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Objective Purpose. The following review synthesized the currently available literature evaluating the effectiveness of smartphone-
based physical activity applications on various health outcomes including physical and physiological outcomes, weight-related
outcomes, and psychosocial outcomes. Design. A systematic review. Data Sources. 114 studies were gathered using the following
search descriptors: (“mobile phone” OR “smartphone” OR “cell phone” OR “mobile device” OR “mobile apps” OR “mHealth”)
AND (“exercise” OR “physical activity” OR “physical fitness” OR “motor activity”) AND (“physiological outcomes” OR “weight
outcomes” OR “psychological outcomes” OR “health” OR “health behavior”). Seven databases were used including databases
such as Academic Search Premier and PubMed. PRISMA guidelines were followed in this review. Eligibility Criteria for Selecting
Studies. The 20 articles included in this review met the following inclusion criteria: (1) randomized and controlled trials, (2)
involving an outcome variable measured by accelerometer, and (3) intervention enforced by a smartphone application. Results.
Overall, 56% of the studies reviewed in this paper resulted in successful interventions. Of the 19 articles that examined the first
individual health outcome of physical and physiological outcomes, 11 interventions resulted in a positive effect on one of the
following parameters: MVPA/step count, sedentary behavior, cardiorespiratory fitness, and blood pressure. Six interventions
examined the effects on the second individual health outcome, weight-related outcomes. Five of these interventions observed
significant positive effects from mobile application interventions on weight and waist circumference. Six articles evaluated the
effectiveness of smartphone-based physical activity interventions on the third and final individual health outcome, psychological
outcomes, with four resulting in significant positive outcomes in self-efficacy, life enjoyment/satisfaction, and intrinsic PA
motivation. Conclusion. The findings in this review suggest that mobile application physical activity interventions, compared to
unguided exercise activities, can effectively improve certain health outcomes for individuals such as physical/physiological and
weight-related outcomes. It was found that research in the area of effectiveness of mobile application interventions on specific
psychosocial health outcomes such as self-efficacy, life enjoyment, and intrinsic PA motivation is limited. Thus, the effect of
mobile health applications remains unclear for psychosocial outcomes. Due to this limitation, more research is warranted to
confirm the findings of this review.

1. Introduction

The health effects of physical activity (PA) are widely studied
and have yet to produce wavering results—every individual
can benefit from participating in physical activity. Data sup-
porting the endless benefits of physical activity is widely

available, yet approximately 80% of adults and adolescents
in the United States do not meet the Physical Activity Guide-
lines for Americans (PAGA) [1]. This means that a very small
fraction of Americans, likely less than 20%, are getting
enough physical activity to reap the health benefits of physi-
cal movement. Thus, health professionals and researchers are
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committed to finding manageable ways for society to incor-
porate physical activity into daily routines. An area of
research that is gaining popularity is integrating the use of
mobile devices into physical activity regimens [2]. Following
both a rise in popularity and the persistent nature of technol-
ogy, smartphones and other mobile devices have been recog-
nized as a method by which PA can be promoted. According
to Sim [3], 81% of North Americans own a smartphone,
making this device a very accessible outlet for promoting
physical activity. Not only are smartphones widely owned
but the always-on and accurate sensors built into the devices
allow for reliable and easy-to-use tracking.

With the rise of technology and the growing obesity epi-
demic, evaluating the effectiveness of smartphone applications
on specific individual health outcomes is just beginning to be a
popular research area. For this reason, currently available liter-
ature is quite recent, and few meta-analyses exist to synthesize
the literature that is available on these topics. Additionally,
current research with mobile phone application interventions
is often not specific nor comprehensive. Literature currently
available is often general in the sense that interventions evalu-
ate a general category of physical activity. For example, in a
meta-analysis by Laranjo et al. [4], 25 of the 28 included stud-
ies found an increase in physical activity following an inter-
vention carried out on an application on a mobile phone.
Furthermore, recent studies have shown mHealth interven-
tions to be effective at improving both mental and physical
health outcomes in chronic medical conditions such as pediat-
ric cancer [5]. The feasibility and acceptability of mHealth
interventions have also been shown in patients with sickle cell
disease [6]. Therefore, this review was conducted in order to
create a comprehensive review of the available studies evaluat-
ing the effectiveness of mobile phone applications on specific
individual health outcomes.

As previously stated, countless studies have shown regular
participation in physical activity reaps numerous health bene-
fits. Therefore, understanding methods by which to increase
said physical activity behaviors is paramount to reduce the
poor health outcomes resulting from a lack of physical activity.
Few comprehensive reviews evaluating the effectiveness of
mobile application PA programs on improving individuals’
specific health outcomes are currently available. Thus, the pur-
pose of the following review was to evaluate available literature
assessing the effectiveness of smartphone-based PA programs
on improving three categories of individuals’ health outcome-
s—physical/physiological outcomes, weight-related outcomes,
and psychosocial outcomes. The following review will outline
and synthesize the currently available literature evaluating the
effectiveness of smartphone-based physical activity interven-
tions on individual health outcomes.

2. Methods

This review followed the Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses (PRISMA) statement.

2.1. Information Sources. Databases such as Academic Search
Premier, Communication and Mass Media Complete, Edu-
cation Resources Information Center (ERIC), PubMed, Sco-

pus, Web of Science, and Medline were used to search for
articles used in the literature review.

2.2. Search Strategies. 110 studies were gathered regarding
smartphone-based physical activity interventions from 2013
to 2020 using the following search descriptors: (“mobile
phone” OR “smartphone” OR “cell phone” OR “mobile
device” OR “mobile apps” OR “mHealth”) AND (“exercise”
OR “physical activity” OR “physical fitness” OR “motor
activity”) AND (“physiological outcomes” OR “weight out-
comes” OR “psychological outcomes” OR “health” OR
“health behavior”). The literature search was conducted,
and all appropriate studies were moved to a Google folder
for further review of eligibility criteria.

2.3. Eligibility Criteria. Articles were included in this review if
three main eligibility criteria were met: (1) randomized and
controlled trials, (2) involving an outcome variable measured
by accelerometer, and (3) enforced by a smartphone
application.

2.4. Data Collection Process. Five reviewers (authors M.A.E.,
D.J.M., Z.G., A.L., and D. Y.) gathered the potentially rele-
vant articles. Three reviewers (authors M.E., A.L., and D.Y.)
then assessed the gathered articles and determined which
articles met the inclusion criteria. Data was extracted from
the relevant articles by two authors (A.L. and D.Y.) and was
reviewed for accuracy by another author (M.E.). The follow-
ing information was extracted from the relevant articles: (1)
publication date and location; (2) specific groups involved;
(3) study design (i.e., sample size, age range, study duration,
treatment groups, and measurement instruments); and (4)
key results and findings related to effectiveness of mobile
intervention on physiological, weight-related, and/or psy-
chological outcomes. Additionally, bibliographies of relevant
articles were cross-referenced for additional studies by three
reviewers (authors M.E., A.L., and D.Y.). These studies were
then assessed by one reviewer (first author M.E.) to identify
if the research was relevant to the literature review.

2.5. Data Items. The physical/physiological outcome vari-
ables included MVPA/step count, sedentary behavior, car-
diorespiratory fitness, and blood pressure. The weight-
related outcome variables included weight and waist circum-
ference. The psychosocial outcome variables included self-
efficacy, life enjoyment/satisfaction, and intrinsic PA
motivation.

2.6. Risk of Bias in Individual Studies. Biases of each study
were conducted by one reviewer (M.E.) through evaluation
of nine quality assessment tools. As seen in Table 1, each cat-
egory was given a “+” (positive) if it was clearly evident in the
study or a “−” (negative) if the category was reported inaccu-
rately or completely missing. Each study was given a score
out of nine by totaling the “+” received from evaluation. If
the study received a score of six or higher, the study could
be evaluated as high quality with a low risk of bias. If the
study received a score of five or lower, the study was evalu-
ated as lower quality with a higher risk for bias.
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2.7. Data Synthesis. The data collected from each article was
evaluated, and each paper was put into a themed category
of one of the three outcome variables. The results of each
intervention were evaluated with relation to the outcome var-
iable of the category they were placed in.

3. Results

3.1. Study Selection. An initial search of University of Minne-
sota Libraries and Google Scholar databases resulted in a

total of 114 articles to be screened. After further evaluation
for meeting inclusion criteria requirements, 20 articles were
included in the following review. The study selection flow is
shown in Figure 1. The included studies met the inclusion
criteria of incorporating a smartphone/mobile application
for the improvement of physical activity (PA) participation,
psychological indicators, or medical conditions. Articles were
excluded if they were (1) not randomized controlled trials,
(2) did not use an accelerometer to measure outcomes vari-
ables, or (3) did not use a smartphone application.

Table 1: Design quality analysis.

Articles
(1)

Randomization
(2)

Control

(3)
Pre-
post

(4)
Retention

(5)
Baseline

(6)
Missing
data

(7)
Power
analysis

(8)
Validity
measure

(9) Six-
month

follow-up
Score Effectiveness

Bender et al.
[9]

+ + + + − + − − + 6 +

Choi et al.
[11]

+ + + + + + − − − 6 0

Direito et al.
[7]

+ + + + + − + − − 7 0

Fukuoka
[18]

+ + + + + − + − + 7 +

Garcia-Ortiz
et al. [13]

+ + + + − + − − + 6 −

Harries et al.
[19]

+ + + + − + − − − 5 +

Hartman
et al. [14]

+ + + + + − − − + 6 +

Hebden et al.
[25]

+ + + + + + − − − 6 −

Höchsmann
et al. [20]

+ + + + + − + − − 6 +

Kitagawa
et al. [24]

+ + + + + + − + − 7 +

Lynch et al.
[21]

+ + + + + − + − + 7 +

Martin et al.
[10]

+ + + + + + − − − 6 +

Melton et al.
[15]

+ + + + + + − − − 6 0

Patel et al.
[22]

+ + + − + + + − − 6 +

Patel et al.
[23]

+ + + + − + + − − 6 +

Pope et al.
[2]

+ + + + − + − − − 5 0

Poppe et al.
[16]

+ + + + + + − + + 8 0

Smith et al.
[8]

+ + + + + + + − + 8 0

Vorrink
et al. [17]

+ + + − + − + + + 7 0

Wang et al.
[12]

+ + + + + + − + − 7 +

Note: + refers to positive or present, − refers to negative or absent; retention = retaining more than 70% of the participants throughout the intervention; six-
month follow-up = presence of a check in more than six months after the experiment.
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Experiments were conducted from 2013 through 2019.
Ten of the 20 studies were done in the United States in the
states of California, Louisiana, Georgia, Pennsylvania, and
Minnesota. The other ten studies were conducted in the fol-
lowing countries: New Zealand, Spain, the United Kingdom,
Switzerland, Japan, the Netherlands, Belgium, and three in
Australia. Sample sizes ranged from 30 participants to 833
participants and the ages of participants ranged from 12
years old to 70 years old. Most studies, however, involved
middle-aged participants. Studies also involved specific
groups such as individuals with type 2 diabetes, inactive preg-
nant women, overweight adults, young individuals, physi-
cally inactive females, African American women, breast
cancer survivors, inactive college students, males in low-
income schools, and patients with chronic obstructive pul-
monary disease.

Studies (19) evaluating the first individual health out-
come, physical and physiological outcomes, ranged from
two weeks to twelve months evaluated outcome variables
such as step count, sedentary behavior, cardiorespiratory fit-
ness, duration of moderate to vigorous physical activity
(MVPA), and blood pressure. Two of the 19 studies evaluated
more than one of these variables of physical and physiologi-
cal outcomes [2, 7]. The second research query investigated

was weight-related outcomes (5). The studies for weight-
related outcomes ranged in intervention time from 12 weeks
to six months and were concerned with body weight and
waist circumference. Three studies evaluated both weight
and waist circumference outcomes [8–10]. The last grouping
of studies focused on the effect of mHealth interventions on
psychosocial outcomes including self-efficacy, life enjoy-
ment/satisfaction, and intrinsic PA motivation (4). These
interventions lasted between 12 weeks and 24 weeks. Two
of the four studies evaluated more than one aspect of psycho-
social outcomes [7, 11]. Some studies included in the review
evaluated variables in more than one of the three large cate-
gories of individuals’ health outcomes.

The mHealth intervention used varied among the studies.
Two studies used the same Fitbit application for intervention
[9, 12] and the other studies used one of the following appli-
cations: MoTHER, Zombies Run and Get Running, mPED,
bActive, MyFitnessPal, Garmin, SmartLoss, Facebook,
MyPlan 2.0, Moves, and ATLAS.

3.2. Quality and Risk of Bias Assessment. A risk of bias assess-
ment was completed for each of the twenty studies included
in the review. A visual display of the assessment is available
in Table 1. The quality of the studies assessed ranged from
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Figure 1: Flow diagram of studies through the review process.
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a low score of four to a high score of eight out of the nine ele-
ments of evaluation. All studies but four received a bias
assessment score higher than five points, giving a high-
quality score to sixteen of the studies. The four studies that
scored five or below were then consequently considered
low-quality studies. All included studies had randomization
procedures and included control groups. Most studies mea-
sured outcome variables before and after the study. Similarly,
most studies retained more than 70% of participants. Unfor-
tunately, less than half of the studies incorporated a six-
month follow-up in the study design. Low scores on the risk
of bias assessment can be credited to failures to conduct a
power analysis as well as a lack of inclusion of validity
measures.

3.3. Data Items. In this review, there were both physiological
and psychological outcomes of interest. The characteristics of
included studies are shown in Table 2. The outcomes were
evaluated and divided into three categories: mHealth and
physical/physiological outcomes, mHealth and weight-
related outcomes, and mHealth and psychosocial outcomes.
The physiological indicators for the mHealth and physical/-
physiological outcome category were MVPA/step count, sed-
entary behavior, cardiorespiratory fitness, and blood
pressure. For the mHealth and weight-related outcome cate-
gory, the indicators were weight and waist circumference.
Lastly, the indicators for the mHealth and psychosocial out-
come category were self-efficacy, life enjoyment/satisfaction,
and intrinsic PAmotivation. Conditions of interest in studies
were type 2 diabetes, inactive pregnant women, overweight
adults, young individuals, physically inactive females, Afri-
can American women, breast cancer survivors, inactive col-
lege students, males in low-income schools, and patients
with chronic obstructive pulmonary disease.

3.4. mHealth and Physical/Physiological Outcomes
(MVPA/Step Count, Sedentary Behavior, Cardiorespiratory
Fitness, and Blood Pressure). Previous studies suggest that
mobile phone applications can increase MVPA or step count
in mobile application users. Nineteen of the 20 studies evalu-
ated some aspect of the effect of mHealth on physical or
physiological outcomes. Seventeen of the 20 studies included
evaluated the effect of mobile app interventions on MVPA or
step count. Of the 17 studies, a variety of outcomes were seen.
Findings were mixed with one study showing a decrease in
MVPA after intervention [13] and eight of the 17 studies
showing no statistically significant effects of mHealth inter-
vention on MVPA or step count [2, 7, 8, 11, 14–17]. The
remaining eight studies showed a significant increase in
MVPA or steps following the mHealth intervention [9, 12,
18–23], but one of these studies showed the findings dropped
to neutral results at the six-month follow-up phase [18].
Thus, the findings on the effect of mHealth application on
MVPA/step count are inconclusive.

Previous studies suggest that mHealth applications also
decrease sedentary behavior among users. Three of the 20
studies evaluated sedentary behavior in relation to mHealth
use, and two of the three studies indicated positive results
[21, 24]. The third study that evaluated the effects of mobile

application use on sedentary behavior showed no significant
effects [16]. Ultimately, the findings on the effect of mHealth
interventions on sedentary behavior are promising but
inconclusive due to the mixed results.

Previous studies suggest that mHealth applications show
promising effects on both increasing cardiorespiratory fitness
and reducing blood pressure among intervention partici-
pants. The one study included in this review that evaluated
cardiorespiratory fitness found that mHealth intervention
resulted in no statistically significant findings [7]. The one
study that evaluated blood pressure found that use of
mHealth interventions resulted in a statistically significant
decrease in systolic blood pressure among users following
intervention [10]. Because only one study evaluated cardiore-
spiratory fitness and only one study evaluated blood pressure
in this review, the effectiveness of mHealth on these variables
cannot be determined.

3.5. mHealth and Weight-Related Outcomes (Weight and
Waist Circumference). Previous studies suggest that mHealth
interventions can reduce body weight in mobile application
users. Out of the 20 articles included in this review, five arti-
cles evaluated weight change as a result of intervention use.
Three of the five studies showed that using mHealth inter-
ventions has a positive effect on weight-related outcomes,
resulting in a decrease in body weight among participants
[9, 10, 14]. Two of the five studies resulted in no statistically
significant results, however both of these studies reporting in
trending towards statistically significant weight loss [8, 25].
The results of mHealth intervention on body weight support
the efforts of more research to uncover associations between
mobile application intervention and weight loss.

Previous studies suggest that mHealth interventions can
reduce waist circumference among participants. Three of
the 20 studies included in the review evaluate the effect of
mobile application interventions on waist circumference
reduction. Of these three studies, two show statistically sig-
nificant reduction in waist circumference as a result of partic-
ipation in mobile application intervention [9, 10]. The other
study shows positive trends towards reduction in waist cir-
cumference but does not present statistically significant
results [8]. These results do not prove the effectiveness of
mHealth intervention on waist circumference but continues
to support further investigation of the effectiveness of
mHealth on weight-related outcomes.

3.6. mHealth and Psychosocial Outcomes (Self-efficacy, Life
Enjoyment/Satisfaction, and Intrinsic PA Motivation). Previ-
ous studies indicate mHealth interventions can improve psy-
chosocial outcomes such as self-efficacy. Two of the 20
included articles evaluate self-efficacy as an outcome variable,
and the results are split. One study [11] shows that participa-
tion in mobile application interventions improves self-
efficacy. Another study [7] shows mHealth interventions do
not result in significant improvement of self-efficacy. Simi-
larly, the results of the effects of mHealth interventions on life
enjoyment are split. One study [7] shows no significant
results following intervention while another [24] shows that
mHealth interventions can improve life enjoyment.
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Another area of psychosocial outcomes that previous
studies indicate mHealth interventions can improve is intrin-
sic PA motivation. Two of the included articles evaluate the
effect of mobile application interventions on intrinsic PA
motivation [11, 20]. Both articles reviewing intrinsic PA
motivation show that mHealth interventions are effective at
improving intrinsic PA motivation.

Overall, the findings of the included articles that evaluate
psychosocial outcomes show that mHealth interventions are
not proven to improve self-efficacy nor life enjoyment.
Intrinsic PA motivation, however, is shown to improve with
participation in mHealth interventions. This idea is only sup-
ported by two studies, proving the need to investigate this
further in future research.

4. Discussion

Physical activity has been deemed a productive method by
which an individual can improve life from birth to old age,
including but not limited to physical health, psychological
health, and social wellbeing [26–30]. Thus, the following
review was done with the main purpose of reviewing the cur-
rent published literature evaluating the effects of physical
activity on individuals’ physical/physiological outcomes,
weight-related outcomes, and finally on individuals’ psycho-
social outcomes.

4.1. mHealth and Physical/Physiological Outcomes
(MVPA/Step Count, Sedentary Behavior, Cardiorespiratory
Fitness, and Blood Pressure). Among the studies that evalu-
ated the effects of mobile interventions on step count/MVPA
in the physical/physiological outcome category, eight
resulted in positive results, eight resulted in no significant
results, and one study resulted in negative results. Sixteen
studies evaluating the effects of mobile application interven-
tion on MVPA and step count in participants were split with
half showing positive results and half resulting in no signifi-
cant outcomes. At first glance, the overarching categories of
the two groups of studies look very similar. Both the group
of studies resulting in positive outcomes and the group of
studies resulting in nonsignificant outcomes included studies
from inside and outside the United States, both groups
included studies with varying numbers of participants of all
health conditions and ages, and both groups included studies
of varying duration periods. After a closer look, however,
there are two noticeable differences between the two groups
of studies that found different results. First, 63% of the stud-
ies in the group that resulted in positive outcomes after inter-
vention used a social comparison technique with participants
[9, 18, 19, 22, 23]. This finding was supported by previous
studies [4]. Among the eight studies that resulted in no sig-
nificant effects after intervention, only 25% of the studies
used a social comparison aspect in the study protocol [2,
14]. Second, among the eight studies finding success with
the intervention, 75% of the studies did not include an aspect
of physical activity education in the intervention [12, 19–23].
In contrast, 75% of the studies that did not have significant
success with increased steps/PA after intervention did
include education about the effects of exercise in the inter-

vention protocol [2, 7, 8, 14–16]. The study that resulted in
a decrease of MVPA among participants was carried out by
Garcia-Ortiz et al. [13]. There are many aspects of this study
to explain the negative results that were gathered. First of all,
this study was the only included in the review that was car-
ried out in Spain. Second, the participants in this study were
all patients in primary care, another aspect unique to only
this study included in the review. Third, the study included
833 participants—more than twice the participant size than
any other study in the review. Fourth, the study duration
lasted 12 months, which is twice as long as the next longest
study included. Lastly, the study protocol included no aspect
of feedback to participants during the duration of the study,
something that nearly every other study included in the inter-
vention protocol. The outcomes presented here with half of
the interventions resulting in positive outcomes and half in
nonsignificant outcomes were common in other meta-
analysis [13, 31]. Romeo et al. [13] completed a similar
meta-analysis and found that two of the five studies included
in the review effectively improved physical activity in partic-
ipants. In another similar review, Yerrakalva et al. [13] found
that two of the four included articles in their meta-analysis
produced positive outcomes for PA interventions.

Regarding the three studies that evaluated the effects of
mobile interventions on sedentary behavior in the physical/-
physiological outcome category, two interventions resulted
in positive results and one found no significant results after
intervention. Both interventions that resulted in decreases
in sedentary time used objective measures in the accelerom-
eters to collect data on sedentary behavior [21, 24]. In con-
trast, the intervention that had no significant results used
self-report measures to obtain sedentary behavior data [16].
This may prove to be the case because study participants
are not fully aware of when they are engaging in sedentary
behavior and when they are not. This would produce inaccu-
rate data by self-report methods. Other studies have showed
very similar results. A highly comparable meta-analysis by
Stockwell et al. [32] included five studies, four of which had
objective sedentary behavior measures and one of which
had subjective measures. The four objectively collected data
sets showed a significant decrease in sedentary behavior
while the one study that used self-report measures showed
no significant decrease in sedentary behavior.

One study included in this review evaluated the effect of
mobile application intervention on cardiorespiratory fitness
[7]. The mobile intervention in this study was not effective
at improving cardiorespiratory fitness. These results were
also found in a meta-analysis by Yerrakalva et al. [31] which
evaluated three studies investigating the effect of mobile
interventions on cardiorespiratory fitness. Yerrakalva et al.
[31] presented that zero of the three included studies pro-
duced positive effects on cardiorespiratory fitness in partici-
pants. Similarly, only one study included in this review
evaluated the effects of mobile interventions on blood pres-
sure in the physical/physiological outcome category [10].
The intervention was successful and resulted in a reduced
blood pressure in participants. A highly comparable meta-
analysis by Gandhi et al. [33] included two studies that eval-
uated the effects of mobile health interventions on blood

9BioMed Research International



pressure—both of which were successful in decreasing blood
pressure among intervention participants.

Looking at the physical/physiological outcome group as a
whole, a few characteristics of successful interventions can be
noted. Interventions that successfully increased the step
count/MVPA of participants used a social comparison tech-
nique and did not educate study participants about the effects
of exercise before the intervention period. Interventions that
were successful in reducing participants’ sedentary time used
objective data collection measures such as always-on acceler-
ometers. Similar to previous studies, the one study included
in this review that evaluated cardiorespiratory fitness was
not successful, indicating mobile interventions may not be
effective in improving cardiorespiratory fitness. The included
study evaluating blood pressure displayed a successful inter-
vention, as did other studies evaluating mHealth on blood
pressure present in previous meta-analyses. This may repre-
sent that any mHealth intervention can successfully reduce
blood pressure.

4.2. mHealth and Weight-Related Outcomes (Weight and
Waist Circumference). Among the five studies that evaluated
the effects of mobile interventions on weight in the weight-
related outcome category, two studies found no significant
results [8, 25] and three studies resulted in significant weight
loss after the intervention [9, 10, 14]. Of these five studies,
three also evaluated the effect of mobile application interven-
tion on waist circumference. The results were the same as the
weight outcomes, where Smith et al. [8] found no significant
reduction after intervention but Bender et al. [9] and Martin
et al. [10] did see significant results. This correlation makes
sense because as the participants lose weight, their waist cir-
cumference will decrease as well. A reasonable explanation
for why the successful studies were able to produce results
is the length of the study. Two of the studies that resulted
in a weight reduction after intervention had a study duration
of six months [9, 14]. In contrast, both of the studies that did
not have successful interventions had study durations shorter
than six months [8, 25]. These results were also seen in a
meta-analysis from 2019 evaluating the effects of mobile
health on obese adults done by Park et al. [34]. This meta-
analysis found that interventions lasting 6 months or longer
had a much more significant impact on weight loss in partic-
ipants. Another explanation for why some of the studies were
successful while some were not is the age of the participants.
The studies in which participants did not have success losing
weight [8, 25] consisted of younger participants. Between the
two studies, the oldest participant was 35 years old. For the
studies that were successful with weight reduction, however,
the average age of the participant was much older, with the
youngest participant being 44 years old and going up all the
way to participants who were 69 years old. A similar meta-
analysis evaluating weight loss from mobile interventions
[35] included six studies, four of which were successful in
reducing the weight of participants. The four studies that
were successful in reducing the weight of participants had
an average participant age of about 45 years old, while the
two unsuccessful studies involved participants of an age of
42 years old or less.

Looking at the weight and weight-related outcome group
as a whole, a few characteristics of successful interventions
can be noted. Interventions that successfully reduced the
weight and waist circumference of participants were six
months or longer in duration and had older participants,
with an average age of around 45 years or older.

4.3. mHealth and Psychosocial Outcomes (Self-Efficacy, Life
Enjoyment/Satisfaction, and Intrinsic PA Motivation). Of
the two studies that evaluated the effects of mobile interven-
tions on self-efficacy in the psychosocial outcome category,
one study found no significance [7] and one observed an
increase in self-efficacy in participants after intervention
[11]. A difference between these two interventions that may
explain the contradictory outcomes is the use of short mes-
sages to participants in the intervention. Choi et al. [11] used
various short messages to participants throughout each day
of intervention with reminders that supported physical activ-
ity and other lessons. The intervention used by Direito et al.
[7] used no such support messages during intervention.
These messages could explain the difference in self-efficacy,
where participants used the daily messages to encourage
themselves to participate in physical activity. Without the
messages, participants may have lost sight of the physical
activity goals. Similar outcomes were seen in a meta-
analysis by Aminuddin et al. [36]. This meta-analysis showed
that SMS interventions were significantly more effective in
improving self-efficacy scores than non-SMS interventions.

Two studies in this review evaluated the effects of mobile
interventions on life enjoyment. One study showed no signif-
icant result after intervention [7], and one study found par-
ticipants had an increased level of life enjoyment after
completion of intervention [24]. One reason for the differing
results could be due to the age of participants. Participants
involved in the study done by Direito et al. [7] were much
younger with an average age of about 15 years old, compared
to the participants in the study by Kitagawa et al. [24] where
participants were closer to 40 years old. Two studies included
in this review evaluated the effect of mobile interventions on
intrinsic physical activity motivation. Both studies resulted in
improved intrinsic PA motivation as a result of the interven-
tion [11, 20]. Both studies involved middle-aged participants
who began the intervention period with less than perfect
health, which may explain why the separate interventions
were successful for both groups.

The results of the effectiveness of mHealth on psychoso-
cial outcomes included in this review cannot be compared to
other interventions because the availability of similar studies
is extremely limited. At this time, the study of mobile inter-
vention and its effects on life enjoyment and intrinsic PA
motivation is in its infancy. Because of the mixed findings
of the psychosocial interventions included in this review,
future research is warranted to determine the effectiveness
of mobile application interventions on psychosocial out-
comes. Future research is also warranted in another newly
emerging topic involving psychosocial effects of telemedicine
during the COVID-19 pandemic. More recently, the avail-
ability and accessibility of mobile health care have risen dra-
matically due to social gathering restrictions. This
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accessibility, while the pandemic offered countless detrimen-
tal effects to individuals’ health, may be a silver lining in
which individuals will be able to access health professionals
at anytime from anywhere [37, 38]. More research in future
years will be necessary to understand the full effects of the
pandemic on psychosocial wellbeing.

4.4. Strengths and Limitations. Overall, mobile application
interventions prove to have promising effects on physical/-
physiological and weight-related outcomes, while the effect
of mHealth on psychosocial health outcomes of participants
remains unclear. Because all 20 articles included in the review
were both randomized and controlled, the results can be con-
sidered valid. Additionally, many outcome variables were
involved so the review is very extensive. However, a few lim-
itations must be noted: (1) only studies published in English
were included in this review, potentially excluding other
research that has been done in this area; (2) a small fraction
of all reviewed articles were included due to intense inclusion
criteria; (3) the length of the intervention was not moderated
in inclusion criteria and the relationship between interven-
tion length and effectiveness was not examined exclusively;
(4) the sample size of some included studies was small, limit-
ing generalizability to larger populations. Also, important to
note is that this review involved interventions provided
through a smartphone. Based on the age of participants, the
use of a smartphone may be viewed or implemented differ-
ently, potentially producing varying intervention results.
This is important to keep in mind while creating a study pro-
tocol and during implementation of an intervention. None-
theless, after reviewing the available literature on this topic,
it can be concluded that mobile application interventions
have the potential to improve physical/physiological and
weight-related health outcomes. More research is warranted
to prove effectiveness of mobile application interventions
on psychosocial health outcomes.

4.5. Practical Implications and Conclusions. Based on the
findings of this review, a few practical implications can be
rendered for researchers and other health professionals. First,
this meta-analysis closes important gaps in the currently
available literature by relating the effectiveness of mobile
health interventions to specific individual health outcomes.
Second, new gaps in available literature were found as a result
of this study. Future research is warranted to clarify the
relationship between mobile health applications and psycho-
social outcomes including self-efficacy, life enjoyment/satis-
faction, and intrinsic PA motivation. Third, due to the
successful nature of mobile application intervention’s ability
to increase steps/MVPA, decrease sedentary behavior, and
reduce weight, utilizing these mobile interventions can be
an important step in improving an individual’s physical
activity levels.

After reviewing the information included in this review, a
successful proposed mobile application intervention used to
increase steps/MVPA would include a social comparison
aspect and would not brief participants with any educational
aspect prior to participation. An intervention to successfully
reduce sedentary behavior would use always-on accelerome-

ters to collect movement data. A mobile application interven-
tion that intends to successfully reduce weight or waist
circumference of participants should have a duration of six
months or longer. If these characteristics of studies are
followed, mobile application interventions can be successful,
thus increasing the physical/physiological as well as weight-
related health outcomes of involved participants. There is,
however, a lack of economic data to support the investment
of mobile health applications and interventions. Badawy
et al. [39] found that while technology-based interventions
are gaining popularity, data showing the cost effectiveness
while maintaining health outcomes is lacking. Another
aspect of a successful intervention would have an aspect of
patient preference, preferably early in the intervention.
Badawy et al. [40] found that patient input is absolutely
essential in ensuring both short- and long-term intervention
adherence as well as enjoyment.

5. Conclusion

Due to the limited findings on some outcome measures,
more research is warranted in the area of mobile application
interventions on specific psychosocial health outcomes. It is
proposed that in the future, researchers focus on the effects
of mobile application intervention on physical health out-
comes such as cardiorespiratory fitness, blood pressure, and
psychosocial health outcomes such as self-efficacy, life enjoy-
ment, and intrinsic PA motivation. From this review, it has
been found that mobile application interventions can effec-
tively improve certain health outcomes for individuals in
some settings, but more research is needed.

Data Availability

The data used to support the findings of this study are avail-
able from the corresponding author upon request.

Conflicts of Interest

The authors declare that there is no conflict of interest
regarding the publication of this paper.

References

[1] P. D. Thompson and T. M. H. Eijsvogels, “New physical activ-
ity guidelines: a call to activity for clinicians and patients,”
Journal of the American Medical Association, vol. 320, no. 19,
pp. 1983-1984, 2018.

[2] Z. C. Pope, D. Barr-Anderson, B. Lewis, M. Pereira, and
Z. Gao, “Use of wearable technology and social media to
improve physical activity and dietary behaviors among college
students: a 12-week randomized pilot study,” International
Journal of Environmental Research and Public Health,
vol. 16, no. 19, p. 3579, 2019.

[3] I. Sim, “Mobile devices and health,” New England Journal of
Medicine, vol. 381, no. 10, pp. 956–968, 2019.

[4] L. Laranjo, D. Ding, B. Heleno et al., “Do smartphone applica-
tions and activity trackers increase physical activity in adults?
Systematic review, meta-analysis and metaregression,” British
Journal of Sports Medicine, vol. 55, no. 8, pp. 422–432, 2021.

11BioMed Research International



[5] W. A. Ramsey, R. E. Heidelberg, A. M. Gilbert, M. B. Hene-
ghan, S. M. Badawy, and N. M. Alberts, “eHealth and mHealth
interventions in pediatric cancer: a systematic review of inter-
ventions across the cancer continuum,” Psycho-Oncology,
vol. 29, no. 1, pp. 17–37, 2020.

[6] S. M. Badawy, R. M. Cronin, J. Hankins et al., “Patient-cen-
tered eHealth interventions for children, adolescents, and
adults with sickle cell disease: systematic review,” Journal of
Medical Internet Research, vol. 20, no. 7, p. e10940, 2018.

[7] A. Direito, Y. Jiang, R. Whittaker, and R. Maddison, “Apps for
IMproving FITness and increasing physical activity among
young people: the AIMFIT pragmatic randomized controlled
trial,” Journal of Medical Internet Research, vol. 17, no. 8, arti-
cle e210, 2015.

[8] J. J. Smith, P. J. Morgan, R. C. Plotnikoff et al., “Smart-phone
obesity prevention trial for adolescent boys in low-income
communities: the ATLAS RCT,” Pediatrics, vol. 134, no. 3,
pp. e723–e731, 2014.

[9] M. S. Bender, B. A. Cooper, L. G. Park, S. Padash, and S. Arai,
“A feasible and efficacious mobile-phone based lifestyle inter-
vention for Filipino Americans with type 2 diabetes: random-
ized controlled trial,” JMIR Diabetes, vol. 2, no. 2, article e30,
2017.

[10] C. K. Martin, A. C. Miller, D. M. Thomas, C. M. Champagne,
H. Han, and T. Church, “Efficacy of SmartLossSM, a
smartphone-based weight loss intervention: results from a ran-
domized controlled trial,” Obesity, vol. 23, no. 5, pp. 935–942,
2015.

[11] J. Choi, J. H. Lee, E. Vittinghoff, and Y. Fukuoka, “mHealth
physical activity intervention: a randomized pilot study in
physically inactive pregnant women,” Maternal and Child
Health Journal, vol. 20, no. 5, pp. 1091–1101, 2016.

[12] J. B. Wang, J. K. Cataldo, G. X. Ayala et al., “Mobile and wear-
able device features that matter in promoting physical activ-
ity,” Journal of Mobile Technology in Medicine, vol. 5, no. 2,
pp. 2–11, 2016.

[13] L. Garcia-Ortiz, J. I. Recio-Rodriguez, C. Agudo-Conde et al.,
“Long-term effectiveness of a smartphone app for improving
healthy lifestyles in general population in primary care: ran-
domized controlled trial (Evident II study),” JMIR mHealth
and uHealth, vol. 6, no. 4, p. e107, 2018.

[14] S. J. Hartman, S. H. Nelson, L. A. Cadmus-Bertram, R. E. Pat-
terson, B. A. Parker, and J. P. Pierce, “Technology- and Phone-
Based Weight Loss Intervention: Pilot RCT in Women at Ele-
vated Breast Cancer Risk,” American Journal of Preventive
Medicine, vol. 51, no. 5, pp. 714–721, 2016.

[15] B. F. Melton, M. P. Buman, R. L. Vogel, B. S. Harris, and L. E.
Bigham, “Wearable devices to improve physical activity and
sleep,” Journal of Black Studies, vol. 47, no. 6, pp. 610–625,
2016.

[16] L. Poppe, I. de Bourdeaudhuij, M. Verloigne et al., “Efficacy of
a self-regulation–based electronic and mobile health interven-
tion targeting an active lifestyle in adults having type 2 diabetes
and in adults aged 50 years or older: two randomized con-
trolled trials,” Journal of Medical Internet Research, vol. 21,
no. 8, article e13363, 2019.

[17] S. N. Vorrink, H. S. Kort, T. Troosters, P. Zanen, and J.-W. J.
Lammers, “Efficacy of an mHealth intervention to stimulate
physical activity in COPD patients after pulmonary rehabilita-
tion,” European Respiratory Journal, vol. 48, no. 4, pp. 1019–
1029, 2016.

[18] Y. Fukuoka, W. Haskell, F. Lin, and E. Vittinghoff, “Short- and
long-term effects of a mobile phone app in conjunction with
brief in-person counseling on physical activity among physi-
cally inactive women,” JAMA Network Open, vol. 2, no. 5, arti-
cle e194281, 2019.

[19] T. Harries, P. Eslambolchilar, C. Stride, R. Rettie, and
S. Walton, “Walking in the wild – using an always-on smart-
phone application to increase physical activity,” in Human-
Computer Interaction – INTERACT 2013 Lecture Notes in
Computer Science, pp. 19–36, Springer, 2013.

[20] C. Höchsmann, D. Infanger, C. Klenk, K. Königstein, S. P.
Walz, and A. Schmidt-Trucksäss, “Effectiveness of a behavior
change technique–based smartphone game to improve intrin-
sic motivation and physical activity adherence in patients with
type 2 diabetes: randomized controlled trial,” JMIR Serious
Games, vol. 7, no. 1, article e11444, 2019.

[21] B. M. Lynch, N. H. Nguyen, M. M. Moore et al., “A random-
ized controlled trial of a wearable technology-based interven-
tion for increasing moderate to vigorous physical activity and
reducing sedentary behavior in breast cancer survivors: the
ACTIVATE trial,” Cancer, vol. 21, no. 16, pp. 2846–2855,
2019.

[22] M. S. Patel, K. G. Volpp, R. Rosin et al., “A randomized trial of
social comparison feedback and financial incentives to
increase physical activity,” American Journal of Health Promo-
tion, vol. 30, no. 6, pp. 416–424, 2016.

[23] M. S. Patel, K. G. Volpp, R. Rosin et al., “A randomized, con-
trolled trial of lottery-based financial incentives to increase
physical activity among overweight and obese adults,” Ameri-
can Journal of Health Promotion, vol. 32, no. 7, pp. 1568–1575,
2018.

[24] T. Kitagawa, Y. Higuchi, E. Todo, T. Ueda, S. Ando, and
T. Murakami, “Tailored feedback reduced prolonged sitting
time and improved the health of housewives: a single-blind
randomized controlled pilot study,” Women & Health,
vol. 60, no. 2, pp. 212–223, 2020.

[25] L. Hebden, A. Cook, H. P. V. D. Ploeg, L. King, A. Bauman,
and M. Allman-Farinelli, “A mobile health intervention for
weight management among young adults: a pilot randomised
controlled trial,” Journal of Human Nutrition and Dietetics,
vol. 27, no. 4, pp. 322–332, 2014.

[26] J.-P. Chaput, C. E. Gray, V. J. Poitras et al., “Systematic review
of the relationships between sleep duration and health indica-
tors in the early years (0–4 years),” BMC Public Health, vol. 17,
no. S5, p. 855, 2017.

[27] Z. Gao, H. Oh, and H. Sheng, “Middle school students’ body
mass index and physical activity levels in physical education,”
Research Quarterly for Exercise and Sport, vol. 82, no. 1,
pp. 145–150, 2011.

[28] Z. Gao, N. Zeng, Z. C. Pope, R. Wang, and F. Yu, “Effects of
exergaming on motor skill competence, perceived compe-
tence, and physical activity in preschool children,” Journal of
Sport and Health Science, vol. 8, no. 2, pp. 106–113, 2019.

[29] D. C. Nieman and L. M. Wentz, “The compelling link between
physical activity and the body's defense system,” Journal of
Sport and Health Science, vol. 8, no. 3, pp. 201–217, 2019.

[30] J. Won, A. J. Alfini, L. R. Weiss et al., “Semantic memory acti-
vation after acute exercise in healthy older adults,” Journal of
the International Neuropsychological Society, vol. 25, no. 6,
pp. 557–568, 2019.

[31] A. Romeo, S. Edney, R. Plotnikoff et al., “Can smartphone apps
increase physical activity? Systematic review and meta-

12 BioMed Research International



analysis,” Journal of Medical Internet Research, vol. 21, no. 3,
article e12053, 2019.

[32] D. Yerrakalva, D. Yerrakalva, S. Hajna, and S. Griffin, “Effects
of mobile health app interventions on sedentary time, physical
activity, and fitness in older adults: systematic review and
meta-analysis,” Journal of Medical Internet Research, vol. 21,
no. 11, article e14343, 2019.

[33] S. Stockwell, P. Schofield, A. Fisher et al., “Digital behavior
change interventions to promote physical activity and/or
reduce sedentary behavior in older adults: A systematic review
and meta- analysis,” Experimental Gerontology, vol. 120,
pp. 68–87, 2019.

[34] S. Gandhi, S. Chen, L. Hong et al., “Effect of mobile health
interventions on the secondary prevention of cardiovascular
disease: systematic review and meta-analysis,” Canadian Jour-
nal of Cardiology, vol. 33, no. 2, pp. 219–231, 2017.

[35] S. H. Park, J. Hwang, and Y. K. Choi, “Effect of mobile health
on obese adults: a systematic review and meta-analysis,”
Healthcare Informatics Research, vol. 25, no. 1, pp. 12–26,
2019.

[36] L. Lyzwinski, “A systematic review and meta-analysis of
mobile devices and weight loss with an intervention content
analysis,” Journal of Personalized Medicine, vol. 4, no. 3,
pp. 311–385, 2014.

[37] H. B. Aminuddin, N. Jiao, Y. Jiang, J. Hong, and W. Wang,
“Effectiveness of smartphone-based self-management inter-
ventions on self-efficacy, self-care activities, health-related
quality of life and clinical outcomes in patients with type 2 dia-
betes: a systematic review and meta-analysis,” International
Journal of Nursing Studies, vol. 116, article 103286, 2019.

[38] S. M. Badawy and A. Radovic, “Digital approaches to remote
pediatric health care delivery during the COVID-19 pandemic:
existing evidence and a call for further research,” JMIR Pediat-
rics and Parenting, vol. 3, no. 1, article e20049, 2020.

[39] A. Serlachius, S. M. Badawy, and H. Thabrew, “Psychosocial
challenges and opportunities for youth with chronic health
conditions during the COVID-19 pandemic,” JMIR Pediatrics
and Parenting, vol. 3, no. 2, article e23057, 2020.

[40] S. M. Badawy, A. A. Thompson, and R. I. Liem, “Technology
access and smartphone app preferences for medication adher-
ence in adolescents and young adults with sickle cell disease,”
Pediatric Blood & Cancer, vol. 63, no. 5, pp. 848–852, 2016.

[41] S. M. Badawy and L. M. Kuhns, “Economic evaluation of text-
messaging and smartphone-based interventions to improve
medication adherence in adolescents with chronic health con-
ditions: a systematic review,” JMIR mHealth and uHealth,
vol. 4, no. 4, article e121, 2016.

13BioMed Research International


	Effectiveness of Smartphone-Based Physical Activity Interventions on Individuals’ Health Outcomes: A Systematic Review
	1. Introduction
	2. Methods
	2.1. Information Sources
	2.2. Search Strategies
	2.3. Eligibility Criteria
	2.4. Data Collection Process
	2.5. Data Items
	2.6. Risk of Bias in Individual Studies
	2.7. Data Synthesis

	3. Results
	3.1. Study Selection
	3.2. Quality and Risk of Bias Assessment
	3.3. Data Items
	3.4. mHealth and Physical/Physiological Outcomes (MVPA/Step Count, Sedentary Behavior, Cardiorespiratory Fitness, and Blood Pressure)
	3.5. mHealth and Weight-Related Outcomes (Weight and Waist Circumference)
	3.6. mHealth and Psychosocial Outcomes (Self-efficacy, Life Enjoyment/Satisfaction, and Intrinsic PA Motivation)

	4. Discussion
	4.1. mHealth and Physical/Physiological Outcomes (MVPA/Step Count, Sedentary Behavior, Cardiorespiratory Fitness, and Blood Pressure)
	4.2. mHealth and Weight-Related Outcomes (Weight and Waist Circumference)
	4.3. mHealth and Psychosocial Outcomes (Self-Efficacy, Life Enjoyment/Satisfaction, and Intrinsic PA Motivation)
	4.4. Strengths and Limitations
	4.5. Practical Implications and Conclusions

	5. Conclusion
	Data Availability
	Conflicts of Interest

