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Abstract

Background: Previous studies have reported a potential negative correlation between physical activity (PA) and mobile phone
addiction (MPA) among adolescents and young adults. To date, the strength of this correlation has not been well characterized.

Objective: Thisreview and meta-analysis aimed to synthesize available empirical studies to examine the correlations between
PA and MPA among adolescents and young adults. We also explored several potential moderators, including time of data
collection, country or region, and type of population, associated with the relationship between PA and MPA.

Methods: Four electronic databases (PubMed, Scopus, PsycINFO, and Web of Science) were searched from database inception
to March 2022 to identify relevant studies. The pooled Pearson correlation coefficients and their corresponding 95% Cl s for the
relationship between PA and M PA were cal culated using the inverse variance method. The methodol ogical quality of theincluded
cross-sectional studies was determined based on the Joanna Briggs Institute appraisal checklist. The study conformed to the
PRISMA (Preferred Reporting Items for Systematic Review and Meta-analyses) guidelines.

Results: Intotal, 892 relevant articles were identified, of which 22 were selected based on the inclusion and exclusion criteria.
Thefinal meta-analysisincluded 17 of the 22 studies. Results of random effects modeling reveal ed amoderate correlation between
PA and MPA among adol escents and young adults (summary r=—0.243, P<.001). Sensitivity and publication bias analysesfurther
demonstrated the robustness of our results. All theincluded studies were scored as high quality with alow risk of bias. Subgroup
analysis further indicated that none of the hypothesized moderators (time of data collection, country or region, and type of
population) significantly affected the relationship between PA and MPA, as confirmed by the mixed effects analysis. In addition,
in the data collection subgroups, medium effect sizes were obtained for data collected before COVID-19 (r=-0.333, P<.001) and
data collected during COVID-19 (r=—0.207, P<.001). In subgroup analyses for country or region, the correlation coefficient for
Chinaand other devel oping regions showed asimilarly moderate effect size (r=—0.201, P<.001 and r=-0.217, P<.001, respectively).
However, the effect sizes for devel oped regions were not significant (r=—0.446, P=.39). In a subgroup analysis based on the type
of population, we found that the effect size for young adults was moderate (r=—0.250, P<.001). However, that of adolescents was
not significant (r=-0.129, P=.24).

Conclusions: Our results demonstrate a moderately negative relationship between PA and MPA among young adults. The
strength of this relationship was not influenced by the time of data collection, country or region, or type of population.
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Introduction

Mobile phone addiction (MPA) is defined as an addictive
behavior in which individual s show uncontrollable use of mobile
phones that severely impairstheir physical, psychological, and
social functions[1,2]. Generally, MPA is considered a negative
behavior that is socially inappropriate, or even hazardous, in
circumstances such as driving, walking, and unauthorized live
streaming [3]. It is also categorized as a behavioral addiction
(ie, a nonsubstance addiction) that can potentialy cause
physical, emotional, and financial harm [4,5].

Previous epidemiological surveysof MPA in different countries
and regionsinthe past 5 years have reveaed ahigh rate of MPA
among adol escents and young adults. Recent surveys have also
found that the rate of MPA among Brazilian adolescents aged
15 to 18 years was approximately 70.3% [6]. The rate of MPA
among college students in Hainan province in China aged 18
to 26 years was 40.5% [7], the rate among Egyptian college
students with average age of 18 to 21 years was 64.2% [8], and
the rate among college studentsin aregional city in Indiawith
amean age of 20.1 (SD 1.3) years was 39% to 44% [9].

Numerous investigations have demonstrated that MPA
negatively affects mental health by causing anxiety [10] and
depression[11,12], affecting dleep quality [13-15] and cognitive
function [16], and causing muscle pain [17,18], thereby affecting
work productivity and the quality of life of individuals. Thus,
MPA is now considered an important worldwide public health
topic [19]. MPA has been exacerbated by the spread of
SARS-CoV-2 in the recent past and restrictions imposed on
socia gatherings. This has caused negative psychol ogical effects
(eg, anxiety, depression, frustration, fear, and stress) in many
individuals [20,21]. As a consequence, the overuse of
smartphones, social media, and video gaming hasincreased as
people have found mobile phones to be a coping mechanism to
alleviate negative emotions [22,23]. It has been shown that
adolescents and young adults are more likely to use mobile
phones excessively [24] due to their mental immaturity and
lower ability to self-regulate compared to middle-aged and ol der
adults [25,26].

A variety of factors that influence MPA have been explored to
develop interventionsfor preventing M PA in young populations,
including physical activity (PA). Data show that PA has broad
health benefits, including prolonged life expectancy and better
physical and psychological well-being [27]. The World Health
Organization recommends that adol escents participatein at least
60 minutes of moderate to vigorous PA daily and 150 to 300
minutes of moderate to vigorous PA per week [28]. A previous
meta-analysis showed that PA, including tai chi, basketball,
badminton, dance, running, and bicycling, had positive effects
on individuals with smartphone addiction [29].

https://publichealth.jmir.org/2022/12/e41606

Some cross-sectional studies have predicted that higher levels
of PA may reduce rates of MPA among adol escents and young
adults, suggesting that there might be a negative correlation
between PA and MPA [30-32]. A study in China found a
significant negative correlation between PA and MPA in
adolescents (ie, people aged 10 to 19 years), which indicates
that active participation in PA is a potentia strategy to reduce
MPA levels [33]. Similar findings were obtained in a study of
young adults [30,34]. However, a weak relationship has been
reported between PA and MPA among young adults aged 18
to 24 years in other research [35]. Physical inactivity (ie,
sedentariness) has been demonstrated to increase the risk of
MPA due to the prolonged use of mobile phones. There is
evidence that sedentary behaviors and low PA levels are strong
predictors of time spent using smartphones [36-38] in
adolescents and adults.

To the best of our knowledge, no systematic review and
meta-analysis has been conducted to examine the correlation
between PA and MPA. Thus, an up-to-date literature review of
previous findings on the relationship between PA and MPA is
needed. This review identified three knowledge gaps. First,
previous findings regarding the strength of the correlation
coefficient between PA and MPA in adolescents and young
adultsareinconsistent. Only one, small-scale systematic review
[39] reported a negative correlation between PA and MPA in
adolescents. This finding cannot be explained without a
guantitative analysis [39]. Second, during the COVID-19
pandemic, isolation policies reduced outdoor PA and increased
psychologica stress among young adults, which may have
increased MPA. However, whether the correlation between PA
and MPA was influenced by the pandemic is unclear. Third, as
mentioned above, the prevalence of MPA differs across
countries and regions. Nevertheless, the question of whether
the correlation between PA and MPA is influenced by country
or region has remained underexplored.

Therefore, this systematic review and meta-analysis is timely.
We sought to examine the overall correlation between PA and
MPA and address an important research topic. Furthermore,
factors such as the time of data collection (ie, before or during
COVID-19), country or region, and type of population
(adolescents and young adults) are potential variables
influencing the correlation between PA and MPA that we
explored and examined with a subgroup analysis.

Methods

Protocol Registration

This systematic review and meta-analysiswas conducted in line
with the PRISMA (Preferred Reporting Items for Systematic
Review and Meta-Analyses) guidelines [40].
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Search Strategy

We searched 4 electronic databases (PubMed, Scopus,
PsycINFO, and Web of Science) from database inception until
March 26, 2022, to identify relevant studies. A manual search
was conducted of the retrieved publications to identify
potentially missing studies. The search strategy consisted of 2
strings of keywords, including PA- and MPA-related terms.
These included the following: (“cell phone” OR “cell phones’
OR “céllular phone” OR “cellular phones’ OR “cellular
telephone” OR “cellular telephones’ OR “mobile devices’ OR
“mobile phone” OR “smart phone” OR “smartphone’) AND
(“addiction” OR “dependence” OR “dependency” OR “abuse”
OR “addicted to” OR “overuse” OR “problem use’ OR
“compensatory use’) OR (“problematic smartphone use” OR
“problematic smart phone use” OR “ problematic mobile phone
use” OR “problematic cell phone use” OR “problematic cellular
phone use” OR “Nomophobia’ OR “Phubbing” OR “fear of
missing out” OR “FoMO” OR “smartphone separation anxiety”
OR “smartphone use disorder” OR “compulsive mobile phone
use’) AND (“physical activity” OR “walk*” OR “exercise*”
OR “physical activity*” OR “strength training” OR “resistance
training” OR “resistance exercise*” OR “conditioning muscle”
OR*“training” OR “leisuretraining” OR “leisure activities” OR
“physical fitness” OR “motor activity”). The detailed search
strategy is presented in Multimedia Appendix 1. We manually
performed a complementary Google search using the
abovementioned keyword combinations to broaden the results
on September 20, 2022. Secondary searches were performed
by manually screening reference lists of included studies and
tracking cited articles to ensure no relevant study was omitted.

Theidentified and retrieved studieswereimported into EndNote
X7 software (Thompson Reuters). Duplicates were excluded
using the deduplication function in Endnote. This screening and
processing was conducted by 2 reviewers, who independently
read the titles and abstracts and assessed the studies against
predetermined inclusion criteria. The full text of the included
studies was also independently examined by the 2 reviewers.
Inclusion checklists were completed for each study, along with
details on the decision to exclude. The reference list of each
included study and the articles cited were thoroughly reviewed
to ensure that no relevant studies were missed. At all stages,
any discrepanciesin the results obtained were resol ved through
consensus or by involving athird reviewer.

Inclusion Criteria and Study Selection

Population

A study was deemed eligibleif it included healthy adolescents
or young adults aged between 11 and 24 years [41].
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Exposure and Outcome

Data on PA were collected using measurement tools that
included self-reported  scales, questionnaires, and
accelerometers. Data on different aspects of PA, such as steps
taken; time spent each day engaging in light, moderate, and
vigorous PA; and PA in different scenarios (ie, for leisure, with
family, during active travel, or for work) were recorded.
Measurements of MPA levels were collected using
internationally used scales or questionnaires (eg, the MPA
tendency scale, the mobile phone addiction tendency scale, or
the smartphone addiction scale). The contents of the MPA
measurement questionnaires or other questionnaires were
required to include withdrawal, loss of control and escape, and
other MPA symptoms. Studies that only provided data on the
duration of mobile phone use were excluded.

Study Design

Quantitative observational (cross-sectional and
cohort/longitudinal) studies were included.

Other Criteria

Studies were included if they were published in peer-reviewed
journals and were written in English. If 2 studies were based
on the same data set, the study published earlier was selected
for inclusion in the review.

Exclusion Criteria

Case-control studies were excluded because they examined
specific groups that were beyond the scope of this review.
Furthermore, reviews, meta-analyses, commentaries, replies,
clinical guidelines, conference abstracts, theses, and book
chapters were also excluded.

Data Extraction and Synthesis

A total of 892 studies were identified by reading the titles and
abstracts. Among these, 46 candidate studies were identified
after reading their full text. At this stage, 24 studies were
excluded based on the above criteria. The remaining 22 studies
were deemed dligible and included in the systematic review.
Thefinal meta-analysisincluded 17 of the 22 studies (Figure 1
shows the details of the article screening process).

Two reviewers independently extracted data from the included
articles and entered the data into a form talored to the
requirements of this review. The extracted data included (1)
publication details (author, year, and country); (2) sample
characteristics (sample size, sex of participants, and type of
participant); (3) time of data collection; (4) measurements of
PA and MPA; and (5) the main study outcome (ie, correlation
coefficient).
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Figure 1. Flow diagram of article screening process.
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M ethodological Quality Assessment

The JoannaBriggs Ingtitute (JBI) appraisal checklist, which has
10 items, was used to examine the methodological quality of
theincluded cross-sectional studies[42]. The studieswere given
a score of 0 to 2 for each item. Studies with an overal score
higher than 70% were considered high quality with alow risk
of bias. Details of the scoring criteriaapplied in the JBI appraisal
checklist are presented in Multimedia Appendix 2.

Data Analysis

All statistical analyses were conducted with Comprehensive
Meta-Analysis software (version 3; Biostat Inc).

All data were extracted from the included studies. The pooled
Pearson correlation coefficients (with the corresponding 95%
Cls) between PA and MPA were calculated with the inverse
variance method. Subsequently, the Pearson correlation
coefficients were transformed to Fisher z scores before the
pooled estimate was obtained to calculate variance-stabilized
correlation coefficients, as described previously [43] The effect
sizeswereinterpreted in line with recent suggestions concerning
correlations for psychometrics with r: small (r=0.10-0.20),
medium (r=0.21-0.35), and large (r>0.35) [44].

The Cochran Q test and the I statistic were employed to
measure heterogeneity across studies. The Cochran Q determines
the conformity to the normal distribution of effect sizes. A
significant value (P<.10) indicates heterogeneity. 12 is an
estimate of the ratio of true heterogeneity in the observed
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RenderX

variation. 12>50% reflects statistically significant between-study
heterogeneity [45]. For such studies, the random effects model
was used to calculate the summary of the Pearson correlation

coefficientswith aP value <.05 or 12>50% [44]. Otherwise, the
fixed effects model was used [44].

To determine potential moderators of heterogeneity, subgroup
analyses were carried out for country or region, population
(college students and adolescents), and time of data collection
(before or during COVID-19). All subgroup analyses were
conducted with a mixed effects analysis. The random effects
model was used to summarize the studies within the respective
subgroups, and the fixed effects model was used to test for
significant differences between the subgroups [46]. Full details
of coding forms for the subgroups are provided in Multimedia
Appendix 3.

To determinetheinfluence of individual studieson the summary
correl ation coefficients and test the robustness of the correlations
between PA and MPA, sensitivity analyses were conducted by
sequentially omitting one study at time [11].

Funnel plots were established to determine the existence of
potential publication bias. Additionally, the Begg rank
correlation test and Egger linear regression test were performed
to determine publication bias, with P<.05 indicating significant
publication bias [47,48]. In the case of publication bias, the
trim-and-fill method was used to adjust for funnel plot
asymmetry [11].
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Other statistical analyses performed included valid measures
of the association between PA and MPA, measured with the
correlation coefficient (r), standardized regression coefficient
(b), unstandardized regression coefficient (3), oddsratio (OR),
mean, and SD. To include as many eligible studies as possible,
several data transformation steps were used. For studies that
reported the mean and SD, the Cohen d effect size was
calculated and converted to a correlation [49]. Studies that
reported relevant ORs with 95% Cls were converted to Cohen
d effect estimates and then to correlations [50]. The authors of
the eligible studies were contacted if potentially relevant data
were missing.

https://publichealth.jmir.org/2022/12/e41606
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Results

Descriptive Characteristics

Table 1 presentsasummary of the characteristics of theincluded
studies. Overall, 23,365 participants aged between 15 and 26
years were included. Eighteen studies (numbers 1 to 22) were
included in the systematic review, and 17 studies (numbers 1
to 17) wereincluded in the meta-analysis. Moreover, 17 studies
reported a correlation between PA and MPA. Considering the
high heterogeneity among studies (Q=468.050, P<.001;
12=96.582), the random effects model was used to estimate the
effect size of summary r (r=—0.243; 95% Cl —0.309 to —0.175;
P<.001; Table 2 and Figure 2). Thisresult showed that PA was
moderately negatively correlated with MPA.
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Table 1. Characteristics of the studiesincluded in the review.

Study Country Sizen Mae, Population Age Timeperiod  Mpa?mea-  PAP measurement r
n (vears) surement
1. Kimeta, SouthKorea 110 67 College Mean 2015 SAPSC 3D sensor pedometer -0.798
2015 [30] students 21.03 (SD
1.61)
2.Haugeta, Switzerland 1519 732  Adoles- Range16- Feb2015t0 gaggyd “Outsideschool: How many -0.019
2015 [34] cents 21 Jun 2015 hours aweek do you exer-

cise or participate in sports
that make you sweat or be-
come out of breath?’

3.Yangeta, China 608 158 College _e Dec2018to  \paTdf PARS-39 -0.124
2019 [32] students Jan 2019
4. Haripriyaet India 113 63 College Mean Apr2019to  SAPS IPAQ- SN -0.335
a, 2019 [51] students 22.15(SD May 2019

1.69)
5. Nu- Turkey 388 129 College Range 17- Jan 2019 to SAS IPAQ-SF -0.112
manoglu- students 25 Jun 2019
Akbas et al,
2020 [52]
6.Zhongeta, China 394 115 College — Jul 29,2020  cgm Dd PARS-3 -0.190
2021 [31] students
7.Hoseneta, Bangladesh 601 344 College — Oct 2020 to SABASK Physical exercise questions —0.249
2021 [53] students Nov 2020 (eg, at least 30 minutes daily

walking, cycling, swim-
ming, or other activities

regularly)
8. Lietal, China 2407 280  Adoles- Mean Dec2020to  Self-rating  pa questionnaire A' -0.235
2021 [33] cents 16.27 (SD Feb 2021 guestion-
1.02) naire for
adolescent
problemat-
ic mobile
phone use
9.Bukeetal, Turkey 300 166 College Mean Apr 2020 SAS-SV IPAQ™ -0.262
2021 [54] students 21.36 (SD
2.33)
10. Abbasi et Malaysia 250 145 College — May 2020 SAS-SV Physicd activity question-  —0.201
a, 2021 [35] students naire B"
11.Idameta, Bangladesh 5511 3254 College Mean Jul 2020 SABAS Questionswereaskedregard- —0.238
2021 [55] students 21.20 (SD ing theengagement ininfre-
1.70) quent activities (including
home quarantine regular/fre-
quent activities (ie, academ-
ic/other studies, social-me-
diause, watching television,
household chores, and pro-
fessional activities)
12.Dingetal, China 1724 740 College Mean Sep 2020 MPATS PARS-3 —0.445
2021 [56] students 19.56 (SD
0.95)
13. Hdlil, Pakistan 236 123 College — 2020t02021 SAS-SV IPAQ-SF —-0.258
2021 [57] students
14.Guoeta, China 1433 704 College Mean Dec2020to  MPATS PARS-3 -0.158
2022 [58] students 19.67 (SD Feb 2021
1.62)
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Study Country Size,n Male, Population Age Timeperiod  Mpa?mea-  PAP measurement r
n (years) surement
15. Saffari et Taiwan 391 0 College Mean Aug 2021to  SABAS IPAQ-SF -0.255
a, students 22.85 Sep 2021
2022 [59]
16.Lineta, China 1787 628 College Range 18- Aug2020to SAS IPAQ-SF -0.153
2022 [60] students 22 Sep 2021
17.Cheneta, China 9406 3516 College Mean Mar 2022t0  \qpa<P IPAQ-LP -0.060
1.07)
18. Venkatesh  Saudi Arabia 205 101 College Mean Jan 2016 to SAS-SV “Outsideschool: How many —
etal, 2019 Students 2328 Mar 2016 hours a week do you exer-
[62] cise or participate in sports

that make you sweat or be-
come out of breath?’

19. Xieeta, China 2134 917 College Mean Jun 2014 to Self-rating During the past 7 days,on  —
2019 [63] students 19.25(SD Dec 2014 guestion-  how many days were you
1.42) naire for physically active for atotal

adolescent  of at least 60 minutes per
problemat- day?

ic mobile
phone use
20. Pereiraet  Brazil 667 308 Adoles- Range13- — SAS-SV IPAQ-SF —
al, 2020 [64] cents 18
21.Teoeta, China 4624 2057 College Mean May 2018to  Self-rating IPAQ-SF —
2020 [65] students 1991 (SD  Jun 2018 question-
1.27) naire for
adolescent
problemat-
ic mobile
phone use
22.Zouetd, China 251 52 College Mean Apr 2019 to Self-r_ati ng |paQ-cd —
2021 [66] students 19.01(SD  Jun 2019 guestion-
0.85) naire for
adolescent
problemat-
ic mobile
phone use
3MIPA: mobile phone addiction.
bpA: physical activity.
CSAPS: Smartphone Addiction Proneness Scale.
dsas sv: Smartphone Addiction Scale-Short Version.
®Not available.
'MPATS: Mobile Phone Addiction Tendency Scale.
9PARS-3: Physical Activity Rating Scale-3.
hy PAQ-SF: International Physical Activity Questionnaire-Short Form.
'SAS: Smartphone Addiction Scale.
JcsSMDQ: College Students Mohile Phone Dependence Questionnaire.
KsaBAS: Smartphone Application-Based Addiction Scale.
IPhysical activity questionnaire A was derived from [67].
M PAQ: International Physical Activity Questionnaires.
MPhysical activity questionnaire B was derived from [68].
°MPAS: Mobile Phone Addiction Scale.
PIPAQ-L: International Physical Activity Questionnaire-Long Form.
9 PAQ C: International Physical Activity Questionnaire-Chinese.
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Table 2. Statistics for each study?

Study r (total r=0.243) 95% CI (total 95% Cl —0.309 z (total P value (total Weight (total
t0-0.175) 7=—6.810) P<.001) 100%)
Kimet al, 2015 [30] -0.798 -0.190t0 0.184 -0.031 .98 4.48%
Haug et al, 2015 [34] -0.019 —0.069 to 0.031 -0.740 46 6.35%
Yang et a, 2019 [32] -0.124 —0.202 to —0.045 -3.066 .002 6.06%
Haripriyaet al, 2019 [51] -0.335 -0.486 10 -0.165 -3.753 <.001 4.60%
Numanoglu-Akbas et al, 2020 [52] -0.112 —0.209 t0 -0.013 —2.207 .03 5.81%
Zhong et al, 2021 [31] -0.190 —0.283t0 -0.093 -3.803 <.001 5.82%
Hosen et al, 2021 [53] —-0.249 -0.323t0-0.172 -6.220 <.001 6.05%
Li et al, 2021 [33] -0.235 -0.272t0-0.197 -11.742 <.001 6.42%
Buke et al, 2021 [54] -0.262 —0.364 t0 -0.153 —4.623 <.001 5.62%
Abbasi et al, 2021 [35] -0.201 —0.317t0-0.079 -3.203 <.001 5.46%
Islam et al, 2021 [55] -0.238 -0.263t0-0.213 —18.009 <.001 6.50%
Ding et al, 2021 [56] —0.445 —0.482 to —0.406 —19.848 <.001 6.37%
Halil, 2021 [57] -0.258 -0.373t0-0.135 —4.029 <.001 5.41%
Guo et a, 2022 [58] -0.158 -0.208 to —0.107 —6.025 <.001 6.34%
Saffari et a, 2022 [59] -0.255 —0.3451t0-0.160 -5.136 <.001 5.81%
Linet al, 2022 [60] -0.153 —-0.198 to -0.107 —6.513 <.001 6.38%
Chen et al, 2022 [61] -0.060 —0.080 to —0.040 -5.825 <.001 6.52%

3Heterogeneity: Q=468.050; P<.001; 12=96.582.

Figure 2. Summary of pooled correlation between physical activity and mobile phone addiction. The blue diamond represents the overall pooled
correlation for the random effects model [30-35,51-61].
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Subgroup Analysis
As shown in Table 3, the summary correlation coefficient

between PA and MPA did not change when stratified by time
of data collection, country or region, or type of population (all

PP>.05). However, to allow comparison with other studies, we
present model-implied effect sizes for each level of the
moderator.

The time of data collection did not significantly moderate the

effect sizes (between-subgroup P°=.14). Notably, the summary
correlation coefficient of the studies reporting on data collected
before COVID-19 was dlightly higher compared with that for
data collected during COVID-19. Specificaly, the effect sizes
for data collection before COVID-19 were moderate, with a
95% Cl that did not overlap with O (r=—0.333, 95% Cl —0.466

to —0.187; k=4; P%<.001), whereas the effect sizes for data
collected during COV1D-19 were also moderate, with 95% Cls
that overlapped with 0 (r=—0.207, 95% CI —0.285 to —0.126,

k=13; P°<.001).
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Similarly, we did not find significant moderator effect sizesfor
country or region (between-subgroup Pb:.71). The summary
correlation coefficient for both China and other developing
regions showed a similarly moderate effect size (China
r=-0.201, 95% CI -0.311 to -0.127; k=7; P%.001; other
developing regions. r=-0.217, 95% CI —0.326 to —0.103; k=8;
P?%.001). However, the effect sizes for devel oped regions with
a95% Cl that overlapped with 0 (r=—0.446, 95% CI —0.616 to

236, k=2; P?=.24) were not significant.

In addition, there were no significant moderator effect sizesfor
thetype of population (between-subgroup: Pb:.26). Specifically,
we found that the effect sizes for young adults were moderate,
with a 95% ClI that did not overlap with O (r=0.250, 95% ClI
—-0.325t0-0.173, k=15; P?%<.001). However, the effect sizesfor
adol escentswere not significant, with a95% ClI that overlapped
with 0 (r=—0.129, 95% Cl —0.333 to 0.086, k=2, P?=.24).

Table 3. Subgroup analyses of summary correlation between PA and MPA. P2 values for the within-subgroup effect sizes were calculated with the z
test; PP valuesfor between-subgroup differences were cal cul ated with the Q test; and P€ values for heterogeneity within subgroups were calculated with

the Q test.
Moderator Studies, n Summary r (95% ClI) P2value Heterogeneity P° value
12 (%) PC value

Time of data collection 14
Before COVID-19 4 —0.333 (-0.466 t0 —0.187) <.001 97.555 <.001
During COVID-19 13 —0.207 (-0.285t0 —0.126) <.001 96.438 <.001

Country or region 71
Developed regions 2 —0.446 (-0.616 to 0.236) .39 99.133 <.001
China 7 -0.201 (-0.311t0-0.127) <.001 97.873 <.001
Other developing regions 8 —0.217 (-0.326 t0 —0.103) <.001 63.310 <.001

Population .26
Young adults 15 —0.250 (-0.325t0-0.173) <.001 96.681 <.001
Adolescents 2 —0.129 (-0.333 to 0.086) 24 97.787 <.001

Sensitivity Analyses and Publication Bias

In the analysis that removed studies one at a time, no evident
outliers were identified. Thus, the correlation coefficient for
removing each study was in the range of r=—0.195 to —0.248.
This shows that no one study significantly skewed or changed
the correlation coefficient or influenced the overall results of
the meta-analysis. Therefore, the results were reliable.

Subjectively speaking, we could not determine the existence of
publication bias from the funnel plots for the summary

https://publichealth.jmir.org/2022/12/e41606

correlation coefficients, as shown in Figure 3A. Studies with a
small sample size are unlikely to result in symmetrical
distributions of scattered points. The Begg rank correlation tests
and Egger linear regression tests showed no significant
publication bias (P=.62 and P=.14, respectively). After the
trim-and-fill analysis, the correlation between PA and MPA
remained statistically significant (number to trim and fill 6,
summary r=—0.319, 95% Cl —0.40552 t0—0.22771; Figure 3B).
Therefore, the overall modeling results after correction remained
unchanged. Thus, we concluded that there was no publication
bias.

JMIR Public Health Surveill 2022 | vol. 8 | iss. 12 | e41606 | p. 9
(page number not for citation purposes)


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

JMIR PUBLIC HEALTH AND SURVEILLANCE Xiao et a

Figure 3. Funnel plotsof (A) publication bias and (B) publication bias with trim and fill.
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. . the other studies were 15.29 (SD 1.53) and 15.40 (SD 0.89),
Methodological Quality Assessment respectively. All included studies were of high quality with a
The methodological quality assessment results are shown in  |ow risk of bias.

Table 4. Notably, the mean scores of the included studies and

Table 4. Methodological quality of the studies.

Number  Study Joanna Briggs Institute appraisal checklist items Total score (%) Overall risk
of bias
1 2 3 4 5 6 7 8 9 10
1 Kim et a, 2015 [30] i 1 1 1 2 2 2 2 2 1 15 (75) Low
2 Haug et al, 2015 [34] 2 0 1 1 2 2 2 2 2 2 16 (80) Low
3 Yang et a, 2019 [32] 1 2 1 2 2 2 2 2 2 2 18 (80) Low
4 Haripriyaet al, 2019 [51] 2 0 1 1 2 2 2 2 2 1 15 (75) Low
5 Numanoglu-Akbas etal,2020[52] 2 0 0 0 2 2 2 2 1 2 13 (65) Mid
6 Zhong et al, 2021 [31] 2 2 1 1 2 2 0 2 2 2 16 (80) Low
7 Hosen et al, 2021 [53] 1 1 1 1 1 2 2 2 1 2 14 (70) Low
8 Li etal, 2021 [33] 2 1 1 1 2 2 2 2 2 2 17 (85) Low
9 Buke et al, 2021 [54] i 1 1 1 2 2 2 2 2 1 15 (75) Low
10 Abbasi et al, 2021 [35] 2 1 1 1 2 2 0 1 1 1 15 (75) Low
1 Islam et al, 2021 [55] i1 0 1 2 2 2 2 2 1 2 15 (75) Low
12 Ding et al, 2021 [56] 2 1 1 1 2 2 0 2 2 1 14 (70) Low
13 Halil, 2021 [57] 2 0 1 1 2 2 0 2 2 2 14 (70) Low
14 Guo et al, 2022 [58] 2 2 1 1 2 2 2 2 2 2 18 (80) Low
15 Saffari et al, 2022 [59] 2 0 1 2 2 2 2 2 2 2 17 (85) Low
16 Linet al, 2022 [60] 2 0 0 0 2 2 2 2 2 1 13 (65) Mid
17 Chen et al, 2022 [61] 2 2 0 1 2 2 0 2 2 2 15 (75) Low
18 Venkatesh et al, 2019 1 0 1 1 2 2 2 2 2 1 14 (70) Low
(62]
19 Xieet al, 2019 [63] 1 0 1 2 2 2 2 2 2 2 16 (80) Low
20 Pereiraet a, 2020 [64] 1 0 1 2 2 2 2 2 2 2 16 (80) Low
21 Tao et a, 2020 [65] 2 1 1 2 2 2 0 2 2 1 15 (75) Low
22 Zou et al, 2021 [66] 2 0 1 2 2 2 2 2 2 1 16 (80) Low
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Discussion

M eta-analytic Findings

To the best of our knowledge, thisis the first meta-analysis to
explore pooled correlation coefficients of PA and MPA. Our
analysis of 17 studies found a moderately negative correlation
between PA and MPA, with a summary Pearson correlation
coefficient of r=—0.243. Thisisin line with a previous review
[40Q]. Sensitivity analyses did not find significant publication
bias, indicating that the pooled analyses of the correlation
coefficients provided reliable and convincing results. In addition,
all the included studies were high quality with a low risk of
bias. Subgroup analysis showed that none of the hypothesized
moderators (data collection, country or region, and type of
population) significantly influenced the relationship between
PA and MPA, as confirmed with amixed effects analysis.

The target subjects of research into MPA are adolescents and
young adults, who are relatively less self-disciplined in
controlling their frequency of mobile phone use and are more
susceptible to smartphone use addiction compared to
middle-aged or older adults [29]. Lack of self-control is an
essential factor influencing MPA among adol escents and young
adults. Previous studies found that self-control regulates the
correlation between PA and MPA. Factors such as negative
emotions (eg, anxiety [69,70] and loneliness[71,72]) and mental
toughness [73,74] have been shown to affect the relationship
between PA and MPA. We speculate that these factors may
modul ate the relationship between PA and MPA.

Results of magnetic resonance imaging studies suggest that
MPA isassociated with structural brain abnormalities, like other
types of addiction dependence. For example, the insula cortex
participates in the formation of addictive behaviors, because
these behaviors may influence the decision-making processin
terms of choosing immediate rewardsthat are always associated
with physiological state while eliciting strong interoceptive
signals[75]. Two recent studies reported changesin gray matter
volumein thisregion (ie, the insula cortex) among people with
MPA [66,76]. Exercise has been shown to improve brain health
[77,78]. Therefore, we hypothesi ze that the rel ationship between
PA and MPA might beinfluenced by the structure and function
of the insula and even other brain regions.

Differencesin Subgroup Analysis

Notably, the time of data collection did not significantly
influence the relationship between PA and MPA. Moreover, a
moderate negative rel ationship was found between PA and MPA
among adolescents and young adults before and during the
COVID-19 pandemic. According to the compensatory internet
use theory, when people encounter psychosocial problems in
therea world, they arelikely to usetheinternet or smartphones
asacoping mechanism to aleviate negative emotions[79]. The
restrictions imposed on participation in social activities and
gatherings during the COV1D-19 pandemic increased anxiety,
depression, and stress levels in people [80]. Therefore, they
were more likely to overly rely on their mobile phones to cope
with stress. Moreover, recent studies have shown that
adolescents and young adults have had low PA levels during
the COVID-19 pandemic [81,82]. The target subjects in our
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study were adol escents and young adults, who are moreinclined
to use socia mediafor physical training. A previous study found
that young-adult Spanish university students used social media
apps to improve their high-intensity interval training [82],
mind-body activities, and strength exercises. In other words,
adolescents and young adults used social media to facilitate
their participation in PA during the pandemic [82]. Thisreduced
the time spent sitting for long periods of time and reduced
lei sure-time screen activities, subsequently reducing the risk of
MPA in young people[30].

The present findings demonstrate that country or region do not
have a significant moderating role on the relationship between
PA and MPA.. Notably, amedium-strength negative relationship
between PA and MPA has been reported in China and other
developing counties among adolescents and young adults.
However, this correl ation was not found in developed countries.
This finding should be interpreted with caution, because it is
based on 2 studies from developed countries. These 2 studies
were carefully reviewed elsewhere [30,34]. In addition, we
found that one of these studies reported a weak negative
correlation between PA and MPA [34], whereasthe other found
asignificant, strong negative correlation [30]. It should be noted
that the 2 studies were published around the same time. The
difference in the correlation results may be due to the type of
PA measurement tools used. For instance, one of the studies
used a pedometer sensor to measure the level of PA, which is
more precise [30]. The influence of measurement errors
associated with self-reported PA questionnaires also needs to
be acknowledged. The majority of the reviewed studies used
self-reported scales or questionnaires; thus, we suggest that
accelerometry should be adopted in future studies to obtain
more reliable data.

Further analysis revealed that population type did not
significantly affect the relationship between PA and MPA. This
may be explained by the widespread use of mobile phones. This
is especially true for young people, as their ownership rate for
smartphones is very high. Additionally, subgroup analysis
revealed that there was no significant correlation between PA
and MPA among adolescents (P=.26). We presume that this
might be influenced by the degree of external restrictions on
the use of mobile phones. Compared with adults (eg, college
students), adolescents are subjected to more control and
restriction measures on mobile phone use by their parents,
schools, and even by the mobile phone apps themselves.
Therefore, they arelesslikely to influence the correlation [83].
These findings, however, should be interpreted with caution,
because only 2 studies on adolescents were analyzed.

Limitations and Strengths

In conclusion, our study indicatesthat alow PA level contributes
to MPA behavior. This is because low PA encourages a
sedentary lifestyle among young adults. The PA guidelines of
the World Health Organization encourage individuas of
different agesto participatein PA. Previous studies have shown
that increasing the PA level of young adults can reduce MPA
behavior. We recommend higher PA level sthan those stipul ated
in the guidelines of the World Health Organization, because
more PA could bring more mental health benefits. From a
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practical perspective, the findings of this study may help to
inform countermeasures to prevent MPA behavior among
adolescents and young adults amid the COVID-19 pandemic
and future public health crises.

All previous findings were objectively stated, analyzed, and

Xiao et a

between PA and MPA. Third, we only analyzed a young
population. Fourth, no study reported moderating variables
between PA and MPA. Findly, athough a sensitivity analysis
was conducted, sources of bias were identified, and our results
should thus be interpreted with caution. Further case-control
and cohort studies are needed to test the benefits of PA on MPA

interpreted using an appropriate research design. All original
data were retained to provide a reference for future research.
The repeatability and reproducibility of our analyses have been
ensured. However, there are some limitations and potential
sources of bias that need to be noted. First, only studies
published in English were included in our meta-analysis.
Second, the studies mainly provided cross-sectional data, which
do not allow determination of causality in the relationship

in young adults.

Conclusion

Our findings demonstrate a moderate negative relationship
between PA and MPA among young adults. The strength of the
relationship between PA and MPA did not differ by time of
data collection, country or region, or type of population.
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