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Original Article

Objectives: This study investigated the relationship between sleep quality during pregnancy and preterm birth.

Methods: This longitudinal study was conducted between August 2018 and May 2019. The participants were 150 pregnant women 

who had been referred to 7 healthcare centers in the city of Qazvin, Iran and met the inclusion criteria. The Petersburg Sleep Quality 

Index, the Epworth Sleepiness Scale, and 2 questions about daytime sleep status and a demographic questionnaire were adminis-

tered at 14-18 weeks and 28-32 weeks of gestation. Data were analyzed using the Mann-Whitney test, the Fisher exact test, and uni-

variate and multivariable logistic regression.

Results: In the present study, poor sleep quality affected 84.7% of the participants at 14-18 weeks and 93.3% at 28-32 weeks of gesta-

tion. The final model for preterm birth prediction incorporated age and the Petersburg Sleep Quality Index score in the second and 

third trimesters. Preterm birth increased by 14% with each unit increase in age. With each unit increase in the Petersburg Sleep Quali-

ty Index score in the second and third trimesters, preterm birth increased by 42% and 28%, respectively, but the p-values of these fac-

tors were not significant.

Conclusions: Although a significant percentage of pregnant women had poor sleep quality, no significant relationship was found be-

tween sleep quality during pregnancy and preterm birth.
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INTRODUCTION 

Preterm birth, which is defined as prenatal birth before 37 
weeks of gestation, is the leading cause of infant mortality and 
is associated with many complications [1]. Each year, approxi-
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mately 15 million babies are born prematurely worldwide [2]. 
The preterm birth rate in the United States has been on the 
rise since 2014, reaching 9.93% of births in 2017 [3]. In devel-
oping countries, especially in South Asia and sub-Saharan Af-
rica, the preterm birth rate is estimated to be more than 15% 
[4]. Approximately 90% of preterm deliveries occur in devel-
oping countries, of which 85% are reported in Asia and Africa 
[5]. The preterm birth rate in Iran is estimated to be between 
5.40% and 19.85%, indicating that preterm birth is a relatively 
common problem [6].

The etiological, epidemiological, and clinical nature of pre-
term birth in many cases is unidentified and idiopathic. Re-
searchers have identified preterm birth as a multifactorial com-
plication and have attributed it to individual, social, environ-
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mental, psychological, medical, genetic, biological, and infer-
tility-related factors [7,8]. Numerous studies have been con-
ducted in this field, and factors reported to affect preterm birth 
include infection, premature rupture of membranes, history of 
preterm birth, multiple births, pre-eclampsia, use of assisted 
reproductive techniques, pregnancy at an early age, low edu-
cation, inadequate care during pregnancy, obesity, stress, ges-
tational diabetes, placenta previa, and reproductive system 
disorders [8-10]. Given that the cause of two-thirds of preterm 
births remains unknown, it seems that the best way to prevent 
this complication is to identify pregnant women with risk fac-
tors and to seek out risk factors among biological and psycho-
social causes [11]. 

Pregnancy is a special period in life that is associated with 
significant changes in sleep patterns and sleep quality. It can 
result in sleep disorders such as insomnia, snoring, nocturnal 
awakening, restless legs syndrome, and obstructive sleep ap-
nea during the day [12-14]. The prevalence of these disorders 
has been estimated to be 58% in the second trimester of preg-
nancy and 66% in the third trimester [15]. Sleep quality during 
pregnancy and postpartum is affected by hormonal and phys-
iological changes. Sex hormones and gonadotropins may also 
contribute to sleep disorders [16]. Frequent urination, inability 
to find a comfortable position, pelvic pain, leg cramps, back 
pain, hunger, and itchy skin are some of the factors that affect 
the sleep quality of pregnant women [17]. Sleep disorders sig-
nificantly affect the quality of life and reduce daily physical, 
psychological, and social functioning [18-20], and can also cause 
neuroendocrine, metabolic, and inflammatory changes [21]. 
Sleep deprivation and sleep disorders during pregnancy may 
increase rates of pre-eclampsia, gestational diabetes, anxiety, 
postpartum depression, reduced pain tolerance, prolonged la-
bor, and cesarean delivery [22-24]. 

One of the undesirable consequences of poor sleep quality 
during pregnancy may be preterm birth [25]. In this regard, 
studies have reported contradictory results. Some studies have 
found a positive association between poor sleep quality and 
preterm birth [25-28], but this finding was not reported in oth-
er studies [29,30]. These studies have also been criticized; for 
example, the quantity and quality of sleep during pregnancy 
were examined by asking only 2 questions [27]. In another 
studies [25,29,30], sleep disorders were examined only in the 
third trimester. Most of these studies also investigated mater-
nal sleep during the night and did not examine the relation-
ship between maternal daytime sleep and preterm birth. There-

fore, due to the high prevalence of sleep disorders during preg-
nancy, and considering the contradictory information about 
the relationship between poor sleep quality and preterm birth 
and the importance of the effects of preterm birth on infant 
health, this study was conducted to determine the relation-
ship between sleep quality during pregnancy and preterm 
birth.

METHODS

Study Design and Population
In this longitudinal study, multi-stage sampling was used, 

and the study population was pregnant women referred to 
healthcare centers in Qazvin, Iran, between August 2018 and 
May 2019. The cluster random sampling method was used in 
this study. Quotas were allocated to each of the 7 healthcare 
centers in Qazvin according to the number of pregnant wom-
en referred to each center within 1 month before sampling. 
The samples were selected using convenience sampling and 
they entered the study based on the inclusion criteria. The in-
clusion criteria were being Iranian; being able to read and write; 
not consuming alcohol, drugs, or tobacco; being 18-35 years 
old; being at 14-18 weeks of gestation; being a primigravida, 
having a low-risk and singleton pregnancy; and not having any 
chronic diseases or history of a mental illness (according to the 
patient and based on the patient’s records). In this study, ac-
cording to the findings of other studies [31], the ratio of p-val-
ue=0.5 was considered to find the sample size, and by using 
α=0.05, Z1-α/2=1.96, and d=0.05, the minimum sample size 
was estimated at 150.

Instruments
Data collection tools included a demographic questionnaire, 

the Petersburg Sleep Quality Index (PSQI), and the Epworth 
Sleepiness Scale (ESS). In addition, daytime sleep status was 
examined with 2 questions: “Do you take a nap during the 
day?” and “How long do you nap during the day?” 

The PSQI is a self-rated questionnaire that evaluates sleep 
quality. The reported sensitivity and specificity of the PSQI are 
89.6% and 86.5%, respectively, for identifying sleep disorders 
in adults. The index includes 7 items: subjective sleep quality, 
sleep latency, sleep duration, habitual sleep efficiency, sleep 
disturbances, use of sleeping medication, and daytime dys-
function. Each item is scored on a scale from 0 to 3 using a 
4-point Likert scale. The total score is 0-21, and a total score of 
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5 or higher is indicative of poor sleep quality. The reliability of 
the Iranian version of the PSQI has been examined and the 
Cronbach’s alpha has been reported to be 0.79 [32]. 

The ESS is a self-administered questionnaire measuring sleep-
iness during 8 common situations in daytime life. The range of 
the score for each item is 0-4 and the total score is 32-42. A 
score of 11 or higher is indicative of poor daily sleep quality. 
Cronbach’s alpha of this questionnaire was reported to be 0.77 
for the population of Iranian pregnant women [29]. 

Procedure
Data collection was performed in 3 stages after obtaining 

the necessary permissions. In the first stage, at 14-18 weeks of 
gestation, the demographic questionnaires, the PSQI, the ESS, 
and the daytime sleep status questions were completed. In 
the second stage, at the 28-32 weeks of gestation, except for 
the demographic questionnaire, the rest of the questionnaires 
were completed again. In the third stage, after delivery, infor-
mation about the delivery was collected over the phone. More-
over, the patients’ records were also checked to confirm the in-
formation that they provided. Preterm birth was defined as 
less than 37 weeks of gestation based on the last menstrual 
period or based on the ultrasound measurements taken in the 
first trimester.

Statistical Analysis
Data analysis was performed using SPSS version 23 (IBM Corp., 

Armonk, NY, USA). Descriptive statistics (e.g., frequency and 
percentage to describe qualitative data and mean and stan-
dard deviation to describe quantitative data) were used. The 
Kolmogorov-Smirnov test was used to assess the normality of 
the data, and it showed that the quantitative variables of the 
study were not normally distributed (p<0.05). Therefore, to 
compare the sleep quality in the second and third trimesters 
of pregnancy, the Mann-Whitney non-parametric test was 
used to describe qualitative variables, and the Fisher exact test 
was used to compare them. The significance level was consid-
ered to be p-value <0.05.

Univariate and multivariable logistic regression methods 
were used to investigate the relationship between predictive 
variables and preterm birth. In order to determine the variables 
affecting preterm birth, each of the demographic and sleep 
variables was individually investigated in the univariate logis-
tic regression analysis, and variables with a significance level 
less than 0.2 were entered into the multivariable logistic re-

gression model, in which the dependent variable was preterm 
birth. Independent variables included factors affecting pre-
term birth that were significant in the univariate logistic re-
gression analysis. These variables were entered into the model 
using the forward Wald (i.e., stepwise) method.

Ethics Statement
The present study was approved with the code of IR.QUMS.

REC.1396.310 by the Ethics Committee of Qazvin University of 
Medical Sciences, Iran. Informed consent was obtained from 
all women participating at the time of sampling. They were 
also provided with adequate explanations about the aim and 
the type of the study. They were assured that they could leave 
the study at any time.

RESULTS

In this study, 158 pregnant women were invited to partici-
pate, of whom 5 were excluded from the study due to preg-
nancy-related complications and 3 were excluded due to in-
complete questionnaires. Data from 150 pregnant women 
were ultimately analyzed. The response rate in the present 
study was 94.9%. 

Of the 150 pregnant women surveyed, 6 (4.0%) had preterm 
births and 144 (96.0%) had term births. The mean gestational 
age in the second trimester was 16.04±1.47 weeks, while in 
the third trimester, it was 29.91±1.38 weeks. The mean age of 
the pregnant women was 25.81±4.15 years. The majority of 
participants had academic education (72.0%) and were house-
wives (82.0%). A sufficient income was reported by 80.0% of 
participants. The results of the univariate logistic regression 
analysis are presented in detail in Table 1.

The mean PSQI score in the second trimester of pregnancy 
was 6.53±2.17, and in the third trimester of pregnancy, it was 
6.89±2.12. The mean ESS score was 12.59±3.76 in the sec-
ond trimester and 12.00±3.11 in the third trimester of preg-
nancy. A total of 80.0% of pregnant women in the second tri-
mester and 68.7% in the third trimester of pregnancy reported 
daytime napping. The mean nap duration in the second tri-
mester was 65.40±54.30 minutes, and in the third trimester, it 
was 43.90±39.89 minutes. The results of the univariate logis-
tic regression analysis are presented in detail in Table 1.

Table 2 presents the final model for preterm birth predic-
tors, which included age and the PSQI score in the second and 
third trimesters. The results showed that as age and the PSQI 
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Table 1. The result of univariate logistic regression analysis

Variables Term Preterm Total
Uunivariate logistic regression analysis

p-value Standard error β
Ddemographic 

   Education

      Academic degree 102 (70.8) 6 (100) 108 (72.0) - - -

      None academic degree 42 (29.2) 0 (0.0) 42 (28.0) 0.998 6201.91 -18.37

   Occupation

      Housewife 117 (81.2) 6 (100) 123 (82.0) - - -

      Employed 27 (18.7) 0 (0.0) 27 (18.0) 0.998 7735.14 18.23

   Family income status

      Under sufficient 16 (11.0) 0 (0.0) 16 (11.0) - - -

      Sufficient 115 (80.0) 5 (83.0) 120 (80.0) 0.999 1004.24 -18.63

      In term of savings 13 (9.0) 1 (17.0) 14 (9.0) 0.253 1.13 -0.57

   Age1 25.72±4.08 28.00±5.62 25.81±4.15 0.192 0.10 0.13

Sleep status 

   14-18 wk

      Petersburg Sleep Quality Index1 6.44±2.17 8.67±0.51 6.53±2.17 0.023 0.18 0.41

      Epworth Sleepiness Scale 12.53±3.75 14.00±4.09 12.59±3.76 0.348 0.09 0.09

      Daily nap duration (min) 66.46±54.87 40.00±30.98 65.40±54.30 0.252 0.01 -0.01

      Daily nap 

         Yes 116 (80.6) 4 (66.7) 120 (80.0) - - -

         No 28 (19.4) 2 (33.3) 30 (20.0) 0.414 0.89 0.72

   28-32 wk

      Petersburg Sleep Quality Index1 6.81±2.01 9.00±3.57 6.89±2.12 0.019 0.17 0.39

      Epworth Sleepiness Scale 11.97±3.10 12.67±3.61 12.00±3.11 0.593 0.11 0.06

      Daily nap duration (min) 43.65±39.34 50.00±55.85 43.90±39.89 0.702 0.01 0.00

      Daily nap

         Yes 99 (68.8) 4 (66.7) 103 (68.7) - - -

         No 45 (31.3) 2 (33.3) 47 (31.3) 0.914 0.88 0.09

Values are presented as number (%) or mean±standard deviation. 
1Variables selected to enter into the multivariate regression model. 

Table 2. Multivariate regression analysis of preterm birth predictors

Variables β SE Wald p-value OR (95% CI)

Age 0.13 0.109 1.59 0.206 1.14 (0.92, 1.42)

Petersburg Sleep Quality Index (wk)

   14-18 0.35 0.227 2.42 0.119 1.42 (0.91, 2.22)

   28-32 0.25 0.209 1.48 0.224 1.28 (0.85, 1.94)

Hosmer and Lemeshow test: χ2=5.95          df=8          Sig=0.65

Model summary: -2 log likelihood=40.827; Cox-Snell R2=0.062;  Nagelkerke R2=0.216

Omnibus test of model coefficients: χ2=9.55          df=3          Sig=0.02

SE, standard error; OR, odds ratio; CI, confidence interval; df, degrees of freedom; Sig, significance.  

score in the second and third trimesters increased (with a 
higher score indicating poor sleep quality), the rate of preterm 
birth increased. The PSQI in the second trimester, with a ratio 

of 1.42, was the strongest predictor in the model; however, 
none of the variables included in the final model were signifi-
cant. 
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In addition, considering the features of the model, based 
on the Hosmer and Lemeshow test (p>0.05) and the signifi-
cance of omnibus tests of model coefficients (p<0.05), the fi-
nal model had good explanatory power and efficiency. This 
model explained between 0.6% and 22.0% of preterm birth 
variance.

Table 3 depicts the frequency distribution of sleep variables 
based on the trimester of pregnancy. The results showed that 
as pregnancy progressed, the PSQI score increased, meaning 
that sleep quality became worse over the course of pregnancy. 
Thus, 84.7% of participants had poor sleep quality in the sec-
ond trimester and 93.3% had poor sleep quality in the third 
trimester, reflecting a significant difference (p<0.05). Howev-
er, the ESS score decreased in the third trimester of pregnancy 
compared to that in the second trimester, meaning as the preg-
nancy progressed, the quality of daytime sleep improved. Thus, 
77.3% of pregnant women in the second trimester and 66.0% 

of those in the third trimester had poor daytime sleep quality 
(p=0.01). In the second and third trimesters, 80.0% and 68.7% 
of pregnant women reported daytime napping, respectively 
(p<0.05). The nap duration was 54.30±65.40 minutes in the 
second trimester; and in the third trimester, it was 39.89±

43.90 minutes (p=0.001).
As secondary outcomes, data on mode of delivery and birth 

weight were collected and analyzed in the same way as for 
preterm birth. In these analyses, preterm birth was examined 
as a confounding factor in the relationship between sleep 
variables and mode of delivery and birth weight. In the uni-
variate logistic regression analysis, daytime napping and the 
ESS score in the second trimester, and nap duration and the 
PSQI score in the third trimester had a significance level less 
than 0.2, so they were entered into the multivariable regres-
sion analysis. In the final analysis, daytime napping in the sec-
ond trimester and the duration of naps in the third trimester 
significantly predicted the mode of delivery (p<0.05, respec-
tively). Thus, if pregnant women nap more during the day in 
the second trimester and the nap duration is increased in the 
third trimester, the incidence of cesarean section would be re-
duced (odds ratio, 0.32 and 0.98, respectively). The final model 
for the mode of delivery is presented in Table 4. For birth weight, 
in the univariate regression analysis, only the PSQI score in the 
second trimester predicted low birth weight (under 2500 g), 
but the relationship was not significant (p=0.196).

DISCUSSION

The present study investigated the relationship between 
sleep quality during pregnancy and preterm birth. Based on 
the results of the initial data, the risk of preterm birth increased 

Table 3. Sleep variables across pregnancy

Variables
Pregnancy (wk)

p-value
14-18 28-32

Petersburg Sleep Quality Index

   <5 23 (15.3) 10 (6.7) 0.031

   ≥5 127 (84.7) 140 (93.3)

Epworth Sleepiness Scale

   <11 34 (22.7) 51 (34.0) 0.010

   ≥11 116 (77.3) 99 (66.0)

Daily nap

   Yes 120 (80.0) 103 (68.7) 0.021

   No 30 (20.0) 47 (31.3)

Daily nap duration 54.30±65.40 39.89±43.90 0.001

Values are presented as number (%) or mean±standard deviation.

Table 4. Multivariate regression analysis of cesarean section predictors 

Variables β SE Wald p-value OR (95% CI)

Sleep status

   14-18 wk

      Daily nap -1.12 0.48 5.33 0.021 0.32 (0.12, 0.84)

      Epworth Sleepiness Scale -0.48 0.05 0.94 0.332 0.95 (0.86, 1.05)

   28-32 wk

      Daily nap duration (min) -0.12 0.00 5.88 0.015 0.98 (0.97, 0.99)

      Petersburg Sleep Quality Index -0.18 0.09 0.03 0.844 0.98 (0.82, 1.17)

Hosmer and Lemeshow test: χ2=14.142          df=4          Sig=0.007

Model summary: -2 log likelihood=192.774; Cox-Snell R2=0.006; Nagelkerke R2=0.008

Omnibus test of model coefficients: χ2=0.833          df=1          Sig=0.361

SE, standard error; OR, odds ratio; CI, confidence interval; df, degrees of freedom; Sig, significance.
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as the PSQI and the ESS score decreased, and decreased as 
daytime napping and nap duration increased; however, these 
associations were not significant. Most previous studies have 
examined the relationship of respiratory problems of pregnant 
women while sleeping with pregnancy outcomes, but few 
studies have been conducted on sleep quality during preg-
nancy. Some of those studies have assessed sleep quality in all 
trimesters of pregnancy [20,28,33]. Although those studies 
identified relationships between sleep quality and preterm 
birth, the results varied according to how each study defined 
the trimesters of pregnancy. In contrast, other studies exam-
ined sleep quality in just 1 trimester of pregnancy and found 
different results. In 2 studies, the relationship between sleep 
disorder and preterm birth was significant [25,26]. However, 
Dolatian et al. [29] did not report a significant relationship be-
tween sleep quality and preterm birth. Using different meth-
ods can play a role as a confounder. In most studies, sleep qual-
ity was assessed with the PSQI [25,28,33], but the Insomnia 
Severity Index [29], the ESS [25,29], and the International Clas-
sification of Diseases, 9th revision, Clinical Modification codes 
[26] have also been used. Moreover, different inclusion criteria 
and sample sizes can contribute to differences in results.

The results of this study showed that according to the PSQI, 
the quality of sleep decreased as pregnancy progressed and a 
significant percentage of pregnant women had poor sleep 
quality. This finding has been confirmed in other studies 
[16,28,31]. Although Mindell et al. [17] did not report a signifi-
cant difference in PSQI scores throughout pregnancy, they re-
ported that sleep disorders increased as gestational age in-
creased. The fact that most studies on sleep quality during 
pregnancy used the PSQI [34] improves the generalizability of 
the findings.

According to the results of the present study, a significant 
percentage of pregnant women had poor daytime sleep qual-
ity, but they showed an improvement in daytime sleep quality 
as gestational age increased and daytime napping and nap 
duration decreased. In contrast, Hutchison et al. [16] reported 
an increase in daytime napping as pregnancy progressed, but 
this result was not supported by other studies [17,35]. Accord-
ing to Sedov et al. [34], the effect of gestational age on sleep 
disorders during pregnancy has yet to be fully understood. 
The reason for differences among study results can be attrib-
uted to differences in gestational age at the time of data col-
lection, the use of different methods to assess daytime sleep 
quality, and different modes of reporting. In addition, lifestyle 

differences throughout the world may be another contributing 
factor [16].

Furthermore, the present study found that an increase in 
daytime napping in the second trimester and in nap duration 
in the third trimester was associated with a reduced risk of ce-
sarean section. Women suffering from poor sleep quality dur-
ing pregnancy feel more tired and therefore have less energy 
to have a normal delivery [36]. Zhang et al. [20] reported that 
poor sleep quality in the first, second, and third trimesters of 
pregnancy were associated with an increased risk of cesarean 
section; however, this finding has not been reported in all 
studies [29,37]. Discrepancies among studies can be attributed 
to cultural and social differences, as well as differences in sleep 
definitions, sleep assessment tools, and gestational age at the 
time of sampling. None of the sleep variables was significantly 
related to birth weight, and likewise, other studies found no 
significant relationship between sleep quality and birth 
weight [25,29]. Given the relative lack of studies on this issue, 
more research is needed to reach a definitive conclusion; how-
ever, the relationships between sleep quality in pregnancy 
and the mode of delivery and birth weight were not the main 
focus of our study, so we did not investigate these variables in 
detail.

One of the strengths of this study is the sampling method. 
Qazvin, the setting of the research, is a city with a high propor-
tion of immigrants due to its geographical and strategic status. 
Therefore, people from different social, economic, educational, 
and ethnic groups live together. Randomized cluster sampling 
from different areas of the city provided the opportunity to in-
clude participants from different socioeconomic classes in this 
study. Therefore, the authors believe that the results are gen-
eralizable to pregnant women in Iran. Using 2 questionnaires 
and questions about daily sleep disorders made this study dif-
ferent from previous studies. However, due to the limitations 
of the assessment, in this study, data were collected at 2 time 
periods, and no information was gathered on maternal sleep 
quality in the first trimester and before pregnancy. In addition, 
given the accuracy of polysomnography in assessing sleep 
status, it is recommended that this method be used alone or 
in combination with other methods in future studies. In this 
study, the relationship between sleep quality in pregnancy 
and preterm birth was not significant. Therefore, it is suggest-
ed that future studies should be conducted with larger sam-
ples of pregnant women.

A high percentage of pregnant women suffered from poor 
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nighttime and daytime quality of sleep. Therefore, it is impor-
tant to find these women and improve maternal sleep quality 
by simple advice and interventions (e.g., behavioral interven-
tions). Poor sleep quality in the second and third trimesters of 
pregnancy was not associated with preterm birth or birth 
weight. However, increased daytime napping in the second 
trimester and nap duration in the third trimester showed asso-
ciations with a lower risk of cesarean section, implying that 
improving sleep quality in pregnancy might reduce the rate of 
cesarean sections.
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