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Abstract

Background: Recent studies offer conflicting conclusions about the effectiveness of digital health interventions in changing
physical activity behaviors. In addition, research focusing on digital health interventions for college students remains relatively
scarce.

Objective: This study aims to examine the impact of digital health interventions on physical activity behaviors among college
students, using objective measures as outcome indicators.

Methods: In accordance with the 2020 PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses)
guidelines, a comprehensive literature search was conducted across several databases, including MEDLINE (PubMed), Web of
Science, Cochrane Library, and EBSCO (CINAHL Plus with full text), to identify relevant intervention studies published up to
June 6, 2023. Theinclusion criteriaspecified studiesthat examined the quantitative rel ationships between digital health interventions
and physical activity among adults aged 18 years to 29 years, focusing on light physical activity (LPA), moderate to vigorous
physical activity (MVPA), sedentary time (ST), or steps. Non—randomized controlled trials were excluded. The quality of the
studies was assessed using the Cochrane Risk of Bias tool. Results were synthesized both narratively and quantitatively, where
applicable. When sufficient homogeneity was found among studies, arandom-effects model was used for meta-analysisto account
for variability.

Results: Intotal, 8 studies, encompassing 569 participants, were included in the analysis. The primary outcomes measured were
LPA, MVPA, ST, and steps. Among these studies, 3 reported on LPA, 5 on MVPA, 5 on ST, and 3 on steps. The meta-analysis
revealed asignificant increase in steps for the intervention group compared with the control group (standardized mean difference
[SMD] 0.64, 95% CI 0.37-0.92; P<.001). However, no significant differences were observed between the intervention and control
groups regarding LPA (SMD —0.08, 95% Cl -0.32 to 0.16; P=.51), MVPA (SMD 0.02, 95% CI -0.19 to 0.22; P=.88), and ST
(SMD 0.03, 95% CI —0.18 to 0.24; P=.78).

Conclusions: Digital health interventions are effective in increasing steps among college students; however, their effects on
LPA, MVPA, and sedentary behavior are limited.

Trial Registration: PROSPERO CRD42024533180; https.//mww.crd.york.ac.uk/prospero/display_record.php?Recordl D=533180

(J Med Internet Res 2024;26:€51714) doi: 10.2196/51714

KEYWORDS

digital health intervention; college students; physical activity behavior; steps; light intensity physical activity; moderateto vigorous
physical activity; sedentary behavior; knowledge synthesis; systematic review; meta-analysis; physical activity; eHealth; digital
health; mobile phone

https://www.jmir.org/2024/1/e51714 JMed Internet Res 2024 | vol. 26 | €51714 | p. 1
(page number not for citation purposes)


mailto:460022831@gznu.edu.cn
http://dx.doi.org/10.2196/51714
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH

Introduction

Background

Thecollegeyearsrepresent acritical phase[1] that significantly
influences the levels of physica activity and the formation of
healthy habits [2-4]. However, research indicates that physical
activity levels among college students are generally low and
rarely meet the recommended health guidelines [5]. Physical
activity and sedentary behavior are interrelated behaviors that
affect hedth and well-being and are risk factors for
noncommunicabl e diseases. Theincreasing number of sedentary
adults negatively impacts the prevalence of honcommunicable
diseases and the overall health status of the global population
[6-9]. Physical activity is a crucial protective factor that can
prevent and manage major noncommunicabl e diseases such as
cardiovascular diseases, stroke, diabetes, breast cancer, and
colon cancer. Furthermore, physical activity hel ps prevent other
significant risk factors for noncommunicable diseases, such as
hypertension, overweight, and obesity, while also improving
mental health, delaying the onset of dementia, and enhancing
the quality of life and well-being. Based on this, the World
Health Organization has developed global recommendations
for promoting health through physical activity, suggesting that
adults should engage in a least 150 minutes of
moderate-intensity physical activity or 75 minutes of
vigorous-intensity physical activity per week. However,
currently, a quarter of adults worldwide fail to meet the global
physical activity recommendations as set by the World Health
Organization [10]. Thus, efforts to increase physical activity
and reduce sedentary behavior have been identified as
international public health priorities[11-13].

The lack of physical activity negatively affects the health of
college students, potentialy leading to psychological health
issues, academic performance decline, and limited socia life
[14-16]. Toimprove college students physical activity behavior,
digital health interventions have been recognized asapromising
strategy [17,18]. Digita hedlth is a health strategy that uses
digital, mobile, and wireless technologies to support the
achievement of health goals, including mobile health (mHealth)
and eHealth. These technologies encompass mobile phones,
tablets, web-based interventions, SMS, socia media, fitness
mobile apps, and wearable devices [19]. Digital health
interventions may involve the use of mobile applications, social
mediaplatforms, onlinefitness programs, and other digital tools
to provide personalized health advice, goal setting, and
monitoring [20-23]. A characteristic feature of digital health
interventionsistheir ease of deployment and the ability to target
specific population groups [19,24]. The Global Action Plan on
Physical Activity by the World Health Organi zation emphasizes
the use of digital health interventions to promote physical
activity behavior [25]. The advantages of digital health
interventions lie in their reliability, real-time nature, and
personalized customization, which can provide effective support
for physical activity among college students [26-33].
Considering that college students are characterized as digital
natives[34-36], scholars have conducted numerousdigital health
intervention studies targeting college students’ health behaviors.
However, despite the extensive research on digital health
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interventions, the overall effectiveness of these interventions
on college students’ physical activity behavior remainsunclear.

Some studies have found that personalized intelligent SMS
interventions have a positive impact on physical activity health
outcomes [37,38]. Other research supports the effectiveness of
smartphone applicationsin increasing physical activity [39-44].
However, there are also research findings that suggest digital
health interventions may not effectively promote changes in
physical activity behavior [45-47]. In addition, some studies
have found that internet-based interventions have positive effects
on physical activity, but with small effect sizes and
heterogeneity [48,49]. Furthermore, other studies suggest that
digita hedth interventions may improve specific health
behaviors and outcomes, but with limited effectiveness[50,51].
There are also studies that indicate a small positive correlation
between digital health engagement and physical activity, but
the heterogeneity in the design, settings, intervention
components, and outcomes of the studies may affect the validity
of the conclusions [52-54]. In summary, while digital health
interventions have the potential to improve college students
physical activity behavior, further research is needed to validate
their overall effectiveness.

This study focused on young adults aged 18-29 years,
specifically college students in the early adulthood stage [1].
This demographic was chosen due to its unique devel opmental
phase, characterized by a transition from adolescence to
adulthood. Individualsin this group face numerous challenges,
including academic pressure, changing living environments,
and shifting social roles, al of which can contribute to decreased
physical activity levels and an increased risk of obesity and
related chronic diseases [2-4].

Digital health interventions, as a convenient, low-cost, and
easily disseminated health promotion tool, have shown potential
in promoting physical activity inrecent years[19,24]. However,
existing research presents mixed findings regarding the
effectiveness of such interventions on college students' physical
activity. While some studies report positive impacts on physical
activity indicators [37,38], others suggest limited or even
insignificant effects [45-47].

To address this ambiguity, a meta-analysis was conducted to
synthesize and analyze existing research findings. Thisrigorous
approach aimed to provide more comprehensive and reliable
evidencefor evaluating theimpact of digital health interventions
on college students' physical activity behavior. The findings
contributed to filling the knowledge gapsin the current literature
and offered empirical evidence to support the application of
digital health interventionsin promoting physical activity among
this population.

Objectives

The aim of this study is to assess the overall impact of digital
health interventions on college students' physical activity
behavior through a meta-analysis. By synthesizing and
summarizing existing research findings, the study seeksto obtain
an accurate evaluation of the overall effectiveness of digital
health interventions in the college student population. In this
context, the following research questions are proposed: Do
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digital health interventions have a positive impact on college
students physical activity behavior? Can digital health
interventions significantly improvethelevel of physical activity
among college students? Are there differences in the
effectiveness of digital health interventions across different
modes of physical activity?

By addressing these research questions, the study aims to
develop acomprehensive understanding of theimpact of digital
health interventions on college students' physical activity
behavior. The findings are intended to provide scientific
evidence to support the development of relevant policies and
intervention measures.

Methods

Overview

This systematic review was conducted in accordance with the
PRISMA (Preferred Reporting Items for Systematic Reviews
and Meta-Analyses) 2020 guidelines [55] and was registered
with  PROSPERO (International Prospective Register of
Systematic Reviews) under the identifier CRD42024533180.
A rigorous and comprehensive literature search was executed

Textbox 1. List of inclusion and exclusion criteria.
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using computer-assisted systematic search strategies. Initially,
asspecified in our registered protocol (CRD42024533180), the
intention was to limit the search to the MEDLINE (PubMed)
and Web of Science databases. However, to ensure a more
comprehensive inclusion of relevant literature, the search
strategy was subsequently expanded to incorporate additional
databases, namely the Cochrane Library and EBSCO (CINAHL
Plus with full text). Apart from this modification in the search
strategy, the study design remained consistent with the original
PROSPERO protocol.

Search Strategy

This study aimed to assess the impact of digital health
interventions on changes in physical activity behavior among
college students. To ensure acomprehensive search, we searched
MEDLINE (PubMed) and Web of Science, Cochrane library,
and EBSCO (CINAHL Pluswith full text) databasesfor relevant
articles published up to June 6, 2023. The detailed search
strategy, including specific keywords and search terms, is
available in Multimedia Appendix 1.

Selection Criteria
The selection criteriaare shown in Textbox 1.

Inclusion criteria

Exclusion criteria

Population: the study population consists of college students aged 18-29 years. Participants with intellectual disabilities, significant cognitive
impairments, or severe mobility impairments were excluded from this study.

Interventions: the included interventions in the study are digital health-based interventions that have an impact on changes in physical activity
behavior. These interventions include mHealth and eHealth, such as maobile phones, tablets (such as iPad), web-based interventions (such as
web-based chats and tel econferences), SM'S, social media, lifestyle or fitness smartphone apps, and wearable devices.

Control group: the included control groups in the study consist of groups that do not receive any intervention, receive traditional interventions,
or receive minimal interventions (such as providing only physical activity goals). If there are multiple intervention groupsin the study, the control
group’s data from and the data from the intervention group with the most digital health intervention features are extracted for analysis.

Outcomes: this meta-analysis includes studies that measure physical activity or sedentary behavior objectively using devices (such as mobile
phone data, accelerometers, pedometers). The mean and SD of the following indicators are extracted: light physical activity and moderate to
vigorous physical activity, sedentary time, and step count.

Study design: this meta-analysis only includes randomized controlled trials, where the experimental group uses technology-based interventions
while the control group receives either traditional interventions (primarily oral or written health education materials) or no intervention.

Review article.
L etter to the editor.
Editorial.

Articles in non-English languages (while acknowledging that excluding non-English articles may introduce language bias and limit the
comprehensiveness of the findings, this review focuses solely on research published in English due to resource limitations, specifically regarding
translation, time, and funding).

Other study designs (retrospective studies, quasi-experimental designs, non—randomized controlled trials).
Articles based on studies focused on research subjects other than college students (aged 18-29 years).
Articles that did not collect or report data on sex.

Articles without objective measurement of physical activity (eg, relying solely on self-report).

Articles exclusively reporting on the feasibility or acceptability of technology-based interventions, or lacking findings pertaining to physical
activity behavior outcomes, were excluded.

Articles with incomplete outcome reporting, hindering reliable synthesis, were excluded from this analysis.
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Study Selection

To guarantee the accuracy and reliability of included studies, a
rigorous screening process was implemented. Following the
guidelinesfor meta-analysis, 2 independent reviewers conducted
a blinded, duplicate screening of al retrieved articles to
determine their eligibility for inclusion [56]. The screening
process involved 2 stages. Initially, titles and abstracts were
screened to exclude studies that clearly did not meet the
inclusion criteria. Subsequently, full texts of the remaining
articles were reviewed to confirm their eligibility. Throughout
the screening process, discrepancies between reviewers were
resolved through discussion and consensus.

Data Extraction

Theresearchers used standardized forms specifically developed
for thisreview to independently extract datafrom each included
study, ensuring comprehensive acquisition of trial data. The
extracted data encompassed the study country, study participants
(population and sample size), study design (description of digital
intervention measures, intervention and control group
characteristics, and intervention duration), outcome
measurements (measurement tools and timing), and key study
outcomes (mean and SD of light physical activity [LPA],
moderateto vigorous physical activity [MVPA], sedentary time
[ST], and steps, or baseline and foll ow-up step count statistics).
Average changes were computed when necessary, and in cases
where SDs were not reported, they were calculated based on
SE or 95% CI [57,58]. If the research papers did not adequately
report the results, the researchers contacted the authorsto obtain
additional data. In instances where discrepancies in data
extraction arose, the author team engaged in discussions and
reexamined the original studies until a consensus was reached.

Risk of Bias (Quality) Assessment

The researchers used the Cochrane Collaboration bias tool,
which is integrated within the Review Manager software
(version 5.4, The Nordic Cochrane Centre), and supplemented
it with the CONSORT (Consolidated Standards of Reporting
Trials) checklist to assess the quality of the included studies
[59]. This tool comprises domains for selection bias,
performance bias, detection bias, attrition bias, and reporting
bias. Each study was independently assessed by 2 reviewers.
In addition, publication bias was assessed using funnel plot
analysis.

Data Analysis

The statistical analysis for this study was performed using
Review Manager and Stata (version 16; StataCorp LLC).
Considering the challenges posed by various definitions of
changes in physical activity behavior, this study decided to
include only literature that solely used LPA, MVPA, ST, and
steps as pre- and postintervention measurement indicators.
Studies that did not provide these measurement data were
excluded to ensure interpretability and meaningfulness of the
meta-analysis. In addition, studiesthat did not provide sufficient
information for cal cul ating the mean and SD, or used statistical
analyses (such as correlation coefficients, multivariate, and
adjusted regression coefficients) inconsistent with the relevant
meta-analysis, were also excluded. Furthermore, in caseswhere

https://www.jmir.org/2024/1/e51714

Bi et a

multiple intervention groups within a study exhibited similar
characteristics of digital health interventions, the intervention
group with the most digital health intervention features was
selected for the meta-analysis.

The primary outcome measures for this meta-analysiswerethe
mean and SD of LPA, MVPA, ST, and steps. For each
intervention and control group in each study, the baseline and
follow-up mean, SD, and participant count of physical activity
were entered into the Review Manager software. Using these
data, standardized mean differences (SMDs) between
intervention and control group changes for each study were
calculated as the measure of effect size. The SMD was chosen
because although the included studies used the same units of
measurement, the scales or measurement tools used across
studies might have varied, making direct comparisons of
weighted mean differences difficult. SMD, through
standardization, can eliminate the influence of different scales,
reflecting the differencesin intervention effects more accurately
and enhancing the interpretability of the results. If data were
availablefrom 3 or more studies, ameta-analysiswas conducted,
and an overall effect size was computed.

Due to the diversity in study populations and intervention
designs, arandom effects model approach was used to account
for heterogeneity among studies. The 12 statistic was used to
assess the presence of heterogeneity, which describes the
percentage of total variation in effect estimates due to
heterogeneity [60,61]. The |2 statistic was chosen asthe preferred
measure of variance since it is stable with small sample sizes.
Heterogeneity was considered significant if the P value from
the chi-square test waslessthan .10 and 12 was greater than 50%
[60,62,63].

Theeffect size of SMDswasinterpreted using Cohen suggestion
[64], where 0.2 represents a small effect size, 0.5 represents a
medium effect, and 0.8 represents a large effect, with values
below 0.2 considered trivia. In addition, sensitivity analyses
for LPA, MVPA, ST, and steps were performed using Stata
software (version 16.0) to further assessthe stability of the study
results.

Results

Study Selection

Initially, atotal of 14,915 articleswereidentified for evaluation
across4 databases, such as 1743 from PubM ed, 6403 from Web
of Science, 4583 from the Cochrane Library, and 1933 from
EBSCO (CINAHL Pluswith full text). In addition, 253 articles
wereidentified through manual searching of referencelistsfrom
key articles. After excluding 4028 duplicate records from
multiple databases and search channel s, we proceeded to exclude
10,722 articles that were irrelevant to the scope of this study
based on their titles and abstracts. From the remaining 165
articles, an additional 157 were deemed ineligiblefor inclusion
in this meta-analysis, as they did not meet the predetermined
inclusion criteria. Ultimately, a total of 8 relevant research
articleswere identified and included in this meta-analysis. The
detailed flowchart of the literature search process is presented
in Figure 1.
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Figurel. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) diagram of the searching and screening processes.
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Study Char acteristics

Overview

A total of 8 studies were included in this meta-analysis, all of
which were randomized controlled trials published in English
between 2014 and 2023. The main characteristics of these 8
studies are provided in Multimedia Appendix 2 (PRISMA
checklist provided in Multimedia Appendix 3). It was reported
that four studies [45,46,50,65] were not registered on
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2.Other study design (n=2)

3 Different population (n=30)

4 Singular sex outcomes (n=14)
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6.Not in English (n=1)
7.Inadequate statistical informati
on (n=22)

Clinical Trials.gov, while4 studies[47,51,66,67] were registered
on the website. Among these 8 studies, 4 were conducted in
Audtrdia [45], Spain [66], China [46], and Germany [65],
respectively, while the remaining 4 studies were conducted in
the United States [47,50,51,67].

Participants

The sample sizes of these 8 studies ranged from 34 to 187
participants, with atota of 569 participants. All included studies
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targeted individuals between the ages of 18 and 30 years,
specifically university students. Among these, except for 1 study
[50] which did not report or calcul ate the SD of participant age,
theremaining 7 studies[45-47,51,65-67] reported or cal culated
both the mean and SD of participant age.

The 8 studies exhibited varying gender distributions among
their participants. In a study by Hebden et a [45], women
comprised 80% (n=41) of the 51 participants. Similarly, astudy
by Kim et a [47] included 187 participants with 62% (n=116)
identifying asfemale. The study by Miragall et a [66] comprised
52 participants, of whom 86% (n=45) werewomen. A study by
Pope at a [51], with 38 participants, had 74% (n=28) female
representation. The study by Al-Nawaiseh et a [67] included
114 participants, with women constituting 81% (n=92) of the
sample. The study by Lau et al [46] had amore balanced gender
distribution, with 61% (n=34) of its 56 participants being female.
The study by Pope and Gao [50], involving 44 participants, had
73% (n=32) female participants. Finaly, the study by Kellner
et a [65], with the smallest sample size of 34, had the highest
female representation at 85% (n=29).

I nterventions

All primary interventions in the studies aimed to increase
physical activity, although one study [45] aimed to evaluate the
impact on body weight, and another study [50] aimed to assess
the impact on health outcomes. The methods used in the
intervention group included socia media [46], smart text
messaging [65], mobile digital applications [45,67], smart
wearable technology devices (such as smartwatches and
pedometers) [47,66], or a combination of social media and
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smartphone apps [50], or a combination of social media and
wearabl e technology devices[51]. The control group either did
not receive any intervention [46,65] or only received
traditional/standard interventions [45,47,50,51,66,67]. The
duration of the interventions varied from 3 weeks [66] to 4
weeks [46], 5 weeks [65], 10 weeks [50], 12 weeks [45,51,67],
and 15 weeks [47].

Outcomes

All included studies reported multiple objective measures of
physical activity. In total, 3 studies (n=276) reported LPA, 5
studies (n=369) reported MVPA, 5 studies (n=354) reported
ST, and 3 studies (n=215) reported steps.

For measuring LPA, MVPA, and ST, the 8 studies used the
following tools. ActiGraph GT3X+ accelerometer [68],
ActiGraph accelerometer (GT1M model) [69], SenseWear Pro
Armband mobiledevice[70], ActiGraph Actitrainer (ActiGraph
LLC) [71], ActiGraph Link accelerometer [72], and ActivPal
accelerometer (Pal Technologies) [73]. The tools used to
measure steps included the Pacer pedometer, Accupedo
pedometer, and Fitbit One pedometer.

Risk of Biasin Included Studies

The methodological rigor of the included studieswas evaluated
using the Cochrane Risk of Biastool, which assesses 6 domains,
namely sel ection bias, performance bias, detection bias, attrition
bias, reporting bias, and other biases. Each domain was assessed
as having a low risk, high risk, or unclear risk of bias. The
overal quality of each study was then classified as high,
moderate, or low based on the assessment results (Figure 2
[45-47,50,51,65-67]).
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Figure 2. Risk of bias summary. These are authors’ judgments of each methodological quality item for each included study. Plus signs (+) indicate
high methodological quality (low risk of bias); minus signs (-) indicate low methodological quality (high risk of bias); question marks (?) indicate
unclear methodological quality (reported information about what happened in the study was insufficient).
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The included studies generaly demonstrated moderate
methodological quality, meeting average quality assessment
standards. Notably, all but one study [46] explicitly described
a robust random sequence generation process for participant
allocation, minimizing selection bias. Furthermore, all studies
reported baseline characteristics and used valid, objective
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measures for ng physical activity outcomes, reducing the
risk of detection bias.

However, the nature of the interventions presented challenges
in achieving blinding of participants and personnel, potentially
introducing  performance  bias.  Specificaly, while
intention-to-treat analysis was used in al but 4 studies
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[46,65-67], mitigating attrition bias, the lack of blinding may
have influenced participant behavior and data interpretation.

Regarding reporting bias, all studies, with the exception of Lau
et al [46], provided sufficient statistical data for analysis.
However, only 5 studies [46,47,50,51,67] reported
between-group differences in changes over time, potentially
limiting the comprehensiveness of the findings.

Meta-Analysis
Figure 3 displaysthe funnel plotsfor these measures, assessing
publication bias and heterogeneity. The plotsfor LPA and steps

Bi et a

indicate low publication bias and heterogeneity, with data points
symmetrically distributed around the funnel’s center, suggesting
consistent effect sizes. In contrast, the MV PA plot shows higher
heterogeneity and potential publication bias, with data points
more dispersed and deviating from the center line. The ST plat,
while having some points at the funnel’s edges, overall indicates
dlight publication bias and low heterogeneity, with generally
consistent effect sizes. These findings highlight the need for
researchers to consider heterogeneity and potential publication
bias when interpreting results for different physical activity
types and sedentary time (ST).

Figure 3. Funnel plot of light physical activity (LPA), moderate to vigorous physical activity (MVPA), sedentary time (ST), and steps.
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The results of the meta-analysis showed the forest plot (Figure

4 [45-47,50,51,65-67]) for the 4 outcome measures. LPA,
MVPA, ST, and steps.
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Figure 4. Forest plot of light physical activity (LPA), moderate to vigorous physical activity (MVPA), sedentary time (ST), and steps per week

[45-47,50,51,65-67].
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Lau et al [46], 2022 401.94 136.99 24 408.94 17213 25 13.3% -0.04 0B, 0.52] S
Fope and Gao [50], 2022 260.4 ar.s 22 2856 128.8 22 11.9% -0.22 [-0.82,0.37] N
Fope etal [51], 2019 56.7 382 18 46.9 42.7 189 103% 0.23[-0.40,0.87] - 1 -
Subtotal (95% CI) 192 177 100.0% 0.02 [-0.19, 0.22] -
Heterogeneity: Tau®=0.00; Chi*=1.49 df=4 (F= 083 F=0%
Test for overall effect 2= 015 (P = 0.88)
1.1.38T
Hebden et al [45], 2014 3,710 BEE 26 38486 446.6 25 14.4% -0.23[-0.79,0.32] - 1
Kellner et al [65], 2023 3685599 545811 16 3,908.66 88816 18 9.5% -0.29 [-0.97, 0.39] - 1
Kim et al [47], 2018 38178 9282 1M 3,696 77T 86 52.8% 014015 0,43 T
Fope and Gao [50], 2022 3,017 a04.7 22 3,031.7 2723 22 125% -0.04 [-0.63, 0.56] I
Pope etal [51], 2019 3,84049 322 19 37723 3521 19 10.8% 0.20[-0.44, 0.84] S
Subtotal (95% CI) 184 170 100.0% 0.03 [-0.18, 0.24] -
Heterogeneity: Tau®=0.00; Chi*= 263, df=4 (F= 062, F= 0%
Test for overall effect Z= 028 (P=0.78)
1.1.4 Steps
Al-Mawaiseh[67], 2022 5489627 14599235 A6 4553012 1570341 88 536% 0.61 [0.23, 0.98] ——
Lau et al [46], 2022 65,562 17,430 24 56,728 23107 25 236% 042014, 0.99] -,
Miragall et al [66], 2018 65,706 14,035 26 43747 10,388 26 228% 0.95[0.38,1.53] -
Subtotal (95% CI) 106 109 100.0% 0.64 [0.37, 0.92] "."
Heterogeneity, Tau®=0.00; Chi*=1.73, df= 2 {F =042}, F= 0%
Test for overall effect Z=4.57 (P = 0.000013

A4 05 0 05 1

Test for subaroun differences: Chi®=18.12. df= 3 (P = 0.0004). F = 83.4%

Regarding LPA, 3 studies involving 276 participants reported
changes in weekly LPA. The results revealed a small SMD
between the intervention and control groups, slightly favoring
the control group (SMD —-0.08, 95% CI —-0.32 to 0.16; Figure 4
[45-47,50,51,65-67]). However, this difference was not
statistically significant (P=.51). In addition, the results showed
very low heterogeneity (12=2%).

For MVPA, 5 studies involving 369 participants reported
changes in weekly MVPA. The resultsindicated a small SMD
between the intervention and control groups, slightly favoring
theintervention group (SMD 0.02, 95% CI —-0.19t0 0.22; Figure
4 [45-47,50,51,65-67]). However, this difference was not
statistically significant (P=.88). Furthermore, the results showed
no heterogeneity (12=0%).

Regarding ST, 5 studies involving 354 participants reported
changesinweekly ST. Theresults showed asmall SMD between
the intervention and control groups, sightly favoring the
intervention group (SMD 0.03, 95% CI —0.18 to 0.24; Figure
4 [45-47,50,51,65-67]). However, this difference was not
statistically significant (P=.78). In addition, the results showed
no heterogeneity (12=0%).

https://www.jmir.org/2024/1/e51714

Favours [Intervention] Favours [Control]

For steps, 3 studiesinvolving 215 participantsreported changes
inweekly step counts. Theresultsrevealed alarge SMD between
the intervention and control groups, significantly favoring the
intervention group (SMD 0.64, 95% Cl 0.37-0.92; Figure 4
[45-47,50,51,65-67]), with a statistically significant difference
(P<.001). Furthermore, the results showed no heterogeneity
(12=0%).

Sensitivity Analysis

Theresearch findings of the 4 outcome measures, namely LPA,
MVPA, ST, and steps, indicate that the point estimates of the
combined effect sizes obtained after excluding a specific study
fall within the 95% CI of the overall combined effect size. This
suggests that the exclusion of a particular study does not
significantly alter the results, indicating aconsiderabl e stability
in the evaluation of the 4 outcome measures. The sensitivity
analysis charts corresponding to each outcome measure are
presented in figures.

The sensitivity analysis chart for LPA is shown in Figure 5
[45,47,51].
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Figure5. Sensitivity analysis chart of light physical activity (LPA) [45,47,51].

Meta-analysis estimates, given named study is omitted

Lower CI Limit Estimate Upper CI Limit
Hebden 2014
Kim 2018 |
Pope 2019
-0.46 -0.33 -0.08 0.17 0.55

The vertical line labeled “Estimate” represents the combined
results of all included studies, while the lines on either side
denote the upper and lower confidence intervals of these results.
A circle corresponding to any particular study indicates the
combined results of the remaining studies after excluding that
specific study. If, upon exclusion of a study, the circle remains
close to the “Estimate” line and within the original confidence

https://www.jmir.org/2024/1/e51714

RenderX

interval, it suggests that the exclusion of this study does not
significantly alter the combined results. Thisconsistency implies
that the meta-analysis results are robust.

The sensitivity analysis charts for MVPA, ST, and steps are
shown in Figures 6 [45-47,50,51], 7 [45,47,50,51,65], and 8
[46,66,67], respectively.
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Figure 6. Sensitivity analysis chart of moderate to vigorous physical activity (MVPA) [45-47,50,51].

Meta-analysis estimates, given named study is omitted

Lower CI Limit Estimate Upper CI Limit
Hebden 2014
Kim 2018
Pope 2019
Lau 2022
Pope 2022
-0.26 -0.19 0.02 0.22 0.33

Figure 7. Sensitivity analysis chart of sedentary time (ST) [45,47,50,51,65].

Meta-analysis estimates, given named study is omitted
Lower CI Limit Estimate Upper CI Limit

Hebden 2014

Kim 2018

Pope 2019

Pope 2022

Kellner 2023
. ‘ | |
-0.40 -0.18 0.03 0.24 0.30
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Figure 8. Sensitivity analysis chart of steps[46,66,67].

Bi et a

Meta-analysis estimates, given named study is omitted

Lower CI Limit Estimate Upper CI Limit
Miragall 2018
Al-Nawaiseh 2022
Lau 2022
0.17 0.37 0.65 0.92 1.22

Discussion

Principal Findings

The results of the included analysis demonstrate that digital
health interventions are a stable and effective strategy for
significantly improving the step count of college students,
thereby enhancing their physical health. This conclusion is
supported by 3 randomized controlled trials included in the
analysis[46,66,67]. With the widespread use of health trackers
and mobile devices, daily step count has become a convenient
and reliableindicator for measuring individua physical activity
levels [74,75]. Research indicates that increasing daily step
count has significant benefitsfor both physical and mental health
[76]. First, increasing step count enhances cardiopulmonary
function and oxygen uptake, thereby improving cardiovascul ar
function [75,77,78]. Second, walking isalow-intensity aerobic
exercisethat can help lower blood pressure, control blood sugar
levels, and prevent cardiovascul ar diseases. In addition, walking
aidsin calorie expenditure, weight control, and reducestherisk
of obesity. Furthermore, walking helps release physical and
psychological stress, improving emotional and mental well-being
[79-81]. Further studies have demonstrated a correlation between
daily step count and all-cause mortality. Individuals who walk
8000 to 12,000 steps per day have alower all-cause mortality
rate compared with those who walk only 4000 steps per day.
This association has been validated across different age groups,
genders, and ethnicities [82,83]. Therefore, focusing on step
count and increasing it through intervention measures is of
significant importance. Digital health interventions provide a
convenient and practical approach to help college students

https://www.jmir.org/2024/1/e51714

increase their step count. By using digital health technologies
such asthe internet, smartphone apps, text messaging services,
and wearable devices, individuals can monitor their step count,
set goals, receive reminders and feedback, and more. This
intervention not only alertsindividualsto their walking behavior
but also provides personalized advice and support to encourage
increased step count.

However, the analysis results of this study indicate that digital
health interventions may not be an effective method for
significantly influencing the levels of low-, moderate-, and
high-intensity physical activity and ST among college students.
Although previous research has demonstrated that increasing
the duration of low, moderate, and high-intensity physical
activity can significantly reduce the negative impact of ST and
improve risk factors associated with cardiovascular diseases,
such as hypertension, hyperglycemia, hyperlipidemia, and
mortality [84-87]. However, in this study, no significant impact
of digital health interventions on the levels of low, moderate,
and high-intensity physical activity and ST among college
students was observed. It is worth noting that in this study, the
impact of digital health interventions on step count was
significant, but not significant for other modes of physical
activity. This may be due to the fact that walking is a
low-intensity aerobic exercise that is easily accepted and
maintained by college students. In contrast, changing
high-intensity physical activity and sedentary behaviors may
require more personalized support and intervention measures.

Specifically, step count differs from LPA measured by

accelerometers, and thus, the significance of step count does
not represent the significance of LPA. Loprinzi and Cardinal

JMed Internet Res 2024 | vol. 26 | €51714 | p. 12
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

[88] found that while an increase in step count is significantly
associated with health, the correlation between step count and
total LPA islow, indicating that the significance of step count
isnot equivalent to LPA. Tudor-Locke et al [89] also noted that
step count primarily measures walking, whereas LPA
encompasses a broader range of low-intensity activities.

In previous studies, the impact on LPA and step count yielded
different results. Hebden [45] found that LPA levelssignificantly
increased in both the intervention and control groups, with no
significant difference between them. Kim et a [47] reported a
significant decreasein LPA timein theintervention group, with
no significant change in the control group, yet no significant
difference between the groups. Pope et a [51] observed a
decrease in LPA time in the intervention group and no
significant change in the control group, with no significant
difference between the groups. Regarding step count, Miragall
et a [66] found a significant increase in daily steps in the
intervention group, with no significant change in the control
group, and a significant difference between the groups. Lau et
al [46] found no significant difference in objectively measured
step count between the intervention and control groups.
Al-Nawaiseh et a [67] observed asignificant increasein weekly
steps from baseline to follow-up in the intervention group, with
no significant change in the control group, and a significant
difference between the groups.

Therefore, to effectively promote low-, moderate-, and
high-intensity physical activity among college students and
improve their sedentary behaviors, it is necessary to explore
more effective methods and continue thisinvestigation in future
research. This may involve providing more personalized
intervention measures, such as customized exercise plans,
individual goal setting, and regular feedback. In addition,
combining social support and motivational mechanisms, such
as team activities and competitions, may further encourage
college students to engage in more high-intensity physical
activity and reduce sedentary behaviors.

In light of the above, digital health interventions have been
identified as an effective strategy to enhance step count and
improve the physical health status of college students. By
monitoring step count, setting goals, and providing personalized
advice and support, digital health interventions can assist college
students in increasing their daily step count. However, further
research is needed to investigate the effectiveness of
interventions targeting other modes of physical activity and to
delve into the mechanisms underlying digital health
interventions. With the continuous advancement of digital health
technologies, future studies should explore more precise and
personalized intervention approaches and conduct in-depth
investigationsinto the mechanismsof digital health interventions
to provide amore comprehensive and profound understanding.

Strengths and Limitations

The included studies in this meta-analysis used various
intervention measures, including eHealth and mHealth
technologies such asthe internet, smartphone apps, SMSs, and
wearable devices. All studies adhered to the standards of
randomized controlled trials and used digital devices for
objective measurement of physical activity outcomeindicators.

https://www.jmir.org/2024/1/e51714
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The research findings presented detailed results before, during,
and even after follow-up, demonstrating high quality and
stability. However, a limitation of this study is the relatively
small sample size, which calls for further investigation.

The methodological rigor of the included studieswas evaluated
using the Cochrane Risk of Bias tool. The results showed that
the studies generally had moderate methodological quality,
meeting average quality assessment standards. Notably, except
for 1 study (Lau et a [46]), all studies explicitly described a
robust random sequence generation process for participant
allocation, minimizing selection bias. In addition, all studies
reported baseline characteristics and used valid, objective
measures to assess physical activity outcomes, reducing
detection bias.

However, the nature of the interventions posed challenges in
achieving blinding of participants and personnel, potentially
introducing performance bias. Specifically, athough most
studies [46,65-67] used intention-to-treat analysis to mitigate
attrition bias, the lack of blinding could have influenced
participant behavior and datainterpretation. Regarding reporting
bias, except for Lau et al [46], al studies provided sufficient
statistical data for anaysis. However, only 5 studies
[46,47,50,51,67] reported between-group differencesin changes
over time, potentially limiting the comprehensiveness of the
findings.

Subjective measurement of physical activity and studies
involving noncollege student popul ations were excluded in this
analysis, reducing the subjectivity and instability associated
with self-report data and enhancing the reliability and
consistency of the results. The accuracy of measuring LPA,
MVPA, and ST may be influenced by the specific devices and
wear-time protocols used in each study. This variability could
result in observed inconsistencies. Sensitivity analysis further
validated the stability and effectiveness of the meta-analysis
results. These rigorous inclusion and exclusion criteria
minimized heterogeneity and increased the credibility of the
results. However, dueto the limited number of included studies,
subgroup analysis was not conducted, preventing an
understanding of the differences in effects among different
populations, intervention measures, and time points.

The key strength of thisanalysisliesin its focus on the impact
of digital health interventions on college students, as well as
theinclusion of 4 indicators of physical activity behavior. This
may be the first meta-analysis on the effects of digital health
interventions specifically targeting college students. However,
it is important to note that this study only included English
articles, which may have influenced the research sample and
compromised the stability of theresults. In addition, theincluded
studies mainly originated from Western countries, lacking
research on college student popul ationsin non-Western contexts,
thus potentially limiting the generalizability of the results.
Further research is needed to explore theimpact of digital health
interventions on physical activity among college studentsin the
future.
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Conclusions

According to the research findings, digital health interventions
have shown significant effects on step counts among college
students. However, the impact on LPA, moderate to
high-intensity physical activity, and sedentary behavior may
not be evident. It isimportant to note that these conclusions are
based on a limited number of studies, and further research is
needed to validate these findings. Specifically, more research
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isneeded to investigate theimpact of digital health interventions
on increasing step counts among college students. Therefore,
future studies should further explore the effects of digital health
interventions on changes in physical activity behavior among
college students, particularly in promoting increases in step
counts. This will contribute to a better understanding of the
effectiveness of digital health interventions and provide
scientific evidencefor the development of effectiveintervention
strategies.
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