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Abstract
Background: The effectiveness of smartphone apps for weight loss is limited by the diversity of interventions that accompany
such apps. This research extends the scope of previous systematic reviews by including 2 subgroup analyses based on nonmobile
interventions that accompanied smartphone use and human-based versus passive behavioral interventions.
Objective: The primary objective of this study is to systematically review and perform a meta-analysis of studies that evaluated
the effectiveness of smartphone apps on weight loss in the context of other interventions combined with app use. The secondary
objective is to measure the impact of different mobile app features on weight loss and mobile app adherence.
Methods: We conducted a systematic review and meta-analysis of relevant studies after an extensive search of the PubMed,
MEDLINE, and EBSCO databases from inception to January 31, 2022. Gray literature, such as abstracts and conference proceedings,
was included. Working independently, 2 investigators extracted the data from the articles, resolving disagreements by consensus.
All randomized controlled trials that used smartphone apps in at least 1 arm for weight loss were included. The weight loss
outcome was the change in weight from baseline to the 3- and 6-month periods for each arm. Net change estimates were pooled
across the studies using random-effects models to compare the intervention group with the control group. The risk of bias was
assessed independently by 2 authors using the Cochrane Collaboration tool for assessing the risk of bias in randomized trials.
Results: Overall, 34 studies were included that evaluated the use of a smartphone app in at least 1 arm. Compared with controls,
the use of a smartphone app–based intervention showed a significant weight loss of –1.99 kg (95% CI –2.19 to –1.79 kg; I2=81%)
at 3 months and –2.80 kg (95% CI –3.03 to –2.56 kg; I2=91%) at 6 months. In the subgroup analysis, based on the various
intervention components that were added to the mobile app, the combination of the mobile app, tracker, and behavioral interventions
showed a statistically significant weight loss of –2.09 kg (95% CI –2.32 to –1.86 kg; I2=91%) and –3.77 kg (95% CI –4.05 to
–3.49 kg; I2=90%) at 3 and 6 months, respectively. When a behavioral intervention was present, only the combination of the
mobile app with intensive behavior coaching or feedback by a human coach showed a statistically significant weight loss of –2.03
kg (95% CI –2.80 to –1.26 kg; I2=83%) and –2.63 kg (95% CI –2.97 to –2.29 kg; I2=91%) at 3 and 6 months, respectively. Neither
the type nor the number of mobile app features was associated with weight loss.
Conclusions: Smartphone apps have a role in weight loss management. Nevertheless, the human-based behavioral component
remained key to higher weight loss results.
(JMIR Mhealth Uhealth 2022;10(4):e35479) doi: 10.2196/35479
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Introduction
Background
Obesity has become a major, rising health epidemic worldwide.
As a complex multifactorial disease, the management of obesity
is challenging because there is no single effective treatment. Of
late, there has been great interest in using apps for weight loss.
Mobile apps were effective for weight loss [1-6] by using
different behavior change techniques to a certain extent [1-6].
These behavior change techniques include intention formation,
goal setting, barrier identification, problem solving, planning,
general encouragement, self-monitoring of behavior, feedback
on performance, social support, and social comparison [4,7].
On the basis of recent research, mobile apps help users to adhere
to self-monitoring and weight loss goals better than the
traditional pen-and-paper methods and other mobile health
interventions (web-based or PDA) [8-12]. In 2015, Mateo et al
[13] conducted the first meta-analysis that focused on mobile
apps and found a modest weight loss of –1.04 kg (95% CI –1.75
to –0.34 kg; I2=41%) among mobile app users. In 2014 and
2015, similar results were found by Khokhar et al [14],
Hutchesson et al [15], and Liu et al [16] after they expanded
the inclusion criteria to include email, SMS text messaging,
monitoring devices, and smartphones. Cai et al [17] observed
similar findings when they measured the effect of mobile apps
in patients with diabetes mellitus. In 2020, Islam et al [18]
updated the literature review and extended the scope of the
previous meta-analysis performed by Mateo et al [13] by
including more subgroup analyses.
Most of the interventions are smartphone apps combined with
other behavioral nonmobile interventions; yet, it’s unclear
whether the app’s effect on weight loss is due solely to its use
or to the addition of the behavioral component. If the behavioral
component relies on human coaches and personalized feedback
by dietitians, this will affect the scalability of the mobile app
used for weight loss. Personalized feedback provided by mobile
apps has proven to be an essential feature of such apps because
the feedback increases users’ logging-in frequency and
engagement with the apps [19-23]. Personalized feedback from
an interventionist or professional also affected the results
positively [24-26]. Thus, the combination of mobile app use
with in-person contacts such as coaching or counseling sessions,
interventionist feedback, web-based chatting, or telephone calls
with professionals was more effective than mobile app use alone
[19,24,27-29].

Objectives
The aim of this meta-analysis is to evaluate the effectiveness
of mobile app interventions alone or in combination with other
behavioral interventions on weight loss. Although Lyzwinski
[30] analyzed the intervention components of mobile devices
in a narrative review, the author did not compare the effect of
the various components on weight loss. This research extends
the scope of the previous systematic reviews by including 2
subgroup analyses based on nonmobile interventions that
accompanied smartphone use and human-based versus passive
behavioral interventions. The results are organized according
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to duration because it is inaccurate to compare weight loss at 3
months with weight loss at 6 or 12 months. The secondary
outcomes of the study include the impact of different mobile
app features on weight loss and mobile app adherence.

Methods
This systematic review of the literature and quantitative
meta-analysis was conducted following the PRISMA (Preferred
Reporting Items for Systematic Reviews and Meta-Analyses)
guidelines [31] to measure the effectiveness of mobile app
interventions alone or in combination with other behavioral
interventions on weight loss. The secondary outcomes of the
study include the impact of different mobile app features on
weight loss and adherence.

Protocol and Registration
The protocol was not registered.

Search Strategy
The PubMed, MEDLINE, and EBSCO databases were searched
for relevant studies published between the database inception
date and January 31, 2022. The search strategy incorporated
keywords. The terms used included weight loss, obesity,
overweight, smartphone, mobile phone, cell phone, mHealth,
eHealth, and adherence. The search was then filtered to studies
involving randomized controlled trials. All previous systematic
reviews and meta-analyses were researched to find further
missing studies. EndNote X9 (Clarivate) was used to remove
duplicate publications and for screening purposes (for further
information on the search strategy, please see the example
provided in Multimedia Appendix 1). Multimedia Appendix 2
includes a summary of the reasons for excluding articles.

Study Selection
To investigate the effectiveness of nonapp interventions
combined with smartphone apps, studies were eligible if (1) the
design included randomized controlled trials, (2) they included
the use of a smartphone app in at least 1 arm, (3) weight loss
was an outcome, and (4) the population consisted of adults.
There was no restriction on the population regarding overweight
versus obesity or being diagnosed with chronic diseases, the
language or year of publication, length of interventions, or
follow-up duration. Gray literature, such as abstracts and
conference proceedings, was included. We also searched the
lists of references of the articles that we included.
On the basis of the eligibility criteria, 2 research team members
(JA and HI) independently screened all the articles by study
title and abstract. If the information listed in the title or abstract
was insufficient to determine the study’s relevance, the full text
of the study was selected to be reassessed later. Next, each
member further screened the selected studies at the full-text
level. Any disagreements were resolved by consensus.

Data Collection Process and Data Items
Working independently, 2 investigators (JA and HI) extracted
the data from the articles, resolving disagreements by consensus.
A form developed by using the KoBo toolbox (Kobo Inc) was
used to extract data from eligible research papers, including
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digital object identifier, the title of the study, year of publication,
type of article, country of study, population, sample size, trial
name, trial period, number of arms, and details of each arm.
Mean body weight changes were recorded from baseline to the
end of the trial with SDs and adherence-related outcomes. SD
or 95% CI was recorded if available. Neither authorship nor
publication journal nor study results were blinded for data
extraction.

Risk of Bias in Individual Studies
The risk of bias was assessed independently by 2 authors (NA
and AE) using the Cochrane Collaboration tool for assessing
the risk of bias in randomized trials [31]. The tool covers the
following bias domains: selection bias, performance bias,
detection bias, attrition bias, and reporting bias. Each author
independently judged each domain as having a low, unclear, or
high risk of bias. When differences of opinion arose between
the 2 evaluators, the item was discussed until a consensus was
reached. JA randomly selected a few articles to assess the risk
of bias and compared the results with those of the 2 primary
evaluators to consolidate the assessments further.

Measured Outcomes
The study’s primary outcome is the mean weight change
(measured in kilograms) from baseline to 3, 6, and 12 months.
All outcomes were recorded if the study measured the outcome
at multiple points. Adherence measures were examined, and a
systematic review of the literature was performed.

Data Analysis and Synthesis of Results
The meta-analysis evaluated whether smartphone app
interventions were effective on their own or whether other
behavior interventions were necessary for weight loss. A fixed
effect model was used to obtain the overall effect size across
included studies and its associated 95% CI. On the basis of the
studies chosen, the outcome of weight loss was measured as
the weight change from baseline to the 3-, 6-, or 12-month
periods. When SD was not mentioned, the variance was
calculated from the 95% CI. We examined heterogeneity using
the I2 test, which describes the percentage of variability in effect
size estimates because of heterogeneity rather than sampling
error. The statistical analyses were performed using Review
Manager software (version 5.4; Cochrane Training).
In studies with more than one arm that included an app, inverse
variance meta-analysis was used to produce an overall effect
size across all treatment arms, creating a single
intervention-versus-control comparison for each study. The
exact process was performed when there was more than one
control arm.
All the interventions used were reviewed by 2 authors (JA and
HI), who then grouped them into the following categories:
smartphone apps, trackers (weighing scale, step tracker, or bite
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counter), behavioral therapy or advice (podcasts, telephone
calls, booklets, SMS text messages, and in-person meetings),
feedback (SMS text messages, email, oral, or written by a
coach), self-monitoring, social support (social media or
web-based forum), meal replacement, and financial incentives.
Human-based active behavioral coaching or feedback included
in-person meetings, interaction with the interventionist through
Twitter or chat feature of the app, and tailored feedback from
a coach or interventionist using telephone calls, SMS text
messages, or group sessions. The passive behavioral component
included passive standardized behavioral messages as part of
the app, Facebook, or podcasts. The apps were also classified
according to the following features: self-monitoring, education,
feedback, social support, rewards, and gamification. On the
basis of these features, 2 associations were later analyzed. Using
an independent 2-tailed t test, the first analysis examined the
association between weight loss and each app feature. The
second analysis, using 1-way analysis of variance, studied the
association between weight loss and the number of features.
We aim to measure the association between adherence
percentage and app features. Nevertheless, the definition of
adherence was not homogeneous, and we ultimately conducted
a systematic review of the adherence outcome.
Concerning the intervention period, it included both active
treatment and follow-up. If provided, the baseline weight of the
intervention group was noted; however, if it was not available,
the average weight of participants in the whole cohort was
captured from the demographics table.

Results
Study Selection and Characteristics
The search strategy enabled us to compile 1081 articles from
different resources, of which 34 (3.14%) were included in this
meta-analysis (Figure 1). The studies selected were published
between 2011 and January 31, 2022; however, 68% (23/34) of
the articles were published in the last 5 years (2017-2021). The
studies were conducted in the United States (22/34, 65%),
Australia and New Zealand (3/34, 9%), Europe (4/34, 12%;
Germany: 1/4, 25%; Spain: 1/4, 25%; and the United Kingdom:
2/4, 50%), and Asia (5/34, 15%; Japan: 1/5, 20%; Singapore
1/5, 20%; and South Korea: 3/5, 60%). The sample size ranged
from 16 to 440, with a mean of 113.09 (SD 94.1). The
population in the studies ranged from men and women from the
general population to adults at risk for diabetes as well as adults
with diseases such as cardiology issues, diabetes, or metabolic
syndrome. Of the 34 studies, 7 (20%) used a theoretical
framework: social cognitive theory (3/7, 43%), social cognitive
theory and transtheoretical model (2/7, 29%), and social
cognitive theory and self-efficacy theory (2/7, 29%). Tables 1
and 2 present a summary of the characteristics of the included
studies.
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Figure 1. Flowchart of selection of the articles based on PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) guidelines.
RCT: randomized controlled trial.
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Table 1. Description of the population, sample size, and baseline demographics of the included studies (N=34).
Study

Country

Population of study

Sample
size, n

Trial period
(weeks)

Age (years),
mean (SD) or
mean (95% CI)

Baseline BMI
(kg/m2), mean
(SD) or mean
(95% CI)

Baseline weight
(kg). mean (SD)
or mean (95%
CI)

Bender and Cooper,
2017 [32]

United States

Adults with diabetes 45

24

57.6 (9.8)

30.1 (4.6)

75.8 (15.4)

Fukuoka et al, 2015
[33]

United States

Adults with prediabetes

61

20

55.2 (9.0)

33.3 (6.0)

86.2 (18.5)

Whitelock et al, 2019
[34]

United Kingdom

Adults

107

8

42.8 (10.5)

35.9 (6.8)

100.5 (20.4)

Vaz et al, 2018 [35]

United States

Adults

28

24

39.5 (3.71)

34.5 (1.3)

94.3 (3.42)

Thompson-Felty and
Johnston, 2017 [26]

United States

Adults

30

8

—a

—

—

Rogers et al, 2016 [36]

United States

Adults

39

24

39.9 (11.5)

39.5 (2.8)

111.5 (11.5)

Svetkey et al, 2015 [29] United States

Adults

365

96

29.4 (4.3)

35.2 (7.8)

101 (23.7)

Thomas et al, 2019 [37] United States

Adults

276

72

55.1 (9.9)

35.2 (5)

95.9 (17.0)

Brindal et al, 2013 [38] Australia

Adult women

58

8

42 (—)

34 (—)

92.4 (14.7)

Laing et al, 2014 [39]

United States

Adult primary care
patients

212

24

43.3 (14.3)

33.4 (7.09)

—

Spring et al, 2017 [28]

United States

Adults

96

48

39.3 (11.7)

34.6 (3.0)

94.8 (12.4)

Shin et al, 2017 [40]

South Korea

Adult men

105

12

27.8 (—)

29.8 (—)

91.4 (10.6)

Ross and Wing, 2016
[27]

United States

Adults

80

24

51.1 (11.7)

33.0 (3.4)

—

Gilmore et al, 2017 [41] United States

Postpartum women

40

16

26.0 (5.2)

31.3 (3.2)

83.8 (13.5)

Tanaka et al, 2018 [42] Japan

Adults

112

12

45.6 (10.2)

28.0 (3.3)

83.1 (11.1)

Allen et al, 2013 [43]

United States

Adults

68

24

44.9 (11.1)

34.3 (3.9)

97.3 (16.2)

Stephens et al, 2017
[44]

United States

Adults

62

12

20.0 (18.0-25.0) 28.5 (25.0-40.4) 82.8 (61-117.5)

Hales et al, 2016 [45]

United States

Adults

51

12

46.2 (12.4)

34.7 (6.0)

102.1 (91.9112.2)

Hartman et al, 2016
[46]

United States

Adult women with
elevated risk for
breast cancer

54

24

59.5 (5.6)

31.9 (3.5)

86.3 (10.2)

Haufe et al, 2019 [47]

Germany

Adults with
314
metabolic syndrome

24

48.1 (8.1)

33.3 (5.4)

106.7 (19.1)

Turner-McGrievy et al, United States
2017 [48]

Adults who were
overweight

81

24

48.6 (11.7)

33.4 (4.8)

—

Jospe et al, 2017 [49]

New Zealand

Adults with overweight or obesity

250

48

44.4 (10.2)

33.5 (4.5)

99.1 (17.3)

Burke et al, 2017 [50]

United States

Adults

39

12

44.85 (12.75)

33.76 (4.28)

93.15 (15.89)

Lee et al, 2019 [51]

South Korea

Adults with
129
metabolic syndrome

24

30.59 (—)

—

71.6 (12.2)

Turner-McGrievy and
Tate, 2011 [52]

United States

Adults

96

24

42.6 (10.7)

32.9 (4.8)

—

Monroe et al, 2019 [53] United States

Adults

36

48

44.67 (8.96)

36.22 (7.53)

97.78 (21.04)

Choi et al, 2019 [54]

United States

Adult patients with
cardiology issues

100

24

57.2 (1.8)

29.5 (0.6)

84.8

Evangelista et al, 2018
[55]

United States

Adults with heart
failure

16

12

52.3 (8.5)

—

—
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Study

Country

Population of study

Sample
size, n

Trial period
(weeks)

Age (years),
mean (SD) or
mean (95% CI)

Baseline BMI
(kg/m2), mean
(SD) or mean
(95% CI)

Baseline weight
(kg). mean (SD)
or mean (95%
CI)

Kurtzman et al, 2018
[56]

United States

Adults

196

36

42.3 (11.5)

36.0 (5.2)

102.0 (18.8)

Carter et al, 2013 [12]

United Kingdom

Adults

128

24

41.2 (8.5)

33.7 (4.2)

96.4 (16)

Duncan et al, 2020 [57] Australia

Adults

116

48

44.5 (10.4)

31.7 (3.9)

90.7 (14.3)

Lim et al, 2021 [58]

Singapore

Adults with diabetes 204

24

51.2 (9.7)

84.0 (12.6)

30.6 (4.3)

Ahn et al, 2020 [59]

South Korea

Adults

50

6

26.0 (4.8)

77.1 (11.5)

26.7 (2.7)

Adults

440

12

47.4 (10.0)

89.7 (13.1)

32.8 (3.3)

Lugones-Sanchez et al, Spain
2020 [60]
a

Antoun et al

Not available.

https://mhealth.jmir.org/2022/4/e35479

XSL• FO
RenderX

JMIR Mhealth Uhealth 2022 | vol. 10 | iss. 4 | e35479 | p. 6
(page number not for citation purposes)

JMIR MHEALTH AND UHEALTH

Antoun et al

Table 2. Description of the study arms, app features, and theoretical frameworks (N=34).
Study

Number Intervention description
of arms

Bender and Cooper,
2017 [32]

2

Fukuoka et al, 2015
[33]

2

App features

Commercial
app

Theoretical framework of the app

App+tracker+social sup- Tracker+waitlist
port (Facebook)+behavior
or advice (in-person meetings)

Self-monitoring

—a

Social cognitive
theory and transtheoretical model for
health behavior
change

App+tracker+behavior or
advice (in-person meetings)

Tracker+behavior or advice (booklet)

Self-monitoring+ed- —
ucation+feedback+gamification

—

Whitelock et al, 2019 2
[34]

App+behavior or advice
(booklet+SMS text messages)

Behavior or advice (book- Self-monitoring+ed- —
let+SMS text messages)
ucation+feedback+rewards

—

Vaz et al, 2018 [35]

2

App+tracker

Behavior or advice (inperson meetings)

Self-monitoring+ed- —
ucation+social support+rewards

—

Thompson-Felty and
Johnston, 2017 [26]

3

All 3 arms included an
No control
app: arm 1: app; arm 2:
app+feedback; arm 3: app

Arm 1track pictures
of foods; Arm 2:
track picture of
foods+feedback;
arm3: track pictures
of foods+education

—

—

Rogers et al, 2016
[36]

3

App+tracker+behavior or
advice (telephone
call+booklet)

—

—

Svetkey et al, 2015
[29]

3

Arm 1: app+tracker; arm Behavior or advice (book2: app+tracker+social sup- let)
port (social buddy)+behavior or advice (in-person
meetings)

Thomas et al, 2019
[37]

3

App+behavior or advice
(in-person meetings)+feedback (oral and written by
coach)

Arm 1: behavior or advice Self-monitoring+ed- MyFitness(in-person meetings)+feed- ucation+social sup- Pal
back (oral and written by port
coach)+self-monitoring
(paper diaries); arm 2: behavior or advice (dietary
advice)+feedback (oral or
written by coach)+selfmonitoring (paper diaries)

—

Brindal et al, 2013
[38]

2

App+meal replacement

Meal replacement

Self-monitoring+ed- —
ucation+feedback+rewards

—

Laing et al, 2014 [39] 2

App

Usual care

Self-monitorMyFitnessing+feedback+social Pal
support

—

Spring et al, 2017 [28] 3

App+tracker+behavior or
advice (in-person meetings)+feedback (telephone
call by coach)

Arm 1: behavior or advice Self-monitoring+so- —
(in-person meetings)+feed- cial support
back (telephone call by
coach)+self-monitoring
(paper diaries); arm 2: behavior or advice
(DVDs)+self-monitoring
(paper diaries)
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Control description

One arm: tracker+behavior Self-monitoring
or advice (telephone call+
booklet)+web-based selfmonitoring; second arm:
behavior or advice (in-person meetings+booklet)+feedback (oral by
coach)+paper-based selfmonitoring

Arm 1: self-monitor- —
ing+feedback+social
support+gamification; arm 2: selfmonitoring

Social cognitive
theory and transtheoretical model

—
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Study

Number Intervention description
of arms

Shin et al, 2017 [40]

3

Arm 1: app+tracker+behav- Behavior or advice (inior or advice (in-person
person meetings)
meetings); arm 2:
app+tracker+behavior or
advice (in-person meeting)

Arm 1: self-monitor- FitLife
ing+feedback+rewards; arm 2: selfmonitoring

—

Ross and Wing, 2016
[27]

3

Arm 1: app+tracker+behavior or advice (in-person
meetings); arm 2:
app+tracker+behavior or
advice (in-person meetings
and telephone calls)

Behavior or advice (inperson meetings)+tracker+self-monitoring (paper
diaries)

Arms 1 and 2: selfmonitoring+feedback

—

Gilmore et al, 2017
[41]

2

App+tracker

Usual care

Self-monitoring+ed- —
ucation+feedback

—

Tanaka et al, 2018
[42]

2

App

Usual care

Self-monitoring+ed- FiNC
ucation+feedback+social support

—

Allen et al, 2013 [43]

4

Arm 1: app; arm 2:
Behavior or advice (inapp+behavior or advice
person meetings)
(intensive in-person meetings); arm 3: app+behavior
or advice (less intensive
in-person meetings)

Arms 1, 2, and 3:
Lose it!
self-monitoring+feedback+social
support

Social cognitive
theory

Stephens et al, 2017
[44]

2

App+behavior or advice
Behavior or advice (in(in-person meetings)+feed- person session)
back (SMS text messages
by health coach)

Self-monitoring+so- Lose It!
cial support

Social cognitive
theory and self-efficacy theory

Hales et al, 2016 [45] 2

Arm 1: app+behavior or
advice (podcasts); arm 2:
app+behavior or advice

No control

Arm 1: self-monitor- FatSecret
ing+feedback+social
support+rewards;
arm 2: self-monitoring

Social cognitive
theory

Hartman et al, 2016
[46]

2

App+tracker+behavior or
advice (telephone calls
with coach)

Behavior or advice (telephone calls)

Self-monitoring

—

Haufe et al, 2019 [47] 2

App+tracker+behavior or
advice (in-person meetings)

Waitlist

Self-monitoring+ed- —
ucation+feedback

Turner-McGrievy et
al, 2017 [48]

2

App+tracker+behavior or
advice (podcasts)

Tracker (bite counter)+be- Self-monitoring
havior or advice (podcasts)

FatSecret

—

Jospe et al, 2017 [49]

5

App

Arm 1: behavior or advice Self-monitoring
(in-person meetings)+feedback (email); arm 2: behavior or advice (in-person
meetings)+self-monitoring
(hunger using capillary
glucose monitor); arm 3:
behavior or advice
(monthly in-person meetings); arm 4: behavior or
advice (in-person session
at baseline)

MyFitnessPal

—

Arm 1: app; arm 2:
app+(in-person meetings)+social support
(Facebook); arm 3:
app+social support (Facebook)

No control

Lose It!

—

Burke et al, 2017 [50] 3
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App features

Self-monitoring+feedback

Commercial
app

Fitbit

MyFitnessPal

Theoretical framework of the app

—
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Study

Number Intervention description
of arms

Control description

App features

Commercial
app

Theoretical framework of the app

Lee et al, 2019 [51]

3

Arm 1: app; arm 2:
app+behavior or advice
(in-person meetings)

Usual care

Self-monitoring

—

—

Turner-McGrievy and 2
Tate, 2011 [52]

App+behavior or advice
(podcasts)+social support
(Twitter)

Podcasts

Self-monitoring

FatSecret

Social cognitive
theory

Monroe et al, 2019
[53]

2

Arm 1: app+tracker+behav- No control
ior or advice (in-person
meetings)+social support
(support partners)+feedback (written by coach
through website); arm 2:
app+tracker+behavior or
advice (in-person meetings)+feedback (written by
coach through website)

Choi et al, 2019 [54]

2

App+behavior or advice
booklet (1-hour in-person
meeting)

Evangelista et al,
2018 [55]

2

Arm 1: app+tracker+behav- No control
ior or advice (in-person
meetings)+feedback (SMS
text messages by coach);
arm 2: app+tracker+behavior or advice (in-person
meetings)

Self-monitoring

GetFit

—

Kurtzman et al, 2018
[56]

3

Arm 1: app+tracker+social No control
support (support partners)+feedback (SMS text
messages or email or both
by primary care practitioner)+financial incentives;
arm 2: app+tracker+social
support (support partners)+financial incentives;
arm 3: app+tracker+social
support

Self-monitoring

Withings
Health Mate

—

Carter et al, 2013 [12] 3

App+social support (web- Arm 1: social support
based forum)
(web-based forum)+selfmonitoring (web-based);
arm 2: social support (social forum)+self-monitoring (paper diaries)

Self-monitoring+feedback

My Meal
Mate study
mobile app

—

Duncan et al, 2020
[57]

3

Arm 1: app+tracker+adWaitlist
vice or behavior (in-person
counseling sessions); arm
2: same as arm 1+sleep
goals

Self-monitoring+ed- —
ucation+feedback

Social cognitive
theory and self-efficacy theory

Lim et al, 2021 [58]

2

App+behavior or advice
(dietitian contact through
the app)

Not explained

Self-monitoring+ed- —
ucation+feedback

—

Ahn et al, 2020 [59]

2

App

Paper diary

Self-monitoring

—

—

Lugones-Sanchez et
al, 2020 [60]

2

App+tracker+behavior or
advice (5-minute baseline
session)

Standard counseling session (5-minute baseline
session)

Self-monitoring

—

—

Self-monitoring+so- MyFitnesscial support
Pal

Behavior or advice (inSelf-monitoring+ed- —
person meetings+telephone ucation+feedcalls+booklets)
back+gamification

—

—

Not available.
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Assessment of the Risk
The studies selected for the meta-analysis used the following
two types of analyses for the intervention results:
intention-to-treat
and
per-protocol
analyses.
The
intention-to-treat studies (n=21) were assessed for risk, and the
per-protocol studies (n=13) were similarly evaluated. Among
the 21 intention-to-treat studies, 28% (6/21) were determined
to be low risk, 33% (7/21) had some concerns, and 38% (8/21)

Antoun et al
were determined to be high risk. The highest risk was related
to outcome measurement because of the nature of the app and
the consequent lack of blinding. Similarly, among the 13
per-protocol studies, 23% (3/13) were determined to be low
risk, 38% (5/13) had some concerns, and 38% (5/13) were
determined to be high risk. In the per-protocol studies, high risk
was due to deviation from the intended interventions. Figure 2
[12,26-29,32-60] shows a summary of the risk of bias
assessment of the included studies.

Figure 2. Summary of the risk of bias assessment of the included studies performed by using the Cochrane Collaboration tool [12,26-29,32-60].
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Smartphone App Intervention and Weight Loss
Of the 34 included studies, 24 (71%) examined the effectiveness
of smartphone apps on weight loss at 3 and 6 months, whereas
5 (15%) measured the outcomes at 12 months; of these 5, 2
(40%) did not include SD or 95% CI [49,56] and 1 (20%)
included an app in all arms [53]. Consequently, the
meta-analysis and subgroup analysis were performed for the 3and 6-month outcomes. Compared with the control group,
smartphone apps resulted in a pooled net estimate weight loss
of –1.99 kg (95% CI –2.19 to –1.79 kg; I2=81%) and –2.80 kg
(95% CI –3.03 to –2.56 kg; I2=90%) at 3 and 6 months,
respectively (Figure 3 [27,28,32,33,36,39-42,44,48,52,58,60]
and Figure 4 [12,27-29,35-37,39,43,46-48,51,52,54,57,58]).
Subgroup analysis was performed based on the different
interventions that accompanied the use of the mobile app. When
compared with control, the combination of the mobile app,
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tracker, and behavioral interventions showed a statistically
significant weight loss of –2.09 kg (95% CI –2.32 to –1.86 kg;
I2=87%) and –3.77 kg (95% CI –4.05 to –3.49 kg; I2=90%) at
3 and 6 months, respectively (Figures 3 and 4). Another
subgroup analysis was performed based on the type of
behavioral interventions, human-based versus passive. When
compared with control, only the combination of the mobile app
with intensive behavior coaching or feedback by a human coach
showed a statistically significant weight loss of –2.03 kg (95%
CI –2.80 to –1.26 kg; I2=83%) and –2.63 kg (95% CI –2.97 to
–2.29 kg; I2=91%) at 3 and 6 months, respectively (Figure 5
[27,28,32,33,36,42,44,48,50,52,55]
and
Figure
6
[27-29,35,36,43,46,47,51,52,54,57]). The funnel plots
(Multimedia Appendix 3) were symmetrical, suggesting that
there was no publication bias.
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Figure 3.
Forest plot of the effectiveness of mobile phone apps and the additional interventions on weight loss at 3 months
[27,28,32,33,36,39-42,44,48,52,58,60]. IV: inverse variance method.
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Figure 4.
Forest plot of the effectiveness of mobile phone apps and the additional interventions on weight loss at 6 months
[12,27-29,35-37,39,43,46-48,51,52,54,57,58]. IV: inverse variance method.
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Figure 5. Subgroup analysis based on human-based versus passive behavioral interventions in combination with mobile app at 3 months
[27,28,32,33,36,42,44,48,50,52,55]. IV: inverse variance method.
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Figure 6. Subgroup analysis based on human-based versus passive behavioral interventions in combination with mobile app at 6 months
[27-29,35,36,43,46,47,51,52,54,57]. IV: inverse variance method.

Characteristics of the Components of Both the
Intervention and Control Arms
The studies included a total of 50 arms with an app and 35
control arms. Table 3 presents the characteristics of the various
components of both the intervention and control arms. The app
alone was used in 18% (9/50) of the intervention arms, whereas
social and feedback interventions were not common, and
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financial incentives were the least used. The two most common
combinations of interventions included the app, behavior
component, and tracker (10/50, 20%) and app and behavior
component (8/50, 16%). Among the 35 control arms, the
behavior component was present in 21 (60%) and
self-monitoring in 10 (29%), whereas no action was present in
only 4 (11%). Multimedia Appendix 4 shows the details of the
various components by study.
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Table 3. Characteristics of the various components of both the intervention and control arms.

a

Components

Intervention arms (N=50), n (%)a

Control arms (N=35), n (%)a

App

50 (100)

N/Ab

Behavior

32 (64)

21 (60)

Tracker

24 (50)

5 (14)

Social

10 (20)

2 (6)

Feedback

8 (16)

5 (14)

Financial incentives

2 (4)

0 (0)

Meal replacement

1 (2)

1 (3)

Self-monitoring

50 (100)

10 (29)

Usual care or waitlist

N/A

7 (20)

Sum is more than 100% because arms could have more than 1 component.

b

N/A: not applicable.

Features of the Mobile App and Weight Loss
Commercial mobile apps were used in 56% (28/50) of the study
arms. Key features of the mobile apps included self-monitoring
(50/50, 100%), feedback (20/50, 40%), education (15/50, 30%),
social support (12/50, 24%), rewards (7/50, 14%), and

gamification (3/50, 6%; Table 4). Two-thirds of the mobile apps
included 1-2 features. There was no association between weight
loss and any specific feature; neither was there an association
between weight loss and the number of app features (data not
shown).

Table 4. Frequency of app features (N=50).
Frequency, n (%)
Feature
Self-monitoring

50 (100)

Education

15 (30)

Feedback

20 (40)

Social support

12 (24)

Rewards

7 (14)

Gamification

3 (6)

Number of features per app
1

22 (44)

2

9 (18)

3

12 (24)

4

7 (14)

Adherence to Smartphone Apps
In this meta-analysis, of the 34 included articles, 22 (65%)
studied adherence to smartphone apps with diverse approaches
to assessing adherence (Multimedia Appendix 5), leading to
limitations in a direct comparison of their findings; thus, the
results are described in a systematic review rather than a
meta-analysis. Adherence data were extracted from each study,
and a member of the research team (NA) coded the assessments
based on the following four themes: (1) self-monitoring of
weight, (2) self-monitoring of dietary intake, (3) self-monitoring
of physical activity, and (4) interaction with the app. Each of
these themes was defined differently in terms of measurement
of adherence. Of the 22 articles that studied adherence to
smartphone apps, 12 (55%) studies used more than one theme
https://mhealth.jmir.org/2022/4/e35479

XSL• FO
RenderX

of adherence to weight loss apps; therefore, the total number of
studies under each theme is not equal to the combined total
number of studies included in this review.
Although dietary self-monitoring was the most commonly used
adherence method among the studies (16/22, 73%), its
measurement and analysis varied considerably. Studies defined
adherence to dietary self-monitoring with a smartphone app
either as recording any food or calorie intake
[26,27,32,36,43,44,48,49,52,61] or a specific amount of calories
[12,28,50] or a particular number of meals or entries [34,54] or
both [37]. The frequency of dietary intake was based on the
total number of days reported in percentages, ratios, or discrete
numbers. Of the 22 studies, only 1 (5%) measured adherence
as the percentage of participants logging food or calorie intake
JMIR Mhealth Uhealth 2022 | vol. 10 | iss. 4 | e35479 | p. 16
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at least once per week [32]. The adherence rate to dietary intake
ranged from 48% to 79% of the days when using
self-monitoring.
App adherence for self-monitoring of weight and exercise was
recorded in 36% (8/22) [27-29,32,37,38,49,54] and 27% (6/22)
[27,28,36,44,52,54] of the studies, respectively. Common
calculations included mean or percentage of daily recordings,
recording at least once per week, or an average of days that
participants recorded per week.
Of the 22 studies, 9 (41%) reported adherence as the frequency
of the interaction with the app. Adherence was defined as
wearing the wearable [32,33] or logging in [43,45] or opening
the app, irrespective of the participant’s use [39]. The frequency
of wearing the wearable ranged from at least 4-5 days per week
[32,33] to at least 8 hours per day [33]. In contrast, a group of
studies considered counting the daily interaction with specific
app components or features as a sign of adherence [29,34,38,61].
For example, some considered completing entries immediately
after taking photographs of the meal a sign of adherence [34].
Some studies reported positive associations between adherence
and weight change by using combined adherence measurements
[28], tracking adherence with dietary intake app recording
[12,26,27,48], and measuring adherence with physical activity
app recording [44]. In some of the studies [29,33,34,50,52], the
adherence percentage showed evident decline throughout the
study period.

Discussion
Principal Findings
This meta-analysis aims to measure the effectiveness of
smartphone app–based interventions on weight loss, considering
the additional components available in the mobile app. Similar
to previous meta-analyses [13,18], the use of mobile apps
resulted in a small significant weight loss of –2.03 kg (95% CI
–2.57 to –1.5 kg; I2=83%) at 3 months. Although the mobile
apps included different behavioral strategies, all relied on
self-monitoring and only one-third included more than two
features. It is important to note that there was no association
between weight loss and mobile app features. A review of
mobile app features revealed that self-monitoring was most
commonly used, whereas social support and personalized
feedback were less commonly used [62]. Subgroup analysis
integrating additional nonapp intervention components with the
mobile app showed that use of the tracker and behavioral
components resulted in the most significant weight loss of –3.77
kg (95% CI –4.05 to –3.49 kg) at 6 months. Human-based
behavioral interventions were associated with weight loss of
–2.63 kg (95% CI –2.97 to –2.29 kg) at 6 months.
The various app features were not associated with weight loss.
The meta-analysis has shown significant heterogeneity among
the different apps used and the additional nonapp intervention
components, reaching 90% in some forest plots. It is difficult
to determine the role of a mobile app in weight loss management
beyond self-monitoring. Only a few studies (7/36, 19%) based
their work on theoretical frameworks such as social cognitive
theory, transtheoretical models for health behavior change, and
https://mhealth.jmir.org/2022/4/e35479
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self-efficacy theory. Both the transtheoretical framework and
self-efficacy theories rely on the individual, supporting the
importance of self-monitoring as the main feature of mobile
apps. Only social cognitive theory addresses the importance of
support; the study results highlighted the importance of support
by human coaches. The behavioral components of the included
studies in this subgroup analysis were mainly in-person meetings
[28,32,33,40], with additional feedback or telephone calls by a
coach [28,36]. There were numerous smartphone app features
such as self-monitoring with additional feedback [32,36,48],
gamification and awards [33,40], and social support [28]. In the
form of an in-person meeting or telephone call, the human
component, in combination with the user app interactions
through self-monitoring and feedback, is crucial for weight loss.
The need for the human component raises the question of
whether artificial intelligence would raise the mobile apps to a
new level in the management of weight loss [63], such as the
use of chatbots [64,65], and whether users would accept such
a mode of coaching [66].
Weight maintenance is defined as losing 5%-10% of body
weight and maintaining this loss for at least 1 year. In this
meta-analysis, the studies analyzed were mainly short term and
lasted for a maximum of 1 year. Of the 36 studies included in
this systematic review, 2 (6%) had a longer intervention
duration, and neither showed any difference in weight from
baseline between the app-based intervention and the control at
18 months [37] and 24 months [29]. In a systematic review,
Varkevisser et al [67] have provided strong evidence that
behavioral determinants such as self-monitoring of weight and
eating predict weight loss maintenance. Moreover, web-based
interventions were effective for weight maintenance [68]. It
would be helpful to examine further how mobile apps can be a
form of self-regulation and adherence that can help users
maintain weight loss. As obesity is a long-term relapsing disease
and mobile apps are cost-effective, further research should
address whether mobile apps could play a role in weight loss
maintenance.
Some studies in this review and the literature [69-72] suggest
that greater adherence to self-monitoring has been associated
with greater weight loss. However, many articles do not provide
detailed measurements of adherence to self-monitoring in weight
loss apps. Furthermore, the results across studies could not be
accurately compared because of the numerous variations in
measurement methods and the definitions of themes used to
assess adherence. Irrespective of the measurement method used,
adherence to self-monitoring decreased with time, emphasizing
the importance of studying different app features and associated
interventions that could have affected the participants’
adherence. Of note, the variation in adherence measurements
made it challenging to compare data across various studies.
Hence, it is necessary to formulate a well-structured standard
definition of adherence measures that can be used across future
studies.

Strengths and Limitations
To our knowledge, this is the only meta-analysis that has
performed a subgroup analysis based on the add-on interventions
to mobile apps. This meta-analysis also included gray literature
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such as conference abstracts, and the funnel plots showed good
symmetry, excluding the possibility of publication bias. In
contrast, the findings of this meta-analysis should be treated
with caution because of the vast heterogeneity in the studies
that would limit real-life applicability. Moreover, one-third of
the articles had a high risk of bias; however, this bias could not
have been avoided because of the nature of the app and its effect
on blinding. Although some of the studies used commercial
apps, the study team developed most of them. Another limitation
is the heterogeneous behavioral component that ranged from
simple booklets to in-person meetings and telephone calls.

Antoun et al
Finally, it is essential to note that the weight loss outcome was
measured in kilograms rather than as a percentage of weight
loss from baseline.

Conclusions
Mobile phone apps have a role in weight loss management and
result in modest weight loss compared with active control.
Combining a mobile app, tracker, and human-delivered
behavioral component led to the highest degree of weight loss
at 6 months. Further research should use artificial intelligence
to replace the human-delivered behavioral component for better
mobile app use scalability.

Authors' Contributions
JA was responsible for the research idea, design, data collection, analysis, and manuscript writing. HI was responsible for the
research design, data collection, and manuscript writing. NA was responsible for the data collection, analysis, and manuscript
writing. AE was responsible for the data collection and manuscript writing.

Conflicts of Interest
None declared.

Multimedia Appendix 1
Examples of the search strategy with keywords.
[DOCX File , 12 KB-Multimedia Appendix 1]

Multimedia Appendix 2
Summary of the excluded articles and the reasons for exclusion.
[DOCX File , 118 KB-Multimedia Appendix 2]

Multimedia Appendix 3
Funnel plots.
[DOCX File , 36 KB-Multimedia Appendix 3]

Multimedia Appendix 4
Summary of the components of the intervention and control arms of the included studies.
[DOCX File , 27 KB-Multimedia Appendix 4]

Multimedia Appendix 5
Summary of the adherence measures.
[DOCX File , 17 KB-Multimedia Appendix 5]

References
1.

2.
3.

4.

Hartmann-Boyce J, Johns DJ, Jebb SA, Aveyard P, Behavioural Weight Management Review Group. Effect of behavioural
techniques and delivery mode on effectiveness of weight management: systematic review, meta-analysis and meta-regression.
Obes Rev 2014 Jul;15(7):598-609 [FREE Full text] [doi: 10.1111/obr.12165] [Medline: 24636238]
Pagoto S, Schneider K, Jojic M, DeBiasse M, Mann D. Evidence-based strategies in weight-loss mobile apps. Am J Prev
Med 2013 Nov;45(5):576-582. [doi: 10.1016/j.amepre.2013.04.025] [Medline: 24139770]
Azar KM, Lesser LI, Laing BY, Stephens J, Aurora MS, Burke LE, et al. Mobile applications for weight management:
theory-based content analysis. Am J Prev Med 2013 Nov;45(5):583-589. [doi: 10.1016/j.amepre.2013.07.005] [Medline:
24139771]
Michie S, Richardson M, Johnston M, Abraham C, Francis J, Hardeman W, et al. The behavior change technique taxonomy
(v1) of 93 hierarchically clustered techniques: building an international consensus for the reporting of behavior change
interventions. Ann Behav Med 2013 Aug;46(1):81-95. [doi: 10.1007/s12160-013-9486-6] [Medline: 23512568]

https://mhealth.jmir.org/2022/4/e35479

XSL• FO
RenderX

JMIR Mhealth Uhealth 2022 | vol. 10 | iss. 4 | e35479 | p. 18
(page number not for citation purposes)

JMIR MHEALTH AND UHEALTH
5.

6.
7.
8.

9.

10.
11.

12.

13.

14.

15.

16.

17.
18.
19.

20.

21.

22.
23.

24.
25.

Podina IR, Fodor LA, Cosmoiu A, Boian R. An evidence-based gamified mHealth intervention for overweight young adults
with maladaptive eating habits: study protocol for a randomized controlled trial. Trials 2017 Dec 12;18(1):592 [FREE Full
text] [doi: 10.1186/s13063-017-2340-6] [Medline: 29233169]
Tang J, Abraham C, Stamp E, Greaves C. How can weight-loss app designers' best engage and support users? A qualitative
investigation. Br J Health Psychol 2015 Feb;20(1):151-171. [doi: 10.1111/bjhp.12114] [Medline: 25130682]
Podina IR, Fodor LA. Critical review and meta-analysis of multicomponent behavioral e-health interventions for weight
loss. Health Psychol 2018 Jun;37(6):501-515. [doi: 10.1037/hea0000623] [Medline: 29733617]
Wharton CM, Johnston CS, Cunningham BK, Sterner D. Dietary self-monitoring, but not dietary quality, improves with
use of smartphone app technology in an 8-week weight loss trial. J Nutr Educ Behav 2014;46(5):440-444. [doi:
10.1016/j.jneb.2014.04.291] [Medline: 25220777]
Lieffers JR, Arocha JF, Grindrod K, Hanning RM. Experiences and perceptions of adults accessing publicly available
nutrition behavior-change mobile apps for weight management. J Acad Nutr Diet 2018 Feb;118(2):229-39.e3. [doi:
10.1016/j.jand.2017.04.015] [Medline: 28625662]
Yu Z, Sealey-Potts C, Rodriguez J. Dietary self-monitoring in weight management: current evidence on efficacy and
adherence. J Acad Nutr Diet 2015 Dec;115(12):1931-1938. [doi: 10.1016/j.jand.2015.04.005] [Medline: 26028176]
Cavero-Redondo I, Martinez-Vizcaino V, Fernandez-Rodriguez R, Saz-Lara A, Pascual-Morena C, Álvarez-Bueno C.
Effect of behavioral weight management interventions using lifestyle mHealth self-monitoring on weight loss: a systematic
review and meta-analysis. Nutrients 2020 Jul 03;12(7):1977 [FREE Full text] [doi: 10.3390/nu12071977] [Medline:
32635174]
Carter MC, Burley VJ, Nykjaer C, Cade JE. Adherence to a smartphone application for weight loss compared to website
and paper diary: pilot randomized controlled trial. J Med Internet Res 2013 Apr 15;15(4):e32 [FREE Full text] [doi:
10.2196/jmir.2283] [Medline: 23587561]
Flores Mateo G, Granado-Font E, Ferré-Grau C, Montaña-Carreras X. Mobile phone apps to promote weight loss and
increase physical activity: a systematic review and meta-analysis. J Med Internet Res 2015 Nov 10;17(11):e253 [FREE
Full text] [doi: 10.2196/jmir.4836] [Medline: 26554314]
Khokhar B, Jones J, Ronksley PE, Armstrong MJ, Caird J, Rabi D. Effectiveness of mobile electronic devices in weight
loss among overweight and obese populations: a systematic review and meta-analysis. BMC Obes 2014;1:22 [FREE Full
text] [doi: 10.1186/s40608-014-0022-4] [Medline: 26217509]
Hutchesson MJ, Tan CY, Morgan P, Callister R, Collins C. Enhancement of self-monitoring in a web-based weight loss
program by extra individualized feedback and reminders: randomized trial. J Med Internet Res 2016 Apr 12;18(4):e82
[FREE Full text] [doi: 10.2196/jmir.4100] [Medline: 27072817]
Liu F, Kong X, Cao J, Chen S, Li C, Huang J, et al. Mobile phone intervention and weight loss among overweight and
obese adults: a meta-analysis of randomized controlled trials. Am J Epidemiol 2015 Mar 01;181(5):337-348 [FREE Full
text] [doi: 10.1093/aje/kwu260] [Medline: 25673817]
Cai X, Qiu S, Luo D, Wang L, Lu Y, Li M. Mobile application interventions and weight loss in type 2 diabetes: a
meta-analysis. Obesity (Silver Spring) 2020 Mar;28(3):502-509. [doi: 10.1002/oby.22715] [Medline: 31965748]
Islam MM, Poly TN, Walther BA, Jack Li YC. Use of mobile phone app interventions to promote weight loss: meta-analysis.
JMIR Mhealth Uhealth 2020 Jul 22;8(7):e17039 [FREE Full text] [doi: 10.2196/17039] [Medline: 32706724]
Bennett GG, Steinberg D, Askew S, Levine E, Foley P, Batch BC, et al. Effectiveness of an app and provider counseling
for obesity treatment in primary care. Am J Prev Med 2018 Dec;55(6):777-786 [FREE Full text] [doi:
10.1016/j.amepre.2018.07.005] [Medline: 30361140]
Arens JH, Hauth W, Weissmann J. Novel app- and web-supported diabetes prevention program to promote weight reduction,
physical activity, and a healthier lifestyle: observation of the clinical application. J Diabetes Sci Technol 2018
Jul;12(4):831-838 [FREE Full text] [doi: 10.1177/1932296818768621] [Medline: 29584454]
Everett E, Kane B, Yoo A, Dobs A, Mathioudakis N. A novel approach for fully automated, personalized health coaching
for adults with prediabetes: pilot clinical trial. J Med Internet Res 2018 Feb 27;20(2):e72 [FREE Full text] [doi:
10.2196/jmir.9723] [Medline: 29487046]
Lyzwinski LN, Caffery LJ, Bambling M, Edirippulige S. Consumer perspectives on mHealth for weight loss: a review of
qualitative studies. J Telemed Telecare 2018 May;24(4):290-302. [doi: 10.1177/1357633X17692722] [Medline: 28181859]
Semper HM, Povey R, Clark-Carter D. A systematic review of the effectiveness of smartphone applications that encourage
dietary self-regulatory strategies for weight loss in overweight and obese adults. Obes Rev 2016 Sep;17(9):895-906. [doi:
10.1111/obr.12428] [Medline: 27192162]
Webb VL, Wadden TA. Intensive lifestyle intervention for obesity: principles, practices, and results. Gastroenterology
2017 May;152(7):1752-1764. [doi: 10.1053/j.gastro.2017.01.045] [Medline: 28192109]
Levine DM, Savarimuthu S, Squires A, Nicholson J, Jay M. Technology-assisted weight loss interventions in primary care:
a systematic review. J Gen Intern Med 2015 Jan;30(1):107-117 [FREE Full text] [doi: 10.1007/s11606-014-2987-6]
[Medline: 25134692]

https://mhealth.jmir.org/2022/4/e35479

XSL• FO
RenderX

Antoun et al

JMIR Mhealth Uhealth 2022 | vol. 10 | iss. 4 | e35479 | p. 19
(page number not for citation purposes)

JMIR MHEALTH AND UHEALTH
26.

27.

28.

29.

30.
31.

32.
33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

Thompson-Felty C, Johnston CS. Adherence to diet applications using a smartphone was associated with weight loss in
healthy overweight adults irrespective of the application. J Diabetes Sci Technol 2017 Jan;11(1):184-185 [FREE Full text]
[doi: 10.1177/1932296816656209] [Medline: 27334302]
Ross KM, Wing RR. Impact of newer self-monitoring technology and brief phone-based intervention on weight loss: a
randomized pilot study. Obesity (Silver Spring) 2016 Aug;24(8):1653-1659 [FREE Full text] [doi: 10.1002/oby.21536]
[Medline: 27367614]
Spring B, Pellegrini CA, Pfammatter A, Duncan JM, Pictor A, McFadden HG, et al. Effects of an abbreviated obesity
intervention supported by mobile technology: the ENGAGED randomized clinical trial. Obesity (Silver Spring) 2017
Jul;25(7):1191-1198 [FREE Full text] [doi: 10.1002/oby.21842] [Medline: 28494136]
Svetkey LP, Batch BC, Lin PH, Intille SS, Corsino L, Tyson CC, et al. Cell phone intervention for you (CITY): a randomized,
controlled trial of behavioral weight loss intervention for young adults using mobile technology. Obesity (Silver Spring)
2015 Nov;23(11):2133-2141 [FREE Full text] [doi: 10.1002/oby.21226] [Medline: 26530929]
Lyzwinski L. A systematic review and meta-analysis of mobile devices and weight loss with an intervention content analysis.
J Pers Med 2014 Jun 30;4(3):311-385 [FREE Full text] [doi: 10.3390/jpm4030311] [Medline: 25563356]
Higgins JP, Altman DG, Gøtzsche PC, Jüni P, Moher D, Oxman AD, Cochrane Bias Methods Group, Cochrane Statistical
Methods Group. The Cochrane Collaboration's tool for assessing risk of bias in randomised trials. BMJ 2011 Oct 18;343:d5928
[FREE Full text] [doi: 10.1136/bmj.d5928] [Medline: 22008217]
Bender MS, Cooper B, Arai S. A feasible and effective mobile health weight loss lifestyle intervention for Filipinos with
type 2 diabetes. Circulation 2017 Mar 07;135(suppl_1):MP006. [doi: 10.1161/circ.135.suppl_1.mp006]
Fukuoka Y, Gay CL, Joiner KL, Vittinghoff E. A novel diabetes prevention intervention using a mobile app: a randomized
controlled trial with overweight adults at risk. Am J Prev Med 2015 Aug;49(2):223-237 [FREE Full text] [doi:
10.1016/j.amepre.2015.01.003] [Medline: 26033349]
Whitelock V, Kersbergen I, Higgs S, Aveyard P, Halford JC, Robinson E. A smartphone based attentive eating intervention
for energy intake and weight loss: results from a randomised controlled trial. BMC Public Health 2019 May 21;19(1):611
[FREE Full text] [doi: 10.1186/s12889-019-6923-x] [Medline: 31113400]
Vaz CL, Suthar AG, Pousti BT, Aye SM, Williams KJ, Zhao H. A smartphone app-based lifestyle intervention promotes
weight loss-results of a prospective, randomized, controlled clinical trial (RCT). Diabetes 2018 Jul 1;67(Supplement_1):A543.
[doi: 10.2337/db18-2070-P]
Rogers RJ, Lang W, Barone Gibbs B, Davis KK, Burke LE, Kovacs SJ, et al. Applying a technology-based system for
weight loss in adults with obesity. Obes Sci Pract 2016 Mar;2(1):3-12 [FREE Full text] [doi: 10.1002/osp4.18] [Medline:
27812375]
Thomas JG, Bond DS, Raynor HA, Papandonatos GD, Wing RR. Comparison of smartphone-based behavioral obesity
treatment with gold standard group treatment and control: a randomized trial. Obesity (Silver Spring) 2019 Apr;27(4):572-580
[FREE Full text] [doi: 10.1002/oby.22410] [Medline: 30779333]
Brindal E, Hendrie G, Freyne J, Coombe M, Berkovsky S, Noakes M. Design and pilot results of a mobile phone weight-loss
application for women starting a meal replacement programme. J Telemed Telecare 2013 Apr;19(3):166-174. [doi:
10.1177/1357633X13479702] [Medline: 23520213]
Laing BY, Mangione CM, Tseng CH, Leng M, Vaisberg E, Mahida M, et al. Effectiveness of a smartphone application for
weight loss compared with usual care in overweight primary care patients: a randomized, controlled trial. Ann Intern Med
2014 Nov 18;161(10 Suppl):S5-12 [FREE Full text] [doi: 10.7326/M13-3005] [Medline: 25402403]
Shin DW, Yun JM, Shin JH, Kwon H, Min HY, Joh HK, et al. Enhancing physical activity and reducing obesity through
smartcare and financial incentives: a pilot randomized trial. Obesity (Silver Spring) 2017 Feb;25(2):302-310. [doi:
10.1002/oby.21731] [Medline: 28063226]
Gilmore LA, Klempel MC, Martin CK, Myers CA, Burton JH, Sutton EF, et al. Personalized mobile health intervention
for health and weight loss in postpartum women receiving women, infants, and children benefit: a randomized controlled
pilot study. J Womens Health (Larchmt) 2017 Jul;26(7):719-727 [FREE Full text] [doi: 10.1089/jwh.2016.5947] [Medline:
28338403]
Tanaka K, Sasai H, Wakaba K, Murakami S, Ueda M, Yamagata F, et al. Professional dietary coaching within a group chat
using a smartphone application for weight loss: a randomized controlled trial. J Multidiscip Healthc 2018;11:339-347
[FREE Full text] [doi: 10.2147/JMDH.S165422] [Medline: 30038502]
Allen JK, Stephens J, Dennison Himmelfarb CR, Stewart KJ, Hauck S. Randomized controlled pilot study testing use of
smartphone technology for obesity treatment. J Obes 2013;2013:151597 [FREE Full text] [doi: 10.1155/2013/151597]
[Medline: 24392223]
Stephens JD, Yager AM, Allen J. Smartphone technology and text messaging for weight loss in young adults: a randomized
controlled trial. J Cardiovasc Nurs 2017;32(1):39-46 [FREE Full text] [doi: 10.1097/JCN.0000000000000307] [Medline:
26646593]
Hales S, Turner-McGrievy GM, Wilcox S, Fahim A, Davis RE, Huhns M, et al. Social networks for improving healthy
weight loss behaviors for overweight and obese adults: a randomized clinical trial of the social pounds off digitally (Social
POD) mobile app. Int J Med Inform 2016 Oct;94:81-90. [doi: 10.1016/j.ijmedinf.2016.07.003] [Medline: 27573315]

https://mhealth.jmir.org/2022/4/e35479

XSL• FO
RenderX

Antoun et al

JMIR Mhealth Uhealth 2022 | vol. 10 | iss. 4 | e35479 | p. 20
(page number not for citation purposes)

JMIR MHEALTH AND UHEALTH
46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.
63.

64.

Hartman SJ, Nelson SH, Cadmus-Bertram LA, Patterson RE, Parker BA, Pierce JP. Technology- and phone-based weight
loss intervention: pilot RCT in women at elevated breast cancer risk. Am J Prev Med 2016 Nov;51(5):714-721 [FREE Full
text] [doi: 10.1016/j.amepre.2016.06.024] [Medline: 27593420]
Haufe S, Kerling A, Protte G, Bayerle P, Stenner HT, Rolff S, et al. Telemonitoring-supported exercise training, metabolic
syndrome severity, and work ability in company employees: a randomised controlled trial. Lancet Public Health 2019
Jul;4(7):e343-e352 [FREE Full text] [doi: 10.1016/S2468-2667(19)30075-1] [Medline: 31204284]
Turner-McGrievy GM, Wilcox S, Boutté A, Hutto BE, Singletary C, Muth ER, et al. The dietary intervention to enhance
tracking with mobile devices (DIET mobile) study: a 6-month randomized weight loss trial. Obesity (Silver Spring) 2017
Aug;25(8):1336-1342 [FREE Full text] [doi: 10.1002/oby.21889] [Medline: 28600833]
Jospe MR, Roy M, Brown RC, Williams SM, Osborne HR, Meredith-Jones KA, et al. The effect of different types of
monitoring strategies on weight loss: a randomized controlled trial. Obesity (Silver Spring) 2017 Sep;25(9):1490-1498.
[doi: 10.1002/oby.21898] [Medline: 28703448]
Burke LE, Zheng Y, Ma Q, Mancino J, Loar I, Music E, et al. The SMARTER pilot study: testing feasibility of real-time
feedback for dietary self-monitoring. Prev Med Rep 2017 Jun;6:278-285 [FREE Full text] [doi: 10.1016/j.pmedr.2017.03.017]
[Medline: 28409090]
Lee JH, Shim J, Yeom H, Lee SJ, Kim HC. Abstract MP69: The weight loss by using the smartphone application for people
with metabolic abnormalities: a randomized controlled trial. Circulation 2019 Mar 05;139(Suppl_1):MP69. [doi:
10.1161/circ.139.suppl_1.mp69]
Turner-McGrievy G, Tate D. Tweets, apps, and pods: results of the 6-month mobile pounds off digitally (mobile POD)
randomized weight-loss intervention among adults. J Med Internet Res 2011 Dec 20;13(4):e120 [FREE Full text] [doi:
10.2196/jmir.1841] [Medline: 22186428]
Monroe CM, Geraci M, Larsen CA, West DS. Feasibility and efficacy of a novel technology-based approach to harness
social networks for weight loss: the NETworks pilot randomized controlled trial. Obes Sci Pract 2019 Aug;5(4):354-365
[FREE Full text] [doi: 10.1002/osp4.352] [Medline: 31452920]
Choi B, Dhawan T, Metzger K, Marshall L, Akbar A, Jain T, et al. Intervention to alter dietary consumption to a
Mediterranean diet in an American cardiology patient population: a randomized controlled trial of coaching delivered via
smartphone app versus traditional counseling. J Am Coll Cardiol 2018 Mar;71(11):A1741. [doi:
10.1016/s0735-1097(18)32282-4]
Evangelista L, Cacciata M, Lombardo D, Stromberg A. Reduced body weight, improved physical activity and healthier
eating with fitness intensive therapy (Get FIT) vs. Get FIT+: a feasibility study. J Heart Lung Transplant 2018 Apr;37(4):S118.
[doi: 10.1016/j.healun.2018.01.281]
Kurtzman GW, Day SC, Small DS, Lynch M, Zhu J, Wang W, et al. Social incentives and gamification to promote weight
loss: the LOSE IT randomized, controlled trial. J Gen Intern Med 2018 Oct;33(10):1669-1675 [FREE Full text] [doi:
10.1007/s11606-018-4552-1] [Medline: 30003481]
Duncan MJ, Fenton S, Brown WJ, Collins CE, Glozier N, Kolt GS, et al. Efficacy of a multi-component m-health weight-loss
intervention in overweight and obese adults: a randomised controlled trial. Int J Environ Res Public Health 2020 Aug
26;17(17):6200 [FREE Full text] [doi: 10.3390/ijerph17176200] [Medline: 32859100]
Lim SL, Ong KW, Johal J, Han CY, Yap QV, Chan YH, et al. Effect of a smartphone app on weight change and metabolic
outcomes in Asian adults with type 2 diabetes: a randomized clinical trial. JAMA Netw Open 2021 Jun 01;4(6):e2112417
[FREE Full text] [doi: 10.1001/jamanetworkopen.2021.12417] [Medline: 34081137]
Ahn JS, Lee H, Kim J, Park H, Kim DW, Lee JE. Use of a smartphone app for weight loss versus a paper-based dietary
diary in overweight adults: randomized controlled trial. JMIR Mhealth Uhealth 2020 Jul 31;8(7):e14013 [FREE Full text]
[doi: 10.2196/14013] [Medline: 32735225]
Lugones-Sanchez C, Sanchez-Calavera MA, Repiso-Gento I, Adalia EG, Ramirez-Manent JI, Agudo-Conde C, EVIDENT
3 Investigators. Effectiveness of an mHealth intervention combining a smartphone app and smart band on body composition
in an overweight and obese population: randomized controlled trial (EVIDENT 3 study). JMIR Mhealth Uhealth 2020 Nov
26;8(11):e21771 [FREE Full text] [doi: 10.2196/21771] [Medline: 33242020]
Nyström CD, Sandin S, Henriksson P, Henriksson H, Trolle-Lagerros Y, Larsson C, et al. Mobile-based intervention
intended to stop obesity in preschool-aged children: the MINISTOP randomized controlled trial. Am J Clin Nutr 2017
Jun;105(6):1327-1335. [doi: 10.3945/ajcn.116.150995] [Medline: 28446496]
Rivera J, McPherson A, Hamilton J, Birken C, Coons M, Iyer S, et al. Mobile apps for weight management: a scoping
review. JMIR Mhealth Uhealth 2016 Jul 26;4(3):e87 [FREE Full text] [doi: 10.2196/mhealth.5115] [Medline: 27460502]
Stein N, Brooks K. A fully automated conversational artificial intelligence for weight loss: longitudinal observational study
among overweight and obese adults. JMIR Diabetes 2017 Nov 01;2(2):e28 [FREE Full text] [doi: 10.2196/diabetes.8590]
[Medline: 30291087]
Pereira J, Díaz Ó. Using health chatbots for behavior change: a mapping study. J Med Syst 2019 Apr 04;43(5):135. [doi:
10.1007/s10916-019-1237-1] [Medline: 30949846]

https://mhealth.jmir.org/2022/4/e35479

XSL• FO
RenderX

Antoun et al

JMIR Mhealth Uhealth 2022 | vol. 10 | iss. 4 | e35479 | p. 21
(page number not for citation purposes)

JMIR MHEALTH AND UHEALTH
65.

66.

67.
68.

69.

70.

71.
72.

Antoun et al

Zhang J, Oh YJ, Lange P, Yu Z, Fukuoka Y. Artificial intelligence chatbot behavior change model for designing artificial
intelligence chatbots to promote physical activity and a healthy diet: viewpoint. J Med Internet Res 2020 Sep 30;22(9):e22845
[FREE Full text] [doi: 10.2196/22845] [Medline: 32996892]
Huang CY, Yang MC. Empirical investigation of factors influencing consumer intention to use an artificial
intelligence-powered mobile application for weight loss and health management. Telemed J E Health 2020
Oct;26(10):1240-1251. [doi: 10.1089/tmj.2019.0182] [Medline: 31971883]
Varkevisser RD, van Stralen MM, Kroeze W, Ket JC, Steenhuis IH. Determinants of weight loss maintenance: a systematic
review. Obes Rev 2019 Feb;20(2):171-211 [FREE Full text] [doi: 10.1111/obr.12772] [Medline: 30324651]
Sorgente A, Pietrabissa G, Manzoni GM, Re F, Simpson S, Perona S, et al. Web-based interventions for weight loss or
weight loss maintenance in overweight and obese people: a systematic review of systematic reviews. J Med Internet Res
2017 Jun 26;19(6):e229 [FREE Full text] [doi: 10.2196/jmir.6972] [Medline: 28652225]
Peterson ND, Middleton KR, Nackers LM, Medina KE, Milsom VA, Perri MG. Dietary self-monitoring and long-term
success with weight management. Obesity (Silver Spring) 2014 Sep;22(9):1962-1967 [FREE Full text] [doi:
10.1002/oby.20807] [Medline: 24931055]
Krukowski RA, Harvey-Berino J, Bursac Z, Ashikaga T, West DS. Patterns of success: online self-monitoring in a web-based
behavioral weight control program. Health Psychol 2013 Feb;32(2):164-170 [FREE Full text] [doi: 10.1037/a0028135]
[Medline: 22545978]
Burke LE, Wang J, Sevick MA. Self-monitoring in weight loss: a systematic review of the literature. J Am Diet Assoc 2011
Jan;111(1):92-102 [FREE Full text] [doi: 10.1016/j.jada.2010.10.008] [Medline: 21185970]
Payne JE, Turk MT, Kalarchian MA, Pellegrini CA. Defining adherence to dietary self-monitoring using a mobile app: a
narrative review. J Acad Nutr Diet 2018 Nov;118(11):2094-2119. [doi: 10.1016/j.jand.2018.05.011] [Medline: 30115555]

Abbreviations
PRISMA: Preferred Reporting Items for Systematic Reviews and Meta-Analyses

Edited by L Buis; submitted 06.12.21; peer-reviewed by G Papandonatos, B Kang; comments to author 25.01.22; revised version
received 09.02.22; accepted 11.03.22; published 08.04.22
Please cite as:
Antoun J, Itani H, Alarab N, Elsehmawy A
The Effectiveness of Combining Nonmobile Interventions With the Use of Smartphone Apps With Various Features for Weight Loss:
Systematic Review and Meta-analysis
JMIR Mhealth Uhealth 2022;10(4):e35479
URL: https://mhealth.jmir.org/2022/4/e35479
doi: 10.2196/35479
PMID:

©Jumana Antoun, Hala Itani, Natally Alarab, Amir Elsehmawy. Originally published in JMIR mHealth and uHealth
(https://mhealth.jmir.org), 08.04.2022. This is an open-access article distributed under the terms of the Creative Commons
Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction
in any medium, provided the original work, first published in JMIR mHealth and uHealth, is properly cited. The complete
bibliographic information, a link to the original publication on https://mhealth.jmir.org/, as well as this copyright and license
information must be included.

https://mhealth.jmir.org/2022/4/e35479

XSL• FO
RenderX

JMIR Mhealth Uhealth 2022 | vol. 10 | iss. 4 | e35479 | p. 22
(page number not for citation purposes)

