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Abstract

Background: Depression acts as a significant obstacle to the overall well-being of individuals. Given the significant consequences,
timely recognition and proactive steps to manage symptoms of depression become essential. Such actions not only reduce personal
distress but also play a crucial role in reducing its far-reaching impact on society as a whole.

Objective: In response to this concern, the objective of this study was to explore the use of mobile-based interventions as a
possible remedy. More specifically, this study aimed to investigate the effectiveness of 2 types of physical activity (PA), progressive
and fixed, within a mobile-based app on depression, perceived stress, anxiety, physical health, and psychological health, aiming
to contribute to the optimization of mental health benefits.

Methods: Participants (N=60; mean age 25.29, SD 6.10 years) were recruited using a combination of web-based and offline
methods, and the study lasted for 8 weeks. The baseline and posttest questionnaires were administered to all participants. The
participants were randomly assigned to 1 of the 3 groups: progressive group (n=20; performing mobile-based progressive PA),
fixed group (n=20; performing mobile-based fixed intensity PA), and control group C (n=20). Data analysis involved comparing
scores between the experimental and control groups using a one-way ANOVA, paired sample t tests (2-tailed), and repeated
measures ANOVA with a 3 (group)×2 (time) design.

Results: The findings revealed significant improvements in mental health indicators among participants engaged in both fixed
and progressive PA groups compared with the control group. However, the fixed PA group demonstrated more significant
reductions in symptoms. Specifically, the progressive PA group showed significant reductions in depression (F1,36=6.941; P=.01;

ηp
2=0.16) and perceived stress (F1,36=5.47; P=.03; ηp

2=0.13), while the fixed PA group exhibited significant reductions in

depression (F1,37=5.36; P=.03; ηp
2=0.12), perceived stress (F1,37=7.81; P=.008; ηp

2=0.17), and general anxiety disorder (F1,37=5.45;

P=.03; ηp
2=0.13) compared with the control group.

Conclusions: This study underscores the potential of mobile-based PA in improving mental health outcomes. The findings offer
significant insights for mental health professionals and researchers aiming to optimize mental well-being through innovative
mobile therapies.

Trial Registration: Clinical Research Information Service KCT0009100; https://tinyurl.com/mr33fmur
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Introduction

Background
Depressive disorder, commonly known as depression, is a
widespread mental condition characterized by persistent feelings
of sadness, loss of interest or pleasure in activities, and
prolonged symptom duration [1]. Unlike normal mood
fluctuations, depression significantly impairs an individual’s
ability to function effectively in daily life, affecting
relationships, work, and engagement in once-enjoyed activities.
It can also affect concentration, memory, decision-making, and
motivation, making simple tasks challenging [2]. Notably,
approximately 280 million people worldwide experience
depression, with a prevalence of 3.8% in the population,
including 5% of adults (4% in men and 6% in women) and 5.7%
among adults aged ≥60 years [3,4]. Consequently, this creates
an economic burden, resulting in annual losses of approximately
US $36.6 billion [5]. South Korea, which has the greatest suicide
rate among Organisation for Economic Co-operation and
Development countries, is a nation that encounters unique
challenges in this regard. Depression rates in Korea are
increasing annually, and the annual social and economic costs
associated with suicide, which include the potential reduction
in income, amount to approximately ₩ 4.83 trillion or KRW
4.83 trillion (equivalent to US $3.67 billion) [6]. These figures
emphasize the critical nature of directing national focus toward
the assessment and treatment of depression. Despite the
availability of effective treatments for mental disorders,
inadequate investment in mental health care, limited availability
of trained health care professionals, and social stigma
surrounding mental disorders contribute to barriers that impede
access to effective care [7,8].

Physical activity (PA) is widely recognized as a significant
contributor to mental well-being and a protective factor against
depressive symptoms [9-15]. Regular participation in PA not
only decreases the frequency and intensity of health problems
and chronic illnesses but also improves the general standard of
living, playing a vital role in maintaining good health [16]. The
underlying mechanisms of the beneficial impacts of PA on
depression can be outlined as follows: first, PA stimulates the
secretion of endorphins, which are natural substances that
elevate mood, relieve pain and tension, and induce a state of
relaxation and overall contentment, and it also plays a vital
function in the regulation of neurotransmitters, including
serotonin, dopamine, and norepinephrine. These
neurotransmitters are essential for regulating mood and
emotions, ultimately contributing to enhanced mental
well-being. Second, PA also serves as a means of alleviating
stress, leading to a decrease in overall stress levels and
enhancing persons’ability to effectively manage daily obstacles.
Third, regular PA not only improves physical fitness and body
image but also boosts self-esteem and self-confidence, which

in turn has the potential to decrease depressive symptoms.
Fourth, PA has been linked to better sleep quality and can help
regulate sleep patterns, addressing one of the common issues
faced by those with depression [17-24]. Thus, regular PA can
alleviate the symptoms of depression and improve overall
quality of life by addressing various aspects of human
functioning. Indeed, the body of scientific research supporting
the benefits of PA continues to expand, highlighting its positive
effects on mental health recovery and enhancement [9-16]. For
instance, Marques et al [9] conducted a 4-year follow-up
analysis on 32,392 European adults from 14 countries and
revealed that participating in moderate or vigorous PA was
linked to reduced depression scores in both genders. This
association remains significant even when accounting for
self-rated health, sociodemographic factors, and chronic
diseases, indicating a negative correlation between PA and
depression symptoms. Even a modest frequency of PA, such as
twice a week, was found to lead to cumulative benefits [25].

Despite the recognized importance of PA in mental health
recovery, significant limitations to participating in PA exist in
traditional face-to-face PA. These limitations, which revolve
around accessibility issues, create barriers that hinder people’s
engagement in PA [26-28]. One aspect of accessibility is
psychological distance, which encompasses factors such as a
lack of interest, lack of perseverance, and limited PA knowledge.
These psychological barriers contribute to individuals feeling
distant from engaging in PA, reducing their motivation to
participate [28-30]. Aside from psychological barriers,
geographical distance poses a hindrance to involvement.
Proximity to PA facilities and the timing of PA programs can
significantly impact convenience for participants, adding to the
psychological distance they experience [27]. Face-to-face
programs typically operate on fixed schedules, which may not
align with everyone’s availability. This lack of flexibility also
poses challenges for individuals with busy lifestyles or
conflicting commitments, making it difficult for them to commit
to specific classes or training sessions. The financial aspects
further emphasize the constraints of face-to-face PA programs.
Face-to-face PA programs typically involve additional expenses,
such as fees for gym memberships, classes, or personal training.
These financial responsibilities can serve as obstacles, especially
for individuals with constrained budgets or restricted financial
means [31]. Collectively, these factors serve as obstacles to
face-to-face PA engagement, hindering persons from
experiencing the advantages of PA for mental health
improvement and enhancement. Considering these limitations,
it is crucial to identify alternative choices that provide enhanced
accessibility, flexibility, and affordability to ensure that
individuals participate in PA and benefit from its favorable
effects on their mental well-being.

Mobile-based PA programs are structured interventions that
use mobile technology, such as smartphones, tablets, wearable
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activity trackers, and PDAs. These programs deliver
personalized plans for PA, including aerobic exercises, strength
training, and flexibility routines. They also incorporate real-time
monitoring and tracking features to assess participants’progress
[32]. Compared with traditional face-to-face PA approaches,
mobile-based PA programs offer several advantages. First, it
tackles the accessibility concerns by enabling individuals to
participate in PA at any time and in any location, thus
eliminating the limitations of time and place that are associated
with face-to-face PA. Studies indicate that mobile-based
programs can successfully encourage participation in PA without
the requirement of physical gym facilities [33]. In addition, the
use of mobile technology allows mobile-based PA programs to
provide systematic supervision through customized workout
plans and tailored PA activities that cater to the specific demands
and fitness levels of individuals [34]. This process offers them
prompt feedback and encouragement to adhere to their fitness
objectives. Finally, the use of mobile PA apps provides a
cost-efficient method for reducing expenses connected to facility
use and health concerns [35] while it significantly improves
physical health variables, such as managing weight;
self-confidence; and mental health aspects, such as decreasing
depression, stress, and increasing enjoyment of life [36-41]. For
example, Murray et al [39] found that college students who
engaged in approximately 150 minutes of moderate to vigorous
PA per week over an 8-week period showed significant
decreases in depression and anxiety. In general, the
mobile-based PA program offers the ability to overcome the
restrictions of accessibility, cost, and interest that are commonly
associated with in-person PA.

Recognizing the beneficial effects of mobile-based PA programs
on mental well-being, it is imperative to further investigate and
analyze the impact of different types of PA on mental health.
One of the fundamental principles of fitness training is
progressive exercise, which involves a gradual increase in the
intensity, duration, or complexity of the exercise program over
time. The objective of progressive exercises is to continually
challenge the body and induce adaptation, leading to
improvements in strength, endurance, flexibility, and other
desired fitness outcomes [16]. While this type of PA has proven
to effectively enhance physical health among individuals,
research has also demonstrated the effectiveness of progressive
PA in affecting various indicators of mental health [42,43]. For
example, Singh et al [42] conducted a 10-week randomized
controlled trial involving older adults aged ≥60 years and found
that progressive resistance training significantly reduced
depression measures. In addition to its impact on the symptoms
of depression, previous literature has revealed that individuals
engaging in regular PA, including progressive PA, experienced
improved mood, well-being, and quality of life compared with
those with sedentary lifestyles [43]. These studies offer
compelling evidence supporting the positive effects of
progressive PA on mental well-being, encompassing reductions
in depressive and anxiety symptoms, improvements in mood,
and an overall enhancement of quality of life. While research
has already demonstrated the benefits of progressive PA in
traditional settings, there remains a need for further investigation
to explore its effectiveness and implementation in the context
of mobile-based PA. Remarkably, no studies have specifically

examined the application of progressive exercise principles
within a mobile-based PA framework. Understanding the
potential impact of progressive PA within mobile-based
interventions could have substantial implications for promoting
mental health and well-being in an increasingly digitally
connected world.

Objective
In summary, previous studies have successfully demonstrated
that regular PA has a positive impact on alleviating mental
issues such as depression, anxiety, and stress and improving
the quality of life. However, it is important to note that most
previous research has predominantly focused on face-to-face
PA interventions or mobile-based PA characterized by a fixed
intensity. Unfortunately, limited studies have ventured into
exploring the potential benefits of mobile-based PA through
apps or the implementations of progressive PA approaches. To
address this research gap, this study aimed to investigate the
effects of both progressive and fixed PA interventions, using a
mobile app, on depression, stress, anxiety, and quality of life
of adults in South Korea. We hypothesized that both progressive
and fixed PA interventions could lead to improvements in mental
health indicators such as depression, perceived stress, and
anxiety, as well as enhance quality of life indicators related to
physical and psychological health. Through this exploration of
the benefits of mobile-based PA programs and their potential
to positively influence mental health outcomes, we aimed to
have a deeper understanding of how technology-enabled
interventions can play a significant role in promoting well-being
in modern society.

Methods

Participants
The recruitment of participants was meticulously designed to
ensure a representative and diverse sample. In order to do this,
a blend of web-based and offline recruitment techniques was
used, with each method playing a role in the random sampling
procedure. Web-based recruitment efforts targeted a diverse
pool of potential participants by leveraging various digital
platforms such as social media groups, forums, and university
websites. Our objective was to attract individuals with diverse
backgrounds who were interested in contributing to mental
health research. Offline recruitment strategies complemented
the web-based efforts by reaching individuals who may not
have regular access to internet resources. Promotional materials
were disseminated in public venues such as university
counseling centers, local community centers, and coffee shops.
These venues were selected to ensure visibility and accessibility
to individuals lacking access to internet platforms. By using a
combination of web-based and offline recruitment techniques,
we aimed to create a sample that reflects the diversity of the
target population. The recruitment period lasted from the first
to the fourth week of March 2023, and both web-based and
offline advertisements were used. The participants completed
the baseline and posttest questionnaires in the first weeks of
April and June 2023, respectively.

Eligibility criteria were predetermined; participants should be
(1) healthy adults, aged between 18 and 65 years to ensure a
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sample representative of the adult population; (2) fluent in
reading, writing, and conversing in Korean to ensure participants
could fully understand and engage with study materials and
instructions; (3) having no contraindications for PA as assessed
by the Physical Activity Readiness Questionnaire (PAR-Q) [44]
to ensure participant safety during the intervention period; (4)
willing to be randomized into an intervention that may require
up to 2 hours per week of their time to ensure participant
commitment and adherence to the study protocol; (5) familiar
with using a smart mobile phone to ensure participants could
adequately perceive and respond to visual and auditory stimuli
presented during the study; (6) having normal (or
corrected-to-normal) vision and hearing; and (7) having no
history of psychosis to minimize potential risks associated with
mental health conditions during the intervention period.

Sample Size Calculation
In this study, the appropriate sample size was determined using
the G* power calculator (version 3.1.9.4;
Heinrich-Heine-Universität) [45]. The aim was to achieve a
significance level of .05 and a statistical power of 95%, with
an effect size of 0.36, based on the data from a prior study that
investigated the impact of mobile-based PA interventions on
depression [41]. The calculations indicated that 30 participants
were required to reach the desired power of 0.95. Accounting
for a 57% dropout rate observed in computer-based
psychological treatment [46], the total sample size needed was
calculated to be 47 participants to maintain a power of 0.95.
Therefore, including 60 participants was anticipated to provide
sufficient statistical power for the study.

Procedure
Initially, a total of 60 participants were recruited. Following the
fulfillment of inclusion criteria, the process of participant
allocation used a simple block randomization methodology.
This approach involved using the resources available on the
open-source website to assign a total of 60 participants into 3
distinct groups: the progressive group, the fixed group, and the
control group. Each group comprised 20 participants. The
procedure involved the creation of 10 blocks, each containing
6 participants, as the designated units for randomization.
Participants were allocated to the 3 groups within each block
using randomization, guaranteeing an equal distribution of
participants among the groups throughout each block. At first,
the groups had the following gender distribution: the progressive
group consisted of 10 men and 10 women, the fixed group
consisted of 14 men and 6 women, and the control group
consisted of 12 men and 8 women. After the random selection,
2 women from the fixed group expressed a preference for the
control group due to their disinclination for PA, while 2 men
from control group wished to switch to the fixed group in order
to participate in PA. Consequently, the research protocol allowed
these participants to transfer between groups, leading to the
following revised composition: the progressive group consisted
of 10 men and 10 women, the fixed group consisted of 16 men
and 4 women, and the control group comprised 10 men and 10
women.

After the randomization, the researchers contacted the
participants via the Webex platform (Cisco) for both baseline

and posttest evaluations at baseline and 8 weeks. Initially, the
participants were instructed to fill out the web-based
questionnaire, which encompassed an explanation of the study’s
objectives, privacy safeguards, and procedures to ensure
confidentiality during the baseline evaluation, informed consent,
and Physical Activity Readiness Questionnaire (PAR-Q) [44].
During the intervention phase, the researchers consistently spoke
with the participants on a weekly basis to ensure that they
followed the instructions and to track their advancement. They
supervised the completion of the assigned PA and provided
assistance for any personal queries. To validate the participants’
activities, the researchers received verification photos via
messenger, showing the number, duration, and type of PA
sessions for each week. To uphold consistency and anonymity,
all surveys were collected without personal identifiers, and each
participant used a unique ID for completing the surveys during
both the baseline and postevaluation phases.

Ethical Considerations
This study received ethical approval from the institutional
review board of Hankuk University of Foreign Studies (approval
number HIRB-202306-HR-001). Before commencing the study,
all necessary approvals were obtained to ensure compliance
with ethical standards and the protection of participants’ rights.
The objectives and methods of the study were clearly explained
to potential participants, and only those who provided written
informed consent and willingly chose to participate were
included.

Instrument

Depression
Depression was measured using the Korean version of the
Patient Health Questionnaire-9 (PHQ-9). The PHQ-9 has been
reported to be a reliable and valid tool for screening and
assessing depressive symptoms [47]. The inventory has 9 items
pertaining to symptoms of depression, including diminished
interest or pleasure, mood fluctuations, disruptions in sleep
patterns, exhaustion, and alterations in food behavior. The
scoring system ranges from 0 (not at all) to 3 (nearly every day)
for each item. A greater cumulative score on the PHQ-9 signifies
a higher level of depression symptoms, whereas a lower score
signifies a lower level of symptoms. The Cronbach α
coefficients were 0.86 for the study sample and 0.81 in the initial
validation [47].

Perceived Stress
The assessment of perceived stress was conducted by using the
Brief Encounter Psychosocial Instrument-Korean version
(BEPSI-K). BEPSI-K is a tool that has been created using the
dynamic interaction model of stress and its detrimental effects
on health [48]. This is a Korean version of the original BEPSI
that has been tested and confirmed to be reliable and legitimate
[49]. The scoring system for each item is based on a scale that
spans from 1 (not at all) to 5 (always). Consequently, elevated
scores on the BEPSI-K signify an increased perception of stress,
whereas lower scores indicate a decreased experience of stress.
In our investigation, the Cronbach α coefficient obtained from
our sample was 0.81, which is somewhat higher than the value
of 0.80 reported in the original validation [48].
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Anxiety
We used the Generalized Anxiety Disorder-7 (GAD-7) to
evaluate the symptoms associated with generalized anxiety
disorder. The GAD-7 is beneficial because of its simplicity and
limited number of components, which allows for easy access
[50]. The scale has 7 items that evaluate anxiety symptoms.
Each item is rated on a scale ranging from 0 (not at all) to 3
(nearly every day). The GAD-7 scores are directly proportional
to the frequency and severity of symptoms associated with
generalized anxiety disorder. Higher scores indicate a greater
number and intensity of symptoms, whereas lower scores
indicate a lesser number of symptoms. The Cronbach α
coefficient in our study sample was 0.90, although the original
validation study reported a value of 0.92 [50].

Quality of Life
The study used the Korean version of the World Health
Organization Quality of Life-Brief assessment questionnaire to
measure the quality of life. The World Health Organization
Quality of Life-Brief is a reliable and valid tool developed by
the WHO in 1996 as a shortened version of the WHOQOL-100,
which scientifically measures and evaluates the quality of life
[51]. It comprises 5 domains: physical health, psychological
health, social relationships, environmental factors, and overall
quality of life. This study used 13 items, including 7 items
related to physical health and 6 items related to psychological
health. These items assess various aspects, such as physical
satisfaction, need for treatment, sleep quality, and negative
emotions. Scores range from 1 (not at all) to 5 (very much). The
Cronbach α values were 0.79 (physical health) and 0.81
(psychological health) for the study sample, and 0.71 (physical
health) and 0.83 (psychological health) in the original validation
[51]. In our study sample, the Cronbach α values were 0.79 for
physical health and 0.81 for psychological health, while the
original validation reported values of 0.71 for physical health
and 0.83 for psychological health.

Mobile-Based PA Program
The program used in this study is a personalized health care
app that provides artificial intelligence–based wellness services
in the areas of PA, diet, nutrient, and mental health. The app
offers various PA videos tailored to different goals including
32 stretching movements, 44 full-body aerobic PA, 20
upper-body strengthening PA, and 18 lower-body strengthening
PA, categorized according to difficulty (easy, moderate, and
difficult). Thus, participants could select desired movements
and adjust the number of sets to create personalized PA lists.
All participants, irrespective of their group assignment, were
granted equal access to the complete app. They were provided
the freedom to choose and combine PA according to their
individual preferences and needs and had the flexibility to adjust
the number of sets as desired.

In the context of this app-driven intervention, participants in
both the progressive and fixed groups were instructed to engage
in PA for 8 weeks, with a minimum of 3 sessions per week and
a minimum PA duration of 15 minutes per day. For the
progressive group, participants were guided to participate in
progressive PA, which involved a daily and weekly gradual

increase in difficulty level, duration, and intensity. For example,
the daily program of the progressive group mostly involved
performing 2 to 3 movements at each difficulty level, with the
number of repetitions increasing as the difficulty level increased.
That is, the routine started with easier movements and became
more difficult over time, with more repeats and higher levels
of difficulty during each session. Furthermore, the progressive
group performed 12 sets in weeks 1 to 2, a total of 18 sets in
weeks 3 to 4, a total of 27 sets in weeks 5 to 6, and 36 sets in
weeks 7 to 8. Finally, the progressive group was encouraged to
gradually increase the duration of PA, starting with a minimum
of 15 minutes in the first week and progressing up to
approximately 30 minutes by the eighth week. This methodology
facilitated a seamless transition toward progressive PA
engagement.

The fixed group in our study followed a different approach
compared with the progressive group. Instead of experiencing
a gradual increase in intensity, frequency, duration, and
difficulty levels, participants in the fixed group engaged in a
consistent and predetermined intensity level and set of PA
throughout the 8-week period. As for the intensity levels, they
were guided to choose and proceed with a moderate intensity
PA in the app. The participants freely chose and performed 6
types of PAs that they desired at the specified intensity level.
They also performed the PA with a fixed number of sets and
repetitions for each session, maintaining a PA frequency of
approximately 16 to 17 minutes per session, 3 times a week,
from the first to the eighth week. This steady and consistent PA
routine was maintained without the progressive changes in
difficulty levels and repetition experienced by the progressive
group. In contrast, the control group did not participate in any
structured PA during the study period.

Covariate
In this study, gender was incorporated as a covariate variable
in the statistical analysis to consider its potential impact on
mental health outcomes, such as depression, anxiety, and
perceived stress. Research has consistently demonstrated gender
differences in the occurrence, presentation, and management
of mental health disorders [52,53]. By controlling for gender,
we aimed to mitigate the potential confounding effects of
gender-related factors on the study outcomes, thereby enhancing
the internal validity of the expected findings. Furthermore, by
implementing gender control, we aimed to distinguish the
specific impacts of the independent variable, specifically, the
PA intervention type, on the dependent variables, facilitating
more accurate conclusions from the findings.

Data Analysis
Initially, we conducted descriptive analysis to obtain frequencies
and percentages for categorical variables and means and SDs
for continuous variables. Subsequently, we assessed differences
between groups at baseline and posttest evaluations by using a
one-way ANOVA for continuous variables and a chi-square
test for categorical variables. When we found statistically
significant differences between the groups through the initial
one-way ANOVA, we proceeded with post hoc tests for further
analysis. We used the appropriate Tukey honestly significant
difference test. By performing post hoc tests, we aimed to
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explore and interpret the significant differences observed during
the initial analysis, contributing to a more nuanced interpretation
of the study results. To evaluate the effects of the mobile-based
PA, we compared and analyzed self-report questionnaire scores
between the experimental and control groups using SPSS
Statistics for Windows (version 22.0; IBM Corp). Initially, we
conducted paired sample t tests within each group to compare
the baseline and postevaluation measurements separately for
both groups. Subsequently, we performed a 3 (group)×2 (time)
repeated measures ANOVA (RMANOVA) using baseline and
postevaluation measurements, with the group as the independent
variable. To control for their influence on the study outcomes
[52], we included gender as a covariate in our analysis. Upon
finding significant differences in the 3×2 RMANOVA, we
further examined the individual group comparisons using a 2
(group)×2 (time) RMANOVA. Specifically, we compared the
progressive PA group with the control group, as well as the
fixed PA group with the control group, to identify which specific
group differences contributed to the observed effects.

Results

Demographic Characteristics at Baseline
Figure 1 illustrates the CONSORT (Consolidated Standards of
Reporting Trials) diagram, presenting the participant flow

throughout the study. The initial 60 participants were divided
into 3 groups: progressive group, fixed group, and control group.
The progressive group followed a mobile-based progressive PA
program, with a daily and weekly gradual increase in the
intensity and difficulty levels. More specifically, 20 (33%)
participants were assigned to each of the experimental groups
A and B, while 20 (33%) participants were allocated to the
control group C. Notably, 98% (39/40) of the participants in
progressive and fixed groups and 100% (20/20) of the
participants in the control group completed the posttest
assessment.

In this study, a comprehensive statistical analysis was performed
to investigate potential demographic differences between the
study groups. The results indicated no statistically significant
variations in gender (P=.10), age (P=.78), height (P=.06), weight
(P=.15), BMI (P=.31), and internet self-efficacy (P=.58) among
the groups. In addition, the level of internet self-efficacy
remained consistent throughout the various study groups. Table
1 displays the demographic attributes of the participants.

Figure 1. Study flow diagram. PA: physical activity.
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Table 1. Demographic characteristics.

P valueControl group (n=20)Fixed group (n=20)Progressive group (n=19)Characteristics

Categorical variables, n (%)

.10Gender

10 (50)16 (80)10 (53)Man

10 (50)4 (20)9 (47)Woman

.51Education

4 (20)1 (5)1 (5)High-school graduation

11 (55)13 (65)12 (63)College students

5 (25)5 (25)4 (21)Bachelor’s degree

0 (0)1 (5)2 (11)Graduate degree

.10Experience in mobile-based physical activity app

7 (35)4 (20)10 (53)Yes

13 (65)16 (80)9 (47)No

Continuous variables, mean (SD)

.7824.7 (7.28)26.05 (6.28)25.11 (4.62)Age (y)

.06167.00 (7.28)172.52 (6.01)170.61 (7.82)Height (cm)

.1563.47 (14.42)70.14 (15.85)70.88 (13.35)Weight (kg)

.3122.44 (3.90)22.27 (6.58)24.50 (3.80)BMI (kg/m2)

.584.05 (1.36)3.65 (1.39)4.00 (1.20)Internet self-efficacy

Differences Observed in the 3 Groups
This study used a one-way ANOVA to examine the variables
of depression, stress, anxiety, and physical and psychological
health among 3 unique groups at both the baseline and
postevaluation stages. The Levene test was conducted to assess
whether the variances were equal across the 3 groups (PHQ-9,
P=.92; BEPSI-K, P=.57; GAD-7, P=.70; physical health, P=.97;
and psychological health, P=.51). Therefore, there was no
significant evidence of a difference in variances among the
groups at the baseline evaluation.

The characteristics of the participants in the progressive group
(n=19), fixed group (n=20), and control group C (n=20) at
baseline are summarized in Table 2. The results revealed that

no statistically significant differences existed between the 3
groups for any of the variables at baseline.

Table 3 provides a summary of the intergroup comparisons
following the intervention. The analysis revealed statistically
significant differences between groups as determined by

one-way ANOVA for depression (F2,56=5.06; P=.01; ηp
2=0.15)

and GAD-7 (F2,56=4.13; P=.02; ηp
2=0.12). A Tukey post hoc

test revealed significant differences between the progressive
group and control group for depression (mean difference −3.27;
P=.01) and for GAD-7 (mean difference −0.33; P=.03). There
was no statistically significant difference between the groups
for perceived stress (F2,56=3.12; P=.05), physical health
(F2,56=3.08; P=.05), and psychological health (F2,56=1.04;
P=.36).
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Table 2. Baseline evaluation.

Cohen dP valueF test (df)Control group (n=20),
mean (SD)

Fixed group (n=20),
mean (SD)

Progressive group (n=19),
mean (SD)

0.004.870.14 (57)4.85 (4.62)4.75 (4.27)4.15 (4.21)PHQ-9a

0.015.640.44 (57)1.72 (0.53)1.83 (0.57)1.65 (0.66)BEPSI-Kb

0.010.750.29 (57)0.44 (0.60)0.45 (0.52)0.33 (0.45)GAD-7c

0.091.072.83 (57)2.77 (0.50)2.80 (0.48)3.11 (0.46)WHOQOLd—physical health

0.040.311.18 (57)3.15 (0.59)3.11 (0.62)3.37 (0.49)WHOQOL—psychological
health

aPHQ-9: Patient Health Questionnaire-9.
bBEPSI-K: Brief Encounter Psychosocial Instrument-Korean version.
cGAD-7: Generalized Anxiety Disorder-7.
dWHOQOL: World Health Organization Quality of Life.

Table 3. Posttest evaluation.

Progressive vs
fixed group, GMD
(95% CI)

Fixed vs control
group, GMD (95%
CI)

Progressive vs
control group,

GMDa (95% CI)

Control group
(n=20), mean (SE)

Fixed group
(n=20), mean (SE)

Progressive group
(n=19), mean (SE)

−0.72 (−3.33 to
1.89)

−2.55 (−5.13 to
0.03)

−3.27 (−5.88 to

−0.65)c
4.80 (5.24)2.25 (1.97)1.52 (1.61)PHQ-9b

0.02 (−0.42 to
0.47)

−0.41 (−0.85 to
0.03)

−0.39 (−0.84 to
0.06)

1.68 (0.86)1.39 (0.39)1.41 (0.42)BEPSI-Kd

−0.03 (−0.34 to
0.28)

−0.31 (−0.61 to
−0.02)

−0.33 (−0.64 to

−0.02)c
0.50 (0.63)0.19 (0.25)0.16 (0.17)GAD-7e

0.09 (−0.31 to
0.50)

0.30 (−0.09 to
0.70)

0.39 (−.01 to 0.71)2.95 (0.54)2.72 (0.48)3.12 (0.53)WHOQOLf—physical
health

0.09 (−0.32 to
0.50)

0.17 (−0.30 to
0.64)

0.29 (−0.36 to
0.60)

3.11 (0.69)3.28 (0.63)3.40 (0.52)WHOQOL—psycho-
logical health

aGMD: group mean difference.
bPHQ-9: Patient Health Questionnaire-9.
cP=.009 for Patient Health Questionnaire-9 and P=.02 for Generalized Anxiety Disorder-7.
dBEPSI-K: Brief Encounter Psychosocial Instrument-Korean version.
eGAD-7: Generalized Anxiety Disorder-7.
fWHOQOL: World Health Organization Quality of Life.

Effectiveness of Mobile-Based PA on the Outcomes
Table 4 and Figure 2 illustrate the changes observed in the
experiment and control groups from baseline to program
completion.

There was a significant positive interaction found between group

and time in relation to depression (F2,55=3.76; P=.03; ηp
2=0.12)

and perceived stress (F2,55=4.77; P=.01; ηp
2=0.15). These results

suggest that depression and perceived stress levels changed over
time, and the impact of the intervention was dependent on the
group assignment. However, no significant interaction was

observed for GAD-7 (F2,55=2.67; P=.08; ηp
2=0.09), physical

health (F2,55=1.72; P=.19; ηp
2=0.06), and psychological health

(F2,55=1.48; P=.24; ηp
2=0.05) between the groups. Specifically,

the post hoc analysis showed a significant difference in the

change of depression (F1,36=6.94; P=.01; ηp
2=0.16) and

perceived stress (F1,36=5.47; P=.02; ηp
2=0.13) between

progressive group and control group over time. Further, a
significant difference in the change of depression (F1,37=5.36;

P=.02; ηp
2=0.12), perceived stress (F1,37=7.81; P=.01;

ηp
2=0.17), and GAD-7 (F1,37=5.45; P=.02; ηp

2=0.13) between
the fixed group and control group was also observed across
time.
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Table 4. Differences in the outcome variables across time (n=59).

EvaluationOutcome

DifferencePosttest, mean (SD)Baseline, mean (SD)

Cohen dP valuet test (df)Values, mean (95% CI)

PHQ-9a

0.82.022.54 (56)2.63 (0.52 to 4.73)1.52 (1.61)4.15 (4.21)Progressive

0.75.022.37 (56)2.50 (0.36 to 4.63)2.25 (1.97)4.75 (4.27)Fixed

0.01.980.03 (56)0.05 (−3.11 to 3.21)4.80 (5.24)4.85 (4.62)Control

BEPSI-Kb

0.43.181.34 (56)0.24 (−0.12 to 0.60)1.41 (0.42)1.65 (0.66)Progressive

0.90.0082.82 (56)0.44 (0.12 to 0.76)1.39 (0.39)1.83 (0.57)Fixed

0.09.71−0.36 (56)−0.08 (−0.52 to 0.36)1.74 (0.78)1.82 (0.91)Control

GAD-7c

0.50.131.55 (56)0.17 (−0.05 to 0.39)0.16 (0.17)0.33 (0.45)Progressive

0.64.04b2.05 (56)0.26 (0.00 to 0.52)0.19 (0.25)0.45 (0.51)Fixed

0.09.77−0.29 (56)−0.05 (−0.45 to 0.33)0.50 (0.63)0.44 (0.60)Control

WHOQOLd—physical health

0.02.96.96 (56)−0.01 (−0.33 to 0.32)3.12 (0.53)3.11 (0.46)Progressive

0.42.17−1.37 (56)−0.22 (−0.56 to 0.10)3.02 (0.56)2.80 (0.48)Fixed

0.10.720.36 (56)0.05 (−0.26 to 0.37)2.72 (0.48)2.77 (0.50)Control

WHOQOL—psychological health

0.06.87.87 (56)−0.02 (−0.35 to 0.30)3.40 (0.52)3.37 (0.49)Progressive

0.27.40−0.83 (56)−0.16 (−0.56 to 0.23)3.28 (0.63)3.11 (0.62)Fixed

0.06.870.16 (56)0.03 (−0.38 to 0.44)3.11 (0.69)3.15 (0.59)Control

aPHQ-9: Patient Health Questionnaire-9.
bBEPSI-K: Brief Encounter Psychosocial Instrument-Korean version.
cGAD-7: Generalized Anxiety Disorder-7.
dWHOQOL: World Health Organization Quality of Life.

Figure 2. The results of the interactional analysis.
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Discussion

Principal Findings
This study investigated the impact of progressive and fixed PA
programs delivered through a mobile app on mental health
indicators (depression, perceived stress, and anxiety) and quality
of life (physical and psychological health) among South Korean
adults. Following the intervention, the findings of this study
indicated that a significant positive interaction effect existed
between group and time for depression and perceived stress,
implying that the effectiveness of the interventions in reducing
the outcomes may have varied depending on the specific group
in which they participated. Thus, we conducted additional
statistical analyses to examine the impact of each PA type on
the outcome variables in the experimental groups and compare
the variables with the control group, leading to the following
discussion.

First, we observed that participants in both the progressive and
fixed PA groups showed a greater reduction in depression and
perceived stress compared with those in the control group.
Engaging in PA, including progressive PA, has been shown to
stimulate the release of endorphins, which are neurotransmitters
associated with feelings of well-being and happiness [17,54].
Furthermore, regular PA promotes neuronal growth and
connectivity, particularly in brain regions that are involved in
mood regulation, such as the hippocampus and prefrontal cortex
[20,21,55]. These alterations in neurochemical and
neurobiological processes may help reduce depression symptoms
[54,55]. In addition, engaging in PA via a mobile app might
function as a diversion from detrimental ideas and excessive
contemplation, which are frequently linked to depression [56].
By prioritizing PA at home and attaining specific objectives
and significant achievements, individuals can shift their focus
away from depressed symptoms and cultivate a more positive
mindset. As a result, those who participate in both the
progressive and fixed PA groups may observe a more significant
decrease in depression and perceived stress compared with those
who do not engage in PA. Previous literature has found the
significant impact of mobile-based PA programs on mental
health [36-41], and this aligns with the findings of this study.
Theoretical implications of these findings in academia endorse
the use of both regular fixed PA and progressive PA through
mobile apps as potential therapies for mitigating depression and
stress. These findings contribute to a growing body of research
on the effectiveness of mobile-based therapies in enhancing
mental well-being.

Along with the finding of significant impact of both progressive
and fixed PA on mental health indicators, a critical finding of
this study is the superior improvement observed in the outcome
variables within the fixed PA group compared with the
progressive PA group. This finding is somewhat different from
those of the previous literature exploring the impact of
progressive and fixed PA on physical health outcomes [57-59].
However, this study found that fixed PA showed better results
in terms of mental health indicators. One possible explanation
could be related to motivation and adherence to the prescribed
PA program. In this study, the fixed group encompassed a

relatively higher proportion of men (16/20, 80%) compared
with that in the other groups (control and progressive groups:
10/20, 50%), while 2 men from the control group switched to
the fixed group, suggesting their high motivation for fixed PA
engagement. Previous literature has consistently reported a
positive association between motivation and mental well-being
[60,61]. For example, a meta-analysis on student motivation
[60] identified that amotivation (ie, lack of motivation) was
positively associated with depression and anxiety, whereas
regulation (ie, self-directed value-driven motivation) and
intrinsic motivation were negatively associated with only
anxiety. This aligns with the result of this study. Furthermore,
Lauderdale et al [62] noted that male college students had more
intrinsic motivations than women college students. Thus, it is
possible that the fixed group includes participants with higher
motivation than the progressive group, which in turn
demonstrates better improvement in mental health outcomes,
specifically with regard to anxiety.

Another possible explanation may be related to the
psychological and physical efforts incurred during the
intervention period. The progressive PA group may have faced
challenges related to the increasing complexity and intensity of
their PA program over time. Some participants might have been
reluctant to increase the duration and intensity but felt
obligations to adhere to the prescribed protocol due to their
commitments to the research protocol. Furthermore, engaging
in approximately 30 minutes of PA at weeks 7 and 8 could have
induced more physical exertion and stress in the progressive
group compared with the fixed group who engaged in
approximately 17 minutes of PA. Indeed, grounded upon the
reversal theory [63], Kerr and Kuk [64] found that compared
with running at a low intensity, running at a high intensity
resulted in significantly higher scores for physical stress and
exertion among participants who ran 1.7 km. Thus, the gradual
progression and high-intensity PA could have led to
psychological and physical strain, potentially affecting their
mental conditions and generating conflicts with the mental
health enhancement. In contrast, participants in the fixed PA
group may have experienced less or no psychological strain due
to the consistent and predictable nature of their PA protocols.
Knowing exactly what to expect in terms of PA duration,
intensity, and routine may have provided a sense of structure
and control, which may lead to psychological comfort during
the intervention phase. Thus, in this context, although
progressive PA still had significant impacts on mental health
outcomes, the effect may not have been as pronounced as the
effect in the fixed group, which did not incur psychological
strains and emotional challenges related to engaging in PA at
different and higher intensities and durations. It is important to
note that this interpretation is only speculative, and further
investigation into the psychological mechanisms underlying
both progressive and fixed PA protocols on anxiety is warranted.
In addition, although the progressive group did not demonstrate
statistically significant reductions in anxiety during the 8-week
intervention period, it is worth noting that the paired sample t
test revealed a decrease in the anxiety level from 0.33 to 0.16
(P=.13). This suggests a potential trend toward improvement
in anxiety within the progressive group, albeit not reaching
statistical significance.
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Although this study found that the fixed PA group showed better
results in mental health outcomes than the progressive PA group,
the main advantage of this study is the demonstration of the
efficacy of a mobile-based progressive PA program in
diminishing different mental health markers, such as depressive
symptoms and perceived stress. Notably, this study is the first
to apply the principle of progressive exercise in the mobile PA
app context. Prior studies have primarily explored the impact
of progressive PA on mental health [42,43] and overall health
indicators [57-59] within traditional face-to-face PA contexts.
In this study, the researchers expanded the research paradigm
by introducing the principles of progressive exercise into the
mobile context and specifically investigated the effects of
progressive exercise principles in comparison with the control
group. Thus, this study contributes significantly to our
understanding of the effectiveness of different types of
mobile-based PA programs in enhancing mental health. The
incorporation of progressive exercise principles into mobile PA
programs offers the potential and additional avenues for
individuals to experience mental health benefits.

Finally, this study found that neither progressive nor fixed
mobile phone–based PA programs had a significant impact on
the participants’ quality of life (P=.19 for physical health and
P=.24 for psychological health), as measured by physical and
psychological health. While there was a slight increase in the
average scores for both physical and psychological health in
both progressive and fixed groups, these increases were not
statistically significant. There are several possible explanations
for the lack of significant results. First, the duration of the
intervention might not have been sufficiently long to produce
significant changes in the participants’ quality of life. Quality
of life is a multifaceted construct that may require a longer
period of sustained PA to observe meaningful improvements
compared with the negative mental health indicators of
depression, stress, and anxiety [65,66]. A meta-analysis of 16
studies examined the impact of PA on the quality of life among
patients with cancer [65], and the average duration of each study
was 17.18 minutes, ranging from 3 weeks to 16 months. Second,
the level of adherence to the prescribed PA programs varied
among the participants. Variations in adherence may have
influenced the outcomes, as participants who did not consistently
engage in PA may not have experienced the full potential
benefits.

Limitations and Future Research Directions
Although this study has made valuable findings, it is important
to acknowledge its limitations. First, deviation from the initial
randomization strategy creates intricacies that may impact the
internal validity of the investigation. Although participant choice
and ethical responsiveness are prioritized, it is important to
acknowledge that these transfers could introduce confounding
variables that may affect the results of the study. For example,
a higher proportion of men in the fixed group than that in the
progressive group, along with the transfer of men to the fixed
group, might lead to differences in motivation levels between
the groups. This could possibly result in bias in favor of the
fixed group over the progressive group. Future research may
explore the differential responses of men and women to PA
interventions and explore the underlying motivational factors

influencing engagement, thus enabling the development of
tailored interventions that optimize effectiveness for each
gender. Notwithstanding these deviations, measures were
implemented to guarantee methodological rigor, such as a
meticulous random sampling procedure during the recruitment
phase, transparent documentation of the transfers, supplementary
analysis to assess their potential impacts, and inclusion of gender
as a controlled variable in the statistical analysis. Despite
significant efforts to reduce the negative effects of this deviation,
it is advisable for readers to consider these complexities while
interpreting the study’s results.

In a similar vein, if individual differences such as participants’
motivational level have the potential to influence the results of
PA interventions, it is important to consider individual and
contextual differences as moderators in the relationship between
PA protocols and mental health outcomes. These individual and
contextual differences may include personality traits [67],
self-esteem [68], resilience [69], and group dynamics [70], all
of which have been shown to significantly impact mental health
indicators. Future research may explore these individual
differences as moderators or examine the effects of PA
interventions on mental health across various individual
differences.

Furthermore, potential biases may arise throughout the
recruitment process. For example, selection bias may occur if
certain groups of individuals are more likely to engage in a
study than others [71]. Individuals with a specific interest in
mental health or PA may be more inclined to volunteer, leading
to a sample that is not representative. In addition, recruitment
bias can occur when some recruitment strategies attract specific
demographic groups more than others [72]. For example,
web-based advertisements might predominantly reach
individuals who frequently visit university-related websites,
while distributing flyers at community centers may be more
accessible to participants who visit such places more often.

In addition, the inability to monitor participant adherence to the
assigned PA protocols represents a potential limitation. Although
participants were required to capture and submit their PA records
generated by the app, the lack of real-time tracking made it
challenging to assess the extent to which participants complied
with the prescribed PA protocols. Thus, future studies should
implement robust adherence tracking mechanisms to provide a
more comprehensive understanding of participant engagement
and its relationship to intervention effectiveness.

Finally, this study primarily focused on assessing the PA
intervention outcomes in a healthy population. Consequently,
the protocols and dosages used in this study may not be directly
generalizable to populations with preexisting mental health
concerns or diagnoses. Individuals with mental health conditions
may have unique needs and considerations when engaging in
PA interventions, including tailored exercise prescriptions,
supervision, and support mechanisms. Therefore, caution should
be exercised when extrapolating the findings of this study to
clinical populations, and future research should aim to
investigate the efficacy of PA interventions specifically tailored
to individuals with mental health concerns.
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Practical Implications
This study underscores the significance of mobile-based PA in
generating positive mental health outcomes in adults.
Consequently, it is crucial to actively promote and facilitate the
adoption of such programs. This can be achieved through diverse
approaches, including awareness campaigns, educational
materials, and partnerships with fitness professionals or
organizations. By emphasizing the convenience and accessibility
of mobile-based programs, individuals can be motivated to
incorporate PA routines into their daily lives using smartphones
or tablets at their preferred times and locations [73].

In order to encourage mobile-based progressive PA programs,
governments must engage in efforts such as providing financing
or subsidies for the creation and promotion of mobile PA apps.
Engaging in collaboration with app developers, fitness experts,
and mental health physicians is vital to guarantee the caliber
and efficacy of these programs. Furthermore, governments have
the capability to incorporate mobile PA programs into public
health campaigns, emphasizing their positive impact on mental
health and overall well-being.

Finally, fitness facilities might assume a crucial function by
collaborating with mobile app developers or developing their
own fitness applications. These centers can grant members
access to these apps as a component of their membership
packages or provide specific programs that integrate in-person
instruction with mobile-based PA. Conducting workshops or

events to enlighten persons about the advantages of
mobile-based progressive PA and enhance their efficacy can
also be advantageous.

Conclusions
This study aimed to fill the existing gap in knowledge regarding
the efficacy and application of progressive and fixed PA
programs in mobile-based environments, with the ultimate
purpose of maximizing mental health advantages. This study
produced noteworthy results that provided insights into the
influence of this intervention on mental health outcomes. The
progressive and fixed PA groups showed a remarkable reduction
in depression and perceived stress levels compared with the
control group. In addition, only the fixed group showed
significant decreases in GAD-7 scores.

These findings offer valuable insights into the potential
advantages of engaging in mobile-based PA in enhancing the
mental health outcomes of adults. In addition, this study
highlights the effectiveness of progressive PA in reducing
depressive symptoms and perceived stress, even in mobile-based
settings, indicating a specific type of program that yields positive
outcomes. Consequently, further development and
implementation of innovative strategies that optimize the
convenience and effectiveness of mobile-based interventions
are warranted to support individuals in achieving better mental
health.

Acknowledgments
This research was supported by the Bio & Medical Technology Development Program of the National Research Foundation
(NRF) and funded by the Korean government (Ministry of Science and ICT; NRF-2021M3A9E4080780) and Hankuk University
of Foreign Studies (2023).

Conflicts of Interest
None declared.

Multimedia Appendix 1
CONSORT-eHEALTH checklist (V 1.6.1).
[PDF File (Adobe PDF File), 1319 KB-Multimedia Appendix 1]

References

1. American Psychiatric Association. The Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition. Washington,
DC. American Psychiatric Association; 2013.

2. Depression and other common mental disorders: global health estimates. World Health Organization. Jan 3, 2024. URL:
https://www.who.int/publications/i/item/depression-global-health-estimates [accessed 2024-01-03]

3. GBD results. Institute of Health Metrics and Evaluation. URL: https://vizhub.healthdata.org/gbd-results/ [accessed
2024-05-30]

4. Woody CA, Ferrari AJ, Siskind DJ, Whiteford HA, Harris MG. A systematic review and meta-regression of the prevalence
and incidence of perinatal depression. J Affect Disord. Sep 2017;219:86-92. [doi: 10.1016/j.jad.2017.05.003] [Medline:
28531848]

5. Kessler RC, Petukhova M, Sampson NA, Zaslavsky AM, Wittchen HU. Twelve-month and lifetime prevalence and lifetime
morbid risk of anxiety and mood disorders in the United States. Int J Methods Psychiatr Res. Sep 2012;21(3):169-184.
[FREE Full text] [doi: 10.1002/mpr.1359] [Medline: 22865617]

6. Lee JG, Seonwoo SM, Choi MJ, Kim DH, Park GM, Go JS, et al. Calculation of socioeconomic costs of depression in
Korea in 2019. J Korean Soc Biol Ther Psychiatry. 2021;27(3):237-244. [doi: 10.22802/jksbtp.2021.27.3.237]

JMIR Mhealth Uhealth 2024 | vol. 12 | e55578 | p. 12https://mhealth.jmir.org/2024/1/e55578
(page number not for citation purposes)

Lee et alJMIR MHEALTH AND UHEALTH

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=mhealth_v12i1e55578_app1.pdf&filename=5bc61efb12ba88ff1c1bb0fcfc7ac132.pdf
https://jmir.org/api/download?alt_name=mhealth_v12i1e55578_app1.pdf&filename=5bc61efb12ba88ff1c1bb0fcfc7ac132.pdf
https://www.who.int/publications/i/item/depression-global-health-estimates
https://vizhub.healthdata.org/gbd-results/
http://dx.doi.org/10.1016/j.jad.2017.05.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28531848&dopt=Abstract
https://europepmc.org/abstract/MED/22865617
http://dx.doi.org/10.1002/mpr.1359
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22865617&dopt=Abstract
http://dx.doi.org/10.22802/jksbtp.2021.27.3.237
http://www.w3.org/Style/XSL
http://www.renderx.com/


7. Evans-Lacko S, Aguilar-Gaxiola S, Al-Hamzawi A, Alonso J, Benjet C, Bruffaerts R, et al. Socio-economic variations in
the mental health treatment gap for people with anxiety, mood, and substance use disorders: results from the WHO World
Mental Health (WMH) surveys. Psychol Med. Nov 27, 2017;48(9):1560-1571. [doi: 10.1017/s0033291717003336]

8. Depressive disorder (depression). World Health Organization. Mar 31, 2023. URL: https://www.who.int/news-room/
fact-sheets/detail/depression [accessed 2023-03-31]

9. Marques A, Bordado J, Peralta M, Gouveia ER, Tesler R, Demetriou Y, et al. Cross-sectional and prospective relationship
between physical activity and depression symptoms. Sci Rep. Sep 30, 2020;10(1):16114. [FREE Full text] [doi:
10.1038/s41598-020-72987-4] [Medline: 32999306]

10. Schuch FB, Vasconcelos-Moreno MP, Borowsky C, Zimmermann AB, Rocha NS, Fleck MP. Exercise and severe major
depression: effect on symptom severity and quality of life at discharge in an inpatient cohort. J Psychiatr Res. Feb
2015;61:25-32. [doi: 10.1016/j.jpsychires.2014.11.005] [Medline: 25439084]

11. Bridle C, Spanjers K, Patel S, Atherton NM, Lamb SE. Effect of exercise on depression severity in older people: systematic
review and meta-analysis of randomised controlled trials. Br J Psychiatry. Sep 02, 2012;201(3):180-185. [doi:
10.1192/bjp.bp.111.095174] [Medline: 22945926]

12. Kvam S, Kleppe CL, Nordhus IH, Hovland A. Exercise as a treatment for depression: a meta-analysis. J Affect Disord.
Sep 15, 2016;202:67-86. [doi: 10.1016/j.jad.2016.03.063] [Medline: 27253219]

13. Matias TS, Lopes MV, da Costa BG, Silva KS, Schuch FB. Relationship between types of physical activity and depression
among 88,522 adults. J Affect Disord. Jan 15, 2022;297:415-420. [doi: 10.1016/j.jad.2021.10.051] [Medline: 34715174]

14. Pearce M, Garcia L, Abbas A, Strain T, Schuch FB, Golubic R, et al. Association between physical activity and risk of
depression: a systematic review and meta-analysis. JAMA Psychiatry. Jun 01, 2022;79(6):550-559. [FREE Full text] [doi:
10.1001/jamapsychiatry.2022.0609] [Medline: 35416941]

15. Sabe M, Chen C, Sentissi O, Deenik J, Vancampfort D, Firth J, et al. Thirty years of research on physical activity, mental
health, and wellbeing: a scientometric analysis of hotspots and trends. Front Public Health. Aug 9, 2022;10:943435. [FREE
Full text] [doi: 10.3389/fpubh.2022.943435] [Medline: 36016904]

16. Liguori G, American College of Sports Medicine (ACSM). ACSM's Guidelines for Exercise Testing and Prescription, 11th
Edition. Alphen aan den Rijn, Netherlands. Wolters Kluwer; 2021.

17. Fuss J, Steinle J, Bindila L, Auer MK, Kirchherr H, Lutz B, et al. A runner's high depends on cannabinoid receptors in
mice. Proc Natl Acad Sci U S A. Oct 20, 2015;112(42):13105-13108. [FREE Full text] [doi: 10.1073/pnas.1514996112]
[Medline: 26438875]

18. Rhodes RE, Janssen I, Bredin SS, Warburton DE, Bauman A. Physical activity: health impact, prevalence, correlates and
interventions. Psychol Health. Aug 30, 2017;32(8):942-975. [doi: 10.1080/08870446.2017.1325486] [Medline: 28554222]

19. Stults-Kolehmainen MA, Sinha R. The effects of stress on physical activity and exercise. Sports Med. Jan 2014;44(1):81-121.
[FREE Full text] [doi: 10.1007/s40279-013-0090-5] [Medline: 24030837]

20. Krogh J, Rostrup E, Thomsen C, Elfving B, Videbech P, Nordentoft M. The effect of exercise on hippocampal volume and
neurotrophines in patients with major depression--a randomized clinical trial. J Affect Disord. Aug 2014;165:24-30. [doi:
10.1016/j.jad.2014.04.041] [Medline: 24882173]

21. Firth J, Stubbs B, Vancampfort D, Schuch F, Lagopoulos J, Rosenbaum S, et al. Effect of aerobic exercise on hippocampal
volume in humans: a systematic review and meta-analysis. Neuroimage. Feb 01, 2018;166:230-238. [FREE Full text] [doi:
10.1016/j.neuroimage.2017.11.007] [Medline: 29113943]

22. Marosi K, Bori Z, Hart N, Sárga L, Koltai E, Radák Z, et al. Long-term exercise treatment reduces oxidative stress in the
hippocampus of aging rats. Neuroscience. Dec 13, 2012;226:21-28. [doi: 10.1016/j.neuroscience.2012.09.001] [Medline:
22982624]

23. Zheng H, Liu Y, Li W, Yang B, Chen D, Wang X, et al. Beneficial effects of exercise and its molecular mechanisms on
depression in rats. Behav Brain Res. Mar 15, 2006;168(1):47-55. [FREE Full text] [doi: 10.1016/j.bbr.2005.10.007] [Medline:
16290283]

24. Heijnen S, Hommel B, Kibele A, Colzato LS. Neuromodulation of aerobic exercise-a review. Front Psychol. 2015;6:1890.
[FREE Full text] [doi: 10.3389/fpsyg.2015.01890] [Medline: 26779053]

25. Garber CE, Blissmer B, Deschenes MR, Franklin BA, Lamonte MJ, Lee IM, et al. American College of Sports Medicine
position stand. Quantity and quality of exercise for developing and maintaining cardiorespiratory, musculoskeletal, and
neuromotor fitness in apparently healthy adults: guidance for prescribing exercise. Med Sci Sports Exerc. Jul
2011;43(7):1334-1359. [doi: 10.1249/MSS.0b013e318213fefb] [Medline: 21694556]

26. Committee on Environmental Health, Tester JM. The built environment: designing communities to promote physical activity
in children. Pediatrics. Jun 2009;123(6):1591-1598. [doi: 10.1542/peds.2009-0750] [Medline: 19482771]

27. Office of the Surgeon General, U. S. Department Human Services, Office Surgeon. The Surgeon General's Vision for a
Healthy and Fit Nation. Scotts Valley, CA. CreateSpace Independent Publishing Platform; 2012.

28. Raza A, Pulakka A, Hanson LL, Westerlund H, Halonen JI. Distance to sports facilities and low frequency of exercise and
obesity: a cross-sectional study. BMC Public Health. Nov 07, 2022;22(1):2036. [FREE Full text] [doi:
10.1186/s12889-022-14444-7] [Medline: 36344975]

JMIR Mhealth Uhealth 2024 | vol. 12 | e55578 | p. 13https://mhealth.jmir.org/2024/1/e55578
(page number not for citation purposes)

Lee et alJMIR MHEALTH AND UHEALTH

XSL•FO
RenderX

http://dx.doi.org/10.1017/s0033291717003336
https://www.who.int/news-room/fact-sheets/detail/depression
https://www.who.int/news-room/fact-sheets/detail/depression
https://doi.org/10.1038/s41598-020-72987-4
http://dx.doi.org/10.1038/s41598-020-72987-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32999306&dopt=Abstract
http://dx.doi.org/10.1016/j.jpsychires.2014.11.005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25439084&dopt=Abstract
http://dx.doi.org/10.1192/bjp.bp.111.095174
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22945926&dopt=Abstract
http://dx.doi.org/10.1016/j.jad.2016.03.063
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27253219&dopt=Abstract
http://dx.doi.org/10.1016/j.jad.2021.10.051
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34715174&dopt=Abstract
https://europepmc.org/abstract/MED/35416941
http://dx.doi.org/10.1001/jamapsychiatry.2022.0609
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35416941&dopt=Abstract
https://europepmc.org/abstract/MED/36016904
https://europepmc.org/abstract/MED/36016904
http://dx.doi.org/10.3389/fpubh.2022.943435
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36016904&dopt=Abstract
https://europepmc.org/abstract/MED/26438875
http://dx.doi.org/10.1073/pnas.1514996112
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26438875&dopt=Abstract
http://dx.doi.org/10.1080/08870446.2017.1325486
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28554222&dopt=Abstract
https://europepmc.org/abstract/MED/24030837
http://dx.doi.org/10.1007/s40279-013-0090-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24030837&dopt=Abstract
http://dx.doi.org/10.1016/j.jad.2014.04.041
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24882173&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S1053-8119(17)30913-8
http://dx.doi.org/10.1016/j.neuroimage.2017.11.007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29113943&dopt=Abstract
http://dx.doi.org/10.1016/j.neuroscience.2012.09.001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22982624&dopt=Abstract
https://europepmc.org/abstract/MED/16290283
http://dx.doi.org/10.1016/j.bbr.2005.10.007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16290283&dopt=Abstract
https://europepmc.org/abstract/MED/26779053
http://dx.doi.org/10.3389/fpsyg.2015.01890
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26779053&dopt=Abstract
http://dx.doi.org/10.1249/MSS.0b013e318213fefb
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21694556&dopt=Abstract
http://dx.doi.org/10.1542/peds.2009-0750
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19482771&dopt=Abstract
https://bmcpublichealth.biomedcentral.com/articles/10.1186/s12889-022-14444-7
http://dx.doi.org/10.1186/s12889-022-14444-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36344975&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


29. Ani R, Zheng J. Proximity to an exercise facility and physical activity in China. Southeast Asian J Trop Med Public Health.
Nov 2014;45(6):1483-1491. [Medline: 26466435]

30. Panter JR, Jones AP. Associations between physical activity, perceptions of the neighbourhood environment and access to
facilities in an English city. Soc Sci Med. Dec 2008;67(11):1917-1923. [doi: 10.1016/j.socscimed.2008.09.001] [Medline:
18835074]

31. Safe, affordable, and accessible physical activity. Harvard T.H. Chan. URL: https://tinyurl.com/4j3a4va2 [accessed
2024-05-30]

32. AlSwayied G, Guo H, Rookes T, Frost R, Hamilton FL. Assessing the acceptability and effectiveness of mobile-based
physical activity interventions for midlife women during menopause: systematic review of the literature. JMIR Mhealth
Uhealth. Dec 09, 2022;10(12):e40271. [FREE Full text] [doi: 10.2196/40271] [Medline: 36485026]

33. Buckingham SA, Williams AJ, Morrissey K, Price L, Harrison J. Mobile health interventions to promote physical activity
and reduce sedentary behaviour in the workplace: a systematic review. Digit Health. 2019;5:2055207619839883. [FREE
Full text] [doi: 10.1177/2055207619839883] [Medline: 30944728]

34. Firth J, Torous J, Nicholas J, Carney R, Rosenbaum S, Sarris J. Can smartphone mental health interventions reduce symptoms
of anxiety? A meta-analysis of randomized controlled trials. J Affect Disord. Aug 15, 2017;218:15-22. [FREE Full text]
[doi: 10.1016/j.jad.2017.04.046] [Medline: 28456072]

35. Hutchesson MJ, Gough C, Müller AM, Short CE, Whatnall MC, Ahmed M, et al. eHealth interventions targeting nutrition,
physical activity, sedentary behavior, or obesity in adults: a scoping review of systematic reviews. Obes Rev. Oct 23,
2021;22(10):e13295. [doi: 10.1111/obr.13295] [Medline: 34159684]

36. Haller N, Lorenz S, Pfirrmann D, Koch C, Lieb K, Dettweiler U, et al. Individualized web-based exercise for the treatment
of depression: randomized controlled trial. JMIR Ment Health. Oct 12, 2018;5(4):e10698. [FREE Full text] [doi:
10.2196/10698] [Medline: 30314962]

37. D'Amore C, Reid JC, Chan M, Fan S, Huang A, Louie J, et al. Interventions including smart technology compared with
face-to-face physical activity interventions in older adults: systematic review and meta-analysis. J Med Internet Res. Oct
31, 2022;24(10):e36134. [FREE Full text] [doi: 10.2196/36134] [Medline: 36315229]

38. Mizuta R, Maeda N, Tashiro T, Suzuki Y, Kuroda S, Ishida A, et al. Effectiveness of metaverse space-based exercise video
distribution in young adults: randomized controlled trial. JMIR Mhealth Uhealth. Jan 16, 2024;12:e46397. [FREE Full text]
[doi: 10.2196/46397] [Medline: 38227355]

39. Murray A, Marenus M, Cahuas A, Friedman K, Ottensoser H, Kumaravel V, et al. The impact of web-based physical
activity interventions on depression and anxiety among college students: randomized experimental trial. JMIR Form Res.
Apr 01, 2022;6(4):e31839. [FREE Full text] [doi: 10.2196/31839] [Medline: 35363151]

40. Lambert JD, Greaves CJ, Farrand P, Price L, Haase AM, Taylor AH. Web-based intervention using behavioral activation
and physical activity for adults with depression (The eMotion Study): pilot randomized controlled trial. J Med Internet Res.
Jul 16, 2018;20(7):e10112. [FREE Full text] [doi: 10.2196/10112] [Medline: 30012547]

41. Kim H, Lee K, Lee YH, Park Y, Park Y, Yu Y, et al. The effectiveness of a mobile phone-based physical activity program
for treating depression, stress, psychological well-being, and quality of life among adults: quantitative study. JMIR Mhealth
Uhealth. Jun 26, 2023;11:e46286. [FREE Full text] [doi: 10.2196/46286] [Medline: 37358905]

42. Singh NA, Clements KM, Fiatarone MA. A randomized controlled trial of progressive resistance training in depressed
elders. J Gerontol A Biol Sci Med Sci. Jan 01, 1997;52(1):M27-M35. [doi: 10.1093/gerona/52a.1.m27] [Medline: 9008666]

43. Singh NA, Stavrinos TM, Scarbek Y, Galambos G, Liber C, Fiatarone Singh MA. A randomized controlled trial of high
versus low intensity weight training versus general practitioner care for clinical depression in older adults. J Gerontol A
Biol Sci Med Sci. Jun 2005;60(6):768-776. [doi: 10.1093/gerona/60.6.768] [Medline: 15983181]

44. Thomas S, Reading J, Shephard RJ. Revision of the Physical Activity Readiness Questionnaire (PAR-Q). Can J Sport Sci.
Dec 1992;17(4):338-345. [Medline: 1330274]

45. Faul F, Erdfelder E, Lang AG, Buchner A. G*Power 3: a flexible statistical power analysis program for the social, behavioral,
and biomedical sciences. Behav Res Method. May 2007;39(2):175-191. [doi: 10.3758/BF03193146]

46. Richards D, Richardson T. Computer-based psychological treatments for depression: a systematic review and meta-analysis.
Clin Psychol Rev. Jun 2012;32(4):329-342. [doi: 10.1016/j.cpr.2012.02.004] [Medline: 22466510]

47. Park SJ, Choi HR, Choi JH, Kim KW, Hong JP. Reliability and validity of the Korean version of the Patient Health
Questionnaire-9 (PHQ-9). Anxiety Mood. 2010;6(2):119-124.

48. Frank SH, Zyzanski SJ. Stress in the clinical setting: the Brief Encounter Psychosocial Instrument. J Fam Pract. May
1988;26(5):533-539. [Medline: 3367118]

49. Kim JW, Kim JS, Lim JJ, Kim YS, Lee O, Choi BY, et al. Relationship between physical activity and depression according
to the presence of disease in Koreans over the age of 40. Korean J Sport Sci. Mar 2020;31(1):24-34. [doi:
10.24985/kjss.2020.31.1.24]

50. Spitzer RL, Kroenke K, Williams JB, Löwe B. A brief measure for assessing generalized anxiety disorder: the GAD-7.
Arch Intern Med. May 22, 2006;166(10):1092-1097. [doi: 10.1001/archinte.166.10.1092] [Medline: 16717171]

51. Min SK, Kim KI, Lee CI, Jung YC, Suh SY, Kim DK. Development of the Korean versions of WHO quality of life scale
and WHOQOL-BREF. Qual Life Res. Sep 2002;11(6):593-600. [doi: 10.1023/a:1016351406336] [Medline: 12206580]

JMIR Mhealth Uhealth 2024 | vol. 12 | e55578 | p. 14https://mhealth.jmir.org/2024/1/e55578
(page number not for citation purposes)

Lee et alJMIR MHEALTH AND UHEALTH

XSL•FO
RenderX

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26466435&dopt=Abstract
http://dx.doi.org/10.1016/j.socscimed.2008.09.001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18835074&dopt=Abstract
https://tinyurl.com/4j3a4va2
https://mhealth.jmir.org/2022/12/e40271/
http://dx.doi.org/10.2196/40271
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36485026&dopt=Abstract
https://journals.sagepub.com/doi/10.1177/2055207619839883?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
https://journals.sagepub.com/doi/10.1177/2055207619839883?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.1177/2055207619839883
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30944728&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0165-0327(17)30015-0
http://dx.doi.org/10.1016/j.jad.2017.04.046
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28456072&dopt=Abstract
http://dx.doi.org/10.1111/obr.13295
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34159684&dopt=Abstract
https://mental.jmir.org/2018/4/e10698/
http://dx.doi.org/10.2196/10698
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30314962&dopt=Abstract
https://www.jmir.org/2022/10/e36134/
http://dx.doi.org/10.2196/36134
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36315229&dopt=Abstract
https://mhealth.jmir.org/2024//e46397/
http://dx.doi.org/10.2196/46397
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38227355&dopt=Abstract
https://formative.jmir.org/2022/4/e31839/
http://dx.doi.org/10.2196/31839
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35363151&dopt=Abstract
https://www.jmir.org/2018/7/e10112/
http://dx.doi.org/10.2196/10112
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30012547&dopt=Abstract
https://mhealth.jmir.org/2023//e46286/
http://dx.doi.org/10.2196/46286
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37358905&dopt=Abstract
http://dx.doi.org/10.1093/gerona/52a.1.m27
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9008666&dopt=Abstract
http://dx.doi.org/10.1093/gerona/60.6.768
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15983181&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=1330274&dopt=Abstract
http://dx.doi.org/10.3758/BF03193146
http://dx.doi.org/10.1016/j.cpr.2012.02.004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22466510&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=3367118&dopt=Abstract
http://dx.doi.org/10.24985/kjss.2020.31.1.24
http://dx.doi.org/10.1001/archinte.166.10.1092
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16717171&dopt=Abstract
http://dx.doi.org/10.1023/a:1016351406336
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12206580&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


52. Addis ME, Mahalik JR. Men, masculinity, and the contexts of help seeking. Am Psychol. Jan 2003;58(1):5-14. [doi:
10.1037/0003-066x.58.1.5] [Medline: 12674814]

53. Kuehner C. Why is depression more common among women than among men? Lancet Psychiatry. Feb 2017;4(2):146-158.
[FREE Full text] [doi: 10.1016/S2215-0366(16)30263-2] [Medline: 27856392]

54. Kandola A, Ashdown-Franks G, Hendrikse J, Sabiston CM, Stubbs B. Physical activity and depression: towards understanding
the antidepressant mechanisms of physical activity. Neurosci Biobehav Rev. Dec 2019;107:525-539. [doi:
10.1016/j.neubiorev.2019.09.040] [Medline: 31586447]

55. He SB, Tang WG, Tang WJ, Kao XL, Zhang CG, Wong XT. Exercise intervention may prevent depression. Int J Sports
Med. Jul 2012;33(7):525-530. [doi: 10.1055/s-0032-1306325] [Medline: 22504906]

56. Lazarus RS, Folkman S. Stress, Appraisal, and Coping. Cham, Switzerland. Springer; 1984.
57. Taylor NF, Dodd KJ, Damiano DL. Progressive resistance exercise in physical therapy: a summary of systematic reviews.

Phys Ther. Nov 01, 2005;85(11):1208-1223. [doi: 10.1093/ptj/85.11.1208]
58. O'Bryan SJ, Giuliano C, Woessner MN, Vogrin S, Smith C, Duque G, et al. Progressive resistance training for concomitant

increases in muscle strength and bone mineral density in older adults: a systematic review and meta-analysis. Sports Med.
Aug 2022;52(8):1939-1960. [FREE Full text] [doi: 10.1007/s40279-022-01675-2] [Medline: 35608815]

59. Aube D, Wadhi T, Rauch J, Anand A, Barakat C, Pearson J, et al. Progressive resistance training volume: effects on muscle
thickness, mass, and strength adaptations in resistance-trained individuals. J Strength Cond Res. Mar 01, 2022;36(3):600-607.
[doi: 10.1519/JSC.0000000000003524] [Medline: 32058362]

60. Howard JL, Bureau J, Guay F, Chong JX, Ryan RM. Student motivation and associated outcomes: a meta-analysis from
self-determination theory. Perspect Psychol Sci. Nov 2021;16(6):1300-1323. [doi: 10.1177/1745691620966789] [Medline:
33593153]

61. Sheehan RB, Herring MP, Campbell MJ. Associations between motivation and mental health in sport: a test of the hierarchical
model of intrinsic and extrinsic motivation. Front Psychol. May 8, 2018;9:707. [FREE Full text] [doi:
10.3389/fpsyg.2018.00707] [Medline: 29867672]

62. Lauderdale ME, Yli-Piipari S, Irwin CC, Layne TE. Gender differences regarding motivation for physical activity among
college students: a self-determination approach. Phys Educ. Oct 06, 2015;72(5):153-172. [doi:
10.18666/TPE-2015-V72-I5-4682]

63. Apter MJ. Reversal theory as a theory of the emotions. In: Apter MJ, Kerr JH, Cowles MP, editors. Advances in Psychology.
Amsterdam, The Netherlands. Elsevier; 1988.

64. Kerr JH, Kuk G. The effects of low and high intensity exercise on emotions, stress and effort. Psychol Sport Exerc. Jul
2001;2(3):173-186. [doi: 10.1016/S1469-0292(00)00021-2]

65. O'Brien KK, Tynan AM, Nixon SA, Glazier RH. Effectiveness of Progressive Resistive Exercise (PRE) in the context of
HIV: systematic review and meta-analysis using the Cochrane Collaboration protocol. BMC Infect Dis. Apr 12,
2017;17(1):268. [FREE Full text] [doi: 10.1186/s12879-017-2342-8] [Medline: 28403830]

66. Gerritsen JK, Vincent AJ. Exercise improves quality of life in patients with cancer: a systematic review and meta-analysis
of randomised controlled trials. Br J Sports Med. Jul 2016;50(13):796-803. [doi: 10.1136/bjsports-2015-094787] [Medline:
26719503]

67. Bucher MA, Suzuki T, Samuel DB. A meta-analytic review of personality traits and their associations with mental health
treatment outcomes. Clin Psychol Rev. Jun 2019;70:51-63. [doi: 10.1016/j.cpr.2019.04.002] [Medline: 30981042]

68. Gao S, Zhang X, Xu X. A meta-analysis of the relationship between self-esteem and mental health: the sample of chinese
college students. Adv Psychol Sci. 2015;23(9):1499-1507. [doi: 10.3724/sp.j.1042.2015.01499]

69. Hu T, Zhang D, Wang J. A meta-analysis of the trait resilience and mental health. Pers Individ Dif. Apr 2015;76:18-27.
[doi: 10.1016/j.paid.2014.11.039]

70. Beauchamp MR, Hulteen RM, Ruissen GR, Liu Y, Rhodes RE, Wierts CM, et al. Online-delivered group and personal
exercise programs to support low active older adults' mental health during the COVID-19 pandemic: randomized controlled
trial. J Med Internet Res. Jul 30, 2021;23(7):e30709. [FREE Full text] [doi: 10.2196/30709] [Medline: 34328433]

71. Winship C, Mare RD. Models for sample selection bias. Annu Rev Sociol. Aug 1992;18:327-350. [doi:
10.1146/annurev.so.18.080192.001551]

72. Brierley G, Brabyn S, Torgerson D, Watson J. Bias in recruitment to cluster randomized trials: a review of recent publications.
J Eval Clin Pract. Aug 2012;18(4):878-886. [doi: 10.1111/j.1365-2753.2011.01700.x] [Medline: 21689213]

73. Ludwig K, Arthur R, Sculthorpe N, Fountain H, Buchan DS. Text messaging interventions for improvement in physical
activity and sedentary behavior in youth: systematic review. JMIR Mhealth Uhealth. Sep 17, 2018;6(9):e10799. [FREE
Full text] [doi: 10.2196/10799] [Medline: 30224335]

Abbreviations
BEPSI-K: Brief Encounter Psychosocial Instrument-Korean version
CONSORT: Consolidated Standards of Reporting Trials
GAD-7: Generalized Anxiety Disorder-7

JMIR Mhealth Uhealth 2024 | vol. 12 | e55578 | p. 15https://mhealth.jmir.org/2024/1/e55578
(page number not for citation purposes)

Lee et alJMIR MHEALTH AND UHEALTH

XSL•FO
RenderX

http://dx.doi.org/10.1037/0003-066x.58.1.5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12674814&dopt=Abstract
https://pubmed.ncbi.nlm.nih.gov/27856392/
http://dx.doi.org/10.1016/S2215-0366(16)30263-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27856392&dopt=Abstract
http://dx.doi.org/10.1016/j.neubiorev.2019.09.040
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31586447&dopt=Abstract
http://dx.doi.org/10.1055/s-0032-1306325
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22504906&dopt=Abstract
http://dx.doi.org/10.1093/ptj/85.11.1208
https://europepmc.org/abstract/MED/35608815
http://dx.doi.org/10.1007/s40279-022-01675-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35608815&dopt=Abstract
http://dx.doi.org/10.1519/JSC.0000000000003524
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32058362&dopt=Abstract
http://dx.doi.org/10.1177/1745691620966789
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33593153&dopt=Abstract
https://europepmc.org/abstract/MED/29867672
http://dx.doi.org/10.3389/fpsyg.2018.00707
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29867672&dopt=Abstract
http://dx.doi.org/10.18666/TPE-2015-V72-I5-4682
http://dx.doi.org/10.1016/S1469-0292(00)00021-2
https://bmcinfectdis.biomedcentral.com/articles/10.1186/s12879-017-2342-8
http://dx.doi.org/10.1186/s12879-017-2342-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28403830&dopt=Abstract
http://dx.doi.org/10.1136/bjsports-2015-094787
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26719503&dopt=Abstract
http://dx.doi.org/10.1016/j.cpr.2019.04.002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30981042&dopt=Abstract
http://dx.doi.org/10.3724/sp.j.1042.2015.01499
http://dx.doi.org/10.1016/j.paid.2014.11.039
https://www.jmir.org/2021/7/e30709/
http://dx.doi.org/10.2196/30709
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34328433&dopt=Abstract
http://dx.doi.org/10.1146/annurev.so.18.080192.001551
http://dx.doi.org/10.1111/j.1365-2753.2011.01700.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21689213&dopt=Abstract
https://mhealth.jmir.org/2018/9/e10799/
https://mhealth.jmir.org/2018/9/e10799/
http://dx.doi.org/10.2196/10799
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30224335&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


PA: physical activity
PHQ-9: Patient Health Questionnaire-9
RMANOVA: repeated measures ANOVA
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