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Abstract

Background: The high prevalence of unhealthy movement behaviors among young children remains a global public health
issue. eHealth is considered a cost-effective approach that holds great promise for enhancing health and related behaviors.
However, previous research on eHealth interventions aimed at promoting behavior change has primarily focused on adolescents
and adults, leaving alimited body of evidence specifically pertaining to preschoolers.

Objective: Thisreview aims to examine the effectiveness of eHealth interventions in promoting 24-hour movement behaviors,
specifically focusing onimproving physical activity (PA) and sleep duration and reducing sedentary behavior among preschoolers.
In addition, we assessed the moderating effects of various study characteristics on intervention effectiveness.

Methods: We searched 6 electronic databases (PubMed, Ovid, SPORTDiscus, Scopus, Web of Science, and Cochrane Central
Register of Controlled Trials) for experimental studieswith arandomization procedure that examined the effectiveness of eHealth
interventions on 24-hour movement behaviors among preschoolers aged 2 to 6 years in February 2023. The study outcomes
included PA, sleep duration, and sedentary time. A meta-analysis was conducted to assess the pooled effect using arandom-effects
model, and subgroup analyses were conducted to explore the potential effects of moderating factors such asintervention duration,
intervention type, and risk of bias (ROB). The included studies underwent arigorous ROB assessment using the Cochrane ROB
tool. Moreover, the certainty of evidence was eva uated using the GRADE (Grading of Recommendations Assessment, Development,
and Evaluation) assessment.

Results: Of the 7191 identified records, 19 (0.26%) were included in the systematic review. The meta-analysis comprised a
sample of 2971 preschoolers, which was derived from 13 included studies. Compared with the control group, eHealth interventions
significantly increased moderate to vigorous PA (Hedges g=0.16, 95% CI 0.03-0.30; P=.02) and total PA (Hedges g=0.37, 95%
Cl 0.02-0.72; P=.04). In addition, eHealth interventions significantly reduced sedentary time (Hedges g=-0.15, 95% CI -0.27
to —0.02; P=.02) and increased sleep duration (Hedges g=0.47, 95% CI 0.18-0.75; P=.002) immediately after the intervention.
However, no significant moderating effects were observed for any of the variables assessed (P>.05). The quality of evidence was
rated as “moderate” for moderate to vigorous intensity PA and sedentary time outcomes and “low” for sleep outcomes.
Conclusions:. eHealth interventions may be a promising strategy to increase PA, improve sleep, and reduce sedentary time
among preschoolers. To effectively promote healthy behaviorsin early childhood, it isimperative for future studiesto prioritize
the development of rigorous comparative trials with larger sample sizes. In addition, researchers should thoroughly examine the
effects of potential moderators. There is also a pressing need to comprehensively explore the long-term effects resulting from
these interventions.

Trial Registration: PROSPERO CRD42022365003; http://tinyurl.com/3nnfdwh3

(J Med Internet Res 2024, 26:€52905) doi: 10.2196/52905
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Introduction

Background

Physical activity (PA), sedentary behavior (SB), and sleep are
integrated as “24-hour movement behaviors’ owing to the
collective effect on daily movement patterns. The 24-hour
movement paradigm acknowledges the possibility of
categorizing these behaviors according to their intensity levels
acrossafull day. Thisencompasses adiverserange of activities,
including sleep; SB (eg, screen time, reclining, or lying down);
and light, moderate, or vigorous PA [1]. Globally, the “ 24-hour
movement behaviors’ paradigm has already been recognized
and adopted into movement guidelines[2]. In 2020, the World
Health Organization (WHO) released guidelines on PA and SB
that incorporate all 3 movement behaviors [3]. The hedlth
benefits of engaging in PA, getting the recommended sleep,
and reducing sedentary time are well documented. Recent
reviews have shown a positive association between PA; sleep;
and a wide range of child outcomes related to menta health,
cognition, and cardiometabolism [4-6]. In addition, it is worth
mentioning that different domains of SB can have varying health
effects. For instance, non—screen-based sedentary activitiessuch
as reading or studying have been associated with favorable
cognitive development in children [7]. Conversely, screen-based
sedentary time, also referred to as* screentime,” has been found
to have adverse effects on hedth-related outcomes [8].
Moreover, prior research has indicated that imbalances in
24-hour movement behaviors—specifically, elevated sedentary
screen time coupled with diminished levels of PA and
sleep—could potentially increase therisk of depression[9] and
result in poor health-related quality of life [10]. Therefore, any
change in one of the movement behaviors may lead to a
compensatory increase or decrease in one or both behaviors.

However, insufficient healthy levels of 24-hour movement
behaviors in early childhood have remained one of the most
critical global public health challenges [11,12]. According to
the WHO guidelines[3], preschool children are recommended
to engagein adequatedaily PA, consisting of 180 minutes, with
60 minutes dedicated to moderate to vigorous PA (MVPA). In
addition, they should ensure sufficient sleep, ranging from 10
to 13 hours, while limiting sedentary recreational screen time
to no morethan 60 minutes per day. Unfortunately, asignificant
proportion of preschoolers do not meet the PA guidelines (<50%
across studies) [13]. Furthermore, previous studies have
consistently demonstrated that preschool ers exceed the screen
time recommendations set by the WHO. A comprehensive
meta-analysis of 44 studiesrevealed that only 35.6% of children
aged between 2 and 5 years met the guideline of limiting daily
screentimeto 1 hour. Moreover, when examining theintegration
of 24-hour movement behaviors [8], another meta-analysis
discovered that only 13% of children worldwide adhere to all
3 behavior guidelines [14].

Preschoolers play a crucial role in laying the foundation for
long-term physical health and overall well-being [15,16].

https://www.jmir.org/2024/1/e52905

Improving PA levels, minimizing SB, and prioritizing quality
deep in young children have multiple benefits, including
positively influencing their physical fitness[17,18], promoting
the development of motor and cognitive skills [19,20], and
preventing childhood obesity [21] and associated health issues
[14,22,23]. Severd studies have shown that these healthy
behavior patterns can shape lifelong habits that extend from
childhood through adolescence and into adulthood [5,24].

Although these statistics are concerning, attempts to address
theissue through variousinterventions have yiel ded inconsi stent
findings [25-28]. For instance, a meta-analysis of PA
intervention studiesinvolving preschool ers revealed only small
to moderate effects in enhancing PA, suggesting room for
improvement in achieving the desired outcomes [29]. In a
meta-analysis conducted by Fangupo et al [30], no intervention
effect was observed on daytime sleep duration for young
children. Interestingly, earlier research has aso e ucidated
overflow effects stemming from interventions focusing on a
specific behavior, impacting other behaviors that were not the
primary target. A systematic review highlighted that
interventions aimed at enhancing PA in children aged <5 years
led to areduction in screen time by approximately 32 minutes
[31]. It is crucia to understand that as time is finite, the
durations dedicated to PA, sedentary time, and dleep are
interconnected within 24 hours. Thus, we need effective
interventionsfor preschool children that holistically addressall
components of 24-hour movement behaviors.

eHealth broadly refers to a diverse array of information and
communication technologies used to facilitate the delivery of
health care [32,33]. The rapid evolution of digitalization in
recent decades has led to the widespread adoption of eHealth
in interventions [28,34]. Recent reviews [35-38] suggest that
with the global proliferation of eHealth interventions, health
promotion via these platforms is evolving to become more
accessible and user-friendly, garnering acceptance among
adolescents and adults. Previous reviews have underscored the
effectiveness of these digital platforms in enhancing various
movement behavior outcomes across diverse age groups,
including children aged 6 to 12 years [39], adolescents [40],
adults [41], and older adults[42]. Specifically, ameta-analysis
indicated that eHealth interventions have successfully promoted
PA among individuals with noncommunicable diseases [43].
Another review showed that computer, mobile, and wearable
technologies have the potential to mitigate sedentary time
effectively [41]. Previous studies have targeted different
participant groups to investigate the impact of eHealth on sleep
outcomes. Deng et a [44] conducted a meta-analysis
demonstrating that eHealth interventions for adults with
insomniaare effectivein improving sleep and can be considered
a promising treatment. Nevertheless, a review focusing on
healthy adolescents found that there has not been any
school-based eHeal th interventions focusing on sleep outcomes
[45].
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Indeed, child-centered strategies such as gamification are used
in some digital apps and have been shown to encourage
children's PA [46-48]. A considerable body of work has
addressed the pivotal role of parental influence and role
modeling in cultivating healthy lifestyle habits in children
[49,50]. Physical literacy, a multidimensional concept
encompassing various aspects of PA such as the affective,
physical, cognitive, and behavioral dimensions, plays a vital
rolein enhancing PA engagement [51]. Haet al [52] conducted
a web-based parent-focused intervention, revealing that
enhancing parents’ physical literacy can effectively support
children’sparticipationin PA. By understanding and promoting
physical literacy, parents can provide valuable support to their
children, fostering alifelong commitment to healthy and active
lifestyles. Although eHealth interventions offer promise, there
are conflicting findingsregarding their impact, especially when
they are parent supported and targeted at young children. A
previous meta-analysis examining eHealth interventionstargeted
at parents found no significant impact on children’s BMI. In
addition, no studies have included children aged <5 years[50].
Similarly, a recent systematic review observed that eHealth
interventions aimed at parents showed no significant
effectiveness in enhancing PA levels in young children [53].
However, the prevalence of digital device useinyoung children
has become widespread. For instance, studies conducted in
England (the United Kingdom), Estonia, and the United States
have reported that, on average, 83% of children aged 5 years
use a digital device at least once a week [54]. Research also
revealed that in the United States, approximately three-fourths
of children had their own mobile device by the age of 4 years,
and nearly all children (96.6%) used mobile devices [55].
Consequently, there is an urgent need to harness the potential
of digital platforms and explore whether they can effectively
deliver interventions to preschoolers [56].

Objectives

In previousresearch, there has been alack of studiesexamining
the effectiveness of eHealth behavior change interventions
among preschoolers. Although a systematic review found a
significant effect of digital health interventions on the PA of
preschoolers [53], this review did not include sedentary time
and sleep in its inclusion criteria, and there is a lack of
conclusive statements owing to the insufficient number of
studies, and no quantitative methods were available for
synthesizing the evidence on the effectiveness of eHealth
interventions. To our knowledge, no systematic review or
meta-analysis has distinctly investigated the effects of eHealth
interventions on 24-hour movement behaviors in preschoolers
or the factors that may influence their implementation.
Therefore, the aims of this study were (1) to assess the
effectiveness of eHealth interventions on 24-hour movement
behaviors (improving PA and sleep duration and decreasing
sedentary time) and (2) to examine the moderating effects of
study characteristics (eg, intervention duration, intervention
type, and outcome measurement tools) on intervention
effectiveness.
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Methods

This review was registered with PROSPERO
(CRD42022365003) and conducted in accordance with the
PRISMA (Preferred Reporting Items for Systematic Reviews
and Meta-Analyses) guidelines [57].

Eligibility Criteria

Thisreview included trial swith arandomization procedure that
examined the outcomes of interventions using information and
communication technology. Theseinterventionstargeted at least
1 movement behavior in preschool children aged 2 to 6 years.
Studies were excluded if (1) the control groups received
intervention using eHealth technology and (2) published in a
non-English language. Full details are provided in Multimedia
Appendix 1 [58].

Search and Selection

The following databases were systematically searched from
inception to February 08, 2023: PubMed, Ovid, SPORTDiscus,
Scopus, Web of Science, and Cochrane Central Register of
Controlled Trials. We used the search terms “eHealth,”
“Physical  activity,” “Sedentary  behavior,”  “Sleep,”
“preschooler,” and their Medical Subject Headings terms. The
complete search strategy is described in Multimedia Appendix
2[59-61]. A manual search of thereferencelists of theincluded
publicationswas performed to identify additional eligible studies
for potential inclusion. Two independent reviewers (SJand BP)
screened thetitles and abstracts and subsequent full-text articles
for eligibility. Discrepancies that emerged during the selection
processwere effectively resolved through adiscussioninvolving
3 authors (SJ, BP, and JYYN).

Data Extraction

A comprehensive data extraction form was developed (SJ) and
refined (SJ and BP) based on the Cochrane Handbook for
Systematic Reviews of Interventions[62]. Extracted information
included bibliographic details (authors, title, journal, and year);
study details (country, design, retention rate); participants
characteristics (number of children and demographics);
intervention type (parent supported, teacher led, or child
centered), intervention’'s theoretical basis, duration, delivery
tool, and intensity; comparison (sample size, activity type);
outcomes (behavioral variables with baseline and
postintervention means with SDs), and measurement tools.
Regarding the categorization of intervention types, we have
established aclear classification. Specifically, in child-centered
interventions, children are the direct beneficiaries, participating
autonomously with less guidance from guardians. This can be
accomplished using an exergaming system or designed mobile
health games. In parent-supported interventions, parents are
involved in educational programs and instructionsthat improve
parents knowledge of preschoolers healthy movement
behaviors. A teacher-led intervention involves supervising
preschoolers PA during school time or participating in
structured PA sessions aimed at improving healthy indicators.
For data that were either incomplete or absent within the main
text, we sought to reach out to the respective authors through
email correspondence.
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Risk of Bias

Theincluded studieswere assessed for risk of bias (ROB) using
the revised Cochrane ROB2 tool [63]. The following domains
of biaswere assessed for each study: selection (random sequence
generation and allocation concealment), performance and
detection (masking of participants, personnel, and assessors),
deviations from intended interventions, missing outcome data,
measurement of the outcome, appropriateness of anaysis
(selection of the reported outcome), and bias arising from period
and carryover effects (for crossover studies) [63]. The studies
were ranked as low risk, some concerns, or high risk for each
domain. The ROB was evaluated independently by 2 authors
(SJ and BP). Any discrepancies were resolved through
discussions with the author (JYYN).

Outcomes and Data Synthesis

Our outcome targeted any of the following movement behaviors:
PA (MVPA and total PA), sedentary time (screen time and
sitting time), or sleep duration. Meta-analysis was conducted
in R (version 4.2.1; R Group for Statistical Computing) using
the meta, metafor, and metareg packages[64]. A random-effects
model (Hartung-Knapp method) was used to calculate pooled
estimates (Hedges g, a type of standardized mean difference)
to account for variations in participants and measurement
methods of movement behavior outcomes [65]. Multimedia
Appendix 3 [63-65] describes the processing of missing data.
Hedges g and their corresponding variances were calculated
using the pre- and postintervention mean scores and SDs.
However, if some studies had changes in baseline and
postintervention data or if there were significant differencesin
their baseline data[59-61], we used the within-group difference
in means and their SDs for intervention and control groups to
calculate the effect size. Values of 0.2, 0.5, and 0.8 represent
small, moderate, and large effect sizes, respectively. A positive
effect sizeindicated abeneficial effect on theintervention group
compared with the control group. The between-group
heterogeneity of the synthesized effect sizeswas examined using

the Cochran Q test and 12 statistics. 12 values of 25%, 50%, and
75% indicated low, moderate, and high levels of heterogeneity,
respectively. Subgroup analyses were conducted based on the
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following factors: (1) intervention duration (0-3 months vs >3
months) and (2) type of intervention (child centered, parent
focused, or teacher led). (3) Types of outcome measurement
tools (objective vs self-reported) and (4) ROB (low risk, some
concerns, or high risks).

Furthermore, we performed meta-regression analysesto examine
the impact of potential moderators on the overall effect size.
Potential moderators included 5 variables, as specified in the
subgroup analyses, and 2 continuous variables (sample sizeand
intervention length). These variables were selected based on
existing evidence that highlights their significant moderating
effects on eHealth interventions targeting movement behaviors
[53,66,67]. Sensitivity analyses were performed using the
leave-one-out method. Publication bias was visualized using
funnel plot symmetry and quantified using the Eggertest score,
for which P<.05 indicates a significant publication bias [68].

Quality Assessment of the Overall Evidence

GRADE (Grading of Recommendations, Assessment,
Development, and Evaluation) 2 criteria were used to assess
the certainty of evidence for the effect of eHealth interventions
on thetargeted outcomes[69,70]. The GRADE assessment was
completed using GRADEpro, and the quality of evidence was
classified as high (=4 points overall), moderate (3 points), low
(2 points), or very low (<1 point) [70].

Results

Study Selection

The database search yielded 7140 records, with an additional
51 records identified from the reference lists of relevant
systematic reviews. There were 64 articles screened for full
text, and 45 articles were excluded. The reasons for exclusion
are listed in Multimedia Appendix 4. A total of 19 studies
reporting the effectiveness of interventions on movement
behaviors were included in the systematic review
[17,59-61,71-85], and 13 studies were included in the
meta-analysis [59-61,76-85]. The PRISMA flowchart of the
study selection process is shown in Figure 1 and PRISMA
checklists are in Multimedia Appendices 5 and 6.
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Figure 1. Flowchart of study selection.
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| Identification of studies via databases and registers

Identification of studies via other methods

] |

Study Char acteristics

The study characteristics are described in Table 1. In the 19
studies, 2971 preschoolers from 6 regions were included. A
total of 18 studies were conducted in high-income countries,
and only 1 study was conducted in an upper middle-income
country, according to the World Bank classification (Multimedia
Appendix 7) [86]. Most included studieswere conducted during
and after 2017. For the study design, 16 studies were 2-arm
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RenderX

PubMed Scopus Web of Science oviD Cochrane SPORTDiscus
(n=2042) (n=3133) (n=1196) (n=490) (n=226) (n=53) Records identified from:
Relevant meta-analysis and reviews (n=30)
H | | | | | | Study protocol (n=19) and related study (n=2)
I !
% Records identified through databases
= (n=7140)
5 Duplicates removed
(n=1761)
p— A
Records screened Records screened
(n=5379) (n=51)
Records excluded upon Records excluded upon
screening abstracts and title +| screening abstracts and title
(n=5329) (n=37)
@
% Full-text arficles assessed for eligibility Full-text articles assessed for eligibility
g (n=50) (n=14)
i Reports excluded:
Duplicate (n=1) Reports excluded:
Studyf protocol (n=6) No full text (n=1)
Ineligible population (n=8) Study protocol (n=1)
Ineligible intervention (n=4) Ireligible population (n=3)
Ineligible comparator (n=5) Ineligible comparator (n=1)
Ineligible outcomes (n=6) Ineligible intervention (n=2)
Ineligible study design (n=5) Ineligible study design (n=2)
Studies included in narrative synthesis
(n=19)
3
b=} l—. Data could not be pooled for meta-analysis
B (n=6)
i Studies included in meta-analysis
(n=13)

randomized controlled trials (RCTs), with 11 using a parallel
group design [17,59-61,71-74,76,77,84], 2 being cluster RCTs
[82,83], 2 pilot RCTs[79,81], and 1 crossover study [85]. The
remaining 3 studies consisted of 2-arm experimental studies
with a randomization procedure [75,78,80]. The sample size
ranged from 34 preschoolers to 617 preschoolers. The study
details are presented in Multimedia Appendices 8 and 9
[59-61,76-85].
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Table 1. Characteristics of the included studies.

Study; coun-  Study de- Intervention  Intervention components Intervention  Control group Targeted 24-
try sign; partici-  type; deliv- duration, fre- h movement
pants age;  ery guency behavior out-
sample size comes
(1%and C°);
retentionrate
Andersenet  Two-arm Teacher led; «  Premeetings (1 h) and follow- 4 mo Maintain usual routines pad and S
a [82]; Nor- cluster-ran-  Facebook up meetings (1 h) in each
way domized group ECECS institution,
controlled . Start-up seminar (6 h) and 2
trial; 3-4y; follow-up courses (3+3 h) with
116(1: 67 all the staff members,
and C: 49); . Ongoing planning and collec-
89.66% tive reflections practice in the
ECEC institutions (weekly
regular),

«  Facebook group (4 mo)
«  Anequipment package.

DeliseNys- Two-arm Parentsup- « A smartphoneappisavailable 6+6-mofol- The control group received abasic  PA and SB

tromet a paralel ran-  ported; to parents for 6 mo, which low-upwith- pamphlet on dietary and PA behav-
[60]; Swe-  domized mHedthf contains 12 healthy behavior  out support  iors.
den controlled app change-related themes, with a

trial; mean new theme being released ev-

45y (SD 2 ery 2wk (6 mo for parentsin-

mo); 315 (I: volved into mHealth interven-

156 and C: tion with researchers’ support

159); and instruction).

83.49% «  Thereisno support, and par-

entsare freeto usethe appsfor
the next 6 mo with follow-up.

Nystromet  Two-arm Parentsup- « A smartphone appisavailable 6 mo The control group received abasic  PA and SB
al [61]; Swe- parallel ran-  ported; to parents for 6 mo, which pamphlet on dietary and PA behav-
den domized mHealth app contains 12 healthy behavior iors.

controlled change—related themes, with a

trial; mean new theme being released ev-

45y (SD 2 ery 2wk (6 mo for parentsin-

mo); 315 (I: volved into mHealth interven-

156 and C: tion with researchers’ support

159); 89.2% and instruction).

«  Thereisno support, and par-
entsare freeto usethe appsfor
the next 6 mo with follow-up.

Hainesetal Two-arm Parentsup- «  Motivationa coaching by a 6 mo The control group received 4 SB and sleep
[76]; United randomized ported; tele- health educator during 4 home (monthly monthly mailed packagesthat includ-
States controlled phone call visits and 4 health coaching coaching ed educational materials.

tria; 2-5y;  andtexting telephone calls calsandtext

121 (I: 62 « Mailed educational materials  messages

and C: 59); and incentives. twice week-

94.21% «  Weekly texting on adoption of ly)

household routines
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Study; coun-  Study de- Intervention
try sign; partici-  type; deliv-
pants age;  ery
sample size
(1%and C°);
retentionrate

I ntervention components

Intervention
duration, fre-

quency

Control group Targeted 24-
h movement
behavior out-
comes

Lingeta Two-group  Parent sup-
[80]; United experimenta ported; Face-
States study with  book group

randomiza-

tion proce-

dure; 3-5y;

73 (l: 41 and

C: 32);

94.52%

Downinget  Two-arm pi- Parent sup-
a [79]; Aus- lot random-  ported; text
tralia ized con- message

trolled trial;

2-4y; 57 (I:

30and C:

27); 92.98%

The caregiver Facebook-based
program aimed to (@) offer
health information, engagein
family fun activities, and pro-
vide behavioral change strate-
giesandtips. (b) it encouraged
interactive positive communi-
cation among caregivers, foster-
ing peer support. Caregivers
were instructed to gradually
increase their weekly step
count by 500, with the goal of
becoming positive role models
for their preschoolers.

Three face-to-face caregiver
meetings were provided.

The center-based preschooler
program has been conducted.
Preschoolers received 10-wk
healthy eating and PAe partici-
patory learning and fun games
codelivered by teachers and
interventionists 4 d per wk.
(total 40 d) at their attended
Head Start center. The session
duration was 30 min per d.
Thechild’'sweekly |etter to the
caregiver was privately sent
through Facebook Messenger.
Caregiverswere encouraged to
engage in discussions with
their preschooler about the let-
ter over theweekend and share
their thoughts and plansin re-
sponse to the letter within the
Facebook private group.

A one-on-one discussion with
each participant individually,
either in person or over the
phone, to set their goalsfor the
program. Two goals were set
around reducing their child’'s
SB, oneis ascreen time goa
and another isan overall SB
goal.

Three personalized, interactive
text messages (ie, the main
mode of intervention delivery)
per week were sent to parents
for 6wk (19 textsintotal). The
standard text messagesinclud-
ed 2 behavioral messages with
practical ideas and suggestions
for limiting and displacing
their child's screen and sitting
time, active play ideas, and
monitoring and encouraging
achievement of individual
goals.

10wk

6 wk

3 mo

Maintain usual routines PA and SB

Waitlist control SB

Waitlist control PA and sleep
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Study; coun-  Study de- Intervention  Intervention components Intervention  Control group Targeted 24-
try sign; partici-  type; deliv- duration, fre- h movement

pants age;  ery guency behavior out-
sample size comes
(1%and C°);
retentionrate
Yoongetal Two-armpi- Parent sup- Web-based video: education
[81]; Aus- lot random-  ported; Web- prerecorded videos were sent
tralia ized con- based video, to parents. The content targeted
trolled trial;  telephone brief information about sleep
36y;76(I: call,andtext benefits and targeted behaviors
38and C: messages to implement sleep practices.
38); 48.68% Telephone call: approximately
2-4 wk after thevideo link was
emailed, atrained psychologist
provides parents support to
implement the messagesin the
video.
Text messages: 2 text messages
were sent approximately 1 wk
after the phone call. Text mes-
sages were tailored to parent’s
engagement with the interven-
tion and were aimed at encour-
aging parents to access the
video and persist with imple-
menting any new routines that
had been put in place.
Hoffmanet Two-arm Teacher led; Teachersweretrainedby re- 4wk No other instructionsrelated to PA  PA
a [83]; Unit-  cluster-ran-  study web- celving an email about a WE
ed States domized site PLAY website link, and the
controlled training was self-paced over a
tria; 3-5y; 4-wk period. Training activities
58 (I: 27 and were designed to be completed
C: 31); in five steps: (1) complete the
98.28% web-based training, (2) view
the video library, (3) read the
game sheets and select games,
(4) lead a structured and un-
structured active play session
and complete the teacher self-
assessments, and (5) complete
the supervisor support compo-
nent (ie, observations, perfor-
mance feedback, and teacher
recognition)
Marsheta  Two-arm Parent sup- Parent-child dyads participated 6 wk Waitlist control SB and sleep
[84]; New randomized  ported; study in a half-day, face-to-face
Zealand controlled website workshop at the University of
tria; 2-4y; Auckland. The workshop is
54 (I: 27 and designed to introduce the pro-
C: 27); gram framework and provide
98.15% ablueprint for parentsto devel-
op healthy lifestyle behaviors
among children.
After theworkshop, al partici-
pants were given access to a
study website, which provided
all the workshop content, for a
period of 6 wk.
Marsh et a Parent sup- 12 wk Waitlist control SB and sleep
[84]; New ported; study
Zedland website
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Study; coun-  Study de- Intervention  Intervention components Intervention  Control group Targeted 24-
try sign; partici-  type; deliv- duration, fre- h movement
pants age;  ery guency behavior out-
sample size comes
(1%and C);
retentionrate
Two-arm o Parent-child dyads participated
randomized in a half-day, face-to-face
controlled workshop at the University of
tria; 2-4y; Auckland. The workshop is
54 (I: 27 and designed to introduce the pro-
C: 27); gram framework and provide
98.15% ablueprint for parentsto devel-

op healthy lifestyle behaviors
among children.

«  Aftertheworkshop, dl partici-
pants were given accessto a
study website, which provided
all the workshop content, for a

period of 6 wk.

Barkineta  Two-arm Parentsup- . A 12-wkintensive phasewith 12mo (12-  School-readiness program PA and SB
[77]; United randomized ported; tele- weekly 90-min skills-building  wk with 90
States controlled phone call sessionsviaeither in-person  min per wk

tria; 3-5y; groups or telephone calls, sKills-build-

610 (I: 304 « A 9-mo maintenance phase ing session

and C: 306); with monthly coaching tele-  viaphone

75.74% phone calls. cal and 9-

o A 24-mo sustainability phase  mo weekly
providing frequent cuesto ac- telephone
tion (eg, texts, personalized cal)
|etters, and monthly calls) to
use parks and recreation pro-
graming for healthy family be-

haviors

Barkineta  Two-arm Parent sup- « A 12-wk intensive phase with 24 mo School-readiness program PA and SB
[77]; United randomized ported; tele- weekly 90-min skills-building
States controlled phone call sessions via either in-person

tria; 3-5y; groups or telephone calls,

610 (I: 304 « A 9-mo maintenance phase

and C: 306); with monthly coaching tele-

75.74% phone calls.

o A 24-mo sustainability phase
providing frequent cuesto ac-
tion (eg, texts, personalized
|etters, and monthly calls) to
use parks and recreation pro-
graming for healthy family be-

haviors

Barkineta  Two-arm Parent sup- « A 12-wk intensive phase with 36 mo School-readiness program PA and SB
[77]; United randomized ported; tele- weekly 90-min skills-building
States controlled phone call sessions via either in-person

tria; 3-5y; groups or telephone calls,

610 (I: 304 « A 9-mo maintenance phase

and C: 306); with monthly coaching tele-

75.74% phone calls.

e A 24-mo sustainability phase
providing frequent cuesto ac-
tion (eg, texts, personalized
|etters, and monthly calls) to
use parks and recreation pro-
graming for healthy family be-
haviors

1wk Maintain usual routines PA and SB

https://www.jmir.org/2024/1/€52905 JMed Internet Res 2024 | vol. 26 | €52905 | p. 9
(page number not for citation purposes)

RenderX


http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH

Jang et d

Study; coun-  Study de- Intervention  Intervention components Intervention  Control group Targeted 24-
try sign; partici-  type; deliv- duration, fre- h movement
pants age;  ery guency behavior out-
sample size comes
(1%and C°);
retentionrate
Byuneta Two paralel Teacherled; «  One-week real-time PA moni-
[78]; United groupexperi- wearablede- toring system provided teach-
States mental study vice monitor ers with instant feedback on
with random- children’s PA levels. On the
ization proce- basis of the feedback, teachers
dure; 2-5vy; were asked to self-regulate
115 (I: 57 their classroom strategies to
and C: 58); provide more PA opportunities
80.87% as needed. Teachers were giv-
en the autonomy to design the
intervention strategies with
expectations for encouraging
children to be more physically
active.
Zeng et al Two-arm Child cen- «  Familiesin the exergaming 12 wk, 30 Maintain usual routines PA and SB
[85]; United randomized tered; ex- group received aLeapTV edu- min per ses-
States with 2-peri-  ergaming cational video game console  sion, 5times
od crossover (LeapFrog Enterprises, Inc),  per week
tria; 3-5y; with several age-appropriate
34(l: 18 and exergames, including Sports!,
C: 16); Dance & Learn, Kart Racing
94.12% Supercharged, Pet Play World,
Dora and Friends, Ultimate
Spider-Man, Bubble Guppies,
Sofiathe First, Paw Patrol, and
Jake and the Never Land Pi-
rates.
«  Children used the active gam-
ing system and engaged in ex-
ergaming 30 min per d for 5d
per wk.
Alexandrou  Two-arm Parentsup- «  Participantsintheintervention 6 mo Maintain usua routines PA and SB
eta [59]; parallel ported; group were given immediate
Sweden groupindi- - mHealth app access to the MINISTOP? 2.0
vidually ran- app (amobile app).
domized . Theintervention builds on the
control trial; MINISTOP 1.0 digital plat-
2.5-3y; 552 form and content over 6 mo.
(I:277 and «  Parentsusedthisapp, receiving
C: 275); an extensive health-related in-
91.12% formation and feedback, to in-
crease parental knowledge,
skills, and self-efficacy to sup-
port and enable behavior
change for improved diet and
PA behaviorsin children.
Garisonand Two-arm Parent sup- 6 mo A nutrition intervention, including  Sleep
Christakis randomized ported; a monthly mailings, that encouraged
[71]% Unit- controlled  telephone familiesto decrease consumption of
ed States tria; 3-5y;  call and sugary drinksand increase fruit and
617(1: 303 DVD vegetable intake.
and C: 314);
91.6%
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Study; coun-
try

Study de-
sign; partici-
pants’ age;
sample size
(1%and CP);

retention rate

Intervention
type; deliv-
ery

I ntervention components

Intervention
duration, fre-

quency

Control group Targeted 24-
h movement
behavior out-

comes

Suneta
[72]9; Unit-
ed States

Fueta
[73]9; Unit-
ed States

Gaoetd
[1719; Unit-
ed States

Two-arm
randomized
controlled
tria; 3-5y;
32(l: 16 and
C: 16);
90.6%

Two-arm
randomized
controlled
trial; mean
4.9(SD 0.7);
65 (I: 36 and
C: 29);
98.5%

Parent sup-
ported; tablet
computer,
videos, and
telephone
cals

Child cen-
tered; ex-
ergaming

Child cen-
tered; ex-
ergaming

«  Intervention sessions began

with the initial home visit and
was then followed by mailings
and follow-up telephone calls
with the case manager for 12
mo.

o  Thefirst 6 mailingsasoinclud-

ed DVDswith 5- to 10-min
clips of suggested educational
and prosocia shows. Case
managers used their training to
motivate parents to replace vi-
olent and age-inappropriate
mediacontent with content that
was age appropriate and educa-
tional or prosocia in nature.

« Theintervention consisted of

8 weekly 30-min, interactive,
Cantonese, educational mod-
ules accessed on the web via
tablet computers. The topics
were as follows: (1) introduc-
tion to the 5-4-3-2-1-0 pro-
gram;(2) energy bal-
ance—maintain a healthy
weight; (3) what to feed my
family—energy IN; (4) grocery
shopping; (5) find funin
PA—energy OUT; (6) less sit,
more fit—decrease screen
time; (7) smart parenting; and
(8) maintain a healthy weight
for life. A total of 6 of the 8
lessonswerein the format of a
10- to 15-min animated short
video in Cantonese, and 2
lessons were in atalk show
format hosted by a bicultura
registered dietitian or health
educator with Cantonese-
speaking mothers of young
children.

«  Exergaming was incorporated

into the regular school routine.
During the 12-wk exergaming
intervention, children had one
30-min exergaming session per
day for 5 d per wk, supervised
by 1 trained research assistant
and teachers.

«  During the 30-min exergaming

session, several active
videogames were offered.

8wk 30 min
per week

12 wk, 30
min per ses-
sionfor 5
times per
week

12 wk, 30
min per ses-
sion for 5
times per
week

Received weekly mailingsof printed PA
health information to preschool-
aged children over the 8 wk

Children in the control grouphad ~ PA
five 30-min active free-play sessions

per week for 12 consecutive weeks,
supervised by schoolteachers.

Maintain regular PA patternswith-  PA

out any exergaming gameplay
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Study; coun-  Study de- Intervention  Intervention components Intervention  Control group Targeted 24-
try sign; partici-  type; deliv- duration, fre- h movement
pants age;  ery guency behavior out-
sample size comes
(1%and C°);
retentionrate
Two-arm o  Parentswereinstructed to have
randomized their children perform ahome-
controlled based educational exergaming
tria; 4-6y; using LeapTV gaming console
34(l: 18 and for at least 30 min per session
C: 16); for 5 times per week beyond
94.12% usua PA (duration: 12 wk)
« A phonecadl to parents 2 d af-
ter the LeapTV installation;
and researchers also visited
each family once or twice
within thefirst 2 wk to encour-
age using LeapTV.
Trost et a Two-arm Child cen- « Moovosity isamobileappde- 8wk Waitlist control PA
[74]9; Aus- randomized tered; signed to promote the devel op-
tralia controlled  mHealthapp ment of FMS" and increase PA
trial; 3-6y; in young children.
34(I:17and « Thegameisstarted by touch-
C: 17); ing the “LETS GO!” button,
94.12% initiating a 10-min timer for
the child and parent to actively
play the game without the use
of the app.
Yarimkaya  Two-group  Parentsup- « Theparentswereincludedin 6wk, 20-to Maintain usual routines PA
eta [75]9; experimental  ported; this private WhatsApp group.  30-min PA
Turkey study with  WhatsApp ~ « A 20-to 30-min PA session  sessionfor 7
randomiza- was held for 7 d per wk for 6 d per wk
tion proce- wk. Each PA session consisted
dure; mean of (1) awarm-up period of ap-
ageb5.7; 42 proximately 10 min, (2) aPA
(I'21and C: period of approximately 10
21); 100% min, and (3) acooling down

period of approximately 10
min. Parents were sent 3
YouTube videos (approximate-
ly 10 min each) illustrating the
3 components of a30-min ses-
sion.

3: intervention.

bC: control.

CECEC: early childhood education and care.

dpA: physical activity.

®SB: sedentary behavior.

fmHealth: mobile health.

IMINISTOP: mobile-based intervention intended to stop obesity in preschoolers.
PEMSS: fundamental movement skills.

several studies used technology to dispatch remindersto exercise

Intervention Details

Theincluded studies used various delivery channels of eHealth
technologiesfor theintervention. Seven studies used smartphone
apps [59-61,74] and social media (Facebook and WhatsApp)
[75,80,82]; 3 studies used an exergaming program [17,73,85];
3 studies used the internet, with interventions including
informational websites [83,84] and tablet computers [72]; and

https://www.jmir.org/2024/1/e52905

RenderX

and send motivational messages encouraging persistence.
Specifically, studies sent text messages and made telephone
cals[71,76-79,81].

Theintervention duration ranged from 1 week [ 78] to 36 months
[77]. Seven studies had interventions that lasted >3 months
[59,61,71,76,77,80,82]. Only 3 studies included follow-up
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assessment after intervention, with durations of 6 weeks [84],
3 months[72], and 6 months[60]. Regarding intervention types,
this study consisted of 12 studies supported by parents
[59-61,71,72,75-77,79-81,84], 3 studies led by teachers
[78,82,83], and 4 studies involving eHealth interventions
directed at children [17,73,74,85].

The comparison groupsincluded awaitlist control group (n=4)
[74,79,81,84], education asusua (n=7) [17,59,75,78,80,82,85],
and an additional non-eHealth intervention (n=8)
[59-61,71-73,76,77]. A total of 14 studies targeted PA
[17,59-61,72-75,77,78,80,81,83,85], 12 studies targeted SB
[59-61,71,76-80,82,84,85], and 4 studiestargeted sleep duration
[71,76,81,84]. Notably, no studies examined all 3 movement
behaviors.

Meta-Analyses

Overview

M eta-analyses demonstrated that eHealth interventions produced
significant improvements in MVPA (Hedges g=0.16, 95% CI
0.03-0.30; P=.02; 7/13, 54%) and total PA (Hedges g=0.37,
95% CI 0.02-0.72; P=.04; 2/13, 15%), as shown in Figure 2A
[77,78,80-83,85]. For SB outcomes, another meta-analysis

https://www.jmir.org/2024/1/e52905
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showed a significant decrease (Hedges g=—0.15, 95% CI -0.27
to -0.02; P=.02; 8/13, 62%), as shown in Figure 2B
[76-80,82,84,85]. Finally, meta-analysis al so showed that there
were significant improvements in sleep duration (Hedges
g=0.47, 95% CI 0.18-0.75; P<.01; 3/13, 23%), as shown in
Figure 2C [76,81,84].

Owing to the heterogeneity among the included studies, the
mobile-based intervention intended to stop obesity in
preschoolers (MINISTOP) project’s 3 studies solely reported
the difference in preto-post comparison [60,61,76].
Consequently, their inclusion in the pooled analysis with other
studies was deemed inappropriate. We analyzed a series of
MINISTOP studies separately and presented the findings using
aforest plot. The pooled analysis indicated that no significant
change in MVPA (Hedges g=-0.03, 95% CI -0.15 to 0.09;
P=.66; 3/6, 50%; Multimedia Appendix 10 [59-61,76-85]) was
observed between the intervention and control groups. An
intervention effect was found in reducing SB (Hedges g=0.02,
95% Cl -0.13to 0.16; P=.83; 3/6, 50%; Multimedia Appendix
10) immediately after the intervention, as indicated in
Multimedia Appendix 10. Nonetheless, this effect was not
statistically significant. All the results showed negligible

heterogeneity (12=0).
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Figure2. Forest plots: eHealth intervention versus control group (A) effect on moderate to vigorous physical activity (MVPA), (B) effect on sedentary
time (SED), and (C) effect on sleep [76-85].

A

Study

MVPA

Andersen et al [82]

Ling et al [80]

Yoong et al [81]

Hoffman et al [83]

Barkin et al [77]

Byun et al [78]

Zeng et al [85)]

Total

Heterogeneity: I'=31%, ¥, =10.11 (P=.65)
Test for effect in subgroup: 2=1.51 (P =.02)

Total PA

Yoong et al [B1]

Byun et al 78]

Total

Heterogeneity: I =0%, x,'=0.32 (P=,57)
Test for effect in subgroup: 2=2.09 (P =.04)

B

Study

SED/Screen time

Zeng et al [85]

Andersen et al [B2]

Marsh et al [84]

Ling et al [80]

Downing et al [79]

Barkin et al [77]

Byun et al [78]

Haines &t al [76]

Total

Heterogeneity: I'=0%, x,'=6.42 (P=.49)
Tast for affect in subgroup: 7=-2.25 (P=.02)

C

Study

Sleep duration
Marsh et al |Bd-]
Yoong et al [81]
Haines et al [76]
Total

Heterogeneity: I'=0%, x, =1.15 (P=.56)

Intervention group
n Mean($D)
60 74.00424.00)
19 67.67(34.13)
19 105.20{26.560)
7 9.45(3.50)
230 85.20{32.20)
45 8.60(2.36)
18 94,95(24.07)
438

19 201.4(50.40)
a5 28.4(4.57)
64

Intervention group

n Mean(5D)

18 406.07(55.07)
60  210.00{34.00)
5 1.4040.80)

39 4.19(3.23)

19  106.10{68.72)
230 619.50{130.00)
45 31.60(4.57)
55 1.64{104)
481

Intervention group
n Mean(5D)
25 10.90{0.70)
14 11.20(1.30)
55 11.07(1.45)
94

Subgroup Analyses and Meta-Regression

Table 2 showsthe subgroup analysis and meta-regression results
of MV PA and sedentary time according to study characteristics.
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Control group Hedgesg  95%Cl Weight
n Mean(5D)
41 66.00{23.00) R 0.34 (-0.06t00.74)  11.40%
30 55.29{31.78) B 0.37 (-0.11t0 0.85)  7.90%
18 94.30{26.60) —_—— 0.40 (-0.25t0 1.05)  4.30%
30 8.08(3.21) B 0.40 (-0.12t00,93)  6.60%
237 83.50(31.90) —— 0.05 (-0.13100.24)  54.80%
48 8.30(2.35) — - 0.13 (-0.28t00.53)  11.00%
16 90.90{21.35) —_—— 0.17 (-0.50t0 0.85)  4.00%
415 - 0.16 (0,03 to 0.30) 100.00%
18 191.20(42.90) — 0.21 (-0.43 to 0.86) 28.80%
48 26.40{4.56) B 0.43 (0.02t00.85)  71.20%
66 —i—— 0.37 (0.02 0 0.72) 100.00%
I 1 |
o | -0.5 0 05
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Control group Hedgesg  95% Cl Weight
n Mean|5D)
16 428.17(75.52) _— -0.33 {-1.01 to 0.35) 3.50%
a 218.00{34.00) —a -0.23 (-063t00.16)  10.20%
26 1.80{1.00) —_— -0.43 {-0.99 to 0.12) 5.20%
30 4.82(3.46) — -0.19 (-0.66t00.29)  7.10%
19 118.50{78.28) S E— -0.16 (-0.80 10 0.47)  4.00%
232 618.50{131.90) 0.01 (-0.17100.18)  48.70%
48 33.20(5.30) — -0.32 (-0.73t00.09)  9.70%
56 2.20{1.85) —— -0.37 (-0.75t00.01)  11.50%
468 - -0.15 {-0.27 to -0.02) 100.00%
I I I
=1 =0.5 0 05
Intervention Control
Control group Hedgesg  95% Cl Weight
n Mean(5D)
26 10.70{1.00) —_—T8— 0.23 (-0.32 t0 0.78) 27.40%
15 10.70(1.00) —T & 02 (-0.32t01.16) 15.30%
56 10.16{1.60) —8— 0.59 (0.21 to 0.97) 57.40%
97 —— 0.47 (0.18tc 0.75)  100.00%
r T T
-1 -05 ] 05
Control  Intervention

No significant moderating effects were observed for any of the
variables assessed (P>.05). The complete results of the subgroup
in Multimedia Appendix 11

analyses are presented

[59-61,76-85].
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Table 2. Subgroup analysis and meta-regression results of MVPA® and sedentary time.

MVPA Sedentary time
Studies,n  Hedges g (95% CI) 12 (%) Pvalue  Studies,;n Hedgesg (95% Cl) 12 (%) P value
Overdl 7 0.16 (0.03 to 0.30) 0 .02 8 -0.15(-0.27t0-0.02) O .02
Duration .59 .30
0-3mo 4 0.25(-0.02 to 0.52) 25.9 4 -0.32(-0.59t0-0.05) 224
>3 mo 3 0.17 (-0.04 t0 0.38) 74.1 4 -0.13 (-0.32 t0 0.05) 77.6
Risk of bias 14 .33
Low risk 2 0.06 (-0.11 t0 0.24) 58.8 4 -0.13 (-0.34 t0 0.08) 67.8
Some concerns 5 0.3(0.09t00.51) 41.2 4 -0.28(-0.51t0-0.06) 32.2
M easurement N/AP .20
Objective 7 N/A N/A 6 -0.1(-0.241t00.04) 16.7
Sdf-reported 0 N/A N/A 2 -0.39(-0.70t0-0.08)  83.3
Type N/A N/A
Teacher fo- 3 0.27 (0.02t0 0.52) 29 N/A 2 -0.28 (-0.56 t0 0.01) 199 N/A
cused
Parent support- 3 0.24 (-0.07 t0 0.34) 67 A0° 5 -0.15(-0.33t00.04) 76,6 57
ed
Child centered 1 0.16 (0.03 to 0.30) 4 80° 1 -0.15(-0.27t0-0.02) 35 90°

MV PA: moderate to vigorous physical activity.
BNI/A: not applicable.
“Teacher focused studies as areference group.

Sensitivity Analyses and Publication Bias

Sensitivity analysis indicated that no individual study had an
excessive influence on the results. The omitted meta-analytic
estimates were not significantly different from those associated
with the combined analysis, and all estimates were within the
95% ClI. Forest plots of the sensitivity analysis for MVPA,
sedentary time, and sleep are summarized in Multimedia
Appendix 12 [59-61,76-85]. The significance of Egger’s test
results provided evidence for asymmetry of the funnel plots
(MVPA: t;=3.27; P=.02; Multimedia Appendix 13; sedentary
time: tg=—3.37; P=.02; Multimedia Appendix 14). However,
we could not distinguish chance from true asymmetry using the
funnel plot asymmetry test because <10 studies were included
in our meta-analysis [86].

ROB of Studies

Multimedia Appendix 15 [59-61,76-85] summarizesthe overall
ROB assessment for al the included papers. Six studies were
considered to have a low ROB [59,74,76,77,79,85], and the
remaining 13 were considered to have some concernsregarding
the ROB [17,60,61,71-73,75,78,80-84]. Furthermore, 7 studies
did not disclose randomization methods clearly
[17,72,75,78,80,82,83], so they were rated as having some
concerns about random sequence generation. All studies were
rated as having a low risk for the measurement of outcomes
based on the use of objective measurement tools or reliable
guestionnaires in each study. Four studies were rated as ‘ some
concerns of reporting bias because neither published study

https://www.jmir.org/2024/1/e52905

protocols nor
[72,75,78,80].

Quality of the Evidence

The GRADE scores are shown in Multimedia Appendix 16,
and we deemed the overall quality of evidence to be moderate
to low. The quality of evidence for MV PA and sedentary time
outcomes was rated as “moderate,” considering the low ROB,
absence of heterogeneity in participants’ outcomes, and high
precisioninresults. AseHealth interventions are often combined
with other intervention approaches, all evaluations of directness
were assessed as “Indirectness” There were high imprecisions
with the sample sizeincluded in the study for total PA and sleep,
which were graded as“Low.”

registered trial records were presented

Discussion

Principal Findings

Thisstudy systematically reviewed the effectiveness of eHealth
interventions targeting 24-hour movement behaviors among
preschool-aged children. Most studies assessed interventions
aimed at increasing PA and decreasing SB. Few studiestargeted
deep, and no studies have addressed a combination of all
24-hour movement behaviors. Overdll, these studies showed
trends supporting the effectiveness of eHealth interventionsin
increasing PA and sleep duration and reducing sedentary time
immediately after the intervention; however, only short-term
effects were found, and all trials were judged to be of low to
moderate quality.
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This review demonstrates a small positive effect of eHealth
interventions targeting increases in preschooler’'s MVPA
(Hedges g=0.16) and total PA (Hedges g=0.37) immediately
after the intervention. One possible explanation could be that
eHealth interventions, while providing new opportunities for
PA, might not be sufficient to result in significant overall activity
increases. This might require expanding activity opportunities,
extending new activity options, and enhancing broader activity
strategiesto achieve substantial benefits. Our findings echo the
argument made in a previous study of young children that PA
interventions had a small effect on MVPA [87]. Another
meta-analysis found a positive impact of PA interventions with
small to moderate effects on total PA (Hedges g=0.44) and
moderate effects on MVPA (Hedges g=0.51) [29]. Thereisno
conclusive explanation as to why MVPA and total PA were
seen to have a smaller effect in our study, but this could be
attributed to most interventions thus far concentrating on
devising PA programs of diverse intensities without distinct
objectives, including low-intensity PA, MVPA, and total PA
(eg, activities such as outdoor active play and structured gross
motor activity sessions in childcare environments). Moreover,
our results are consistent with previous review findings that
digital platformscan potentially increase PA among preschoolers
[53]. Hence, future interventions should aim to optimize their
effectiveness in increasing PA among young children. In
addition, further research is warranted to investigate the
mechanisms of the changes associated with these PA outcomes.
Thiswill help enhance the size and sustainability of the effects
observed in eHealth interventions.

We found no significant improvement in MV PA for mobile app
interventions (MINISTOP project). This is in contrast to a
review of studies focusing on mobile apps and technologies,
which highlighted the significant potential to enhance PA [88].
It is worth noting that the MINISTOP project aimed to reduce
obesity asits primary outcome rather than targeting MVPA. In
addition, studies concentrating solely on educating parents
without implementing direct interventionsfor children have not
achieved the desired enhancementsin MV PA. Thus, we cannot
draw conclusions about mobile apps because few intervention
studies have used these means of communication for young
children and their guardians. Given the small number of studies
included in our meta-analysis, the positive, negative, and null
findings of the individua studies may have attenuated the
results. Thus, considering the popul arity and cost-effectiveness
of mobile apps in the new generation, future research should
investigate the potential of using emerging and novel
technologies, such as mobile health, for preschoolers.

Our meta-analysis suggests that eHealth interventions may be
an effective strategy for decreasing sedentary time in
preschoolers, although the magnitude of the effect was small
(Hedges g=—0.15) and short term. Nonethel ess, the significance
should not be understated, given that many studiesindicate that
reduced sedentary time during childhood correlates with
improved physical and mental health outcomes in subsegquent
years[16,21,89]. Inthe subgroup analysis, the effect of eHealth
interventions on sedentary time varied depending on whether
accelerometer or questionnaire measures were used. The
guestionnaire measuresyielded higher level s of sedentary time,
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although this difference was not statistically significant. This
observation aligns with findings from the existing literature,
suggesting that questionnaire-based assessments tend to
overestimate the actual sedentary time. For a more accurate
eva uation of theimpact of eHealth interventions, futureresearch
should consider using device-based measurement methods[90].

Interestingly, most eHealth interventions aimed to increase
children’s PA and reduce sedentary time with parental support.
Previous research has shown that parental and family
involvement were among the key intervention components that
encouraged significant improvement in children’s health
behaviors and a decrease in sedentary time [91,92]. Likewise,
Ha et a [49] found that parents physical literacy predicts
children’s values toward PA, and concurrent interventions that
target enhancing parents physical literacy for PA in the family
context may be more effective in raising children’s PA values.
However, our subgroup analysis showed no significant
improvements in MVPA or reductions in sedentary time with
the parent-supported interventions. Thisresult also alignswith
a prior review indicating that parent-directed digital
interventions were ineffective in improving PA [53]. In that
review, 8 studies, all published before 2020, primarily used
digital platforms to convey health information and education
to parents. Notably, in the wake of the COVID-19 pandemic,
there has been a marked increase in research centered on
leveraging technology to improve children’s PA, leading to
more recent studiesin 3 years [93]. Furthermore, the discourse
regarding the comparative value of targeting either parents or
children exclusively is not a novel debate within intervention
research. In contrast to the review, our study featured a larger
sample size and included a quantitative analysis of effect sizes
in the interventions. These insights indicate that prevailing
eHealth interventions, even with parental support, may fail to
effectively engage preschoolers. Recognizing the reciprocal
dynamics between parents and young children can offer insights
for refining digital interventions. Therefore, preliminary research
is imperative to comprehensively understand the perceptions,
attitudes, and driving factors of parents. Recognizing the
reciprocal dynamics between parents and young children is
crucia in understanding how they influence their children’s PA
and SB.

Intervention duration is also an essentia component for
conducting acceptable and highly effective interventions.
Another subgroup analysis found that interventions with a
duration of <3 months had a significantly greater effect on PA
and sedentary time than those with a duration of >3 months,
although the results were not significant. This notion is
corroborated by another systematic review, which demonstrated
the difficulty in sustaining long-term behavior change,
potentially attributed to the diminishing effects of behavior
change interventions mediated by digital technology [41].

The meta-analysis, involving 3 studies, revealed an immediate
improvement in sleep duration following the intervention.
Previous research has extensively examined the influence of
deep duration during the preschool years on physical, cognitive,
and psychosocial development. For instance, the systematic
review by Chaput et al [6] involving 25 studies revedled a
correlation between shorter sleep duration and diminished
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emotion regulationin children aged 0 to 4 years. Recent findings
also suggest that maintaining an extended sleep duration during
the early preschool stages is significant for subsequent
behavioral outcomes [24]. However, few studies have focused
on effective interventions to improve sleep outcomes [45,94].
Consequently, further research is warranted to explore the
impact of eHealth interventions on sleep outcomes among
preschoolers.

Increasing awareness of the interconnected nature of 24-hour
movement behaviors highlights their intrinsic interdependence
[14]. However, none of the studies in our review specifically
investigated the intervention effects on al 3 movement
behaviors. Generally, conventional analytical methods do not
adequately consider these indicatorsduring analysis. Therefore,
future research should explore alternative approaches, such as
compositional analyses, to attain a more profound
comprehension of whether an optimal equilibrium is present
among SB, light PA, MV PA, and sleep [90,95,96]. Furthermore,
most studies in our review examined the immediate
postintervention effect. Consequently, insightsinto the enduring
nature of aterations in 24-hour movement behaviors remain
elusive. Further studies should include long-term follow-up
assessments. In addition, it would be interesting to obtain more
insights into the feasibility of incorporating wearable devices
and apps into the design of eHedth interventions. This
information could inform the design of wearables and apps that
effectively enhance PA, diminish sedentary time, and enhance
deep, thereby maximizing their impact on public health.
Moreover, the overall quality of the interventions was
suboptimal, lacking thorough descriptions or proper execution
in areas such as randomization, blinded outcome assessment,
valid measurement of 24-hour movement behaviors, and
adjusted differences between groups. In our meta-analysis, we
observed that lower-quality studies exhibited amore pronounced
positive impact on the targeted outcomes. Thus, it is essential
to interpret the results cautiously, recognizing that there could
be an overestimation of the effect of eHealth interventions in
studies of lower quality owing to potential bias. This mirrors
the findings from previous reviews on eHealth childhood PA
[53] and behavior change interventions among adolescents [45].

Strengths and Limitations

This systematic review has some strengths. First, this study is
the first meta-analysis to quantitatively assess the effects of
previously conducted RCTs using eHealth interventions on
24-hour movement behaviors in preschoolers. Second, the
review was conducted rigorously, encompassing comprehensive
terms and using an extensive systematic search strategy. We
focused on robust evidence from RCT studies, assessed the
quality using the GRADE approach, and adhered to a
preregistered protocol. This meticulous approach reduces the
heterogeneity and provides a more precise estimation of the
effects.

Nonetheless, severa limitations of our study should be noted.
First, the quality of the studies included in this review was
generaly low and lacked rigorous study designs. Second, the
small number of studies discerned over the decade spanned by
this meta-analysis underscores the nascent state of thisresearch
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domain, even considering significant technological
advancements and their widespread acceptance. Third, although
we systematically screened relevant electronic databases to
identify studies, the search was restricted to studies published
in English. Finaly, the lack of evidence regarding sustained
effects beyond the immediate postintervention period
underscores the need for extended follow-up. Future studies
should strive to elucidate strategies for maintaining the
intervention effects over the preschooler’s trajectory.

Future Research and Implications

Thisstudy highlightsthe significant avenuesfor future research.
First, further research is warranted to develop eHeath
interventions that yield larger effect sizes and higher quality,
specifically in identifying effective 24-hour movement
behaviors. It is worth noting that none of the eligible eHealth
interventions addressed the comprehensive integration of
24-hour movement behaviors in preschoolers, despite the
increasing recognition of the interdependence between PA, SB),
and sleep. Second, many studies were conducted in Western
and high-income countries, prompting the need for further
exploration of the effectiveness of eHealth behavior change
interventionsin other country settings. Third, our study’s focus
was primarily on the quantitative aspects of 24-hour movement
behaviors, warranting future studies to aso delve into the
qualitative facets, such as motor skills and sleep quality. In
addition, it is crucial to recognize the pivotal role of objective
measurement tools in comprehending movement behaviors
among young children. Given the sporadic and unstructured
nature of preschoolers' activities, it becomes challenging for
parents and teachers to accurately discern shiftsin MVPA and
SB, even if they have occurred. This highlights the importance
of using objective measurement tools for precise insights into
these behaviors. Finally, future research in this field should
prioritize broadening the focus and incorporate additional
dimensions, such as physical, affective, and cognitiveindicators.
This approach may promote the holistic development of young
children and contribute to advancements in the field of health
outcomes. By considering these dimensions, researchers can
also gain a comprehensive understanding of the various factors
that influence children’s overall well-being and physical literacy
development.

Given the multifaceted nature of intervention moderators, further
research is warranted to establish optimal patterns of daily
movement behaviors and to gain deeper insights into the
mechanisms underlying change when addressing the
amalgamation of 24-hour movement behaviorsin preschoolers.
Indeed, futureinterventions should also draw from the effective
behavior change techniques used in single-behavior eHealth
interventions and apply them to interventionstargeting multiple
healthy movement behaviors. Moreover, collaborative
engagement with parents and teachers throughout both the
developmental and implementation phases of these interventions
will play apivotal rolein their success. In addition, capitalizing
on emerging and novel technologies may offer aval uable avenue
to enhance the effectiveness and feasibility of these
interventions.

JMed Internet Res 2024 | vol. 26 | €52905 | p. 17
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Jiang et a

Conclusions primarily immediately after the intervention. Furthermore, the

The findings suggest that eHedlth interventions may hold ©veral quality of the evidence was rated as moderate to low.
promiseinimproving 24-hour movement behaviors, particularly ~ AASaresult, thereisapressing need for rigorousand high-quality
by increasing PA, improving Sleep duration, and reducing research endeavorsto devel op eHealth interventions capabl e of

sedentary time among preschoolers, However, these effects effectively enhancing both the quantity and quality of 24-hour
were relatively modest and transient and were observed movement behaviors simultaneously. These interventions should

strive to maintain their effects over extended periods.

Acknowledgments

The authors of this study would like to expresstheir sincere gratitude to the authors who responded to their emails and generously
provided detailed information and data regarding their studies. Their cooperation has been instrumental in advancing this study.

Data Availability
The data sets generated during and analyzed during this study are available from the corresponding author on reasonable request.

Authors Contributions

SJ drafted the manuscript. SJ, ASH, and JY'Y N were responsible for the concept and design of the study. SJand BP screened all
abstractsfull texts, extracted all data, performed therisk of bias, and conducted the quality assessment. SJ performed the statistical
analyses. SJ, JYYN, KHC, and ASH critically revised the manuscript for important intellectual content. All authors participated
in devel oping the review’s methodol ogy, contributed to multiple manuscript drafts, and gave their approval for the final version.

Conflictsof Interest
None declared.

Multimedia Appendix 1

Eligibility criteriafor study inclusion.
[DOCX File, 15 KB-Multimedia Appendix 1]

Multimedia Appendix 2

Search strategy.
[DOCX File, 32 KB-Multimedia Appendix 2]

Multimedia Appendix 3

Missing data processing.
[DOCX File, 22 KB-Multimedia Appendix 3]

Multimedia Appendix 4

Exclusion studies.
[DOCX File, 27 KB-Multimedia Appendix 4]

Multimedia Appendix 5

PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) checklist.
[DOCX File, 27 KB-Multimedia Appendix 5]

Multimedia Appendix 6

PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) abstract checklist.
[DOC File, 21 KB-Multimedia Appendix 6]

Multimedia Appendix 7

Number of studiesincluded per country and income economy.
[DOCX File, 17 KB-Multimedia Appendix 7]

https://www.jmir.org/2024/1/€52905 JMed Internet Res 2024 | vol. 26 | €52905 | p. 18
(page number not for citation purposes)

RenderX


https://jmir.org/api/download?alt_name=jmir_v26i1e52905_app1.docx&filename=8bda7cf1dafccb23236db9ae8a063932.docx
https://jmir.org/api/download?alt_name=jmir_v26i1e52905_app1.docx&filename=8bda7cf1dafccb23236db9ae8a063932.docx
https://jmir.org/api/download?alt_name=jmir_v26i1e52905_app2.docx&filename=56fe060af9e308aaec7bfcd46ac6a1a3.docx
https://jmir.org/api/download?alt_name=jmir_v26i1e52905_app2.docx&filename=56fe060af9e308aaec7bfcd46ac6a1a3.docx
https://jmir.org/api/download?alt_name=jmir_v26i1e52905_app3.docx&filename=d3289ce6123735b2dcdc89981d506b2d.docx
https://jmir.org/api/download?alt_name=jmir_v26i1e52905_app3.docx&filename=d3289ce6123735b2dcdc89981d506b2d.docx
https://jmir.org/api/download?alt_name=jmir_v26i1e52905_app4.docx&filename=7b82e1d162ce7d56d6aa2019eb5b22af.docx
https://jmir.org/api/download?alt_name=jmir_v26i1e52905_app4.docx&filename=7b82e1d162ce7d56d6aa2019eb5b22af.docx
https://jmir.org/api/download?alt_name=jmir_v26i1e52905_app5.docx&filename=cf126cf9d292b3a15c93650714aa82a5.docx
https://jmir.org/api/download?alt_name=jmir_v26i1e52905_app5.docx&filename=cf126cf9d292b3a15c93650714aa82a5.docx
https://jmir.org/api/download?alt_name=jmir_v26i1e52905_app6.doc&filename=24dbaee351edb8ea4d785acce5a4efab.doc
https://jmir.org/api/download?alt_name=jmir_v26i1e52905_app6.doc&filename=24dbaee351edb8ea4d785acce5a4efab.doc
https://jmir.org/api/download?alt_name=jmir_v26i1e52905_app7.docx&filename=f59e530b15ef411d65d5a6dce02f2546.docx
https://jmir.org/api/download?alt_name=jmir_v26i1e52905_app7.docx&filename=f59e530b15ef411d65d5a6dce02f2546.docx
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Jiang et a

Multimedia Appendix 8

Summary of intervention details in the included studies.
[XLSX File (Microsoft Excel File), 14 KB-Multimedia Appendix 8]

Multimedia Appendix 9

Characteristics of the included studies including physical activity, sedentary behavior, and sleep outcomes.
[XLSX File (Microsoft Excel File), 21 KB-Multimedia Appendix 9]

Multimedia Appendix 10

Forest plot of the mobile-based intervention intended to stop obesity in preschoolers (MINISTOP) results.
[DOCX File , 552 KB-Multimedia Appendix 10]

Multimedia Appendix 11

Forest plots of the subgroup analyses of moderate to vigorous physical activity and sedentary behavior.
[DOCX File, 3185 KB-Multimedia Appendix 11]

Multimedia Appendix 12

Sensitive analysis.
[PDE File (Adobe PDF File), 568 KB-Multimedia Appendix 12]

Multimedia Appendix 13

Moderate to vigorous physical activity bias funnel.
[PDE File (Adobe PDF File), 11 KB-Multimedia Appendix 13]

Multimedia Appendix 14

Sedentary behavior bias funnel.
[PDF File (Adobe PDF File), 11 KB-Multimedia Appendix 14]

Multimedia Appendix 15

Risk of bias.
[PDE File (Adobe PDF File), 1496 KB-Multimedia Appendix 15]

Multimedia Appendix 16

GRADE (Grading of Recommendations Assessment, Devel opment, and Evaluation) assessment results.
[XLSX File (Microsoft Excel File), 10 KB-Multimedia Appendix 16]

References

1.  Shirazipour CH, Raines C, Diniz MA, Salvy SJ, Haile RW, Freedland SJ, et a. The 24-hour movement paradigm: an
integrated approach to the measurement and promotion of daily activity in cancer clinical trials. Contemp Clin Trials
Commun. Apr 2023;32:101081. [FREE Full text] [doi: 10.1016/j.conctc.2023.101081] [Medline: 36875555]

2. WHO guidelines on physical activity and sedentary behaviour. World Health Organization. 2020. URL : https.//www.
who.int/publications/i/item/9789240015128 [accessed 2024-01-18]

3.  Guidelineson physical activity, sedentary behaviour and sleep for children under 5 years of age. World Health Organi zation.
2019. URL : https://iris.who.int/bitstream/handl e/ 10665/311664/9789241550536-eng.pdf 2sequence=1 [accessed 2024-01-18]

4.  Kuzik N, Poitras VJ, Tremblay MS, Lee EY, Hunter S, Carson V. Systematic review of the relationships between
combinations of movement behaviours and health indicators in the early years (0-4 years). BMC Public Health. Nov 20,
2017;17(Suppl 5):849. [FREE Full text] [doi: 10.1186/s12889-017-4851-1] [Medline: 29219071]

5.  Rollo S, Antsygina O, Tremblay MS. The whole day matters: understanding 24-hour movement guideline adherence and
relationships with health indicators across the lifespan. J Sport Health Sci. Dec 2020;9(6):493-510. [FREE Full text] [doi:
10.1016/j.jshs.2020.07.004] [Medline: 32711156]

6. Chaput JP, Gray CE, Poitras VJ, 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. Nov 20, 2017;17(Suppl! 5):855.
[FREE Full text] [doi: 10.1186/s12889-017-4850-2] [Medline: 29219078]

https://www.jmir.org/2024/1/€52905 JMed Internet Res 2024 | vol. 26 | €52905 | p. 19
(page number not for citation purposes)

RenderX


https://jmir.org/api/download?alt_name=jmir_v26i1e52905_app8.xlsx&filename=127b102eb6d772e6c942bcdc609abfd9.xlsx
https://jmir.org/api/download?alt_name=jmir_v26i1e52905_app8.xlsx&filename=127b102eb6d772e6c942bcdc609abfd9.xlsx
https://jmir.org/api/download?alt_name=jmir_v26i1e52905_app9.xlsx&filename=c931dfb4ef410d0cdbeb2d1ec57991d7.xlsx
https://jmir.org/api/download?alt_name=jmir_v26i1e52905_app9.xlsx&filename=c931dfb4ef410d0cdbeb2d1ec57991d7.xlsx
https://jmir.org/api/download?alt_name=jmir_v26i1e52905_app10.docx&filename=0c8c0275c01099866e7008811d679ec8.docx
https://jmir.org/api/download?alt_name=jmir_v26i1e52905_app10.docx&filename=0c8c0275c01099866e7008811d679ec8.docx
https://jmir.org/api/download?alt_name=jmir_v26i1e52905_app11.docx&filename=e2381efe55b80bd7907ebecee9c485ea.docx
https://jmir.org/api/download?alt_name=jmir_v26i1e52905_app11.docx&filename=e2381efe55b80bd7907ebecee9c485ea.docx
https://jmir.org/api/download?alt_name=jmir_v26i1e52905_app12.pdf&filename=b9b9e2ec0f72d0609f5ada2ebd8d9487.pdf
https://jmir.org/api/download?alt_name=jmir_v26i1e52905_app12.pdf&filename=b9b9e2ec0f72d0609f5ada2ebd8d9487.pdf
https://jmir.org/api/download?alt_name=jmir_v26i1e52905_app13.pdf&filename=35b7367f0fda4a7827b16f9f7f6b69f8.pdf
https://jmir.org/api/download?alt_name=jmir_v26i1e52905_app13.pdf&filename=35b7367f0fda4a7827b16f9f7f6b69f8.pdf
https://jmir.org/api/download?alt_name=jmir_v26i1e52905_app14.pdf&filename=a652247fdea076ad8ead00fc74ba3925.pdf
https://jmir.org/api/download?alt_name=jmir_v26i1e52905_app14.pdf&filename=a652247fdea076ad8ead00fc74ba3925.pdf
https://jmir.org/api/download?alt_name=jmir_v26i1e52905_app15.pdf&filename=b7648e266b32a0fe37b0a53ef717a749.pdf
https://jmir.org/api/download?alt_name=jmir_v26i1e52905_app15.pdf&filename=b7648e266b32a0fe37b0a53ef717a749.pdf
https://jmir.org/api/download?alt_name=jmir_v26i1e52905_app16.xlsx&filename=36c309bc8b41b1581524cdf50fac695b.xlsx
https://jmir.org/api/download?alt_name=jmir_v26i1e52905_app16.xlsx&filename=36c309bc8b41b1581524cdf50fac695b.xlsx
https://linkinghub.elsevier.com/retrieve/pii/S2451-8654(23)00027-3
http://dx.doi.org/10.1016/j.conctc.2023.101081
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36875555&dopt=Abstract
https://www.who.int/publications/i/item/9789240015128
https://www.who.int/publications/i/item/9789240015128
https://iris.who.int/bitstream/handle/10665/311664/9789241550536-eng.pdf?sequence=1
https://bmcpublichealth.biomedcentral.com/articles/10.1186/s12889-017-4851-1
http://dx.doi.org/10.1186/s12889-017-4851-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29219071&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S2095-2546(20)30091-0
http://dx.doi.org/10.1016/j.jshs.2020.07.004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32711156&dopt=Abstract
https://bmcpublichealth.biomedcentral.com/articles/10.1186/s12889-017-4850-2
http://dx.doi.org/10.1186/s12889-017-4850-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29219078&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Jiang et a

7.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

Hu R, Zheng H, Lu C. The association between sedentary screen time, non-screen-based sedentary time, and overweight
in Chinese preschool children: a cross-sectional study. Front Pediatr. Dec 2021;9:767608. [FREE Full text] [doi:
10.3389/fped.2021.767608] [Medline: 35004541]

McArthur BA, VolkovaV, Tomopoulos S, Madigan S. Glaobal preval ence of meeting screen time guidelines among children
5 years and younger: a systematic review and meta-analysis. JAMA Pediatr. Apr 01, 2022;176(4):373-383. [EREE Full
text] [doi: 10.1001/jamapediatrics.2021.6386] [Medline: 35157028]

da Costa BG, Chaput JP, Lopes MV, Maheiros LE, SilvaKS. Movement behaviors and their association with depressive
symptomsin Brazilian adolescents: a cross-sectional study. J Sport Health Sci. Mar 2022;11(2):252-259. [FREE Full text]
[doi: 10.1016/j.jshs.2020.08.003] [Medline: 32791204]

Del Pozo-Cruz B, Perales F, Parker P, Lonsdale C, Noetel M, Hesketh KD, et al. Joint physical-activity/screen-time
trajectories during early childhood: socio-demographic predictors and consequences on health-related quality-of-life and
socio-emotional outcomes. Int J Behav Nutr Phys Act. Jul 08, 2019;16(1):55. [FREE Full text] [doi:
10.1186/s12966-019-0816-3] [Medline: 31286983]

Okely AD, Kariippanon KE, Guan H, Taylor EK, Suesse T, Cross PL, et a. Global effect of COVID-19 pandemic on
physical activity, sedentary behaviour and sleep among 3- to 5-year-old children: alongitudinal study of 14 countries. BMC
Public Health. May 17, 2021;21(1):940. [FREE Full text] [doi: 10.1186/s12889-021-10852-3] [Medline: 34001086]
Okely AD, Reilly JJ, Tremblay MS, Kariippanon KE, Draper CE, El Hamdouchi A, et al. Cross-sectional examination of
24-hour movement behaviours among 3- and 4-year-old children in urban and rural settingsin low-income, middlie-income
and high-income countries: the SUNRI SE study protocol. BMJ Open. Oct 25, 2021;11(10):e049267. [FREE Full text] [doi:
10.1136/bmjopen-2021-049267] [Medline: 34697112]

Tucker P. The physical activity levels of preschool-aged children: a systematic review. Early Child Res Q. Oct
2008;23(4):547-558. [FREE Full text] [doi: 10.1016/].ecresq.2008.08.005]

Feng J, Zheng C, Sit CH, Reilly JJ, Huang WY. Associations between meeting 24-hour movement guidelines and health
in the early years. a systematic review and meta-analysis. J Sports Sci. Nov 28, 2021;39(22):2545-2557. [FREE Full text]
[doi: 10.1080/02640414.2021.1945183] [Medline: 34176439

Feng J, Huang WY, Reilly JJ, Wong SH. Compliance with the WHO 24-h movement guidelines and associations with body
weight status among preschool children in Hong Kong. Appl Physiol Nutr Metab. Oct 2021;46(10):1273-1278. [FREE Full
text] [doi: 10.1139/apnm-2020-1035] [Medline: 33945770]

Rodriguez-Ayllon M, Cadenas-Sanchez C, Estévez-L 6pez F, Muiioz NE, Mora-Gonzalez J, Migueles JH, et a. Role of
physical activity and sedentary behavior in the mental health of preschoolers, children and adolescents: asystematic review
and meta-analysis. Sports Med. Sep 16, 2019;49(9):1383-1410. [doi: 10.1007/s40279-019-01099-5] [Medline: 30993594]
Gao Z, Lee JE, Zeng N, Pope ZC, Zhang Y, Li X. Home-based exergaming on preschoolers energy expenditure,
cardiovascular fitness, body mass index and cognitive flexibility: a randomized controlled trial. J Clin Med. Oct 21,
2019;8(10):1745. [FREE Full text] [doi: 10.3390/jcm8101745] [Medline: 31640158]

Wong RS, Tung KT, Chan BN, Ho FK, Rao N, Chan KL, et a. Early-life activities mediate the association between family
socioeconomic status in early childhood and physical fitness in early adolescence. Sci Rep. Jan 07, 2022;12(1):81. [FREE
Full text] [doi: 10.1038/s41598-021-03883-8] [Medline: 34996964]

Zeng N, Ayyub M, Sun H, Wen X, Xiang P, Gao Z. Effects of physical activity on motor skills and cognitive development
in early childhood: asystematic review. Biomed ResInt. 2017;2017:2760716. [FREE Full text] [doi: 10.1155/2017/2760716)]
[Medline: 29387718]

Carson V, Hunter S, Kuzik N, Wiebe SA, Spence JC, Friedman A, et al. Systematic review of physical activity and cognitive
development in early childhood. J Sci Med Sport. Jul 2016;19(7):573-578. [doi: 10.1016/j.jsams.2015.07.011] [Medline:
26197943]

Talarico R, Janssen |. Compositional associations of time spent in sleep, sedentary behavior and physical activity with
obesity measuresin children. Int JObes (Lond). Aug 2018;42(8):1508-1514. [doi: 10.1038/s41366-018-0053-x] [Medline:
29568110]

Cliff DR, McNeill J, Vella SA, Howard SJ, Santos R, Batterham M, et al. Adherence to 24-hour movement guidelines for
the early years and associations with social-cognitive devel opment among Australian preschool children. BMC Public
Health. Nov 20, 2017;17(Suppl 5):857. [FREE Full text] [doi: 10.1186/s12889-017-4858-7] [Medline: 29219104]
Christian H, Murray K, Trost SG, Schipperijn J, Trapp G, Maitland C, et a. Meeting the Australian 24-hour movement
guidelinesfor the early yearsis associated with better social-emotional development in preschool boys. Prev Med Rep. Jun
2022;27:101770. [FREE Full text] [doi: 10.1016/j.pmedr.2022.101770] [Medline: 35321215]

Guerlich K, Avraam D, Cadman T, Calas L, Charles MA, Elhakeem A, et al. Sleep duration in preschool age and later
behavioral and cognitive outcomes: anindividua participant data meta-analysisin five European cohorts. Eur Child Adolesc
Psychiatry. Jan 2024;33(1):167-177. [doi: 10.1007/500787-023-02149-0] [Medline: 36749392]

Johnstone A, Hughes AR, Martin A, Reilly JJ. Utilising active play interventions to promote physical activity and improve
fundamental movement skillsin children: asystematic review and meta-analysis. BMC Public Health. Jun 26, 2018;18(1):789.
[FREE Full text] [doi: 10.1186/s12889-018-5687-z] [Medline: 29940923]

https://www.jmir.org/2024/1/€52905 JMed Internet Res 2024 | vol. 26 | €52905 | p. 20

(page number not for citation purposes)


https://europepmc.org/abstract/MED/35004541
http://dx.doi.org/10.3389/fped.2021.767608
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35004541&dopt=Abstract
https://europepmc.org/abstract/MED/35157028
https://europepmc.org/abstract/MED/35157028
http://dx.doi.org/10.1001/jamapediatrics.2021.6386
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35157028&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S2095-2546(20)30101-0
http://dx.doi.org/10.1016/j.jshs.2020.08.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32791204&dopt=Abstract
https://ijbnpa.biomedcentral.com/articles/10.1186/s12966-019-0816-3
http://dx.doi.org/10.1186/s12966-019-0816-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31286983&dopt=Abstract
https://bmcpublichealth.biomedcentral.com/articles/10.1186/s12889-021-10852-3
http://dx.doi.org/10.1186/s12889-021-10852-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34001086&dopt=Abstract
https://bmjopen.bmj.com/lookup/pmidlookup?view=long&pmid=34697112
http://dx.doi.org/10.1136/bmjopen-2021-049267
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34697112&dopt=Abstract
https://doi.org/10.1016/j.ecresq.2008.08.005
http://dx.doi.org/10.1016/j.ecresq.2008.08.005
https://strathprints.strath.ac.uk/78028/
http://dx.doi.org/10.1080/02640414.2021.1945183
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34176439&dopt=Abstract
https://strathprints.strath.ac.uk/78014/
https://strathprints.strath.ac.uk/78014/
http://dx.doi.org/10.1139/apnm-2020-1035
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33945770&dopt=Abstract
http://dx.doi.org/10.1007/s40279-019-01099-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30993594&dopt=Abstract
https://www.mdpi.com/resolver?pii=jcm8101745
http://dx.doi.org/10.3390/jcm8101745
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31640158&dopt=Abstract
https://doi.org/10.1038/s41598-021-03883-8
https://doi.org/10.1038/s41598-021-03883-8
http://dx.doi.org/10.1038/s41598-021-03883-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34996964&dopt=Abstract
https://doi.org/10.1155/2017/2760716
http://dx.doi.org/10.1155/2017/2760716
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29387718&dopt=Abstract
http://dx.doi.org/10.1016/j.jsams.2015.07.011
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26197943&dopt=Abstract
http://dx.doi.org/10.1038/s41366-018-0053-x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29568110&dopt=Abstract
https://bmcpublichealth.biomedcentral.com/articles/10.1186/s12889-017-4858-7
http://dx.doi.org/10.1186/s12889-017-4858-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29219104&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S2211-3355(22)00077-8
http://dx.doi.org/10.1016/j.pmedr.2022.101770
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35321215&dopt=Abstract
http://dx.doi.org/10.1007/s00787-023-02149-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36749392&dopt=Abstract
https://bmcpublichealth.biomedcentral.com/articles/10.1186/s12889-018-5687-z
http://dx.doi.org/10.1186/s12889-018-5687-z
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29940923&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Jiang et a

26.

27.

28.

29.

30.

31.

32.

33.

35.

36.

37.

38.

39.

40.

41.

42.

43.

45,

Lee AM, Chavez S, Bian J, Thompson LA, Gurka MJ, Williamson VG, et a. Efficacy and effectiveness of mobile health
technologies for facilitating physical activity in adolescents: scoping review. IMIR Mhealth Uhealth. Feb 12,
2019;7(2):€11847. [FREE Full text] [doi: 10.2196/11847] [Medline: 30747716]

Morgan EH, Schoonees A, Sriram U, Faure M, Seguin-Fowler RA. Caregiver involvement in interventions for improving
children'sdietary intake and physical activity behaviors. Cochrane Database Syst Rev. Jan 05, 2020;1(1):CD012547. [FREE
Full text] [doi: 10.1002/14651858.CD012547.pub2] [Medline: 31902132]

Hammerdey ML, Wyse RJ, Jones RA, Okely AD, Wolfenden L, Eckermann S, et al. Telephone and web-based delivery
of healthy eating and active living interventions for parents of children aged 2 to 6 years: mixed methods process evaluation
of the time for healthy habits trandlation trial. JMed Internet Res. May 26, 2022;24(5):e35771. [FREE Full text] [doi:
10.2196/35771] [Medline: 35616994]

Gordon ES, Tucker P, Burke SM, Carron AV. Effectiveness of physical activity interventions for preschoolers: a
meta-analysis. Res Q Exerc Sport. Sep 2013;84(3):287-294. [doi: 10.1080/02701367.2013.813894] [Medline: 24261007]
Fangupo LJ, Haszard JJ, Reynolds AN, Lucas AW, Mclntosh DR, Richards R, et a. Do sleep interventions change sleep
duration in children aged 0-5 years? A systematic review and meta-analysis of randomised controlled trials. Sleep Med
Rev. Oct 2021;59:101498. [FREE Full text] [doi: 10.1016/j.smrv.2021.101498] [Medline: 34029803]

Downing KL, Hnatiuk JA, Hinkley T, Salmon J, Hesketh KD. Interventions to reduce sedentary behaviour in 0-5-year-olds:
a systematic review and meta-analysis of randomised controlled trials. Br J Sports Med. Mar 06, 2018;52(5):314-321.
[FREE Full text] [doi: 10.1136/bjsports-2016-096634] [Medline: 29449219]

OhH, Rizo C, Enkin M, Jadad A. What is eHealth (3): a systematic review of published definitions. JMed Internet Res.
Feb 24, 2005;7(1):el. [FREE Full text] [doi: 10.2196/jmir.7.1.e1] [Medline: 15829471]

Boogerd EA, Arts T, Engelen LJ, van de Belt TH. "What is eHealth": time for an update? IMIR Res Protoc. Mar 12,
2015;4(1):€29. [FREE Full text] [doi: 10.2196/resprot.4065] [Medline: 25768939]

LiuS, Li J WanDY, Li R,QuZ, Hu Y, et al. Effectiveness of eHealth self-management interventionsin patients with
heart failure: systematic review and meta-analysis. JMed Internet Res. Sep 26, 2022;24(9):€38697. [ FREE Full text] [doi:
10.2196/38697] [Medline: 36155484]

Brown HE, Atkin AJ, Panter J, Wong G, Chinapaw MJ, van Sluijs EM. Family-based interventions to increase physical
activity in children: a systematic review, meta-analysis and realist synthesis. Obes Rev. Apr 2016;17(4):345-360. [FREE
Full text] [doi: 10.1111/0br.12362] [Medline: 26756281]

HeZ, WuH, YuF, FuJ, Sun S, Huang T, et al. Effects of smartphone-based interventions on physical activity in children
and adolescents: systematic review and meta-analysis. IMIR Mhealth Uhealth. Feb 01, 2021;9(2):€22601. [FREE Full text]
[doi: 10.2196/22601] [Medline: 33522980]

Bonvicini L, Pingani I, Venturelli F, Patrignani N, Bassi MC, Broccoli S, et a. Effectiveness of mobile health interventions
targeting parents to prevent and treat childhood obesity: systematic review. Prev Med Rep. Oct 2022;29:101940. [FREE
Full text] [doi: 10.1016/j.pmedr.2022.101940] [Medline: 36161123]

Western MJ, Armstrong ME, Islam |, Morgan K, Jones UF, Kelson MJ. The effectiveness of digital interventions for
increasing physical activity inindividuals of low socioeconomic status: a systematic review and meta-analysis. Int J Behav
Nutr Phys Act. Nov 09, 2021;18(1):148. [FREE Full text] [doi: 10.1186/s12966-021-01218-4] [Medline: 34753490]

Lau PW, Lau EY, Wong DP, Ransdell L. A systematic review of information and communication technol ogy-based
interventions for promoting physical activity behavior change in children and adolescents. J Med Internet Res. Jul 13,
2011;13(3):e48. [FREE Full text] [doi: 10.2196/jmir.1533] [Medline: 21749967]

Rose T, Barker M, MariaJacob C, Morrison L, Lawrence W, Strommer S, et al. A systematic review of digital interventions
for improving the diet and physical activity behaviors of adolescents. J Adolesc Health. Dec 2017;61(6):669-677. [FREE
Full text] [doi: 10.1016/].jadohealth.2017.05.024] [Medline: 28822682]

Stephenson A, McDonough SM, Murphy MH, Nugent CD, Mair JL. Using computer, mobile and wearable technology
enhanced interventions to reduce sedentary behaviour: a systematic review and meta-anaysis. Int J Behav Nutr Phys Act.
Aug 11, 2017;14(1):105. [FREE Full text] [doi: 10.1186/s12966-017-0561-4] [Medline: 28800736]

Yerrakalva D, YerrakalvaD, Hajna S, Griffin S. Effects of maobile health app interventions on sedentary time, physical
activity, and fitnessin older adults: systematic review and meta-analysis. JMed Internet Res. Nov 28, 2019;21(11):e14343.
[FREE Full text] [doi: 10.2196/14343] [Medline: 31778121]

Duan 'Y, Shang B, Liang W, Du G, Yang M, Rhodes RE. Effects of eHealth-based multiple health behavior change
interventions on physical activity, healthy diet, and weight in people with noncommunicable diseases: systematic review
and meta-analysis. JMed Internet Res. Feb 22, 2021;23(2):€23786. [ FREE Full text] [doi: 10.2196/23786] [Medline:
33616534]

Deng W, M JJvander Kleij R, Shen H, Wei J, BrakemaEA, Guldemond N, et a. eHealth-based psychosocial interventions
for adults with insomnia: systematic review and meta-analysis of randomized controlled trials. JMed Internet Res. Mar
14, 2023;25:€39250. [FREE Full text] [doi: 10.2196/39250] [Medline: 36917145]

Champion KE, Parmenter B, McGowan C, Spring B, Wafford QE, Gardner LA, et a. Health4L ife team. Effectiveness of
school-based eHealth interventions to prevent multiple lifestyle risk behaviours among adolescents: a systematic review

https://www.jmir.org/2024/1/€52905 JMed Internet Res 2024 | vol. 26 | €52905 | p. 21

(page number not for citation purposes)


https://mhealth.jmir.org/2019/2/e11847/
http://dx.doi.org/10.2196/11847
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30747716&dopt=Abstract
https://europepmc.org/abstract/MED/31902132
https://europepmc.org/abstract/MED/31902132
http://dx.doi.org/10.1002/14651858.CD012547.pub2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31902132&dopt=Abstract
https://www.jmir.org/2022/5/e35771/
http://dx.doi.org/10.2196/35771
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35616994&dopt=Abstract
http://dx.doi.org/10.1080/02701367.2013.813894
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24261007&dopt=Abstract
https://doi.org/10.1016/j.smrv.2021.101498
http://dx.doi.org/10.1016/j.smrv.2021.101498
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34029803&dopt=Abstract
http://bjsm.bmj.com/lookup/pmidlookup?view=long&pmid=29449219
http://dx.doi.org/10.1136/bjsports-2016-096634
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29449219&dopt=Abstract
https://www.jmir.org/2005/1/e1/
http://dx.doi.org/10.2196/jmir.7.1.e1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15829471&dopt=Abstract
https://www.researchprotocols.org/2015/1/e29/
http://dx.doi.org/10.2196/resprot.4065
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25768939&dopt=Abstract
https://www.jmir.org/2022/9/e38697/
http://dx.doi.org/10.2196/38697
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36155484&dopt=Abstract
https://europepmc.org/abstract/MED/26756281
https://europepmc.org/abstract/MED/26756281
http://dx.doi.org/10.1111/obr.12362
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26756281&dopt=Abstract
https://mhealth.jmir.org/2021/2/e22601/
http://dx.doi.org/10.2196/22601
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33522980&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S2211-3355(22)00247-9
https://linkinghub.elsevier.com/retrieve/pii/S2211-3355(22)00247-9
http://dx.doi.org/10.1016/j.pmedr.2022.101940
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36161123&dopt=Abstract
https://ijbnpa.biomedcentral.com/articles/10.1186/s12966-021-01218-4
http://dx.doi.org/10.1186/s12966-021-01218-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34753490&dopt=Abstract
https://www.jmir.org/2011/3/e48/
http://dx.doi.org/10.2196/jmir.1533
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21749967&dopt=Abstract
https://europepmc.org/abstract/MED/28822682
https://europepmc.org/abstract/MED/28822682
http://dx.doi.org/10.1016/j.jadohealth.2017.05.024
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28822682&dopt=Abstract
https://ijbnpa.biomedcentral.com/articles/10.1186/s12966-017-0561-4
http://dx.doi.org/10.1186/s12966-017-0561-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28800736&dopt=Abstract
https://www.jmir.org/2019/11/e14343/
http://dx.doi.org/10.2196/14343
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31778121&dopt=Abstract
https://www.jmir.org/2021/2/e23786/
http://dx.doi.org/10.2196/23786
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33616534&dopt=Abstract
https://www.jmir.org/2023//e39250/
http://dx.doi.org/10.2196/39250
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36917145&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Jiang et a

46.

47.

48.

49,

50.

51.

52.

53.

55.

56.

57.

58.

59.

60.

61.

62.

63.

65.

66.

and meta-analysis. Lancet Digit Health. Sep 2019;1(5):€206-e221. [FREE Full text] [doi: 10.1016/S2589-7500(19)30088-3]
[Medline: 33323269]

Johnson D, Deterding S, Kuhn KA, Staneva A, Stoyanov S, Hides L. Gamification for health and wellbeing: a systematic
review of theliterature. I nternet Interv. Nov 2016;6:89-106. [FREE Full text] [doi: 10.1016/j.invent.2016.10.002] [Medline:
30135818]

Kozak AT, Buscemi J, Hawkins MA, Wang ML, Breland JY, Ross KM, et al. Technol ogy-based interventions for weight
management: current randomized controlled trial evidence and future directions. J Behav Med. Feb 2017;40(1):99-111.
[FREE Full text] [doi: 10.1007/s10865-016-9805-z] [Medline: 27783259]

Benzing V, Schmidt M. Exergaming for children and adolescents: strengths, weaknesses, opportunities and threats. J Clin
Med. Nov 08, 2018;7(11):422. [FREE Full text] [doi: 10.3390/jcm7110422] [Medline: 30413016]

HaAS, JiaJ, Ng FF, Ng JY. Parent’s physical literacy enhances children’svaluestowards physical activity: aserial mediation
model. Psychol Sport Exerc. Nov 2022;63:102297. [FREE Full text] [doi: 10.1016/j.psychsport.2022.102297]
Hammerdley ML, Jones RA, Okely AD. Parent-focused childhood and adol escent overweight and obesity eHealth
interventions: a systematic review and meta-analysis. JMed Internet Res. Jul 21, 2016;18(7):e203. [FREE Full text] [doi:
10.2196/jmir.5893] [Medline: 27443862]

Cornish K, Fox G, Fyfe T, Koopmans E, Pousette A, Pelletier CA. Understanding physical literacy in the context of health:
arapid scoping review. BMC Public Health. Oct 19, 2020;20(1):1569. [FREE Full text] [doi: 10.1186/s12889-020-09583-8]
[Medline: 33076887]

HaAS, He Q, Lubans DR, Chan CH, Ng JY. Parent-focused online intervention to promote parents' physical literacy and
support children's physical activity: results from a quasi-experimental trial. BMC Public Health. Jul 12, 2022;22(1):1330.
[FREE Full text] [doi: 10.1186/s12889-022-13739-z] [Medline: 35820873]

Swindle T, PoosalaAB, Zeng N, Barsheim E, Andres A, BellowsLL. Digital intervention strategiesfor increasing physical
activity among preschoolers. systematic review. JMed Internet Res. Jan 11, 2022;24(1):€28230. [FREE Full text] [doi:
10.2196/28230] [Medline: 35014962]

International early learning and child well-being study. Organisation for Economic Co-operation and Development. 2020.
URL: https://www.oecd.org/education/school/early-learning-and-child-well-being-study/ [accessed 2024-01-18]

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. Dec 2015;136(6):1044-1050. [doi: 10.1542/peds.2015-2151] [Medline: 26527548]
McCloskey ML, Thompson DA, Chamberlin B, Clark L, Johnson SL, Bellows LL. Mobile device use among rural,
low-income families and the feasibility of an app to encourage preschoolers physical activity: qualitative study. IMIR
Pediatr Parent. Dec 06, 2018;1(2):€10858. [FREE Full text] [doi: 10.2196/10858] [Medline: 31518295]

Page M J, McKenzie JE, Bossuyt PM, Boutron |, Hoffmann TC, Mulrow CD, et a. The PRISMA 2020 statement: an updated
guidelinefor reporting systematic reviews. BMJ. Mar 29, 2021;372:n71. [FREE Full text] [doi: 10.1136/bmj.n71] [Medline:
33782057]

Liberati A, Altman DG, Tetzlaff J, Mulrow C, Ggtzsche PC, loannidis JP, et al. The PRISMA statement for reporting
systematic reviews and meta-analyses of studies that evaluate healthcare interventions: explanation and elaboration. BMJ.
Jul 21, 2009;339(jul21 1):b2700. [FREE Full text] [doi: 10.1136/bmj.b2700] [Medline: 19622552]

Alexandrou C, Henriksson H, Henstrom M, Henriksson P, Delisle Nystrom C, Bendtsen M, et al. Effectiveness of a
smartphone app (MINISTOP 2.0) integrated in primary child health care to promote healthy diet and physical activity
behaviors and prevent obesity in preschool-aged children: randomized controlled trial. Int J Behav Nutr Phys Act. Feb 21,
2023;20(1):22. [FREE Full text] [doi: 10.1186/s12966-023-01405-5] [Medline: 36810069]

Delisle Nystrom C, Sandin S, Henriksson P, Henriksson H, Maddison R, L6f M. A 12-month follow-up of a maobile-based
(mHealth) obesity prevention intervention in pre-school children: the MINISTOP randomized controlled trial. BMC Public
Health. May 24, 2018;18(1):658. [FREE Full text] [doi: 10.1186/s12889-018-5569-4] [Medline: 29793467]

Nystrom CD, Sandin S, Henriksson P, Henriksson H, Trolle-Lagerros Y, Larsson C, et a. Mobile-based intervention
intended to stop obesity in preschool-aged children: the MINISTOP randomized controlled trial. Am J Clin Nutr. Jun
2017;105(6):1327-1335. [FREE Full text] [doi: 10.3945/ajcn.116.150995] [Medline: 28446496]

Higgins JP, Thomas J, Chandler J, Cumpston M, Li T, Page MJ, et al. Cochrane Handbook for Systematic Reviews of
Interventions. Hoboken, NJ. John Wiley & Sons; 2019.

Sterne JA, Savovi¢ J, Page MJ, Elbers RG, Blencowe NS, Boutron |, et al. RoB 2: arevised tool for assessing risk of bias
in randomised trials. BMJ. Aug 28, 2019;366:14898. [FREE Full text] [doi: 10.1136/bm;j.I14898] [Medline: 31462531]
Balduzzi S, Ricker G, Schwarzer G. How to perform ameta-analysiswith R: apractical tutorial. Evid Based Ment Health.
Nov 28, 2019;22(4):153-160. [FREE Full text] [doi: 10.1136/ebmental-2019-300117] [Medline: 31563865]

IntHout J, loannidis JP, Borm GF. The Hartung-Knapp-Sidik-Jonkman method for random effects meta-analysisis
straightforward and considerably outperforms the standard DerSimonian-L aird method. BMC Med Res Methodol. Feb 18,
2014;14:25. [FREE Full text] [doi: 10.1186/1471-2288-14-25] [Medline: 24548571]

Ferguson T, Olds T, Curtis R, Blake H, Crozier AJ, Dankiw K, et al. Effectiveness of wearable activity trackersto increase
physical activity and improve health: a systematic review of systematic reviews and meta-analyses. Lancet Digit Health.
Aug 2022;4(8):€615-e626. [FREE Full text] [doi: 10.1016/S2589-7500(22)00111-X] [Medline: 35868813]

https://www.jmir.org/2024/1/€52905 JMed Internet Res 2024 | vol. 26 | €52905 | p. 22

(page number not for citation purposes)


https://linkinghub.elsevier.com/retrieve/pii/S2589-7500(19)30088-3
http://dx.doi.org/10.1016/S2589-7500(19)30088-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33323269&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S2214-7829(16)30038-0
http://dx.doi.org/10.1016/j.invent.2016.10.002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30135818&dopt=Abstract
https://europepmc.org/abstract/MED/27783259
http://dx.doi.org/10.1007/s10865-016-9805-z
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27783259&dopt=Abstract
https://www.mdpi.com/resolver?pii=jcm7110422
http://dx.doi.org/10.3390/jcm7110422
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30413016&dopt=Abstract
https://doi.org/10.1016/j.psychsport.2022.102297
http://dx.doi.org/10.1016/j.psychsport.2022.102297
https://www.jmir.org/2016/7/e203/
http://dx.doi.org/10.2196/jmir.5893
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27443862&dopt=Abstract
https://bmcpublichealth.biomedcentral.com/articles/10.1186/s12889-020-09583-8
http://dx.doi.org/10.1186/s12889-020-09583-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33076887&dopt=Abstract
https://bmcpublichealth.biomedcentral.com/articles/10.1186/s12889-022-13739-z
http://dx.doi.org/10.1186/s12889-022-13739-z
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35820873&dopt=Abstract
https://www.jmir.org/2022/1/e28230/
http://dx.doi.org/10.2196/28230
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35014962&dopt=Abstract
https://www.oecd.org/education/school/early-learning-and-child-well-being-study/
http://dx.doi.org/10.1542/peds.2015-2151
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26527548&dopt=Abstract
https://pediatrics.jmir.org/2018/2/e10858/
http://dx.doi.org/10.2196/10858
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31518295&dopt=Abstract
http://www.bmj.com/lookup/pmidlookup?view=long&pmid=33782057
http://dx.doi.org/10.1136/bmj.n71
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33782057&dopt=Abstract
https://europepmc.org/abstract/MED/19622552
http://dx.doi.org/10.1136/bmj.b2700
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19622552&dopt=Abstract
https://ijbnpa.biomedcentral.com/articles/10.1186/s12966-023-01405-5
http://dx.doi.org/10.1186/s12966-023-01405-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36810069&dopt=Abstract
https://bmcpublichealth.biomedcentral.com/articles/10.1186/s12889-018-5569-4
http://dx.doi.org/10.1186/s12889-018-5569-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29793467&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0002-9165(22)04905-X
http://dx.doi.org/10.3945/ajcn.116.150995
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28446496&dopt=Abstract
https://eprints.whiterose.ac.uk/150579/
http://dx.doi.org/10.1136/bmj.l4898
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31462531&dopt=Abstract
https://europepmc.org/abstract/MED/31563865
http://dx.doi.org/10.1136/ebmental-2019-300117
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31563865&dopt=Abstract
https://bmcmedresmethodol.biomedcentral.com/articles/10.1186/1471-2288-14-25
http://dx.doi.org/10.1186/1471-2288-14-25
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24548571&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S2589-7500(22)00111-X
http://dx.doi.org/10.1016/S2589-7500(22)00111-X
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35868813&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Jiang et a

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

85.

Ho RS, Chan EK, Liu KK, Wong SH. Active video game on children and adolescents' physical activity and weight
management: a network meta-analysis. Scand JMed Sci Sports. Aug 2022;32(8):1268-1286. [doi: 10.1111/sms.14176]
[Medline: 35485251]

Egger M, Davey Smith G, Schneider M, Minder C. Biasin meta-analysis detected by a simple, graphical test. BMJ. Sep
13, 1997;315(7109):629-634. [FREE Full text] [doi: 10.1136/bmj.315.7109.629] [Medline: 9310563]

Guyatt GH, Oxman AD, Kunz R, Vist GE, Falck-Ytter Y, Schilnemann HJ, et al. GRADE Working Group. What is " quality
of evidence" and why isit important to clinicians? BMJ. May 03, 2008;336(7651):995-998. [FREE Full text] [doi:
10.1136/bmj.39490.551019.BE] [Medline: 18456631]

Guyatt GH, Oxman AD, Vist GE, Kunz R, Falck-Ytter Y, Alonso-Coello P, et al. GRADE Working Group. GRADE: an
emerging consensus on rating quality of evidence and strength of recommendations. BMJ. Apr 26, 2008;336(7650):924-926.
[FREE Full text] [doi: 10.1136/bmj.39489.470347.AD] [Medline: 18436948]

Garrison MM, Christakis DA. Theimpact of a healthy media use intervention on sleep in preschool children. Pediatrics.
Sep 2012;130(3):492-499. [FREE Full text] [doi: 10.1542/peds.2011-3153] [Medline: 22869826]

Sun A, Cheng J, Bui Q, Liang Y, Ng T, Chen JL. Home-based and technol ogy-centered childhood obesity prevention for
Chinese mothers with preschool-aged children. J Transcult Nurs. Nov 08, 2017;28(6):616-624. [doi:
10.1177/1043659617719139] [Medline: 28826348]

Fu Y, Burns RD, Constantino N, Zhang P. Differences in step counts, motor competence, and enjoyment between an
exergaming group and a non-exergaming group. Games Health J. Oct 2018;7(5):335-340. [doi: 10.1089/g4h.2017.0188]
[Medline: 29989430]

Trost SG, Brookes DS. Effectiveness of anovel digital application to promote fundamental movement skillsin 3- to
6-year-old children: arandomized controlled trial. J Sports Sci. Feb 27, 2021;39(4):453-459. [doi:
10.1080/02640414.2020.1826657] [Medline: 32985373]

Yarimkaya E, Esentiirk OK, Ilhan EL, Karasu N. A WhatsApp-delivered intervention to promote physical activity in young
children with autism spectrum disorder. Int J Dev Disabil. Feb 18, 2022;68(5):732-743. [FREE Full text] [doi:
10.1080/20473869.2021.1887436] [Medline: 36210901]

HainesJ, McDonald J, O'Brien A, Sherry B, Bottino CJ, Schmidt ME, et al. Healthy habits, happy homes: randomized trial
to improve household routines for obesity prevention among preschool-aged children. JAMA Pediatr. Nov 01,
2013;167(11):1072-1079. [doi: 10.1001/jamapediatrics.2013.2356] [Medline: 24019074]

Barkin SL, Heerman WJ, Sommer EC, Martin NC, Buchowski MS, Schlundt D, et a. Effect of a behavioral intervention
for underserved preschool-age children on change in body massindex: arandomized clinical trial. JAMA. Aug 07,
2018;320(5):450-460. [FREE Full text] [doi: 10.1001/jama.2018.9128] [Medline: 30088008]

Byun W, Lau EY, Brusseau TA. Feasibility and effectiveness of awearable technol ogy-based physical activity intervention
in preschoolers: apilot study. Int J Environ Res Public Health. Aug 23, 2018;15(9):1821. [FREE Full text] [doi:
10.3390/ijerph15091821] [Medline: 30142911]

Downing KL, Salmon J, Hinkley T, Hnatiuk JA, Hesketh KD. Feasibility and efficacy of a parent-focused, text
message-delivered intervention to reduce sedentary behavior in 2- to 4-year-old children (mini movers): pilot randomized
controlled trial. IMIR Mhealth Uhealth. Feb 09, 2018;6(2):€39. [FREE Full text] [doi: 10.2196/mhealth.8573] [Medline:
29426816]

Ling J, Robbins LB, Zhang N, Kerver JM, Lyons H, Wieber N, et al. Using Facebook in a healthy lifestyle intervention:
feasibility and preliminary efficacy. West JNurs Res. Dec 09, 2018;40(12):1818-1842. [doi: 10.1177/0193945918756870]
[Medline: 29421989]

Yoong SL, Grady A, Stacey F, Polimeni M, Clayton O, Jones J, et al. A pilot randomized controlled trial examining the
impact of adleep intervention targeting home routines on young children's (3-6 years) physical activity. Pediatr Obes. Apr
11, 2019;14(4):e12481. [doi: 10.1111/ijp0.12481] [Medline: 30417593]

Andersen E, @vreds S, Jergensen KA, Borch-Jenssen J, Moser T. Children's physical activity level and sedentary behaviour
in Norwegian early childhood education and care: effects of a staff-led cluster-randomised controlled trial. BMC Public
Health. Nov 04, 2020;20(1):1651. [FREE Full text] [doi: 10.1186/s12889-020-09725-y] [Medline: 33148218]

Hoffman JA, Schmidt EM, Arguello DJ, Eyllon MN, Castaneda-Sceppa C, Cloutier G, et al. Online preschool teacher
training to promote physical activity in young children: a pilot cluster randomized controlled trial. Sch Psychol. Mar
2020;35(2):118-127. [doi: 10.1037/spg0000349] [Medline: 31916788]

Marsh S, Taylor R, Galland B, Gerritsen S, Parag VV, Maddison R. Results of the 3 Pillars Study (3PS), arelationship-based
programme targeting parent-child interactions, healthy lifestyle behaviours, and the home environment in parents of
preschool-aged children: a pilot randomised controlled trial. PLoS One. Sep 17, 2020;15(9):e0238977. [FREE Full text]
[doi: 10.1371/journal.pone.0238977] [Medline: 32941530]

Zeng N, Lee JE, Gao Z. Effects of home-based exergaming on preschool children’s cognition, sedentary behavior, and
physical activity: arandomized crossover trial. Brain Behav Immun Integr. Jan 2023;1:100002. [FREE Full text] [doi:
10.1016/j.bhii.2023.100002]

https://www.jmir.org/2024/1/€52905 JMed Internet Res 2024 | vol. 26 | €52905 | p. 23

(page number not for citation purposes)


http://dx.doi.org/10.1111/sms.14176
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35485251&dopt=Abstract
https://europepmc.org/abstract/MED/9310563
http://dx.doi.org/10.1136/bmj.315.7109.629
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9310563&dopt=Abstract
https://europepmc.org/abstract/MED/18456631
http://dx.doi.org/10.1136/bmj.39490.551019.BE
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18456631&dopt=Abstract
https://europepmc.org/abstract/MED/18436948
http://dx.doi.org/10.1136/bmj.39489.470347.AD
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18436948&dopt=Abstract
https://europepmc.org/abstract/MED/22869826
http://dx.doi.org/10.1542/peds.2011-3153
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22869826&dopt=Abstract
http://dx.doi.org/10.1177/1043659617719139
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28826348&dopt=Abstract
http://dx.doi.org/10.1089/g4h.2017.0188
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29989430&dopt=Abstract
http://dx.doi.org/10.1080/02640414.2020.1826657
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32985373&dopt=Abstract
https://europepmc.org/abstract/MED/36210901
http://dx.doi.org/10.1080/20473869.2021.1887436
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36210901&dopt=Abstract
http://dx.doi.org/10.1001/jamapediatrics.2013.2356
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24019074&dopt=Abstract
https://europepmc.org/abstract/MED/30088008
http://dx.doi.org/10.1001/jama.2018.9128
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30088008&dopt=Abstract
https://www.mdpi.com/resolver?pii=ijerph15091821
http://dx.doi.org/10.3390/ijerph15091821
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30142911&dopt=Abstract
https://mhealth.jmir.org/2018/2/e39/
http://dx.doi.org/10.2196/mhealth.8573
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29426816&dopt=Abstract
http://dx.doi.org/10.1177/0193945918756870
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29421989&dopt=Abstract
http://dx.doi.org/10.1111/ijpo.12481
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30417593&dopt=Abstract
https://bmcpublichealth.biomedcentral.com/articles/10.1186/s12889-020-09725-y
http://dx.doi.org/10.1186/s12889-020-09725-y
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33148218&dopt=Abstract
http://dx.doi.org/10.1037/spq0000349
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31916788&dopt=Abstract
https://dx.plos.org/10.1371/journal.pone.0238977
http://dx.doi.org/10.1371/journal.pone.0238977
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32941530&dopt=Abstract
https://doi.org/10.1016/j.bbii.2023.100002
http://dx.doi.org/10.1016/j.bbii.2023.100002
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Jiang et a

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

Sterne JA, Sutton AJ, loannidis JP, Terrin N, Jones DR, Lau J, et al. Recommendations for examining and interpreting
funnel plot asymmetry in meta-analyses of randomised controlled trials. BMJ. Jul 22, 2011;343(jul22 1):d4002. [doi:
10.1136/bmj.d4002] [Medline: 21784880]

Hnatiuk JA, Brown HE, Downing KL, Hinkley T, Salmon J, Hesketh KD. Interventions to increase physical activity in
children 0-5 years old: a systematic review, meta-analysis and realist synthesis. Obes Rev. Jan 2019;20(1):75-87. [FREE
Full text] [doi: 10.1111/0br.12763] [Medline: 30257277]

Wu CC, Huang CW, Wang Y C, Islam MM, Kung WM, Weng Y C, et al. mHealth research for weight loss, physical activity,
and sedentary behavior: bibliometric analysis. JMed Internet Res. Jun 08, 2022;24(6):€35747. [FREE Full text] [doi:
10.2196/35747] [Medline: 35675126]

Zhang J, Yang SX, Wang L, Han LH, Wu XY. The influence of sedentary behaviour on mental health among children and
adolescents: a systematic review and meta-analysis of longitudinal studies. J Affect Disord. Jun 01, 2022;306:90-114.
[FREE Full text] [doi: 10.1016/j.jad.2022.03.018] [Medline: 35304232]

Cliff DP, Hesketh KD, VellaSA, Hinkley T, TsirosMD, Ridgers ND, et al. Objectively measured sedentary behaviour and
health and devel opment in children and adol escents: systematic review and meta-analysis. Obes Rev. Apr 2016;17(4):330-344.
[doi: 10.1111/0br.12371] [Medline: 26914664]

Kelishadi R, Azizi-Soleiman F. Controlling childhood obesity: a systematic review on strategies and challenges. JResMed
Sci. Oct 2014;19(10):993-1008. [FREE Full text] [Medline: 25538786]

Marsh S, Foley LS, Wilks DC, Maddison R. Family-based interventions for reducing sedentary time in youth: a systematic
review of randomized controlled trials. Obes Rev. Feb 2014;15(2):117-133. [doi: 10.1111/0br.12105] [Medline: 24102891]
Neville RD, Lakes KD, Hopkins WG, Tarantino G, Draper CE, Beck R, et a. Global changesin child and adolescent
physical activity during the COVID-19 pandemic: a systematic review and meta-analysis. JAMA Pediatr. Sep 01,
2022;176(9):886-894. [FREE Full text] [doi: 10.1001/jamapediatrics.2022.2313] [Medline: 35816330]

Teesson M, Champion KE, Newton NC, Kay-Lambkin F, Chapman C, Thornton L, et al. Health4Life Team. Study protocol
of the Health4Life initiative: a cluster randomised controlled trial of an eHealth school-based program targeting multiple
lifestyle risk behaviours among young Australians. BMJ Open. Jul 13, 2020;10(7):e035662. [FREE Full text] [doi:
10.1136/bmjopen-2019-035662] [Medline: 32665344]

Chastin SF, Palarea-Albaladejo J, Dontje ML, Skelton DA. Combined effects of time spent in physical activity, sedentary
behaviors and sleep on obesity and cardio-metabolic health markers: a novel compositional data analysis approach. PLoS
One. 2015;10(10):€0139984. [EREE Full text] [doi: 10.1371/journal .pone.0139984] [Medline: 26461112]

Chong KH, Parrish AM, Cliff DB, Dumuid D, Okely AD. Changes in 24-hour movement behaviours during the transition
from primary to secondary school among Australian children. Eur J Sport Sci. Aug 02, 2022;22(8):1276-1286. [ FREE Full
text] [doi: 10.1080/17461391.2021.1903562] [Medline: 33719925]

Abbreviations

GRADE: Grading of Recommendations Assessment, Development, and Evaluation
MINISTOP: mobile-based intervention intended to stop obesity in preschoolers
MVPA: moderate to vigorous physical activity

PA: physica activity

PRISMA: Preferred Reporting Items for Systematic Reviews and Meta-Analyses
RCT: randomized controlled trial

ROB: risk of bias

SB: sedentary behavior

WHO: World Health Organization

Edited by T de Azevedo Cardoso; submitted 19.09.23; peer-reviewed by W Liang, M Zhou, Y Zhang, EJ Buckler; comments to author
11.10.23; revised version received 04.11.23; accepted 18.01.24; published 21.02.24

Please cite as:

Jiang S, Ng JYY, Chong KH, Peng B, Ha AS

Effects of eHealth Interventions on 24-Hour Movement Behaviors Among Preschoolers: Systematic Review and Meta-Analysis
J Med Internet Res 2024; 26:€52905

URL: https:.//www.jmir.org/2024/1/e52905

doi: 10.2196/52905

PMID:

https://www.jmir.org/2024/1/€52905 JMed Internet Res 2024 | vol. 26 | €52905 | p. 24

(page number not for citation purposes)


http://dx.doi.org/10.1136/bmj.d4002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21784880&dopt=Abstract
https://doi.org/10.1111/obr.12763
https://doi.org/10.1111/obr.12763
http://dx.doi.org/10.1111/obr.12763
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30257277&dopt=Abstract
https://www.jmir.org/2022/6/e35747/
http://dx.doi.org/10.2196/35747
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35675126&dopt=Abstract
https://doi.org/10.1016/j.jad.2022.03.018
http://dx.doi.org/10.1016/j.jad.2022.03.018
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35304232&dopt=Abstract
http://dx.doi.org/10.1111/obr.12371
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26914664&dopt=Abstract
http://www.jmsjournal.net/article.asp?issn=1735-1995;year=2014;volume=19;issue=10;spage=993;epage=1008;aulast=Kelishadi
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25538786&dopt=Abstract
http://dx.doi.org/10.1111/obr.12105
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24102891&dopt=Abstract
https://europepmc.org/abstract/MED/35816330
http://dx.doi.org/10.1001/jamapediatrics.2022.2313
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35816330&dopt=Abstract
https://bmjopen.bmj.com/lookup/pmidlookup?view=long&pmid=32665344
http://dx.doi.org/10.1136/bmjopen-2019-035662
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32665344&dopt=Abstract
https://dx.plos.org/10.1371/journal.pone.0139984
http://dx.doi.org/10.1371/journal.pone.0139984
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26461112&dopt=Abstract
https://onlinelibrary.wiley.com/doi/10.1080/17461391.2021.1903562
https://onlinelibrary.wiley.com/doi/10.1080/17461391.2021.1903562
http://dx.doi.org/10.1080/17461391.2021.1903562
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33719925&dopt=Abstract
https://www.jmir.org/2024/1/e52905
http://dx.doi.org/10.2196/52905
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Jiang et a

©Shan Jiang, Johan Y Y Ng, Kar Hau Chong, Bo Peng, Amy S Ha. Originally published in the Journal of Medical Internet
Research (https://www.jmir.org), 21.02.2024. Thisis an open-access article distributed under the terms of the Creative Commons
Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction
in any medium, provided the original work, first published in the Journal of Medical Internet Research, is properly cited. The

complete bibliographic information, a link to the original publication on https://www.jmir.org/, as well as this copyright and
license information must be included.

https://www.jmir.org/2024/1/€52905 JMed Internet Res 2024 | vol. 26 | €52905 | p. 25

(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

