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Abstract

Background: Physical inactivity isarisk factor for chronic noncommunicable diseases. | nsufficient physical activity hasbecome
an important public health problem worldwide. As mobile apps have rapidly developed, physical activity apps have the potential
to improve the level of physical activity among populations.

Objective: Thisstudy aimed to evaluate the effect of physical activity appson levelsof physical activity among college students.

Methods: A Web-based questionnaire was used to survey college students in Beijing from December 27, 2017, to January 5,
2018. According to a previous survey, 43% of college students using physical activity apps and 36% of those who never used
such apps achieved the physical activity recommendations. In this study, the sample size was cal culated to be 500. The questionnaire
consisted of 5 parts: the use of physical activity apps, sports habits, social support, self-efficacy, and socia demographic information.
Structural equation modeling was used to test the relationships between the use of physical activity apps, self-efficacy, social
support, and level of physical activity.

Results: Of the 1245 participants, 384 college students (30.8%) used physical activity apps (in the past month). Of these 384
students, 191 (49.7%) gained new friends via the app. College students who were using physical activity apps had a higher level
of physical activity and higher scores for social support and self-efficacy (P<.001) than those who did not use such apps. The
use of physical activity apps significantly affected the mediating effect of physical activity level through social support (beta=.126;
P<.001) and self-efficacy (beta=.294; P<.001). Gender played an important role in app use, self-efficacy, and physical activity
in the mediation model: male users spent more time on physical activity and had higher self-efficacy scores (P<.001).

Conclusions: This study focused on college students in Beijing and found that the use of physical activity apps is associated
with higher physical activity levels among these students. This effect is mainly through the mediation effect of socia support
and self-efficacy, rather than the direct effect of physical activity apps. The use of physical activity apps is associated with a
higher socia support level and higher self-efficacy score. Furthermore, a high social support level and high self-efficacy score
are associated with higher physical activity levels.
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Introduction

Physical activity is an important foundation of general health.
People’'s way of life has changed dramatically, including
changesin diet, a decrease in physical activity, and increasein
tobacco use [1]. Insufficient physical activity has become an
important public health problem worldwide [2] and is associated
with the progression of many chronic diseases[3]. A survey on
diseaserisk factors conducted by the World Health Organization
(WHO) indicated that physical inactivity has become one of
the 4 leading causes of death [4]. The International Physical
Activity Questionnaire (IPAQ) classifies physical activity as
occupational, domestic, traffic, and leisure activities. In terms
of the metabolic equivalent of various activities, the intensity
of physical activity can be delineated as high, moderate, and
low [5], which are distinguished according to the change in
heartbeat, physiological sensation, and energy consumption.
Moderate-intensity physical activities (MPA) are those that may
cause slight sweating and make the heart beat dlightly faster.
Vigorous-intensity physical activities (VPA) lead to excessive
sweating and make the heart beat significantly. The WHO
recommends that adults aged 18 to 64 years allocate at least
150 min a week for MPA, or 75 min a week for VPA, or an
equivalent combination of MPA and VPA [4].

Globally, 80.3% of adolescents aged 13 to 15 years do not
achieve the current physical activity recommendations [6]. In
China, only 18.7% of adults aged 20 to 69 years achieve the
current physical activity recommendations [7]. Furthermore,
physical activity tends to decline with age throughout
adolescence [8,9] and tracks into adulthood [10]. In the case of
college students, who are in the transition from adolescence to
adulthood, developing good physical activity habits can help
them maintain agood physical health. Thus, the college ageis
an important timefor intervention. Many factors affect physical
activity levels. For example, demographic characteristics such
as age, gender, and education level are associated with physical
activity level, environmental factors, individual physical health,
and psychological factors [11-13]. Furthermore, numerous
studies have shown that social support and self-efficacy are
among the most important factors affecting the physical activity
level [14-16]. As these 2 factors are so important and can be
improved through interventions [17], we focused on them in
this study.

With the development of the internet and mobile phones, the
number of mobile phone apps for improving physical activity
hasbeen increasing in recent years[18]. In China, many mobile
phone apps, such as KEEPR, Gu Dong, and Yue Dongguan, can
help people participate in physical activity. Physical activity
apps can be roughly delineated asfitness and running apps. This
review showed that physical activity apps lack sufficient
inclusion in health behavior change theories and evidence-based
content [19]. However, using physical activity apps provides
more convenience in terms of use and moreflexibility regarding
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time. Assuch, physical activity apps have becomeincreasingly
popular [20].

According to a statistical report of the International
Telecommunication Union [21], the total number of global
internet users has increased from 1.99 billion in 2010 to 3.38
billion in 2016. By the end of 2017, the number of cellular
mobile subscriptions totaled around 700 million, with a
penetration rate of 70% even in the less developed countries.
In addition, the scale of Chinese internet users totaled 802
million, of which mobile phone users accounted for 98.3%, as
of June 2018 [22]. All types of scales for mobile app users are
rising. In addition, users of mobile physical activity apps
accounted for 78% of all users of mobile health—related apps
in 2014, up from 39% in the previous year [23].

The influence of physical activity apps has been examined at
the level of physical activity. Most existing studies have
confirmed the promotional effect of physical activity apps on
physical activity. One study of undergraduates at the Southeast
University, in Jiangsu Province, China, showed that only 27.85%
of college students had never used physical activity apps [24],
suggesting that physical activity apps may be extremely popular
among Chinese college students. Another study [25] confirmed
the role of physical activity apps in increasing the time spent
on physical activity and suggested that such changes could
further increase people's self-efficacy. Harries[26] demonstrated
the significant effect of physical activity apps on young people
who lack physical activity but noted no significant increase in
social feedback. However, other studies have highlighted that
although physical activity apps may play arole in increasing
physical activity, the mechanism is not clear and needs to be
improved to achieve better results [27,28].

Social support and self-efficacy may be the factors that affect
physical activity. Social support is defined as the exchange of
resources between at least 2 individuals perceived by the
provider or recipient to be intended to enhance the well-being
of the recipient [29]. Self-efficacy is defined as the belief that
one can successfully execute the behavior required to produce
the desired outcomes [30]. Shariff [14] indicated that social
support from family, friends, and coaches can influence the
behavior of teenagers with regard to sports and psychological
development and social competence. Zhang [15] reported that
social support can play such arole with certain conditions. As
such, the actual effect of social support on physical activity is
not clear [31]. With regard to the effect of physical activity apps
on self-efficacy, many results suggest that self-efficacy is a
powerful predictor of physical activity. Bezjak [16] found a
significant correlation between self-efficacy and involvement
of college studentsin physical activity. Smith [32] showed that
self-efficacy, as a mediating variable between physical activity
apps and physical activity, affectsitseffect strength. Thisfinding
elaborates the specific mechanism of physical activity appsin
improving physical activity levels.

JMIR Mhealth Uhealth 2019 | vol. 7 | iss. 9| €12606 | p. 2
(page number not for citation purposes)


http://dx.doi.org/10.2196/12606
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MHEALTH AND UHEALTH

In general, research on the influence of physical activity apps
on physical activity level isincomplete. The results of existing
works are contradictory, which may be attributed to the subjects
and the region of study. Most studies have confirmed that the
use of physical activity apps can promote physical activity
levels. However, the degree of influence and mechanism of
action remain unclear. As aspecial group, college students are
highly adaptable and need to cultivate good physical activity
habits. As such, college students represent an idea research
sample when investigating interventions.

Therefore, the study aimed to elucidate the mediating role of
social support and self-efficacy in physical activity apps and
physical activity, and on the specific mechanism of how use of
physical activity appsis associated with physical activity level.
Our findings will contribute to the development of physical
activity interventions and improvement of health at the national
level.

These are hypotheses of this study:

The use of physical activity appsis associated with higher
physical activity levels among college students.

Physical activity apps may be associated with college
students' physical activity levels, mainly through the
mediating effect of social support and self-efficacy.
According to the conclusions of this study, a set of potential
measures hypothesized to improve college students
physical activity level with the help of physical activity
apps can be formulated.

Methods

Participants

We conducted a closed survey. An electronic questionnaire was
used to survey college students in Beijing from December 27,
2017, to January 5, 2018. Convenience sampling was adopted
toissuethe questionnaire. According to aprevious survey, 43%
of college students who use physical activity apps and 36% of
those who had never used them achieved the WHO's physical
activity recommendations. Thus, the sample size was cal cul ated
to be 500. We contacted student union leaders and teachers at
several collegesin Beijing and sent the electronic questionnaire
through their WeChat (the Chinese version is Weixin) group.
To obtain cooperation, an incentive (about 2 yuan per
participant) was paid out with each questionnaire.

The questionnaire was distributed to a wide range of students
through the WeChat group, not sent to individuals. Thus, it was
difficult to calculate the exact number of questionnaires sent
and the response rate. However, it was estimated that the
response rate ranged from 70% to 95% in the different WeChat
groups. Usersfirst had to log in using their WeChat account to
prevent multiple entries from the same individual. Only those
who agreed to participate and compl eted the questionnaire could
submit the completed questionnaire. Therefore, we could not
calculate the exact view rate and participation rate.

We controlled the filling range of the data when designing the
guestionnaire to avoid the occurrence of invalid data. After
collecting the electronic questionnaires, we manually checked
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the original data. Strict criteria were used to screen valid
guestionnaires. Only completed questionnaires with no missing
dataand nological errorswere considered valid. Otherwise, the
guestionnaire was excluded. For example, if the participant did
not indicate a specific amount of time spent on physical activity,
his’her questionnaire would be excluded. Finaly, 1476
guestionnaires were completed. After excluding invalid
guestionnaires, 1245 valid questionnaires were used in this
analysis, with an efficiency rate of 84.35%.

M easures

The questionnaire consisted of 5 parts. use of physical activity
apps, sports habits, social support, self-efficacy, and social
demographic information. The electronic questionnaire consisted
of 5 pages, and each page included 15 items. We used adaptive
guestioning (only conditionally displayed based on responses
to other items) to reduce the number and complexity of
guestions. In addition, respondents were able to review and
changetheir answers before submitting the questionnaire. Before
fielding the questionnaire, we asked expertsfor their adviceand
tested the usability and technical functionality of the electronic
guestionnaire on asmall scale.

In the research, those who used physical activity apps in the
past month were defined as current users, those who had used
physical activity apps before but not in the past month were
defined as past users, and those who had never used physical
activity apps were defined as nonusers.

The measurement of physical activity habits was based on the
Chinesesimplified IPAQ [33], whichismainly used to evaluate
people'sphysical activity level against the recommended level.
It can also be used to evaluate the results of aphysical activity
intervention. In 2004, Chinese scholars Qu and Li studied the
reliability and validity of the Chinese version of IPAQ. Their
resultsindicated that theretest reliability and validity are higher
than or equal to the questionnaire for the same use [34]. Thus,
the Chinese version of the questionnaire was used in the present
research.

To measure social support, we consulted Chogahara's research
on older adults [33] and Cavallo's study on college girls [35].
Social support was delineated as partnership, information, and
respect support types. Then, 2 subevaluation indicators were
selected from each aspect, which respondents graded according
to the actual frequency of occurrence on a scale ranging from
1 (never) to 5 (often). In addition, ahomogeneity reliability test
and factor analysiswere performed. Theresults of the sphericity
test confirmed that Cronbach apha was .917, KMO
(Kaiser-Meyer-Olkin)=0.887, and the P value was <<.001. The
reliability and validity of this scale were considered good.

The evaluation of self-efficacy was based on Wang's study on
adolescents with disabilities [36] and Ashraf’'s research on
adolescent girls [37]. A 5-point Likert scale with 6 items was
used. The participants rated every item of the scale, according
to their confidence level regarding participating in physical
activity in different situations. Each item was scored on ascale
ranging from 1 (very uncertain) to 5 (very certain). In addition,
a homogeneity reliability test and factor anaysis were
performed. The results of the sphericity test showed that the

JMIR Mhealth Uhealth 2019 | vol. 7 | iss. 9| €12606 | p. 3
(page number not for citation purposes)


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

JMIR MHEALTH AND UHEALTH

Cronbach alpha was .914, KM0=0.906, and the P value was
<<.001. Again, the reliability and validity of the scale were
considered good.

Ethics Statement

This study has been approved by the Peking University
Ingtitutional Review Board Office. Before participating in the
study, each participant was informed of the purpose of the
investigation and the duration of the survey and assured that
the resultswould be used only for the purpose of this study, and
that their privacy would be guaranteed. If participants did not
want to participant in the survey, they could simply turn off the
electronic questionnaire and drop out. If the questionnaire was
completed and submitted, the participant was considered to
have provided informed consent. Only those who voluntarily
agreed to participate in the survey wereincluded in theresearch.

Statistical Analyses

Datawere analyzed using SPSS (IBM) version 22.0 and Mplus
(Linda Muthén & Bengt Muthén) version 7.0. A descriptive
analysis was conducted to analyze the socia demographic
information and use of physical activity apps. A chi-sgquare test
was carried out on the difference in rates between the groups.
The Kruskal-Wallis rank test and Mann-Whitney U test were
performed for the differencesin ordinal level variablesbetween
groups. The correlation between variables was tested linearly.
Structural equation modeling (SEM) was used to test the
relationships between the use of physical activity apps,
self-efficacy, social support, and level of physical activity. A P
value <.05 was considered statistically significant. SEMs were
employed for the mediation effect analysis.

First, weindicated self-efficacy asamediator between physical
activity app usage (app use) and physical activity to test whether
physical activity app usage has a significant indirect effect on
physical activity through self-efficacy and whether thisindirect
effect can completely explain the relation between app use and
physical activity. App use was clarified as a 3-level categorical
predictor (current users=3, past users=2, and nonusers=1), with
self-efficacy asthe mediator and physical activity asthe outcome
variable. The 6-item self-efficacy scale indicators were
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categorized in 3 parts (bad mood, support deficiency, and time
deficiency), representing the manifest indicators by which
self-efficacy was significantly explained (P<.001). Thedurations
of VPA and MPA were a so set as manifest indicators by which
physical activity can aso be significantly explained.

Social support was selected as the second mediator in the
mediation model. The 5-item socia support scale indicators
were classified in 3 parts (partnership, information, and respect
support), representing the manifest indicators by which socia
support was significantly explained (P<.001).

Finally, we added age and gender as covariables to the model.
Gender was a 2-level categorical variable, where male=1 and
female=2, whereas age was a continuous variable. The model
was set to test for whether the direct and indirect effects of app
use on physical activity changed with the combination of these
covariables and how gender and age affected app use.

Results

Demogr aphic I nformation

Of the 1245 participants, 466 were male (37.4%). Other
demographic characteristics are shown in Table 1.

Usage of Physical Activity Apps
There was a difference between maes and females in the

distribution of the 3 types of users (x°=26.6, df=2, P<.001).
Other information are shown in Figure 1.

Of 384 current users, 99 (25.8%) indicated having used physical
activity apps more than 4 times aweek, 39.1% (150/384) used
them 2 to 3 times aweek, and 35.1% (135/384) used apps less
than once a week. The popular functions current users mostly
used were calculating the number of steps (54.9%, 211/384),
recording movement (52.9%, 203/384), the training plan
(49.2%, 189/384), recording calorie consumption (40.6%,
156/384), and the video coach (40.6%, 156/384). Functions
such as ranking campaign (20.8%, 80/384), sharing exercise
data on social media (11.7%, 45/384), and stimulating users
(7.3%, 28/384) were less used by the current users.
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Table 1. Participants' demographic information.
Demographics Total (N=1245) Male (n=466) Female (n=779) Chi-square't test (df)® P val ue®
Age (years), mean (SD) 205 (2.6) 20.8 (2.7) 20.3(2.4) 2.99 (1244) .003
Body massindex (kg/m?), mean (SD)  22.3 (65) 23.6(7.0) 215(5.8) 5.55 (1244) <.001
Grade, n (%) 13.0 (4) .01
One 190 (15.3) 52 (11.2) 138 (17.7)
Two 357 (28.7) 135 (29.0) 222 (28.5)
Three 295 (23.7) 127 (27.3) 168 (21.6)
Four and five 286 (23.0) 104 (22.2) 182 (23.3)
Graduate student or above 117 (9.4) 48 (10.3) 69 (8.9)
Birthplace, n (%) 6.6 (2) .04
Urban area 858 (68.9) 305 (65.5) 533 (71.0)
Rural area 360 (28.9) 146 (31.3) 214 (27.5)
International students 27 (2.2) 153.2) 12 (1.5)
Ethnicity, n (%) 37(1) .06
Han 1079 (86.7) 415 (89.1) 664 (85.2)
Others 166 (13.3) 51 (10.9) 115 (14.8)
Aver age monthly expense (yuan), n (%) 6.1(4) 19
<500 36(2.9) 18 (3.9) 18(2.3)
500 to 1000 191 (15.3) 80 (17.2) 111 (14.2)
1000 to 1500 374 (30.0) 139 (29.8) 235(30.2)
1500 to 2000 319 (25.6) 107 (23.0) 212 (27.2)
>2000 325 (26.1) 122 (26.2) 203 (26.1)

#The age and the body mass index was tested using at test. Others were tested using a Pearson chi-square test.
®The P value here refers to whether the difference in these demographic characteristics between participants of different genders was statistically

significant.

Figure 1. Number of each type of app user (male and female).
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Physical Activity

Normality tests were conducted for concerning variables, and
the results of these did not support the null hypothesis. Thus,
we used quartiles to describe the distribution. The median
duration of VPA per week was 30 min and 40 min for MPA.
Overall, only 48.3% (602/1245) of the participants attained the
WHO's weekly standard amount of physical activity.

For al types of physical activity, we noted a significant
difference between groups (Table 2): Current usersreported the
most VPA and MPA time consumption, and nonusers reported
the least time spent on these physical activity types. For social
support, current users had the highest score (median=21),
followed by past users (median=18). Nonusers scored the lowest
(median=17; P<.001). There was aso a significant difference
in the self-efficacy scores of these groups (P<.001).

The physical activity rates of participants who attained the
WHO's recommended value in the 3 groups were calcul ated.
A crosstable test was performed, revealing a significant
difference between the 3 physical activity apps usage groups
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(x?=385.0; P<.001). Current users had the highest rate (66.75%)
and nonusers had the lowest (35.94%; Table 2).

Relationship Between Physical Activity App Usage,
Physical Activity, Social Support, and Self-Efficacy

The zero-order correlations between measures are displayed in
Table 3. Current users scored higher for social support and
self-efficacy and reported more physical activity. Gender
(male=1, female=0) was significantly correlated with all
measurements, demonstrating that this factor might be an
assignable confounding variable. Self-efficacy was significantly
correlated with all measurements, demonstrating that it could
be an intensive mediator.

Age was also significantly correlated with all measurements,
except physical activity app usage, revealing that it could also
be a confounding variable. BMI was significantly correlated
with gender, age, and self-efficacy, but not with social support
and physical activity. Social support was significantly correlated
with all measurements, except BMI, and the same was observed
for physical activity. Overal, BMI may not be an important
factor in our research.
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Table 2. Differences between current users, past users, and nonusers.

Items per week Current users (n=384)  Past users (n=670)  Nonusers (n=191) Kruskal-Wallisand Mann- P value
Whitney U rank sum tests,

chi-square (df)b
p252 M2 prsd ps? M2 prsd ps? M2 prs?

Time, VPA® (min)

Total 23 60 126 0 30 80 0 2 73 104.36 (1242) <.001
Male 17 60 120 2 30 90 0 20 90 43.87 (463) <.001
Female 37 90 180 O 25 60 0 0 60 49.42 (776) <.001

Time, M pad (min)

Total 20 60 150 1 30 84 0 20 90 59.11 (1242) <.001

Mae 20 60 120 2 40 100 O 30 120 26.31(463) <.001

Female 22 90 180 O 30 80 0 20 60 27.45 (776) <.001
Walk time (min)

Total 50 140 280 45 120 210 21 105 210 9.42(1242) .009

Mae 60 140 280 50 125 250 40 140 315 0.27(463) .88

Female 45 140 247 45 120 210 11 90 120 14.60 (776) .88

Sedentary behavior (min)

Total 60 600 1698 120 840 2100 50 630 2100 6.53(1242) .04
Male 60 420 1440 60 720 2100 60 630 2100 0.46 (463) .80
Female 90 760 2100 180 900 2100 42 647 1890 14.34(776) .80

Social support score

Total 14 21 25 12 18 22 11 17 21 156.67 (1242) <.001
Male 14 19 24 12 18 22 11 17 21 21.87 (463) <.001
Female 14 21 25 12 18 22 12 16 19 20.03 (776) <.001

Self-efficacy score

Total 16 20 24 12 16 19 10 16 19 124.66 (1242) <.001
Male 16 19 23 12 17 21 11 17 21 38.72 (463) <.001
Female 17 21 25 12 16 18 9 15 18 75.93 (776) <.001

Rate of reaching the WHO® standard (%)

Total 66.7 421 359 385.0 (1242) <.001
Male 77.4 49.8 46.3 23.3 (463) <.001
Female 60 385 29.8 19.5 (776) <.001

825 is the upper quartile, M isthe median, and P75 is the lower quartile.

PThe rate of reaching the WHO standard was tested using a Pearson chi-square test. Others were tested using Kruskal-Wallis and Mann-Whitney U
rank sum tests.

SVPA: vigorous-intensity physical activity.
IMPA: moderate-intensity physical activity.
SWHO: World Health Organization.
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Table 3. Zero-order correlations between measures.

Wang et al

Measures® € 2 ©) @ 5 (6) (7
App use (1) 1.000 _b — — — — —
Gender (2)° —1124 1.000 — — — — —
Age(3) 050 084 1.000 — — — —
dey mass index (4) —.006 .156d _.23od 1.000 — — —
Socia support (5) 3754 133 _1309 —.047 1.000 — —
Self-efficacy (6) 2984 1581 —119¢ —.066¢ —.808¢ 1.000 —
Physical activity (7) 1119 1428 —.060¢ —-031 —.288¢ —273¢ 1.000

3N umbers in parentheses correspond to column numbers.

bTo avoid duplication of data and to keep tables concise, there are empty cellsin the table.

®Gender: 1=male, O=female.
dcorrelation issignificant at the .001 level (2-tailed).

Simple Mediation M odel

The standardized path coefficients of the simple mediation
model are displayed in Figure 2. The model fit indices were as
follows: x?=2.9, comparativefit index (CFl)=.995, standardized
root mean squareresidual (SRMR)=.018, and root mean square
error of approximation (RMSEA)=.039. The single mediation

model indicated that the path coefficient of the indirect effect
was .118, dightly higher than the coefficient of the direct effect
(.091). Furthermore, it showed that the use of an app wasweakly
associated with a higher physical activity level and strongly
associated with a higher physical activity level through
self-efficacy.

Figure2. Single mediation model, in which app-usageisathree-level categorical predictor (current users=3, past users=2, and non-users=1). Self-efficacy
isdescribed by bad mood, support deficiency, and timedeficiency; VIPA isvigorous-intensity physical activity and MIPA ismoderate-intensity physical
activity. (0.000) represents significant path coefficients at the .001 level and (0.01), at the .05 level.

0.511(0.000) 0.217 (0.000) 0.096 (0.000)
Bad mood Suppaort Time
deficiency deficiency
0.824{0.000)
0.885|(0.000) 0.95F(0.000)
0.700{0.000)
0.692 (0.000)
0.306 (0.000) o self-efficacy /
0.383(0.000) MIPA
0.307(0.0
'555(0.000)
App usage #  Physical activit
PP us3g 0.091(0.01) Y Y VIPA
0.583
(0.000) T
0.660 (0.000)

http://mhealth.jmir.org/2019/9/e12606/

RenderX

JMIR Mhealth Uhealth 2019 | vol. 7 | iss. 9| 12606 | p. 8
(page number not for citation purposes)


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

JMIR MHEALTH AND UHEALTH

Multi-Serial Mediator Model

Self-efficacy was affected by social support directly, meaning
that social support had a second role in this model, namely as
a serial mediator between app use and self-efficacy, according
to self-efficacy theory. Furthermore, socia support also acted
as a sole mediator between app use and physical activity. The
standardized path coefficients are displayed in Figure 3. The

model fit indices were as follows: x°=3.4, CFI=.990,
SRMR=.018, RMSEA=.044. The multi-serial mediator model
demonstrated that the use of an app was associated with higher
physical activity through social support. In addition, the
combination of social support in this model did not change the
significant indirect effect of self-efficacy and direct effect of
app use on physical activity. Moreover, the association between
app use and higher physical activity through self-efficacy and

Wang et al

social support was stronger than the association directly between
app use and higher physical activity. Compared with the single
mediation model, (1) the combination of social support did not
change the lower direct effect compared with the total indirect
effect; (2) the association between app use and higher physical
activity level and between app use and higher physical activity
level through self-efficacy weakened with the combination of
social support and (3) the association between app use and
higher physical activity level through social support was weaker
than the associ ation between app use and higher physical activity
level through self-efficacy.

Multi-Serial M ediator M odel Containing Covariables

The standardized path coefficients of the multi-serial mediator
model containing covariables are displayed in Figure 4.

Figure 3. Multi serial mediator model, in which social support is described by three manifest indicators (partnership support, information support, and
respect support). Self-efficacy is described by bad mood, support deficiency, and time deficiency; VIPA is vigorous-intensity physical activity and
MIPA is moderate-intensity physical activity. (0.000) represents significant path coefficients at the .001 level and (0.01), at the .05 level.
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Figure4. Multi serial mediation model containing age and sex. Age is a continuous co-variable; gender is described as atwo-level categorical variable
where male=1 and female=2. Social support is described by three manifest indicators (partnership support, information support, and respect support).
Self-efficacy is described by bad mood, support deficiency, and time deficiency; VIPA is vigorous-intensity physica activity and MIPA is
moderate-intensity physical activity. (0.000) represents significant path coefficients at the .001 level and (0.01), at the .05 level.
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The model fit indices were as follows: x°=3.1, CFI=0.987,
SRMR=0.018, RM SEA=0.041. The model showed that the path
coefficients from gender to app use, self-efficacy, and physical
activity were al significant at the .001 level, whereas the path
coefficient was only significant from age to self-efficacy
(P<.001). For gender, males had ahigher app userate and higher
social support and self-efficacy scores. Furthermore, they
reported more physical activity. Regarding age, older students
tended to obtain higher scoresfor self-efficacy. Adding age and
gender into this model did not change the association between
app use and higher physical activity level through self-efficacy
and social support. However, the model indicated that there was
no longer a direct association between app use and higher
physical activity level after including the covariant items. The
standardized direct effect calculated in Mplus7.0 was 0.082
(P=.05) dightly lower than the total indirect effect of social
support (0.084; P<.001), of which self-efficacy was 0.061
(P<.001) higher than social support (0.023; P<.05). Compared
with the multi-serial mediation model, this model provided the
following information: (1) the combination of age and gender
did not change the situation of the weaker association directly
between app use and higher physical activity, compared with
the association through self-efficacy and socia support; (2) with
the combination of age and gender, the association through
self-efficacy and social support became weaker; (3) the
association through social support was still weaker than the
association through self-efficacy.
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Discussion

Principal Findingsand Interpretation

Thisstudy confirmed the correl ation between the use of physical
activity apps and the level of physica activity. The use of
physical activity appsisassociated with a higher social support
level and higher self-efficacy score. Furthermore, ahigh social
support level and high self-efficacy score are associated with
higher physical activity levels.

The results showed that 13.3% of college students had never
used physical activity apps, lessthan the percentage of students
who never used physical activity appswhich found in a survey
of college studentsin Jinan [38]. However, the difference may
be attributed to regional and methodological differences.
Furthermore, this research confirmed the association between
use of physical activity apps and physical activity levels,
coinciding with a previous research on undergraduates in
Southeast University [23].

Research in the United States [39] has shown that 55.4% of
adults aged 18 to 24 years met the aerobic guidelines of the US
Department of Health and Human Services, whereas 26.9%
were totally inactive. In Beijing, 27.3% of students exercised
regularly (3 timesaweek for 30 minutes each time) [40]. Inthis
study, 66.75% of college students who were using physical
activity apps met the WHO’s recommended level. This could
be attributed to both population differences and the different
methodologies used to measure activity. However, it can still
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be concluded that college students who were using physical
activity apps had a higher level of physical activity. Among
college students who had never used physical activity apps,
35.94% met the WHO's recommended level. This is perhaps
because of school policiesand physical education requirements,
and perhaps because college students have received health
education on physical activity from various sources. As far as
we know, some collegesin Beijing require that students spend
a certain amount of time on physical activity to earn credits.
Therefore, particular proportion of college students in Beijing
have a high level of physical activity. This can be further
explored in future investigations. Thus, while the physical
activity level of college students in Beijing is not low, but it
still needs improvement.

Our findings showed that 49.7% of college students who used
physical activity apps had app friends. App friends are network
friends who follow each other on physical activity apps and
engage in interactive behaviors such asliking apost. Thiskind
of network friend can befriend in life, or not. According to the
statistical analysis of the social support scores of different
sources and classifications, social support from friendsisrelated
to VPA. This might be because friends on apps are mostly
network strangers, and thus, the correlation is weaker. Social
support requires specific conditions. The role of social support
from networks only comesinto play after achangein personal
attitudes toward physical activity [15]. Thistendency may also
lead to more social support from actual friendsthan app friends.
This study found that different types of social support had
different effects on physical activity. Respect support is
associated with VPA and total duration of physical activity,
whereas partner support is associated with MPA. This may be
attributed to different social support mechanisms, which can be
further be explored and refined in subsequent studies.

Self-efficacy was significantly associated with physical activity,
asrevealed by earlier findings[41]. Among the app use groups,
current users scored the highest for self-efficacy. Thus, app
usage may strengthen college students’ self-efficacy in exercise,
confirming earlier findings [27]. As previously reported,
self-efficacy mediates the relationship between app use and
exercise [25], indicating the effect of app use on self-efficacy.
Furthermore, self-efficacy then influences physical exercise.
Indeed, social support from family members, friends, and
coaches is considered to affect adolescents physical
activity—related behavior [ 14]. Self-efficacy was al so associated
with social support, indicating that self-efficacy may be
predicted by social support to some extent. In astudy on junior
high school students in Shanghai, social support reportedly
explained self-efficacy [42], which is consistent with our results.
In the same study, social support and self-efficacy were
employed in a mediation model, where self-efficacy mediated
the effect of socia support on satisfaction with youth physical
activity. Thisstudy assumed social support asthefirst mediator
of physical activity and mobile app usage, which can also affect
self-efficacy.

The results of the multi-mediation model showed that the 2
mediators of social support and self-efficacy were both
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significant, with social support having a significant effect on
self-efficacy. These results were consistent with those of
previous studies that indicated the underlying mechanism
between exercise app usage and physical activity. Moreover,
for the indirect effect, self-efficacy had a greater impact
(standardized coefficient: 0.073 of 0.094), indicating its
contribution to thelarger mediation effect compared with social
support.

To control potential confounding variables, we selected age and
gender as covariablesin the mediation model. Our study appears
to be the first to consider gender and age as covariables in a
mediation model. The direct effect was no longer significant
after controlling for these 2 variables in the model, indicating
that the significant coefficient value between app use and
physical activity may have been erroneous before covariables
were added into the model. However, the controlled
multi-mediation model confirmed the unchanged significant
association of mediators (social support and self-efficacy)
between app use and physical activity. Thiscontrolled mediation
model also indicated that gender and age may be important
covariables that need to be considered in future studies. This
might be because gender is associated with self-efficacy and
socia support, and the older students become, the more they
need to do, meaning they have less time for physical activity.
Our research only focused on college students in Beijing,
meaning that the age range was narrow. In future studies, more
participants with a greater age range should be surveyed to
obtain more convincing results.

This study had a number of limitations. First, given the
characteristics of the electronic questionnaire, the sampleswere
obtained through convenience sampling and the survey limited
to severa colleges in Beijing. At the same time, we could not
obtain information on the differences in demographic
characteristics of participantstaking part and those who did not.
As such, the representativeness of the survey participants may
not be high. Second, the proportion of femal e students (62.6%)
was higher than that of male students, with a notable statistical
difference. Thistrend may be because the response rate for the
guestionnaire was higher for females. Third, we set strict data
inclusion criteria, resulting in the slightly low efficiency of the
guestionnaire (84.35%). Finally, the survey was conducted in
winter, which may have affected the level of physical activity
reflected in the results. In future research, these limitations need
to be addressed.

Conclusions

This study focused on college students in Beijing and found
that the use of physical activity apps is associated with higher
physical activity levels among them. This effect is mainly
through the mediation effect of social support and self-efficacy,
rather than the direct effect of physical activity apps. The use
of physical activity apps is associated with a higher social
support level and the higher self-efficacy score. Finaly, ahigh
socia support level and high self-efficacy score are associated
with higher physical activity levels.
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