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Abstract

Background: In recent years, mHealth has increasingly been used to deliver behavioral interventions for disease prevention
and self-management. Computing power in mHealth tools can provide unique functions beyond conventional interventions in
provisioning personalized behavior change recommendations and delivering them in real time, supported by dialogue systems.
However, design principles to incorporate these features in mHealth interventions have not been systematically eval uated.

Objective: The goal of thisreview isto identify best practices for the design of mHealth interventions targeting diet, physical
activity, and sedentary behavior. We aim to identify and summarize the design characteristics of current mHealth tools with a
focus on the following features: (1) personalization, (2) real-time functions, and (3) deliverable resources.

Methods: We will conduct a systematic search of electronic databases, including MEDLINE, CINAHL, Embase, PsycINFO,
and Web of Science for studies published since 2010. First, we will use keywords that combine mHealth, interventions, chronic
disease prevention, and self-management. Second, we will use keywordsthat cover diet, physical activity, and sedentary behavior.
Literature found in the first and second steps will be combined. Finally, we will use keywords for personalization and real-time
functions to limit the results to interventions that have reported these design features. We expect to perform narrative syntheses
for each of the 3 target design features. Study quality will be evaluated using the Risk of Bias 2 assessment tool.

Results: We have conducted a preliminary search of existing systematic reviews and review protocols on mHealth-supported
behavior changeinterventions. We haveidentified several reviewsthat aimed to eval uate the efficacy of mHealth behavior change
interventions in a range of populations, evaluate methodologies for assessing mHealth behavior change randomized trials, and
assess the diversity of behavior change techniques and theories in mHealth interventions. However, syntheses on the unique
features of mHealth intervention design are absent in the literature.

Conclusions: Our findingswill provide abasisfor devel oping best practicesfor designing mHealth toolsfor sustainable behavior
change.

Trial Registration: PROSPERO CRD42021261078; https://tinyurl.com/m454r65t
International Registered Report Identifier (IRRID): PRR1-10.2196/39093
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Introduction

One of the most significant achievements in human health in
the past century was the extension of life expectancy from 45
to>75 years, resulting in an expanding, aging global population
[1]. Concurrently, lifestyles have changed with industrialization,
inducing dramatic shiftsin the global disease burden, whichis
now dominated by chronic diseases[2,3]. Globally, theleading
modifiablerisk factorsfor chronic diseases are poor diet, alcohol
consumption, smoking, and alack of physical activity [4]. More
importantly, these lifestyle behaviors are also modifiable factors
for chronic disease management [5]. Hence, sustaining healthy
lifestyle behaviors has been recommended by the World Cancer
Research Fund [6], the International Society of Hypertension
[7], the International Diabetes Federation [8], and many others
[9-12].

Since the 1950s, the harm of smoking has been embedded in
medical training with policy support to promote smoking
cessation [13]. Coupled with individual behavior change
strategies, smoking rates have seen a continuous decline since
the 1960s [14]. In sharp contrast, the inclusion of diet and
physical activity astopicsin medical training wasonly initiated
as recently as the 21st century [15-18]. Unique to quitting
smoking, which removes one behavior, initiating and
maintaining healthy dietary patterns and an active lifestyle (ie,
reducing sedentary behavior and increasing physical activity)
requires sustained behavior changesthroughout life. Therefore,
responsibility for these behaviors ultimately falls on patients,
who must self-manage their chronic diseases in the long term,
even with the availability of system and policy supports[19].

Theory-based behavior change interventions are highly
efficaciousin controlled experiments. Multiple behavior change
theories have been tested in selected popul ations (eg, the Theory
of Planned Behavior and the Social Cognitive Theory), targeting
individual knowledge and cognitive and affective determinants
of behavior. To reduce the complexity of using multiple theories,
the Theoretical Domains Framework was developed in 2005
by bringing together 33 models of behavior change [20]. In
2011, the Behaviour Change Wheel was created as a causal
“behavior system” to guideintervention design through mapping
Theoretical Domains Framework—based behavior determinants
to the Behaviour Change Technique Taxonomy [21].

Despite high efficacy in experimental settings, the real-world
application of behavior theories has had limited effectiveness
at the population level in achieving sustainable changesin diet,
physical activity, and sedentary behavior [22,23]. For models
that emphasize the interaction between individuals and the
environment within asocial system (eg, the Ecological Model),
environmental influences and policy context often become the
primary target [24], risking disparities within population
subgroups (ie, by creating urban-rural disparities). Human
behavior is dynamic, and sustained behavior change following
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interventions is dependent on the individual’s ability to adopt
and continuously use behavior change techniques [25-27].
Intervention fidelity (ie, the delivery-receipt-enactment chain)
is the key process measure of the mechanism linking
intervention to outcome [28]. The process of enactment is the
most sensitive to potential  breskdowns in the
delivery-receipt-enactment chain, occurring when
individual-level factorsand contextual resourcesare not properly
aligned to support enactment [25]. Hence, real-time personalized
interventions are desired to improve self-enactment and fidelity
by facilitating the continuous alignment of individual and
contextual factors.

The growing computing capabilities of mobile phones have
enabled us to monitor and deliver health metrics continuously
in real time [29,30]. Therefore, mobile health (mHealth) has
the potential to enable personalized, real-time feedback and
monitoring of targeted behaviors. Theterm “mHealth” describes
the practice of medicine and public health supported by mobile
devices[31]. The World Health Organization has recommended
mHealth as a key health promotion strategy to improve global
health across low- to middle- and high-income countries [32].
In recent years, mHealth hasincreasingly been used asamethod
in behavioral research for disease prevention and
self-management through supporting positive changes in diet,
physical activity, and sedentary behavior [33].

It is important to note that technology-enabled mHealth tools
aretwofold, including the active ingredients of behavior change
interventions as the intervention content and the mHealth tools
themselves as the intervention delivery strategy [34]. The
computational power (ie, how fast a system can process data
and perform acomputational task) of mHesalth tools can provide
unique functions compared to conventional interventions, such
as providing personalized behavior change recommendations
and delivering them in real time with the support of dialogue
systems. It isalso worth noting that mHealth interventions differ
from in-person interventions in the resources they deliver. For
instance, mHealth interventions may deliver behavior change
techniques as an end product with virtua resources [35],
whereas conventional interventions may be ableto deliver direct
physical resources, such as in-person group interventions,
exercise equipment, or accessto facilities[36]. However, design
principles for mHeath interventions to incorporate
personalization, real-time functions, and deliverable resources
have not been systematically evaluated.

Thegoal of thisreview istoidentify best practicesfor thedesign
of mHealth interventions targeting diet, physical activity, and
sedentary behavior changes for chronic disease prevention and
self-management. We aim to review and identify specific
designs in current mHesalth tools that feature personalization,
real-timefunctions, and deliverable resources. Our findingswill
provide a basis for developing best practice guidelines for
designing mHealth tool stargeting sustained behavioral change.
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Methods

Prospective Registration and Reporting Guidelines

This systematic review has been registered with PROSPERO
(CRD42021261078), an international database of prospectively
registered systematic reviews. Conduct of this review will be
guided by the 2022 updated PRISMA (Preferred Reporting
Items for Systematic Reviews and Meta-Analyses) guidelines
[37].

Eligibility Criteria

Wewill focus on randomized controlled trial sthat have reported
using mHealth tools for interventions targeting diet, physical
activity, or sedentary behavior for chronic disease prevention
or management purposes among adults aged 18 years or ol der.
Theinclusion criteriaare asfollows: (1) the study must include
a behavior change intervention for chronic disease prevention
and self-management; (2) the mHealth tool must include a
personalization feature (eg, personalized intervention content
and dose, delivery process, or feedback) or areal-time feature
(eg, real-time behavioral monitoring or a dialogue system); (3)
the behavior change need not have been the primary aim of the
study or the primary outcome measure of the study, but a
specific measure of behavior change must be reported; (4) a
deliverable resource does not have to have been included in the
mHealth intervention, although we will review and summarize
deliverable resources (eg, virtual social support, access to
facilities, diet recipes, or exercise videos) in the mHealth tool;
(5) the study must be peer-reviewed and must also have an
English abstract, even if it is written in a different language.
Wewill screen non-English abstractsfor inclusion and leverage
international colleagues for full-text screening and data
extraction.

Information Sources

Two reviewers will independently search electronic databases,
including MEDLINE, CINAHL, Embase, PsycINFO, and Web
of Science, for studies published since 2010 that report findings
from mHealth interventions. The year 2010 was chosen because
it was when several national and internationa health
organizationsidentified mHealth as a health promotion strategy
with funding opportunities [32,38].

Search Strategy

We will use keywords for mHealth, behavior change,
interventions, and self-management and combine them using
the “AND” term (Multimedia Appendix 1). Literature found
with the search will discuss mHealth interventions targeting
lifestyle behavior changes for chronic disease prevention and
self-management. Next, wewill use keywordsfor diet, physical
activity, and sedentary behavior to limit the search to mHealth
interventions targeting these behaviors. Finally, we will use
keywords for personaization and real-time functions,
respectively, to limit the identified interventions to ones that
have reported these design features.

Selection Process

The search strategy will be applied to al databases and
aggregated in Endnote reference management software
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(Clarivate LLC). Onereviewer will remove obvioudly irrelevant
references by screening the titles and abstracts, with a 5%
sample of these decisions being verified by another reviewer.
All remaining abstracts will be assessed for inclusion by one
reviewer, with all those selected for exclusion being checked
by the other reviewers before final exclusion. The full text of
al remaning studies will be obtained and assessed
independently for inclusion by 2 reviewers, with any
discrepancies resolved in discussion with athird reviewer. The
process of study selection will be reported in PRISMA flow
diagrams [37] and the reasons for exclusion will be noted.
Reference lists of the included studies will also be reviewed to
further identify relevant studies.

Data Collection Process

The lead reviewer will develop a data extraction form. Two
reviewers will independently pilot the data extraction form on
5 studies. Extracted data will be reviewed by the entire review
team to refine the data extraction form. At the commencement
of data extraction, 2 reviewers will each extract the data from
half of theincluded studies and perform across-check to verify
the extracted data. Any discrepancies will be recorded and
resolved by discussion.

Dataltems

The following data will be extracted for each included study:
first author name, year of publication, journal, country, setting,
and objective; study design and content of the mHealth
intervention (ie, the targeted behavior, behavior change theory
used, personalization features, real-time functions, and
deliverable resources); procedures for defining, recruiting, and
sampling from the intervention and control groups;
characteristics and sample size of the study population;
frequency and duration of follow-up; definition and measures
of behavior change; reference group in any statistical modeling
and results of any statistical tests reported; and subgroup
analyses or any evidence relating to effects on other health
outcomes.

Study Risk of Bias Assessment

Study quality will be assessed using the Risk of Bias 2
assessment tool, an update to the original Cochranerisk of bias
tool [39]. The Risk of Bias 2 tool evaluates the following
domainsin randomized controlled trials: randomization process,
deviations from the intended interventions, missing outcome
data, measurement of the outcome, and sel ection of the reported
result. Two reviewers will assess study quality independently,
and their assessmentswill be compared for agreement, with any
discrepancies resolved in discussion with a third reviewer.

Synthesis M ethods

Based on our knowledge and findings from an initia search,
we expect substantial heterogeneity inthe mHealth interventions
across the targeted chronic conditions, targeted behavior (ie,
diet, physical activity, and sedentary behavior), reported
outcomes, and methods (ie, frameworks and technologies) to
achieve personalization, real-time functions, and deliverable
resources. Hence, meta-analysis is unlikely to be feasible or
appropriate. Therefore, we will perform narrative syntheses
following the Reporting Guidelines of Synthesis Without
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Meta-Analyses[40] guideline for each of the 3 design features
of interest.

Wewill first present detail ed descriptions of theincluded studies
in both narrative and tabular formats. Thisdescription table will
focus on reporting the year of publication, country, setting,
study objectives, population, mHealth intervention, comparison
group, and outcome measures. Next, the included mHealth
interventionswill befurther evaluated for 3 key design features
based on the targeted behavior (ie, diet, physica activity, or
sedentary behavior): personalization, real-time functions, and
deliverable resources. The study team will develop a separate
table for each targeted behavior to map the personalization (ie,
personalized intervention content and dose, delivery process,
and feedback), real-time functions (ie, the inclusion of
technologies to support rea-time behavior monitoring and a
dialogue system), and deliverable resources (ie, social support,
access to facilities, diet recipes, and exercise videos). Finally,
the effectiveness of the included mHealth interventions will be
presented by showing their unique features, that is, featuresthat
they do not sharewith usual care or nonintervention. A narrative
synthesis of the included mHealth interventions will be
presented together with an evaluation of study quality (ie, the
risk of bias assessment) to provide context for the study findings
and support confidencein our evaluation of the state of thefield.

Although we anticipate a low likelihood of quantitative
synthesis, meta-analyses for outcomes that include a sufficient
number of studies will be considered if deemed feasible. We
will provide statistical descriptionsfor behavior change related
to the mHealth intervention for specific targeted behaviors and
design features, such as personalization and real-time functions.
Wewill estimate the summary effect size and its 95% CI through
both fixed and random effects models. Between-study
association will be estimated using the 12 metric; values of 50%
are indicative of high heterogeneity, while values above 75%
suggest very high heterogeneity [41]. Whenever necessary, we
will calculate the evidence of small-study effects (ie, whether
small studies haveinflated effect sizescompared to larger ones).
Tothisend, wewill usethe regression asymmetry test developed
by Egger and colleagues [42]. A P value of .10 with more
conservative effects in large studies in random-effects
meta-analyses is considered indicative of a small-study effect.

Results

As of November 10, 2022, we have completed our database
search and have begun searching by hand. After removing 607
duplicates, the initial search yielded 2961 studies; the review
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team will screen the titles, abstracts and full texts. We aim to
complete the review by March 2023.

Discussion

This systematic review will provide acomprehensive overview
of theliteratureto better understand the design of mHealth tools
and their unique features, such as support for personalization,
real-time functions, and deliverable resources, in interventions
targeting diet, physical activity, and sedentary behavior. The
main contribution of our review will be an understanding of the
current methods and technol ogies used in mHealth interventions.
Any amendments or modifications made to the protocol will be
reported in the final paper.

Lifestyles and environments have changed in modern society
with industrialization, inducing dramatic shifts in the global
disease burden, which is now dominated by chronic diseases
[43]. As such, now more than ever, we must face the
consequences of the massive societal burden of chronic diseases.
Importantly, lifestyle behaviors are both a major cause of
chronic diseases and the key to effective management of chronic
diseases[44]. Therefore, itiscritical to devel op toolsto support
positive changesin lifestyle behaviors and to support individuals
in adopting environmental resources for sustainable behavior
change. To this end, mHealth tools offer promising avenues to
deliver personalized interventions in real time, powered by
technol ogy and computing capacity. The coverage rate of mobile
technology worldwide increased from 87% to 95% from 2011
to 2012 and is expected to rise to 96% by 2026 [45]. However,
best practices for designing mHealth tools to support positive
behavior change are unclear.

We have conducted a preliminary search for existing systematic
reviews and review protocols on mHealth-supported behavior
change interventions. We identified several reviews that aimed
to evaluate the efficacy of mHeath behavior change
interventions in a range of populations [46-48], evaluate
methodologies for assessing mHealth behavior change
randomized trials [49], and assess the diversity of behavior
change techniques and theoriesin mHesalth interventions[35,48].
However, syntheses of features unique to mHealth intervention
design, including personalization, real-time functions, and
deliverable resources, are lacking in the literature.

Based on the synthesized data, the key outcomes of our review
will be (1) identifying gaps in the existing literature and (2)
informing future research to improve the design of mHealth
interventions and incorporate their unique features to support
sustainable behavior change. Thesefindingswill be summarized
and reported in a peer-reviewed journal.

Data Availability

The data sets generated during and/or analyzed during the current study will be made available from the corresponding author

on reasonabl e request.

Conflictsof Interest
None declared.

https://www.researchprotocol s.org/2023/1/€39093

JIMIR Res Protoc 2023 | vol. 12 | €39093 | p. 4
(page number not for citation purposes)


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

JMIR RESEARCH PROTOCOLS Yang et al

Multimedia Appendix 1

Search syntax.
[DOCX File, 15 KB-Multimedia Appendix 1]

References

1.

2.

10.

11.

12.

13.

14.

15.
16.

17.

18.

19.

20.

Roser M, Ortiz-Ospina E, Ritchie H. Life Expectancy. Our World in Data. 2016. URL: https://ourworldindata.org/
life-expectancy [accessed 2022-12-12]

Lim SS, Vos T, Flaxman AD, Danaei G, Shibuya K, Adair-Rohani H, et al. A comparative risk assessment of burden of
disease and injury attributable to 67 risk factors and risk factor clustersin 21 regions, 1990-2010: a systematic analysis for
the Global Burden of Disease Study 2010. Lancet 2012 Dec 15;380(9859):2224-2260 [FREE Full text] [doi:
10.1016/S0140-6736(12)61766-8] [Medline: 23245609]

Ainsworth BE, Haskell WL, Herrmann SD, Meckes N, Bassett DR, Tudor-Locke C, et a. 2011 Compendium of Physical
Activities: a second update of codes and MET values. Med Sci Sports Exerc 2011 Aug;43(8):1575-1581. [doi:

10.1249/M SS.0b013e31821ecel?] [Medline: 21681120]

Scarborough P, Bhatnagar P, Wickramasinghe KK, Allender S, Foster C, Rayner M. The economic burden of ill health due
todiet, physical inactivity, smoking, alcohol and obesity inthe UK: an update to 2006-07 NHS costs. J Public Health (Oxf)
2011 Dec;33(4):527-535. [doi: 10.1093/pubmed/fdr033] [Medline: 21562029]

Kushner RF, Sorensen KW. Lifestyle medicine: the future of chronic disease management. Curr Opin Endocrinol Diabetes
Obes 2013 Oct;20(5):389-395. [doi: 10.1097/01.med.0000433056.76699.5d] [Medline: 23974765]

Clinton SK, Giovannucci EL, Hursting SD. The World Cancer Research Fund/American Institute for Cancer Research
Third Expert Report on Diet, Nutrition, Physical Activity, and Cancer: impact and future directions. J Nutr 2020 Apr
01;150(4):663-671 [FREE Full text] [doi: 10.1093/jn/nxz268] [Medline: 31758189]

Unger T, Borghi C, Charchar F, Khan NA, Poulter NR, Prabhakaran D, et a. 2020 International Society of Hypertension
Global Hypertension Practice Guidelines. Hypertension 2020 Jun;75(6):1334-1357 [FREE Full text] [doi:

10.1161/HY PERTENSIONAHA.120.15026] [Medline: 32370572]

Ceriello A, Colagiuri S. International Diabetes Federation guideline for management of postmeal glucose: areview of
recommendations. Diabet Med 2008 Oct;25(10):1151-1156 [FREE Full text] [doi: 10.1111/j.1464-5491.2008.02565.x]
[Medline: 19046192]

Rock C, Thomson C, Sullivan K, Howe C, Kushi L, Caan B, et a. American Cancer Society nutrition and physical activity
guideline for cancer survivors. CA Cancer J Clin 2022 May;72(3):230-262 [FREE Full text] [doi: 10.3322/caac.21719]
[Medline: 35294043]

Survivorship Care for Healthy Living. National Comprehensive Cancer Network. URL: https.//www.nccn.org/patients/
guidelines/content/PDF/survivorship-hl-patient.pdf [accessed 2022-04-10]

Liposits G, Orrevall Y, Kaasa S, Osterlund P, Cederholm T. Nutrition in cancer care: abrief, practical guide with afocus
on clinical practice. JCO Oncology Practice 2021 Jul;17(7):€992-e998 [ FREE Full text] [doi: 10.1200/0p.20.00704]
Arnett D, Blumenthal R, Albert M, Buroker A, Goldberger Z, Hahn E, et a. 2019 ACC/AHA Guideline on the Primary
Prevention of Cardiovascular Disease: areport of the American College of Cardiology/American Heart Association Task
Force on Clinical Practice Guidelines. Circulation 2019 Sep 10;140(11):e596-e646 [FREE Full text] [doi:
10.1161/CIR.0000000000000678] [Medline: 30879355]

Gardner MN, Brandt AM. "Thedoctors choiceis America'schoice": the physicianin US cigarette adverti sements, 1930-1953.
Am J Public Health 2006 Feb;96(2):222-232. [doi: 10.2105/AJPH.2005.066654] [Medline: 16434689]

Pierce JP, Fiore MC, Novotny TE, Hatziandreu EJ, DavisRM. Trendsin cigarette smoking in the United States. Projections
to the year 2000. JAMA 1989 Jan 06;261(1):61-65. [Medline: 2908996]

Sayburn A. Lifestyle medicine: anew medical specialty? BMJ 2018;363:k4442 [FREE Full text] [doi: 10.1136/bmj.k4442]
Gates AB. Training tomorrow's doctors, in exercise medicine, for tomorrow's patients. Br J Sports Med 2015
Feb;49(4):207-208 [FREE Full text] [doi: 10.1136/bjsports-2014-094442] [Medline: 25798465]

Gates AB, Swainson MG, Isha R, Wheatley RG, Curtis FA. Movement for Movement: a practical insight into embedding
physical activity into the undergraduate medical curriculum exemplified by Lancaster Medical School. Br J Sports Med
2019 May;53(10):609-610. [doi: 10.1136/bjsports-2018-100243] [Medline: 30482781]

Abbasi J. Medical students around the world poorly trained in nutrition. AMA 2019 Nov 19;322(19):1852. [doi:
10.100V/jama.2019.17297] [Medline: 31670744]

Aralljo-Soares V, Hankonen N, Presseau J, Rodrigues A, Sniehotta FF. Developing behavior change interventions for
self-management in chronic illness: an integrative overview. Eur Psychol 2019;24(1):7-25 [FREE Full text] [doi:
10.1027/1016-9040/a000330] [Medline: 31496632]

Michie S, Johnston M, Abraham C, Lawton R, Parker D, Walker A, "Psychological Theory" Group. Making psychological
theory useful for implementing evidence based practice: aconsensus approach. Qual Saf Health Care 2005 Feb;14(1):26-33
[FREE Full text] [doi: 10.1136/qgshc.2004.011155] [Medline: 15692000]

https://www.researchprotocol s.org/2023/1/e39093 JMIR Res Protoc 2023 | vol. 12 | €39093 | p. 5

RenderX

(page number not for citation purposes)


https://jmir.org/api/download?alt_name=resprot_v12i1e39093_app1.docx&filename=e1a5dba066532f39c676c1b7803e8d25.docx
https://jmir.org/api/download?alt_name=resprot_v12i1e39093_app1.docx&filename=e1a5dba066532f39c676c1b7803e8d25.docx
https://ourworldindata.org/life-expectancy
https://ourworldindata.org/life-expectancy
https://europepmc.org/abstract/MED/23245609
http://dx.doi.org/10.1016/S0140-6736(12)61766-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23245609&dopt=Abstract
http://dx.doi.org/10.1249/MSS.0b013e31821ece12
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21681120&dopt=Abstract
http://dx.doi.org/10.1093/pubmed/fdr033
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21562029&dopt=Abstract
http://dx.doi.org/10.1097/01.med.0000433056.76699.5d
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23974765&dopt=Abstract
https://europepmc.org/abstract/MED/31758189
http://dx.doi.org/10.1093/jn/nxz268
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31758189&dopt=Abstract
https://www.ahajournals.org/doi/abs/10.1161/HYPERTENSIONAHA.120.15026?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.1161/HYPERTENSIONAHA.120.15026
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32370572&dopt=Abstract
https://europepmc.org/abstract/MED/19046192
http://dx.doi.org/10.1111/j.1464-5491.2008.02565.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19046192&dopt=Abstract
https://doi.org/10.3322/caac.21719
http://dx.doi.org/10.3322/caac.21719
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35294043&dopt=Abstract
https://www.nccn.org/patients/guidelines/content/PDF/survivorship-hl-patient.pdf
https://www.nccn.org/patients/guidelines/content/PDF/survivorship-hl-patient.pdf
https://ascopubs.org/doi/pdfdirect/10.1200/OP.20.00704
http://dx.doi.org/10.1200/op.20.00704
https://www.ahajournals.org/doi/abs/10.1161/CIR.0000000000000678?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.1161/CIR.0000000000000678
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30879355&dopt=Abstract
http://dx.doi.org/10.2105/AJPH.2005.066654
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16434689&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=2908996&dopt=Abstract
https://www.bmj.com/content/363/bmj.k4442
http://dx.doi.org/10.1136/bmj.k4442
https://core.ac.uk/reader/43717018?utm_source=linkout
http://dx.doi.org/10.1136/bjsports-2014-094442
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25798465&dopt=Abstract
http://dx.doi.org/10.1136/bjsports-2018-100243
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30482781&dopt=Abstract
http://dx.doi.org/10.1001/jama.2019.17297
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31670744&dopt=Abstract
https://econtent.hogrefe.com/doi/abs/10.1027/1016-9040/a000330?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.1027/1016-9040/a000330
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31496632&dopt=Abstract
https://qhc.bmj.com/lookup/pmidlookup?view=long&pmid=15692000
http://dx.doi.org/10.1136/qshc.2004.011155
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15692000&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS Yang et al

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.
32.

33.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Michie S, van Stralen MM, West R. The behaviour change wheel: anew method for characterising and designing behaviour
changeinterventions. Implement Sci 2011 Apr 23;6:42 [FREE Full text] [doi: 10.1186/1748-5908-6-42] [Medline: 21513547]
Hagger MS, Weed M. Debate: Do interventions based on behavioral theory work in the real world? Int J Behav Nutr Phys
Act 2019 Apr 25;16(1):36 [FREE Full text] [doi: 10.1186/s12966-019-0795-4] [Medline: 31023328]

Carroll C, Patterson M, Wood S, Booth A, Rick J, Balain S. A conceptual framework for implementation fidelity. Implement
Sci 2007 Nov 30;2(1):40 [FREE Full text] [doi: 10.1186/1748-5908-2-40] [Medline: 18053122]

Sallis J, Owen N, Fisher E. Ecological models of health behavior. In: Glanz K, Rimer BK, Viswanath K, editors. Health
Behavior and Health Education: Theory, Research, and Practice, 4th ed. San Francisco, CA: Jossey-Bass; 2008:465-486.
Moore GF, Evans RE, Hawkins J, Littlecott H, Melendez-Torres GJ, Bonell C, et a. From complex social interventionsto
interventions in complex social systems: Future directions and unresolved questions for intervention development and
evaluation. Evaluation (Lond) 2019 Jan;25(1):23-45 [FREE Full text] [doi: 10.1177/1356389018803219] [Medline:
30705608]

Burke LE, Wang J, Sevick MA. Self-monitoring in weight loss: a systematic review of the literature. JAm Diet Assoc 2011
Jan;111(1):92-102 [FREE Full text] [doi: 10.1016/j.jada.2010.10.008] [Medline: 21185970]

Knittle K, De Gucht V, Hurkmans E, Vlieland TV, Maes S. Explaining physical activity maintenance after a theory-based
intervention among patients with rheumatoid arthritis: process evaluation of arandomized controlled trial. Arthritis Care
Res (Hoboken) 2016 Feb;68(2):203-210 [FREE Full text] [doi: 10.1002/acr.22647] [Medline: 26137923]

Bellg AJ, Borrelli B, Resnick B, Hecht J, Minicucci DS, Ory M, Treatment Fidelity Workgroup of the NIH Behavior Change
Consortium. Enhancing treatment fidelity in health behavior change studies: best practices and recommendations from the
NIH Behavior Change Consortium. Health Psychol 2004 Sep;23(5):443-451. [doi: 10.1037/0278-6133.23.5.443] [Medline:
15367063]

Steinhubl SR, Muse ED, Topol EJ. The emerging field of mobile health. Sci Transl Med 2015 Apr 15;7(283):283rv3 [FREE
Full text] [doi: 10.1126/scitransimed.aaal3487] [Medline: 25877894]

Eng TR. The eHealth Landscape: a Terrain Map of Emerging I nformation and Communication Technologiesin Health and
Health Care. Princeton, NJ: Robert Wood Johnson Foundation; 2001.

Adibi S. Mobile Health: A Technology Road Map. Cham, Switzerland: Springer; 2015.

mHealth: New Horizons for Health Through Mobile Technologies: Second Global Survey on eHealth. World Health
Organization. 2011. URL: https://apps.who.int/iris’handle/10665/44607 [accessed 2022-12-12]

Hamine S, Gerth-Guyette E, Faulx D, Green BB, Ginsburg AS. Impact of mHealth chronic disease management on treatment
adherence and patient outcomes: a systematic review. JMed Internet Res 2015 Feb 24;17(2):e52 [FREE Full text] [doi:
10.2196/jmir.3951] [Medline: 25803266]

Conroy DE, Bennett GG, Lagoa CM, Wolin KY. Steps towards digital tools for personalised physical activity promotion.
Br J Sports Med 2022 Apr;56(8):424-425. [doi: 10.1136/bjsports-2021-104169] [Medline: 34531188]

Dugas M, Gao GG, Agarwal R. Unpacking mHealth interventions: A systematic review of behavior change techniques
used in randomized controlled trial s assessing mHeal th effectiveness. Digit Health 2020;6:2055207620905411 [FREE Full
text] [doi: 10.1177/2055207620905411] [Medline: 32128233]

Heath GW, Parra DC, Sarmiento OL, Andersen LB, Owen N, Goenka S, Lancet Physical Activity Series Working Group.
Evidence-based intervention in physical activity: lessons from around the world. Lancet 2012 Jul 21;380(9838):272-281
[FREE Full text] [doi: 10.1016/S0140-6736(12)60816-2] [Medline: 22818939]

Page M J, McKenzie JE, Bossuyt PM, Boutron |, Hoffmann TC, Mulrow CD, et a. The PRISMA 2020 statement: an updated
guideline for reporting systematic reviews. BMJ 2021 Mar 29;372:n71 [EREE Full text] [doi: 10.1136/bmj.n71] [Medline:
33782057]

mHealth Summit Brings Together Health, Technology and Policy. Foundation for the National Institutes of Health. 2009
Oct 29. URL : https.//fnih.org/news/press-rel eases/mheal th-summit-brings-together-heal th-technol ogy-and-policy [accessed
2022-12-22]

Sterne JAC, Savovi¢ J, Page MJ, Elbers RG, Blencowe NS, Boutron |, et a. RoB 2: arevised tool for assessing risk of bias
in randomised trials. BMJ 2019 Aug 28;366:14898 [ FREE Full text] [doi: 10.1136/bm;j.I14898] [Medline: 31462531]
Campbell M, McKenzie JE, Sowden A, Katikireddi SV, Brennan SE, Ellis S, et al. Synthesiswithout meta-analysis (SWiM)
in systematic reviews: reporting guideline. BM J 2020 Jan 16;368:16890 [FREE Full text] [doi: 10.1136/bmj.16890] [Medline:
31948937]

Higgins JPT, Thompson SG. Quantifying heterogeneity in ameta-analysis. Stat Med 2002 Jun 15;21(11):1539-1558. [doi:
10.1002/sim.1186] [Medline: 12111919]

Egger M, Davey Smith G, Schneider M, Minder C. Bias in meta-analysis detected by a simple, graphical test. BMJ 1997
Sep 13;315(7109):629-634 [FREE Full text] [doi: 10.1136/bmj.315.7109.629] [Medline: 9310563]

Lim SS, Vos T, Flaxman AD, Danael G, Shibuya K, Adair-Rohani H, et al. A comparative risk assessment of burden of
disease and injury attributable to 67 risk factors and risk factor clustersin 21 regions, 1990-2010: a systematic analysis for
the Global Burden of Disease Study 2010. Lancet 2012 Dec 15;380(9859):2224-2260 [FREE Full text] [doi:
10.1016/S0140-6736(12)61766-8] [Medline: 23245609]

https://www.researchprotocol s.org/2023/1/e39093 JMIR Res Protoc 2023 | vol. 12 | €39093 | p. 6

(page number not for citation purposes)


https://implementationscience.biomedcentral.com/articles/10.1186/1748-5908-6-42
http://dx.doi.org/10.1186/1748-5908-6-42
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21513547&dopt=Abstract
https://ijbnpa.biomedcentral.com/articles/10.1186/s12966-019-0795-4
http://dx.doi.org/10.1186/s12966-019-0795-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31023328&dopt=Abstract
https://implementationscience.biomedcentral.com/articles/10.1186/1748-5908-2-40
http://dx.doi.org/10.1186/1748-5908-2-40
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18053122&dopt=Abstract
https://journals.sagepub.com/doi/abs/10.1177/1356389018803219?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.1177/1356389018803219
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30705608&dopt=Abstract
https://europepmc.org/abstract/MED/21185970
http://dx.doi.org/10.1016/j.jada.2010.10.008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21185970&dopt=Abstract
https://doi.org/10.1002/acr.22647
http://dx.doi.org/10.1002/acr.22647
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26137923&dopt=Abstract
http://dx.doi.org/10.1037/0278-6133.23.5.443
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15367063&dopt=Abstract
https://europepmc.org/abstract/MED/25877894
https://europepmc.org/abstract/MED/25877894
http://dx.doi.org/10.1126/scitranslmed.aaa3487
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25877894&dopt=Abstract
https://apps.who.int/iris/handle/10665/44607
https://www.jmir.org/2015/2/e52/
http://dx.doi.org/10.2196/jmir.3951
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25803266&dopt=Abstract
http://dx.doi.org/10.1136/bjsports-2021-104169
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34531188&dopt=Abstract
https://journals.sagepub.com/doi/abs/10.1177/2055207620905411?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
https://journals.sagepub.com/doi/abs/10.1177/2055207620905411?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.1177/2055207620905411
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32128233&dopt=Abstract
https://europepmc.org/abstract/MED/22818939
http://dx.doi.org/10.1016/S0140-6736(12)60816-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22818939&dopt=Abstract
http://www.bmj.com/lookup/pmidlookup?view=long&pmid=33782057
http://dx.doi.org/10.1136/bmj.n71
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33782057&dopt=Abstract
https://fnih.org/news/press-releases/mhealth-summit-brings-together-health-technology-and-policy
https://eprints.whiterose.ac.uk/150579/
http://dx.doi.org/10.1136/bmj.l4898
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31462531&dopt=Abstract
http://www.bmj.com/lookup/pmidlookup?view=long&pmid=31948937
http://dx.doi.org/10.1136/bmj.l6890
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31948937&dopt=Abstract
http://dx.doi.org/10.1002/sim.1186
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12111919&dopt=Abstract
https://europepmc.org/abstract/MED/9310563
http://dx.doi.org/10.1136/bmj.315.7109.629
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9310563&dopt=Abstract
https://europepmc.org/abstract/MED/23245609
http://dx.doi.org/10.1016/S0140-6736(12)61766-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23245609&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS Yang et al

44,

45,

46.

47.

48.

49,

Roth G, Abate D, Abate K, GBD 2017 Causes of Death Collaborators. Global, regional, and national age-sex-specific
mortality for 282 causes of death in 195 countries and territories, 1980-2017: a systematic analysis for the Global Burden
of Disease Study 2017. Lancet 2018 Nov 10;392(10159):1736-1788 [FREE Full text] [doi: 10.1016/S0140-6736(18)32203-7]
[Medline: 30496103]

O'DeaS. Mobile coverage rate by technology worldwidefrom 2011 to 2027. Statista. 2017. URL: https://www.statista.com/
statistics/1016292/mobile-coverage-by-technol ogy-worldwide/ [accessed 2022-12-12]

Pfaeffli Dale L, Dobson R, Whittaker R, Maddison R. The effectiveness of mobile-health behaviour change interventions
for cardiovascular disease self-management: A systematic review. Eur J Prev Cardiol 2016 May;23(8):801-817. [doi:
10.1177/2047487315613462] [Medline: 26490093]

Walsh JC, Richmond J, Mc Sharry J, Groarke A, Glynn L, Kelly MG, et al. Examining the impact of an mhealth behavior
changeintervention with a brief in-person component for cancer survivorswith overweight or obesity: randomized controlled
trial. IMIR Mhealth Uhealth 2021 Jul 05;9(7):e24915 [FREE Full text] [doi: 10.2196/24915] [Medline: 36260394]
Milne-lvesM, Lam C, De Cock C, Van Velthoven MH, Meinert E. Mobile apps for health behavior change in physical
activity, diet, drug and alcohol use, and mental health: systematic review. IMIR Mhealth Uhealth 2020 Mar 18;8(3):e17046
[FREE Full text] [doi: 10.2196/17046] [Medline: 32186518]

Oikonomidi T, Vivot A, Tran V, Riveros C, Robin E, Ravaud P. A methodol ogic systematic review of maobile health
behavior change randomized trials. Am JPrev Med 2019 Dec;57(6):836-843. [doi: 10.1016/j.amepre.2019.07.008] [Medline:
31753266]

Abbreviations

mHealth: mobile health
PRISMA: Preferred Reporting Items for Systematic Reviews and Meta-Analyses

Edited by A Mavragani; submitted 28.04.22; peer-reviewed by S Moradian, E Goulding, R Eckhoff; comments to author 17.08.22;
revised version received 11.11.22; accepted 18.11.22; published 22.02.23

Please cite as.

Yang L, Kuang A, Xu C, Shewchuk B, Sngh S Quan H, Zeng Y

Design Principlesin mHealth Interventions for Sustainable Health Behavior Changes: Protocol for a Systematic Review
JMIR Res Protoc 2023;12:€39093

URL: https.//www.researchprotocols.org/2023/1/e39093

doi: 10.2196/39093

PMID:

©Lin Yang, Angela Kuang, Claire Xu, Brittany Shewchuk, Shaminder Singh, Hude Quan, Yong Zeng. Originally published in
JMIR Research Protocols (https.//www.researchprotocols.org), 22.02.2023. 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 IMIR Research Protocals, is
properly cited. The complete bibliographic information, alink to the original publication on https://www.researchprotocols.org,
aswell asthis copyright and license information must be included.

https://www.researchprotocols.org/2023/1/e39093 JMIR Res Protoc 2023 | vol. 12 | €39093 | p. 7

RenderX

(page number not for citation purposes)


https://linkinghub.elsevier.com/retrieve/pii/S0140-6736(18)32203-7
http://dx.doi.org/10.1016/S0140-6736(18)32203-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30496103&dopt=Abstract
https://www.statista.com/statistics/1016292/mobile-coverage-by-technology-worldwide/
https://www.statista.com/statistics/1016292/mobile-coverage-by-technology-worldwide/
http://dx.doi.org/10.1177/2047487315613462
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26490093&dopt=Abstract
https://mhealth.jmir.org/2021/7/e24915/
http://dx.doi.org/10.2196/24915
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36260394&dopt=Abstract
https://mhealth.jmir.org/2020/3/e17046/
http://dx.doi.org/10.2196/17046
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32186518&dopt=Abstract
http://dx.doi.org/10.1016/j.amepre.2019.07.008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31753266&dopt=Abstract
https://www.researchprotocols.org/2023/1/e39093
http://dx.doi.org/10.2196/39093
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/

