUQE score ranges 
from 3 to 15. A higher score means more severe NVP. 
According to the recommendation of the PUQE scale, 
NVP was divided into mild NVP (3~6), moderate NVP 
(7~12) and severe NVP (13~15). We intended to compare 
the prevalence of poor sleep among women with severe 
NVP to those with mild or moderate NVP. However, the 
rate of severe NVP was too low (1.7%). Therefore, we 
chose PUQE≥11 (the five percent cut-off point) as the cut- 
off for high levels of NVP.

Data on other covariables, including age, employment, 
marriage, education, family income, sedentary time, exer-
cise frequency, trimester of pregnancy, parity and history of 
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infertility, were all collected by self-report. Trimesters of 
pregnancy were divided into first (≤12 weeks), second 
(13~27 weeks) and third trimesters (≥28 weeks) according 
to gestational age. Parity was divided into primipara and 
multipara. Employment was divided into employed and 
unemployed. Marriage was divided into married and unmar-
ried (including divorced, widowed and single). Education 
was divided into ≤12 years and >12 years. Sedentary time 
was divided into <7 hour ≥7 hours. Exercised frequency 
was divided into ≥3 and <3 times per week. The question 
“Have you ever been diagnosed with infertility by 
a doctor?” was used to collect the infertility data. The 
answer “yes” was classified as with history of infertility 
and “no” was classified as without history of infertility.

Statistical Methods
In the present study, all analyses were conducted with IBM 
SPSS 24.0. All variables in the study except age are presented 
as frequencies and percentages, as they were all categorical 
variables. The χ2 test was used to compare the prevalence of 
poor sleep between different groups and to determine their 
bivariate correlations. Age is presented as the mean and stan-
dard deviation. Cluster logistic regression24 was used to ana-
lyse the risk factors for poor sleep among all participants and 
determine the independent contribution of every cluster to the 
regression. The calculation method of independent contribu-
tion was presented in one of our previous studies.25 The 
independent effect of each cluster was assessed by the corre-
sponding R2 value, which was similar to the classical R2 in 
linear regression models. The independent contribution share 
of each cluster was calculated as the individual R2 change/total 
R2 change in the final model×100%. Then, we divided all 
participants into three subgroups according to their trimesters 
of pregnancy. Logistic regression was used to analyse the risk 
factors for poor sleep in three different trimesters of preg-
nancy. Odds ratios (ORs) and 95% confidence intervals 
(95% CIs) were obtained to evaluate the increased risk of 
poor sleep quality. All statistical tests of hypotheses were two- 
sided, and a P-value less than 0.05 was considered statistically 
significant.

Results
Sleep and the Characteristics of 
Participants Throughout Pregnancy
A final sample comprising 2281 pregnant women with 
data on sleep quality was included in this study. Over 
half of the participants reported poor sleep quality 

(51.9%, 95% CI=49.8–53.9%) among all participants. 
The rate in the first trimester was 52.8% (95% CI=48.1– 
57.5%). The prevalence of poor sleep in the second trime-
ster was the lowest (44.7%, 95% CI= 41.5–47.9%), and 
the rate in the last trimester was the highest (59.2%, 95% 
CI= 55.9–62.4%) among the three trimesters. The chan-
ging trend in the PSQI mean score throughout pregnancy 
was similar to the prevalence of poor sleep. We compared 
the PSQI mean score and prevalence of poor sleep 
throughout pregnancy between the present study and 
Sedov’s study, as shown in Figures 1A and 2A. The data 
for the PSQI mean score in the first trimester in Sedov’s 
study were unavailable, so we compared the data for only 
the last two trimesters between the two studies. As shown 
in Figure 1A, the mean score in the present study was 
higher in the second trimester and lower in the third 
trimester than in Sedov’s study. The prevalence of poor 
sleep quality in all trimesters of pregnancy in this study 
was lower than that in Sedov’s study. The changing trends 
in the prevalence of poor sleep in both studies were 
similar.

The participants had a mean age of 29.70 (SD=4.75) 
years, and the majority of them had received over 12 years 
of education, were married, were employed, sat for less 
than 7 hours per day, exercised less than 3 days per week, 
were primipara, had a low level of NVP and had no history 
of infertility. Among all characteristics, the percentage of 
unmarried participants decreased from the first trimester to 
the third trimester, and the rates of multipara and women 
exercising more than 3 times per week increased through-
out pregnancy. The rate of women who were sedentary for 
over 7 hours in the first trimester was higher than that of 
women in the other two trimesters (Table 1).

Risk Factors for Poor Sleep Among All 
Participants
After inclusion of all factors into the cluster logistic regres-
sion, only marriage, education, exercise, trimester, NVP and 
history of infertility were included in the final model, based 
on statistical significance (Table 2). The results showed that 
unmarried women were more likely to report poor sleep than 
married women (OR=1.73, 95% CI=1.11–2.70, P=0.015). 
Women who had over 12 years of education had a higher 
risk of poor sleep during pregnancy than those who had 
fewer years of education (OR=1.19, 95% CI=1.01–1.41, 
P=0.045). Those who had a regular exercise routine (exer-
cise≥3 days/week) had a lower possibility of experiencing 
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poor sleep than those without (OR=0.77, 95% CI=0.64– 
0.93, P=0.006). Compared with women in the first trimester 
of pregnancy, those in the second trimester had a lower risk 
of poor sleep (OR=0.75, 95% CI=0.60–0.95, P=0.015), and 
those in the third trimester had a higher risk of poor sleep 
(OR=1.47, 95% CI=1.16–1.87, P=0.002). In addition, 
women with a high level of NVP and a history of infertility 
had an odds of 2.45 (95% CI=1.66–3.61, P<0.001) and 2.02 
(95% CI=1.30–3.28, P=0.002), respectively, for poor sleep 
compared with those without. The independent contributions 
from clusters 1, 2 and 3 were 10%, 8% and 82%, respec-
tively. Cluster 3 (pregnant-related factors) had the largest 

independent contribution, and cluster 2 (lifestyle factors) 
had the smallest.

Risk Factors for Poor Sleep in Different 
Trimesters of Pregnancy
As sleep quality fluctuates with increasing gestational age, 
we analysed the interaction between each trimester and 
other significant factors. However, no factors showed sig-
nificant interaction effects with trimester. Then, we 
divided the subjects into three subgroups according to 
the trimester of pregnancy to analyse the risk factors in 
different trimesters of pregnancy. The results are presented 
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Figure 1 (A) Mean PSQI scores across the pregnancy between the present study and Sedov’s study. (B) Mean PSQI scores across the pregnancy among women with 
different level of education. (C) Mean PSQI scores across the pregnancy among women with different frequency of exercise. (D) Mean PSQI scores across the pregnancy 
among women with different level of NVP. (E) Mean PSQI scores across the pregnancy among women with history of infertility or not.
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in Table 3, and as shown, the risk factors for poor sleep 
were different among different trimesters. In the first tri-
mester, women with a high level of NVP (OR=2.94, 95% 
CI=1.29–6.73) and a history of infertility (OR=7.30, 95% 
CI=1.64–32.39) had a higher risk of poor sleep. In 
the second trimester, women with a high level of NVP 
had a higher risk of poor sleep (OR=2.21, 95% CI=1.30– 
3.77). In the last trimester, women with education >12 
years (OR=1.39, 95% CI=1.05–1.83) and high levels of 
NVP (OR=2.85, 95% CI=1.29–6.32) were more likely to 
report poor sleep, and those with regular exercise (exercise 
≥3 days/week) had a lower risk of poor sleep (OR=0.72, 
95% CI=0.55–0.95).

To better understand the distribution of sleep quality 
across pregnancy among the above four factors, we con-
structed Figures 1B–E and 2B–E. Regarding education, 
the results showed that women with education >12 years 
had obviously higher scores only during ≤8 weeks, 29~32 
weeks and ≥37 weeks. The data at other time points were 
similar between the two groups (Figures 1B and 2B). For 
exercise, women who exercised ≥3 days/week had lower 
PSQI mean scores across pregnancy, but regarding the 
prevalence of poor sleep, the lines of the two groups 
crossed each other (Figures 1C and 2C). Regarding NVP, 
women with a high level of NVP had a higher PSQI mean 
score and prevalence of poor sleep across pregnancy, 
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Figure 2 (A) Prevalence of poor sleep across the pregnancy between the present study and Sedov’s study. (B) Prevalence of poor sleep across the pregnancy between 
women with level of education. (C) Prevalence of poor sleep across the pregnancy between women with frequency of exercise. (D) Prevalence of poor sleep across the 
pregnancy between women with different level of NVP. (E) Prevalence of poor sleep across the pregnancy between women with history of infertility or not.
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especially at the start and end of pregnancy (Figures 1D 
and 2D). Finally, regarding a history of infertility, women 
with previous infertility scored higher on the PSQI across 
pregnancy, and their prevalence of poor sleep was almost 

higher than that of women without infertility, except dur-
ing the third trimester (Figures 1E and 2E). Marriage was 
originally included in the regression model of all partici-
pants but did not remain in the three-subgroup regression 

Table 1 Characteristics of Participants Evolve Throughout the Pregnancy

Variables Total First Trimester Second Trimester Third Trimester P

n(%)/Mean±SD

Demographic factors

Age* 29.7±4.75 29.69±4.3 29.67±4.85 29.73±4.88 0.953

Education(years) 0.594
≤12years 1044(45.8) 206(46.3) 446(46.8) 392(44.4)

>12years 1237(54.2) 239(53.7) 508(53.2) 490(55.6)

Marriage 0.002

Married 2191(96.1) 417(93.7) 913(95.7) 861(97.6)

Unmarried 90(3.9) 28(6.3) 41(4.3) 21(2.4)

Employment 0.242

No 425(18.6) 71(16) 180(18.9) 174(19.7)
Yes 1856(81.4) 374(84) 774(81.1) 708(80.3)

Lifestyle factors

Sedentary time 0.001
<7hours/day 1594(69.9) 279(62.7) 693(72.6) 622(70.5)

≥7hour/day 687(30.1) 166(37.3) 261(27.4) 260(29.5)

Exercise frequency <0.001

<3days/week 1534(67.3) 376(84.5) 674(70.6) 484(54.9)

≥3 days/week 747(32.7) 69(15.5) 280(29.4) 398(45.1)

Pregnant related factors

Parity <0.001

Primipara 1894(83) 391(87.9) 820(86) 683(77.4)

Multipara 387(17) 54(12.1) 134(14) 199(22.6)

NVP 0.050

Low 2149(94.2) 413(92.8) 892(93.5) 844(95.7)
High 132(5.8) 32(7.2) 62(6.5) 38(4.3)

Infertility 0.39
No 2194(96.2) 428(96.2) 912(95.6) 854(96.8)

Yes 87(3.8) 17(3.8) 42(4.4) 28(3.2)

Outcome

Total PSQI score* 5.98±2.67 6.05±2.57 5.57±2.48 6.4±2.83 <0.001

Sleep quality <0.001

Good sleep 1098(48.1) 210(47.2) 528(55.3) 360(40.8)
Poor sleep 1183(51.9) 235(52.8) 426(44.7) 522(59.2)

Notes: *Data were presented as mean±SD and compared among different trimesters by one-way-ANOVA. 
Abbreviations: NVP, nausea and vomiting during pregnancy; PSQI, Pittsburgh Sleep Quality Index.
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model, possibly due to the sample size. We were still able 
to obtain statistically significant results with the small 
sample, but a larger effect should have been observed. 
Thus, although small sample sizes do not invalidate find-
ings, they make it harder to detect associations or 
differences.26

Discussion
In the present study, we studied the prevalence and risk 
factors for poor sleep among all participants and in differ-
ent trimesters of pregnancy among pregnant women in 
China. The prevalence of poor sleep was 51.9% among 
all participants. Women who married, received >12 years 
of education, exercise <3 days/week, in the third trimester, 
had a high level of NVP and a history of infertility had 
a higher risk of poor sleep during pregnancy. Pregnancy- 
related factors contributed most to poor sleep quality. The 

main risk factors for poor sleep were different among the 
three trimesters of pregnancy. In the first trimester, the 
main risk factors for poor sleep were a history of infertility 
and a high level of NVP. In the second trimester, only 
a high level of NVP was a risk factor for poor sleep. In the 
last trimester, the risk factors for poor sleep were more 
education years, exercise <3 days/week and high levels 
of NVP.

The prevalence of poor sleep was 51.9%, much higher 
than that of the general population (26.5%) in China18 and 
slightly higher than that in Sedov’s study (45.7%).2 The 
prevalences of poor sleep in Sedov’s and the present study 
presented decreasing trends from the first trimester to 
the second trimester and increasing trends from 
the second trimester to the third trimester. The PSQI 
score and prevalence of poor sleep were highest in the 
third trimester. Taken together, these data implied that it 

Table 2 Cluster Logistic Regression of Poor Sleep

Factors OR 95% CI P Negelkerke R2 Independent Contribution (%)

Cluster 1 demographic factors

Marriage (unmarried vs married) 1.73 (1.11,2.70) 0.015

Education (>12years vs ≤12years) 1.19 (1.01,1.41) 0.045
Total 0.005 10%

Cluster 2 lifestyle factors

Exercise (≥3days/week vs <3days/week) 0.77 (0.64,0.93) 0.006
Total 0.009 8%

Cluster 3 pregnant related factors

Trimester of pregnancy-first ref ref <0.001

Trimester of pregnancy-second 0.75 (0.60,0.95) 0.015
Trimester of pregnancy-third 1.47 (1.16,1.87) 0.002

NVP (high vs low) 2.45 (1.66,3.62) <0.001

Infertility (yes vs no) 2.07 (1.30,3.28) 0.002
Total 0.05 82%

Abbreviation: NVP, nausea and vomiting during pregnancy.

Table 3 Risk Factors of Poor Sleep in Different Trimesters

Factors The First Trimester (n=445) The Second Trimester (n=954) The Third Trimester (n=882)

OR (95% CI) OR (95% CI) OR (95% CI)

Education – – 1.39(1.05,1.83)

Exercise (≥3 vs 3days/week) – – 0.72(0.55,0.95)

NVP (high vs low) 2.94(1.29,6.73) 2.21(1.3,3.77) 2.85(1.29,6.32)
Infertility (yes vs no) 7.30(1.64,32.39) – –

Abbreviation: NVP, nausea and vomiting during pregnancy.
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was important for clinicians to screen for and address 
sleep problems prior to the first and, especially, the third 
trimester of pregnancy.

The risk factors for poor sleep among all participants 
were unmarried status, education over 12 years, exercise 
less than 3 days per week, third-trimester pregnancy status, 
a high level of NVP and a history of infertility. Unmarried 
women were shown to have a higher risk of poor sleep in 
the present study. However, it was hard to find previous 
studies to support this result, as there is a lack of studies 
on this relationship. In fact, in most societies globally, it is 
stressful for an unmarried woman to have a baby, which 
may lead to more mental stress and a higher risk of poor 
sleep among unmarried pregnant women.

The relationship between sleep and education was 
interesting in that higher educational level was a risk fac-
tor for poor sleep. Some studies reported similar 
results,3,27 but others found that women with lower educa-
tion had a higher likelihood of poor sleep.21 Some studies 
have demonstrated that there is no relationship between 
them.28 In general, women with a higher educational level 
had more knowledge and skills to maintain health and had 
better sleep quality. However, women with a higher edu-
cational level might experience more pressure and worse 
sleep because they tend to undertake a more important role 
in the workplace. This situation may be worse for women 
in the last trimester of pregnancy, as shown in Table 3 and 
Figures 1B and 2B. This may be because many women 
a lower educational level quit jobs to be housewives, but 
most of the women with a higher educational level con-
tinue working in the last trimester of pregnancy. Further 
studies focusing on educational level and sleep should 
include other covariables, such as work status, mental 
health and health knowledge.

Regarding lifestyle, the relationship between exercise 
and sleep quality implied that exercise was important to 
maintain good sleep quality, especially in the last trimester. 
A recent systematic review reported that exercise could 
enhance the quality of sleep,29 and a clinical randomized 
controlled trial demonstrated that exercise training 
improves sleep quality.30 Across pregnancy, the sleep 
quality among women with exercise ≥3 days/week was 
better than that of women with less exercise, especially in 
the third trimester. Thus, clinicians should advise pregnant 
women to exercise more frequently, especially in the last 
trimester.

Among the three clusters, pregnancy-related factors 
contributed most to poor sleep. Three pregnancy-related 

factors, namely, trimester of pregnancy, NVP and history 
of infertility, were found to be related to sleep quality 
during pregnancy. Women with a high level of NVP had 
a higher risk of poor sleep in both the whole regression 
model and three-subgroup regression models. NVP is 
a common and uncomfortable aspect of pregnancy. This 
discomfort during pregnancy makes it difficult for women 
to sleep well or at all. EnginYıldırım’s31 research also 
found that women with HG had higher PSQI scores. The 
ORs of poor sleep among women with high levels of NVP 
in the first and third trimesters were higher than those of 
women in the second trimester. Figures 1D and 2D also 
supports these results. Additionally, it was easy to under-
stand that the odds ratio was highest in the first trimester, 
as most NVPs were present in the first trimester. 
Curiously, the odds ratio was also high in the third trime-
ster. Women with high levels of NVP should be screened 
for sleep quality, especially in the first and third trimesters.

Women with a history of infertility tended to report 
poor sleep more often in the present study. Similar results 
were present only in the first-trimester subgroup regres-
sion. This may be because women with a history of infer-
tility may be more anxious about pregnancy and more 
likely to have poor sleep quality, especially in the first 
trimester, when pregnancy is not very stable However, 
no previous study has focused on a history of infertility 
and poor sleep. The sample size may need to be enlarged 
in future studies to verify this result. Obstetricians should 
pay more attention to sleep quality among pregnant 
women with a history of infertility in the first trimester.

In conclusion, the prevalence and risk factors for poor 
sleep were different among different trimesters. Clinicians 
should screen and address poor sleep prior to the first and 
third trimesters of pregnancy, especially the third trimester. 
The management of poor sleep should be consistent through-
out pregnancy and be adjusted in different trimesters.

Strengths and Limitations
Although many pregnant women complain of poor sleep qual-
ity during pregnancy, few studies have reported the different 
risk factors for poor sleep quality during different trimesters of 
pregnancy. This study presents the prevalence of and risk 
factors for poor sleep quality across pregnancy. In addition, 
an interesting factor, history of infertility, was found to be 
related to poor sleep quality, especially in the first trimester.

However, this study had several limitations. First, data 
on some variables, such as obstructive sleep apnoea, rest-
less legs syndrome, workforce status and body mass index, 

https://doi.org/10.2147/NSS.S303763                                                                                                                                                                                                                                  

DovePress                                                                                                                                                        

Nature and Science of Sleep 2021:13 818

Zhang et al                                                                                                                                                            Dovepress

https://www.dovepress.com
https://www.dovepress.com


which were reported to be related to sleep quality, were not 
collected in this study. In addition, self-report question-
naires may lead to some report bias. Last, as a cross- 
sectional study, we cannot determine the causality between 
factors and outcome variables.
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