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Aim: Currently young children have more opportunity to access all kinds of
media, while their sleep duration has been steadily decreasing. However,
little is known about the relationships between screen viewing and sleep
quality, and the reasons of screen viewing for children under three years old
in China. This study aimed to describe the relationships between screen
viewing and sleep quality of infants and toddlers in mainland China.
Methods: A cross-sectional study was conducted. Eight hundred twenty-seven
children were recruited at a health care unit from a university affiliated hospital
in China, and the questionnaires were completed by their parents. An extended
Brief Infant Sleep Questionnaire and a Screen Viewing Questionnaire were used
to collect information on children’s sleep quality and screen viewing.
Multivariate linear regression models were used to assess the relationships
between screen viewing and sleep quality among infants and toddlers,
adjusted for sociodemographic variables.

Results: Of the 827 children, 26.9% of the infants and 61.4% of the toddlers did
not comply with the World Health Organization (WHO) guideline on screen
time. Even after adjusting for the sociodemographic covariates for both
infants and toddlers, negative relationships between screen time and total
sleep time (P<0.001), and screen time and nighttime sleep (P<0.001)
existed. TV viewing time was negatively related to infants’ total sleep time (3
=-0.15 P<0.001) and toddlers’ nighttime sleep (8=-0.1, P<0.05).
Smartphone viewing time was negatively related to toddlers’ total sleep time
(B=-0.12, P<0.05) and daytime sleep (8=-0.22, P<0.05). Parents who
offered screen media for children when they needed to do house chores
were more likely to report that their children had less total sleep time (8=
—0.1, P<0.05) and shorter longest sleep episode (3=-0.1, P<0.05).
Conclusion: The majority of toddlers did not meet the WHO guidelines on
screen time in China. Screen time was negatively related to total sleep time
and nighttime sleep among infants and toddlers. Practical strategies, such as
education programs on children’s screen viewing, more outdoor exercises
and indoor parent-child activities, providing other educational materials
instead of screening, early sleep, restricted use of TVs and smartphones, and
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screen co-viewing, are needed to improve young children’s sleep quality and promote

their development.
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Introduction

Recognizing the significance of sleep on young children’s
development (1, 2), WHO guidelines recommend that infants
(<12 months) should have 12-17 h of sleep and toddlers (13—
36 months) should have 11-14h of sleep (3). However,
children’s sleep duration has been steadily decreasing over
recent decades, especially in Asian countries (4, 5). A survey
in Beijing showed that only 29.5% of children meet the sleep
guideline (6). Poor sleep problems are the most common
reasons why parents ask help from health care workers in
early childhood (7).

Lifestyle changes, especially increasing screen viewing, have
been proven to cause shorter sleep duration among children (8).
A systematic review, including 67 studies, found that screen
time is negatively related with sleep duration and sleep timing
in 90% of the studies on school-age children and adolescents
(8). Li (2020) also did a systematic review and meta-analysis
to explore the relationships between screen viewing and health
outcomes among children under seven years old, and reported
that children with excessive screen viewing would have more
than twice the risk of shorter sleep duration. Moreover, the
sleep of young children may negatively affect their further
development (2). Sleep quality in early childhood has been
reported to be associated with obesity (9), physical growth
(10), (11),
development (12) and emotional regulation (13) in later life.

motor  development and even cognitive
Therefore, it is necessary to pay attention to the relationship
between screen viewing and sleep in young children.
According to the latest WHO guideline on screen time (3),
screen viewing is not recommended for infants and screen
viewing should be less than 1h for toddlers. However,
currently young children have more opportunity to access all
kinds of media (14). Half of the children less than one year
old in America were daily screen watchers, and three-fourths
of the children under four years old had their own mobile
devices (15). Data from China showed that 25.6% of the
children aged 18 months were found to engage in some
screen time and 49.0% of the children aged 18-36 months
were exposed to screen for more than one hour per day (16).
Although the reviews demonstrated the relationships
between screen viewing and sleep quality, one review did not
include data on children under three years old (8), and the
other review only found four studies from Asian countries
which target at children under three years old (1). Except for

sleep duration, no other essential aspects of sleep quality, such
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as daytime sleep, nighttime sleep, and longest sleep episode,
were available for meta-analysis because of the seldom
report in original research (1, 17). At the same time, most
studies provided data on TV viewing but did not investigate
the contribution of other screen media, such as computers,
mobile phones, and tablets, which are commonly used today
(17, 18). In addition, little is known about the reasons for
young children’s screen viewing, as well as the effect of
different kinds of screen viewing on sleep quality among
children under three years old in China. This knowledge is
vital to understanding how to decrease excessive screen
viewing time and promote young children’s sleep quality. To
fill in the knowledge gaps, this study aimed to investigate
the
common devices and reasons for screen viewing) and sleep

relationships between screen viewing (including
quality (including total, daytime, nighttime sleep and
longest sleep episode) for children under three-year-old in
China. We hypothesized that

negatively related to total sleep time and the longest sleep

screen time would be

episode for children under three years old. We also
hypothesized that screen time spent on different electronic
devices and different reasons for screen viewing would be
related to sleep quality.

Methods
Design

A cross-sectional design.

Setting and participants

The inclusion criteria were children who (1) were 0-3 years
old, (2) were born full-term in a singleton pregnancy (37-42
weeks of gestation; >2500 g birth weight), (3) had no history
of cognitive or behavioral deficits, (4) had no complications
or congenital malformations, and (5) had no multiple or
prolonged hospitalizations (>5 days). We excluded children
whose parents were illiterate in Mandarin.

Participants were recruited from a university affiliated
hospital in Xiamen, China. This hospital has a department of
child health, where more than 30,000 children do their
routine physical examination per year.
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Sample size calculation

RaoSoft
used to calculate the sample size. The estimated total number

(http://www.raosoft.com/samplesize.html) ~ was
of children under three years old in Xiamen is approximately
190,000 (19). With a margin error at 5%, a confidence level at
95%, and a response rate at 50%, a minimum sample size of
384 was required in this survey.

Outcomes and measurement

A sociodemographic questionnaire was self-developed by
the research team. Data on the children’s age, sex, BMI, daily
outdoor exercise time, primary caregivers, and annual family
income were collected.

Screen viewing was assessed using the Screen Viewing
Questionnaire (SVQ), which was developed by our research
team on the basis of the literature review (20, 21). Parents
were required to answer the following question: “How long
did your child spend on the following devices per day for the
last month?” Devices included TVs, smartphones, computers,
and others (e.g., tablets, early education machines, and game
consoles). For each device, participants were asked to select
the options None, <0.5, 0.5-1, 1-2, 2-3, 3-4, 4-5, and >5 h
per day. The above options were converted to the average
screen time as 0, 0.25, 0.75, 1.5, 2.5, 3.5, 4.5, and 5 h,
respectively, to generate an approximately continuous variable
of screen time per day (22, 23). Total screen time was the
sum of the screen time spent on all the devices. If children
have screen time, their parents were asked to tick the
the
corresponding reasons for screen view including education,

following multiple choices questions to explore
managing tantrums, entertainment, and for parents to do
household chores (24). Ten experts were invited to evaluate
the content validity, resulting in a total item-level content
validity index (I-CVI) of 0.8 and a scale-level content validity
index, averaging method (S-CVI/ave) of 0.97.

Children’s sleep quality was measured using the Chinese
version of the extended Brief Infant Sleep Questionnaire
(BISQ-E) (25). BISQ-E is well validated for assessing the
average sleep patterns of children aged 0-3 years (26). The
questionnaire was translated into Chinese and was widely
used in many cross-cultural studies (27). Participants were
required to complete the BISQ-E on the basis of their
children’s sleep patterns and sleep-related behaviors over the
past two weeks. In our study, we only chose total sleep time
(the primary outcome), daytime sleep, nighttime sleep, and
longest sleep episode as sleep variables, which are clinically
significant for assessing sleep quantity and quality in young
children (28).
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Data collection

After receiving ethical approval from the hospital, the head
nurse in the Unit of Child Health Care was informed of the aim
of the study, as well as the inclusion and exclusion criteria.
Convenience sampling was used to collect data for this study.
The head nurse approached 935 eligible children’s caregivers
when they took their children to the hospital for routine
physical examinations from March to December 2020. Prior
to data collection, each participant received an information
sheet about the purpose, content, and significance of the
study. After signing the consent form, interested caregivers
took 10-15 min to complete the questionnaires. Participants
who had multiple children were asked to only report their
child’s
Researchers checked the integrity of the questionnaires

youngest screen review and quality of sleep.

immediately to make sure that all the questions were answered.

Ethical consideration

This study was approved by the Ethics Committee of the
participating hospital (Ethical Approval NO.KY-2020-109).
Participation in our study was voluntary and anonymous.
Written
participation in the study. Data about the identity of

informed parental consent was obtained for

participants were not disclosed at any stage of the study.

Data analysis

Data were verified and analyzed using IBM SPSS 26.0

software (IBM  Corp, 2019). The sociodemographic
characteristics of the participants and their families were
presented with means (with standard deviation) for

continuous variables and frequencies (with percentages) for
categorical variables. We classified our participants into
infants and toddlers, and the total screen time was divided
into 0, >0 ~<1 h, and >1 h. The two independent sample t-
test was used to investigate the differences in sleep quality
between children with or without screen viewing. Multivariate
linear regression models were used to assess the relationships
between screen viewing (including total screen time, screen
time on different devices, and reasons for screen viewing) and
sleep quality (including total sleep time, daytime sleep,
nighttime sleep, and longest sleep episode). Each screen
viewing variable and sleep variable were entered into a
separate model for both infants and toddlers, resulting in 48
multivariate linear regression models. Each model was
adjusted for children’s sex, age, daily outdoor exercise time,
primary BMI, annual income.

caregivers, and family
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Differences were considered statistically significant with a P-
value < 0.05.

Results

Of the 915 eligible children’s caregivers approached, 45
caregivers refused as they had no time, with a response rate of
95.08%. Of the 870 completed questionnaires, 34 participants
reported children’s total sleep time to be less than 4 h, and 9
participants reported children’s total sleep time to be more
than 22 h. According to the author of BISQ-E, total sleep
time less than 4h or more than 22h were considered
inappropriate or extreme data, thus being excluded (25).
Therefore, these participants were excluded, resulting in an
analytic sample of 827 participants.

Characteristics of the study population

Of the total population, 827 children were included,
comprising 361 infants (43.7%) and 466 toddlers (56.3%). The
mean age of the children in this study was 17.3 months (SD
=11.8). There were 471 girls (57%) and 356 boys (43%).
Children’s BMI was 16.1 (SD=2.6), and children’s daily
outdoor exercise time was 22h (SD=1.5). Most of the
children’s primary caregivers were mothers (n=471, 57%),
followed by grandparents (=253, 30.6%). Parents reported
an annual family income of more than 26,000 dollars (36.3%),
17,000-26,000 dollars (36.3%), and less than 17,000 dollars
(27.4%). The characteristics of infants and toddlers and their
families are summarized in Table 1.

Screen viewing

Of the total number of children, 313 (37.8%) reported no
screen time, 205 (24.8%) reported less than 1h per day of
screen time, and 309 (37.4%) reported more than 1 h per day
of screen time. In our study, 97 (26.9%) infants and 286
(61.4%) toddlers did not comply with the latest WHO
guideline on screen time with no screen viewing for infants
and no more than 1h of screen time for toddlers. TVs and
smartphones are the two most common devices used by
children. The mean time children spent on TVs and
smartphones was 0.6 (SD=0.9) hours and 0.3 (SD=0.6)
hours, respectively. Reasons for screen viewing were education
(198, 23.9%), (148, 17.9%),
entertainment (127, 15.4%), and allowing parents to do
household chores (127, 15.4%) (Table 1).

management of tantrums
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Sleep quality

The total sleep time for all children was 12.2 (SD =2.4)
hours. Mean nighttime and daytime sleep was 8.9 (SD=1.3)
hours and 3.2 (SD =1.9) hours. The longest sleep episode was
6.7 (SD=2.4) hours. Detailed information on the sleep time
of infants and toddlers is shown in Table 1.

Sleep quality differences between
children with or without screen viewing

Compared to infants with screen viewing, infants without
screen viewing had more total sleep time, daytime sleep, and
nighttime sleep (P <0.001). No significant difference was
found in longest sleep episode in infant group (P=0.62).
Compared to toddlers with screen viewing, toddlers without
screen viewing had more total sleep time, nighttime sleep and
longest sleep episode without screen viewing (P <0.001). No
significant difference was found in daytime sleep in toddler
group (P =0.08) (Table 2).

Relationships between screen viewing
and sleep quality among infants

Spending a total screen time of more than 1 h among infants
was related to a decrease in total sleep time (8=—0.2, adjusted
R*=0.35, P<0.001), daytime sleep (8=-0.1, adjusted R’=
0.39, P<0.001), and nighttime sleep (8=—0.2, adjusted R*=
0.1, P<0.001). Spending a total screen time of 0-1h among
infants was related to a decrease in total sleep time (f=-0.3,
adjusted R*=0.35, P<0.001) and nighttime sleep (5=-0.3,
adjusted R*=0.1, P<0.001). Spending more time on watching
TV, but not other devices, was related to decreased total sleep
time (B8=-0.15, adjusted R?>=03, P <0.001). See the details in
Table 3. No significant relationship was found between the
reasons for screen viewing and sleep variables.

Relationships between screen viewing
and sleep quality among toddlers

Spending a total screen time of more than 1h among
toddlers was related to a decrease in total sleep time (3=-0.38,
adjusted R*=0.08, P<0.001), nighttime sleep (f=-0.58,
adjusted R?>=0.13, P<0.001), and longest sleep episode (8=
—0.35, adjusted R*=0.04, P <0.001). However, spending a
total screen time of more than 1 h was related to an increase
in daytime sleep (8=0.17, adjusted R*=0.04, P <0.05).
Similarly, spending a total screen time of 0-1h among
toddlers was related to a decrease in total sleep time,
nighttime sleep, and longest sleep episode and an increase in
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TABLE 1 Sociodemographic data of participants (n = 827).
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Overall Infants (n =361, 43.7%) Toddlers (n =466,
56.3%)
Characteristics Mean (SD) n (%) Mean (SD) n (%) Mean (SD) n (%)
Children’s age (mos) 17.3 (11.8) 5.8 (3.8) 26.2 (7.4)
Children’s gender
Girl 471 (57) 218 (60.4) 253 (54.3)
Boy 356 (43) 143 (39.6) 213 (45.7)
BMI 16.1 (2.6) 16.5 (3) 15.8 (2.2)
Children’s daily outdoor exercise time (hrs) 2.2 (1.5) 1.8 (1.4) 2.5 (1.5)
Primary caregiver
Mother 471 (57) 271 (75.1) 200 (42.9)
Father 50 (6) 7 (1.9) 43 (9.2)
Grandparents 253 (30.6) 68 (18.8) 185 (39.7)
Others® 53 (6.4) 15 (4.2) 38 (8.2)
Annual family income ($)
<17,000 227 (27.4) 115 (31.9) 112 (24)
17,000-26,000 300 (36.3) 134 (37.1) 166 (35.6)
>26,000 300 (36.3) 112 (31) 188 (40.3)
Screen viewing
Total screen time
No viewing 313 (37.8) 264 (73.1) 49 (10.5)
>0 ~<lh 205 (24.8) 74 (20.5) 131 (28.1)
>1h 309 (37.4) 23 (6.4) 286 (61.4)
Screen time on different devices (hrs)
v 0.6 (0.9) 0.1 (0.4) 0.9 (0.9)
Smartphone 0.3 (0.6) 0.1 (0.3) 0.5 (0.8)
Computer 0.1 (0.6) 0.0 (0.2) 0.2 (0.7)
Others® 0.1 (0.5) 0.0 (0.1) 0.2 (0.6)
Reasons for screen viewing®
Educational 198 (23.9) 39 (10.8) 159 (34.1)
Management of tantrums 148 (17.9) 20 (5.5) 128 (27.5)
Entertainment 127 (15.4) 16 (4.4) 111 (23.8)
Allowing parents to do household chores 127 (15.4) 27 (7.5) 100 (21.5)
Sleep variable (hrs)
Total sleep time 12.2 (2.4) 13.8 (2.5) 10.9 (1.4)
Nighttime sleep 8.9 (1.3) 9.2 (1.5) 8.7 (1.1)
Daytime sleep 32 (1.9) 4.6 (2.1) 2.2 (0.8)
Longest sleep episode 6.7 (2.4) 5.9 (2.6) 7.4 (2.1)

Note. hrs, hours; mos, months; yrs, years.

Includes baby-sitter or relatives who help take care of children.
®Includes iPad, tablet, game consoles, or similar devices.
“Multiple choices, caregivers need to answer the question when they reported their children’s exposure to screen.

daytime sleep. In addition, spending more time on TV was
related to less nighttime sleep (8=—0.1, adjusted R?>=0.03, P
<0.05). Spending more time on a smartphone was related to
a decrease in total sleep time (8=—0.12, adjusted R*=0.04, P
<0.05) and daytime sleep (8=—0.11, adjusted R*=0.04, P<
0.05). Parents who offered screen media for children when
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they needed to do house chores were more likely to report
that their children had less total sleep time (3= —0.1, adjusted
R*=0.03, P<0.05) and shorter longest sleep episode (8=
-0.1, adjusted R*=0.02, P<0.05) (see Table 4). No
significant relationship was found between other reasons for
screen viewing and sleep variables.
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TABLE 2 Comparison of sleep quality between children with or without screen viewing.

Infants (n=361)

Toddlers (n =466)

Screen viewing No screen viewing

(n=264) (n=97)
Total sleep time 11.87+1.76 14.50 +2.39
Daytime sleep 339+1.4 498 £2.22
Nighttime sleep 8.48+1.17 9.52+1.52
Longest sleep episode 5.79+2.19 5.93+2.70

p Screen viewing No screen viewing p
(n=417) (n=49)
<0.001 10.82+1.38 11.88 +1.18 <0.001
<0.001 224+081 2.03+0.68 0.08
<0.001 8.57 +1.08 9.86 +0.91 <0.001
0.62 7.25+2.07 8.27+2.22 <0.001

Note: The two independent sample t-test was used.

Discussion

Our study was the first to investigate the relationships
between screen viewing and sleep quality among infants and
toddlers in mainland China. In our study, after adjusting for
children’s sex, age, daily outdoor exercise time, primary
caregivers, BMI, and annual family income, total screen time
was still negatively related to total and nighttime sleep for
infants and toddlers.

In our study, 26.9% of the infants and 61.4% of the toddlers
did not comply with the latest WHO guideline on screen time
(3). A review included 63 studies with 89,163 participants to
explore the global prevalence of children’s screen time (29).
This review concluded that approximately 75.3% children
younger than 2 years old and 64.4% of the children aged 2-5
years did not meet the screen time guideline (29). Our study
highlighted the need to offer corresponding education and
resources to parents to fit the guideline recommendations into
their lives.

Our study found a negative relationship between screen
time and total and nighttime sleep for both infant and
toddlers, as well as the negative relationship between screen
time and daytime sleep for infants. This finding is supported
by previous literature (17, 30-32). Unlike adults, daytime
sleep is an important part of infants’ sleep. A cross-cultural
study of infants from 17 countries found that children have
an average of more than 2h of daytime sleep (33). Study
showed daytime sleep during infancy had a positive impact
on infant’s memory and learning (34). Increased screen time
increases children’s sedentary time, which reduces their
outdoor exercise time, thus affecting their sleep quality (1).
Moreover, the sleep-wake cycle may be interrupted by a
decrease in the hormone melatonin, which can be affected by
exposure to screen bright light before bedtime (30). Thus,
various strategies should be applied to reduce screen time,
such as more outdoor exercises and indoor parent-child
activities, eventually promoting total and nighttime sleep.

In our study, more screen time was related to a shorter
longest sleep episode but a longer daytime sleep for toddlers.
Few studies examined the relationships between screen
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viewing and daytime sleep and longest sleep episode (35). In
China, children always do not attend kindergarten until three
years old. Therefore, toddlers in China may have time to
compensate for losing nighttime sleep in daytime since they
do not need to wake up as school requires (36). However, the
total hormonal production, especially the growth hormone,
reaches its peak between 22:00-2:00 and 5:00-7:00 (37). Thus,
a variety of strategies should be carried out to reduce screen
time in the evening to go early to bed.

In our study, TVs and smartphones were the two most
common screen devices used by young children. Viewing of
different screen devices was related to the sleep quality of
children with different ages. TV viewing time was negatively
related to infants’ total sleep time and toddlers’ nighttime
sleep. Smartphone viewing time was negatively related to
toddlers’ total and daytime sleep. No relationship between
screen viewing on computers or other electronic devices and
sleep quality was found. These results were similar to those of
(38).
another study on school-age children reported that no specific

existing research on preschool children However,
type of screen time resulted in significantly shorter total sleep
time than another (39). The underlying reason may be related
to different ages (16). In our study, children under three years
old spent little time on computers or other screen devices.
Thus, it was difficult to detect a significant relationship
between screen time spent on other electronic devices and
sleep quality. Therefore, different targeted strategies need to
be developed for children with different ages, such as
reducing TV viewing time for infants and toddlers and
decreasing smartphone viewing time for toddlers.

In our study, education and management of tantrums were
the two most common reasons for screen viewing. This is
different from studies in western countries, which showed that
most parents (65%-70%) let their children view screens
because of doing chores (15, 40). The reasons for screen
viewing during early childhood could vary substantially
according to culture and context. Asian parents have a more
positive belief that screen viewing is educational and useful
for their children (41). However, the educational effect of
screen viewing is still controversial (42). Parents’ highly
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positive belief in screen viewing results in more screen viewing
for children (43). Thus, education programs are needed to alter
parents’ attitude toward screen viewing (44). Examining cross-
cultural differences in the reasons for screen viewing can
provide more culture-sensitive strategies to reduce screen
viewing time effectively in infancy and toddlerhood in
different countries. For example, due to high expectations of
children’s educational performance among Chinese parents,
they utilize educational apps to start their children’s early
learning. Thus, providing other educational materials instead
of screening may be an effective strategy to reduce screen
viewing for young Chinese children (45).

In our study, toddlers’ parents who offered screen media to
children in order to do house chores were more likely to report
that their children had shorter longest sleep episodes.
Sometimes parents use screen media as a “babysitter” (46).
Parents use media to make children busy when they are
doing household chores, which is a common phenomenon,
especially during the COVID-19 pandemic (47). Leaving
children alone to screen may cause several problems,
including unknown media content and decreased parent-child
interaction. Previous studies stated that co-viewing increases
parent-child interaction, ensures the health and safety of
screen content, and helps children better understand the
content (14, 42). Whether screen viewing may benefit
children largely depends on appropriate media content (48,
49) and co-viewing with parents (50, 51). Further
interventions should not only focus on reducing screen
viewing time but also set rules (such as co-viewing and
appropriate screen content) for screen viewing to gain the
potential benefits of screen viewing.

This study also has some limitations. First, this is a cross-
sectional study, and the causal relationships between screen
viewing and sleep quality in children under three years old
are not established. Second, we recruited our participants
from only one university affiliated hospital, which may limit
the generalization of our results. Third, some clinical
important parameters such as night time awakenings and
settling difficulties have not been included. Such information
may help interpret the findings. Fourth, key screen time
related variables such as quality of the content and nature of
viewing (solitary/ co viewing) has not been assessed, which is
essential for formulating recommendations. Future studies
with more robust design and more comprehensive parameters
are warranted to further explore such relationships, thus help
better improve children’s screen view and sleep quality.

Conclusion
This study showed that the majority of toddlers did not

meet the WHO guideline on screen time in mainland China.
More screen time was related to less total and nighttime sleep
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for infants and toddlers. TV viewing time was negatively related
to infants’ total sleep time and toddlers’ nighttime sleep.
Smartphone viewing time was negatively related to toddlers’
total and daytime sleep. Such as education programs on
children’s screen viewing, providing other educational
materials instead of screening, more outdoor exercises and
indoor parent-child activities, early sleep, restricted use of TVs
and smartphones, and screen co-viewing, are needed to
improve young children’s sleep quality and promote their

development.

Data availability statement

The raw data supporting the conclusions of this article will
be made available by the authors, without undue reservation.

Ethics statement

The studies involving human participants were reviewed
and approved by Ethics Committee of Women and Children’s
Hospital, School of Medicine, Xiamen University (Ethical
Approval NO.KY-2020-109). Written informed consent to
participate in this study was provided by the participants’
legal guardian/next of kin.

Author contributions

YL, JZ, YH, and XZ designed the study. YL and JZ obtained
funding for this research. ZJ collected the data. GW, LZ, and

References

1. Li C, Cheng G, Sha T, Cheng W, Yan Y. The relationships between screen use
and health indicators among infants, toddlers, and preschoolers: a meta-analysis
and systematic review. Int | Environ Res Public Health. (2020) 17:7324. doi: 10.
3390/ijerph17197324

2. Chaput JP, Gray CE, Poitras V], Carson V, Gruber R, Birken CS, et al.
Systematic review of the relationships between sleep duration and health
indicators in the early years (0-4 years). BMC Public Health. (2017) 17(Suppl
5):855. doi: 10.1186/s12889-017-4850-2

3. Willumsen J, Bull F. Development of WHO guidelines on physical activity,
sedentary behavior, and sleep for children less than 5 years of age. ] Phys Act
Health. (2020) 17:96-100. doi: 10.1123/jpah.2019-0457

4. Iglowstein I, Jenni OG, Molinari L, Largo RH. Sleep duration from infancy to
adolescence: reference values and generational trends. Pediatrics. (2003) 111:302.
doi: 10.1542/peds.111.2.302

5. Galland BC, Taylor BJ, Elder DE, Herbison P. Normal sleep patterns in
infants and children: a systematic review of observational studies. Sleep Med
Rev. (2012) 16:213-22. doi: 10.1016/j.smrv.2011.06.001

6. Guan H, Zhang Z, Wang B, Okely AD, Tong M, Wu J, et al. Proportion of
kindergarten children meeting the WHO guidelines on physical activity,
sedentary behaviour and sleep and associations with adiposity in urban Beijing.
BMC Pediatr. (2020) 20:70. doi: 10.1186/s12887-020-1969-6

Frontiers in Pediatrics

09

10.3389/fped.2022.987523

WH were involved in data analysis. YL, ZL, Z], and JC
interpreted the results and drafted the manuscript. All authors
contributed to the article and approved the submitted version.

Funding

This study was funded by the Lin Qiaozhi Research Project
(grant number FYLQZ2020012) and National Natural Science
Foundation of China (71974162).

Acknowledgments

We thank all participating families.

Conflict of interest

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

Publisher’s note

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

7. Morris S, James-Roberts IS, Sleep ], Gillham P. Economic evaluation of
strategies for managing crying and sleeping problems. Arch Dis Child. (2001)
84:15-9. doi: 10.1136/adc.84.1.15

8. Hale L, Guan S. Screen time and sleep among school-aged children and
adolescents: a systematic literature review. Sleep Med Rev. (2015) 21:50-8.
doi: 10.1016/j.smrv.2014.07.007

9. Bonuck K, Chervin RD, Howe LD. Sleep-disordered breathing, sleep duration,
and childhood overweight: a longitudinal cohort study. ] Pediatr. (2015)
166:632-9. doi: 10.1016/j.jpeds.2014.11.001

10. Michelle L, Johnson ML. Infant growth in length follows prolonged sleep
and increased naps. Sleep. (2011) 5:641-50. doi: 10.1093/sleep/34.5.641

11. Mindell JA, Lee C. Sleep, mood, and development in infants. Infant Behav
Dev. (2015) 41:102-7. doi: 10.1016/j.infbeh.2015.08.004

12. MindellJA, Moore M. Does sleep matter? Impact on development and functioning
in infants. Pediatrics. (2018) 142(6):e20182589. doi: 10.1542/peds.2018-2589

13. Saenz J, Yaugher A, Alexander GM. Sleep in infancy predicts gender-specific
social-emotional problems in toddlers. Front Pediatr. (2015) 3:42. doi: 10.3389/
fped.2015.00042

14. Domoff SE, Radesky ]S, Harrison K, Riley H, Lumeng JC, Miller AL. A
naturalistic study of child and family screen media and mobile device use.
J Child Fam Stud. (2019) 28:401-10. doi: 10.1007/s10826-018-1275-1

frontiersin.org


https://doi.org/10.3390/ijerph17197324
https://doi.org/10.3390/ijerph17197324
https://doi.org/10.1186/s12889-017-4850-2
https://doi.org/10.1123/jpah.2019-0457
https://doi.org/10.1542/peds.111.2.302
https://doi.org/10.1016/j.smrv.2011.06.001
https://doi.org/10.1186/s12887-020-1969-6
https://doi.org/10.1136/adc.84.1.15
https://doi.org/10.1016/j.smrv.2014.07.007
https://doi.org/10.1016/j.jpeds.2014.11.001
https://doi.org/10.1093/sleep/34.5.641
https://doi.org/10.1016/j.infbeh.2015.08.004
https://doi.org/10.1542/peds.2018-2589
https://doi.org/10.3389/fped.2015.00042
https://doi.org/10.3389/fped.2015.00042
https://doi.org/10.1007/s10826-018-1275-1
https://doi.org/10.3389/fped.2022.987523
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org/

Lin et al.

15. Kabali HK, Irigoyen MM, Nunez-Davis R, Budacki JG, Mohanty SH, Leister
KP, et al. Exposure and use of mobile media devices by young children. Pediatrics.
(2015) 136(6):1361044-50. doi: 10.1542/peds.2015-2151

16. Xu Q, Wang JH, Zhang LL, Wang XY, Li N, Jin CH, et al. Research on the
status and risk factors of screen exposure in children under three years of age.
Zhonghua Er Ke Za Zhi. (2021) 59:841-6. doi: 10.3760/cma.j.cn112140-
20210322-00242

17. Janssen X, Martin A, Hughes AR, Hill CM, Kotronoulas G, Hesketh KR.
Associations of screen time, sedentary time and physical activity with sleep in
under 5s: a systematic review and meta-analysis. Sleep Med Rev. (2020)
49:101226. doi: 10.1016/j.smrv.2019.101226

18. Yang X, Chen Z, Wang Z, Zhu L. The relations between television exposure
and executive function in Chinese preschoolers: the moderated role of parental
mediation behaviors. Front Psychol. (2017) 8:1833. doi: 10.3389/fpsyg.2017.01833

19. Xiamen Bureau of Statistics 2021. Xiamen 7th National Census Bulletin,
http://tjj.xm.gov.cn/tjzl/ndgb/202105/t20210527_2554550.htm

20. Cespedes EM, Gillman MW, Kleinman K, Rifas-Shiman SL, Redline S,
Taveras EM. Television viewing, bedroom television, and sleep duration from
infancy to mid-childhood. Pediatrics. (2014) 133:e1163-71. doi: 10.1542/peds.
2013-3998

21. Moorman JD, Harrison K. Beyond access and exposure: implications of
sneaky media use for preschoolers’ sleep behavior. Health Commun. (2019)
34:529-36. doi: 10.1080/10410236.2017.1422103

22. Waller NA, Zhang N, Cocci AH, D’Agostino C, Wesolek-Greenson S,
Wheelock K. Screen time use impacts low-income preschool children’s Sleep
quality, tiredness, and ability to fall asleep. Child Care Health Dev. (2021)
47:618-26. doi: 10.1111/cch.12869

23. Hong GCC, Conduit R, Wong J, Benedetto MD, Lee E. Diet, physical
activity, and screen time to sleep better: multiple mediation analysis of lifestyle
factors in school-aged children with and without attention deficit hyperactivity
disorder. J Atten Disord. (2021) 25:1847-58. doi: 10.1177/1087054720940417

24. Vanderloo LM, Tucker P. An objective assessment of toddlers’ physical
activity and sedentary levels: a cross-sectional study. BMC Public Health. (2015)
15:969. doi: 10.1186/s12889-015-2335-8

25. Sadeh A, Mindell JA, Luedtke K, Wiegand B. Sleep and sleep ecology in the
first 3 years: a web-based study. J Sleep Res. (2009) 18:60-73. doi: 10.1111/§.1365-
2869.2008.00699.x

26. Sadeh A. A brief screening questionnaire for infant sleep problems:
validation and findings for an internet sample. Pediatrics. (2004) 113:e570-¢7.
doi: 10.1542/peds.113.6.e570

27. Lewandowski AS, Toliver-Sokol M, Palermo TM. Evidence-based review of
subjective pediatric sleep measures. ] Pediatr Psychol. (2010) 36(7):36780-793.
doi: 10.1093/jpepsy/jsq119

28. Wang YC, Chen LC, Tung YC, Lee CC, Tsai SY. Physical activity and
objectively assessed sleep in 6-month-old infants in Taiwan. Res Nurs Health.
(2019) 42(2):128-35. doi: 10.1002/nur.21929

29. McArthur BA, Volkova V, Tomopoulos S. Global prevalence of meeting
screen time guidelines among children 5 years and younger: a systematic review
and meta-analysis. JAMA Pediatr. (2022) 176(4):373-83. doi: 10.1001/
jamapediatrics.2021.6386

30. Biddle SJA, Pearson NB, Ross GMC, Braithwaite RED. Tracking of sedentary
behaviors of young people: a systematic review. Prev. Med. (2010) 51:345-51.
doi: 10.1016/j.ypmed.2010.07.018

31. Przybylski AK. Digital screen time and pediatric sleep: evidence from a
preregistered cohort study. J Pediatr. (2019) 205:218-23. doi: 10.1016/j.jpeds.
2018.09.054

32. Cheung CH, Bedford R, De Urabain IR S, Karmiloff-Smith A, Smith TJ.
Daily touchscreen use in infants and toddlers is associated with reduced sleep
and delayed sleep onset. Sci Rep. (2017) 7:46104. doi: 10.1038/srep46104

33. Mindell JA, Sadeh A, Wiegand B, How TH, Goh DYT. Cross-cultural
differences in infant and toddler sleep. Sleep Med. (2010) 11(3):274-80. doi: 10.
1016/j.sleep.2009.04.012

Frontiers in Pediatrics

10

10.3389/fped.2022.987523

34. Esterline K, Gémez RL. The role of sleep in retention of new words in
habitually and non-habitually napping children. Brain Sci. (2021) 11(10):1320.
doi: 10.3390/brainscil1101320

35. Emond JA, O’Malley AJ, Neelon B, Kravitz RM, Ostbye T, Benjamin-Neelon
SE. Associations between daily screen time and sleep in a racially and
socioeconomically diverse sample of US infants: a prospective cohort study.
BM]J Open. (2021) 11:¢044525. doi: 10.1136/ bmjopen-2020-044525

36. Lin YY, Lee WT, Yang HL, Weng WC, Lee CC, Jeng SF, et al. Screen time
exposure and altered sleep in young children with epilepsy. ] Nurs Scholarsh.
(2020) 52:352-9. doi: 10.1111/jnu.12558

37. Gribbin CE, Watamura SE, Cairns A, Harsh JR, Lebourgeois MK. The
cortisol awakening response (CAR) in 2- to 4-year-old children: effects of acute
nighttime sleep restriction, wake time, and daytime napping. Dev Psychobiol.
(2012) 54(4):412-22. doi: 10.1002/dev.20599

38. Zhu R, Fang H, Chen M, Hu X, Cao Y, Yang F, et al. Screen time and sleep
disorder in preschool children: identifying the safe threshold in a digital world.
Public Health. (2020) 186:204-10. doi: 10.1016/j.puhe.2020.07.028

39. Yland J, Guan S, Emanuele E, Hale L. Interactive vs passive screen time and
nighttime sleep duration among school-aged children. Sleep Health. (2015) 1
(3):191-6. doi: 10.1016/j.sleh.2015.06.007

40. Wood E, Petkovski M, De Pasquale D, Gottardo A, Evans MA, Savage RS.
Parent scaffolding of young children when engaged with mobile technology. Front
Psychol. (2016) 7:690. doi: 10.3389/fpsyg.2016.00690

41. Njoroge WF, Elenbaas LM, Garrison MM, Myaing M, Christakis DA.
Parental cultural attitudes and beliefs regarding young children and television.
JAMA Pediatr. (2013) 167:739-45. doi: 10.1001/jamapediatrics.2013.75

42. Chu S, Hale S. Letter in response to “the good, the bad and the ugly of
children’s Screen time during the COVID-19 pandemic”. Acta Paediatr. (2021)
00:1-1. doi: 10.1111/apa.16102

43. Ruangdaraganon N, Chuthapisith J, Mo-suwan L, Kriweradechachai S,
Udomsubpayakul U, Choprapawon C. Television viewing in Thai infants and
toddlers: impacts to language development and parental perceptions. BMC
Pediatr. (2009) 9:34. doi: 10.1186/1471-2431-9-34

44. Schmidt ME, Haines J, O’Brien A, McDonald J, Price S, Sherry B, et al.
Systematic review of effective strategies for reducing screen time among young
children. Obesity. (2012) 20(7):1338-54. doi: 10.1038/0by.2011.348

45. Hong X, Zhu W, Luo L. Non-parental care arrangements, parenting stress,
and demand for infant-toddler care in China: evidence from a national survey.
Front Psychol. (2022) 12:822104. doi: 10.3389/fpsyg.2021.822104

46. Hinkley T, McCann JR. Mothers” and father’s Perceptions of the risks and
benefits of screen time and physical activity during early childhood: a
qualitative study. BMC Public Health. (2018) 18:1271. doi: 10.1186/s12889-018-
6199-6

47. Abid R, Ammar A, Maaloul R, Souissi N, Hammouda O. Effect of COVID-
19-related home confinement on sleep quality, screen time and physical activity in
Tunisian boys and girls: a survey. Int | Environ Res Public Health. (2021) 18
(6):3065. doi: 10.3390/ijerph18063065

48. Christakis DA, Garrison MM, Herrenkohl T, Haggerty K, Rivara FP, Zhou
C, et al. Modifying media content for preschool children: a randomized controlled
trial. Pediatrics. (2013) 131:431-8. doi: 10.1542/peds.2012-1493

49. Garrison MM, Liekweg K, Christakis DA. Media use and child sleep: the
impact of content, timing, and environment. Pediatrics. (2011) 128:29-35.
doi: 10.1542/peds.2010-3304

50. Chen JY, Strodl E, Huang LH, Chen Y], Yang GY, Chen WQ.
Early electronic screen exposure and autistic-like behaviors among
preschoolers: the mediating role of caregiver-child interaction, sleep duration
and outdoor activities. Children (Basel). (2020) 7:200. doi: 10.3390/
children7110200

51. Collier KM, Coyne SM, Rasmussen EE, Hawkins AJ, Padilla-Walker LM,
Erickson SE, et al. Does parental mediation of media influence child outcomes?
A meta-analysis on media time, aggression, substance use, and sexual behavior.
Dev Psychol. (2016) 52:798-812. doi: 10.1037/dev0000108

frontiersin.org


https://doi.org/10.1542/peds.2015-2151
https://doi.org/10.3760/cma.j.cn112140-20210322-00242
https://doi.org/10.3760/cma.j.cn112140-20210322-00242
https://doi.org/10.1016/j.smrv.2019.101226
https://doi.org/10.3389/fpsyg.2017.01833
http://tjj.xm.gov.cn/tjzl/ndgb/202105/t20210527_2554550.htm
https://doi.org/10.1542/peds.2013-3998
https://doi.org/10.1542/peds.2013-3998
https://doi.org/10.1080/10410236.2017.1422103
https://doi.org/10.1111/cch.12869
https://doi.org/10.1177/1087054720940417
https://doi.org/10.1186/s12889-015-2335-8
https://doi.org/10.1111/j.1365-2869.2008.00699.x
https://doi.org/10.1111/j.1365-2869.2008.00699.x
https://doi.org/10.1542/peds.113.6.e570
https://doi.org/10.1093/jpepsy/jsq119
https://doi.org/10.1002/nur.21929
https://doi.org/10.1001/jamapediatrics.2021.6386
https://doi.org/10.1001/jamapediatrics.2021.6386
https://doi.org/10.1016/j.ypmed.2010.07.018
https://doi.org/10.1016/j.jpeds.2018.09.054
https://doi.org/10.1016/j.jpeds.2018.09.054
https://doi.org/10.1038/srep46104
https://doi.org/10.1016/j.sleep.2009.04.012
https://doi.org/10.1016/j.sleep.2009.04.012
https://doi.org/10.3390/brainsci11101320
https://doi.org/10.1136/ bmjopen-2020-044525
https://doi.org/10.1111/jnu.12558
https://doi.org/10.1002/dev.20599
https://doi.org/10.1016/j.puhe.2020.07.028
https://doi.org/10.1016/j.sleh.2015.06.007
https://doi.org/10.3389/fpsyg.2016.00690
https://doi.org/10.1001/jamapediatrics.2013.75
https://doi.org/10.1111/apa.16102
https://doi.org/10.1186/1471-2431-9-34
https://doi.org/10.1038/oby.2011.348
https://doi.org/10.3389/fpsyg.2021.822104
https://doi.org/10.1186/s12889-018-6199-6
https://doi.org/10.1186/s12889-018-6199-6
https://doi.org/10.3390/ijerph18063065
https://doi.org/10.1542/peds.2012-1493
https://doi.org/10.1542/peds.2010-3304
https://doi.org/10.3390/children7110200
https://doi.org/10.3390/children7110200
https://doi.org/10.1037/dev0000108
https://doi.org/10.3389/fped.2022.987523
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org/

	Relationships between screen viewing and sleep quality for infants and toddlers in China: A cross-sectional study
	Introduction
	Methods
	Design
	Setting and participants
	Sample size calculation
	Outcomes and measurement
	Data collection
	Ethical consideration
	Data analysis

	Results
	Characteristics of the study population
	Screen viewing
	Sleep quality
	Sleep quality differences between children with or without screen viewing
	Relationships between screen viewing and sleep quality among infants
	Relationships between screen viewing and sleep quality among toddlers

	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher's note
	References


