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Abstract

Background: The prevalence of physical inactivity, unhealthy diet, and sleep disturbance among preschoolers is increasing
dramatically. Parents play a crucial role in fostering their children’s physical activity (PA), dietary behaviors, and sleep habits.
Face-to-faceinterventions have barriers such astime commitment, making eHealth options appealing. However, current parent-based
eHealth interventions have limitations in design (eg, focus on a single outcome, imbalanced content, and sequence), and their
results cannot be generalized to other regions.

Objective: This study aims to assess the effectiveness of parent-based eHealth interventions targeting PA, dietary behaviors,
and sleep in preschoolersin China.

Methods: This single-blinded randomized controlled trial with 2 parallel arms comprised a 12-week intervention followed by
a 12-week follow-up, conducted from September 2023 to June 2024 in China. The intervention, grounded in social cognitive
theory, included 12 interactive modules on PA (n=4), dietary behaviors (n=4), and sleep (n=4), each delivered weekly via social
media. Each module consisted of videos, evidence-based information, parent interaction, goal setting, and feedback. The control
group received aweekly electronic pamphlet via WeChat without interactive components. Preschoolers’ PA, sleep duration, and
sleep quality were assessed using the wGT3X-BT ActiGraph, while dietary behaviors, sleep problems, and screen time were
reported by parents through paper-based questionnaires. Generalized estimating equations, adjusting for demographic covariates,
were used to examine the effects of the parent-based eHealth intervention on preschoolers' outcomes.

Results: A total of 237 eligible parent-child dyads were randomly assigned to the intervention group (n=120, mean age 4.51
years, SD 0.72 years, n=67, 55.8%, boys) or the control group (n=117, mean age 4.31 years, SD 0.70 years, n=69, 59%, boys).
At baseline, 237 parents completed questionnaires, and 196 preschoolers provided valid ActiGraph data. At posttest, 181 parents
completed questionnaires, and 166 preschoolers provided valid ActiGraph data (intervention, n=90; control, n=91). At follow-up,
181 parents again completed questionnaires, and 170 preschoolers provided valid ActiGraph data (intervention, n=90; control,
n=91). Educating parents about healthy lifestylesthrough social mediahad a positive impact on preschoolers’ light PA (vscontrol:
adjusted mean difference —151.61 minutes/7 days, 95% Cl —418.18 to —96.67, P=.002, Cohen d=0.28), vigorous PA (vs control:
adjusted mean difference 138.47 minutes/7 days, 95% CI 117.61-183.10, P=.03, Cohen d=0.23), dleep latency (vscontrol: adjusted
mean difference —21.04 minutes/day, 95% Cl —16.07 to —6.00, P=.005, Cohen d=0.78), sleep efficiency (vs control: adjusted
mean difference 4.61%, 95% Cl 4.29-9.72, P<.001, Cohen d=0.34), and screen time (vs control: on weekdays, adjusted mean
difference —16.42 minutes/weekday, 95% CI —30.83 to —2.01, P=.01, Cohen d=0.25; on weekends, adjusted mean difference
—73.88 minutes/weekend day, 95% Cl —98.48 to —49.28, P<.001, Cohen d=.46).
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The findings may help address unhealthy lifestyles commonly observed in young children. Further efforts are

needed to leverage cutting-edge technological advancements to support families in creating healthy living environments for

children across broader regions.
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Introduction

Background

Physical activity (PA), dietary behaviors, and deep are
collectively termed “the big three pillars of an individua's
health” [1]. Regular engagement in PA, healthy eating habits,
and high-quality sleep are critical for enhancing brain growth
and the central nervous system [2,3], promoting cognitive
performance[4], improving musculoskeletal health [5], reducing
symptoms of mental disorders (eg, anxiety and depression) [6],
and lowering the likelihood of developing obesity and
noncommunicable diseases (eg, cardiovascular diseases) [7].
Nonetheless, people's lifestyles have become increasingly
characterized by physical inactivity and sedentary behaviors
[6], unhealthy dietary habits [8], and disrupted sleep routines
[9], all of which can adversely affect lifelong health trajectories
[10]. This underscores the importance of establishing healthy
lifestyle behaviors from an early age (ie, the preschool years),
when behavior patterns are still developing and more likely to
persist throughout the lifespan [11].

Given the high attendance rate of preschoolers (approximately
50%-90%) in Early Childhood Education and Care (eg, long
day care, nurseries, kindergartens, and family day care), along
with the substantial amount of time most children spend in these
settings (on average 25-35 hours/week), they represent an ideal
context for delivering hedlthy lifestyle strategiesfor preschoolers
[12]. A recent study indicated that a school-based intervention
effectively increased preschoolers moderate-to-vigorous
physical activity (MVPA) and tota PA, while decreasing
sedentary time at the 8-week posttest [13]. The results of a
systematic review evaluating the effectiveness of
childcare-based interventions on preschoolers’ healthy eating
showed that most of the reviewed studies (8 out of 14) reported
significant improvements, including increased intake of fruits
and vegetables and decreased total fat consumption [14]. A
meta-analysis further reported that school-based interventions
targeting preschoolers' 24-hour movement behaviors reduced
sedentary behavior outcomes and increased sleep duration [15].
Arguably, healthy lifestyle interventions implemented in Early
Childhood Education and Care settings could be an effective
approach to promoting preschoolers’ healthy lifestyles.

However, recent evidence has highlighted the weaknesses of
interventions carried out in Early Childhood Education and Care
settings. First, kindergartens demonstrated alack of fidelity in
intervention delivery and faced difficulties in implementation
due to high staff turnover rates [16]. In addition, teachers were
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reluctant to participate, as the intervention diverted attention
from other educational activities [17]. Finally, differences in
individual teaching stylesand interpretations of theintervention
led to inconsistent adherence to intervention protocols [18].

In response, extensive studies have highlighted that parental
involvement in interventions may be highly valuable for shaping
preschoolers PA, dietary behaviors, and sleep [19]. Inthe early
years of life, preschoolers are still developing autonomy and
rely on parental supervision [20], while parents strongly
influence children’s PA, dietary behaviors, and sleep through
their regulations and recommendations [21]. However, due to
the challenges associated with face-to-face parent-based
interventions (eg, time consumption and travel costs) [22],
eHealth interventions—defined as the use of the internet and
mobile technologies to deliver health-related information
[23]—offer appealing alternatives because of their accessibility
and lower costs[24].

A previous systematic review highlighted that existing literature
examining the impact of parent-based eHealth interventions on
preschoolers’ PA, dietary behaviors, and sleep either focused
on a single variable among these behaviors or did not balance
theintervention content modules (ie, diet-related moduleswere
more extensive than those related to PA and dleep) [25].
Additionally, the sequence in which modules were delivered
was often overlooked. Familiarity with later-distributed modules
at the posttest may have led to more favorable outcomes for
these modules compared with earlier ones[25]. The systematic
review further indicated that empirical relationships identified
in one culture may stem from its specific context and may not
betransferableto other countries[25]. Considerable uncertainty
still exists regarding the effectiveness of parent-based eHealth
interventions on preschoolers' PA, dietary behaviors, and sleep
in China. Therefore, high-quality, robustly designed
parent-based eHealth interventions with balanced modules and
well-structured content delivery are needed to determine their
effectiveness on Chinese preschoolers’ PA, dietary behaviors,
and sleep.

Objectives
This study aimed to investigate the effectiveness of a
parent-based eHealth intervention on PA, dietary behaviors,

and sleep among preschoolers raised in a Chinese cultural
context.
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Methods

Study Design

The protocol for this study has been published [26]. This was
a single-blinded randomized controlled trial with 2 parallel
arms, consisting of a 12-week intervention followed by a
12-week follow-up. It was designed to promote preschoolers
PA, dietary behaviors, and sleep by providing parents with
relevant health information and recommendations through an
eHealth modality (ie, videos and WeChat [Tencent Holdings
Limited], which is similar to WhatsApp) and by motivating
parentsto create afamily environment with healthy regulations
in which their children live. Datawere collected at baseline, 12
weeks postbaseline, and 24 weeks postbaseline in 4
kindergartensin Guiyang, Guizhou Province, Mainland China,
with assistance from Sun Yat-sen University and Guiyang
Preschool Education College, between October 2023 and July
2024. Multimedia Appendix 1 presents the CONSORT
(Consolidated Standards of Reporting Trials) checklist.

Recruitment of Participantsand Eligibility Criteria

The entire recruitment process was conducted within the school
setting. Kindergarten teachers sent messages to parentsin their
respective WeChat class groups, providing a brief introduction
to the study’s objectives and significance. Parents were then
asked to respond with either “yes’ or “no” to indicate their
willingness to participate. Face-to-face presentations outlining
the objectives and procedures of theintervention were conducted

Textbox 1. Outline of the consent form points.
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in the 4 kindergartens for parents who agreed to participate (ie,
those who replied “yes’ in the WeChat group). The inclusion
criteriawere asfollows: (1) parents were over 21 yearsold and
had children aged 3-6 years;, (2) parental commitment to
participate in thefull 24-week intervention; (3) accessto mobile
technology; (4) parentsand children were required to be healthy
(defined as a state of physical, mental, social, intellectual, and
emotional well-being, and the absence of disease) and able to
engage in normal PA; and (5) parents had to reside with the
participating child for at |east 4 days/week.

Children were excluded from the study if they (1) had a
diagnosed neurological or physical disability; (2) had a parent
with a serious physical or psychological condition that would
make participation too demanding for the family; or (3) had
specia dietary requirements or alergies that would necessitate
tailoring the intervention or could be adversely affected by it.

Ethical Consider ations

This intervention study was approved by the Research Ethics
Committee of Hong Kong Baptist University (approval number
SOSC-SPEH-2022-23 115) and registered in  the
ClinicalTrials.gov Protocol Registration and Results System
under identifier NCT06025019. All preschoolers and their
parents were fully informed of the potential risks of the
experiment. Eligible participants were asked to add the
researchers on WeChat and to sign the informed consent form
at the end of the parent meetings. The consent form outlined
the points detailed in Textbox 1.

1. Secondary anaysis

«  Thestudy permitted secondary analysis without requiring additional consent.

2. Confidentiality

« All personal data collected were anonymized and accessible only to the researchers for research purposes.

«  Thedatawould be destroyed immediately after publication of the research report to ensure confidentiality.

3. Compensation
«  Thestudy lasted 24 weeks and included 3 testing sessions.

. Attheend of each session, parents received a detailed report of their child’s results, providing insight into their child’s PA, dietary behaviors,

and sleep.

Randomization and Blinding

After recruitment, eligible participants were randomized into
either the eHealth intervention group or the control group at a
1:1 ratio, with alocation concealment ensured using a
computer-generated sequence (SPSS version 27; IBM Corp).
The entire allocation process was overseen by the statistician.
To maintain strict adherence to the study protocol, only the 2
researchers (ZP and PWCL) responsible for implementing the
intervention were informed of group alocation, while the
participants remained blinded.

Sample Size

A priori analysis was conducted using G* Power 3.1.9.6, with
an F-test ANOVA repeated-measures, within-between
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interaction design [27]. A recent systematic review and
meta-analysisreported asmall yet statistically significant effect
sizefor interventions aimed at enhancing PA in children under
5 years old [28]. Additionally, intervention studies targeting
improvementsin diet and sleep quality in young children have
shown small to medium effect sizes[29,30]. Therefore, asmall
effect size was adopted in this study. A minimum sample size
of 82 parent-child dyads/group (intervention and control) was
required to detect asmall effect size (Cohen d=0.3) with apower
of 0.80 and an a level of .05. Considering a potential 20%
attrition rate [31], atotal of 206 parent-child dyadswere needed
(103 in each group).
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The Rationale of the | ntervention

The intervention was implemented in accordance with the
previously published protocol [26]. Briefly, it was grounded in
socia cognitive theory, which posits that learning is a social
phenomenon in which individuals acquire knowledge by
observing, imitating, and modeling the behaviors of others[32].
For preschool-age children, observing and mimicking parental
behaviors is a fundamental way of learning, as they absorb
information from the family environment to develop social,
cognitive, and emotiona skills[20]. Therefore, akey component
of this intervention was to motivate parents to model healthy
PA, dietary behaviors, and sleep routines, while fostering a
home environment with supportive regulations in these areas.

Social cognitive theory proposes that an individual’s behavior
can be modified through the interaction of personal,
environmental, and behavioral factors [33]. Personal factors
refer to an individual’s self-efficacy in carrying out a behavior,
shaped by personality, knowledge, beliefs, self-perceptions, and
expectations. Environmental factors are defined as supportive
contextsthat facilitate the performance of abehavior. Behaviora
factors refer to an individual’s response once a behavior has
been performed. Together, these 3 factors outline the key
intervention components needed to induce behavioral change.

Additionally, social cognitive theory outlines 4 processes for
behavior change: attention, retention, reproduction, and
motivation [34]. If any of these processes are absent, learning
and adoption of new behaviors will not occur [34]. These 4
processes inform the sequence that interventions should follow
to induce behavioral change.

Parent-Based eHealth Intervention

The eHealth intervention comprised 12 interactive modules
focused on preschoolers' PA, dietary behaviors, and sleep, with
each theme consisting of 4 modules. These 12 modules were
rotated weekly with a theme over the 12-week period.
Participants were organized into 26 WeChat groups, each
containing 8 members, based on the optima group size for
interaction [35]. Trained facilitators—kindergarten teachers
with expertise in PA, diet, and sleep—were recruited for each
group and blinded to the study objectives. Their responsibilities
included sending videos, facilitating interactions, answering
guestions, helping parents set goals for their children, and
providing feedback, as well as revising goals. Parents received
2 self-monitoring SMS text messages/week: the first, sent
midweek, requested feedback on goal progress. A response of
“N” triggered a skill-building suggestion, while a response of
“Y” received positive reinforcement. The second message, sent
on weekends, assessed goal attainment before introducing the
new weekly theme.

Based on the sequence outlined in socia cognitive theory,
participants received the following content each week: (1)
Attention—matched with personal factors—emphasizes that
individuals cannot learn unless they pay attention to what is
happening around them [36]. To address this, attention was
promoted by providing printed educational materialsand videos
through WeChat [37]. At the beginning of each week, parents
received a pre-prepared poster and a 3-minute video related to
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the weekly theme. These videos, recorded by the researchers
and structured around behavior change techniques, included
preschoolers' lifestyle recommendations from the World Health
Organization, benefits of thetarget behaviors, common barriers,
goa setting, and feedback. (2) Retention—aligned with
environmental factors—emphasizes that individuals must not
only recognize observed behaviors but also remember them for
future application [36]. Therefore, retention was addressed
through interactions with other participantsin WeChat groups,
which helped parents recall the content of the videos and
educational materials. Facilitators encouraged communication
within these groups, where parents shared their children’s
activities, meal photos, and strategies for reducing sedentary
behavior. The groups were monitored by the researchers to
ensurethat discussions aligned with evidence-based guidelines.
Parents who did not participate in group exchanges received
private reminder messages from the facilitator via WeChat. (3)
Reproduction, which is matched with behavioral factors, refers
totheindividual’s ability to be physically and mentally capable
of performing the observed behaviors [36]. Reproduction was
supported through goa setting, action planning, and
problem-solving around barriers. Facilitators worked with
parents privately to establish individualized goalsrelated to PA,
dietary behaviors, and sleep for their children, and to refine
these goals using the SMART (Specific, Measurable,
Achievable, Relevant, and Time-bound) framework. Parents
also had regular opportunities to interact with facilitators to
address challenges and adjust their plans as needed. (4)
Motivation, which is matched with behavioral factors, refersto
the individual’s interests and sense of achievement in relation
to the tasks and activities being implemented [36]. Motivation
was fostered by creating cognitive dissonance, prompting
parents to reflect on their children’s current behaviors and to
identify the positive outcomes and expectations associated with
adopting the planned behaviors. Facilitators also provided 2
types of individualized feedback—based on both group
interactions and progress toward goal achievement. First,
graphical visualizations of reported PA, diet, and sleep were
shared to motivate compliance with World Health Organization
recommendations. Second, a “traffic light” poster was used to
indicate compliance (green: met; yellow: close; and red: not
met). For goals not met, facilitators provided tailored solutions,
tips, and reinforcement strategies privately via WeChat.

Control Group

Overview

Parent-child dyads in this group received electronic materials
related to the weekly theme at the beginning of each week via
WecChat, but did not have access to interactive components.

Measurements

Demographic information was collected at baseline. Children’s
PA, dietary behaviors, and sleep were assessed at 3 time points
using the same procedures. baseline (October 2023) after
participant recruitment, posttest (January—February 2024) at
the end of the intervention, and follow-up (June 2024),
conducted 12 weeks after the intervention was completed.
Before data collection, researchers grouped children according
to the number of avalable ActiGraph wGT3X-BT
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accelerometers and informed parents that the devices should be
wornfor 7 consecutive days. If achild was expected to be absent
during the collection period, group adjustments were made. On
the scheduled day, researchersfitted the first group of children
with accel erometersin the kindergarten and instructed teachers
to monitor their use during school hours, lunch, and after school.
When parents picked up their children wearing accelerometers,
they were invited to spend approximately 20 minutes in a
separate room at the kindergarten to complete paper-based
guestionnaires on preschoolers dietary behaviors, sSleep
problems, and screen time. Completed questionnaires were
returned to the teachers. After 1 week of datacollection for each
group, researchers retrieved the ActiGraph wGT3X-BT
accelerometers, downloaded and initialized the data, recharged
the devices, and repeated the same procedure with the
subsequent groups. All questionnaireitems and parent-reported
responses were manually entered into a Microsoft Excel sheet
by aresearch assistant for further analysis. A second research
assistant then conducted a double check to ensure accuracy.
Both assistants were blinded to the research objectives and
group alocation.

Demographic I nformation

Parents’ information included socioeconomic status (income
range, educational level, and occupational status), age, gender,
marital status, and number of children. Children’s information
included gender, age, height, and weight. Height and weight
were measured using the SECA Medical Body Composition
Analyzer, with weight recorded to the nearest 0.1 kg (children
barefoot and in light clothing) and height to the nearest 0.1 cm.
Parents BMI was calculated from self-reported height and

weight (kg/m?) and categorized using cutoff points for Asian
adults (185229  kg/m’=normal  weight; =23
kg/m’=overweight/obesity) [38]. Preschoolers BMI was

calculated from measured height and weight (kg/m?). The BMI
score was then categorized as normal weight or overweight
based on the age- and gender-specific standards provided by
theInternational Cutoff Pointsfor Identification of Overweight

and Obesity in Children (kg/m?) [39].

Preschoolers PA

The PA level and sedentary time were objectively monitored
using a triaxial accelerometer (ActiGraph GT3X-BT). The
ActiGraph accelerometer is a valid and reliable tool for
objectively measuring PA levels in preschoolers [40].
Kindergarten teachers and parents received written and video
instructions on its use. In addition, parents were asked to keep
an activity diary for both wear and nonwear time. Teachers
checked accelerometer wear on each school day. An
accelerometer was affixed to the children’sright wrist to monitor
all activities over 7 consecutive days, except during
water-related activities or situations that could damage the
device, such as swimming or bathing. The ActiLife software
(version 6.13) was used to initialize the device and analyze the
data A recording epoch of 1 second and 60 seconds was
downloaded for PA and sleep analysis, respectively [40]. Valid
wear time was defined as at least 16 hours of wear on a
minimum of 3 days (2 weekdays and 1 weekend day) [40].
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Nonwear time was defined as 20 consecutive minutes of O
counts per minute (CPM), following ActiLife standard
procedures. Accelerometers wereinitialized at a sampling rate
of 30 Hz and reintegrated into 60-second epochs for analysis.
Activity counts were categorized into intensity levels (ie,
sedentary behavior, light physical activity [LPA], moderate
physical activity [MPA], and vigorous physical activity [VPA])
using the following cutoff points: sedentary, <819 CPM; LPA,
820-3907 CPM; MPA, 3908-6111 CPM; and VPA, 26112 CPM
[41]. Additionally, alog sheet was provided for parentsto record
when the device was removed and the reasons for its removal.

Preschoolers Dietary Behaviors

Children’sdietary behaviorswere assessed using the Children’'s
Eating Behavior Questionnaire, which has been validated in
Chinese preschool-age children [42]. Parentsrated the frequency
of their child's eating behaviors on a 5-point scale (1=never,
2=rarely, 3=sometimes, 4=often, 5=always) across 8 domains
(35 items): satiety responsiveness (eg, My child has a big
appetite), slowness in eating (eg, My child finishes meals
quickly), food fussiness (eg, My child refuses new food at first),
food responsiveness (eg, My child is always asking for food),
enjoyment of food (eg, My child looks forward to mealtimes),
desire to drink (eg, My child is always asking for a drink),
emotional undereating (eg, My child eatslesswhen angry), and
emotional overeating (eg, My child eats more when annoyed).
Items marked with an asterisk were reverse scored (5to 1 instead
of 1 to 5). For each subscale, higher mean scores indicated
greater expression of the corresponding eating behavior. In
addition, parents were given a modified log sheet to record all
foodstheir child consumed during the 5 main meal's (breakfast,
morning snack, lunch, afternoon snack, and dinner). They were
also asked to note the time of any additional snacks consumed.
Depending on the category, very high or very low levelsindicate
unhealthy eating behaviors; however, there are no established
cutoff valuesto classify behaviors as dysfunctional. The scales
demonstrated high internal consistency reliability, with an
overall Cronbach a above 0.7 [42].

Preschoolers Sleep Duration and Quality

The ActiGraph accelerometer was used to assess children’s
sleep latency and dleep efficiency. Bedtime and wake-up time
were determined using the algorithm by Sadeh et al [43], while
periods of sleep were estimated with the agorithm by
Tudor-Locke et a [44]. Duration of nighttime sleep, bedtime,
and wake-up time were analyzed in 60-second epochs using
ActiLife software (version 6.13) and cross-checked against
parent-completed log sheets. Sleep data were considered valid
if the device was worn for at least three nights [43].

Preschoolers Sleep Problems

Children’s sleep problems were assessed using the Chinese
version of the Children’s Sleep Habits Questionnaire [45], a
widely used parent-report survey for screening children aged
3-10 years. The questionnaire contains 33 items across 8
domains: bedtime resistance, sleep onset delay, sleep duration,
sleep anxiety, night waking, parasomnia, sleep-disordered
breathing, and daytime sleepiness. Each item is rated on a
3-point scale: “usualy” if the behavior occurs 5 or more
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times/week (scored 3), “ sometimes” if it occurs 2-4 times/week
(scored 2), and “rarely” if it occurs once or not at al during the
week (scored 1). Higher scoresindicate greater sleep problems,
with atotal score above 41 suggesting a sleep disorder. Items
1, 2, 3,10, 11, and 26 werereverse scored asfollows: 1=3, 2=2,
3=1. The remaining items (4-9, 12-25, 27-32b) retained their
original scores. The questionnaire has demonstrated good
reliability and validity, with a Cronbach a of 0.73 [45].

Preschooler’s Screen Time

Parents were asked to answer questions estimating their
children’susual screen time on atypical weekday and weekend
to calculate the average weekly screen time. The questionnaire
also assessed the availability of screens and rules regarding
screen use. This4-item questionnaire has been used in previous
studies and was trandated into Chinese using a back-to-back
translation method [46]. For example, “Do you have rules
regarding screen time at home?’ (A=yes, 1 point; B=no, 2
points). “Doesyour child's bedroom have any screen devices?’
(A=yes, 1 point; B=no, 2 points). “How often does your child
watch TV while eating?’ (A=never, 1 point; B=1-3 times/week,
2 points, C=4-6 times/week, 3 points; and D=7+ times/week,
4 points). “On average, how much time does your child spend
in front of a screen on weekdays (Monday to Friday) and on
weekends each day?’

Statistical Analysis

Baseline characteristics of the intervention and control groups
were compared using the chi-squaretest for categorical variables
(preschoolers gender, number of children with overweight and
obesity, and parents' gender, educational level, income range,
marital status, number of children in the household, and number
of parentswith overweight and obesity) and independent t tests
for continuous variables (preschoolers’ and parents’ age, height,
weight, and BMI). Anintention-to-treat analysiswas conducted.
Data from the wGT3X-BT ActiGraph (ie, preschoolers’ PA,
deep quality, and dSleep duration) and parent-reported
questionnaires (ie, preschoolers dietary behaviors, sSeep
problems, and screen time) were analyzed using generalized
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estimating equations. Group and time were included as main
effects, with demographic variables as covariates (preschoolers
gender, age, height, weight, BMI; parents' age, height, weight,
gender, educational level, income range, marital status, number
of childreninthe household, and BMI). Thisanalysisexamined
the effects of the parent-based eHealth intervention on outcomes,
including preschoolers PA, sedentary behaviors, dietary
behaviors, deep problems, sleep latency, sleep efficiency, sleep
duration, and screen time. Pairwise comparisonswith Bonferroni
adjustment were conducted to examine differences between the
intervention and control groups whenever a significant group
x time interaction was observed. Missing values were not
imputed, as generalized estimating equations provide a
regression framework that appropriately handles missing data
and does not require the assumption of normally distributed
data [47]. The magnitude of the parent-based eHealth
intervention on outcomes was expressed as effect size (Cohen
d), calculated using effect size cal culators based on the formula
provided by Sullivan and Feinn [48]. Effect sizes were
interpreted as small (0.2), medium (0.5), and large (0.8) [48].

Results

Characteristics of Participants at Baseline

Figure 1 shows the flow of participants through the study.
Baseline data for the parent-child dyads are presented in Table
1. A total of 327 parents attended the 4 face-to-face meetings,
of whom 237 were eligible, signed informed consent, and were
randomly assigned to theintervention (n=120) or control group
(n=117). Intheintervention group, the mean age of preschoolers
was 4.51 (SD 0.72) years, and 67 (55.8%) children were boys.
The mean age of parents in the intervention group was 34.28
(SD 4.74) years, and 93 parents (77.5%) were mothers. In the
control group, preschoolers had a mean age of 4.31 (SD 0.70)
years, with 69 (59%) children being boys. Parentsin the control
group had amean age of 34.88 (SD 3.99) years, and 78 (66.7%)
parents were mothers. All demographic characteristics were
similar between the 2 groups, except for parents’ height (P=.005)
and the number of parents with overweight/obesity (P=.045).
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Figure 1. Flowchart of data collection, including reasons for attrition and invalid data.
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Table 1. Demographic information of participants at baseline between the 2 groups.2

Demographic characteristics Intervention group (n=120) Control group (n=117) P value®
Preschoolers
Age (years), mean (SD) 451 (0.72) 4.31 (0.70) 75
Gender, n (%) .62
Boy 67 (55.8) 69 (59.0)
Girl 53 (44.2) 48 (41.0)
Height (m), mean (SD) 1.09 (0.08) 1.11(0.07) 82
Weight (kg), mean (SD) 19.56 (4.90) 19.94 (5.84) 47
BMI (kg/m?), mean (SD) 16.50 (3.74) 16.19 (4.51) 46
Overweight/obese, n (%) 26 (21.7) 20(17.1) .34
Parents
Age (years), mean (SD) 34.28 (4.74) 34.88 (3.99) .67
Gender, n (%) .06
Mother 93 (77.5) 78 (66.7)
Father 27 (22.5) 39(33.3)
Height (m), mean (SD) 1.61 (0.06) 1.63 (0.08) .005
Weight (kg), mean (SD) 59.09 (14.39) 64.06 (20.42) .09
BMI (kg/m?), mean (SD) 22,59 (5.29) 24.08 (6.58) 29
Overweight/obese, n (%) 44 (36.7) 58 (49.6) .04
Only 1 child, n (%) 30(25.0) 43(36.8) .05
Marital status, n (%) 72
Married 115 (95.8) 111 (94.9)
Divorced 5(4.2) 6(5.1)
Education, n (%) .99
College and below 52 (43.3) 51 (43.6)
Bachelor 56 (46.7) 56 (47.9)
Master and above 12 (10.0) 10 (8.5)
Income (RM B per month), n (%) 10
RMB<3000 4(3.3) 11(9.4)
3001<RMB<7345 30 (25.0) 38 (32.5)
7346<RMB<20,000 72 (60.0) 57 (48.7)
RMB>20,000 14 (11.7) 11 (9.4)

3\ean (SD) was used to describe continuous variables, whereas n (%) was used for categorical variables,

Btalicized P values indicate that all the demographic information between the 2 groups was not significantly different except for the parents’ height
(P=.005) and the number of those with overweight/obesity (P=.045).

€1 RMB=US $0.14.

Effectivenessof Parent-Based eHealth | ntervention on
Preschoolers' PA
Descriptive information and changes over time are presented

in Tables 2 and 3. Differences between the 2 groups are shown
in Table 4.
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Table 2. Summary of descriptive datafor each outcome variable (n=237).

Peng et d

Variable Baseline (week 0), mean (SD) Posttest (week 12), mean (SD) Follow-up (week 24), mean (SD)
Intervention Control Intervention Control Intervention Control
Physical activity
Light physical activity (minutes/7 2064.08 (37.68) 1958.26 (40.56) 1060.70(33.99) 1212.31(53.11) 1849.26(40.77) 1851.23
days) (39.67)
Moderate physical activity (min-  812.13 (22.63) 763.72(24.23) 556.79(15.34) 607.62(21.23) 762.60 (22.86) 742.18(23.09)
utes/7 days)
Vigorous physical activity (min- 0 0 1174.72(56.60) 1030.86(75.38) 10.04 (9.96) 0.03 (0.07)
utes/7 days)
Total moderate-to-vigorousphysi-  812.01 (22.58) 763.27 (24.21) 1732.28(56.79) 1634.12(68.09) 824.35(23.98) 741.74(23.18)
cal activity (minutes/7 days)
Average moderate-to-vigorous 118.37 (2.78) 113.76 (3.27) 282.85 (7.58) 263.95(10.74) 131.02(3.17) 121.10 (3.17)
physical activity (minutes/day)
Sedentary behaviors
Average length of sedentary bouts  22.68 (0.16) 2259(0.15)  2270(0.19)  2266(0.19)  22.09(0.23)  22.29(0.21)
(minutes/bout)
Daily average sedentary bouts ~ 328.01 (64.57) 316.64 (55.13) 31040 (61.12) 314.95(60.82) 311.77 (59.87) 317.42(54.69)
(minutes/day)
Sedentary (minutes/7 days) 5659.73 (110.76)  5456.91 4629.65 4620.13(95.25) 5032.84 5068.85
(119.63) (103.80) (104.50) (91.27)
Dietary behaviors (questionnair e scor €)
Enjoyment of food 3.30(0.07) 3.21(0.06) 3.42(0.08) 3.26 (0.07) 3.51(0.08) 3.28 (0.07)
Emotional overeating 1.74 (0.05) 1.88 (0.06) 1.91 (0.06) 1.96 (0.06) 1.82 (0.06) 1.87 (0.06)
Satiety responsiveness 3.06 (0.06) 3.00 (0.06) 2.86 (0.06) 3.02 (0.05) 2.84(0.06) 2.98(0.07)
Slownessin eating 3.16 (0.08) 3.03(0.07) 3.05 (0.08) 3.15 (0.07) 2.99 (0.08) 3.18 (0.07)
Desireto drink 2.33(0.09) 2.38(0.08) 2.30(0.09) 2.32(0.10) 2.36(0.10) 2.29 (0.09)
Food fussiness 2.61(0.07) 2.69 (0.06) 2.64 (0.07) 2.82(0.07) 2,55 (0.07) 2.79 (0.06)
Emotional undereating 2.95(0.14) 2.82(0.07) 2.66 (0.08) 2.85 (0.07) 2.73(0.07) 2.73(0.08)
Food responsiveness 2,51 (0.05) 2.48 (0.06) 2.48 (0.07) 2.50 (0.07) 2.47 (0.07) 2.36 (0.06)
Sleep
Sleep problems (questionnaire  50.08 (0.66) 50.41(0.61)  47.70(0.72)  47.14(0.68)  4867(0.65)  48.36(0.70)
score)
Sleep latency (minutes/day) 29.76 (1.83) 31.42(1.78) 1.96 (0.31) 2537(0.89)  3.13(0.49) 12.99 (1.69)
Sleep efficiency (%) 77.21(0.64) 7711(0.71)  8559(3.06)  80.98(0.66)  84.12(059)  80.05 (0.64)
Sleep duration (minutes/day) 44451 (3.77) 44742 (4.02)  441.91(6.92) 429.71(5.18)  449.45(555)  434.04 (5.96)
Screen time ( minutes /day)
Weekdays 61.38 (5.28) 60.56 (4.47)  44.15(247) 6057 (442)  56.85(540)  64.52(5.46)
Weekends 117.14 (9.35) 13050 (9.80)  56.42(3.01)  130.31(7.80) 107.28(8.93)  134.85(9.73)
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Table 3. Summary of generalized estimating equations (n=237).2

Variables Within-group changes, adjusted mean difference (95% Cl) Group timeinteraction effect
Posttest vs baseline Pvaue  Follow-up vsbaseline P vaue P value

Light physical activity (minutes/7 days) .006
Intervention —1003.38 (-1150.10t0 —856.66) <.001 —214.82(-349.85t079.78) .10
Control —745.95 (-936.82t0 555.09)  <.001 —107.03(-251.271037.20) .44

MPA ( minutes/7 days) .059
Intervention —255.34 (-330.57 to —180.10) <.001 —49.53 (—125.08 t0 26.03) .81
Control —156.10 (—256.44 to -55.76) <.001 —21.55(-104.80t0 61.71) .10

VPA ( minutes/7 days) .02
Intervention 1174.72 (1008.57 to 1340.86) <.001 10.04 (-19.20 to 39.27) .10
Control 1030.86 (809.58 to 1252.13) <.001 0.03 (-0.18 to —0.24) 10

Total moder ate-to-vigorous physical activity ( minutes/7 days) .67
Intervention 920.26 (754.76 to 1085.77) <.001 12.34 (-7.98 to 104.66) >.99
Control 870.85 (673.25 to 1068.45) <.001 —21.53 (-104.21t0 61.15) >.99

Aver age moder ate-to-vigor ous physical activity ( minutes/day) .36
Intervention 164.48 (142.50 to 186.45) <.001 12.65 (-1.80 to 23.49) .09
Control 150.19 (119.67 to 180.71) <.001 7.34 (-3.3310 18.01) 65

Average length of sedentary bouts ( minutes/bout) .68
Intervention 0.02 (-0.58t0 0.61) .33 -0.59 (-1.30t0 0.12) 22
Control 0.07 (-0.55 t0 0.68) >.99 -.302 (-0.98t0 0.37) >.99

Daily aver age sedentary bouts ( minutes/day) .27
Intervention -8.70 (-32.85 to 15.44) >.99 -16.41 (-40.37t07.54) .66
Control -1.19 (-24.80 to 22.42) >.99 0.739 (-19.481020.96)  >.99

Sedentary ( minutes /7 days) 40
Intervention —1030.08 (—1403.58 to —656.58) <.001 —626.89 (—1026.67 to <.001

—227.11)

Control -836.77 (-1207.94 to —465.61)  <.001 —388.06(~770.2810-5.84) .04

Enjoyment of food (Questionnaire score) .38
Intervention 0.12 (0.10t0 0.34) .049 0.21 (0.02t0 0.41) .02
Control 0.07 (-0.17 t0 0.30) 43 0.07 (-0.14 t0 0.29) 48

Emotional overeating (Questionnaire scor€) .58
Intervention 0.17 (-0.04 10 0.37) 25 0.08 (—1.00to 0.26) .09
Control 0.08 (-0.17 10 0.32) >.99 -0.01 (-0.23 t0 0.20) >.99

Satiety responsiveness (Questionnaire score) 74
Intervention -0.21 (-0.39t0-0.01) .03 —0.21 (-0.40t0o -0.03) .007
Control 0.02 (-0.19 t0 0.26) 73 -0.01 (-0.20 0 0.17) 38

Slowness in eating (Questionnaire score) .23
Intervention -0.11 (-0.32t0 0.09) 22 -0.18 (-0.39 to 0.04) 22
Control 0.12 (-0.16 to 0.40) >.99 0.14 (-0.07 t0 0.36) 76

Desireto drink (Questionnaire score) .61
Intervention —0.02 (-0.30t0 0.24) >.99 0.04 (-0.23t0 0.30) >.99
Control -0.06 (-0.38t0 0.26) >.99 —0.09 (-0.38t0 0.19) >.99

Food fussiness (Questionnair e score) 22
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Variables Within-group changes, adjusted mean difference (95% Cl) Group time interaction effect
Posttest vs baseline Pvaue  Follow-up vsbaseline P vaue P value

Intervention 0.03 (-0.181t0 0.24) >.99 —-0.07 (-0.28 t0 0.14) >.99
Control 0.13 (-0.10t0 0.37) >.99 0.10 (-0.09 to 0.28) >.99

Emotional undereating (Questionnaire score) 14
Intervention -0.29 (-0.73t0 0.15) .82 —0.22 (-0.65t0 0.20) >.99
Control 0.03 (-0.23t0 0.28) >.99 —0.09 (-0.35t0 0.17) >.99

Food responsiveness (Questionnair e scor e) .50
Intervention —0.02 (-0.24t0 0.19) >.99 —0.03 (-0.23t0 0.16) >.99
Control 0.02 (-0.21 t0 0.26) >.99 —0.02 (-0.32 t0 0.09) >.99

Sleep problems (score) .67
Intervention —2.38 (~4.76 t0 —0.0006) .049 —1.41 (-3.38 t0 0.56) 53
Control —3.27 (-5.42t0-1.12) <.001 —2.05 (-4.14 t0 0.03) .06

Sleep latency ( minutes/day) .004
Intervention —27.80 (-33.07 to —22.53) <.001 —26.63 (—32.05t0-21.20) <.001
Control -6.05 (-31.22 t0 —20.89) <.001 —18.43 (-25.65t0—11.20) <.001

Sleep efficiency (%)° 002
Intervention 8.37 (0.54 10 5.73) .006 6.89 (4.32 10 9.47) <.001
Control 3.87(1.471t06.27) <.001 2.94 (0.79 t0 5.08) .001

Sleep duration ( minutes/day) A2
Intervention —2.61 (—26.20 to 20.98) >.99 4.93 (—14.59 to 24.45) >.99
Control —17.71 (-36.07 t0 0.64) .069 —13.38 (—33.10t0 6.34) .70

Screen time on weekdays ( minutes /day) <.001
Intervention -17.23 (-33.44 t0 —1.02) 027 -452(-20.82t011.78)  >.99
Control 0.01 (-15.34 t0 15.36) >.99 3.96 (-14.28 t0 22.20) >.99

Screen time on weekends ( minutes /day) <.001
Intervention —60.72 (-89.23 t0 —32.20) <.001 —9.86 (—36.79 to 17.08) .55
Control —0.19 (-29.85 t0 29.48) >.99 4.36 (—29.72 to 38.44) .78

8Generalized estimating equations were conducted, adjusting for covariates, including preschoolers’ gender, age, height, weight, number of children
with overweight or obesity, as well as parents’ age, height, weight, gender, educational level, income range, marital status, number of children in the
household, and number of parents with overweight or obesity.

bS|eep efficiency refersto the percentage of time spent asleep whilein bed. It is calculated by dividing total sleep time (in minutes) by total timein bed
(in minutes). A sleep efficiency of 85% or higher is generally considered normal.
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Table 4. Summary of post hoc analysis of generalized estimate equations whenever agroup time effect was detected (n=237).2

Variables Posttest Follow-up test
Adjusted mean differ- Pvalue Effectsize(Co- Adjusted meandif- P vaue Effect size (Co-
ence (95% CI) hen d) ference (95% ClI) hen d)

Light physical activity (minutes/7 days) —151.61 (-418.18t0  .002 0.28 -1.96 (-3.23t0 A1 0.004
—96.67) 23.07)

Vigorous physical activity (minutes/7  138.47 (117.61to .03 0.23 10.01 (-10.8 to .66 0.02

days) 183.10) 17.01)

Sleep latency (minutes/day) —21.04 (-16.07 to .005 0.78 -9.86 (-15.02 to <.001 0.55
-6.00) —4.71)

Sleep efficiency (%) 4.61(4.29t09.72) <001 034 4.07 (1.53t06.61) <.001 0.30

Screen time on weekdays (minutes/day) —16.42 (-30.83 to .01 0.25 —7.67 (-30.21to .34 0.01
-2.01) 14.88)

Screen time on weekend days (min- —73.88 (-98.48 to <.001 0.46 —27.57 (-66.33 to .55 0.02

utes/day) —49.28) 11.19)

3Datafor theintervention and control groups are presented. Bonferroni correction was applied to adjust for multiple pairwise comparisons. The analyses
were further adjusted for covariates including preschoolers’ gender, age, height, weight, number of children with overweight or obesity, and parents
age, height, weight, gender, educational level, incomerange, marital status, number of children in the household, and number of parentswith overweight

or obesity.

Compared with baseline, both the intervention and control
groups showed significant within-group changesin LPA, MPA,
VPA, total MVPA, and average MV PA at posttest. The trends
indicated a significant decrease in time spent in LPA
(intervention: —1003.38 minutes/week, 95% Cl —-1150.10 to
-856.66, P<.001; control: —745.95 minutes’week, 95% ClI
—-936.82 to —555.09, P<.001) and MPA (intervention; —255.34
minutes/week, 95% Cl -330.57 to —180.10, P<.001; control:
—-156.10 minutes/week, 95% Cl -256.44 to —55.76, P<.001),
aongside an increase in MVPA (intervention: 164.48
minutes/day, 95% Cl 142.50-186.45, P<.001; control: 150.19
minutes/day, 95% CI 119.67-180.71, P<.001) and VPA
(intervention: 1174.72 minutes/week, 95% CI 1008.57-1340.86,
P<.001; control: 1030.86 minutes’iweek, 95% CI
809.58-1252.13, P<.001).

Compared with the control group, preschoolers in the
intervention group showed asignificant reduction in time spent
in LPA (adjusted mean difference —151.61 minutes/week, 95%
Cl -418.18 to —96.67, P=.002, Cohen d=0.28) and an increase
in time spent in VPA (adjusted mean difference 138.47
minutes/week, 95% CI 117.61-183.10, P=.03, Cohen d=0.23)
a posttest. At follow-up, there were no significant
between-group differences in LPA (adjusted mean difference
-1.96, 95% CI —-3.23 to 23.07, P=.11) or VPA (adjusted mean
difference 10.01, 95% Cl -10.8t0 17.01, P=.66). No significant
between-group differences were observed for other PA-related
outcomes at either posttest or follow-up (MPA: P=.06; TMVPA:
P=.67; and AMVPA: P=.36).

Effectiveness of Parent-Based eHealth I ntervention on
Preschoolers Dietary Behaviors

No significant between-group differences in dietary behaviors
were observed at either time point (enjoyment of food: P=.38;
emotional overeating: P=.58; satiety responsiveness. P=.74;
downessin eating: P=.23; desireto drink: P=.61; food fussiness:
P=.22; emotional undereating: P=.14; and food responsiveness:
P=.50). Within-group analyses showed substantial changesin

https://www.jmir.org/2025/1/€70886

enjoyment of food and satiety responsiveness at posttest and
follow-up in the intervention group, whereas no changes were
observed in the control group. Specifically, the mean score for
enjoyment of food in theintervention group increased from 3.30
(SD 0.07) at baseline to 3.42 (SD 0.08) at posttest (adjusted
mean difference 0.12, 95% CI 0.10-0.34, P=.049) and further
to 3.51 (SD 0.08) at follow-up (adjusted mean difference 0.21,
95% CI 0.02 to 0.41, P=.023). By contrast, the mean score for
satiety responsiveness decreased from 3.06 (SD 0.06) at baseline
t0 2.86 (SD 0.06) at posttest (adjusted mean difference —0.21,
95% CI -0.39 to -0.01, P=.03) and to 2.84 (SD 0.06) at
follow-up (adjusted mean difference -0.21, 95% CI -0.40 to
-0.03, P=.007).

Effectiveness of Parent-Based eHealth I ntervention on
Preschoolers Sleep

Significant within-group changesin preschoolers' sleep-related
outcomes were observed in both groups at posttest, except for
dleep duration. Both the intervention and control groups showed
a reduction in sleep problem scores at posttest (intervention:
adjusted mean difference —2.38, 95% CI -4.76 to —0.0006,
P=.049; control: adjusted mean difference-3.27, 95% Cl -5.42
to-1.12, P<.001), with no significant between-group differences
at either assessment (P=.67).

Although both the intervention and control groups showed a
decreasing trend in sleep latency at posttest (intervention:
adjusted mean difference —27.80 minutes/day, 95% Cl -33.07
to —22.53, P<.001; control: —26.05 minutes/day, 95% CI —31.22
to -20.89, P<.001) and follow-up (intervention: —26.63
minutes/day, 95% CI -32.05to -21.20, P<.001; control: —18.43
minutes/day, 95% CI -25.65 to -11.20, P<.001), the
intervention group exhibited a significantly greater reduction
than the control group at both posttest (adjusted mean difference
-21.04 minutes/day, 95% Cl -16.07 to —6.00, P=.005, Cohen
d=0.78) and follow-up (adjusted mean difference —-9.86
minutes/day, 95% Cl —15.02 to —4.71, P<.001, Cohen d=0.55).
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Both the intervention and control groups showed a significant
increase in sleep efficiency at posttest (intervention: adjusted
mean difference 8.37%, 95% CI 1.47-6.27, P=.006; control:
3.87%, 95% CI 1.47-6.27, P<.001) and follow-up (intervention:
6.89%, 95% CI 4.32-9.47, P<.001; control: 2.94%, 95% ClI
0.79-5.08, P=.001). The improvement in sleep efficiency was
more pronounced in the intervention group at both posttest
(adjusted mean difference 4.61%, 95% CI 4.29-9.72, P<.001,
Cohen d=0.34) and follow-up (adjusted mean difference 4.07%,
95% CI 1.53-6.61, P<.001, Cohen d=0.30) compared with the
control group.

Effectivenessof Parent-Based eHealth | ntervention on
Preschoolers' Screen Time

Considering within-group changes, preschoolers in the
intervention group showed a decline in screen time on both
weekdays (adjusted mean difference —17.23 minutes, 95% ClI
—33.44 to -1.02, P=.027) and weekends (adjusted mean
difference —60.72 minutes, 95% Cl —89.23 to —32.20, P<.001).
By contrast, preschoolersin the control group showed minimal
changesin screen time on weekdays (adjusted mean difference
—0.01 minutes, 95% CI —15.34 to 15.36, P>.99) and weekends
(adjusted mean difference —0.19 minutes, 95% Cl —29.85 to
29.48, P>.99). Although the intervention group maintained a
reduced screen time at follow-up on weekdays (adjusted mean
difference —4.52 minutes, 95% Cl —20.82 to 11.78, P>.99) and
weekends (adjusted mean difference —9.86 minutes, 95% ClI
—36.79 to 17.08, P=.55), these changes were not statistically
significant compared with baseline.

Compared with the control group, preschoolers in the
intervention group showed a decrease in screen time at posttest
on weekdays (adjusted mean difference —16.42 minutes, 95%
Cl -30.83 to —2.01, P=.01, Cohen d=0.25) and weekends
(adjusted mean difference —73.88 minutes, 95% Cl —98.48 to
—49.28, P<.001, Cohen d=0.46). At follow-up, the intervention
group showed reductionsin screen time on weekdays (adjusted
mean difference—7.67 minutes, 95% Cl —30.21 t0 14.88, P=.34)
and weekends (adjusted mean difference —27.57 minutes, 95%
Cl —66.33 to 11.19, P=.55) compared with the control group;
however, these changes were not statistically significant.

Discussion

Principal Findings

This intervention successfully targeted parents to improve
preschoolers’ PA, sleep, and screen time compared with the
control group, with no significant effects on dietary behaviors.
Regarding PA, preschoolers in the intervention group engaged
inless LPA and more VPA at the 12-week posttest compared
with the control group; however, these changes were not
maintained at the 12-week follow-up. For deep-related
outcomes, the intervention group demonstrated reduced sleep
latency and improved sleep efficiency at both the 12-week
posttest and the 12-week follow-up compared with the control
group. Additionally, preschoolers screen time in the
intervention group significantly decreased on both weekdays
and weekends at the posttest compared with the control group,
but this reduction was not maintained at the 12-week follow-up.
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Effectiveness of Parent-Based eHealth on Preschoolers
PA

Both groups exhibited changes in PA intensity from baseline
to posttest, characterized by a declinein LPA and MPA, aong
with an increase in MVPA and VPA. These findings are
consistent with previous studies [49-53], which suggested that
L PA showsadecreasing trend from age 3 onward, while MV PA
and VPA increase from age 3to 5, plateau thereafter, and decline
from age 7 to 9 [53]. Previous studies have explained that
children exploretheir surroundings and devel op self-awareness
by demonstrating varying levels of competence in basic motor
skills such as catching, rolling, running, and galloping [49,52].
Preschoolers often overestimate their motor competence,
believing they are more skilled than they actually are; this
inflated perception can motivate them to practice and master
higher-level motor skills[54]. When children feel skilled, they
are more likely to persist in improving their abilities [55].
Children with higher levels of actual motor competence and a
greater repertoire of motor skills were more likely to engagein
higher levels of PA, including increased MVPA and VPA [52].
Additionally, the “ActivityStat” hypothesis suggests that an
imposed increase or decrease in PA in a single domain may
lead to compensatory changes in another domain, helping to
maintain stable overall PA and energy expenditure over time
[56]. Accordingly, preschoolers in the intervention group
maintained their total PA at a relatively constant level by
adapting various mechanisms, such as altering the frequency,
intensity, or duration of their PA [57]. Of particular note, this
finding contrasts with the results reported by the systematic
review of Zhou et a [25], which found no significant
between-group differences in PA-related outcomes, as
objectively measured by GT3X, among preschool ersfollowing
a parent-based online intervention. This discrepancy may be
attributed to the greater number of PA-related modules in our
study compared with the studies included in that review (n=4
vs n=1). It is plausible that the additional PA-related
modules—including PA knowledge, group interaction, goal
setting, tailored feedback, and weekly goal revision—captured
more attention from parentsin the intervention group, potentialy
motivating them to support their children in engaging in higher
levels of PA.

Notably, parents in the intervention group were consistently
educated on the recommendation that young children should
engage in a minimum of 3 hours of PA/day, with a minimum
of 1 hour consisting of MV PA. Thistargeted parental education
and promotion of PA guidelines likely served as akey strategy
driving the observed differences in LPA and VPA compared
with the control group [58,59].

Effectivenessof Parent-Based eHealth on Preschooler s
Dietary Behaviors

From baseline to follow-up, preschoolers in the intervention
group showed a significant increase in “enjoyment of food”
(general interest in food) alongside a decline in “satiety
responsiveness’ (ability to stop eating in response to fullness
cues). It is possible that the diet modules, regularly delivered
to the intervention group, provided parents with a better
understanding of balanced nutrition and healthy eating. This
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enhanced knowledge may have prompted parentsto offer their
children a wider variety of foods, contributing to increased
food-approaching behaviors, including enjoyment of food [60].

In addition, many Chinese parents often misinterpret their
children’s larger body weight and size as indicators of healthy
growth, associating being overweight with affluence [61].
Parents may prefer their children to be chubbier and
underestimate their status of overweight or obesity, making
them more likely to pressure children to eat, an approach that
has been associated with higher levels of enjoyment of food
[62]. Chinese parental feeding practices are generally rooted in
cultural values emphasizing not wasting food and ensuring
children’s nutritional needs are met [63]. Parents often serve
large portions of food as away of expressing love and care for
their children [60]. They tend to encourage their children to
finish al the food on their plates during mealtimes, regardless
of the child’'s hunger and fullness cues [63]. Over time, these
practices may reinforce the motivation to eat beyond
physiological needs, contributing to higher enjoyment of food
and lower satiety responsiveness in children [60].

Additionally, it is common in China for grandparents to
co-reside with their adult children and serve as primary
caregivers for their grandchildren [64]. Many grandparents,
having lived through periods of food scarcity (such asthe Great
Famine of the 1950s), often associate increased food intake with
successful caregiving and worry that their grandchildren may
experience hunger [65]. Asaresult, grandparents may encourage
excessive eating to prevent malnutrition, pressuring their
grandchildren to eat even when not hungry, which can increase
children's enjoyment of food while reducing their
responsiveness to satiety cues [65].

In previous parent-based eHealth intervention studies, the focus
was primarily on preschoolers' dietary consumption (such as
noncore foods, fruits and vegetables, and sugar intake) rather
than on eating behaviors [25]. Consequently, there is limited
scope for direct comparison. The allocation of preschoolersin
our study resulted in an unequal distribution of eating behaviors
between the intervention group (eg, enjoyment of food, 47/120,
39.2%; satiety responsiveness 14/120, 11.7%) and the control
group (eg, enjoyment of food, 37/117, 31.6%; satiety
responsiveness 13/117, 11.1%) at baseline. Such uneven
allocation may have influenced the overall intervention effects
on preschoolers' dietary behaviors. Future studies with amore
balanced distribution of eating behaviors are therefore
warranted.

Additionally, eating behaviors, which develop during early
childhood and reflect individual appetitive traits associated with
the regulation of food intake, have been found to be influenced
by parenting practices and styles. For instance, feeding practices
that involve encouragement and rewards can enhance
food-approaching behaviors (such as enjoyment of food) and
may even reduce satiety responsiveness in preschoolers [66].
High parental self-efficacy in feeding has also been linked to
healthier eating behaviorsin preschoolers [67]. In addition, an
authoritarian parenting style has been associated with increased
food responsiveness, emotional overeating, enjoyment of food,
and satiety responsiveness [68]. Future studies exploring the
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mediating effects of parenting practices and styles are warranted,
as mediation analysis can provide a better understanding of the
factorsthat influence the effectiveness of parent-based eHealth
interventions on preschoolers' eating behaviors.

Effectivenessof Parent-Based eHealth on Preschoolers
Sleep

Improvements in sleep problems, sleep latency, and sleep
efficiency among preschoolers in the intervention group were
observed at posttest following the parent-based eHealth
intervention, with gains in sleep latency and sleep efficiency
sustained at follow-up. These enhancements may be explained
by therole of PA in promoting severa sleep variables, including
sleep-onset latency, sleep efficiency, and total sleep duration
[69-71]. According to energy conservation and body restoration
theories, sleep duration and the amount of sow-wave sleep
increase as a function of higher energy expenditure [72].
Specifically, PA depletes energy reserves, particularly glycogen
storesin musclesand theliver. Asenergy expenditureincreases
and these stores are reduced, the body signals a need for
recovery, enhancing the drive for sleep. This can lead to longer
sleep durations and a greater proportion of slow-wave seep,
whichisparticularly crucial for physical recovery and iswhere
many restorative processes occur [72].

Previous studies further reported that PA triggers the rel ease of
neurotransmitters such as serotonin and norepinephrine, which
are important for mood regulation and relaxation, potentially
contributing to improved sleep onset and maintenance [73].
When daytime MVPA was increased by 10%, sleep latency
decreased by 12.15 minutes/day [74]. Higher levels of MVPA
were aso significantly associated with better sleep efficiency
and reduced sleep fragmentation [ 70]. Two studies showed that
MVPA improved sleep quality and aleviated sleep problems
by decreasing sleep latency, increasing total sleep time, and
reducing presleep anxiety [75,76]. Preschoolers in the
intervention group exhibited anotableincreasein total MV PA,
from approximately 812 minutes at baseline to 1732 minutes
at posttest, and then 824 minutes at follow-up, which may have
contributed to the observed improvements in sleep problems,
sleep latency, and sleep efficiency.

Beyond the biological perspective, parents in the intervention
group were regularly provided with educational knowledge
related to sleep, including adequate sleep and optimal sleep
environments. This enhanced knowledge likely helped parents
better understand the factors contributing to good sleep hygiene
and theimportance of maintaining consistent bedtimes. Regular
bedtime routinesimprove sleep quality—such asreducing sleep
latency and night wakings in young children—and help
synchronize the internal biological clock, promoting
self-regulation of the deep-wake cycle and facilitating the
natural seep process[77,78]. Children with shorter deep latency
are ableto spend agreater proportion of timein actual bed sleep
and are less likely to experience nighttime disruptions and
awakenings, which reduces interruptions and enhances sleep
efficiency [79].

The insignificant difference between the 2 groups in sleep
problems may be attributed to 2 factors. First, the high
proportion of preschoolerswith severe sleep problems (ie, total
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scores above 41) at baseline in both the intervention (109/120,
90.8%) and control groups (107/117, 91.5%) suggests that the
improvements observed in parent-reported sleep problems at
posttest may have been influenced by aregression-to-the-mean
effect, rather than solely by the impact of the intervention [80].
Individualsinitialy identified with high values on the outcome
measure are likely to show lower values upon remeasurement,
eveninthe absence of any intervention [80]. Thus, itispossible
that their sleep issues may have naturally improved over time,
regardless of whether they received an intervention.
Additionally, unlike sleep latency and efficiency, which were
objectively assessed, preschoolers sleep problems were
evaluated using parent-reported measures. This introduces the
potential for parentsto intentionally or unintentionally misreport
information [81].

Effectiveness of Parent-Based eHealth on Preschoolers
Screen Time

Theintervention group showed asignificant reductionin screen
time on both weekdays and weekends compared with the control
group. Thisfinding is consistent with previous studies[82-84].
Parent-child attachment, defined as a mutualy satisfying
relationship, may influence screen time, as lower attachment
levels have been associated with increased screen time due to
reduced parental monitoring [82]. Stronger father-child and
mother-child attachment was correlated with decreased screen
time, with ego resilience mediating this relationship [83].
Meaningful interactions, such asengaging in enjoyable activities
together, can strengthen parent-child attachment [84]. In the
intervention group, parents were encouraged to participate in
PA with their children, fostering bonding and positive memories,
which likely contributed to the reduction in screen time.

Strengths and Limitations

This study addressed weaknessesidentified in previousresearch,
such as balancing the intervention content and minimizing the
impact of the sequence in which the content was delivered on
the outcomes. Integrating the entire intervention process with
3 critical components and 4 processing steps based on social
cognitive theory provided a consolidated rationale for the
intervention design. Objectively assessed data on preschoolers
PA and dleep enhanced the accuracy and reliability of theresults.

Thefindings of thisstudy should beinterpreted in light of certain
limitations. First, measurements of preschoolers dietary

Data Availability
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behaviors and deep problems relied on subjective
guestionnaires, which involved self-reported data. Consequently,
parents may have misreported this information, either
intentionally or unintentionally, potentially affecting the results
in both groups. Second, because the posttest coincided with the
Chinese Lunar New Year holiday, many participants were
unableto return to school to complete the measurementswithin
the proposed time frame, resulting in a high attrition rate
(181/237, 76.4%). Third, a greater-than-expected proportion of
children were classified as having an active lifestyle (engaging
in 180 minutes of PA daily, with MVPA meeting 60 minutes),
which may have diluted the intervention’'s effect on MVPA.
Finaly, as participants were mainly from underdeveloped
regionsin China, the results may not generalize to preschoolers
in devel oped regions.

Practical Implications

Chinese parents often feel a strong sense of responsibility to
guide and correct their children’s behavior, which can result in
a high level of controlling behavior from an early age [85].
Interventions aimed at improving the lifestyle behaviors of
Chinese preschoolers should not only target the children’'s
behavior but also give greater attention to parenting practices
and styles. Future research is essential to examine how these
parenting approaches mediate the eff ectiveness of parent-based
eHealth interventions on preschoolers’ PA, diet, and sleep.
Moreover, this intervention has potential for scalability and
broad reach. Studies with larger sample sizes are needed to
tranglate this effective parent-based eHealth intervention to
other age groups and regions of China.

Conclusions

Within the Chinese cultural context, educating parents about
healthy lifestyles via socia media effectively improved
preschoolers’ VPA, sleep latency and efficiency, and screen
time compared with the control group. Theinsightsgained from
this study may help address the unhealthy lifestyle behaviors
commonly observed in contemporary young children.
Considerably more work is needed to leverage cutting-edge
technological advancements to help families across broader
regions create healthy living environments for their children.
Such efforts can not only enhance individual health and family
well-being but also reduce the societal financial burden
associated with treating diseases resulting from poor lifestyle
habits.

The data supporting the findings of this study are available from the corresponding author (PWCL) upon reasonable request.
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MVPA: moderate-to-vigorous physical activity
SMART: Specific, Measurable, Achievable, Relevant, and Time-bound
VPA: vigorous physical activity
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