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Introduction: Healthy sleep in children is critical for their physical and mental health.

Although growing evidence indicates the linkage between preterm birth and neural

network that regulates sleep architecture, findings on the association between preterm

birth and sleep problems among children are still contradictory. In this study, we aimed

to understand the prevalence of sleep problems in children aged 3–6 years and to

explore the association between sleep problems and preterm birth among children in

Shanghai, China.

Methods: We selected 8,586 kindergarten children aged 3–6 years and their mothers

in a rural area of Shanghai. Data were collected by questionnaire interview among

mothers with informed consent that was signed ahead. Six types of sleep problems

(i.e., insufficient sleep, sleepwalk, nightmare, snore, grind teeth, and cry in sleep) were

selected in this study. SAS 9.4 was used for data analysis, and p < 0.05 was considered

statistically significant.

Results: In this study, the prevalence of preterm birth was 9.88% (848/8,586), with a

higher prevalence in boys (10.62%) than girls (9.01%). The prevalence of sleep problems

was 89.81% among kindergarten children, with 62.50% for snore, 50.35% for grind

teeth, 49.20% for cry in sleep, 41.18% for nightmare, 11.67% for insufficient sleep,

and 4.44% for sleepwalk. The age of children, family income, and mother’s education

were associated with the prevalence of sleep problems in children. Logistic regression

indicated that sleep problems in preterm children were comparable with the full-term

children [odds ratio = 1.13, 95% confidence interval (0.89–1.45)].

Conclusion: Sleep problems were prevalent among children aged 3–6 years in the

rural area of Shanghai, and preterm birth was not associated with sleep problems in

kindergarten children. We recommend that parents should create limit setting in the

home, cultivate similar child-rearing attitudes and beliefs among family members, and

encourage children to go to bed earlier.
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INTRODUCTION

Sleep is an indispensable and fundamental daily activity that
is essential for optimal health in children (1). Sleep has
physiological, psychological, and social dimensions, which affects
the quality and health of children and adolescents (2, 3). Healthy
sleep requires adequate duration, appropriate timing, good
quality, regularity, and without sleep disturbance or disorders (1),
and healthy sleep in children is critical for their general health,
physical development, learning ability, behavior regulation,
emotional state, and the stability of mood (4). Sleeping, the
number of recommended hours on a regular basis with high
quality and without disturbance, is associated with better health
outcomes, but insufficient sleep increases the risk of learning
problems, injuries, obesity, diabetes, and depression, especially
among infants and school-aged children, which is a worldwide
public health problem (1, 5).

Sleep is essential for the sustainment of health and
homeostatic functions (6). Understanding the importance of
sleep for health and wellbeing in the longer term is critical
but complicated due to the multiplicity of effects of sleep loss
on mood, cognitive function, and physiological systems (6, 7).
Sleeping problems, which cover dyssomnias, parasomnias, sleep
disorders associated with medical psychiatric disorders, and
proposed sleep disorders, may affect many aspects of daily life
in a long term, including job performance, mood state, social
functioning, and physical and mental health (7). Sleep deficiency
is associated with changes in metabolic, inflammatory, and
autonomic markers associated with risk for disease. In addition,
sleep disruption and sleep deficits lead to mood instability, lack
of positive outlook, and impaired neurobehavioral functioning as
well. On a population level, insufficient sleep is associated with an
increased risk for hypertension and diabetes (8).

Sleep problems are common in all stages of children, including
infant, toddler, preschool and school children, and adolescents
(9). Sleep in children has been paid much more attention due
to the essential stage of physical and mental development. Sleep-
related problems including insufficient sleep and disturbed sleep
are important parts of the developmental process, which are
common among infants and children (10). Operto et al. (11)
reported that sleep-related breathing disorders in children refer
to several nocturnal events ranging from habitual snoring to
obstructive sleep apnea syndrome (OSAS) that may severely
impact emotional intelligence, cardiovascular functions, orofacial
thrive, and the neuroendocrine and central nervous system.
Previous studies indicated that the prevalence of insufficient sleep
in children displayed an upward tendency with the increasing
age, approximately 10% of children aged 1–3 years have sleep
problems (12), and 15–30% of preschoolers have insufficient
sleep (13). Meanwhile, disturbed sleep is also prevalent and
affects up to 20–30% of children and adolescents (14). Sleep
problems in children result from a complex interplay of
biological, psychological, developmental, and social influences

Abbreviations: CSHQ, Children’s Sleep Habit Questionnaire; CHY, Chinese

Yuan; SD, Standard Deviation; IQR, Interquartile Range; OR, Odds Ratio; CI,

Confidence Interval.

from a child’s family, environment, and culture (15). In recent
years, increasing evidence indicates that the reduced quality
of sleep or sleep deprivation has negative effects on children’s
physical and mental development, such as cognitive function,
emotional regulation, academic and social performance, and
physical health (16), which affects children both in the short and
long term.

The Children’s Sleep Habit Questionnaire (CSHQ) is widely
used as a parent-reported questionnaire to screen for sleep
problems in children (17). The CSHQ focuses on sleep disorders
commonly in three domains, namely, dyssomnias (difficulty
in getting to sleep or stay asleep), parasomnias (sleepwalk,
nightmare, night terrors (cry in sleep), bedwetting, restless leg
syndrome, and teeth grind), and sleep-disordered breathing
(snore in sleep) (9). In recent year, CSHQ is widely used to
examine sleep behavior in ordinary children (18, 19) and children
with neurodevelopmental disorders as well (20). Ferit et al. (9)
used the CSHQ to learn the sleep problems between term and
preterm born children and identified that the score of CSHQ
subscales, such as bedtime resistance, sleep anxiety, parasomnia,
and sleep-disordered breathing, were similar between the groups.

Preterm birth is defined as birth before 37 gestational weeks
and has been associated with a variety of adverse neurological
outcomes (21). Although growing evidence indicates that
preterm birth is linked with the neural network that regulates
sleep architecture, the effects of preterm birth on postnatal sleep
among preschool children have not been well studied (22).
Findings on the association between preterm birth and sleep
problems are contradictory (23). A systematic review indicates
that prematurity is associated with earlier bedtimes, a lower
sleep quality, and more nocturnal awakenings (21). Maria et al.
(24) also stated in a review article that preterm infants exhibit
irregular sleep schedules, increase motor activity during sleep,
and reduce sleep duration and lower arousal threshold when
compared with full-term infants. In contrast, Iglowstein et al. (25)
has not detected any changes in sleep behaviors including bed-
sharing, night awakening, bedtime resistance, and sleep onset
difficulties between preterm and full-term children from birth to
10 years of age. So, it is still important to implement studies to
clarify the association between preterm birth and sleep problems
among children.

Every year, ∼15 million infants are born preterm worldwide,
which equates to nearly 11% of all live births (26). Although
the mortality rates have decreased dramatically with advances in
perinatal and neonatal care, preterm infants still face challenges
in a neurological and developmental disorder, which is closely
related to sleep problems (21). In China, previous studies
demonstrate that sleep problem such as insufficient sleep among
children is very common (27, 28). In recent years, there are an
elevated number of preterm infants since the implementation
of the two-child policy and the recently announced three-
child policy in China (28). But evidence of the prevalence and
sleep problems and their association with preterm birth among
children is still limited in China, especially in rural areas. In
this study, we investigated the prevalence of sleep problems,
including insufficient sleep, snore in night sleep, sleepwalk, cry in
sleep, nightmare, and grind teeth in sleep, both among preterm
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and full-term children aged 3–6 years in a rural area of Shanghai,
and tried to explore the association between sleep problems and
preterm birth in children so as to provide basic data for future
intervention strategy development.

METHODS

Study Population
We conducted this cross-sectional study during March and
September 2018 in the Songjiang district of Shanghai, China.
Detailed information regarding sample size estimation and the
recruitment process for kindergarten children aged 3–6 years
and their parents is available in previously published study (28).
In the published study, we focused on the bedtime delay and
insufficient sleep among children and explored the potential
influencing factors, and we identified that bedtime delay and
insufficient sleep in children aged 3–6 years were prevalent,
especially in boys and elder children (28). In this study, we
included six types of common sleep problems (i.e., insufficient
sleep, sleepwalk, nightmare, snore, grind teeth, and cry in sleep)
in children to understand their prevalence and the association
between sleep problems and preterm birth in this population.
Finally, a total of 8,586 questionnaires were completed and
included in the final analysis. Songjiang Maternal and Child
Health-care Hospital Institution Review Board approved the
ethical approval of this study (IRB#20171203). The research
coordinators orally communicated with each child and their
mothers and then signed the informed consent papers ahead of
the questionnaire interview.

Data Collection
In this study, a questionnaire for data collection was developed by
referring to the Children’s Sleep Habits Questionnaire (CSHQ),
a comprehensive, parent-report sleep screening instrument
designed for school-aged children (29). A pilot study indicated
that the split-half reliability coefficient (Cronbach’s α) of the
questionnaire was 0.89, and the content validity coefficient was
0.83. The questionnaire included 3 parts. Part A included 10
demographic questions (age and gender of children, age and
education of mother, family yearly income, ethnics, residency
status, the only child status of their family). Part B included 12
questions of ordinary sleep habits and sleep problems covering
sleep duration, parasomnias, sleep-disordered breathing, and
daytime sleepiness (e.g., “when will your child go bed in the
night?,” “when will your child fall asleep?,” “when will your child
wake up in themorning?,” “howmany hours does your child sleep
in the daytime?,” “does your child has nightmares?,” “does your
child has sleepwalking during night sleep?,” “does your child has
night terrors during night sleep?,” “does your child grind his/her
teeth in sleep?,” and “does your child snore in night sleep?”).
Part C included information for follow-up contact of mother and
their children.

Definition and Index Calculation
In this study, in accordance with the consensus of the American
Academy of Sleep Medicine, insufficient sleep among children
was defined as those who slept <10 h with the age of 3–5 years

and <9 h with the age of 6 years, within each 24 h, respectively
(1, 30). Six types of sleep problems (i.e., insufficient sleep, snore
in sleep, sleepwalk, cry in sleep, nightmare, and grind teeth
in sleep) were formulated according to the common clinical
symptom presentations in the International Classification of Sleep
Disorders (31). In this study, we defined snore in sleep as children
with sound due to obstructed air movement during breathing
while sleeping; sleepwalk as children with the performance of
activities (e.g., talking, sitting up in bed, consuming food, and
walking to a bathroom) in a state of low consciousness during
sleep; cry in sleep (night terrors) as children who cry in sleep
due to the feelings of panic or dread; nightmare as children
with the unpleasant dream that with the strong emotional
response of fear, despair, anxiety, or great sadness; and grind
teeth as children with a grinding or tapping noise during sleep.
Sleep problems were rated on a three-point Likert scale (rarely
or never = 0–1 night per week, sometimes = 2–4 nights
per week, and almost all the time = 5–7 nights per week),
and responses were then dichotomized with a sleep problem
defined as those who answered “sometimes” or “almost all the
time” for each question (28). We calculated the prevalence of
sleep problems as the number of children with sleep problems
divided by the total number of children. In this study, we
recorded parent’s education as completed schooling years and
classified it into 4 categories including junior high or lower
(0–9 years), senior high (10–12 years), college (13–16 years),
and postgraduate and above (>16 years). Family yearly income
(CNY) was categorized into 5 categories (“<50,000,” “50,000–
10,000,” “100,001–150,000,” “150,001–300,000,” and “>300,000”)
with reference to the Chinese household income level in the year
of 2018.

Data Analysis
SAS software (version 9.4) was applied for statistical analysis in
this study. Data were described as means as well as standard
deviations (SDs) or median as well as the interquartile range
(IQR) for quantitative variables, and frequency and prevalence
(or percentage) for qualitative variables. Student’s t-test or
Wilcoxon rank-sum test was used to examine the difference in
age of children, age of mother, and the total number of sleep
problems between preterm children and full-term children. Chi-
square test was applied to examine the difference of children’s
gender, education of mother, family yearly income, ethnics,
and residency status of children, the only child of the family,
as well as the different prevalence of sleep problems between
preterm children and full-term children. Logistic regression was
used to calculate the odds ratio (OR) and 95% confidence
interval (95% CI) for the different prevalence of sleep problems
between preterm children and full-term children with and
without the adjustment of potential confounding factors, so as
to explore the association between sleep problem and preterm
birth in kindergarten children. Figures were produced to show
the different prevalence of each sleep problem in kindergarten
children with different demographic features and the association
between preterm birth and number of sleep problems in children.
In this study, the p-values < 0.05 (two-tailed) were considered
statistically significant.
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RESULTS

In this study, 8,586 children aged 3–6 years in kindergarten,
and their mothers were finally analyzed. Notably, 8,586 children
included 3,991 girls (46.48%) and 4,595 boys (53.52%), and the
average age of children was 4.46 years (SD = 0.96) and that of
their mothers was 32.17 years (SD = 3.96), respectively. The
majority of mothers had an education of college and above
(71.13%), over 40% of children had a family income of over
300,000 CNY per year, 52.94% of children were local residents,
and 62.44% of them were the only child of the family (Table 1).

The Prevalence of Preterm Birth Among
Kindergarten Children
In this study, 848 children were born with a gestational week
<37, and the prevalence of preterm birth was 9.88% (848/8,586).
The prevalence of preterm birth was higher in boys (10.62%,
488/4,595) than in girls (9.01%, 360/3,996), but without statistical
significance. The age of preterm children and their mothers was
both slightly older than full-term children and their mothers,
and differences were all statistically significant. Meanwhile, the
proportion of college and above education among mothers of
preterm children (66.15%) was statistically lower than mothers of
full-term children (71.67%), the family yearly income in preterm

children was also lower than in full-term children, and the
difference was statistically significant (Table 1).

The Prevalence of Sleep Problems Among
Kindergarten Children
In this study, the median number of sleep problems in children
aged 3–6 years was 2 (IQR: 1–3) both for preterm children
and full-term children. In this study, 7,711 out of the 8,586
kindergarten children had at least one type of the 6 sleep
problems, and the prevalence of any sleep problems was 89.81%
in these children, with 11.67% for insufficient sleep, 62.50%
for snore in night sleep, 4.44% for sleepwalk, 49.20% for cry
in sleep, 41.18% for nightmare, and 50.35% for grind in sleep.
The prevalence of sleepwalk in preterm children (6.96%) was
higher than in full-term children (4.16%), and the difference
was statistically significant (p < 0.001). Table 2 indicates that
the prevalence of insufficient sleep, snore in night sleep, and
nightmare was slightly higher among preterm children, whereas
the prevalence of cry in sleep and grind teeth in sleep was lower
among preterm children, but without statistically significant
(Table 2).

Figure 1 indicates the prevalence of each sleep problems
among children with different demographic features. In
comparison with girls, boys had a higher prevalence of snore in

TABLE 1 | Demographic feature of kindergarten children and their mothers in a rural area of Shanghai, China.

Variables Total condition (n = 8,586) Birth condition of children χ
2/t P-value

Preterm children (n = 848) Full-term children (n = 7,738)

Sex of children, n (%) 6.143 0.013

Male 4,595 (53.52) 488 (57.55) 4,107 (53.08)

Female 3,991 (46.48) 360 (42.45) 3,631 (46.92)

Age of children (years), mean (SD) 4.46 (0.96) 4.54 (0.95) 4.46 (0.96) 2.650 0.008

Age of mother (years), mean (SD) 32.17 (3.96) 32.47 (4.13) 32.14 (3.94) 2.320 0.021

Education of mother, n (%) 11.273 0.001

Junior high or under 866 (10.09) 105 (12.38) 761 (9.83)

Senior high 1,613 (18.79) 182 (21.46) 1,431 (18.49)

College 5,628 (65.55) 520 (61.32) 5,108 (66.01)

Postgraduate and above 479 (5.58) 41 (4.83) 438 (5.66)

Family yearly income (CNY), n (%) 10.739 0.001

<50, 000 1,344 (15.65) 172 (20.28) 1,172 (15.15)

50, 000–100, 000 1,206 (14.05) 124 (14.62) 1,082 (13.98)

100, 001–150, 000 1,117 (13.01) 97 (11.44) 1,020 (13.18)

150, 001–300, 000 1,169 (13.62) 109 (12.85) 1,060 (13.70)

Over 300, 000 3,750 (43.68) 346 (40.80) 3,404 (43.99)

Ethnics, n (%) 0.597 0.440

Han 8,348 (97.23) 828 (97.64) 7,520 (97.18)

Minority 238 (2.77) 20 (2.36) 218 (2.82)

Residency status, n (%) 0.771 0.380

Local resident 4,545 (52.94) 461 (54.36) 4,084 (52.78)

Non-local resident 4,041 (47.06) 387 (45.64) 3,654 (47.22)

The only child of family, n (%) 0.501 0.479

Yes 5,361 (62.44) 520 (61.32) 4,841 (62.56)

No 3,225 (37.56) 328 (38.68) 2,897 (37.44)
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TABLE 2 | The sleep problems of kindergarten children aged 3–6 years in a rural area of Shanghai, China.

Variables Total condition (n = 8,586) Birth condition of children χ
2 P-value

Preterm children (n = 848) Full-term children (n = 7,738)

Insufficient sleep, n (%) 0.117 0.732

Yes 1,002 (11.67) 102 (12.03) 900 (11.63)

No 7,584 (88.33) 746 (87.97) 6,838 (88.37)

Snore in night sleep, n (%) 2.238 0.135

Yes 5,366 (62.50) 550 (64.86) 4,816 (62.24)

No 3,220 (37.50) 298 (35.14) 2,922 (37.76)

Sleepwalk, n (%) 14.090 <0.001

Yes 381 (4.44) 59 (6.96) 322 (4.16)

No 8,205 (95.56) 789 (93.04) 7,416 (95.84)

Cry in sleep, n (%) 0.025 0.874

Yes 4,224 (49.20) 415 (48.94) 3,809 (49.22)

No 4,362 (50.80) 433 (51.06) 3,929 (50.78)

Nightmare, n (%) 0.123 0.726

Yes 3,536 (41.18) 354 (41.75) 3,182 (41.12)

No 5,050 (58.82) 494 (58.25) 4,556 (58.88)

Grind teeth in sleep, n (%) 0.629 0.428

Yes 4,323 (50.35) 416 (49.06) 3,907 (50.49)

No 4,263 (49.65) 432 (50.94) 3,831 (49.51)

NO. of total sleep problems, median (IQR) 2.00 (1.00–3.00) 2.00 (1.00–3.00) 2.00 (1.00–3.00) 0.567 0.452

Overall sleep problems, n (%) 1.013 0.314

Yes 7,711 (89.81) 110 (90.80) 6,941 (89.70)

No 875 (10.19) 78 (9.20) 797 (10.30)

IQR, Interquartile Range (P25-P75).

sleep, grind teeth in sleep, and insufficient sleep. Kindergarten
children aged 4–6 years had a higher prevalence of snore in
sleep, sleepwalk, grind teeth in sleep, and insufficient sleep, but
a lower prevalence of cry in sleep and nightmare than children
aged 3 years. In comparison with mothers with junior high and
lower education, children whose mothers with postgraduate
and above education had a higher prevalence of snore in sleep,
nightmare, and insufficient sleep, but a lower prevalence of
cry in sleep and grind teeth in sleep. The prevalence of sleep
problem decreased slightly with the increase of family yearly
income, and children who were the only children of their
family had a higher prevalence of sleep problems including
snore in sleep, cry in sleep, nightmare, grind teeth, and
insufficient sleep.

The Association Between Preterm Birth
and Sleep Problems Among Children
In this study, in comparison with full-term children, preterm
children were more likely to have a sleep problem but without
statistical significance [OR = 1.13, 95% CI (0.89–1.45)] (Table 3,
Figure 2), whereas, preterm children were more likely to have
sleepwalk than full-term children [OR = 1.72, 95% CI (1.29–
2.29)], even with the adjustment of confounders in Model 2 [OR
= 1.73, 95% CI (1.30–2.31)] and in Model 3 [OR = 1.74, 95% CI
(1.31–2.32)] (Table 3).

Table 3 indicates that the prevalence of insufficient sleep [OR
= 1.04, 95%CI (0.84–1.29)], snore in night sleep [OR= 1.12, 95%
CI (0.97–1.30)], and nightmare [OR= 1.03, 95% CI (0.89–1.18)]
among children with preterm birth was slightly higher than those
among children with full-term birth, and the prevalence of grind
teeth in sleep [OR = 0.94, 95% CI (0.82–1.09)] among children
with preterm birth was slightly lower than children with full-term
birth, but none of these differences were statistically significant (p
> 0.05) (Table 3).

DISCUSSION

In our previous published study based on the same population,
we identified that bedtime delay and insufficient sleep in children
aged 3–6 years was prevalent in Shanghai, China (30). Although
we have used the same population and included insufficient sleep
as well in this study, the purpose was different. In this study,
we examined the prevalence of six sleep problems including
insufficient sleep, sleepwalk, nightmare, snore in sleep, grind
teeth, and cry in sleep and mainly explored its association
with preterm birth among children aged 3–6 years in Shanghai,
China. Results in this study indicated the following findings:
(1) prevalence of the 6 sleep problems ranged from 4.44%
(sleepwalk) to 62.50% (snore in sleep) among children aged 3–6
years; (2) boys had a higher prevalence of snore in sleep, grind
teeth in sleep, and insufficient sleep than girls. The education
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FIGURE 1 | The differences of each sleep problem prevalence among children with different demographic features, including sex, age of children, education of

mother, family income, and the only child in the family.

of mother was positively associated with the prevalence of
insufficient sleep, sleepwalk, and nightmare in children, and
family income was negatively associated with the prevalence of
all 6 sleep problems in children aged 3–6 years; and (3) except for
sleepwalk, preterm birth was not associated with sleep problems
in kindergarten children aged 3–6 years.

Previous studies indicate that∼20–61% of preschool children
experience sleep problems in the Western population, and the
prevalence was higher in Asian countries especially in China
(9, 32–35). Previous studies reported 17.1% of sleep problems
among infants (32), 20–30% of sleep problems among preschool
children (14, 33), and 60.7% of sleep disorders among preschool
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TABLE 3 | The association between preterm birth and each sleep problems among kindergarten children aged 3 to 6 years in a rural area of Shanghai, China.

Sleep problems Model 1 Model 2 Model 3

OR 95% CI OR 95% CI OR 95% CI

Insufficient sleep

Yes 1.04 0.84–1.29 0.99 0.80–1.24 1.01 0.81–1.26

No 1.00 1.00 1.00

Snore in night sleep

Yes 1.12 0.97–1.30 1.11 0.95–1.28 1.12 0.96–1.29

No 1.00 1.00 1.00

Sleepwalk

Yes 1.72 1.29–2.29 1.73 1.30–2.31 1.74 1.31–2.32

No 1.00 1.00 1.00

Cry in sleep

Yes 0.99 0.86–1.14 1.02 0.88–1.18 1.02 0.86–1.18

No 1.00 1.00 1.00

Nightmare

Yes 1.03 0.89–1.18 1.04 0.90–1.20 1.05 0.91–1.22

No 1.00 1.00 1.00

Grind teeth in sleep

Yes 0.94 0.82–1.09 0.91 0.79–1.05 0.92 0.80–1.07

No 1.00 1.00 1.00

Overall sleep problem

At least 1 1.13 0.89–1.45 1.13 0.88–1.44 1.14 0.89–1.46

None 1.00 1.00 1.00

Model 1, Crude OR and 95% Confidence Interval (CI) for the association between preterm birth and each sleep problems among kindergarten children aged 3–6 years. Model 2,

Adjusted OR and 95% Confidence Interval (CI) for the association between preterm birth and each sleep problems, with the adjustment of children’ age and sex. Model 3, Adjusted OR

and 95% Confidence Interval (CI) for the association between preterm birth and each sleep problems, with the adjustment of children’ age and sex, education of mother, age of mother,

and family yearly income. The bold italic values means that the difference was statistically significant.

children in western countries (9). In this study, over 80% of
kindergarten children had at least 1 type of sleep problem, and
the prevalence was 4.44% for sleepwalk, 11.67% for insufficient
sleep, 41.18% for nightmare, 49.20% for cry in sleep, 50.35%
for grind teeth in sleep, and 62.50% for snore in night sleep.
Findings of sleep problem prevalence among children in this
study were in line with previous studies (34, 35). Liu et al.
(35) reported that 78.8% of kindergarten children in Chinese
urban areas had global sleep disturbance based on CSHQ scores,
with 69.5% for bedtime resistance, 56.6% for sleep anxiety,
34.3% for night walk, 19.7% for parosomnias, and 15.1% for
insufficient sleep. The discrepancy in sleep problem prevalence
among children between western countries and China might be
due to cultural, environmental, familial, and individual factors
(35, 36). Moreover, sociocultural factors such as sleep spaces,
sleep arrangements, school schedules, and academic demands
influence the sleep of children via numerous pathways, which
might also contribute to the discrepancy. Considerable evidence
indicates that kindergarten children in China tend to sleep less
than their counterparts in western countries, which is mainly due
to longer school days and parental expectations regarding the
importance of supplemental after school learning opportunities
(35, 36). As one important factor for sleep disturbance in
children, cosleeping of parents in the first few years was
prevalent in China, which might also lead to the discrepancy

in the prevalence of sleep problems between western countries
and China (35). Thus, a more detailed examination of factors
potentially associated with the frequency and severity of sleep
problems in children with different sociocultural and familial
backgroundsmay eventually lead tomore appropriate prevention
and intervention strategies for sleep problems in children.

Considerable studies demonstrate that sleep disturbance in
young children is associated with social demographic factors
including sex and age of children, parent’s education level, and
family income (35, 37, 38). In this study, boys had a higher
prevalence of snore in sleep, grind teeth in sleep, and insufficient
sleep, which might partially be due to that boys are more
physically active and spend more screen time than girls (39, 40).
Kindergarten children aged 4–6 years had a higher prevalence
of snore in sleep, sleepwalk, grind teeth in sleep, and insufficient
sleep than children aged 3 years, and this was in line with previous
findings (41). Elder children were more physically active and had
a heavier homework load which might attribute to the higher
prevalence of insufficient sleep; meanwhile, the increased sleep-
related anxiety, concurrent mood, and anxiety disorders among
elder children could lead to the prevalence of sleep deprivation
as well (32). Moreover, previous studies indicated that children
from poorer families had more sleep problems, the prevalence
of sleep problem decreased slightly with the increase of family
year income that was also identified in this study, and this
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FIGURE 2 | The association between preterm birth and number of sleep problems in kindergarten children aged 3–6 years. In comparison with children without sleep

problems, children with sleep problems were more likely to be preterm children, odds ratio (OR) = 1.21 and 95% confidence interval [CI] (0.92–1.60) for 1 sleep

problem, OR = 1.04 and 95% CI (0.79-1.36) for 2 sleep problems, OR=1.11 and 95% CI (0.84–1.46) for 3 sleep problems, OR = 1.13 and 95% CI (0.84–1.53) for 4

sleep problems, and OR = 1.66 and 95% CI (1.10–2.51) for 5 sleep problems.

might be due to that relative income deprivation could generally
affect health outcomes and sleep directly by increasing the level
of stress and insecurity associated with the awareness of social
status (42, 43). In this study, we also noticed that kindergarten
children who were the only children of their family had a higher
prevalence of sleep problems, and this might be due to that a
single child in the family could result in a tendency to over-focus
parental attention and diminish limit setting within the family
structure, leading to an increased risk of behavior mediated sleep
disturbances (28, 35, 44).

This study indicates that the prevalence of preterm birth
among kindergarten children was 9.88%, which was in line
with findings in previous studies (33). In 2011–2012, 11.5%
of births were preterm in Brazil, and a similar one in every
ten babies was born prematurely in the United States in 2018
(33, 45). Several risk factors of preterm birth have been identified
previously, such as the history of previous spontaneous preterm
birth, primiparity, advanced maternal age, smoking, obesity,
lower education and family income, and maternal medical
conditions (46, 47). Azeez et al. (48) reported a higher proportion
of advanced maternal age of mothers with preterm children

(30.1%) than those with full-term children (21.7%), and the
prevalence of preterm birth among boys (17.0%) was slightly
higher than girls (16.6%). In this study, we identified that the
prevalence of preterm birth was higher among boys than girls,
mothers of preterm children were older than those with full-
term birth, the prevalence of preterm birth descended with the
increase of family yearly income level, as well as the education
level of mothers, and these findings were in line with previous
evidence (47–49).

Existing data regarding preterm infant sleeping problems
are mixed and discrepancy (33). Preterm birth has been
usually associated with increased risk of sleep problems in
children, including sleep disturbance induced by chronic asthma
and bronchopulmonary dysplasia in preterm children, and
obstructive sleep apnea syndrome (OSAS) in preterm children
as well, but the evidence is accumulating that preterm infants
do not differ in their sleep behavior or problems compared
with termed infants (11, 25, 50). In this study, children of
preterm birth had a comparable prevalence of sleep problems in
comparison with full-term birth children. Similarly, Iglowstein
et al. (25) have not detected any changes in sleep duration,

Frontiers in Pediatrics | www.frontiersin.org 8 April 2022 | Volume 10 | Article 863241

https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org
https://www.frontiersin.org/journals/pediatrics#articles


Wang et al. Sleep Problems and Preterm Birth

night waking, bedtime resistance, and sleep onset difficulties
between preterm and termed children. An explanation for
comparable sleep patterns and problems between preterm and
full-term children was that the maturation of intrinsic sleep-
wake mechanism, the developmental process of the child, and
parent–child interaction might primarily drive sleep behavior
during the childhood, rather than prematurity or neonatal care
experience (51, 52). Therefore, taking measures to promote
healthy sleep education among parents, creating limit setting in
the home, cultivating similar child-rearing attitudes and beliefs
in family members, and encouraging children to go to bed
earlier is crucial for reducing the prevalence of sleep problems in
children (35, 53).

It was interesting that preterm children in this study were
more likely to have sleepwalk than full-term birth children,
even with the adjustment of confounders. Sleepwalk consists
of a series of complex behaviors and arises from the deep
non-rapid eye movement sleep (54). Previous studies indicate
that sleepwalk declines with age from an estimated prevalence
of 3.8–6.5% in children to 1–2.3% in adolescents (53), and
the prevalence of sleepwalk in kindergarten children in this
study was consistent with the aforementioned studies. The
declining trend in sleepwalk mirrors the well-documented
reduction in slow-wave sleep across these ages. The slow-wave
decline is thought to reflect brain maturation changes, which is
consistent with a developmental view of sleepwalk prevalence
changes, and is more prevalent among preterm infants (53).
This may partially explain the higher prevalence of sleepwalk
in children with preterm birth, but the actual association
between preterm birth and sleepwalk in children still needs
more studies.

This study has some limitations. First, the study design
of a cross-sectional study may induce some information
bias and only allow the calculation of prevalence. Second,
the mother reported information of bedtime at night, the
morning wake up time, as well as sleep problems among
children might be underreported and lead to a potential risk
of underestimation of the prevalence of sleep problems in
children. Third, we only included one rural district to implement
this investigation due to our limited resources in the year
2018. The sample only from the Songjiang district has limited
representatives of the rural areas, even in Shanghai, and we
will cooperate with other rural areas in our future studies.
Fourth, moreover, since the sleeping issue in children is not
only a rural topic, we need to select some children in the
urban area in future studies. So the incorporation of some
improvements should be considered in the future follow-
up studies.

CONCLUSION

Sleep problemswere prevalent among kindergarten children aged
3–6 years in rural areas of Shanghai, both for preterm and
full-term children, and preterm birth was not associated with
sleep problems in kindergarten children.We recommend that the
health bureau should takemeasures to promote children’s healthy
sleep education among parents, and parents should create limit
setting in the home for children, cultivate similar child-rearing
attitudes and beliefs among their family members, and encourage
children to go to bed earlier.
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