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Abstract

Background: Cardiovascular disease, cancer, diabetes mellitus, and obesity are common chronic diseases, and their prevalence
is reaching an epidemic level worldwide. As the impact of chronic diseases continues to increase, finding strategies to improve
care, accessto care, and patient empowerment becomesincreasingly essential. Health care providers use mobile health (mHeal th)
to accessclinical information, collaborate with care teams, communicate over long distances with patients, and facilitate real-time
monitoring and interventions. However, these apps focus on improving general health care concerns, with limited apps focusing
on specific chronic diseases and the nutrition involved in the disease state. Hence, available evidence on the effectiveness of
mHealth apps toward behavior change to improve chronic disease outcomesiis limited.

Objective: The objective of this scoping review was to provide an overview of behavior change effectiveness using mHealth
nutrition interventions in people with chronic diseases (ie, cardiovascular disease, diabetes mellitus, cancer, and obesity). We
further evaluated the behavior change techniques and theories or models used for behavior change, if any.

Methods: A scoping review was conducted through a systematic literature search in the MEDLINE, EBSCO, PubMed,
ScienceDirect, and Scopus databases. Studieswere excluded from thereview if they did not involve an app or nutrition intervention,
werewrittenin alanguage other than English, were duplicates from other database searches, or wereliterature reviews. Following
the PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) 2020 guidelines, the systematic review
process included 4 steps: identification of records through the database search, screening of duplicate and excluded records,
eligibility assessment of full-text records, and final analysis of included records.

Results. Intotal, 46 studies comprising 256,430 patients were included. There was diversity in the chronic disease state, study
design, number of participants, in-app features, behavior change techniques, and behavior models used in the studies. In addition,
our review found that less than half (19/46, 41%) of the studies based their nutrition apps on abehavioral theory or its constructs.
Of the 46 studies, 11 (24%) measured maintenance of health behavior change, of which 7 (64%) sustained behavior change for
approximately 6 to 12 months and 4 (36%) showed a decline in behavior change or discontinued app use.

Conclusions: The results suggest that mHealth apps involving nutrition can significantly improve health outcomes in people
with chronic diseases. Tailoring nutrition apps to specific populations is recommended for effective behavior change and
improvement of health outcomes. In addition, some studies (7/46, 15%) showed sustained health behavior change, and some
(4/46, 9%) showed adeclinein the use of nutrition apps. Theseresultsindicate aneed for further investigation on the sustainability
of the health behavior change effectiveness of disease-specific nutrition apps.

(IMIR Mhealth Uhealth 2023;11:e41235) doi: 10.2196/41235
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Introduction

Background

Cardiovascular disease (CV D), cancer, diabetes mellitus (DM),
and obesity are common chronic diseases [1], and their
prevalence is reaching a substantia epidemic level
internationally [2]. Chronic diseases are defined by the Centers
for Disease Control and Prevention broadly as“ conditions that
last one year or more and require ongoing medical attention or
limit activities of daily living or both” [3]. Chronic diseases
affect hospitalization, mortality rates, and people's overall health
and quality of life (QOL) [1]. For example, CVD remains the
most prevalent cause of morbidity and mortality in high-income
countries despite significant advancesin treatment over the last
5 decades. Recent epidemiological data show that CVD
mortality is no longer declining and is indeed rising in some
communities [4], and hospitalization rates are universaly
increasing [5]. Furthermore, chronic conditions such as cancer,
CvD, DM, and chronic respiratory diseases caused
approximately 33.2 million deaths worldwide in 2019 [6]. The
prevalence of obesity has increased in al World Health
Organization regions since 2000, which affects other chronic
conditions as it is arisk factor for the development of CVD,
DM, and several cancers|[6].

Astheimpact of chronic diseases continuesto increase, finding
strategies to improve care, access to care, and patient
empowerment becomesincreasingly essentia. Therefore, mobile
health (mHealth) technology israpidly gaining popul arity among
health care providers and consumers [7]. mHealth technology
is defined as mobile devices (ie, mobile phones or monitoring
devices) intended to be worn, carried, or accessed by patients
or health care providers to monitor health status or improve
health outcomes[8]. Among mobile devices, the most used are
smartphones, with morethan three-quarters of Americanshaving
one, and at least one-third of smartphone owners use a health
app [7,9]. Health care providers use mHealth to access clinical
information, collaborate with care teams, communicate over
long distances with patients, and facilitate real-time monitoring
and interventions. These apps provide an opportunity to increase
health care access for vulnerable populations [10]. Patients use
mHealth to track their health data, accesstheir clinical records,
and communicate with their providers[11].

Furthermore, a meta-analysis [12] reported promising results
for mHedth interventions in the improvement of patient
outcomes such as body measurements (ie, weight and waist
circumference), metabolic and physiol ogical measurements (ie,
blood pressure and glucose levels), adherence to and safe use
of medication, physical activity performance, meal management,
and awareness of health conditions and treatment options.
Mobile apps that provide tools intended to facilitate nutrition
care via smartphone technologies provide patients with more
autonomy, thus empowering them and offsetting patient
disengagement [ 13]. Moreover, mobile app—based interventions
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effectively improve diet and diet-related health outcomes, and
effect sizes are comparable with those of traditional nondigital
interventions[14]. For example, mHealth interventions can help
improve lifestyle behaviors related to CVD [15,16]. A recent
meta-analysis [17] found that using mHealth interventions for
CVD was associated with improved blood pressure and
hospitalization rates. In addition, mHealth apps have emerged
as supportive tools in managing cancer as they reduce the
financial burden, provide access to information, and facilitate
communication [18]. Different studies and meta-analyses of
patients with cancer have shown the benefits of mHealth, which
include reducing fatigue or pain [19,20], providing distance
physical activity programs [21,22], the use of social networks
to improve QOL [23], and monitoring of symptoms [24].
mHealth offersimproved and cost-effective care to people with
type2 DM (T2DM) through improved diabetes sl f-management
[25,26]. These apps seem to increase the perception of self-care
by contributing to better knowledge among people with T2DM
[10]. Individuals with DM also become more confident in
dealing with their illness, primarily because of decreased fear
resulting from a lack of information [27,28]. For obesity, a
systematic review [29] has found that technology-based
interventions can provide a moderately effective way of
facilitating lifestyle changes and weight loss. New technologies
could help reduce economic costs, improve accessibility and
adherence to treatment, and increase patient motivation and
weight control [30].

The use of mobile apps for mHealth and of general health apps
isincreasing rapidly. However, these apps focus on improving
general health care concerns, with limited apps focusing on
specific chronic diseases and their nutritional intervention. The
available evidence on the effectiveness of mHealth appstoward
behavior change to improve chronic disease outcomes is also
limited. Systematic reviews to date regarding nutrition apps
have focused on healthy participants or examined the effects of
dietary apps on diet improvement but not on chronic diseases
[31]. Most reviews were inconclusive, with the authors
recommending further research in this area to demonstrate
possible benefits [32-34]. From a clinical point of view, it is
essential to know if an app designed for chronic diseases
produces behavior changes to improve an individual’s chronic
disease outcomes. From an app creator’'s point of view, it is
crucia to see what needs to be done when developing an app
directed toward people with chronic diseases to enhance the
app’s effectiveness on behavior change and produce positive
outcomes. The goa of this review was to define behavioral
theories associated with mHealth use, eval uate behavior change
techniques (BCTs), and describe the behavior change
effectiveness using mHealth nutrition interventions in people
with chronic diseases (ie, CVD, DM, cancer, and obesity).
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M odels and Theories of Health Behavior and Clinical
Interventions

Health care and self-management of chronic conditionsrequire
effort and commitment on the part of the patient to follow
treatment plans. These treatmentsinvolve many behaviors, such
as dietary intake, physical activity, and prescription drug use.
[35]. Theories and models are used in treatment planning to
understand and explain the health behavior of individuals and
can help guide clinicians to develop interventions that increase
the effectiveness of health behavior change. The role of
behavioral theories and models in informing digital health
interventionsisimportant to support sustainabl e health behavior
change. A brief explanation of some of the theories and models
of behavior used in these studies may help with understanding
their constructs [36]: (1) the transtheoretical model shows how
individuals move through 6 stages of behavior change (ie,
precontemplation, contemplation, preparation, action,
maintenance, and termination), which can be used to support
behavior change and self-efficacy for the cessation of unhealthy
behaviors and encourage ahealthy lifestyle; (2) Social Cognitive
Theory emphasi zes sdl f-€fficacy and focuses on behavior change
and outcome expectations by mastering steps to behavior
change, observing otherswho are successful, improving mood,
and ultimately increasing self-efficacy for health behavior
change; (3) the Health Belief Model is based on the concept of
expectancy-value and congtitutes an individual’ s belief that their
health condition is serious, their actions will reduce their risk
or illness, there is a benefit to taking action for their health
condition, and they have the ability to take action for health
behavior change (self-efficacy); and (4) the theory of planned
behavior emphasizes that motivation that is directly influenced
by ability (ie, an individual’s self-efficacy or perceived control
over outside factors) is key to making a health behavior change
[36]. There are other theoriesthat can be used aswell. For health
behavior change, there is a general acceptance of the Health
Belief Model along with afocus on self-efficacy found in many
behavioral models such as the Social Cognitive Theory [35].
In addition, a commonly used theory to guide lifestyle
interventionsisthetranstheoretical model [36]. There are severd
theories identified in this review that are important to chronic
disease research on health behavior.

Methods

Information Sources and Search Strategies

In April 2022, a systematic literature search was conducted in
accordance with the PRISMA (Preferred Reporting Items for
Systematic Reviews and Meta-Analyses) strategy for each of
the following diseases: obesity, DM, CVD, and cancer [37].
The PRISMA method allows for the transparent selection and
analysis of literature for inclusion. The databases used in the
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searchwere MEDLINE, EBSCO, PubMed, ScienceDirect, and
Scopus. These databases were chosen based on their extensive
health- and technology-related literature [38]. The search
strategy was similar for all diseases. It included the following
keywords searched among titles, keywords, and abstracts: (1)
mobile applications or apps or mobile apps or mHealth or
eHealth AND nutritioneducation AND obesity, (2) mobile
applications or apps or mobile apps or mHealth or eHealth
AND nutritioneducation AND type 2 diabetes, (3) mobile
applications or apps or mobile apps or mHealth or eHealth
AND nutritioneducation AND cardiovascular disease, and (4)
mobile applications or apps or mobile apps or mHealth or
eHealth AND nutritioneducation AND cancer.

Eligibility Criteria

To summarize the evidence available on the topic, we included
primary research studies involving an app and a nutrition
intervention. Studies were excluded from thereview if they did
not involve an app or nutrition intervention, were written in a

language other than English, were duplicatesfrom other database
searches, or were literature reviews.

Procedures

Following the PRISMA 2020 method, the systematic review
processincluded four steps: (1) identification of recordsthrough
the database search, (2) screening of duplicate and excluded
records, (3) eligibility assessment of full-text records, and (4)
final analysis of included records. This process can be seenin
Figure 1. The results of the database searches were exported to
Microsoft Excel (Microsoft Corp) for further analysis.
Duplicates were removed. The remaining studies were moved
to the eligibility phase, in which the authors assessed the
eligibility of the articles based on the inclusion and exclusion
criteria of the full text. The reason for exclusion was listed for
each excluded article. The citation of the article, name of the
mobile app used if available, type of intervention used, year of
publication, popul ation and sample details, study design details,
purpose of the research, behavioral effectiveness, behavioral
techniques, theory used, outcome measures, and results were
recorded for all included studies. The authors independently
reviewed the articles found in each search, and a second
screening was performed by a different author. The process for
screening was as follows: SG initially screened articles found
in the obesity search, MA initialy screened articles found in
the DM search, ESG initially screened articles found in the
cancer search, and AC initially screened articles found in the
CVD search. SG performed a second screening of articlesfound
inthe DM search, MA performed asecond screening of articles
found in the obesity search, AC performed a second screening
of articles found in the cancer search, and ESG performed a
second screening of articles found in the CVD search.
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Figurel. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flow diagram [37]. CVD: cardiovascular disease.
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Results

CVD Results

Demographic, Participant, and Study Design Details

There were 6 studies and mHealth app nutrition interventions
comprising 451 patients included for CVD. Of the 6 studies, 4
(67%) randomized controlled trials, 1 (17%) qualitative
descriptive design study, and 1 (17%) intervention evaluation
were analyzed. The populations analyzed had diverse ethnicities,
education levels, ages, and diagnoses. Furthermore, there were

https://mhealth.jmir.org/2023/1/e41235
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different diets or treatments among the studies, with variations
in targeted behavioral domains and outcomes measured in the
mHealth app nutrition interventions. App features for these
studies included food tracking [8,39-41], physical activity
tracking [8,41,42], nutrition and exercise knowledge and
recommendations [8,40-43], scheduled reminders[39,40,42,43],
clinician portals [41-43], connectivity to digital health devices
[42], demonstration of the desired behavior [40,43], and
challenges [41]. The aim of all studies (6/6, 100%) was to
evaluate the effectiveness of mHealth in the CVD population.
The included studies on nutrition apps for people with CVD
can befound in Table 1.
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Table 1. Included studies on cardiovascular disease (CVD; n=6).

Salas-Groves et d

Study Country  Study design Purpose Name of mobileapp and Behavior Results
features changetheo-
ry or model
Eyleset a New Randomized Evaluate whether the SatSwitch—all-smart-  None A significant reduction in mean
[39] Zealand  controlledtrial  SaltSwitch app is effective  phone app; features. food household purchases of salt was
in helping peoplewithCVD tracking and reminders observed during the 4-week in-
select lower-salt food pur- tervention phase. A total of
chases 87% of the participants report-
ed using the SaltSwitch app,
and 75% reported finding the
SaltSwitch app very easy to
use.
Indraratnaet New Randomized Investigate the feasibility, =~ TeleClinical Care None Theintervention was associated
a [42] Zealand  controlled trial  efficacy, and cost-effective- TCC—all-smartphone with asignificant reduction in
ness of a smartphone app; features: physical unplanned hospital readmis-
app—based model of carein activity tracking, know!- sions, including cardiac read-
patients discharged after edge, reminders, connec- missions, and higher rates of
ACS? or HFP admission tivity to digital health de- cardiac rehabilitation comple-
vices, and clinician portal tion and medication adherence.
The average usability rating for
the app was 4.5/5.
Agheretal  France Survey Design an mHealth® app, Prevent Connect—all- None The app was deemed of good
(8l Prevent Connect, to assess ~ Smartphoneapp; features: quality, with amean uMARSY
itsquality for evaluatingpa- food and physical activi- quality score of 4 on a 5-point
tient behavior for 4 cardio- 1Y tracking and knowl- Likert scale. The functionality
vascular risk factors (un-  €dge and information content of the
healthy eating, sedentary app were particularly appreciat-
lifestyle, and alcohol and ed, with amean uMARS score
tobacco consumption) and of >4. The esthetics and engage-
suggest personalized recom- ment of the app were appreciat-
mendationsand mHealthin- ed (UMARS score of 3.7). A
terventions for risky behav- total of 80% (42/52) of the par-
iors ticipants declared that the app
hel ped them become aware of
the importance of addressing
health behavior, and 65%
(34/52) said that the app helped
motivate them to change
lifestyle habits.
Schmaderer  United Qualitative Explorethe experienceof  Play-It Health—all- None Participants reported an overall
et a [43] States analysis using a self-management smartphone app; features: positive experience. The educa
mHedthinterventioninindi- knowledge, reminders, tion provided during the study
vidualswith HF toinforma clinician portal, and increased self-awareness and
future mHealth intervention  demonstration of behav- promoted self-management of
study ior their HF. The mHealth app
supported patient empower-
ment, resulting in better HF
management and improved
quality of life.
Steinberget  United Randomized Improve adherencetothe  Nutritionix—all-smart-  Behavior Intervention participants had
a [40] States controlled trial  pa SHE diet among women phong app; features: food change prin-  |ower systolic and diastolic BPY
with HTN' or pre HTN tracking, knowledge, re- ciples compared with active compara-

minders, and demonstra-
tion of behavior

tor participants. Most interven-
tion participants (23/29, 79%)
said that they would recom-
mend the DASH Cloud inter-
vention to afriend or family
member. However, only 34%
(20/59) indicated that the feed-
back SM Stext messages helped
them reach their diet goals.
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Study Country  Study design Purpose Name of mobileapp and Behavior Results
features changetheo-
ry or model
Choi et d United Randomized Discover whether dietary Unknown name—all- None Therewere no significant differ-
[41] States controlled trial  counseling supplied through ~ smartphone app; features: ences between EXP" and SOC!

a custom smartphone app
resultsin better adherence
to aMediterranean diet in a
non-Mediterranean popula-
tion than the traditional
standard-of-care counseling

food and physical activi-
ty tracking, knowledge,
clinician portal, and
challenges

regarding BP, lipid parameters,
HbA 1., or C-reactive protein.
EXP achieved a significantly
greater weight loss on average
of 3.3 Ibsversus 3.1 Ibsfor
SOC. Adherenceto the
Mediterranean diet increased
significantly over timefor both
groups, but there was no signif-
icant difference between the
groups. Similarly, therewas no
significant difference in diet
satisfaction between EXP and
SOC, athough diet satisfaction
increased significantly over
time for both groups. The pro-
portion of participants with
high Mediterranean diet compli-
ance increased significantly
over time—from 18.4% to
57.1% for SOC and from
27.5%1t0 64.7% for EXP; how-
ever, there was no significant
difference between the groups.

8ACS: acute coronary syndrome.

PHF: heart failure.

®mHealth: mobile health.

dUMARS: User Version of the Mobile App Rating Scale.
®DASH: Dietary Approaches to Stop Hypertension.
PHTN: hypertension.

9BP: blood pressure.

heEXP: experimental.

'SOC: standard of care.

Targeted Behavior and Outcome Measures

The most commonly measured outcome in the CVD studies
was usability or engagement in 83% (5/6) of the studies,
followed by diet intake or quality and metabolic and
physiological measurements (ie, blood pressure and urinary
sodium) in 67% (4/6) of the studies. In addition, treatment
adherence (ie, diet, cardiac rehabilitation, and medication) was
measured in 50% (3/6) of the studies. Other measured outcomes
included physical activity, weight loss, dietary knowledge,
sustainability, tobacco or acohol consumption, hospital
readmissions, cost-effectiveness, food purchases, and
self-management in 17% (1/6) of the studies.

BCTs Used

The most commonly used BCT was motivation or
encouragement, which was used in al reviewed studies (6/6,
100%). Knowledge or education and self-monitoring were used
in 83% (5/6) of the studies. Both prompts or cues and feedback
were used in 50% (3/6) and 33% (2/6) of the studies,
respectively. Theleast common BCTsincluded graded tasks or

https://mhealth.jmir.org/2023/1/e41235

challenges, demonstration of behavior, self-efficacy, and goal
setting in 17% (1/6) of the studies reviewed.

Behavioral Theory or Model

In total, 17% (1/6) of the analyzed studies were based on
behavioral theories or models. The others (5/6, 83%) did not
mention atheory. The transtheoretical model, Social Cognitive
Theory, thetheory of planned behavior, the Health Belief Model,
the precaution adoption model, and goal-setting theories were
used asthe basisfor 17% (1/6) of theinterventionsin thisreview
section. Evidencefor informing digital technology interventions
reveals that the Health Belief Model has been widely used for
goal setting and lifestyle changes for reducing cardiovascular
risk as it focuses on confidence in one’s ability to take action
[36].

Behavior Change Effectiveness

CVD-specific mHeadlth apps significantly improved the
completion of cardiac rehabilitation, were significantly
cost-effective, and resulted in substantial weight loss and less
salt purchases in 17% (1/6) of the studies. Furthermore,
significant engagement was observed in 67% (4/6) of the studies.
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In addition, some studies (1/6, 17%) showed improvement in
blood pressure and self-management and rated the app quality
as good. However, linking BCTs and theoretical frameworks
to behavior change and CVD health measures is challenging.
Therefore, this area of study should be investigated further.

Cancer Results

Demographic, Participant, and Study Design Details

In total, 9 cancer-related studies comprising 645 patients were
included. Of the 9 studies, 3 (33%) focused on survivors of
breast cancer, 2 (22%) focused on breast cancer, 2 (22%)
focused on esophageal cancer, 1 (11%) focused on patientswith
either gastric or colon cancer, and 1 (11%) focused on pancreatic

https://mhealth.jmir.org/2023/1/e41235
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cancer. Various study designswere used: 22% (2/9) prospective
quasi-experimental studies, 22% (2/9) prospective pilot studies,
11% (1/9) interventional observation studies, 11% (1/9)
nonrandomized 2-group controlled design studies, 11% (1/9)
randomized controlled trials, 11% (1/9) randomized
pretest-posttest design studies, and 11% (1/9) clinical trialswere
analyzed. These studies can be found in Table 2. Each app had
different features, including digital diaries [7,44-49], coach
feedback [7,44-47,49-51], personalized physical exercise
programs and nutrition plans [49,50], genera nutrition and
physical exercise guidelines [45,51], psychological support
courses [45,51], a secure message portal to their health care
teams[7,48], health knowledge education [46,48,51], and daily
tasks [48,51].
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Table 2. Included studies on cancer (n=9).

Salas-Groves et d

Study Country Study design  Purpose Name of mobileapp Behavior Results
and features changetheo-
ry or model
Stub- United Prospective,  To evauatethefeasibility = MOCHA—Apple- None The average number of daily uses was ap-
binset States  single-arm, and usability of MOCHA2  @nd Android-based proximately 3.5 times per day; participants
a [7] open-label toimprove daily accounting 8PP features: food lost an average of 2 Ibs. The average usabil-
clinical trial b . . and PA tracking, ity score was 77.4, which was greater than
of PA and ffEOd intake in coach feedback, and the acceptable level. More than 90% of pa-
:anivil\r:?r:rsoc\)/e ernegaigecfnngnetr clinician portal tientsfound MOCHA easy to navigate, and
with health practitionersand 84% were motivated to use MOCHA daily.
peers
Lozano- Spain Prospective  Toinvestigatethefeasibility BENECA Theoriesof  BENECA was considered feasible by sur-
Lozano test-retest of BENECA® mHealthdin  MHedth—all-smart-  learning, vivors of breast cancer in termsof use (76%,
etal quasi-experi- o ecological clinical setting  Phoneapp; features: - Goal-Setting  58/76), adoption (69%, 80/116), and satis-
[49] mental study  with survivors of breast food and PA track-  Theory, and  faction (positive NPS'). BENECA mHealth
cancer by studying (1) its Iarrllgd cgra;:gnfaleie;i :dack, tissg?li.r?e%%m- improved the QOL, EAFY score, and daily
feasibility and (2) pretest- P . y moderateto vigorous PA of the participants
positest differences regard-  Programming and reduced their body weight.
ing thelifestyles, QOL®, and
PA motivation of survivors
of breast cancer
Lozano- Spain Prospective (1) Check whether itisfeas- BENECA Theory of Differences between pre- and postassess-
Lozano quasi-experi-  bletofind changesininflam- mHeath—all-smart- learning, ment CRP" and 1L-6' showed asignificant
etal mental pre-  mation biomarkers through  phone app; features:  Goal-Setting  gecrease in both markers. Stepwise regres-
[50] post study an mHealth strategy app as  food and PA track- ~ Theory, and  giop analyses revealed that changesin
adelivery mechanism of an ing, coach feedback, Socia Cogni- i
intervention to monitor ener-  and personalized tive Theory global QOL, aswell as UMA_RSI score and
gy balance and (2) discover programming hormonal Fherapy, WEre poss ble predi ct_o rs
potential pregictors of of changein CRP con_oeptraﬂon after using
change in these markersin the mHeaJth_app. .Part|q pants showed i
survivors of breast cancer moderatesatlsfa:tlon withthe mHeaIth app;
high app use (mean 47.9; maximum 56
days); and moderate to low scoresin genera
QOL, fatigue, and pain.
Cheng China  Prospective,  To evaluate the feasibility, = CIMmH—web- Comprehen- At the 3-month follow-up, except for pain,
eta single-arm, safety, and efficacy of a based program; fea-  siveinterven-  eating difficulty, dry mouth, and trouble
[45] nonrandom-  comprehensiveintervention tures: foodand PA  tionmodel  with talking, all other QOL dimensions re-
ized pilot model using an mHealth tracking, knowledge, turned to the preoperativelevel. Therewere
study system (CIM mHk) in pa- and psychological significant reductionsin weight and BMI
tients with esophageal can-  SUPPOrt courses throughout the study, and no significant

cer after esophagectomy

changes were observed for physical fitness
measured by change in the 6-minute Walk
Test distance between baseline and the 1-
month follow-up or between baseline and
the 3-month follow-up. Depressive symp-
toms significantly increased 1 month after
surgery, whereas other psychological mea-
sures did not show relevant changes. Al-
though there were declines in many mea-
sures 1 month after surgery, these were
much improved at the 3-month follow-up,
and the recovery was more profound and
faster than with traditional rehabilitation
programs. Participants viewed, on average,
84% (3.38/4) of the web-based video inter-
vention content and completed, on average,
14% (3.20/23) and 34% (9.44/28) of the
web-based audio and article content, respec-
tively. Participants completed, on average,
63% (5.01/8), 100% (1/1), and 24%
(10.89/46) of the web-based nutrition,
physical exercise, and psychological inter-
vention content, respectively.
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Study Country Study design  Purpose Name of mobileapp Behavior Results
and features changetheo-
ry or model
Sohet Korea  Prospective Todevelopandvalidatea  Life Manager—all- None For the gastric cancer group, the “genera
a [48] study multidisciplinary mobile smartphone app; gastric cancer education” was the most fre-
care systemthat can provide features: food and quently viewed (322 times), and for the
health education and self-  PA tracking, clini- colon cancer group, the “warming-up exer-
management featurestoim-  cian portal, knowl- cise” was the most viewed (340 times). Of
provemultipleclinical mea- edge, and daily tasks 13 measurements taken from participants,
sures for patients with ad- 9 were taken offline (response rate: 52%-
vanced gastrointestinal can- 90.1%), and 3 were taken on the web (re-
cer sponse rate: 17.6%-57.4%). The overall
satisfaction rate among participantswasfa-
vorable and ranged from 3.93t0 4.01 on a
5-point Likert scale.
Cairoet United Nonrandom- To evaluateif areadily Vida—all-smart- Behavior At 6 months, more patientsin the app group
a [44] States ized2-group available mHealth interven- phone app; features: changetheo- experienced weight loss and had a signifi-
controlled tion (ie, Vida) canleadto ~ food and PA track- ry cantly greater reductioninoveral BMI. The
study design  headlthier lifestyle habitsfor ing and coach feed- app group also demonstrated statistically
with pre-post  survivors of breast cancer  back significant improvements in “ strenuous’
repeated mea- PA and had significant improvementsin
sures their dietary patterns as compared with the
self-guided group. The app group had
greater reduction in fatigue and improve-
ment in depression, but these changes were
not statistically significant. At 12 months,
none of the app users were till using the
app, but many were still following their
wellness plan and had maintained their
weight loss.
Yanget Korea  Prospective To evaluate the usefulness  Noom—Android- None The use (or activation) of the app was noted
a [47] pilot study of ahealth care mobileapp and Apple-based in approximately 70% (25/36) of the pa-
in preventing malnutrition  app; features: food tients until the end of the trial. Compared
and excessivemusclelossin  and PA tracking, with the 1:2-matched usual care group by
patients with esophageal coach feedback, and propensity scores balanced with their age,
cancer receiving N ACRT' knowledge primary tumor location, tumor stage, pre-
RT™BMI, and pre-RT SMI" level, 30 oper-
able patients showed less aggravation of the
prognostic nutritional index. However, there
was no significant difference in the SMI
change or the number of patientswith exces-
sive muscle loss. In patients with excessive
muscle loss, the walk steps significantly
decreased in thelast 4 weeks compared with
those in the first 4 weeks. Age affected the
absolute number of walk steps, whereas pre-
RT sarcopeniawas related to the recovery
of the reduced walk steps.
Keumet Korea  Randomized To evaluatethe efficacy of  Noom—Android- None All the study participants showed a signifi-
al [46] controlled amobile app-based pro- and Apple-based cant improvement in nutritional status ac-
study gram, Noom, in patientsre-  app; features: food cording to the PG-SGAP score regardiess
ceiving chemotherapy for ~ and PA tracking, of Noom app use. Noom users showed sta-
PDAC® coach feedback, and tistically significant improvements on the
knowledge global health status and QOL scales com-

pared with non—Noom users based on the

EORTC QLQ". The SMI decreased in both
groups during chemotherapy. The decre-
ment was higher in the non-Noom user
group than in the Noom user group, but it
was not statistically significant.
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Study Country Study design  Purpose Name of mobileapp Behavior Results
and features changetheo-
ry or model
Cinar et Turkey Single-blind- Mobile app—based training Name not provid- None QOL of the treatment group after the inter-
a [51] ed, single-cen- givento copewiththeside ed—all-smartphone vention increased, and distress level was
tered, andran-  gffects of EHT' and how app; features. coach lower compared with the control group;
domizedde-  managing thesymptomsand  feedback, knowl- these results were statistically significant.
sign the disease process will af- edge, psychological Most of the patients reported that the mobile

fect the QOL of womenwith
breast cancer

support courses, and
daily tasks

app was “informative and useful ”

3 OCHA: Methodist Hospital Cancer Health Application.

bpA: physical activity.

®BENECA: the Energy Balance on Cancer mobile health system.
dmHealth: mobile health.

€QOL: qudlity of life.

NPS: Net Promoter Score.

9EAF: Spanish self-efficacy scale for physical activity.

NCRP: C-reactive protein.

iIL-6: interleukin-6.

JUMARS: User Version of the Mobile App Rating Scale.

KCIMmH: Comprehensive Intervention Model Using a Mobile Health System.

INACRT: neoadjuvant chemoradiotherapy.

MRT: radiotherapy.

NSMI: skeletal muscle index.

®PDAC: pancreatic ductal adenocarcinoma.

PPG-SGA: Patient-Generated Subjective Global Assessment.

9EORTC QL Q: European Organisation for Research and Treatment of Cancer Quality of Life Questionnaire.

"EHT: adjuvant endocrine hormonal therapy.

Target Behavior and Outcome Measures

The most targeted behaviors were physical activity, observed
in 56% (5/9) of the included studies, and dietary behavior,
observed in 78% (7/9) of the studies. The questionnaires
measured both behaviors. Furthermore, QOL was measured in
67% (6/9) of the studies, followed by app use and satisfaction
in56% (5/9) of the studies. L essfrequently measured outcomes
included app adherence in 44% (4/9) of the studies, depression
in 33% (3/9) of the studies, and fatigue in 22% (2/9) of the
studies.

BCTs Used

Self-monitoring and feedback were the most frequently used in
mHealth apps for cancer (8/9, 89% of the studies), followed by
goal setting and motivation in 44% (4/9) of the studies each.
However, only 22% (2/9) of the studies used knowledge.

Behavioral Theory or Model

Most of the analyzed studies (6/9, 67%) seemed not to be based
on common theories. Only 33% (3/9) of the studies reported at
least one theory. The only reported theories were Socid
Cognitive Theory, Goal-Setting Theory, and the comprehensive
intervention model. This result is surprising given that most
apps used feedback, goal setting, and motivation to conduct
behavior change. Therefore, further research could use
behavioral theory or models to enhance their apps for this
chronic disease. However, in physical interventions (no digital
technology involved), some evidence showed that the

https://mhealth.jmir.org/2023/1/e41235

transtheoretical model combined with other models was
successful in breast cancer screening behavior asit isbased on
the stages of behavior change and interventions can betailored
to eachindividual, which increasestheir empowerment to make
change [52].

Behavior Change Effectiveness

Cancer-specific mHealth apps helped significantly improve
QOL in 44% (4/9) of the studies, followed by changes in
anthropometrics in 33% (3/9) of the studies. A total of 11%
(1/9) of the studies reported an increasein QOL and a decrease
in distress level. In contrast, physical activity and nutritional
status were only significantly improved in 22% (2/9) of the
studies. Similar to the CVD section, linking BCTs and
theoretical frameworks to behavior change and cancer health
measures is challenging. Therefore, this area of study should
be investigated further.

DM Results

Demographic, Participant, and Study Design Details

Intotal, 13 studies comprising 1559 patients were included. Of
the 13 studies, we analyzed 10 (77%) randomized controlled
trials, 1 (8%) single-arm feasibility study, 1 (8%) case report,
and 1 (8%) uncontrolled study. The studies included in this
review involving nutrition apps for diabetes can be found in
Table 3. Overall, there was a diverse population of patients
diagnosed with prediabetes (glucose: 5.55-6.94 mmol/L or
100-125 mg/dL ; HbA ;. 39-46 mmol/mol or 5.7%-6.4%), type
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1 DM, T2DM, and gestationa DM (2-hour oral glucose
tolerance test level of 29 mmol/L). The features of each app
included food tracking [53-62], education, knowledge, or
recommendations [54-56,59-65], physical activity tracking
[54-56,59-62], weight monitoring [56,59-62], glucose
monitoring [55,57,60,61,64], blood pressure monitoring [60],
community support [54,59,60], feedback [54-56,59,61,62,64],
health coaches [55], clinician portals [60-62], connectivity to

https://mhealth.jmir.org/2023/1/e41235

RenderX
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digital heath devices [56,57], scheduled reminders
[56,58,59,62], gamification [59,63], and goal setting [59]. In
addition, several targeted behavioral domains and outcomes
were measured as a result of the mHealth app nutrition
intervention. This factor revealed some interesting insights for
future investigations into digital health interventions among
people with DM.
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Table 3. Included studies on diabetes (n=13).

Salas-Groves et d

Study Country Study design  Purpose Name of mobileapp Behavior Results
and features changetheo-
ry or model
Honget Korea  Casestudy Examine the effect of amo- Diabetes & Nultri- None At 3months, body weight had decreased by
a [53] bile app program (“Diabetes tion—all-smart- 4.4 kg, waist circumference had decreased
& Nutrition”) developed be-  phone app; features: by 5 cm, and HbA 1 level had decreased
tween 2011 and 2012 for  food tracking from 7.9% to 6.1%. The medication was
self-management in patients reduced from the dose of 850 mg to 500 mg
with T2DM2 and recom- of metformin twice aday. Since then, the
mend important considera- patient did not continueto use the“ Diabetes
tions when the mobile app & Nutrition” app as their level of blood
program is devel oped glucose had stabilized and the patient felt
that it was inconvenient and annoying to
usetheprogram. At 6 months, no significant
change in body weight and body composi-
tion was observed in comparison with those
at 3 months.

Xuetd China o gmRrcT? Examinetheeffectiveness DHedthBar—all-  TTM Participantsin both groups reported astatis-

[54] with of a6-month mobile-based  smartphone app; tically significant decreasein energy intake
TTMC-based intervention (DHealthBar, a features: food and at the 2 follow-up assessments compared

. - WeChat applet) combined  physical activity with baseline. At 6 months, a significantly
_soaal m?d'a with behavioral theory com-  tracking, knowledge, larger decrease was observed intheinterven-
Intervention pared with aprintedinterven-  community support, tion group in energy, fat, and carbohydrate

tion in improving dietary and coach feedback intake accompanied by asignificantly larger

behaviors, physical activity, increase in moderate-intensity physical ac-

and intention to change tivity compared with the control group. Af-

these behaviors among pop- ter 6 months of theintervention, participants

ulations at high risk of were more likely to be at higher stages of

T2DM dietary behaviorsand physical activity than
the control group.

Kootet Singa  6-month (24- g ng the RE-AIM dayaua Glycoleap—all- Several theo-  Program engagement (implementation)

a [55] pore week), single-  tjon framework, thisstudy ~ Smartphone app; retical started out high but decreased withtime for
arm, preinter-  aeeaseed the potential effec- features: foodand  frameworks, all evaluated components. Self-reported
vention (base-  tjyeness and feas bility of physical activity includingthe survey data suggest that participants moni-
ling) and fol- GlycoL eap, amobile tracking, knowledge, TTM and tored their blood glucose on more daysin
low-upevalua |ifestyle management pro-  9lucosemonitoring, Health Be-  the previous week at follow-up compared
tion gram for people with and coach feedback lief Model with baseline and reported positive changes

T2DM, as an add-on to to their diet because of app engagement.

standard care. Statistically significant improvementswere
observed for HbA 1, with greater improve-
ments for those who logged their weight
more often. Participants had a 2.3% reduc-
tion in baseline weight. User satisfaction
was high, with 74% (59/80) and 79%
(63/80) of participants rating the app as
good or very good and claiming that they
would probably or definitely recommend it
to others.

Gri- United  12-week,pad- Examinethefeasibility and mHeath—all-smart- Self-determi-  No significant differences were observed

auzdeet States ld, 3-arm, acceptability of an mHealthd  Phone app; features:  nationtheory  in adherence rates between app-only and

a [56] mixed meth- i htervention designed to in- food and physical app-plus participants. Among al partici-
ods pilot RCT  rease autonomous motiva-  activity tracking, pants, mean autonomous motivation mea-

tion and healthy behaviors ~ knowledge, weight sures were relatively high at baseline (6.0
among adults with predia- monitoring, coach out of a7.0 scale), with no statistically sig-
betes who had previously ~ feedback, connectiv- nificant within- or between-group differ-

declined participation in a
diabetes prevention pro-
gram; in addition, the study
aimed to examine changes
in autonomous motivation
among adults who were of -
fered 2 versions of the
mHealth program compared
with an information-only
control group

ity to digital health
devices, and re-
minders

ences in follow-up scores.
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Study Country Study design  Purpose Name of mobileapp Behavior Results
and features changetheo-
ry or model
Torb- Norway 3-armed RCT Thisstudy aimedto explore Diabetesdiary app  None The study found statistically significant as-
jarnsen with 2 inter-  associations between the (no name)—all- sociations between 5 of the 8 self-manage-
eta vention level of acceptability of a  smartphone app; ment domains and “ perceived benefit,” be-
[57] groupsand 1 mobile diabetes app and the features: food track- ing one of the acceptability factors. Howev-
control group initial ability to self-manage  ing, glucose monitor- er, when adjusting for age, gender, and fre-
in patients with T2DM. ing, and connectivity quency of use, only 1 domain, “skill and
to digital health de- technique acquisition,” remained indepen-
vices dently associated with “perceived benefit.”
Frequency of use of the app was the factor
that revealed the strongest association with
the acceptability domain “perceived bene-
fit.” Moreover, an association was revealed
between gender and frequency of usewhere
69% (25/36) of the high-frequency users
were men.
Alfons Canada Iterative us- Test the app’s usability and i Spy—all-smart- None Use of iSpy was associated with improved
eta ability testing  potential impact on carbohy- phone app; features: carbohydrate counting accuracy (total grams
[58] (3 cycles) drate counting accuracy food tracking and per meal), reduced frequency of individual
reminders counting errors of >10 g, and lower HbA 1
levels. Qualitative interviews and acceptabil -
ity scale scores were positive. Moreover,
43% (9/21) of iSpy participants were still
engaged, with use at least once every 2
weeks at the end of the study.
Blocket United Clinical triadl Theaim wasto evaluatethe Alive-PD—web- Learning Alive-PD participants achieved significantly
a [59] States effectivenessof afully auto- based application;  theory, So-  greater reductions than controlsin fasting
mated, algorithm-drivenbe- features: food and  cia Cogni-  glucose, HbA ;¢, and body weight. Reduc-
haviora interyenti on_for dia physi_cal activity tive Theory, tionsin BMI, waist circumference, and TGS
betes prevention, Alive-PD, tracking, knowledge, and theory P o
delivered viatheinternet,  weight monitoring,  of planned ~ HDL  ratio were aso significantly greater
mobile phone, and automat- - community support, behavior in Alive-PD participants than in the control
ed phone calls. coach feedback, re- group. At 6 months, the Alive-PD group
minders, gamifica- reduced their Framingham 8-year diabetes
tion, and goal setting risk from 16% to 11%, significantly more
than the control group. Participation and
retention were good; intervention partici-
pantsinteracted with the program amedian
of 17 out of 24 weeks, and 71.1% (116/163)
were still interacting with the program in
month 6.
Kadmaeh  Iran Interventional Theaim of thisstudy wasto  Amoo—mobile None The resultsindicated a statistically signifi-
eta study eva uate the effect of mobile  phone game for all cant difference between the pre- and posttest
[63] game-based learning apps ~ smartphones; fea- scores in the intervention group. However,
on improving dietary infor-  tures: knowledge therewas no significant differencein fasting
mation in patients with and gamification blood sugar.
T2DM.
Yueta China  24-week, 4- Theaim of thisstudy wasto Diabetes-Carer—all- None The HbA 1. levelsin patients of al groups
[60] am, parallel  evaluatethe effectsof an  smartphone app; decreased significantly from basdline. There
glfOlg;dnon- MPAY combined with or fehmur:;: food and were significant differencesin the propor-
inded ran- - sical activit tions of patients that achieved HbA 1. <7%
domized trial without SMBG" on tpra)(/:king; knowl)i y 1

glycemic control in patients
with diabetes.

edge; weight, blood
pressure, and glu-
cose monitoring;
community support;
and clinician portal

between groups, especially in group C and
group D, compared with group A at week
24. 1,5-anhydroglucitol changeswere obvi-
ousin group A and group C at week 24
from baseline. Factorial ANOVA showed
that the MPA intervention was the main ef-
fective factor for HbA 1. change, and there
was no effect on HbA ;. change for the
SMBG intervention.
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Study Country Study design  Purpose Name of mobileapp Behavior Results
and features changetheo-
ry or model
Gar- Norway 2-arm, multi- The study analyzed sec- Pregnant+—all- None All the participants showed improvements
nweid- center, non-  ondary datafroma2-arm,  smartphone app; in their HDS-P+ from basdline. However,
ner- blinded RCT  multicenter, and nonblinded features: knowledge, the Pregnant+ app did not have asignificant
Holme RCT to determine whether  glucose monitoring, effect on their HDS-P+. The control group
eta asmartphoneappwithtarget- and coach feedback reported a higher weekly frequency of
[64] ed dietery information and choosing fish meals. No other significant
blood glucose monitoring differences were found between the inter-
had an effect on the dietary vention and control groups.
behavior of women with
GDM'.
Agarw- Canada Multicenter The primary objective of BlueStar—al-smart- TTM The results of an analysis of covariance
deta pragmatic this study wasto conduct a  phone app; features: controlling for baseline HbA ;¢ levels did
[61] RCT pragmatic RCT of the food and physical not show evidence of intervention impact
Bluestar mobileappto deter-  activity tracking, on HbA 1. levels at 3 months. Similarly,
mineif app useledtoim-  knowledge, weight there was no intervention effect on sec-
proved HbA 1. levelsamong  and glucose monitor- ondary outcomes measuring diabetes self-
diverse participantsin real- g, coach feedback, efficacy, quality of life, and health care use
life clinical contexts. The  and clinician portal behaviors. An exploratory analysis of 57
au_thors hypothes zed that ITGK participants investigating the impact
this mobile app would im- of app use on HbA 1 levels showed that
prove self-management and L
HDbA 1 levelscompared with ea_ch edditiond c_iay of app use corre_@ondet’j
with a0.016-point decreasein participants
controls. 3-month HbA 1 levels. App use varied sig-
nificantly by site as participants from one
sitelogged in to the app amedian of 36 days
over 14 weeks; those at another site used
the app significantly less.
Limet Singa Randomized Compare the effects of a Nutritionist Buddy  Severa theo- Compared with the control group, interven-
a [62] pore clinical tria culturally contextualized Diabetes—all-smart- retical mod-  tion participants achieved significantly
conductedat  smartphone-based interven- phone app; features: elscombined greater reductions in weight and HbA 1
multipleprima-  tion with usual care on food and physical thatincluded |evels, with agreater proportion experienc-
ry carecenters weight and metabolic out-  activity tracking, accountabili-  jng a reduction in diabetes medications at
comes knowledge, weight  ty,communi- 6 months. The intervention led to a greater
monitoring, coach  cation, and  HbA . reduction among participants with
feedback, clinician  motivation  pa, - jevels of >8%. Intergroup differ-
pqrtal » and re- tohelpadher- ences favoring the intervention were also
minders ence

noted for fasting blood glucose, diastolic
blood pressure, and dietary changes.

https://mhealth.jmir.org/2023/1/e41235

RenderX

JMIR Mhealth Uhealth 2023 | vol. 11 | e41235 | p. 14
(page number not for citation purposes)


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

JMIR MHEALTH AND UHEALTH

Salas-Groves et d

Study Country Study design  Purpose Name of mobileapp Behavior Results
and features changetheo-
ry or model

Juanet  Span Uncontrolled  Userswould have astatisti- Augmented Reali-  None The results reported that their initial

a [65] study caly significant increasein  ty—all-smartphone knowledge about carbohydrate choiceswas
knowledge about the carbo-  app; features: very low. Thisindicates that education
hydrate choices of resl knowledge about nutritional information in packaged
packaged foods after using foodsisneeded. An analysisof the pre- and
the app. postknowledge questionnaires showed that

users had a statistically significant increase
in knowledge of carbohydrate choices after
using the app. Gender and age did not influ-
ence the knowledge acquired. The partici-
pants were highly satisfied with the app.

8T2DM: type 2 diabetes mellitus.
BPRCT: randomized controlled trial.
STTM: transtheoretical model.

9RE-AIM: Reach, Effectiveness, Adoption, Implementation, and Maintenance.

®TG: triglyceride.

"HDL: high-density lipoprotein.

9MPA: mobile phone app.

NSMBG: self-monitori ng of blood glucose.
iGDM: gestational diabetes mellitus.
IHDS-P+: healthy dietary score for Pregnant+.
KITG: immediate treatment group.

Targeted Behavior and Outcome Measures

The most frequently targeted behaviors were glycemic control
measured using HbA ;. and DM self-efficacy or self-management
in 46% (6/13) of the reviewed studies. In addition, dietary
behavior, levels of engagement, user acceptability, or
motivation, and weight or BMI were measured in 46% (6/13)
of the studies, followed by waist circumference in 23% (3/13)
of the studies. Less frequently measured outcomes included
physical activity, stages of change, carbohydrate counting
accuracy, QOL, hedlth care use behavior, and lipids in 23%
(3/13) of the studies.

BCTs Used

Numerous BCTs can be used to induce behavior change. All
the DM studies reviewed (13/13, 100%) used knowledge and
education, followed by self-monitoring in 77% (10/13) of the
studies. Both social support or encouragement and autonomous
personalized feedback were used in 54% (7/13) of the studies.
Prompts or cues were used in 31% (4/13) of the studies,
followed by graded tasks and gamification in 15% (2/13) of the
studies. Real-time feedback and goal setting were used in 15%
(2/13) of the studies reviewed. Unfortunately, no standard
definition of techniques is included in the BCTs, making it
challenging to identify the techniques used in the interventions
[66].

Behavioral Theory or Model

Some of the analyzed studies (7/13, 54%) seemed not to be
based on behavioral theories or models. In total, 46% (6/13) of
the studies reported at least one theory. The transtheoretical
model was most frequently used in 23% (3/13) of the studies,
followed by Social Cognitive Theory, self-determination theory,

https://mhealth.jmir.org/2023/1/e41235

models centering on cues and triggers, theory of planned
behavior, behavioral economics, positive psychology, and
motivational interviewing as other reported theories. Some
research has shown that Social Cognitive Theory has been used
in feasibility studies among populations with diabetes asit can
increase confidence and promote greater sustained effort to
change, making it aguide for digital technology interventions.
This theory also includes skill training, which can benefit
diabetes management and education programs [67,68].

Behavior Change Effectiveness

DM-specific mHealth apps improved glycemic control by
significantly reducing HbA ;. valuesin 46% (6/13) of the studies.
In addition, 15% (2/13) of the interventions [53,62] resulted in
adecreasein the medications used for glycemic control. Some
studies (6/13, 46%) showed significant engagement; however,
17% (1/6) of these studies showed adeclinein engagement over
time, and 17% (1/6) did not havefollow-up datafor engagement.
Sustainability needs to be considered for the effectiveness of
these types of interventions. There were also significant changes
in anthropometrics in 31% (4/13) of the reviewed studies. DM
self-efficacy and self-management, decrease in energy intake,
and increase in physical activity were observed in 8% (1/13) of
the studies. Not all studies analyzed the same outcomesfor each
intervention, making it difficult to link BCTs and theoretical
frameworks to behavior change and health measures.

Obesity Results

Demographic, Participant, and Study Design Details

A total of 18 studies comprising 253,775 patientswere included.
Among these 18 studies, we analyzed 5 (28%) randomized
controlled trials, 5 (28%) experimental studies, 3 (17%)
feasibility studies, 2 (11%) observations, and 1 (6%) prospective
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cohort study. The studiesinvolving nutrition apps among people
with obesity can be found in Table 4. The studies focused on
obesity prevention and treatment in many diverse populations
that ranged in age, socioeconomic background, and physical
status (ie, pregnancy and post partum). App features included
physical activity tracking [69-78], food tracking [70,72-83],
knowledge, education, or recommendations
[70,72-76,78,79,82-86], push notifications or scheduled
reminders [74-76,78,79,81-84,86], weight monitoring
[75,76,78,81,85,86], behavior demonstration [69,75,83],

https://mhealth.jmir.org/2023/1/e41235
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motivational  challenges [69,75-78,83], goal  setting
[69,73-75,78,81,84,85], feedback [69,70,73,75,76,81-83,86],
community support [70,75,78,85], connectivity to digital health
devices [70,72,81,86], clinician portals [72,73,82], and access
to ahealth coach [76-78,81]. Furthermore, numerous behaviors
were targeted, and the outcomes were analyzed to determine
the effectiveness of amobile nutrition intervention in promoting
healthy weight. Thisinformation will help develop approaches
and techniquesfor digital health behavior change interventions
to prevent and treat obesity.
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Table 4. Included studies on obesity (n=18).

Salas-Groves et d

Study Country Study design  Purpose Name of mobileapp Behavior Results
and features changetheo-
ry or model
Lubans Aus Cluster RCT® Focused onthe promotion AT ASP—gI- Self-determi-  Focus group participants reported enjoy-
eta tralia of lifetime (eg, resistance  gmartphone app; nationtheory ment of the program and felt that it had
[69] training) and lifestyle (69,  feqtyres physical and Socia provided them with new skills, techniques,
active transport) physical activity tracking, be-  Cognitive  and routines for the future. However, their
activitiesand was aligned  pavior demonstra- 1 heory engagement with the smartphone app was
with current physical activi-  tjon, challenges, limited. Barriersto theimplementation and
ty guidelines, which include goal setting, and evaluation of the app included limited ac-
arecommendationtoengage  coach feedback cessto smartphone devices, technical prob-
in muscle- and bone- lems with the push notifications, lack of
strengthening physical activ- access to use data, and the challenges of
itiesat least 3 days per week maintaining participants’ interest in using
the app.
Griffin  United 1-group, pre- Toevaluate changesindi- SMStextmessaging Sociad Cogni- Participants significantly improved dietary
eta States  to posttest etary and physical activity initiative (My tive Theory  and physical activity behaviors and food
[84] study design  behaviors and weight after  Quest)—all smart- environment, increased their dietary and
implementation of a12- phones,; features: physical activity goal setting, and reduced
week SMStext messaging  knowledge, re- their body weight. A total of 56 posttest as-
initiative (My Quest) minders, and goal sessments were completed (84% response
setting rate).
Vander Aus Pilotinterven-  Effectiveness of the Mums  Mums OnLiNE Socid Cogni- Mean PPWR decreased in the intervention
Pligtet traia tion study OnLiNES intervention with Combinedand In-  tive Theory  group and the comparison group 2 athough
al [71] nested within . 4 FANT Ex- the changes were not significant. Mean
acluster RCT respgct to r.eduq ng PPWR tend®—web-based waist circumferencefor all groups exceeded
and improving diet, physical Y : :
activity, and sedentary be-  @plication or smart- recommendations at baseline but decreased
havior ' phone app with tele- to bgl ow recpmmendah ons for womenin
phone-based sup- the intervention group and significantly for
port; features: physi- the intervention group compared with
cal activity tracking comparison groups 1 and 2. Changesin diet,
physical activity, or sedentary behaviors
were not significant.
Hull ¢ United Observational Thispaper describesthede- CHEW smartphone Socioecolog-  Study participants used the app on average
a [79] States designbased velopment and betatesting app—Android-based ical model once aweek for approximately 4.5 minutes
ondaacollect-  f the cHEW' smartphone ~ @PP; features: food per session. Use of specific features aver-
edafterthe 555 The objective of beta  trécking and knowl- aged at 1-2 times per month for shopping-
testing period testing was to test the edge related activities and 2-4 times per month
CHEW app prototype with for the snack gallery. Mothers classified as
target usersfocusing on use, users rated the app’s WIC¥ Shopping Tools
usability, and perceived bar- relatively high on usability and benefits.
riersand benefits of the app. The Yummy Snack Gallery and Healthy
Snacking Tips scored higher on usahility
than on benefits, suggesting that the nutri-
tion education components may have been
appealing.
Bughin France Randomized Theamofthisstudy wasto TR Program—An-  None No significant group x timeinteraction was
etal controlled compare the changesin droid-based or web- found for fat mass. Compared with the
[72] study body composition, anthropo-  based; features: food UCG, TRGK patientstended to significantly

metric parameters, exercise
capacity, and QOLh within
12 weeks of patientsin the
TR' program with those of
usual care patients with
obesity.

and physical activity
tracking, knowledge,
connectivity to digi-
tal health devices,
and clinician portal

improve their waist-to-hip ratios and im-
proved their QOL physical impact. Signifi-
cant time effects were observed for body
composition, 6-minute Walk Test distance,
exercise metabolism, sedentary time, and
QOL. Adherence (95%) and satisfaction in
the TRG were good.
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Study Country Study design  Purpose Name of mobileapp Behavior Results
and features changetheo-
ry or model
Toro- Korea Intervention  Thisstudy investigatedthe Noom—Android- None Participants showed aclinically significant
Ramos efficacy of asmartphonein- and Apple-based weight loss effect of —7.5% at the end of
eta tervention using adesignat- app; features: food the 15-week program, and at a 52-week
[78] ed app with alifestyleinter- and physical activity follow-up, aweight loss effect of —5.2%
vention—focused approach,  tracking, knowledge, was maintained. At 15 weeks, percentage
including ahuman coaching reminders, weight of body fat and visceral fat decreased by
element, toward weight loss  monitoring, chal- -6.0%t0—-5.4% and -3.4 kgto —2.7 kg, re-
in Korean adultswho were  lenges, goal setting, spectively. Fasting blood glucose level also
overweight or obese. community support, decreased significantly by -5.7 to —14.6
and coach feedback mg/dL at 15 weeks. Lipid parameters
showed significant improvements except
for high-density lipoprotein cholesterol. The
freguency of logging meals and exercise
was associated with body fat loss.
Pellegri- United  6-month tech- Examine within-person ENGAGED'—smart- None Participants recorded less astime in the
nieta States nology-sup-  variationin dietary self- phone provided with study progressed. Fewer foodswere report-
[70] ported weight  monitoring during a 6- the app; features: ed on the weekends compared with on
losstria month technology-supported 504 and physical weekdays. Morefoodswere self-monitored
weight losstrial asafunc- activity tracking, in January compared with in October;
tion of time-varying factors, knowledge, feed- however, a seasonal effect was not ob-
including timein the study, back, community served.
day of the week, and month support, and connec-
of the year tivity to digital
health devices
Doddet Aus Multicenter, ~ The objectivewasto evalu- Namenot provid-  None Mean difference in HEI™ score was 0.01 at
a[74] trdia nestedrandom-  ate the impact of a smart- ed—smartphonewas 28 weeks of pregnancy and -1.16 at 36
ized trial phone app asan adjunct to  provided with the weeks of pregnancy. There was no signifi-
face-to-face consultationsin  app; features: food cant additional benefit from the provision
facilitating dietary and and physical activity of the smartphone app in improving HEI
physical activity change tracking, knowledge, score. Although all women improved di-
among pregnant women.  reminders, and goal etary quality throughout their pregnancy,
setting use of the smartphone app was poor.
Stasina-  Switzer-  Unblinded Theobjectiveof thestudy ~ PathMate2—smart-  None At intervention start, median BMI SDS" of
kieta land RCT was to assess novel obesity  phone provided with all patients was 2.61. BMI-SDS decreased
[77] management that movedthe - the app; features: significantly in the control group at time 1
focusfrom on-siteconsulta- ~ food and physica but not at time 2 and did not decreasein the
tionsin a specialized child-  activity tracking, intervention group during the study. Muscle
hood obesity center toan  challenges, and mass, strength, and agility improved signif-
appealing, youth-friendly,  coach feedback icantly in both groups at time 2; only the
low-threshold mobile inter- intervention group significantly reduced
vention (Pgt_hM ate?) u_ndgr their body fat at time 1 and time 2. Average
the supervision of pediatric daily PathMate2 app use rate was 71.5%.
obesity experts. Cortisol serum levels decreased significant-
ly after biofeedback but with no association
between stress parameters and BMI-SDS.
Alieta yag® Nonrandom-  Develop and test anutrition Rashekaty-Basicand Socid Cogni-  There was no significant differencein
[73] ized, 2-arm educationinterventiondeliv-  Rashakaty-En- tive Theory  weight loss between the 2 arms. However,
feasibility ered viaawebsiteand mo-  hanced—web-based waist circumference decreased morein the
study bile apps to university stu-  application and all- Rashakaty-Enhanced group. Changesin
dentsin the UAE who were  smartphone app; knowledge related to sources of nutrients
overweight and obese features: food and and diet-disease rel ationships were signifi-
physical activity cantly higher among the Rashakaty-En-
tracking, knowledge, hanced group. Rashakaty-Enhanced partici-
goal setting, feed- pants reported increased number of days
back, and clinician spent on moderate physical activity and
portal minutes walked. They also reported higher

scores in social support from friends to re-
ducefat intake and from family and friends
to increase physical activity.
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Study Country Study design  Purpose Name of mobileapp Behavior Results
and features changetheo-
ry or model
Seneca China  Retrospective Toevaluatewhether individ- MetaWell—An- None 251,718 individuals (79% female) werein-
eta observational  uasfollowingaweight loss droid- and Apple- cluded with amean weight loss of 4.3 kg
[86] analysis program based on amobile based app; features: and amean follow-up of 120 days. Mean
app, wirelessscale, and nu-  knowledge, re- weight loss at 42, 60, 90, and 120 days was
tritional program but no minders, weight 4.1kg, 4.9 kg, 5.6 kg, and 5.4 kg, respective-
face-to-face care could monitoring, feed- ly. At 120 days, 62.7% of participants had
achieveclinically significant  back, and connectiv- lost at least 5% of their initial weight. Both
weight lossin alarge cohort ity to digital health genders and al use frequencies showed
statistically significant weight loss from
baseline at each interval, and this|loss was
greater in men than in women. The frequen-
cy of recording was associated with greater
weight loss when comparing high-, medi-
um-, and low-use groupsat al timeintervals
investigated.
Delise Sweden 2-armparallel Investigatethel2-monthaf- MINISTOP—both  Socid Cogni- At the 12-month follow-up, no statistically
Nys- RCT ter-baseline measurements  web-based applica-  tive Theory  significant difference was observed between
trom et of theMINISTOPP interven-  tion and all-smart- the intervention and control groups for
a [82] tion phone app; features: FMI9, and no maintained effect for the
food tracking, change in composite score was observed.
knowledge, re-
minders, feedback,
and clinician portal
Stein United Longitudinal  Evaluate weight loss, Lark Weight Loss ~ None Weight loss was 2.38% of baseline weight.
and States  observational changesinmeal quality,and HCAI—Android- The average duration of app use was 15
Brooks study app acceptability among and Apple-based weeks, and users averaged 103 sessions
[81] users of the HCAI" with the @Pp; features: food each. The percentage of healthy mealsin-
overarching goal of increas-  tracking, reminders, creased by 31%. The in-app user trust sur-
ing access to compassionate weight monitoring, vey had a 100% response rate and positive
health care viamHealth® goal setting, coach results, with a satisfaction score of 87 out
feedback, and con- of 100 and Net Promoter Score of 47.
nectivity to digital
health devices
Prasad  United Open-label, The primary aimwastotest MyCircadian- None The mean duration of the baseline eating
eta States  nonrandom-  thefeasibility of aTRE inter- Clock—all-smart- window was 14 hours and 32 minutes (SD
[80] ized, prospec- vention administered viaa  phone app; features: 2 hours and 36 minutes), with 56% of par-
tive 90-day smartphoneappamedatre- food tracking ticipantswith aduration of >14 hours. TRE
TRE interven-  ducing the eating window participants successfully decreased their
tion by 4 hoursin individuals eating window from 16 hours and 4 minutes
with a habitually prolonged (SD 1 hour and 24 minutes) to 11 hoursand
eating window and deter- 54 minutes (SD 2 hours and 6 minutes) and
mine the efficacy of a 90- reduced the number of daily eating occa
day TRE interventionin re- sions by half. Adherence to logging and to
ducing body weight and the reduced eating window was 64% (SD
blood pressurein adultswho 22%) and 47% (SD 19%). TRE resulted in
were overweight and obese. decreasesin body weight, waist circumfer-
A secondary aim was to ence, and systolic blood pressure.
monitor the adherenceto the
intervention over time.
Simp-  Scot- Feasibility To develop and assessthe  HelpMeDolt!—all-  Socid Cogni-  Of the 54 (74%) participantswho download-
soneta land RCT feasibility and acceptability smartphoneapp and tive Theory  ed the app, 48 (89%) used it. Objective
[85] of an app-, web-, and social web-based applica= and control ~ physical activity measures perhaps showed
support—based intervention  tion; features: theory the most potential (daily step count [1187
in supporting adults with knowledge, re- steps] and sedentary time [—-60.8 min]).

obesity to achieve weight
loss goals

minders, weight
monitoring, goal set-
ting, and community
support

However, these outcomes were poorly
completed.
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Study Country Study design  Purpose Name of mobileapp Behavior Results
and features changetheo-
ry or model
Linetal United RCT To compare an mHedlthin-  cj7yV_g|-gmart- Rootedin Use of the app was highest during month 1
[79] States tervention deliveredviaa  phone gpp; features;,  theoretical  for both arms; thereafter, use dropped sub-
CP app with usual care food and physical modelsand  stantially and continuously until the study
controls and comparewith  activity tracking, behavioral  end. During the first 6 months, the mean
an in-person and phone- knowledge, re- framework  percentage of Qays that any app component
supplemented personal minders, weight was used was higher for the_ CParm (74.2%)
coaching interventionen-  monitoring, behavior than for the personal coaching arm (48.9%).
hanced by CP self-monitor- demonstration, chal- The CParm used the apps an average of 5.3
ing with usual care lenges, goal setting, times per day, whereas the personal coach-
feedback, and com- ing participants used them 1.7 times per
munity support day. Theformer self-weighed morethan the
latter (57.1% of days vs 32.9% of days).
Furthermore, the percentage of days that
any app component was used, number of
app uses per day, and percentage of days
self-weighed all showed significant differ-
encesacrossthe 4 weight categoriesfor both
arms. Pearson correlation showed anegative
association between weight change and the
percentage of daysthat any app component
was used, number of app uses per day, and
percentage of days self-weighed.
Chewet Singa  Prospective Assess the effectivenessof ~ Kurbo—all-smart-  None Kurbo engagement was high, with 83%
a [76] pore single-cohort  adolescent engagement with  phone app; features: (33/40) of participants completing at least
study amobileapp-based lifestyle food and physical 7 coaching sessions. In total, 78% (18/23)

intervention program as an
early intervention before
enrollment in aclinic-based
multidisciplinary weight

management program

activity tracking,
knowledge, re-
minders, weight
monitoring, chal-
lenges, and coach
feedback

of participants rated the app as good to ex-
cellent, and 70% (16/23) stated that they
would recommend it to others. There were
no statistically significant changesin BMI
zscores at 3 or 6 months. Participants
showed statistically significant improve-
mentsin measured body fat percentage, self-
reported QOL, and self-reported caloricin-
take from the 3-day food diaries at 3 and 6
months.
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Study Country Study design  Purpose Name of mobileapp Behavior Results
and features changetheo-
ry or model
Kayet United Randomized Comparing app-baseddiet DASH Cloud—all- None DA SH Cloud did not enhance DASH adher-
a [83] States  controlledfea tracking (activecomparator) smartphone app; ence over diet tracking alone but resulted
sibility trial with app-based diet tracking features: food track- in greater reductions in blood pressure.

plus feedback on DASH"Y
adherence via SM S text
message (intervention)

ing, knowledge, re-
minders, behavior
demonstration, chal-

lenges, and feedback

8RCT: randomized controlled trial.

BATLAS: Active Teen Leaders Avoidi ng Screen-Time.
COnLiNE: Online, Lifestyle, Nutrition, and Exercise.
IPPWR: postpartum weight retention.

€INFANT Extend: Extended Melbourne Infant Feeding Activity and Nutrition Trial.

fCHEW: Children Eating Well.
9WIC: Women, Infants, and Children.
hQOL: quality of life.

'TR: telerehabilitation.

lucG: usual care group.

KTRG: TR group.

|ENGAGED: e-Networks Guiding Adherence to Goals in Exercise and Diet.

MHEI: healthy eating index.
"SDS: SD score.
PUAE: United Arab Emirates.

PMINISTOP: Mohile-Based Intervention Intended to Stop Obesity in Preschoolers.

9FMI: fat massindex.

"HCAI: Health Coach Al.

SmHealth: mobile health.

"TRE: time-restricted eating.

UCP: cell phone.

VCITY: Cell Phone Intervention For You.

WDASH: Dietary Approaches to Stop Hypertension.

Targeted Behavior and Outcome Measures

Anthropometric measurements (ie, weight, BMI, and
wai st-to-hip ratio) were the most targeted health outcomes, with
behavior change in 78% (14/18) of the reviewed studies,
followed by diet quality and physical activity in 61% (11/18)
of the studies. In addition, engagement, user acceptability, or
motivation levels and body composition were measured in 39%
(7/18) and 28% (5/18) of the studies, respectively. QOL,
behaviors(ie, god setting and self-efficacy), and CVD measures
(ie, blood pressure, heart rate, glucose, and lipids) wereincluded
as outcomes in 22% (4/18) of the studies. Less frequent
measures included stress parameters (ie, chronic stress and
cortisol levels), diet knowledge, reduced screen time, and
behavior and health maintenance, observed in 6% (1/18) of the
studies.

BCTs Used

BCTswereincorporated into each intervention. Self-monitoring
wasthe most commonly used BCT (14/18, 78% of the reviewed
studies), followed by knowledge or education (12/18, 67% of
the studies). Goal setting was used in 56% (10/18) of the studies,
feedback and encouragement were used in 56% (10/18) of the
studies, and prompts or cues and intention formation were used

https://mhealth.jmir.org/2023/1/e41235

in 50% (9/18) of the studies. Feedback through private messages
was used in 39% (7/18) of the studies, followed by community
or socia support and demonstration of behavior in 33% (6/18)
of the studies each. Graded tasks and gamification or incentives
were used in 17% (3/18) of the studies. Finaly, information
about health benefits and consegquences was used in 6% (1/18)
of the studiesin thissection. Clinician portalswereused in 17%
(3/18) of the interventions to improve patient care. Although it
is not a BCT, it is worth mentioning as a vita intervention
component.

Behavioral Theory or Model

Some interventions (10/18, 56%) did not mention the basis of
behavioral theoriesor models. A total of 6% (1/18) of the studies
mentioned that they were rooted in theoretical models but did
not specify which ones. Social Cognitive Theory was the most
frequently used behavior model in 33% (6/18) of the studies.
Self-determination theory was used in 11% (2/18) of the studies,
followed by the socioecological model, control theory, and
socia support theory in 6% (1/18) of the studies. Furthermore,
Social Cognitive Theory has been used in feasibility studieson
mHealth technology lifestyle interventions for obesity, for
example, by using the principle of verbal persuasion through
methods such as personalized encouragement that help
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individuals realize that they have the capability to make the
necessary healthy lifestyle changesto lose weight [87].

Behavior Change Effectiveness

Obesity-specific mHeath apps improved weight through
significant reductionsin 39% (7/18) of the studies. Some studies
(4/18, 22%) showed a substantial decrease in body fat
percentage and waist circumference. There were also significant
changes in cardiovascular measurements (ie, blood pressure
and lipids) and QOL in 11% (2/18) of the reviewed studies.
Changesin self-efficacy, decreasesin energy intake and screen
time, and increases in knowledge of nutrients and physical
capabilities were observed in 6% (1/18) of the studies. In total,
11% (2/18) of the studies analyzed and reported significancein
the maintenance of weight loss, whereas 11% (2/18) of the
studies reported a decline in changes over time. The
sustainability of theseinterventionsisan areafor futureresearch
to determine the effectiveness of these types of interventions.

Discussion

Principal Findings

Overall, mHealth apps used for various chronic disease
populations did improve hedth. These studies showed
significant improvements in QOL, cardiac rehabilitation
completion, glycemic control (ie, HbA,.), weight reduction,
and reduction in physiological measures (ie, blood pressure and
lipids). In addition, some studies (3/46, 7%) showed improved
self-efficacy and self-management of chronic diseases. Although
many studies (35/46, 76%) did not measure long-term
effectiveness, some (3/46, 7%) showed significance in
maintaining weight loss, whereas others (3/46, 7%) showed a
decline in changes or engagement in app use over time. A total
of 24% (11/46) of the studies measured maintenance of health
behavior change. Of these 11 studies, 7 (64%) sustained
behavior change for approximately 6 to 12 months, and 4 (36%)
showed a decline in behavior change or discontinued app use.

The main difference between the sustainability of health
behavior change wastheinclusion of aclinician portal or access
to ahealth coach. Griauzde et al [56] measured postintervention
qualitative data that provided reasons for app satisfaction,
dissatisfaction, and ways to improve. Reasons for satisfaction
included “encouraged self-reflection,” reasons for app
dissatisfaction included “did not consider personal
circumstances,” and strategies to improve the intervention
included “increased interpersonal contact.” Of the 46 studies,
9 (20%) included a clinician porta as a feature to enhance the
app intervention, alowing for additional communication
between clinicians and patients. Of the 9 studies, 7 (78%) had
an effective health behavior change. Silk et a [88] reported
acceptability and easy-to-use features regarding the integration
of the clinician portal into their mHealth intervention. This
component should be considered for health behavior change
interventions and investigated further.

Of the 46 nutrition appsin thisreview, 37 (80%) included some
type of self-monitoring feature. Of those 37 apps, 35 (95%) had
at least one significant improvement or good usability rating to
promote engagement with mobile apps for chronic disease
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self-management. Thisisin alignment with other research that
shows that the most common self-management application for
mHealth isatracking feature [89]. In addition, when surveying
clinicians working in diabetes and weight management patient
care settings, the most adoptable appsincluded self-monitoring
features [90]. However, the apps that did not include
self-monitoring or tracking features showed significant
improvements aswell. In addition, there was variability in other
features combined with tracking features (ie, knowledge, goa
setting, coach feedback, and clinician portals), making it difficult
to attribute behavior change to self-monitoring features aone.
Moreresearch is needed to correl ate specific featureswith health
behavior change.

Except for cancer populations, akey finding in this review was
that 41% (19/46) of the nutrition app interventions targeted
weight management, and 58% (11/19) of those studies were
effective in health behavior change. This finding is similar to
that of Fakih El Khoury et a [91], who reported that dietary
mobile apps positively affected measured nutritional outcomes
in chronic diseases, especially weight loss. The key finding for
cancer populations was that mHealth nutrition apps can
significantly improve QOL. A similar result was found in a
review analyzing the use of mHealth involving nutrition in a
chronic kidney disease population [92]. A total of 28% (13/46)
of the studies examined changes in glycemic control, HbA .,
and other biometric measurements (ie, blood pressure and
lipids). Intotal, 69% (9/13) of those studies showed asignificant
reduction in their measurements when using a nutrition app in
their intervention. In addition, 15% (2/13) of those studies
showed adecrease in medication treatment for glycemic control
[53,62]. Eberle et a [93] concluded that mHealth apps with a
nutrition  intervention  effectively enhanced  diabetes
management, which is comparable with our review results.

There was diversity in the chronic disease state; study design;
number of participants; and variety of in-app features, BCTS,
and behavior models used in the studies. However, linking these
factorsto aparticular behavior change and health outcome posed
to be difficult, which is not different from Tqj et a [94] in their
review of digital health behavior changetechnology. Thisreview
provides insight into the theories and theoretical frameworks
or models used in nutrition-focused mHealth interventions to
increase understanding and trandate them into practice, which
isessential for devel oping behavior changefor the sustainability
of healthimprovement. For example, this scoping review found
that most apps used BCTs, such as self-monitoring in 80%
(37/46) of the interventions, knowledge in 72% (33/46) of the
interventions, feedback in 54% (25/46) of theinterventions, and
goal setting in 20% (9/46) of the interventions, for effective
health behavior change, as another review [31] demonstrated.

In addition, our review found that less than half (19/46, 41%)
of the studies based their nutrition apps on a behavioral theory
or its constructs. Some studies (14/46, 30%) that based their
interventions on theories had improved engagement, satisfaction,
or app use among participants and suggested that incorporating
a behavioral theory in mHealth interventions is an effective
strategy, which is a comparable finding with that of another
review [91]. However, other factors play a role in usability,
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acceptability, and overall user satisfaction. The app features,
BCTs, and theory-based interventions will all affect the
effectiveness of mHealth nutrition apps in health behavior
change toward chronic diseases.

Another significant development in the sector of heath
technology is that smartphones can also be embedded with
sensors or coupled with wearable sensorsfor health monitoring,
which could enhance a nutrition app’s effectiveness in health
behavior change. Examples of these devices that could be
coupled with nutrition apps include motion sensors such as
accelerometers, gyroscopes, and magnetometers that measure
motion and physical activity [95]; wearable devices such as
glasses (analyzing the intake pattern with smart glasses) and
rings (ring-type tactile sensors to detect food mass) for food
intake measurement [96]; portable and handheld single-lead
electrocardiogram devices in addition to fitness trackers to
measure heart rate and heart rate variability [95]; wristwatches
to measure glucose levels extracted from skin interstitial fluid
through reverse ionophoresis or through saliva-, sweat-, or
tear-based wearable biosensors [97]; a wrist-wearable watch
with the function of a pulsimeter without a cuff to measure
blood pressure [97]; and ingestible capsules that can be used
for medical health monitoring [98]. These enhance personal
health care and performance monitoring with the potential to
complement nutrition apps and have a broad impact on our
society.

Limitations

Although the results of this study showed health improvements
achieved when using mHeal th nutrition appsfor behavior change
in chronic diseases, some limitations need to be addressed. An
important limitation is the lack of research on mobile apps
long-term effects (>1 year) on disease state populations.
Therefore, there is no conclusive result on their long-term
behavior change to determine whether the behavior continues
to improve or reverses compared with the baseline.
Consequently, there need to be more long-term studies
conducted. Second, many studies (24/46, 52%) did not include
acontrol group for comparison, and their sample sizewassmall,
limiting the interpretation of the results of the studies. Third,
many apps are at risk of becoming rapidly obsolete owing to
thefast pace at which technol ogies progress and, therefore, new
technological innovations must be considered [8]. For example,
the latest mobile technologies can connect and interact with
each other, update and track personal health datain rea time,
and send alerts to users [8]. Similarly, most health apps have
encountered serious usability problems or have not undergone
usability assessment [99]. Usability affects the efficiency and
efficacy of the app (ie, time to complete tasks and errors) [8].
Usability must be considered to increase the chance of the app
being successfully adopted by patients [8]. Barriers to using
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mHealth apps include the patient's lack of integration of
technology into everyday life[12] and difficulties using mobile
apps [11]. In the older adult population, health problems such
as cognitive changes related to aging, disability, and lack of
confidence are reasonsfor not using digital technology [18,19].
Further research is needed to evaluate patients experiences
with apps and the benefits gained as a result. There could be a
dlight bias from the user perspective as there were 2% (1/46)
of appsthat were Android-only or web-based applications. The
others (45/46, 98%) were web-based applications or
all-smartphone apps. There were a few apps (4/46, 9%) that
were provided through the smartphone that participants were
given as part of the study, and the smartphone was not specified.
A few studies (4/46, 9%) did not report the data privacy rules
or the effects of users and funders on the app interventions. In
addition, there are important confidentiality and funding issues
that must be considered when designing interventions [100].
Finally, proficient health care providers should be involved in
the app development stage to address safety during
self-management and health education [101]. There is a need
for comprehensive, efficient, and flexible mobile apps for the
self-management of disease stateswith morefeaturesto increase
the number of long-term wusers and induce better
self-management and patient empowerment [101,102]. We did
not conduct a systematic review or meta-analysis and, thus, did
not weigh the quality of evidence or study design against the
reported results. Some studies (6/46, 13%) included few
participants, and the diversity of study objectives, designs, and
outcomes made it difficult to compare them. We reviewed the
current evidence to expand the knowledge base regarding the
impact of nutrition apps on chronic disease management and
assess the effectiveness of health behavior change.

Conclusions

In this scoping review, the use of mHealth nutrition apps and
their effects on health behavior change were analyzed for 4
diseases(ie, cancer, CVD, DM, and obesity). Theresults suggest
that mHealth appsinvolving nutrition can significantly improve
health outcomes for people with chronic diseases. The study
design, demographics, targeted behavior, health outcomes,
BCTs, behavioral theories, and behavior change effectiveness
were profoundly diverse among these studies, indicating that a
one-size-fits-all approach for designing and implementing
nutrition apps as part of chronic diseasetreatment isnot possible.
Tailoring nutrition appsto specific populationsis recommended
for effective behavior change and improvement of health
outcomes. In addition, some studies (7/46, 15%) showed
sustained health behavior change, and some (4/46, 9%) showed
adeclinein the use of the nutrition apps. These resultsindicate
aneed for further investigation on the sustainability of the health
behavior change effectiveness of disease-specific nutrition apps.
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