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Abstract

Background: Evidence on the long-term effects of weight management smartphone apps on various weight-related outcomes
remains scarce.

Objective: In this review, we aimed to examine the effects of smartphone apps on anthropometric, metabolic, and dietary
outcomes at various time points.

Methods: Articles published from database inception to March 10, 2022 were searched, from 7 databases (Embase, CINAHL,
PubMed, PsycINFO, Cochrane Library, Scopus, and Web of Science) using forward and backward citation tracking. All randomized
controlled trials that reported weight change as an outcome in adults with overweight and obesity were included. We performed
separate meta-analyses using random effects models for weight, waist circumference, high-density lipoprotein cholesterol,
low-density lipoprotein cholesterol, blood glucose level, blood pressure, and total energy intake per day. Methodological quality
was assessed using the Cochrane Risk of Biastool.

Results: Based on our meta-analyses, weight loss was sustained between 3 and 12 months, with a peak of 2.18 kg at 3 months
that tapered down to 1.63 kg at 12 months. We did not find significant benefits of weight |oss on the secondary outcomes examined,
except for adlight improvement in systolic blood pressure at 3 months. Most of the included studies covered app-based interventions
that comprised of components beyond food logging, such asreal-time diet and exercise self-monitoring, personalized and remote
progress tracking, timely feedback provision, smart devices that synchronized activity and weight data to smartphones, and
libraries of diet and physical activity ideas.

Conclusions: Smartphone weight loss apps are effective in initiating and sustaining weight loss between 3 and 12 months, but
their effects are minimal in their current states. Future studies could consider the various aspects of the socioecological model.
Conversational and dialectic components that simulate health coaches could be useful to enhance user engagement and outcome
effectiveness.

Trial Registration: International Prospective Register of Systematic Reviews (PROSPERO) CRD42022329197;
https://www.crd.york.ac.uk/prospero/display_record.php?Recordl D=329197

(J Med Internet Res 2022;24(9):e40141) doi: 10.2196/40141
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Introduction

Obesity is a metabolic disorder characterized by an excessive
accumulation of fat, which iswell known to increase one’srisk
of cardiometabolic diseases [1], psychological stress [2], and
improve overall quality of life [3]. A weight reduction of
5%-10% has been shown to lower the risk of cardiometabolic
diseases by improving cardiometabolic measures such as high
waist circumference, high-density lipoprotein cholesterol
(HDL-C), low-density lipoprotein cholesterol (LDL-C), high
blood glucose level, and high blood pressure [4]. However,
weight lossthrough behavioral modification remains challenging
because of the lack of self-regulation and motivation [5].

Common weight management strategies include lifestyle
modifications (eg diet and exercise), medications, and surgery,
of which the former remains the safest, most conservative, and
most adopted option. Self-regulation strategies such as
self-monitoring, goal setting, action planning, and relapse
prevention (eg, coping planning, stress and emotion
management, and dietary lapse prevention) have been shown
toimprove weight loss and weight oss maintenance [ 6]. Recent
research has also reported benefits of using technology to help
users to promote a state of calorie deficit through dietary
self-regulation. However, the implementation of such
self-regulation strategies and their long-term effects on weight
|oss maintenance remain unclear.

Several meta-analyses have examined the effectiveness of
smartphone apps on weight loss in adults but with several
limitations. In 2015, the first meta-analysis on the effectiveness
of mobile phone apps reported a significant weight loss of 1.04
kg [7]. This meta-analysis was based on 12 articles searched
from 3 electronic databases. Articles on people with diseases
other than obesity and mobileinterventionswith only SM Stext
messaging were excluded [7]. Another study focused on the
effects of mobile apps on weight loss in the Asian population
and reported asmall to moderate interventional effect on weight
loss (Hedges g=—0.26) [8]. Lastly, astudy on both children and
adults reported a pooled interventional effect- of —1.07 kg on
weight loss. However, these reviewsincluded studies of various
study designs, such as randomized controlled trials (RCTS),
case-control studies, and quasi-experimental studies, which
could have reduced the quality and certainty of evidence [7].
Moreover, these systematic reviews included studies on both
people with normal and high BMI [7,9] and studies on people
with and without diseases (eg, cardiovascular diseases) [8].
These limitations render the interventional effects on each
unique population unclear.

To the best of our knowledge, none of these systematic reviews
examined the effects of smartphone apps on anthropometric,
metabolic, and dietary outcomes across multiple time pointsto
examine the sustainability of interventional effects on these
outcomes. Therefore, we aimed to examine the effects of
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smartphone apps on anthropometric, metabolic, and dietary
outcomes.

Methods

Overview

We conducted thisreview according to the PRISMA (Preferred
Reporting Items for Systematic Reviews and Meta-Analyses)
guidelines[10] (Multimedia Appendix 1) and registered it with
PROSPERO (International Prospective Register of Systematic
Reviews, CRD42022329197). Two or more reviewers assessed
the study selection and risk of bias (ROB). Interrater agreements
were assessed using Cohen k, where Cohen k=0.00-0.20
indicates no agreement, Cohen k=0.21-0.39 indicates weak
agreement, Cohen k=0.40-0.59 indicates minimal agreement,
Cohen k=0.60-0.79 indicates moderate agreement, Cohen
k=0.80-0.90 indicates strong agreement, and Cohen k>0.90
indicates almost perfect agreement [11].

Search Strategy

We conducted a systematic search through 7 databases
(CINAHL, PsycINFO, PubMed, Scopus, Cochrane Library,
and Web of Science) for relevant articles published from
database inception to March 10, 2022. Keywords and Medical
Subject Headings terms were first searched through PubMed
and Embase to permute more keywords, namely, smartphone
application, phone application, mobile, app, m-health, mHealth,
obesity, overweight, body weight, weight loss, weight reduction,
and weight management (Multimedia Appendix 2 providesthe
detailed database keyword search). Citations were screened
using the EndNote software (Clarivate). Full-text articles were
independently screened by 3 reviewers (HSJC, JSHYN, and
WLK).

Study Selection

Titles and abstracts were first screened by HSJC according to
the eligibility criteriacrafted using the population, intervention,
comparison condition, outcomes, and study design framework.
Full-text articleswere screened independently by HSIC, JSHY N,
and WLK. Discrepancieswere resolved among the 3 reviewers.
Articleswere included if they (1) were about people with high

BMI (=25 kg/m? for Western populations and =23 kg/m? for
Asian populations; (2) examined the effectiveness of a
smartphone app; (3) examined interventional effect on at |least
weight loss as an outcome; (4) reported outcomes beyond
baseline and after intervention; and (5) had an RCT study design.
Articles were excluded if they (1) focused on people with
medical conditions (excluding overweight and obesity), (2)
were not empirical RCTs (eg, pilot studies and secondary
analyses of RCTs, in which case the origina RCT was
retrieved), (3) examined smartphone apps that only provided
SMSS text messaging interventions such as SMS text message
reminders, and (4) did not have an English version of the
manuscript.
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Data Extraction

Data extraction was performed independently by HSJC and
WLK according to an Excel spreadsheet template for
information on the following criteria: authors, year of
publication, country, sample size, sample characteristics, the

cutoff BMI score for having overweight (kg/m?), mean age,
percentage of male participants, socioeconomic status,
educational level, weight measure, baseline weight, baseline
BMI, app components, control condition, intervention duration,
follow-up time points, attrition rate by thetime of analysis, any
significant baseline differences between the participantsretained
and those lost to foll ow-up, missing data management, whether
the protocol was registered, whether the study was funded, and
study outcomes in terms of mean (SD), mean (SE), or mean
difference (MD; 95% Cls). For data extraction from 3-armed
RCTs, pooled intervention outcome data were used if both
intervention arms comprised different apps. Otherwise, only
the intervention arm with a smartphone app was extracted. For
studiesthat reported a separate intervention arm with additional
nonapp components, data were not extracted.

M ethodological Quality

The Cochrane ROB Tool was used to rate the articles
methodological quality as low, unclear, and high ROB based
on 6 domains, namely random sequence generation, allocation
concealment, blinding of participants and personnel, blinding
of outcome assessment, outcome data completeness, and
selectivereporting [12]. Ratings were performed independently
by JSHYN and WLK and discrepancies were resolved through
discussions with HSIC. We planned to assess the certainty of
evidence using the Grading of Recommendations, Assessment,
Development, and Evauation approach but decided not to
because of the limited number of studies available and a
relatively high ROB, which would not have allowed usto derive
ameaningful conclusion on the certainty of evidence.

Data Analysis

Sample variance estimates reported as SEs and Cls were
converted to SD. The unit kJ/day was converted to kcal/day and
Ib was converted to kg. Weight, waist circumference, blood
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glucose, total energy intake, and blood pressure effect sizes
were estimated using weighted MDs (WM Ds), whereasHDL -C
and LDL-C were estimated using standardized MDs (SMDs).
SMDswere adjusted by using Hedges g to account for the small
number of studiesincluded in the meta-analyses. Some studies
reported results from multiple time points beyond 6 months (ie,
9, 18, and 24 months). Therefore, resultsfrom the most reported
time points were used for the meta-analyses to prevent bias
arising from repeated measures. All meta-analyses were
conducted using random effects models with generic inverse
variance and adjusted using the Hartung-K napp-Sidik-Jonkman
method instead of the commonly used DerSimonian-Laird
method, as it has been shown to produce fewer type | errors,
especialy for analyses with a small number of studies [13].
Between-study heterogeneity was estimated using the T° statistic
and quantified using the 12 statistic, where 25%, 50%, and 75%
indicate a small, moderate, and large degree of heterogeneity,
respectively [14]. Sensitivity analyseswere performed to assess
the individual effects of each study on the pooled effect size
estimates, and publication bias was assessed using funnel plots
and the Egger test, when possible. All statistical analyses were
performed using R (version 4.1.3) [15].

Results

Overview

Of the 3576 articles retrieved from our systematic database
search, 1584 (44.3%) duplicate articleswere removed, resulting
in 1992 (55.7%) titles and abstracts screened for eligibility.
After excluding 90.8% (1808/1992) of articlesbased onthetitle
and abstract screening, 9.2% (184/1992) full textswere assessed,
of which 168 (91.3%) articleswere excluded for reasons shown
in Figure 1. We aso searched through the references of the
included articles, but no additional articlesfulfilled theinclusion
criteria. A total of 16 articles were included in the review, with
68 unique effect sizes included in the meta-analyses. The
interrater agreement statisticsfor theinclusion of thearticleand
overall ROB were Cohen k=0.77; P<.001 and Cohen k=0.71;
P=.003, respectively, indicating moderate agreements.
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Figurel. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flowchart.
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Study Characteristics

The 16 articles represented 2870 participants with overweight
or obesity, with mean ages ranging from 22.7 years to 70.1
years, mean body weight ranging from 70.6 kg to 114.1 kg (2
studies did not report data on weight [16,17]), mean BMI

ranging from 27.5 kg/m? to 36.2 kg/m?, and the proportion of
male participants ranging from 9.3% to 100%. Most studies
(12/16, 75%) were conducted in the United States, except for
1 each from the United Kingdom [18], Australia [19], Japan
[20], and China [21]. The attrition rates ranged from 0.5% to
46.6%. A total of 69% (11/16) of articles reported data that
reflected the sampl€e's socioeconomic status, and 81% (13/16)
of articles reported data on the sample’s education level. More
details on the study characteristics are shown in Table 1, and
additiona information on socioeconomic status, education level,
presence of group differences between participantsretained and
dropped out, protocol registration, and funding is shown in
Multimedia Appendix 3[16-31]. Most included studies (12/16,
75%) covered app-based interventions that were beyond purely
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food logging, such as real-time self-monitoring of diet and
exercise, regular messages tailored according to user progress,
timely feedback, smart devices that synchronized activity and
weight data to smartphones, personalized progress reports,
libraries of diet and physical activity ideas, and remote progress
monitoring. Of these 16 articles, 4 (25%) included control
conditions that provided app-based food logging [17,22-24].
The intervention duration ranged from 12 weeks to 24 months
and the follow-up time points ranged from 8 weeks to 24
months. The intervention characteristics for each article are
detailedin Multimedia Appendix 4 [16-31]. Most articles (10/16,
62%) were rated as having an unclear ROB, and 38% (6/16) of
articleswererated ashaving ahigh ROB (Multimedia A ppendix
5 [16-31]). Moreover, 38% (6/16) of articles were rated as
having a high ROB for performance bias because of the
difficultiesin blinding both the i nterventionists and partici pants,
whichiscommon in such behavior-change studies (Multimedia
Appendix 5 [16-31]). Owing to the varying outcome
measurement time points, results were analyzed at <3 months,
3 months, 6 months, and >6 months whenever possible.
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Table 1. Characteristics of the 16 included randomized controlled trial articles.
Study Trialaams  Sample Age Proportion  Baselineweight  Atirition rate®, %; Missing data man- Reported on ses:
(n); country  size(n) (years), of males % (kg), mean;base- precenceof group  98Ment; protocol  eqycational level
mean line BMI ) c registration; funding
2 differences
(kg/m*), mean
Carter et al 3; United 128 419 227 96.9; 34.2 38.3; yes ITTS yes, yes Yes, yes
[18], 2013 Kingdom
Duncan[19], 3;Austrdia 116 45 293 90.7; 31.7 46.6; yes ITT; yes, yes Yes; yes
2020
Dunn et a 2; United 43 24 93 st; 345 30; NS ITT; yes, yes Yes; yes
[17], 2019 States
Eisenhauer et 2; United 80 54.2 100 114.1; 35.6 7.5,NS NS, yes, yes Yes, yes
al [22],2021  States
Falkenhainet  2; United 155 41 29 94.4; 335 25.2; nil ITT; yes, yes Yes, yes
al [23],2021  States
Godinoeta  2; United 404 22.7 29.7 80.7; 29 15.6; nil ITT; yes, yes Yes, yes
[30], 2016 States
Johnstoneta  2; United 292 46.5 10.2 90.1; 33 12; nil ITT; no; yes Yes, yes
[26], 2013 States
Kurtzmanetal 3; United 196 414 14.3 102.5; 36.2 4.5, NS ITT; yes, yes Yes; yes
[29], 2018 States
Martin et a 2; United 40 4.4 175 80.3; 29.8 5.0; NS ITT; yes, yes NS; NS
[25], 2015 States
Patel et al 3; United 105 2.7 16 89.6; 31.9 26.7; NS ITT; yes, yes Yes; yes
[24], 2019 States
Rosaset a 2; United 192 502 382 87.1;324 0.5; NS PPY; yes, yes Yes, yes
[31], 2020 States
Ross et a 3; United 80 51.1 13.8 89.3; 33 10; NS ITT; yes, yes NS; NS
[27], 2016 States
Spring et a 3; United 96 39.3 15.6 94.8; 34.6 13.5; yes ITT; yes, yes NS; Yes
[28], 2017 States
Tanakaet a 2; Japan 112 46.3 9.1 83.2; 28 27.7; NS ITT; yes; yes NS; NS
[20], 2018
Turner-Mc- 2; United 81 48.1 17.3 NS; 33.4 25; nil ITT; yes, yes Yes; yes
Grievy et a States
[16], 2017
Zhou et d 3; China 750 701 461 70.6; 27.5 14.4; NS NS; yes; yes NS; Yes
[21], 2021

Details of the group differences, protocol registration, funding, reports on socioeconomic status, and educational levels are presented in Multimedia

Appendix 3 [16-31].
PAfttrition rate by last outcome measurement time point.

CGroup differences between participants who were retained and dropped out.

ISES: socioeconomic status.
I TT: intention-to-treat.
NS: not specified.

9PP: per-protocol analysis.

Weight L oss

All 16 articles reported results on weight change. A tota of
38% (6/16) of articles reported results of weight change at 3
months, of which 4 (67%) reported significant weight loss
[18,20,21,25] and 2 (33%) reported otherwise[17,24]. Of these
4 articles, 2 (50%) reported results of 2 intervention arms with
consistent findings on interventional effects on weight change

https://www.jmir.org/2022/9/e40141

RenderX

and were analyzed as 4 studies in the meta-analysis [21,24].
The pooled WMD suggested a nonsignificant interventional
effect on weight loss at <3 months (sample size, n=8;
WMD=-1.15, 95% CI -3.02to -0.72; P=.19; 1°=91.3%; Figure
2 and Table 2).

Of the 16 articles, 11 (69%) reported results of weight change
at 3 months, of which 8 (50%) reported significant weight loss

JMed Internet Res 2022 | vol. 24 | iss. 9| 40141 | p. 5
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

[16,20,21,23,25-28] and 3 (19%) reported otherwise [22,24,29].
The pooled WMD for weight loss suggested statistically
significant interventional effects a 3 months (n=11;
WMD=-2.18, 95% CI -3.59 to -0.78; P=.006; 1°=87.3%). A
subgroup analysis was also conducted, in which the
heterogeneity between studieswas not attributed to whether the
respective control groups received an app-based intervention
(Q21:O.34; P=.56; Figure 3 and Table 2). No publication bias
was detected based on the symmetry of the funnel plot and the
Egger test (0.85; t=0.31; P=.76; Figure 4).

A total of 75% (12/16) of articles reported results of weight
change at 6 months, of which 7 (44%) reported significant
weight 10ss[16,18,22,23,26-28], and 5 (31%) reported otherwise
[17,19,24,29,30]. The pooled WMD for weight loss suggested
statistically significant interventional effectsat 6 months (n=13;

Chew et d

WMD=-2.15, 95% ClI -3.25 to —1.05; t=—4.26; P=.001;
12=52.4%; Figure 5 and Table 2). A subgroup analysiswas also
conducted, in which the heterogeneity between studies was not
attributed to whether the respective control groups received an
app-based intervention (Q=0.40; P=.53; Figure 5 and Table 2).
No publication bias was detected based on the symmetry of the
funnel plot and the Egger test (—0.74; P=.63; Figure 6).

In addition, 25% (4/16) of articles reported results of weight
change at 12 months, of which 2 (50%) reported significant
weight loss [30,31], and 2 (50%) reported otherwise [19,28].
Interventional effect was assessed at 9 months[29], 18 months
[30], and 24 months [31]; only 6% (1/16) of articles reported
significant weight loss at both 18 and 24 months [30]. The
pooled WMD for weight loss suggested statistically significant
interventional effects at 9 to 12 months (n=5; WMD=-1.63,

95% CI —2.99 to —0.26; P=.03; 1°=0%; Figure 7 and Table 2).

Figure 2. Anillustration of the summary statistics of the intervention and control groups in each study included in the meta-analysis on the effect of
smartphone weight loss apps on weight loss before 3 months. MD: mean difference.

Experimental Control
Study Total Mean SD Total Mean SD
Tanaka et al., 2018 75 140 261 37 010 150
Patel etal , 2019 (2) 34 080 2.00 17 176 1.39
Patel et al_, 2019 (1) 32 125 200 17 176 1.39
Martin et al_, 2015 20 620 210 20 -040 210
Dunn et al_, 2019 22 220 375 19 150 348
Zhou et al_, 2021 (1) 237 68.90 890 101 69.90 10.30
Zhou et al., 2021 (2) 203 69.70 950 101 €9.90 10.30
Carter et al., 2013 43 9390 16.25 43 9590 19.33
Random effects model 666 355

Prediction interval
Heterogeneity: I* = 91%, «° = 46306, p < 0.01
Test for overall effect: {7 =-1.46 (p = 0.19)
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MD 95%-Cl Weight
150 [-2.26; -0.74]
0.96 [0.02; 1.90]
0.51 [-0.45; 1.47]
5.80 [-7.10; -4.50]
0.70 [-2.91; 1.51]
1.00 [-3.31; 1.31]
0.20 [-2.60; 2.20]

15.3%
15.0%
15.0%
14.4%
12.4%
12.2%
11.9%

200 [9.55; 5.55] 3.8%

-1.15 [-3.02; 0.72] 100.0%
[-6.82; 4.51]
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Table2. A summary of meta-analyses results on each outcome at each time point analyzed.

Time points Samplesize(n) MD®%or SM DP (95% ClI) t value P value 12 statistic 12 (%)
Weight (kg)
<3 months 8 -1.15(-3.02t00.72) -1.46 19 4.63 91.3
3 months 11 -2.18 (-3.59t0 -0.78) -3.46 .006° 3.80 87.3
6 months 13 -2.15 (-3.25t0 —-1.05) -4.26 001¢ 2.02 52.4
9-12 months 5 -1.63 (-2.99 to -0.26) -3.31 03 0.03 0

Waist circumference (cm)

<3 months 4 -2.30 (-6.98 t0 —2.38) -157 .22 6.92 817

3 months 4 -3.85(-9.31t0 1.60) -2.25 A1 10.28 88.7

6 months 2 -0.92 (-3.88t0 2.04) -3.94 .16 0 0

12 months 3 -1.19(-3.80, to 1.43) -1.95 .19 0 0
HDL-C®

3 months 2 0.01 (-0.1510 0. 17)b 0.80 57 0 0
LpL-c'

3 months 2 -0.06 (-1.31t0 1.44)b 0.58 .66 0 0
Glycated hemoglobin (HbA¢; %)

3-6 months 3 -0.22 (-1.03t0 -0.6) -1.14 37 0.07 67.1
Total energy intake per day?

6-12 months 3 -86.2 (-494.53t0322.12) -0.91 .46 11,382 23.9
Systolic blood pressure (mm Hg)

3months 3 -4.67 (-5.95 to -3.40) -15.8 004¢ 0 0

6 months 2 -0.28 (-15.6 to 15.03) -0.23 .85 1.10 21
Diastolic blood pressure (mm Hg)

3 months 3 -2.88 (-8.37t02.62) -2.25 15 351 68.3

6 months 2 -0.65 (-1.56 t0 0.26°) -9.06 .07 0 0

3\ID: mean difference.

bSMD: standardized mean difference (adjusted with Hedges g).
°P<.05.

dp< 01

®HDL-C: high-density lipoprotein cholesteral.

fLDL-C: low-densi ty lipoprotein cholesterol.

%J converted to keal.
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Figure 3. Anillustration of the summary statistics of the intervention

Chew et d

and control groups in each study included in the meta-analysis on the effect of

smartphone weight loss apps on weight loss at 3 months. The illustration also shows the subgroup analysis of the studies based on whether the control

group received an app-based intervention. MD: mean difference.
Experimental

Control

Study Total Mean SD Total Mean SD MD MD 95%-C| Weight
Martin et al., 2015 20 780206 20 -060 2.06 - -7.20 [-8.48;,-5.92] 10.2%
Falkenhain et al., 2021 77 -560 485 78 -250 488 —- -3.10 [-463,-1.57] 98%
Patel et al, 2019 (2) 34 2672338 17 -243 248 1 024 [-187: 1.39] 96%
Patel et al , 2019 (1) 32 275349 17 243 246 -0.32 [-2.00; 1.36] 95%
Eisenhauer et al., 2021 40 506 583 40 -3.88 4.52 —— -1.18 [347; 1.11] 8.3%
—*:——

Tanaka et al., 2018 75 -1.40 283 37 -010 195 E 3 -1.30 [-2.20,-0.40] 10.7%
Turner-McGrievy etal., 2017 42 -470 454 39 -280 5.00 —— -1.90 [-3.99; 0.19] 8.7%
Spring et al., 2017 32 -410 458 32 -1.80 430 —il— -2.30 [-4.48,-012] 8.5%
Zhou et al., 2021 (1) 237 6640 890 101 69.70 10.10 —— -3.30 [-557:-1.03] 8.4%
Zhou et al., 2021 (2) 203 69.60 960 101 69.70 10.10 —— 010 [-247; 227] 82%
Kurtzman et al., 2018 66 -590 895 66 -3.30 437 —E— 260 [-5.00,-020] 8.1%
Random effects model 858 548 = -2.18 [-3.59; -0.78] 100.0%
Prediction interval e ——— [-6.84; 2.47]
Heterogeneity: 1F=87%, ¢ = 3.7971, p<0.01 ' )

Test for overall effect: £, =-3.46 (p < 0.01) -5 0 5

Test for subgroup differences ;2 =0.34, df=1(p = 0.56)

Figure 4. Funnel plot of symmetry for the included studies that reported the effects of smartphone weight loss apps on weight loss at 3 months.
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Figure5. Anillustration of the summary statistics of the intervention and control groups in each study included in the meta-analysis on the effect of
smartphone weight loss apps on weight loss at 6 months. The illustration also shows the subgroup analysis of the studies based on whether the control
group received an app-based intervention. MD: mean difference.

Experimental Control

Study Total Mean SD Total Mean SD MD MD 95%-Cl Weight
Turner-McGrievy etal , 2017 42 -680 518 39 -3.00 500 —.—-— -380 [-6.02;-158] 96%
Duncan et al , 2020 80 8675 582 36 8767 616 —l— -092 [-330; 146] 90%
Godino et al,, 2016 202 7540 1229 202 7680 14.14 —— -1.40 [-3.98; 1.18] 84%
Johnston et al., 2013 147 -4.60 1229 145 -0.60 14.14 —— -4.00 [-7.04,-096] 7.1%
Kurtzman et al., 2018 66 -660 11.20 66 -390 6.20 —— -270 [-5.79; 0.39] 7.0%
Spring et al_, 2017 32 470 777 32 -270 666 —— -2.00 [-555; 1.55] 6.0%
Ross et al., 2016 27 -404 712 26 -128 6.18 —-—— -2.76 [-6.35; 0.83] 59%
Carter et al,, 2013 43 9220 1690 43 9500 19.50 = -2.80 [-10.51; 491] 18%
Patel et al., 2019 (2) 34 243 403 17 -188 299 -055 [-251; 1.41] 104%
Patel et al., 2019 (1) 32 176 423 17 -1.88 299 012 [-192; 2.168] 102%
Falkenhain et al., 2021 77 840 793 78 -290 488 -550 [-7.58;-3.42] 10.0%
Dunn et al., 2019 22 250 422 19 -240 392 -0.10 [-259; 239] 87%
Eisenhauer et al., 2021 40 -7.03 978 40 -414 585 -289 [-6.42; 064] 60%
Random effects model 844 760 <= -2.15 [ -3.25; -1.05] 100.0%
Prediction interval | I_- : | [-5.51; 1.22]

Heterogeneity: /= 52%, £ =20215, p=0.01
Test for overall effect: £, = -4.26 (p < 0.01)
Test for subgroup differences: -;12 =040,df=1(p = 0.53)
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Figure 6. Funnel plot of symmetry for the included studies that reported the effects of smartphone weight loss apps on weight loss at 6 months.
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Figure7. Anillustration of the summary statistics of the intervention and control groups in each study included in the meta-analysis on the effect of
smartphone weight loss apps on weight loss at 9 to 12 months. MD: mean difference.

Experimental Control
Study Total Mean 5D Total Mean 5D
Rosas ef al, 2020 85 -260 600 98 -030 420
Duncan et al, 2020 80 BT 21 663 36 8721 655
Godino ef al., 2016 202 7550 1414 202 TEB0 14.14
Kurtzman et al., 2018 66 6301200 B8 -350 747
Sprng et al., 2017 32 2310 810 32 270 B4B
Random effects model 465 434
Prediction interval
Hetarogeneaity 1= 0%, ¢ = 00337, p =052
Test for overall effect ¢ =331 (p = 0.03)

Waist Circumference

A total of 31% (5/16) of the articles measured interventional
effectsonwaist circumference[19-21,25,30]. Of these 5 articles,
2 (40%) [21,25] reported a significant reduction in waist
circumference at 3 months, whereas 1 (20%) reported otherwise
[20]. Significant reductionsinwaist circumference werereported

MD  95%-Cl Weight
230
0.00
-1.30
2 80
= 0.40

[-3.82, -0.78]
[-259; 259)
[-4.06; 1.46)
[6.21. 061]
[4.01; 3.21]

48.3%
17.4%
15.3%
10.1%

8.0%

.,

-1.63 [-2.99; <0.26] 100.0%

[-3.49; 0.23]

at 3 months[20,21,25] and 6 months[19,30], whereas different
resultswerereported at 12 to 24 months[19,30]. No significant
interventional effect wasfound on waist circumference beyond
4 months. No significant interventional effect wasfound through
our meta-analyses for waist circumference before 3 months
(Figure 8) and at 3 months (Figure 9), 6 months, and 12 months
(Table 2).

Figure 8. Anillustration of the summary statistics of the intervention and control groups in each study included in the meta-analysis on the effect of

smartphone weight loss apps on waist circumference before 3 months. MD:

mean difference.

Experimental Control

Study Total Mean SD Total Mean SD MD MD 95%-Cl Weight
Tanaka et al., 2018 75 -1.90 3.91 37 -090 345 -1.00 [-242; 042] 268%
Zhou et al., 2021 (1) 237 9340 790 101 9500 7.80 -1.60 [-342; 0.22) 256%
Zhou et al | 2021 (2) 203 9470 800 101 9500 7.80 030 [-218; 158] 255%
Martin et al., 2015 20 530452 20 1.70 465 M -7.00 [-9.84;-416] 22.1%
Random effects model 535 259 _— -2.30 [-6.98; 2.38] 100.0%
Prediction interval [-15.15; 10.54]
Heterogeneity: /2 = 82%. ©* = 6.9166, p < 0.01 o o

Test for overall effect: t, = -1.57 (p = 0.22) -15 10 -5 0 5 10 15

Figure9. Anillustration of the summary statistics of the intervention and control groups in each study included in the meta-analysis on the effect of
smartphone weight loss apps on waist circumference at 3 months. MD: mean difference.

Experimental Control

Study Total Mean SD Total Mean SD MD MD 95%-Cl Weight
Tanaka et al, 2018 75 280369 37 -110 375 170 [-317;-0.23] 262%
Zhou et al., 2021 (1) 237 9110 860 101 95.80 7.90 L 3 -470 [-6.59;-2.81] 25.3%
Zhou et al., 2021 (2) 203 9490 810 101 9580 7.90 -090 [-280; 1.00] 253%
Martin et al., 2015 20 690 447 20 1.70 447 = i -860 [-11.37;-5.83] 23.1%
Random effects model 535 259 -"i'- -3.85 [-9.31; 1.60] 100.0%
Prediction interval —r — [-19.44; 11.73]

Heterogeneity: i = 89%, 1° = 10.2812, p < 0.01
Test for overall effect: t; =-2.25 (p = 0.11)

Calorielntake

A total of 25% (4/16) of articlesmeasured interventional effects
on waist circumference [16,19,23,31]. Of these 4 articles, 1
(25%) article reported a significant interventional effect on
calorieintake per day at 3 and 6 months [16], whereas another
article (1/4, 25%) reported otherwise [23]. In addition, 50%
(2/4) of articlesreported asignificant reduction in calorieintake

https://www.jmir.org/2022/9/e40141
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per day [19,23], and 50% (2/4) of articlesreported no significant
result at 12 months[19,31]. No significant interventional effect
was found through our meta-analyses for total calorie intake
per day between 6 and 12 months (Table 2).

HDL-C, LDL-C, and HbA1c Levels

A total of 13% (2/16) of articlesreported resultson HDL-C and
LDL-C, in which no significant change was reported at various
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time points [20,23]. In total, 19% (3/16) of articles reported
results on HbA ., of which 13% (2/16) of articles reported a

significant reduction at 3 months [20,23], and 13% (2/16) of
articlesreported results at 6 months but with contrasting findings
[19,23]. According to our meta-analyses, no significant
interventional effect wasfound for HDL-C, LDL-C, and HbA ;.

levels between 3 and 6 months (Table 2).

Blood Pressure

A total of 19% (3/16) of articles reported results on blood
pressure at various time points. A significant interventional
effect wasfound for systolic blood pressure at 3 months (Cohen
K=3; WMD=-4.67, 95% CIl -5.95 to —3.40; t=-15.8; P=.004;
12=0%) but not at 6 months (Cohen k=2; WMD=-0.28, 95%
Cl -15.6 to —15.03; t=—15.8; P=.004; 12=0%). No significant
interventional effect was found for diastolic blood pressure at
3 and 6 months (Table 2).

A summary of the outcomes reported in each study is reported
in Multimedia Appendix 6 [16-31].

Discussion

Principal Findings

To the best of our knowledge, thisisthefirst systematic review
and meta-analysisthat analyzed the effects of smartphoneweight
loss apps on weight loss and other anthropometric, metaboalic,
and dietary outcomes across various time points. Most articles
reported results on weight loss at 3 and 6 months, but few
reported findings on other anthropometric, metabolic, and
dietary outcomes. Based on narrative syntheses and
meta-analyses of evidence from the included studies, the
findings showed that the use of smartphone appsfor weight loss
was generally minimal and unsustainable.

Based on our meta-analyses, weight |oss was sustained between
3 and 12 months, with a peak of —2.18 kg at 3 months that
tapered down with time to —1.63 at 12 months. Thisfinding is
similar to a prior systematic review that reported a significant
weight loss of -1.99 kg and -2.8 kg at 3 and 6 months,
respectively, in a population with and without overweight or
obesity [32]. The dight difference in the time of peak weight
loss could be related to the additional nonmobile elements
implemented alongside smartphone apps, such as health
coaching, which is well established to facilitate weight loss.
However, weight loss of this magnitude may not be sufficient
to reach a clinically significant reduction in cardiometabolic
disease risk, assuming that a 5% decrease in weight (generally
accepted rule-of -thumb for aclinically meaningful weight |oss)
for someone with aweight of 70.6 kg (lower value of the mean
agerange) translatesto aweight loss of 3.53 kg [33]. Moreover,
the actua effectiveness of such apps could be even lower
considering that participants who stay throughout the
interventions have a certain level of motivation to lose weight,
potentially augmenting the results. Conversely, recent studies
have shown improvements in outcomes such as the risk of
developing type 2 diabetes, glucose tolerance, blood pressure,
and triglycerides, even with alower weight loss of =2% [34].
Nevertheless, the weight loss derived from using smartphones
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remains limited in their current state and may only be useful
for people with slight overweight. Moreover, most results were
derived from a Western population, who may have different
preferences, engagement, and metabolic responses as compared
to an Eastern popul ation. Future studies may consider population
characteristicsin their app devel opment.

The limited weight loss observed could be related to the
behavioral components included in the weight loss apps
examined, as 1 study reported that some form of an intensive
health coaching alongside the use of smartphone appsimproved
weight loss [32]. This could be because of the immaturity of
app-based coaches in matching up to the competencies of
real-life health coaches in terms of relatability, usability, and
trust [35]. However, another study reported weak associations
between behavioral components and the usability and
effectiveness of smartphone apps for weight loss, suggesting
the unclear role of behavioral componentsin similar apps [36].
Given the established effectiveness of health coaching on weight
loss, future studies could explore the integration of simulated
health coaches—potentially the use of conversational agentsto
enhance the acceptability and engagement of similar appswhile
reducing the manpower needed [35].

Comparing the studies that reported mixed findings on weight
loss at <3 months, the significant weight loss reported in the 4
studies could be attributed to the inclusion of personalized
messages delivered by the app, dieticians, or coaches
[18,20,21,25], which were not present in the remaining 2 studies
that only included the food logging function and reported
nonsignificant findings[17,24]. Thisis consistent with previous
studies that reported higher engagement with, preference for,
and weight loss outcomes in eHealth programs that included
personalized recommendations[37]. Moreover, calorie counting
has been described as troublesome and dislikable by userswho
prefer to have more motivational aspects in weight loss apps
[38]. Therefore, future studies could consider replacing manual
food logging with more intuitive and automatic methods. For
example, food logging can be supported by food image
recognition technology, self-directed goal setting, and progress
monitoring, similar to most smartphone weight loss apps, and
can be personalized and calibrated using medical and constantly
updated lifestyle history [39].

By contrast, our meta-analysis results suggest significant effects
of smartphone weight loss apps on weight loss from 3 to 12
months. This is consistent with existing systematic reviews
[7-9], although the time points at which the analyzed datawere
retrieved were unclear. However, both our narrative synthesis
and meta-analysis did not show the benefits of weight loss on
secondary outcomes, except for adight improvement in systolic
blood pressure at 3 months. This is in contrast with previous
systematic reviews on studies with follow-up time points of =2
years. With every reduction of 10 kg in body weight, areduction
of 5% to 10% in cholesterol levels has been reported alongside
significant improvements in HDL-C and LDL-C levels [40].
Similarly, for every reduction of 10 kg in body weight, a
reduction of 6.0 mm Hg and 4.6 mm Hgin systolic and diastolic
blood pressure levels has been reported [41]. Weight loss has
also been correlated with a reduction in fasting blood glucose
levelsin both diabetic and nondiabetic popul ations[42]. Weight
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losswithout achange in metabolic outcomes defeats the purpose
of weight loss, which should be to reduce the risk of
noncommunicable lifestyle diseases (eg, coronary artery diseases
and diabetes) through an improvement in metabolic outcomes.
However, these discrepancies are more likely because of the
small number of studies included in the meta-analyses of the
secondary outcomes at various time points, which could have
caused the analysesto be underpowered in detecting true effects,
if present. Therefore, any inferences made based on the results
of the secondary outcomes should be made with discretion.
Moreover, compared with prior studies, a weight loss as large
as 10 kg may be required for significant improvements in
cholesterol and blood pressure to be detected. Future studies
should consider examining a set of standard weight-related
outcomes, such asthe 7 outcomes examined in this study, over
multiple time points to elucidate clearer findings.

Finally, our findings did not suggest a significant reduction in
total calorie intake per day, potentially because of the small
sample size. However, similar findings were reported in alarge
RCT that included patients with existing medical conditions
[43]. The use of asmartphone app together with asmart activity
band resulted in greater weight loss 12 monthsinto the program,
where both the intervention and control groups were found to
have decreased their calorie intake comparably. This could be
because of anincreasein the duration of light physical activity,
which could also explain our findings on interventional
effectiveness on weight loss but not calorie intake.

In this age of widespread smartphone penetration and social
mediainfluence, people with overweight and obesity are often
exposed to fad diets (eg, ketogenic diet, intermittent fasting,
and Atkins diet) [44], and popular physical activities such as
high-intensity interval training, cardio training, and resistance
training. However, studies have shown limited effects and
potential health issues (eg, mal nutrition, dehydration, and acute
injuries) with such diets [45] and unsupervised intensive
physical activities [46]. As weight management is an integral
aspect of population health, we should not be typecasting or
identifying people with overweight and obesity for weight
management but empowering people with the skills and
resources to manage their weight independently. This is
especialy because of the globa weight gain observed during
the COVID-19 pandemic [47], which could be associated with
varying levels of personal motivation [5], peer influence [48],
and self-regulation [49]. Although many purchased home gym
equipment during this period, the sustained use of such
equipment without peer influence or health coaching may not
have been high.

Chew et d

Recommendations

Given the limited effectiveness of smartphone apps in their
current state, future studies could consider the following
recommendations. Further apps or app-related programs may
consider the incorporation of the socioecological model to
include morefactors within the compl exities of overweight and
obesity [50]. Theseinclude food production, societal influences,
food consumption, biology, individual psychology, individual
activity, and activity environment [51]. Future apps may aso
consider including the component of health coaching as a
continual source of motivation, discipline, and guidance. This
could be in the form of a human coach, conversational agent,
or other interactive embodiment that simulates a human coach
[52].

Strengthsand Limitations

Each step of the systematic review process, including the study
selection, data extraction, and methodol ogical assessment, was
independently performed by at least two reviewers. We also
reported our findings in terms of MDs instead of SMDs to
provide more clinically relevant metrics on the effects of
smartphone apps on weight loss. However, there were some
limitations to this study. First, no gray literature was searched,
which could have precluded some relevant articles, but it
ensured therigor of this study by excluding non—peer-reviewed
articles. Second, the sample size of articles included in the
meta-analyses was small, rendering any conclusions prone to
inaccuracies and biases. Therefore, discretion is needed when
readers draw inferences and conclusions based on our findings.
Third, the heterogeneity between the studies included in each
outcome meta-analysis was high, ranging from 21% to 91.3%.
This suggests acertain degree of inaccuracy in our conclusions.
Finally, most included studies were rated as having an unclear
or high ROB, indicating the presence of an inherent ROB in
our findings. Nevertheless, we appended additional
sociodemographic information such as the socioeconomic and
educational profile of each included study for readers to make
better judgments of the findings presented in this paper.

Conclusions

The use of smartphone weight loss apps at the current stage
may not be sufficient to produce clinically meaningful health
outcomes. Future studies could consider tackling more
influencing factors of weight management at every level of the
socioecological model to empower population weight
management. Future studies could consider including
conversational and dialectic component that simulates a health
coach and provides personalized progress monitoring and
feedback to enhance user engagement and outcome
effectiveness.

Acknowledgments

The authors thank Nicole Nagadarshini for her help with part of the data organization. Thisresearch is supported by the National
University Health System Internal Grant Funding under NUHSRO/2021/063/RO5+6/FM PCHSRG-Mar21/01. Any opinions,
findings, and conclusions or recommendations expressed in this material are those of the author or authors and do not reflect the

views of the funding agency.

https://www.jmir.org/2022/9/e40141

JMed Internet Res 2022 | vol. 24 | iss. 9 | e40141 | p. 12
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH Chew et d

Authors Contributions

HSJC wasinvolved conceptualization; datacuration; formal analysis; investigation; methodology; software; supervision; validation;
visualization; and writing, reviewing, and editing the original draft. WLK was involved in data curation, formal analysis,
investigation, software, validation, and writing (review and editing). JSHY N was involved in the formal analysis, investigation,
software, validation, and writing (review and editing). KKT wasinvolved in conceptualization, resources, supervision, validation,
and writing (review and editing).

Conflictsof I nterest
None declared.

Multimedia Appendix 1

PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) 2020 checklist.
[DOCX File, 31 KB-Multimedia Appendix 1]

Multimedia Appendix 2

Search strategy.
[DOCX File, 14 KB-Multimedia Appendix 2]

Multimedia Appendix 3

Extended study characteristics of the 16 included articles.
[DOCX File, 19 KB-Multimedia Appendix 3]

Multimedia Appendix 4

Intervention characteristics of the 16 included articles.
[DOCX File, 22 KB-Multimedia Appendix 4]

Multimedia Appendix 5
Methodological quality assessment of 16 included articles using the Cochrane Risk of Biastool.

[DOCX File, 14 KB-Multimedia Appendix 5]

Multimedia Appendix 6
Summary of the outcomes reported in each study.

[DOCX File, 18 KB-Multimedia Appendix 6]

References

1.

Miranda JJ, Barrientos-Gutiérrez T, Corvalan C, Hyder AA, Lazo-Porras M, Oni T, et a. Understanding the rise of
cardiometabolic diseasesin low- and middle-income countries. Nat Med 2019 Nov;25(11):1667-1679. [doi:
10.1038/s41591-019-0644-7] [Medline: 31700182]

Spinosa J, Christiansen P, Dickson JM, Lorenzetti V, Hardman CA. From socioeconomic disadvantage to obesity: the
mediating role of psychological distressand emotional eating. Obesity (Silver Spring) 2019 Apr;27(4):559-564 [ FREE Full
text] [doi: 10.1002/0by.22402] [Medline: 30821100]

Chu DT, Minh Nguyet NT, Nga VT, Thai Lien NV, Vo DD, Lien N, et a. An update on obesity: mental consequences and
psychological interventions. Diabetes Metab Syndr 2019;13(1):155-160. [doi: 10.1016/j.dsx.2018.07.015] [Medline:
30641689]

Han TS, Lean ME. A clinical perspective of obesity, metabolic syndrome and cardiovascular disease. JRSM Cardiovasc
Dis 2016 Feb 25;5:2048004016633371 [FREE Full text] [doi: 10.1177/2048004016633371] [Medline: 26998259]

Chew HS, Gao Y, Shabbir A, Lim SL, GeethaK, Kim G, et a. Personal motivation, self-regulation barriers and strategies
for weight loss in people with overweight and obesity: athematic framework analysis. Public Health Nutr 2022
Sep;25(9):2426-2435. [doi: 10.1017/S136898002200043X] [Medline: 35190011]

Stubbs RJ, Duarte C, O'Driscoll R, Turicchi J, Michal owska J. Devel oping evidence-based behavioural strategiesto overcome
physiological resistance to weight loss in the general population. Proc Nutr Soc 2019 Nov;78(4):576-589. [doi:
10.1017/S0029665119001083] [Medline: 31670628]

Flores Mateo G, Granado-Font E, Ferré-Grau C, Montafia-Carreras X. Mobile phone apps to promote weight loss and
increase physical activity: asystematic review and meta-analysis. J Med Internet Res 2015 Nov 10;17(11):e253 [FREE
Full text] [doi: 10.2196/jmir.4836] [Medline: 26554314)]

https://www.jmir.org/2022/9/e40141 JMed Internet Res 2022 | vol. 24 | iss. 9 | e40141 | p. 13

RenderX

(page number not for citation purposes)


https://jmir.org/api/download?alt_name=jmir_v24i9e40141_app1.docx&filename=61f00ae11502225bd7c3aa02ab474d14.docx
https://jmir.org/api/download?alt_name=jmir_v24i9e40141_app1.docx&filename=61f00ae11502225bd7c3aa02ab474d14.docx
https://jmir.org/api/download?alt_name=jmir_v24i9e40141_app2.docx&filename=669841ba3f85303578ac7dfececb3f94.docx
https://jmir.org/api/download?alt_name=jmir_v24i9e40141_app2.docx&filename=669841ba3f85303578ac7dfececb3f94.docx
https://jmir.org/api/download?alt_name=jmir_v24i9e40141_app3.docx&filename=0aac17893519d26dffdf5b2ba0feba4d.docx
https://jmir.org/api/download?alt_name=jmir_v24i9e40141_app3.docx&filename=0aac17893519d26dffdf5b2ba0feba4d.docx
https://jmir.org/api/download?alt_name=jmir_v24i9e40141_app4.docx&filename=14a0d92f26968e4be5b938d2ae4426fb.docx
https://jmir.org/api/download?alt_name=jmir_v24i9e40141_app4.docx&filename=14a0d92f26968e4be5b938d2ae4426fb.docx
https://jmir.org/api/download?alt_name=jmir_v24i9e40141_app5.docx&filename=101a035f77e454a54d959bc8aead6148.docx
https://jmir.org/api/download?alt_name=jmir_v24i9e40141_app5.docx&filename=101a035f77e454a54d959bc8aead6148.docx
https://jmir.org/api/download?alt_name=jmir_v24i9e40141_app6.docx&filename=8d88e9dfb94da46e93703fb5401d5059.docx
https://jmir.org/api/download?alt_name=jmir_v24i9e40141_app6.docx&filename=8d88e9dfb94da46e93703fb5401d5059.docx
http://dx.doi.org/10.1038/s41591-019-0644-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31700182&dopt=Abstract
https://europepmc.org/abstract/MED/30821100
https://europepmc.org/abstract/MED/30821100
http://dx.doi.org/10.1002/oby.22402
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30821100&dopt=Abstract
http://dx.doi.org/10.1016/j.dsx.2018.07.015
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30641689&dopt=Abstract
https://journals.sagepub.com/doi/10.1177/2048004016633371?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%3dpubmed
http://dx.doi.org/10.1177/2048004016633371
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26998259&dopt=Abstract
http://dx.doi.org/10.1017/S136898002200043X
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35190011&dopt=Abstract
http://dx.doi.org/10.1017/S0029665119001083
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31670628&dopt=Abstract
https://www.jmir.org/2015/11/e253/
https://www.jmir.org/2015/11/e253/
http://dx.doi.org/10.2196/jmir.4836
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26554314&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Chew et d

8.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

Ang SM, Chen J, Liew JH, Johal J, Dan Y'Y, Allman-Farinelli M, et a. Efficacy of interventions that incorporate mobile
apps in facilitating weight loss and health behavior change in the Asian population: systematic review and meta-analysis.
JMed Internet Res 2021 Nov 16;23(11):e28185 [FREE Full text] [doi: 10.2196/28185] [Medline: 34783674]

IsSam MM, Poly TN, Walther BA, Jack Li Y C. Use of maobile phone app interventionsto promote weight loss: meta-analysis.
JMIR Mhealth Uhealth 2020 Jul 22;8(7):€17039 [FREE Full text] [doi: 10.2196/17039] [Medline: 32706724]

Page MJ, McKenzie JE, Bossuyt PM, Boutron |, Hoffmann TC, Mulrow CD, et a. The PRISMA 2020 statement: an updated
guideline for reporting systematic reviews. Int J Surg 2021 Apr;88:105906. [doi: 10.1016/j.ijsu.2021.105906] [Medline:
33789826]

McHugh ML. Interrater reliability: the kappa statistic. Biochem Med (Zagreb) 2012;22(3):276-282 [FREE Full text]
[Medline: 23092060]

Higgins JP, Altman DG, Ggtzsche PC, Jini B, Moher D, Oxman AD, Cochrane Bias Methods Group, Cochrane Statistical
Methods Group. The Cochrane Collaboration'stool for ng risk of biasin randomised trials. BMJ 2011 Oct 18;343:d5928
[FREE Full text] [doi: 10.1136/bmj.d5928] [Medline: 22008217]

IntHout J, loannidis JP°, Borm GF. The Hartung-Knapp-Sidik-Jonkman method for random effects meta-anaysisis
straightforward and considerably outperforms the standard DerSimonian-Laird method. BMC Med Res Methodol 2014
Feb 18;14:25 [FREE Full text] [doi: 10.1186/1471-2288-14-25] [Medline: 24548571]

Borenstein M, Higgins JP, Hedges LV, Rothstein HR. Basics of meta-analysis: | 2 isnot an absol ute measure of heterogeneity.
Res Synth Methods 2017 Mar;8(1):5-18. [doi: 10.1002/jrsm.1230] [Medline: 28058794]

RStudio Team. RStudio: Integrated Development Environment for R. RStudio. 2022. URL : http://www.rstudio.com/
[accessed 2022-09-12]

Turner-McGrievy GM, Wilcox S, Boutté A, Hutto BE, Singletary C, Muth ER, et a. 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: 10.1002/0by.21889] [Medline: 28600833]

Dunn CG, Turner-McGrievy GM, Wilcox S, Hutto B. Dietary self-monitoring through calorie tracking but not through a
digital photography app is associated with significant weight loss: the 2SMART pilot study-a 6-month randomized trial. J
Acad Nutr Diet 2019 Sep;119(9):1525-1532. [doi: 10.1016/j.jand.2019.03.013] [Medline: 31155474]

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. JMed Internet Res 2013 Apr 15;15(4):e32 [FREE Full text] [doi:
10.2196/jmir.2283] [Medline: 23587561]

Duncan MJ, Fenton S, Brown WJ, Collins CE, Glozier N, Kolt GS, et a. Efficacy of amulti-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]

Tanaka K, Sasai H, Wakaba K, Murakami S, UedaM, YamagataF, et al. Professional dietary coaching within agroup chat
using asmartphone application for weight loss: arandomized controlled trial. JMultidiscip Healthc 2018 Jul 16;11:339-347
[FREE Full text] [doi: 10.2147/IMDH.S165422] [Medline: 30038502]

Zhou M, Zhang N, Zhang Y, Yan X, Li M, Guo W, et al. Effect of mobile-based lifestyle intervention on weight loss among
the overweight and obese elderly population in China: arandomized controlled trial. Int J Environ Res Public Health 2021
Aug 21;18(16):8825 [FREE Full text] [doi: 10.3390/ijerph18168825] [Medline: 34444573]

Eisenhauer CM, Brito F, Kupzyk K, Yoder A, AlmeidaF, Beller RJ, et a. Mobile health assisted self-monitoring is acceptable
for supporting weight lossin rural men: a pragmatic randomized controlled feasibility trial. BMC Public Health 2021 Aug
18;21(1):1568 [FREE Full text] [doi: 10.1186/s12889-021-11618-7] [Medline: 34407782]

Falkenhain K, Locke SR, Lowe DA, ReitsmaNJ, Lee T, Singer J, et al. Keyto app and device versus WW app on weight
loss and metabolic risk in adults with overweight or obesity: arandomized trial. Obesity (Silver Spring) 2021
Oct;29(10):1606-1614 [FREE Full text] [doi: 10.1002/0by.23242] [Medline: 34124856]

Patel ML, Hopkins CM, Brooks TL, Bennett GG. Comparing self-monitoring strategies for weight loss in a smartphone
app: randomized controlled trial. IMIR Mhealth Uhealth 2019 Feb 28;7(2):€12209 [FREE Full text] [doi: 10.2196/12209]
[Medline: 30816851]

Martin CK, Miller AC, Thomas DM, Champagne CM, Han H, Church T. Efficacy of SmartL oss, a smartphone-based
weight loss intervention: results from a randomized controlled trial. Obesity (Silver Spring) 2015 May;23(5):935-942
[FREE Full text] [doi: 10.1002/0by.21063] [Medline: 25919921]

Johnston CA, Rost S, Miller-Kovach K, Moreno JP, Foreyt JP. A randomized controlled trial of a community-based
behavioral counseling program. Am JMed 2013 Dec;126(12):1143.19-1143.e24. [doi: 10.1016/j.amjmed.2013.04.025]
[Medline: 24135513]

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: 10.1002/0by.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: 10.1002/0by.21842] [Medline: 28494136]

https://www.jmir.org/2022/9/e40141 JMed Internet Res 2022 | vol. 24 | iss. 9 | e40141 | p. 14

(page number not for citation purposes)


https://www.jmir.org/2021/11/e28185/
http://dx.doi.org/10.2196/28185
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34783674&dopt=Abstract
https://mhealth.jmir.org/2020/7/e17039/
http://dx.doi.org/10.2196/17039
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32706724&dopt=Abstract
http://dx.doi.org/10.1016/j.ijsu.2021.105906
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33789826&dopt=Abstract
http://www.biochemia-medica.com/2012/22/276
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23092060&dopt=Abstract
https://europepmc.org/abstract/MED/22008217
http://dx.doi.org/10.1136/bmj.d5928
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22008217&dopt=Abstract
https://bmcmedresmethodol.biomedcentral.com/articles/10.1186/1471-2288-14-25
http://dx.doi.org/10.1186/1471-2288-14-25
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24548571&dopt=Abstract
http://dx.doi.org/10.1002/jrsm.1230
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28058794&dopt=Abstract
http://www.rstudio.com/
https://europepmc.org/abstract/MED/28600833
http://dx.doi.org/10.1002/oby.21889
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28600833&dopt=Abstract
http://dx.doi.org/10.1016/j.jand.2019.03.013
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31155474&dopt=Abstract
https://www.jmir.org/2013/4/e32/
http://dx.doi.org/10.2196/jmir.2283
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23587561&dopt=Abstract
https://www.mdpi.com/resolver?pii=ijerph17176200
http://dx.doi.org/10.3390/ijerph17176200
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32859100&dopt=Abstract
https://dx.doi.org/10.2147/JMDH.S165422
http://dx.doi.org/10.2147/JMDH.S165422
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30038502&dopt=Abstract
https://www.mdpi.com/resolver?pii=ijerph18168825
http://dx.doi.org/10.3390/ijerph18168825
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34444573&dopt=Abstract
https://bmcpublichealth.biomedcentral.com/articles/10.1186/s12889-021-11618-7
http://dx.doi.org/10.1186/s12889-021-11618-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34407782&dopt=Abstract
https://europepmc.org/abstract/MED/34124856
http://dx.doi.org/10.1002/oby.23242
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34124856&dopt=Abstract
https://mhealth.jmir.org/2019/2/e12209/
http://dx.doi.org/10.2196/12209
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30816851&dopt=Abstract
https://doi.org/10.1002/oby.21063
http://dx.doi.org/10.1002/oby.21063
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25919921&dopt=Abstract
http://dx.doi.org/10.1016/j.amjmed.2013.04.025
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24135513&dopt=Abstract
https://doi.org/10.1002/oby.21536
http://dx.doi.org/10.1002/oby.21536
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27367614&dopt=Abstract
https://europepmc.org/abstract/MED/28494136
http://dx.doi.org/10.1002/oby.21842
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28494136&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Chew et d

29.

30.

31.

32.

33.

35.

36.

37.

38.

39.

40.

41.

42.

43.

45,

46.

47.

48.

49,

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]

Godino JG, Merchant G, Norman GJ, Donohue MC, Marshall SJ, Fowler JH, et al. Using social and mobiletoolsfor weight
lossin overweight and obese young adults (Project SMART): a2 year, parallel-group, randomised, controlled trial. Lancet
Diabetes Endocrinol 2016 Sep;4(9): 747-755 [FREE Full text] [doi: 10.1016/S2213-8587(16)30105-X] [Medline: 27426247]
RosasLG, Lv N, Xiao L, Lewis MA, Venditti EM, ZavellaP, et a. Effect of a culturally adapted behavioral intervention
for Latino adults on weight loss over 2 years: arandomized clinical trial. JAMA Netw Open 2020 Dec 01;3(12):€2027744
[FREE Full text] [doi: 10.1001/jamanetworkopen.2020.27744] [Medline: 33337491]

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. IMIR Mhealth Uhealth 2022
Apr 08;10(4):€35479 [FREE Full text] [doi: 10.2196/35479] [Medline: 35394443]

MagkosF, Fraterrigo G, Yoshino J, Luecking C, Kirbach K, Kelly SC, et al. Effects of moderate and subsequent progressive
weight loss on metabolic function and adipose tissue biology in humanswith obesity. Cell Metab 2016 Apr 12;23(4):591-601
[FREE Full text] [doi: 10.1016/j.cmet.2016.02.005] [Medline: 26916363]

Ryan DH, Yockey SR. Weight loss and improvement in comorbidity: differences at 5%, 10%, 15%, and over. Curr Obes
Rep 2017 Jun;6(2):187-194 [FREE Full text] [doi: 10.1007/s13679-017-0262-y] [Medline: 28455679]

Chew HS, Achananuparp P. Perceptions and needs of artificial intelligence in health care to increase adoption: scoping
review. JMed Internet Res 2022 Jan 14;24(1):e32939 [FREE Full text] [doi: 10.2196/32939] [Medline: 35029538]
FerraraG, KimJ, Lin S, HuaJ, Seto E. A focused review of smartphone diet-tracking apps: usability, functionality, coherence
with behavior change theory, and comparative validity of nutrient intake and energy estimates. IMIR Mhealth Uhealth
2019 May 17;7(5):e9232 [FREE Full text] [doi: 10.2196/mhealth.9232] [Medline: 31102369]

Ryan K, Dockray S, Linehan C. A systematic review of tailored eHealth interventions for weight loss. Digit Health 2019
Feb 5;5:2055207619826685 [ FREE Full text] [doi: 10.1177/2055207619826685] [Medline: 30783535]

Solbrig L, Jones R, Kavanagh D, May J, Parkin T, Andrade J. People trying to lose weight dislike calorie counting apps
and want motivational support to help them achieve their goals. Internet Interv 2017 Mar;7:23-31 [FREE Full text] [doi:
10.1016/j.invent.2016.12.003] [Medline: 28286739]

Chew HS, Ang WH, Lau Y. The potential of artificial intelligence in enhancing adult weight loss: a scoping review. Public
Health Nutr 2021 Jun;24(8):1993-2020 [FREE Full text] [doi: 10.1017/S1368980021000598] [Medline: 33592164]
Poaobalan A, Aucott L, Smith WC, Avenell A, Jung R, Broom J, et al. Effects of weight lossin overweight/obese individuals
and long-term lipid outcomes--a systematic review. Obes Rev 2004 Feb;5(1):43-50. [doi: 10.1111/j.1467-789x.2004.00127.X]
[Medline: 14969506]

Aucott L, Poobalan A, Smith WC, Avenell A, Jung R, Broom J. Effects of weight lossin overweight/obese individuals and
long-term hypertension outcomes. a systematic review. Hypertension 2005 Jun;45(6):1035-1041. [doi:

10.1161/01.HY P.0000165680.59733.d4] [Medline: 15897373]

Stanford J, Kaiser M, Ablah E, Dong F, Paull-Forney B, Early J. The effect of weight loss on fasting blood sugars and
hemoglobin Alc in overweight and obese diabetics and non-diabetics. J Diabetes Méllitus 2012 Feb;2(1):126-130. [doi:
10.4236/jdm.2012.21021]

Lugones-Sanchez C, Recio-Rodriguez JI, Agudo-Conde C, Repiso-Gento |, G Adalia E, Ramirez-Manent J, EVIDENT
3 Investigators. Long-term effectiveness of a smartphone app combined with asmart band on weight loss, physical activity,
and caloric intakein a population with overweight and obesity (Evident 3 study): randomized controlled trial. JMed Internet
Res 2022 Feb 01;24(2):e30416 [FREE Full text] [doi: 10.2196/30416] [Medline: 35103609]

Spadine M, Patterson M S. Social influence on fad diet use: a systematic literature review. Nutr Health 2022
Sep;28(3):369-388. [doi: 10.1177/02601060211072370] [Medline: 35023412]

Khawandanah J, Tewfik I. Fad diets: lifestyle promises and health challenges. J Food Res 2016 Nov 15;5(6):80-94. [doi:
10.5539/jfr.v5n6p80]

Rynecki ND, Siracuse BL, Ippolito JA, Beebe KS. Injuries sustained during high intensity interval training: are modern
fitness trends contributing to increased injury rates? J Sports Med Phys Fitness 2019 Jul;59(7):1206-1212. [doi:
10.23736/S0022-4707.19.09407-6] [Medline: 30758171]

Chew HS, Lopez V. Global impact of COVID-19 on weight and weight-related behaviorsin the adult population: a scoping
review. Int JEnviron Res Public Health 2021 Feb 15;18(4):1876 [ FREE Full text] [doi: 10.3390/ijerph18041876] [Medline:
33671943]

Leahey TM, Kumar R, Weinberg BM, Wing RR. Teammates and socia influence affect weight |oss outcomesin ateam-based
weight loss competition. Obesity (Silver Spring) 2012 Jul;20(7):1413-1418 [FREE Full text] [doi: 10.1038/0by.2012.18]
[Medline: 22310234]

Dassen FC, Houben K, Allom V, Jansen A. Self-regulation and obesity: therole of executive function and delay discounting
inthe prediction of weight loss. JBehav Med 2018 Dec;41(6):806-818 [ FREE Full text] [doi: 10.1007/s10865-018-9940-9]
[Medline: 29802535]

https://www.jmir.org/2022/9/e40141 JMed Internet Res 2022 | vol. 24 | iss. 9 | e40141 | p. 15

(page number not for citation purposes)


https://europepmc.org/abstract/MED/30003481
http://dx.doi.org/10.1007/s11606-018-4552-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30003481&dopt=Abstract
https://europepmc.org/abstract/MED/27426247
http://dx.doi.org/10.1016/S2213-8587(16)30105-X
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27426247&dopt=Abstract
https://jamanetwork.com/journals/jamanetworkopen/fullarticle/10.1001/jamanetworkopen.2020.27744
http://dx.doi.org/10.1001/jamanetworkopen.2020.27744
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33337491&dopt=Abstract
https://mhealth.jmir.org/2022/4/e35479/
http://dx.doi.org/10.2196/35479
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35394443&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S1550-4131(16)30053-5
http://dx.doi.org/10.1016/j.cmet.2016.02.005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26916363&dopt=Abstract
https://europepmc.org/abstract/MED/28455679
http://dx.doi.org/10.1007/s13679-017-0262-y
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28455679&dopt=Abstract
https://www.jmir.org/2022/1/e32939/
http://dx.doi.org/10.2196/32939
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35029538&dopt=Abstract
https://mhealth.jmir.org/2019/5/e9232/
http://dx.doi.org/10.2196/mhealth.9232
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31102369&dopt=Abstract
https://journals.sagepub.com/doi/10.1177/2055207619826685?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%3dpubmed
http://dx.doi.org/10.1177/2055207619826685
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30783535&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S2214-7829(16)30039-2
http://dx.doi.org/10.1016/j.invent.2016.12.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28286739&dopt=Abstract
https://europepmc.org/abstract/MED/33592164
http://dx.doi.org/10.1017/S1368980021000598
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33592164&dopt=Abstract
http://dx.doi.org/10.1111/j.1467-789x.2004.00127.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14969506&dopt=Abstract
http://dx.doi.org/10.1161/01.HYP.0000165680.59733.d4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15897373&dopt=Abstract
http://dx.doi.org/10.4236/jdm.2012.21021
https://www.jmir.org/2022/2/e30416/
http://dx.doi.org/10.2196/30416
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35103609&dopt=Abstract
http://dx.doi.org/10.1177/02601060211072370
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35023412&dopt=Abstract
http://dx.doi.org/10.5539/jfr.v5n6p80
http://dx.doi.org/10.23736/S0022-4707.19.09407-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30758171&dopt=Abstract
https://www.mdpi.com/resolver?pii=ijerph18041876
http://dx.doi.org/10.3390/ijerph18041876
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33671943&dopt=Abstract
https://doi.org/10.1038/oby.2012.18
http://dx.doi.org/10.1038/oby.2012.18
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22310234&dopt=Abstract
https://europepmc.org/abstract/MED/29802535
http://dx.doi.org/10.1007/s10865-018-9940-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29802535&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Chew et d

50.

51.

52.

Lang S, Gibson S, Ng KW, Truby H. Understanding children and young people's experiences pursuing weight loss

mai ntenance using the socio-ecological Model: aqualitative systematic literature review. Obes Rev 2021 May;22(5):€13172.
[doi: 10.1111/0br.13172] [Medline: 33331090]

Blundell JE, Baker JL, Boyland E, Blaak E, Charzewska J, de Henauw S, et a. Variationsin the prevalence of obesity
among European countries, and a consideration of possible causes. Obes Facts 2017;10(1):25-37 [FREE Full text] [doi:
10.1159/000455952] [Medline: 28190010]

Chew HS. The use of artificial intelligence-based conversational agents (Chatbots) for weight loss: scoping review and
practical recommendations. IMIR Med Inform 2022 Apr 13;10(4):€32578 [EREE Full text] [doi: 10.2196/32578] [Medline:
35416791]

Abbreviations

HDL-C: high-density lipoprotein cholesterol

LDL-C: low-density lipoprotein cholesterol

MD: mean difference

PRISMA: Preferred Reporting Items for Systematic Reviews and Meta-Analyses
PROSPERO: International Prospective Register of Systematic Reviews

RCT: randomized controlled trial

ROB: risk of bias

SMD: standardized mean difference

WMD: weighted mean difference

Edited by R Kukafka; submitted 08.06.22; peer-reviewed by C Jacob, B Nievas Soriano; commentsto author 13.07.22; revised version
received 14.07.22; accepted 18.07.22; published 21.09.22

Please cite as:

Chew HSJ, Koh WL, Ng JSHY, Tan KK

Sustainability of Weight Loss Through Smartphone Apps: Systematic Review and Meta-analysis on Anthropometric, Metabolic, and
Dietary Outcomes

J Med Internet Res 2022;24(9):e40141

URL: https://mww.jmir.org/2022/9/e40141

doi: 10.2196/40141

PMID:

©Han Shi Jocelyn Chew, Wee Ling Koh, Janelle ShainaHui Yi Ng, Ker Kan Tan. Originally published in the Journal of Medical
Internet Research (https://www.jmir.org), 21.09.2022. 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 the Journal of Medical Internet Research, is properly
cited. The complete bibliographic information, alink to theoriginal publication on https://www.jmir.org/, aswell asthis copyright
and license information must be included.

https://www.jmir.org/2022/9/e40141 JMed Internet Res 2022 | vol. 24 | iss. 9 | e40141 | p. 16

RenderX

(page number not for citation purposes)


http://dx.doi.org/10.1111/obr.13172
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33331090&dopt=Abstract
https://www.karger.com?DOI=10.1159/000455952
http://dx.doi.org/10.1159/000455952
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28190010&dopt=Abstract
https://medinform.jmir.org/2022/4/e32578/
http://dx.doi.org/10.2196/32578
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35416791&dopt=Abstract
https://www.jmir.org/2022/9/e40141
http://dx.doi.org/10.2196/40141
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

