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Abstract

Background: Digital health interventions are increasingly being used as a supplement or replacement for face-to-face services
asapart of predictive prevention. They may be offered to those who are at high risk of cardiovascular disease and need to improve
their diet, increase physical activity, stop smoking, or reduce alcohol consumption. Despite the popularity of these interventions,
thereisno overall summary and comparison of the effectiveness of different modes of delivery of adigital intervention to inform
policy.

Objective: Thisreview aimsto summarize the effectiveness of digital interventionsinimproving behavioral and health outcomes
related to physical activity, smoking, alcohol consumption, or diet in nonclinical adult populations and to identify the effectiveness
of different modes of delivery of digital interventions.

Methods. Wereviewed articles published in the English language between January 1, 2009, and February 25, 2019, that presented
asystematic review with a narrative synthesis or meta-analysis of any study design examining digital intervention effectiveness,
data related to adults (=18 years) in high-income countries; and data on behavioral or health outcomes related to diet, physical
activity, smoking, or alcohol, alone or in any combination. Any time frame or comparator was considered eligible. We searched
MEDLINE, Embase, PsycINFO, Cochrane Reviews, and gray literature. The AM STAR-2 tool was used to assessreview confidence
ratings.

Results:  We found 92 reviews from the academic literature (47 with meta-analyses) and 2 gray literature items (1 with a
meta-analysis). Digital interventions were typically more effective than no intervention, but the effect sizes were small. Evidence
on the effectiveness of digital interventions compared with face-to-face interventions was mixed. Most trials reported that
intent-to-treat analysis and attrition rates were often high. Studies with long follow-up periods were scarce. However, we found
that digital interventions may be effective for up to 6 months after the end of the intervention but that the effects dissipated by
12 months. There were small positive effects of digital interventions on smoking cessation and alcohol reduction; possible
effectiveness in combined diet and physical activity interventions; no effectiveness for interventions targeting physical activity
alone, except for when interventions were delivered by maobile phone, which had medium-sized effects; and no effectiveness
observed for interventions targeting diet alone. Mobile interventions were particularly effective. Internet-based interventions
were generaly effective.
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Conclusions: Digital interventions have small positive effects on smoking, alcohol consumption, and in interventions that target
acombination of diet and physical activity. Small effects may have been dueto thelow efficacy of treatment or due to nonadherence.
In addition, our ability to make inferencesfrom the literature we reviewed was limited as those interventions were heterogeneous,
many reviews had critically low AMSTAR-2 ratings, analysis was typically intent-to-treat, and follow-up times were relatively

short.
Trial Registration:

PROSPERO International Prospective Register of Systematic Reviews CRD42019126074;

https.//www.crd.york.ac.uk/prospero/display_record.php?Recordl D=126074.

(J Med Internet Res 2021;23(5):€19688) doi: 10.2196/19688
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Introduction

Background

The National Health Service (NHS) Long Term Plan sets out
the UK government’s vision for preventing health problems
and supporting the self-management of conditions[1]. A maor
target is cardiovascular disease (CVD), which causes 28% of
all deaths in the United Kingdom and is the largest cause of
premature death in deprived areas [2,3]. England’s primary
large-scaleintervention for CV D preventionisthe NHS Health
Check program [1,2], which was introduced in 2009 [4]. It is
one of the largest public health prevention programs in the
world, with over 6 million people in England having a check
between 2013 and 2018 [5]. The NHS Health Check isaCVD
risk assessment, which should be offered every 5 years to all
adults aged between 40 and 74 years with no pre-existing
vascular condition. As a result, people with previously
undiagnosed conditions can be put on a clinical pathway and
those who are at risk of developing a condition can be offered
lifestyle support and advice to manage their risk. In particular,
cardiovascular risk can be reduced by modifying 4 types of
behavior: diet [6], physical activity [7], smoking [8], and alcohol
consumption [9].

A key pillar of the Long Term Planis predictive prevention—the
use of technology and digital toolsto identify health risks, make
early diagnoses, and support positive health behaviors of those
most at need through targeted treatments [3]. Predictive
prevention, including the NHS Health Check, involves risk
communication and behavior change. Evidence shows that risk
communication alone does not |ead to behavior change [10-13].
Therefore, we need to support behavior change. Digital tools
are an increasingly important part of that landscape, and digital
behavior change interventions may be offered to people after
their NHS Health Check to manage their risk by helping them
modify their diet, physical activity, smoking, or acohol
consumption.

Digital tools may be used either to supplement face-to-face
services or to replace them. Replacement is particularly
germane, since there is anecdotal evidence that face-to-face
services are increasingly being defunded. In addition, services
may need to shift from face-to-faceto digital in response to the
COVID-19 pandemic, which occurred after we had completed
the review. Providers may hope that digital tools will offer a
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low-cost solution, with the potential to reach more people than
traditional face-to-face services; however, the research base
needs to be evaluated to seeif thereis sufficient evidence [14].

Aims and Objectives

The first step is to establish whether digital interventions are
effective. We also need to know which modes of delivery are
most effectivein order to allocate resourcesto devel op the most
promising digital tools or to know where research is needed, if
the evidence base is lacking. In this systematic review of
reviews, we aim to summarize the evidence on the effectiveness
of digital interventions in improving dietary, physical activity,
smoking, and al cohol consumption behaviorsin nonpatient adult
populations in high-income countries.

Methods

Overview

The study protocol was registered with PROSPERO (registration
number: CRD42019126074). All deviations from the protocol
areexplained in the M ethods section. We followed the PRISMA
(Preferred Reporting Items for Systematic Reviews and
Meta-Analyses) guidelines for reporting (see Multimedia
Appendix 1 for the checklist) [15].

Data Sources

Relevant reviewswere obtained through an internet-based search
and a manual search. First, 4 internet-based databases
(MEDLINE, Embase, PsycINFO, and Cochrane Reviews) were
searched for peer-reviewed review articles published in English
between January 1, 2009, and February 25, 2019. We limited
our search dates, only starting in January 2009, to make our
study manageable and also because we expected reviews
published in the last decade to capture earlier papers.
Publications were restricted to English due to the absence of
tranglation expertise. Gray literature searches were conducted
in OpenGrey, ProQuest Dissertations and Theses, Google, and
targeted websites (see M ultimedia Appendix 2 for search terms
and the gray literature search strategy). More articles were
identified by manual searches of the reference lists from
excluded reviews of reviews. We did not search in study
registries, as we were looking for systematic reviews. We did
not conduct full hand searches or consult experts to ascertain
the literature for pragmatic and logistical reasons.
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Review Selection

The reviews were screened using a three-stage process. A total
of 2 reviewers (NG and AY) examined titles and discarded
reviews that did not meet the inclusion criteria (Textbox 1).
Each reviewer then independently screened the abstracts of 10%
of theremaining reviewsto identify studiesthat potentially met
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theinclusion criteria. Interreviewer agreement on inclusion was
also assessed. Reviewers disagreed on 11 of 41 decisions. All
disagreements were resolved through discussion. AY screened
all the remaining abstracts. The relevant review articles were
then obtained in full and screened independently for eligibility
by NG and AY. Any disagreement over eligibility was resolved

through discussion with athird reviewer (TC or BR).

Textbox 1. Inclusion and exclusion criteria.

Inclusion criteria

1.

included studies within the systematic reviews.
2.

interest, reviews were included if 250% of the studies were of relevant populations.
3.

components were also included.
4.

compared with both nondigital interventions and nonintervention controls.
5.

these areas of behavior, either individually or in combination, were included.
6. Timeframe for follow-up: any time frame.

Exclusion criteria

1. Study type: reviews of reviews, conference abstracts, protocols, opinion pieces, and commentaries. We excluded reviews of reviews because we
expected that most of the reviews gathered in areview of reviewswould already beincluded in our study. Therefore, including reviews of reviews
would have led to double counting of some information.

2. Population: reviews that only considered any of the following in =50% of included studies: children and adolescents, students, adults aged <40
years, pregnant women, management of existing CVD or other health conditions, and low- to middle-income countries. These criteria were
selected to protect the ecological validity of this review, as relevant to the NHS Health Check.

3.

Study type: systematic reviews (whose reporting of the evidence could be either by narrative synthesis or by meta-analysis) that reported on the
effectiveness of digital interventions in changing health-related behavior and/or health outcomes. We did not restrict by study design of the

Population: thisincluded adult nonclinical populations. We aimed to assessthe effectiveness of digital interventionsinrelation to CVD prevention
relevant to the NHS Health Check program, which is offered to adults aged between 40 and 74 years (England, United Kingdom). Where
populations were mixed, we included the review if the population of interest could be isolated. Where impossible to isolate the population of

Intervention: weincluded digital interventionstargeting behaviorsrelated to diet, physical activity, smoking, and/or alcohol consumption. Digital
interventions include interventions delivered over the internet (web-based or websites), mobile telephone interventions (including texts and
mobile apps), social media, computer-delivered interventions, and wearabl e technology. | nterventionsincorporating both digital and face-to-face

Comparator: there were no restrictions. We extracted information about the comparators where available, alowing us to review effectiveness

Outcome: thisincluded behavioral or health outcomesrelated to diet, physical activity, alcohol consumption, and smoking. Reviewsthat considered

Intervention: reviews of nondigital interventions. We did not consider television, radio, or telephone calsto be digital, asthey are not often used

indigital interventions for public health.

4, Comparator: no exclusion criteria.

5. Outcome: feasibility, acceptability, participation, and engagement only.
6. Superseded: thisincluded reviews updated by subsequent reviews that included all the same studies as the original.

Study Quality Assessment

Review confidence was critically appraised independently by
2 reviewers (NG and AY) for a 10% subsample of theincluded
publications, using the AMSTAR-2 tool [16]. Thefindingswere
discussed to check for consistency. Theremaining articleswere
divided and assessed by NG or AY. Any uncertainty was
resolved through discussion with athird reviewer (BR).

Data Extraction

Data were extracted using a standardized form (Multimedia
Appendix 3). We extracted data on the following predefined
review components. objective, population, inclusion and
exclusion criteria, search date, included studies (number, type,
and countries), follow-up, method of synthesis, results and
findings, and comparator. A total of 2 reviewers (NG and AY)
extracted the data independently for 10% of the publications.

https://www.jmir.org/2021/5/€19688

Discrepancieswere resolved through discussion. The remaining
publications were divided among both reviewers. During data
extraction, we also noted i nformation about the control condition
and any information on a comparison of effectiveness of
no-intervention versus active controls. Data on adherence and
attrition were also recorded, where available. The dataextraction
form has been presented in Multimedia Appendix 3.
Analysis

We conducted a systematic narrative synthesis using extracted
data from included articles. No statistical analyses were
conducted and meta-analysiswas not possible with theincluded
articles. We have presented results in the following categories:
diet, physical activity, diet and physical activity combined,
smoking, acohol consumption, and multiple areas of behavior
(all combinations other than diet and physical activity). Where
there were enough reviews, we grouped by mode of delivery,
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especidly internet (including email and interventionsthat require
accessing a website) and mobile phone (including apps and
SMS text messaging interventions); social media was
categorized separately from internet, mainly because there are
enough papers to make the subdivision worthwhile but aso
because the social aspect may differentiate socia media
interventionsfrom other forms of internet interventions, so that
it is appropriately considered a subclass [17]. When reporting
effect sizes, for Cohen d, Hedges g, and other measures of
standardized mean difference (SMD), we followed the
convention that 0.2 isasmall effect size, 0.5 isamedium effect
size, and 0.8 is a large effect size [18]. For risk ratios (RRs),
we classified 1.22 as small, 1.86 as medium, and 3.00 aslarge;
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for odds ratios (ORs), these were 1.32, 2.38, and 4.70,
respectively [19].

Results

Overview

Searches identified 1739 potentially relevant records. After
screening the titles and abstracts, 154 articles were retrieved in
full. An additional 36 articles were identified through hand
searches and gray literature searches. In total, 94 reviews met
theinclusion criteria(Figure 1). A list of reviews excluded after
full-text screening is provided in Multimedia Appendix 4. We
were unable to retrieve one gray literature item by May 13,
2019, and it was therefore excluded.

Figurel. PRISMA flowchart. PRISMA: Preferred Reporting Items for Systematic Reviews and Meta-Analyses.
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Review Char acteristics

The included reviews examined the effectiveness of digital
interventionson diet only [20-23], physical activity only [24-46],
diet and physical activity combined [47-76] (for some it was
possible to extract separate results about diet and physical
activity behaviors, whereas some reported more general results
on weight loss outcomes), alcohol consumption [77-82], and
smoking cessation [83-98]. A further 15 reviews examined the
effectiveness of digital interventions on a combination of our
4 target areas of behavior (not diet and physical activity; again,
sometimes it was possible to extract separate information for
each target area but other times, the results were only reported
in combination) [99-113]. Some reviews covered a number of
areas of behavior because their research questions focused on
ahealth outcome (eg, CV D) or amode of intervention delivery
(eg, internet interventions) rather than a behavior. Where
extracting information on an area of behavior from a
combination review was possible, weincluded therelevant data
intheresultsfor that area. For abreakdown of thereviews, with

https://www.jmir.org/2021/5/€19688

the number found in each area, for each mode of intervention
and type of control see Multimedia Appendix 5.

The populations reviewed were general (nonclinical) adult
populations. However, the diet and physical activity reviews
were often restricted to populations of individuals with
overweight or obesity. The a cohol reviewswere often restricted
to problem drinkers, defined with reference to local guidelines
[77,79,80], questionnaire scores [81], or reduced productivity
at work [78]. Therewas arange of modes of delivery, including
mobile app, SMS text messaging, social media, pedometer,
wearable, and interactive computer program. The reviews
included both active and nonactive or minimal intervention
controls, many pooling both types, but where possible, wetried
to extract separate information about effectiveness of active
compared with nonactive controls. We regarded the provision
of educational materialsasanonactive or minimal control. More
reviewsincluded behavioral outcomes (such asfat consumption,
fruit and vegetable consumption, physical activity, acohol
consumption, smoking cessation, and smoking abstinence) than
health outcomes (such as weight loss, BMI, and waist
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circumference). Multimedia Appendix 6 provides the key
characteristics of all included studies.

Review Confidence Ratings

The confidence rating of each review is presented in the study
characteristicstablein MultimediaAppendix 6, and asummary
of confidence ratings is provided in Table 1; 84% (79/93) of
reviews were rated as critically low. During the completion of
the AMSTAR-2 tool, reviewers noted that most reviews failed

Table 1. Risk of bias: asummary of AMSTAR-2 confidence ratings.

Gold et al

to satisfy items 4 (including and justifying a publication
languageinclusion criterion) and 7 (providing alist of excluded
reviews and justifications). Both items are considered critical
for systematic reviews but not for meta-analyses. A modified
rating was produced alongside the original AMSTAR-2 rating,
which did not classify either of these flaws as critical, to see
whether avariation among reviewswould be revea ed. However,
little change was observed, with only 5 reviews moving from
arating of critically low to low.

Category Confidence rating (modified rating)
High Moderate Low Criticaly low

Diet 0(0) 0(0) 1(1) 313

Physical activity 0(0) 1(1) 0(1) 20(19)

Diet and physical activity 0(0) 1(1) 13 28 (26)
Alcohol 0(0) 0(0) 1(1) 44
Smoking 0(0) 2(2) 4(4) 10 (10)

Other 0(0) 1(1) 2(4) 14 (12)

Total 0(0) 5(5) 9(14) 79 (74)

Effectiveness of | nterventions

Table 2 summarizes the effectiveness of the different types of
interventions.
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Table 2. Summary of the effectiveness of different types of interventions.

Gold et al

Find- Behavioral categories
ings
Diet Physical activity Diet and physical Activity =~ Smoking Alcohol Other combina-
tions
Number «  20reviews,of «  45reviews, of 35reviews, of which  « 28 reviews, of 13reviews, of 11
of re- which 4 were which 22 were 29 wereonweight loss, which 16 were  which 6 were
views diet-only physical activity- specifically combining smoking-only alcohol-only
only diet and physical activ-
ity, and 3 whereresults
on weight loss were
extractable from other
combinations
Effec- .« Smaleffect « Mixedevidence Positiveeffectsof inter- «  Small positive Small and Small positive ef-
tiveness of internet in- for the effect of net interventions for effectsfor inter- medium posi-  fects on behavior
com- terventionson internet interven- weight loss and BMI, net, mobile, and  tive effects and on health out-
pared pooled behav- tions on physical especially when part of computer-deliv- comesfor internet,
with iors but het- activity; where blended interventions ered interven- computer-deliv-
mixed erogenous there were effects, Mixed effects of social tions. Mixed evi- ered, SMStext
(active outcomemea: they were small mediainterventions dence about inter- messaging, and
and non- sures and ef- and there was het- Medium-sized effects ventionsfrom re- prompts delivered
active) fect sizes erogeneity be- of mobileinterventions views that cov- by all methods;
controls «  Somesmall tween studies on weight loss ered multiple however, results
effectsof mo- «  Mixed effects of Mixed results from re- types of digital were not favorable
bile phonein- social media, with views covering a vari- technologies for apps
terventionson meta-analyses not ety of interventions,
behavior, but finding significant around half of theinter-
no effectson effects ventions were found to
weightloss «  Better evidence be effective
o Mixed effects for effects of mo-
of social me- bile phone inter-
diabut no ef- ventions, with
fectson most studiesin
weight loss narrative reviews
o  Mixed effects showing effective-
of computer- ness, with effect
delivered in- sizesfor SMStext
terventions, messaging inter-
and positive ventions ranging
effects were from small to
not clinically medium
significant « Mixed evidence
for the effect of
exergaming

Mixed evidence
on computer-deliv-
ered interventions
(2 reviews); the
meta-analysis
found small ef-
fects

There was favor-
able evidence
from reviews as-
sessing avariety
or acombination
of interventions
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Find- Behavioral categories
ings
Diet Physical activity Diet and physical Activity ~ Smoking Alcohol Other combina-
tions
Compa- Little evidence Mixed results: «  More effective than « Small positive  Effectivecom-  Effective com-
isonto  available and it . Mixed results for minimal controlsfor effectsfor inter- pared withno-  pared with no-inter-
no or was mixed: internet and mo- internet and computer- net-based inter-  intervention vention controls,
minimal One meta- bile interventions based interventions, ventionsand for  controls with small effects
interven- andysis of . Onereview of so- but effect sizes were digital interven- for internet and
tion voice-re- cial mediainter- small tions not broken medium effectsfor
sponse inter- ventions, finding down_by mode §M S text messag-
ventions increased in steps of d(_el ivery), mo- ing interventions
found no ef- taken but not ener- bileinterventions
fect gy expenditure, to- more effective
« Onemeta tal physical activi- than completely
analysis of ty, or moderate-to- passive controls
computer-tai- vigorous physical and as effective
lored interven- activity asminimal con-
tionsfounda .  Small positive ef- trols
small effect fect of interactive
voiceresponseand
computer-deliv-
ered interventions
Compar- « Mixed;innar- « Increaseinphysi- «  Internet-basedinterven- «  Noevidencethat No evidence Very small effects
ison rative synthe- cal activity for in- tions not more effec- digital interven-  that digital inter- for internet and
with ac- ses (of inter- ternet-based inter- tive than active con- tionsare any ventionsareany small effects for
tivecon- net, mobile, ventions trols, unlessas apart of more effective  more effective  computer-delivered
trols and combina «  Mixed results for blended interventions than activecon-  than activecon- and SMStext mes-
tions of inter- mobileinterven- «  Computer-delivered trols trols, mixedevi- saging interven-
ventions), less tions interventionsled to less dence about tions
than50% of «  Promising results weight loss than in- whether active
studiesin about wearables person treatment controls are
each review more effective
found signifi- than digital
cantimprove-
ments
Sustain- «  Relatively . Relatively few .  Few studies, but those Mixed results ~ Mixed evidenceon
ability few studies studies with fol- found that effective- about whether  when the effect
with follow- low-ups ness declined over time theeffectwas  sizepeaks(short or
ups «  Someevidencefor sustained. No  medium term); ef-
« Digitd inter- sustainability of follow-upsex-  fects decrease but
ventionswere internet and combi- ceeded 12 still exist at 12
largely effec- nations of digital months. Evi- months
tive over a3- interventions at 6- dence suggests
to 6-month month follow-up effects have di-
period «  Some evidence minished by
. Evidencewas that the effect of this point
more mixed mobile interven-
in the long tionsisshort lived
term (>12
months)
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Find- Behavioral categories
ings

Diet Physical activity Diet and physical Activity ~ Smoking Alcohol Other combina-

tions

Mixed evidence:

o Effectsof inter-
net-based inter-
ventions sus-
tained up to 6
months, but there
is disagreement
about whether
effects are main-
tained at the 12-
month follow-up

« Mixed evidence
on the sustain-
ability of mobile
interventions

« Noevidence of
sustainability of
computer-deliv-
ered interven-
tions

« Reviewsthat sur-
veyed arange of
digital interven-
tionswithout dif-
ferentiating by
mode of delivery
found sustained
effects, even at
the 18-month
follow-up

Diet
Review Characteristics

A total of 20 reviews reported findings on diet behaviors or a
weight loss outcome that resulted from an intervention that only
targeted diet. The breakdown of their characteristics is shown
in Table S1.

https://www.jmir.org/2021/5/€19688
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Effectiveness of Digital I nterventions on Diet Compared
With Mixed (Active and Nonactive) Controlsfor Diet
Behaviors

The effectiveness of digital interventions in improving results
related to diet was at best mixed, for both behavioral and health
outcomes (Table 3); where improvements were reported, the
effect sizes were typically small. This was the case across all
modes of delivery.
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Table 3. Results of reviews on diet, ordered by type of control and mode of delivery of intervention.
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Review Relevant Method of synthe-  Interventions Dietary out-  Follow-up ~ Summary of findings AMSTAR-
studies,n  sis comes 2 rating
(total stud-
ies)
Mixed (active and nonactive) controls
Afshineta 20 (224) Narrativesynthe- Internet and Various di- 1 week-2 70% (14/20) studies found Criticaly
(2016) [99] ssof RCT<?and Mobile etary behav-  years significant dietary improve-  low
quasiexperimen- iors, fruit and ments. Effect sizesvaried due
tal studies veg intake to heterogeneity in dietary
targets. Theintake of fruit in-
creased by approximately
1 serving/day. Two RCTs as-
sessed mobile - based inter-
ventionsand fruit or vegetable
intake; each found significant
improvement (by 2 and
4 servings/day)
Aneni et a 9(29) Narrativesynthe-  Internet Dietary intake 6-24 months  44% (4/9) high-quality studies  Critically
(2014) [100] sisof RCTs demonstrated improvements  low
indiet
Hou et a 7(38) Narrativesynthe-  Internet Dietary intake Not reported  All the studiesexamining nu-  Critically
(2013) [108] sisof studieswith and fruit and trition aloneand nutritionand  low
comparison or vegetablein- other factorsin addition to
control groups teke PAP reported increasesin
healthy dietary behaviorsin
theintervention groups. Inter-
ventions showed promising
effectsat 12 monthsfor reduc-
tionsin body fat, weight, and
dietary fat intake
Lustriaet a 10 (40) Meta-anaysisof Internet-taillored Fruit and veg- 6 weeks-6 Small effect sizes, Cohen Critically
(2013) [110Q] experimental and  interventions etableintake  months d=0.223 (k=4; 95% Cl 0.11  low
guasi experimen- and saturated to 0.33; P<.001)
tal studies fat intake
Maon et a 8(26) Narrativesynthe- Internet Fruit and veg- 6 weeks-2 50% (4/8) studiesinvestigat-  Criticaly
(2012) [63] sisof RCTs etable con- years ing healthy eating habitsre-  low
sumption ported positive changes such
asincreased fruit or vegetable
consumption
Webb et al 10 (85) Meta-analysisof  Internet Dietary behav- Not reported Small effect sizeson behavior  Critically
(2010) [113] RCTs ior were observed for interven-  low
tionsthat targeted only dietary
behavior (Cohen d;=0.20;
k=10; 95% Cl 0.02 to 0.37)
DiFillipoeta  3(3) Narrativesynthe- Mobile Weight loss 8 weeks-6 100% (3/3) of studiesfound  Critically
(2015) [21] sisof RCTs months anumerical tendency to low
weight loss compared with the
control; only 33% (1/3) of
studieswas dtatistically signif-
icant; this study showed an
increase in self-monitoring
McCarroll etal 21 (23) Narrativesynthe- Mobile Hedlthy esting 1-24 months Small positive effectsof inter-  Criticaly
(2017) [23] (di- sisof RCTs and weight ventions on healthy eating low
et only) loss (diet on- (5/8, 63% of trials) and
ly) weight loss (5/13, 38% of tri-

als), but studies were judged
to be of poor quality
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in the 3- to 6-month follow-
up, therewas asignificant de-
crease in percentage calories
from fat (MD -1.1%), and
improved fiber intake (dietary
fiber score MD 1.3); there
was no significant effect on
energy intake at 30 months

Review Relevant Method of synthe-  Interventions Dietary out-  Follow-up ~ Summary of findings AMSTAR-
studies,n  sis comes 2 rating
(total stud-
ies)
Lyzwinksi eta 5 (14) Meta-analysisof Mobile Fruitandveg 8weeks-12  100% (3/3) of studiesfound  Critically
(2014) [60Q] RCTs intake, energy months an improvement in fruitand  low
density vegetable intake; 100% (2/2)
studiesfound animprovement
in energy density and eating
behavior
Palmer et @ 3(71) Meta-analysisof Mobile Saturated fat ~ Not reported 2 (100%) studies showed no  Moderate
(2018) [111] RCTs intake, BMI, effect of interventions on
salt intake, weight or dietary intake
weight from
diet-only inter-
ventions
Elaheebocuset 20 (134) Narrativesynthe- Social media Body weight  6-48 months  75% (15/20) of studiesusing Critically
a (2018) [56] sisof RCTs web-based social networks  low
had positiveresultsfor dietary
outcomes
Mitaet a 12 (16) Meta-analysisof  Social media Body weight  Not reported No significant differences Moderate
(2016) [65] RCTs and fruit and (SM D¢ -0.14; 95% CI -0.28
vegetablein- t00.01), with similar findings
teke for body weight (SMD 0.07;
95% Cl -0.17 to 0.20) and
fruit and vegetable intake
(SMD 0.39; 95% CI -0.11 to
0.89)
Williamseta  5(22) Meta-anaysisof Socia media Body weight ~ 3-24 months No significant differencesin  Critically
(2012) [75] RCTs and dietary fat changesinweight (SMD 0;  low
95% Cl -0.19t0 0.19; 10
studies) however, pooled re-
sults from 5 studies showed a
significant decreasein dietary
fat consumption with social
media (SMD -0.35; 95% ClI
-0.68t0 —0.02)
Wieland et al 18 (18) Meta-anadlysisof  Interactive, Fat intake, 4weeks-30  Computer-based interventions  Critically
(2012) [74] RCTs, quasi- computer-based calorieintake, months led to greater weight lossthan  low
RCTs, cluster total fiber, minimal interventions (MDY
RCTs, and quasi- fruit and veg- -15kg; 95% Cl -2.1t0-0.9)
experimental etable intake; but less weight loss than in-
studies wel ght,_ BMI, person treatment (MD 2.1 kg;
and waist cir- 95% Cl 0.8 to 3.4; one trial);
cumference
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Review Relevant Method of synthe-  Interventions Dietary out-  Follow-up ~ Summary of findings AMSTAR-
studies,n  sis comes 2 rating
(total stud-
ies)
Harriset a 25 (43) Meta-analysisof  Interactive, Fat intake, 0-12 months  Interventionsdid not produce Low
(2011) [22] (di- RCTs computer based  fruit and veg- clinically significant changes
et only) etable con- in dietary behavior: fruit and
sumption, vegetable intake had a
fiber intake, weighted MD of 0.24 servings
and energy in- per day (95% CI 0.04 to 0.44
take servings, P=.02), total energy
consumed from fat had a
weighted MD of —1.4% (95%
Cl —2.5% to —0.3%; P=.01);
there were no significant
weighted MDs in intake of
total fat, saturated fat, daily
dietary fiber, or daily energy;
there were no significant ef-
fects on fruit and vegetable
consumption and BMI at 12
months
Carvalho de 15 (18) Narrativesynthe- Various Fat consump-  1-36 months Among the changesin eating Critically
Menzeset d sisof all designs tion and fruit habits, statistically significant  low
(2016) [53] and vegetable reductions were observed in
consumption the consumption of fat (total
fat, saturated fat, and transfat),
and therewas anincrease in
the ingestion of fruit and veg-
etables
Nonactive controls
Krebset a 51 (76) Meta-analysisof Computer-tai- Dietary intake 1-24 months The mean effect sizefor di-  Low
(2010) [109] RCTs lored of fat, vegeta- etary fat reduction wasg=0.22
bles, and fruits (95% CI 0.18 to 0.26); mean
effect size for fruit and veg-
etable intake was g=0.16
(95% CI 0.10t0 0.21).
Tsoli et al 2(15) Meta-analysisof  Interactive Diet 6weeks-12 Nostatistically significantef-  Critically
(2018) [73] RCTs Voice response months fect on behaviorsrelatedto  low
diet (Hedges g=0.130; 95%
Cl -0.088 to 0.347; k=2;
P=.24)
Active controls
Burkeet a 5(24) Narrativesynthe- Personal digital Weight loss 3-24 months Inall studies, self-monitoring Critically
(2011) [20] (di- sisof RCTsand  assistants (dliet only) was significantly associated  low

et only)

descriptive stud-
ies

with weight loss, but there
wasminimal evidenceto sup-
port the use of personal digital
assistants over other methods
of self-monitoring; they may
result in long-term reduced
risk of weight regain after 18
months
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Review Relevant Method of synthe-  Interventions Dietary out-  Follow-up ~ Summary of findings AMSTAR-
studies,n  sis comes 2 rating
(total stud-
ies)
Covoloet d 18 (40) Narrativesynthe- Mobile BMlandwaist 6 months2 56% (10/18) of RCTsfound Critically
(2017) [104] sisof RCTs circumfer- years no difference between inter-  low
ence; fruitand vention and control group;
vegetablein- 33% (6/18) studies showed a
take, and significant increase in the
high-sugar consumption of fruit and veg-
food intake etables and reduced sugar-
sweetened beverage consump-
tion

8RCT: randomized controlled trial.
bpA: physical activity.

CSMD: standardized mean difference.
4MD: mean difference.

Of the 6 reviews covering internet interventions, 2 meta-analyses
found small, favorable effects of internet interventionson dietary
behavior, Cohen d=0.223 [110] and Cohen d+=0.20 [113]. A
tota of 4 narrative syntheses found mixed results with
heterogeneous target outcomes [63,99,100,108]. The most
common dietary target acrossthe studieswasfruit intake, which
increased by approximately 1 serving per day [99].

Across 6 reviews of mobile interventions, there was some
evidence of positive effects on dietary behaviors, especialy
fruit and vegetableintake, but no statistically significant effects
on weight loss [21,23,60,99,104,111]. One of these reviews
[99] reported a previous systematic review (not covered in this
paper) that found no significant change in calorie intake or the
consumption of sugar-sweetened beveragesin 4 trialsevaluating
diet.

A total of 3 social mediareviews had mixed findingson dietary
outcomes, such asfruit and vegetable intake and fat intake, but
the 2 reviewswith meta-analyses found no differencesin weight
[65,75].

The effects of interactive computer interventions were equivocal
and not clinically significant [22,74].

Effect of Digital Interventionson Diet Compared With
Nonactive Controls

There was little evidence about the effectiveness of digital
interventions on diet compared with no intervention or minimal
intervention controls, and the available evidence was mixed
(Table 3). One meta-analysis found small effects on fruit and
vegetable intake (g=0.16) and dietary fat reduction (g=0.22)
[109], but another meta-analysisfound no statistically significant
effects on dietary behaviors[73].

Effect of Digital Interventionson Diet Compared With
Active Controls

The relative effectiveness of digital interventions on diet
compared with active comparators was mixed, with

https://www.jmir.org/2021/5/€19688

approximately half of the studies or lessin narrative syntheses,
showing that digital interventions were effective compared with
active controls (Table 3). This was true across all modes of
delivery: internet [99], mobile [99,104], and combined
interventions [99].

Sustainability of Effectson Diet at Follow-Up

Reviews included studies that ranged from single-contact
interventions to 5-year follow-ups (Table 3). Relatively few
reviews reported on follow-ups; of those that did, about half
reported follow-ups in the medium term (3-6 months) and half
in the long term (=12 months).

Where reported, digital interventions were generally found to
be effective for over 3 to 6 months. Several reviews have found
positive results at 6 months [20,21,74]. However, this finding
isnot universal [111].

Long-term findings were more mixed in the 5 reviews that
investigated them. Two reviews suggested promising effects at
12 months[108] and 18 months[20]. However, 3 reviewsfound
no significant effects at 12 months [22], 24 months [111], and
30 months [74].

Physical Activity

Review Characteristics

Weincluded thefindings on physical activity—related outcomes
from 45 systematic reviews. The breakdown of their
characteristicsis shown in Multimedia Appendix 6.

Effectiveness of Digital I nterventions on Physical Activity
Compared With Mixed (Active and Nonactive) Controls

The effectiveness of digital interventions was mixed across all
modes of delivery, apart from mobiles, for which the evidence
was consistently positive (Table 4).
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Table 4. Results of reviews on physical activity, ordered by type of control and further ordered by mode of delivery of intervention.

Review Relevant  Method of synthesis Interventions  Outcomes Follow- Summary of findings AMSTAR-
studies, n up 2 rating
(total
studies)

Mixed controls (active and nonactive)

Aalberseta 2(10) Narrative synthesis  Internet Total PA2and M- 1.5-6.5  2studiesreportedtheeffectsof  Critically
(2011) [47] of randomized and PAD months  digital interventions, onewas  low
nonrandomized pre- less effective on MVPA than a
post controlled trials nonactive control and the other

demonstrated a small positive
effect on total PAP (P=.001).

Anenieta  9(29) Narrative synthesis  Internet PA measures 6-24 No improvement wasseenin  Critically
(2014) [100Q] of RCT<S months  virtually all the studieswithPA  low
outcome, only 11% (1/9) of
studies demonstrated a signifi-
cant intervention effect on PA.
Bottorf etal 8 (35) Narrative synthesis  Internet Changesin PA; step  3-12 63% (5/8) of studiesdemonstrat-  Critically
(2014) [26] of al study types count; self-reported months  ed that PA significantly in- low
(PA only) walking; BMI; waist creased in the internet-based
circumference; interventions, 2 studies showed
weight anonsignificant difference, and
one showed that the effects
were indeterminable.
Davieseta 34 (34) Meta-analysisof ex-  Internet PA 2-52 The estimated overall mean ef-  Criticaly
(2012) [29] perimental design weeks  fect of internet-delivered inter-  low
(PA only) studies ventions on PA was Cohen

d=0.14 (P<.001). Homogeneity
tests from the fixed-effect
analysis revealed significant
heterogeneity across studies
(Q=73.75; P<.001). The overall
mean effect for sustained PA at
|east 6 months postintervention
(n=11) resulted in asmall but
significant effect size Cohen
d=0.11 (P<.01).

Georgeeta 2(14) Narrative synthesis  Internet Step count; health  2-8 Increasein PA in 100% (2/2)  Critically
(2012) [33] of al study types status, BMI; weekly months  of online interventionswhere  low
(PA only) PA participantswerein competitive

teams, including one that
showed an increase in step
count. Poor quality evidence.

Hou et a 7 (38) Narrative synthesis  Internet Level of physica 0-12 86% (6/7) of interventionswere  Critically
(2013) [108] of trialswith compar- activity months  successful in the studiesfocus- low

ison or control group ing primarily on PA.
Jahangiry et 21 (22) Meta-anaysis of Internet MVPA; walking; 1-20 36% (5/14) of ridsreporting  Criticaly
a (2017) controlled trials step count (pedome- weeks  MVPA, 50% (3/6) of trialsre-  low
[35] (PA on- ter) porting step count, and 29%
ly) (4/14) of studies reporting

minuteswalking showed signif-
icant increases. The interven-
tions were influenced by the
age of participants and trial

length.
Lustriaetal 12 (40) Meta-analysisof ex-  Internet Levels of PA 4 The sample size-weighted Criticaly
(2013) [110] perimental and weeks-  mean effect size for studieson low
guasiexperimental 24 PA was not significant Cohen
studies months  d=0.059 (k=12; 95% CI —-0.02
to 0.14).
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Review Relevant  Method of synthesis Interventions  Outcomes Follow- Summary of findings AMSTAR-
studies, n up 2 rating
(total
studies)
Maon et a 13 (26) Meta-anadlysisand  Internet PA levels, sedentary 6 54% (7/13) of studiesshowed  Criticaly
(2012) [63] narrative synthesis behavior,and MV-  weeks-2 statistically significant effects  low
of RCTs PA years on PA levels, such asincreased

walking or decreased sedentary
behavior. However, a meta-
analysis on 4 studies with ex-
tractable data for the outcome
of moderate-to-vigorous week-
ly PA found anot statistically
significant improvement:
sMDY0.15 (95% CI 20.06 to
0.35; P=.16)

Duration of studiesand effects:
10% (3/30) of studies showed
positive effectswhen outcomes
were measured immediately
after the end of the interven-
tions. In total, 37% (11/30) of
studies that lasted 3 months or
less demonstrated positive out-
comes, 43% (13/30) of studies
with an intervention of 3-6
months showed positive results;
and only 10% (3/30) interven-
tions that lasted longer than 6
months were reported to have
positive results.

Webb et al 20 (85) Meta-analysis of Internet Level of PA 312 Small effects on behavior were Critically
(2010) [113] RCTs months  observed for interventionsthat  low
targeted only PA (Cohen
d+=0.24; k=20; 95% CI 0.09to

0.38).
Buchholzet 10 (10) Narrative synthesis  Mobile (SMS  Self-reported fre- 3-52 Effect sizesacross all studies  Critically
a (2013) of RCTs, quasiexper- text messag-  quency or pedome- weeks  werepositive; themedian effect  low
[27] (PA on- imental and, single  ing) ter-reported steps sizewas 0.5 (medium) but het-
ly) groups and level of PA erogeneous. Samplesizeswere
small.
Elavsky 50 (52) Narrative synthesis  Mobile PA and sedentary <3 59% (17/29) of RCTsand 62% Critically
(2018) [31] of RCTsand pre- behavior months  (13/21) of pre-post studiessup- low
(PA only) post studies ported the effectiveness of mo-

bile interventions to improve
PA, and 9 (5 of 10 RCTsand
al 4 pre-post) of 14 (64%)

studies reduced sedentary be-
havior.
Lyzwinksi et 9 (14) Meta-analysis of Mobile Levels of PA 8 Trials mostly found that PA Criticaly
a (2014) RCTs weeks-  levelsincreasedintheinterven-  low
[60] 12 tion groups relative to the con-
months  trol groups.
Mahereta 4 (10) Narrative synthesis  Mobile Levels of PA 8 25% (1/4) of studiesdemonstrat-  Critically
(2014) [61] of studieswith com- weeks- edasignificant changein PA  low
parator group (con- 24 Cohen d=0.84 (95% CI —0.49
trol or within sub- months  to 1.19).
ject)
Muntaner et 11 (11) Narrative synthesis  Mobile PA; exercise 2-24 55% (6/11) of articlesincluded Criticaly
a (2015) of al study types weeks inthisreview reported signifi- low
[41] (PA on- cant increasesin PA levels.
ly)
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Review Relevant  Method of synthesis Interventions  Outcomes Follow- Summary of findings AMSTAR-
studies, n up 2 rating
(total
studies)
OReillyetd 12(22) Narrative synthesis  Mobile PA; sedentary behav- Notre-  75% (9/12) of studiesreported Critically
(2013) [42] of RCTs ior; BMI; blood ported  significant changesin PA or low
(PA only) lipids; blood pres- sedentary behavior.
sure; QoL % adverse
effects
Pamereta 15(71) Meta-analysis of Mobile Level of PA 3 Trialsof PA interventionsre-  Moderate
(2018) [111] RCTs months  porting outcomes at 3 months
showed no benefits.
Schoeppeet 10 (27) Narrative synthesis  Mobile PA; sedentary behav-  1-24 59% (13/22) of studiesreported  Critically
a (2016) of RCTs, random- ior weeks  significant improvementsin low
[68] ized trials, con- levels of PA; 20% (1/5) of
trolled trids, and studies reported a significant
pre- and poststudies change in sedentary behavior.
Elaheebocus 25(134) Narrative synthesis Social media  Body weight 6-48 76% (19/25) of studiesusing ~ Criticaly
et a (2018) of RCTs months  online social networks had low
[56] positive results.
Mitaet al 11 (16) Meta-analysis of Social media  PA; weight change  1-12 For PA, significant mean differ- Moderate
(2016) [65] RCTs months  ence 0.07; 95% CI -0.25to
0.38; k=11.
Williamset 12 (22) Meta-anaysis of Social media  PA 324 Meta-analysisshowed nosignif-  Critically
a (2012) RCTs months icant differencesin changesin low
[75] PA (SMD 0.13; 95% CI -0.04
t0 0.30; k=12).
Willisetal 3 (5) Narrative synthesis ~ Social media  Total PA 8 Only onestudy reported signif-  Critically
(2017) [76] of all study types weeks-6 icant changesin levelsof PA,  low

months  when the web-based social net-
work intervention included an
online support group.

Johnson 10 (19) Narrative synthesis  Activegaming Behavioral andcog- Notre-  Findings were largely positive  Critically
(2017) [37] of RCTs nitive outcomes ported  for behaviora impacts, specifi- low
cally theimpact of gamification
for PA: 80% (8/10) positiveand
20% (2/10) mixed.

Peng et a 4(12) Narrative synthesis  Activegaming Heart rate; energy ~ 6-12 Evidence does not support ac-  Critically
(2012) [43] of al study designs expenditure; and weeks  tivevideo gamesasan effective low
(PA only) oxygen uptake tool to significantly increase

PA or exercise attendance.
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Review Relevant  Method of synthesis Interventions  Outcomes Follow- Summary of findings AMSTAR-
studies, n up 2 rating
(total
studies)
Streetetal  9(9) Narrative synthesis ~ Activegaming PA; maximum oxy- 6-12 Moderate-to-high exergaming ~ Critically
(2017) [46] of studieswith com- gen uptake; power;  weeks  participation was associated low
(PA only) parison or control blood pressure; body with statistically significant
groups mass; body weight; improvementsin anthropomet-
body fat; BMI; bal- ric outcomes but low participa-
ance; speed; and tion was not associated with
strength anthropometric changes. 38%

(3/8) studies that investigated
anthropometric outcomes, in-
cluding BMI and body fat,
found a statistically significant
improvement, all 3 studies
showed positive health out-
comes associated with moder-
ate-to-high participation in ex-
ergaming; 100% (3/3) of stud-
iesthat reported on PA frequen-
cy reported higher frequency in
the exergaming condition;
however, adifferent 100% (3/3)
of studies that reported on
overall PA found no statistical-
ly significant increases.

Wielandet 4 (18) Meta-analysis of Computer-de-  Steps per day and 4 No studiesdemonstrated statis-  Critically
al (2012) RCTs, quasi-RCTs, livered minuteswalked con- weeks- tically significant effects on low
[74] cluster RCTs, and tinuously 30 PA.
guasiexperimental months
studies
Afshineta 33(224) Narrativesynthesis Various:inter- Level of PA 1week- 88% (29/33) of studiesreported  Critically
(2016) [99] of RCTsand quasi- netand mobile Syears significantimprovementin PA; low
experimental studies 83% (5/6) of phoneinterven-
tions were effective, including
66% (2/3) of SM Stext messag-

ing interventions, 100% (2/2)
of apps, and 100% (1/1) of au-
tomated voice response.

Carvalhode 13(18) Narrative synthesis ~ Various: Level of PA 1-36 Most studiesdemonstrated sta-  Critically
Menzeset d of al study designs  email, tele- months tigtically significant improve-  low
(2016) [53] phone, web- mentsin the level of PA.

sites
Hakalaeta 13 (23) Meta-analysis of Various: mo-  PA: self-reportedor 3 No differences were observed  Critically
(2017) [34] RCTs bile, text mes- usinganaccelerome- weeks-  between the experimental and  low
(PA only) sages, pedome-  ter or pedometer 24 control groups (risk ratio 1.03;

ters, wear- months  95% CI 0.92 to 1.15; P=.57).

ables, email
Muellmann 13 (20) Narrative synthesis  SMStextmes- PA and number of 4 75% (3/4) of studiesusing mo-  Criticaly
et a (2018) of experimental de- sagingandin- steps per day weeks-  bilephonesdemonstrated signif-  low
[39] (PA on- sgnsand quasiexper-  ternet 24 icant differencesin thelevel of
ly) imental studies months  PA or steps per day (mixed

controls). In 100% (9/9) of
studies, internet interventions
significantly increased PA
compared with nonactive con-

trols.
Mullerand 4 (16) Narrative synthesis ~ Various: inter- PA 1week- 75% (3/4) of studiesreported  Criticaly
Khoo (2014) of RCTsandquasiex- net and mobile 18 significant improvementsin low
[40] (PA on- perimental studies months  PA; 25% (1/4) of studiesreport-
ly) ed nonsignificant decreasein
PA.
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Review Relevant  Method of synthesis Interventions  Outcomes Follow- Summary of findings AMSTAR-
studies, n up 2 rating
(total
studies)
Stephenson 15 (17) Meta-analysis of Various: mo-  Sedentary behavior 5days- Interventions using computer ~ Critically
et a (2017) RCTs bile messag- 24 and mobile and wearable tech-  low
[45] (PA on- ing, mobile months  nologies can be effectivein re-
ly) apps, website, ducing sedentary behavior. Ef-
wearabletech- fectiveness appeared most
nology prominent in the short-term and
|essened over time. Meta-analy-
sisof 88% (15/17) of RCTs
suggested that computer, mo-
bile, and wearable technology
tools resulted in a mean reduc-
tion of —41.28 min/day of sit-
ting time (95% Cl —60.99 to
-21.58; 1°=77%). The pooled
effects showed mean reductions
at short (<3 months), medium
(>3to 6 months), and long-term
(>6 months) follow-up of
—-42.42 min/day, —37.23
min/day, and -1.65 min/day,
respectively.
Nonactive controls
Jenkinsetd 5(22) Narrative synthesis  Internet PA 0-24 Results were mixed; internet  Critically
(2009) [36] of RCTs months  interventions can be effective, low
(PA only) compared with control condi-
tions, although poor compli-
ance was an issue. 50% (2/4)
studies reported an increase in
PA compared with nonactive
controls while 2 studies found
no difference.
Bock et a 4 (50) Narrative synthesis  Internet or Weekly PA, propor- 0O Interventions had anonsignifi- Critically
(2014) [24] of RCTsandquasiex- computer tion of sufficiently ~ weeks-3 cant, positive effect on PA low
(PA only) perimental studies active persons; step  years (P=.88).
counts
Krebsetd  25(76) Meta-analysis of Computer-de- Minutes of PA 1-18 The mean effect size was Low
(2010) [109] RCTs livered months  g=0.16 (95% CI 0.10 to 0.21).
Bort-Roiget 5 (26) Narrative synthesis  Mobile PA (steps); energy 2 80% (4/5) of studiesassessing  Criticaly
a (2014) of comparative and expenditure; body ~ weeks-6 PA intervention effectsreported  low
[25] (PA on- pre-postdesign weight and body fat; months PA increases, with mean PA
ly) blood pressure and increases ranging from 800 to
cholesterol; QoL 1104 steps/day. Studies were
small with differencesin base-
line characteristics.
Direitoetal 17 (21) Meta-analysis of Mobile PA, MVPA, waking 1-52 Not effectivefor MVPA out-  Critically
(2017) [30] RCTs and sedentary behav- weeks  comes, based only on adult low
(PA only) ior studies SMD 0.14 (95% ClI
—0.10to 0.37). For sedentary
behavior outcomes, SMD -0.21
(95% CI -0.59 to 0.18).
Freak-Poliet 4 (4) Narrative synthesis  Wearable PA; sedentary behav- 3-8 Overdl, therewasinsufficient Moderate
al (2013) of RCTsand cluster technology ior; BMI; blood months  evidenceto assessthe effective-
[32] (PA on- RCTs lipids; blood pres- ness of pedometer interventions
ly) sure; QoL ; adverse in the workplace. 75% (3/4) of

effects

studies compared with amini-
mal control group, 33% (1/3)
of studies observed an increase
in PA under a pedometer pro-
gram, but the other two did not
find asignificant difference.
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Anetal 21(22) Meta-analysis of Social media  PA, sedentary behav-  3-102 Interventionsincreased daily ~ Critically
(2017) [49] RCTSs, pre-post stud- ior weeks  number of stepstaken by 1530 low
ies, and cohort stud- (95% CI 82t02979). However,
ies they were not associated with
energy expenditure, total PA,
or MVPA.
Tsoli et al 3(15) Meta-analysis of Interactive PA 6 Interventionsled toasmall but  Critically
(2018) [73] RCTs Voicerespons- weeks-  statistically significant increase  low
es 12 in PA (g=0.254; 95% CI 0.068
months  to 0.439; k=3; P=.007).
Active controls
Beishuizen 5 (57) Meta-analysis of Internet Level of PA 4 Interventionsledtoanincrease Low
et a (2016) RCTs weeks-3 inPA (SMD 0.25; 95% CI 0.10
[102] months  to 0.39).
Covoloeta 23(40) Narrative synthesis  Mobileapps  Dally steps, frequen- 6 30% (7/23) of RCTsshowed a Criticaly
(2017) [104] of RCTs cy, and intensity of  months- significantincreasein PA inthe low
PA 2years intervention group (measured
indaily steps, frequency of PA,
or level of intensity), 48%
(11/23) of studies did not show
asignificant increase, and in
21% (5/23) studies, outcome
mesasures were inconsistent in
whether there was a significant
difference between intervention
and control.
Mateoetal 10 (11) Meta-analysis of Mobileapps  PA, MVPA, and 6 Compared with the control Critically
(2015) [38] controlled trials steps weeks-9 group, use of amobile phone  low
(PA only) months  app was associated with signif-
icant changes in body weight
and BMI of -1.04 kg (95% ClI
-1.75t0 -0.34; 1%=41%) and
-0.43 kg/m? (95% Cl -0.74 to
-0.13; 1%=50%), respectively
(k=9); however, a nonsignifi-
cant difference in PA was ob-
served between theintervention
and comparison groups (SMD
0.40; 95% CI —0.07 to 0.87;
12=93%).
Song et al 6(8) Narrative synthesis  Mobile PA (frequency and 4 Significant effectson frequency  Criticaly
(2018) [44] of al study types step count); BMI; weeks-6 of PA in 80% (4/5) of studies  low
(PA only) blood glucose months  (though the effect was reported

to have disappeared after the
12-week follow-up), step count
in 66% (2/3) of studies, BMI in
50% (2/4) of studies, and reduc-
tion in glucose in 100% (2/2)
studies.
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Review Relevant  Method of synthesis Interventions  Outcomes Follow- Summary of findings AMSTAR-
studies, n up 2 rating
(total
studies)
Cheatham et 25 (25) Narrative synthesis  Wearable PA; BMI; weight; 3 An activity tracker combined  Critically
a (2018) of controlled clinical  technology blood pressure; weeks-  with acomprehensiveweight  low
[28] (PA on- trials Resting Energy Ex- 24 |oss program may provide supe-

ly) penditure; body
composition; cardio-
vascular fitness;
work productivity
and absenteeism;
waist circumference;
blood parameters

months  rior short-term (<6 months) re-
sults than a standard weight
loss program in middle aged or
older adults. 80% (20/25) of
studies reported higher weight
loss when an activity tracker
was used with aweight lossin-
tervention.

8PA: physical activity.

bMVPA: moderate-to-vigorous physical activity.
®RCT: randomized controlled trial.

dSMD: standardized mean difference.

€QoL: qudlity of life.

Evidence for the effectiveness of internet interventions on
physical activity has been mixed. In total, 5 out of 10 reviews
were positive [26,29,33,108,113], including 2 meta-analyses
that found small but significant effects of internet interventions:
Cohen d=0.14 [29] and Cohen d+=0.24 [113]. However, there
was significant heterogeneity across studies [29]. In contrast,
5 studies were not positive [35,47,63,100,110], one of which
was very unfavorable, with only 1 of 9 (11%) studies
demonstrating an effect of the intervention [100]. Two
meta-analyses found that the effect of internet interventions on
physical activity was not significant [63,110].

A total of 4 reviews of social mediainterventions were mixed.
In total, 2 meta-analyses of social media interventions found
no significant difference in changesin physical activity [65,75],
and anarrative synthesis reported mixed results[76]. However,
one narrative synthesis found that 76% of studies using
web-based social networks had positive results for physical
activity [56].

Theresults of the mobile interventions to improve health were
more positive. In total, 8 of 10 (80%) narrative syntheses
reported amgjority of positive results[25,27,31,39,41,42,60,99],
with onereporting an increase of 800 to 1104 steps per day [25].
One review noted that effective interventions used SMS text
messaging communication or self-monitoring [42]. A review
that was specifically on SM Stext messaging reported that effect
sizes were all greater than 0.20, and the median was 0.50, a
medium effect size [27]. In contrast, 2 narrative syntheses
reported that most mobile trials did not show any benefits
[61,111].

There was mixed evidence of active gaming across 3 reviews.
One review found that gamification has a positive impact on
physical activity and found evidence that gamification can
increase motivation to exercise [37]. However, another review
found a positive effect on attendance but not on physical activity
or BMI [46]. A third review found that active gaming did not
support increases in either physical activity or attendance [43].

https://www.jmir.org/2021/5/€19688

Computer-delivered interventionsin physical activity behaviors
did not have consistent results in either weight loss or weight
maintenance trials [74].

In total, 4 of the 5 reviews assessing a variety of interventions
found favorable results [40,45,53,99]. One of the narrative
syntheses reported a wide range of values for improvement,
from 1.5 to 153 extra minutes of physical activity aweek and
1000 to 2600 steps per day [99]. A meta-analysis found that
computer, mobile, and wearable technology led to a mean
change of —-41.28 minutes per day of sitting time (a reduction
in sitting time) [45]. However, one meta-analysis found no
difference between the experimental and control groups [34].

Effectiveness of Digital I nterventions on Physical Activity
Compared With Nonactive Controls

Compared with minimal controls, evidence for the effectiveness
of digital interventions has been mixed.

For internet interventions, one review found favorabl e evidence
[39], another found unfavorable evidence [24], and athird found
mixed evidence [36].

The 3 reviews of mobileinterventions have al so provided mixed
evidence. One narrative synthesisfound that interventionswere
effective, with 4 studies (3 pre-post and 1 comparative) reporting
increases of 800 to 1104 steps per day [25]. However, another
study found that mobile interventions were not effective in
increasing physical activity of moderate-to-vigorous intensity
or in decreasing sedentary behavior [30]. Wearables were also
not very effective, with only 1 of 3 (33%) studies comparing a
pedometer with aminimal control showing increased physical
activity [32].

Social media—based interventions increased the daily number
of steps taken by 1530 steps per day [49]. However, they were
not associated with energy expenditure, total physical activity,
or moderate-to-vigorous physical activity.

There were small effect sizes for both computer-delivered
interventions  (g=0.16) [109] and interactive voice
response—based interventions (g=0.254) [73].
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Effectiveness of Digital I nterventions on Physical Activity
Compared With Active Controls

There were mixed results compared with active contrals.

A meta-anaysis of internet interventions found an increase in
physical activity with an SMD of 0.25 compared with active
controls [102].

In total, 3 reviews of mobile phones had active controls, and
there were mixed results. A meta-analysis found that the use of
amobile phone app was associated with significant changesin

body weight (-1.04 kg) and BM1 (=0.43 kg/m?); however, there
was no significant difference in physical activity between the
2 groups[38]. A narrative synthesis app was also not favorable
for assessing changes in physical activity, with less than half
of the studies showing asignificant increasein physical activity
in the intervention group [104]. However, another narrative
synthesis of general mobileinterventionsfound that most studies
had interventions that led to changes in body weight, increases
in step count, and increases in frequency of physical activity
[44].

There were also promising results from areview on wearables:
when an activity tracker is combined with a comprehensive
weight loss program, it may provide superior short-term (<6
months) results than a standard weight loss program in
middle-aged or older adults (>30 years) [28].

Sustainability of Effectson Physical Activity at Follow-Up

There was little evidence on sustainability, as many physical
activity studies did not have follow-up assessment
postintervention or only had follow-ups relatively soon after
the intervention end point.

https://www.jmir.org/2021/5/€19688

Gold et al

There is some evidence that digital interventions can have
sustained effects. A meta-analysis assessing combinations of
digital technologiesfound that the pooled effects showed mean
changes (reductions) at short (<3 months), medium (3 to 6
months), and long-term follow-up (>6 months) of -42.42
minutes per day, —37.23 minutes per day, and —1.65 minutes
per day, respectively [45]. A meta-analysis of internet
interventionsal so found asmall but significant effect on physical
activity for follow-ups at least six months postintervention
(Cohen d=0.11) [29]. Thesustainability of internet interventions
was al so supported by anarrative synthesisthat found that only
12 of 35 (34%) studies had foll ow-up assessments, which ranged
from 7 weeks to 15 months postprogram; 10 out of 12 (83%)
studies demonstrated successful maintenance of physical activity
and/or secondary measures indicative of positive changes in
physical activity; however, follow-up durations were primarily
shorter: in 9 studies, follow-up was conducted at less than 12
months [26]. However, for mobile interventions, 2 reviews
found evidence that effects tended to decrease in the long term
[31], with effects disappearing after aslittle as 12 weeks [44].

Diet and Physical Activity (Weight Management)

Review Characteristics

A total of 35 reviewsreported on both diet and physical activity.
The breakdown of their characteristicsis shown in Multimedia
Appendix 6.

Effectiveness of Digital I nterventions on Diet and Physical
Activity (Weight L oss) Compared With Mixed (Active and
Nonactive) Controls

Overdll, digital interventions were generally found to be
effective, with mobile phone interventions in particular having
consistently positive results (Table 5).
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Table5. Resultsof reviews on diet and physical activity combined, ordered by type of control and further ordered by mode of delivery of intervention.

internet are more effective for
weight loss than website-only
programs but |ess effective than
telephone counselling. 93%
(13/14) of studies showed afur-
ther improvement in mean
weight loss (wel ght maintenance)
after the end of theftrials.

Review Relevant Method of synthe- Interventions ~ Outcomes Follow-  Summary of findings AM-
studies, n  sis up STAR-2
(total rating
studies)
Mixed (active and nonactive) controls
Aalberseta 5(10) Narrative synthesis  Internet Body weightand  1.5-6.5 40% (2/5) of studiesreported ef-  Critically
(2011) [47] of RCT<?and non- body weightregain months  fect sizes on body weight with  low
randomized pre- small-to-medium significant ef-
post controlled tri- fects; 1 study reported weight
als regain but did not reach signifi-
cance.
Anenieta  20(29) Narrative synthesis  Internet Weight, BMI, 6-24 Modest improvements were ob-  Critically
(2014) [100] of RCTs waist circumfer- months  served in more than half of the  low
ence, and body fat studies with weight-related out-
comes, 20 studies reported on
body weight: 75% (15/20) of
high quality and 5 of 20 (25%)
low quality); 47% (7/15) high-
quality studies reported signifi-
cant improvement.
Beishuizen 7 (57) Meta-analysisof  Internet Systalic blood 3-60 Therewasasignificant reduction Low
et a (2016) RCTs pressure, diastolic  months systolic blood pressure (MD®
(102] blood pressure, —2.66 mm Hg; 95% Cl -3.81 to
HbA 1c° level, ~1.52), diastolic blood pressure
cholesterol level, (MD —1.26 mm Hg; 95% ClI
weight, and level —1.92 to -0.60), HbA 1 level
of physical activity (MD -0.13%; 95% CI -0.22 to
-0.05), LDLY cholesterol level
(MD -2.18 mg/dL ; 95% Cl -3.96
to-0.41), weight (MD —1.34 kg;
95% Cl —1.91t0 -0.77), and an
increasein physical activity
(SMD®0.25; 95% CI 0.10 to
0.39).
Fryetd 8(19) Narrative synthesis  Internet Diet and physicall 8 weeks- There were generally positive Critically
(2009) [57] of al study types activity 30 effectsof prompts; therewasnot low
months  enough evidence to know
whether the medium in which
promptswere sent through affect-
ed their effectiveness but person-
al contact with a counsellor did
enhance effectiveness.
Hou et a 7 (38) Narrativesynthesis  Internet Body fat, weight, 0-12 In71% (5/7) of studies, interven-  Critically
(2013) [108] and dietary fatin- months  tion groupslost more body fat, low
take body weight, and dietary fat in-
take and maintained higher
weight loss at 12 months.
Manzoni et 26 (26) Narrativesynthesis  Internet Weight loss and 324 Internet-based weight lossinter-  Critically
a (2011) of al study types weightlossmainte- months  ventionsenhanced by profession-  low
[62] nance al feedback provided through the
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Review Relevant Method of synthe- Interventions ~ Outcomes Follow-  Summary of findings AM-
studies, n  sis up STAR-2
(total rating
studies)
Seoetd 31 (31) Meta-analysisof  Internet Waist circumfer- 4 weeks-  Internet-based interventions Critically
(2015) [69] RCTs ence 2years showed asignificant reduction  low

in waist circumference (mean
change—2.99 cm; 95% Cl -3.68
to —2.30; 1°=93.3%) and signifi-
cantly better effectsonwaist cir-
cumferenceloss (mean loss 2.38
cm; 95% CI 1.61 to 3.25;

| L—97.2%) than minima interven-
tions such asinformation-only
groups; no differences with re-
spect to waist circumference
change between internet-based
interventions and paper-, phone-
, Or person-based interventions
(mean change—0.61 cm; 95%ClI
-2.05t0 0.83; P=.42; k=31).

Sherrington 12 (12) Meta-anaysisof  Internet Weight loss 3-24 Theinternet-delivered weight Critically
et a (2016) RCTs months  lossinterventions providing per- low
[70] sonalized feedback resultedin an

MD of 2.13 kg (P<.001) greater
weight loss in comparison with
control groups receiving no per-
sonalized feedback. Heterogene-
ity levels showed considerable
and significant heterogeneity
(1°=99%; P<.001) between con-
trol groups not receiving person-
alized feedback and the internet-
delivered weight loss interven-
tions providing personalized

feedback.

Elaheebocus 11 (134) Narrativesynthesis Socia media Body weight 6-48 82% (9/11) of studiesusingweb-  Critically
et a (2018) of RCTs months  based social networks had posi- low
[56] tive results for weight loss.
Mahereta 5 (10) Narrative synthesis  Socia media Weight 8weeks-  Findingsweremixed, from negli-  Critically
(2014) [61] 24 gibleto large effect sizesfor low

months  weight loss.
Mitaet al 10 (16) Meta-analysisof ~ Socia media ~ Weight change 1-12 Meta-analysisof al trillsshowed Moderate
(2016) [65] RCTs months  no significant differences for

body weight (significant mean
difference 0.07; 95% Cl -0.17

to 0.20).
Williamset  10(22) Meta-analysisof ~ Socia media BMI; body weight; 3months: Meta-analysisshowed no signifi-  Critically
al (2012) RCTs diet 24 cant differencesin changesin low
[75] months  weight (SMD 0; 95% CI -0.19

t0 0.19; 10 studies); however,
pooled results from 5 studies
showed a significant decreasein
dietary fat consumption with so-
cial media(SMD -0.35; 95% Cl
-0.68 to —-0.02).
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Review

Relevant  Method of synthe-  Interventions
studies, n  sis

(total

studies)

Outcomes

Follow-
up

Summary of findings

AM-
STAR-2
rating

Williset a
(2017) [76]

Bacigalupo
et a (2013)
[50]

Covolo et a
(2017) [104]

Head et a
(2013) [107]

Liueta
(2015) [59]

5(5) Narrativesynthesis  Social media
of al study types

5(7) Narrative analysis Mobile
of RCTs

21 (40) Narrativesynthesis Mobile
of RCTs

3(19) Meta-analysisof ~ Mobile (SMS
RCTs text messaging)

9(14) Meta-anadlysisof ~ Mobile
RCTs

Lyzwinksi et 8 (17) Meta-anadysisof ~ Mobile

a (2014)
[60]

RCTs

Body weight; body
composition; blood
pressure; and blood
markers

Weight loss and
BMI

BMI and waist cir-
cumference

Weight

Weight and BMI

Body weight and
BMI

8 weeks-
6 months

9-52
weeks

6-12
months

Mean
81.26

days

3-30
months

8 weeks-
12
months

100% (5/5) of studies reported a
reduction in baseline weight.
60% (3/5) of studies reported
significant decreasesin body
weight when online social net-
works was paired with health
educator support. Only one study
reported a clinically significant
weight loss of 55%.

Strong evidence for weight loss
in the short term with moderate
evidence for the medium term.

62% (13/21) of studies did not
find a statistical differencein
changesin weight. 24% (5/21)
of studies found that a mobile
app was more effective compared
with controls (P<.05). In 3 stud-
ies, thisdid not differ significant-
ly between the 2 groups.

The weighted mean effect size
for weight loss was Cohen
d=0.255 (95% CI .056 to .455;
P=.01; k=3).

Compared with the control
group, mobile phoneintervention
was associated with significant
changesin body weight and body
mass index (weight [kg]/height
(mP) of —1.44 kg (95% CI -2.12
to —0.76) and —0.24 units (95%
Cl —0.40t0 -0.08), respectively;
no differences between shorter
and longer trials (< or =26 months;
k=22).

75% (6/8) of studies of mobile
phoneinterventionsfound signif-
icant changesin weight favoring
the maobile phone intervention
groups over the controls; the
meta-analysis generated a medi-
um, significant effect size of
0.430 (95% CI 0.252 to 0.609;
P<.01), favoring mobileinterven-
tions.

Critically
low

Critically
low

Critically
low

Critically
low

Critically
low
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Review Relevant Method of synthe- Interventions ~ Outcomes Follow-  Summary of findings AM-
studies, n  sis up STAR-2
(total rating
studies)
Palmereta 3(71) Meta-analysisof ~ Mobile Body weightand 24 hours- Therewere, at best, modest ben- Moderate
(2018) [111] RCTs triglyceridelevels 6 months  efits of diet and physical activity
interventions. The effect of SMS
text messaging—based diet and
physical activity interventionson
incidence of diabeteswas pooled
(risk ratio 0.67; 95% CI 0.49 to
0.90; 1%=0.0%); end point weight
was pooled (MD -0.99 kg; 95%
Cl -3.63 t0 1.64; 12=29.4%);
percentage changein weight was
pooled (MD -3.1; 95% Cl -4.86
to —1.3; 1%=0.3%); and triglyc-
eride levels was pooled (MD
-0.19 mmol/L; 95% CI -0.29 to
-0.08; 1%=0%).
Schoeppeet 10 (27) Narrative synthesis Mobile Physica activity; 1-24 40% (4/10) of studiesthat mea- Critically
a (2016) of RCTs, random- diet; weight status;, weeks sured weight reported significant  low
[68] ized trials, con- BMI; blood pres- improvement in weight status;
trolled trids, and sure; sedentary be- appswere more successful when
pre- and poststud- havior; and fitness used alongside other intervention
ies components than when used
alone.
Siopiseta  6(14) Meta-anadysisof ~ Mobile Body weightand 8 weeks- Theweighted mean changein  Critically
(2015) [71] RCTs, quasi- BMI 12 body weight inintervention par- low
RCTs, and pre-post months  ticipants was —2.56 kg (95% ClI
studies -3.46 to —1.65) and in controls,
-0.37kg (95% Cl -1.22t0 0.48).
Wielandet 18 (18) Meta-analysisof =~ Computer based Weight 4weeks- At 6 months, computer-basedin-  Critically
a (2012) RCTs, quasi- 30 terventions led to greater weight  low
[74] RCTs, and quasiex- months  loss than minimal interventions
perimental studies (MD -1.5kg; 95% CI -2.1 to
-0.9; 2trials) but lessweight loss
thanin-person trestment (MD 2.1
kg; 95% Cl 0.8t0 3.4; 1 trial). At
6 months, computer-based inter-
ventionswere superior to amini-
mal control interventionin limit-
ing weight regain (MD -0.7 kg;
95% Cl -1.2t0-0.2; 2trials) but
not superior to infrequent in-per-
son treatment (MD 0.5 kg; 95%
-0.5t01.6; 2 trias).
Afshinetad 35(224) Narraivesynthesis Various: inter-  Weight 3-30 69% (24/35) of studiesreported  Critically
(2016) [99] and meta-synthesis  net and mobile months  significant improvementsinadi- low
for RCTsand posity following theintervention.
guasiexperimental 81% (13/16) of RCTs reported
studies significant reductionsin adiposi-

ty; using theinternet in the
weight loss program resulted in
0.68kg (95% Cl 0.08t0 1.29 kg)
additional weight reduction over
aperiod of 3to 30 months; in
studiesfinding significant weight
reduction, the magnitude of
weight change ranged from 1 to
6 kg after 6 months of follow-up.
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Review Relevant Method of synthe- Interventions ~ Outcomes Follow-  Summary of findings AM-
studies, n  sis up STAR-2
(total rating
studies)
Allenet a 38 (39) Narrativesynthesis Various: inter- ~ Weight loss 5weeks- 53% (21/39) of RCTsreported  Critically
(2014) [48] of randomized tri-  net, messaging, 24 statistically significant weight low
as chat rooms, and months  lossin the intervention group as
mobile compared with the control group;
the proportion varied by mode of
delivery, the highest proportion
of successful trials involving
SM S text messaging or email
(67%), followed by online chat
rooms (50%), web-based (48%),
and self-monitoring with technol -
ogy (43%).
Bassi et a 8(28) Narrative analysis  Various: inter-  BMI and weight 12 Results were mixed; 2 studies  Critically
(2014) [51] of RCTs net and mobile months  reported significant improve- low
mentswith weight |oss; however,
effectsweretypically short lived,
and moreweight isregained in a
primarily technology-based ap-
proach, ascompared with person-
al contact.
Carvalhode 18(18) Narrativesynthesis Various: email, Fat consumption,  1-36 Approximately half the studies  Critically
Menzeset d of al study types  telephone, face- fruit and vegetable months  showed weight lossin theinter-  low
(2016) [53] to-face, and consumption, and vention group.
websites physical activity
Coonsetal  13(13)  Narrativesynthesis y/grigys: ppaAf,  Body mass, BMI; 12 50% (6/12) of weight losstrials  Critically
(2012) [54] of RCTs web-based, and  BP%: waist circum- weeks-24  reported significantly greater low
! h. months  weight loss among individuals
wearables fehreqci,l Rl—tl.R. t’ . randomized to technology inter-
Eo)c@ ?at aZrlé/elzn)t/ ventions compared with controls,;
: pex ) insufficient evidence to deter-
age, energy | ntake, mine the effectiveness of inter-
and EE' ventionsfor weight maintenance.
Duttonetal 18 (22) Narrativesynthesis  Various: mo- Weight 3weeks- 67% (12/18) of trialsfound sig-  Critically
(2014) [55] of al study types  bile, internet, 24 nificant differencesin weight low
and podcasts months  loss at one or more assessments.
Maxwell Not re- Narrativesynthesis Technology in- Healthy eatingand Not re- Men participate in technology-  Criticaly
(2015) [64]  ported of all study types  terventions, in-  activeliving ported based healthy lifestyle interven-  low
cluding web- tions less than women; mainte-
based and mo- nance of behavior ischallenging.
bile
Podinaand 43 (47) Meta-anadlysisof ~ Various: mobile Weight, BMI, 324 Standard active treatment was ~ Critically
Fodor (2018) RCTs messaging, mo-  waist circumfer- months  moreeffectivethan eHedlthinter-  low
[66] bile app, and ence, and percent- ventions with regard to weight
website age of body fat (g=—-0.31; 95% CI - 0.43 to

-0.20). There was a stetistically
significant, albeit small effect
size favoring eHealth interven-
tions relative to passive control
groups for weight (g=0.34; 95%
Cl 0.24 to0 0.44) and behavioral
outcomes (g=0.17; 95% CI 0.07
t0 0.27).
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Review Relevant  Method of synthe-  Interventions Outcomes
studies, n  sis
(total
studies)

Follow-
up

Summary of findings

AM-
STAR-2
rating

Ryan et a 6 (6) Narrativesynthesis  Various: mobile Weight loss
(2019) [67] of randomized tri-  or internet
als

Nonactive controls

Anetal 21(22) Meta-analysisof ~ Socia media Physical activity;
(2017) [49] RCTs, pre-post sedentary behav-
studies, and cohort ior; diet; BMI; hip-
studies waist ratio; body
fat; and waist cir-
cumference

Tang et a 18 (27) Meta-analysisof ~ Various Body weight; BMI;
(2016) [72] RCTs and waist circum-
ference

Active controls

Beleigoli et 11 (11) Meta-anaysisof  Internet Weight and BMI
al (2019) RCTs
(52]

5 weeks-
24
months

2-102
weeks

1-24
months

312
months

Tailored interventions were
found to be more effective in
supporting weight loss than
generic or waitlist controlsin
66% (4/6) of articles. Effect sizes
were very small to moderate,
with evidence of fluctuationsin
effect sizes and differences of
effect between tailored and non-
tailored interventions, and be-
tween tailoring types, over time.

Socia media—based interventions
were found to reduce body
weight by 1.01 kg (95% CI 0.45

to 1.57), BMI by 0.92 kg/m?
(95% CI 0.29t0 1.54), and waist
circumference by 2.65 cm (95%
Cl 0.86t0 4.43).

Participants receiving internet-
based, self-directed interventions
lost significantly more weight
than those receiving minimal in-
tervention or no treatment (MD
-1.72 kg; 95% CI -2.60 to
—0.84; significant mean differ-
ence —0.45; 95% Cl -0.67 to
-0.23; 1°=80%; P<.001) and a
significantly greater reductionin
BMI levels than those receiving
no treatment or minimal interven-
tion (MD —0.47 kg/m?; 95% Cl
—0.81to —0.14; significant mean
difference —0.32; 95% CI -0.61
to -0.03; 12=90%; P=.03; 13
evaluations). Therewasagreater
reduction in BMI (MD 0.54

kg/m?) and waist circumference
(2.81 cm) at 0-4 months follow-
up than at later times (k=27).

Compared with offline interven-
tions, digital interventionsled to
agreater short-term (<6 months
follow-up) weight loss (MD
-2.13kg; 95% ClI -2.71to
—1.55; 393 participants; high-
certainty evidence) but notinthe
long-term (MD -0.17 kg; 95%
Cl -2.10to 1.76; 1104 partici-
pants, moderate-certainty evi-
dence).

Critically
low

Critically
low

Critically
low

Critically
low
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Review Relevant Method of synthe- Interventions ~ Outcomes Follow-  Summary of findings AM-
studies, n sis up STAR-2
(total rating
studies)
Kodamaet 23 (23) Meta-analysisof  Internet Weight loss 3-30 Using theinternet had amodest ~ Critically
a (2012) RCTs months  but significant additional weight Low
[58] loss effect compared with non-

web user control groups (-0.68
kg; P=.03). Internet-based inter-
ventions were effective for
weight loss (-1.00 kg; P<.001)
but not a substitute for face-to-
face support (+1.27 kg; P=.01).
An additional effect on weight
control was observed when the
aim of using the internet was
initial weight loss (-1.01 kg;
P=.03) but was not observed
when theaim wasweight mainte-
nance (+0.68 kg; P=.26); further-
more, it was effective to use the
internet as an adjunct to face-to-
face care (-1.00 kg; P<.001) but
adverse effects on weight loss
were found when it was used as
asubstitute (+1.27 kg; P=.01).
The weight loss effect was in-
significant (-0.20 kg; P=.75) in
studies with educational periods
=12 months and was significant
in studies with an educational
period <6 months (-1.55 kg;
P=.001).

8RCT: randomized controlled trial.
PHbA 1 glycated hemoglobin.
°LDL: low-density lipoprotein.

9MD: mean difference.

€SMD: standardized mean difference.
fPDA.: personal digital assistant.
9BP: blood pressure.

PRHR: resting heart rate.

EE: energy expenditure.

Internet interventions were found to be somewhat effective. A
total of 5 narrative syntheses found them to be effective in
approximately half of the studies [47,62,99,100,108]. In total,
3 meta-analyses quantified weight loss and other health effects.
A total of 3 reviews found a significant reduction in weight:
mean difference —1.34 kg [102], SMD 2.13 kg [70], and a
0.68-kg additional weight reduction over a period of 3 to 30
months [99]. A fourth review found that internet interventions
significantly reduced waist circumference (mean change —2.99
cm) [69]. However, stratified analysis suggested that internet
interventions were effective when used in combination with
in-person counseling (—1.93 kg), rather than as a substitute [98].
This finding was supported by a narrative synthesis, which
reported that internet interventions were more effective when
they were enhanced to offer more than just educational resources
(several studies found medium effect sizes) [62].

There were mixed results regarding the effectiveness of social
mediainterventions. A total of 2 revievswerefavorable[49,56],
including a meta-analysis that found that social media—based

https://www.jmir.org/2021/5/€19688

interventions reduced body weight by 1.01 kg, BMI by 0.92

kg/m?, and waist circumference by 2.65 cm but did not find
significant changes in body fat or body fat percentage [49]. A
total of 2 narrative syntheses found effects that were small and
not meaningful [61,76]. Two meta-analyses found no significant
effects on the diverse primary outcomes of the studies or on
body weight [65,75].

Most reviews of mobile phone interventions found that they
were effective in achieving weight loss via diet and physical
activity. One meta-analysis found a statistically significant
medium effect size (Cohen d=0.430) in favor of mobile phone
interventions [60]. Two others quantified the change in terms
of body weight: mobile phone interventions were associated
with significant changesin body weight of -1.44 kg andin BMI

of —0.24 kg/m? compared with controls[59]; the weighted mean
body weight change in intervention participants was —2.56 kg
compared with —0.37 kg in controls [71]. These results were
supported by 3 narrative syntheses, which found evidence that

JMed Internet Res 2021 | vol. 23 | iss. 5 | €19688 | p. 27
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

mobile interventions led to weight loss [50,68,99]. However,
onereview of appsto promote healthy lifestylesfound that most
trials did not show significant differences[104], and one of the
reviewsthat looked at the use of appsfor diet, physical activity,
and sedentary behavior, which concluded that apps|ed to weight
loss, also concluded that the apps were more successful when
used alongside other intervention components than when used
alone[68].

Intotal, 4 of 5 narrative syntheses that ranged over avariety of
digital interventionsfound that around half of the interventions
were effective compared with controls[48,51,53,54], with only
one finding that a large majority (81%) reported a significant
reduction in adiposity [99]. One of these studiesfound that most
trials reported within-group weight loss, even when there was
no difference between digital interventions and controls [54].
Another study compared the success of different modes of
delivery, finding the highest proportion of successful trials
involving SMS text messaging or email (67%), followed by
online chat rooms (50%), web-based (48%), and self-monitoring
with technology (43%) [48].

Effectiveness of Digital Interventions on Diet and Physical
Activity (Weight L oss) Compared With Nonactive
I ntervention Controls

A total of 6 reviewsthat reported resultsfor digital interventions
for diet and physical activity to no intervention or minimal
intervention controls all agreed that digital interventions were
more effective[66,67,69,70,72,74]. Table 5 providesasummary
of theresults.

Internet interventions were more effective than nonactive
controls according to 3 meta-analyses and 1 narrative synthesis
[67,69,70,72]. Internet interventions led to a greater reduction
inwaist circumference (mean change —2.99 cm, 95% CI -3.68
t0-2.30, 12=93.3% vs2.38 cm, 95% Cl 1.61 to 3.25, 12=97.2%)
[69]; internet-delivered personal feedback led to greater weight
loss (mean difference 2.14 kg) [70]; and self-directed internet
interventions led to significantly more weight loss (mean
difference -1.56 kg) and showed a significantly greater

reduction in BMI (mean difference -0.41 kg/m?) [72)].

Similar effectswere observed for computer-based interventions,
which led to greater weight loss at 6 months (mean difference
-1.5 kg) and were superior to limiting weight regain (mean
difference —0.7 kg) [74].

A narrative review of tailored internet interventions found that
effect sizes ranged from very small to moderate [67]. Thiswas
supported by a meta-analysis that covered various digital
interventions, which found small effect sizes favoring digital
interventions for weight (g=0.34) and behavioral outcomes
(g=0.17) [66].

Effectiveness of Digital Interventions on Diet and Physical
Activity (Weight L oss) Compared With Active Controls

The effects of digital interventions on diet and physical activity
(with regard to weight loss) compared with active controlswere
mixed. A total of 2 meta-analysesfound no differences between

https://www.jmir.org/2021/5/€19688
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web-based interventions and active offline interventions for
weight loss outcomes [52,69]. One meta-analysis of arange of
interventions found that standard active trestment was more
effective for weight loss (g=0.31) [66]. However, one
meta-analysis found that using the internet had a modest but
significant additional weight loss effect compared with offline
control groups (-0.68 kg; P=.03), with a subgroup analysis
showing that the internet was effective compared with controls
for achieving weight loss (weight change=—1.01 kg) but not
weight maintenance [58]. The same meta-analysis also found
that it was effective to use the internet as an adjunct to
face-to-face care (-1 kg; P<.001) but that adverse effects on
weight loss were found when it was used as a substitute (+1.27
kg; P=.01) [58].

Computer-based interventions led to less weight loss than
in-person treatment (mean difference 2.1 kg) and were not
superior to infrequent in-person treatment in limiting weight
regain at 6 months [74].

Sustainability of Effectson Diet and Physical Activity
(Weight L oss) at Follow-Up

Although technology-related health interventions may be
effective, the maintenance of behavior is challenging [64], and
there is insufficient evidence to determine the effectiveness of
digital interventions on weight maintenance [54]. One review
of internet interventions reported that, in studies finding
significant weight reduction, the magnitude of weight change
ranged from 1 to 6 kg after 6 months of follow-up [99].

Many studies included in the reviews had short follow-ups.
Where longer follow-upswere reported, effectivenesstypically
diminished over time. Examples of the diminishing effects are
clear in the 2 reviews. One meta-analysis of internet-delivered
personal feedback found a greater reduction in BMI (mean

difference 0.54 kg/m?) and waist circumference (2.81 cm) at O
to 4 months follow-up than at later times compared with
undefined control groups [72]. A narrative synthesis supports
these findings, concluding from multiple high-quality
randomized controlled trials (RCTs) that weight loss occursfor
a short term through mobile interventions, with moderate
evidence for the medium term [50]. Two other meta-analyses
reported significantly greater weight loss in favor of digital
interventions in the medium term only (<6 months): 2.13 kg
[52] and 1.55 kg [58]. One meta-analysis assessed differences
between trials of different lengths, reporting no differences
between shorter and longer trials (<6 or =6 months) [59].

Smoking

Review Characteristics

There were 28 reviews on smoking (see Multimedia A ppendix
6 for summary characteristics).

Effectivenessof Digital | nterventionson Smoking Compared
With Mixed (Active and Nonactive) Controls

Digital interventions were generally effective across different
modes of delivery (Table 6).
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Table 6. Results of reviews on smoking, ordered by type of control and further ordered by mode of delivery of intervention.
Review Relevant  Method of synthe- Interventions  Outcomes Follow- Summary of findings AMSTAR-
studies, n sis up 2 rating
(total
studies)
Mixed (active and nonactive) controls
Afshineta 22 (224) Narrativesynthesis Internetand  Abstinence 1week- 77% (17/22) of studiesreported Ciritically
(2016) [99] of RCT<? and mobile inter- 2years asignificant increase in absti- low
quasiexperimental ventions nence. In studiesreporting bene-
studies fits, the ORP for 7-day abstinence
at 6 months ranged from 1.6
(95% Cl 1.1to0 2.4) to 2.7 (95%
Cl 1.8t04.0).
Boland et al 13 (13) Meta-analysisof ~ Various: web-  Abstinence 1week- Interventionsincreased the odds Low
(2016) [83] RCTs steor comput- 18 of smoking cessation for disad-
(Smoking on- er program months  vantaged groups at 1 month (OR
ly) and SMStext 1.70; 95% Cl 1.10t0 2.63), 3
messaging months (OR 1.30; 95% CI 1.07
to 1.59), 6 months (OR 1.29,
95% Cl 1.03t0 1.62) and 18
months postintervention (OR
1.83,95% Cl 1.11 to 3.01).
Aneni et a 3(29) Narrativesynthesis  Internet Cessation 12 3 follow-up studies that mea- Criticaly
(2014) [100] of RCTs months  sured smoking cessation showed low
significant intervention effects,
although they were assessed to
be of low quality.
Chebli et al 9 (16) Narrativesynthesis  Internet Cessationandre-  1-12 Internet-based interventionsmay  Critically
(2016) [103] of RCTs duction months  haveapositive effect on smoking low
cessation. Several studies found
that web-based use and number
of log-ins was positively associ-
ated with quit outcomes.
Cheungetal 6(45) Narrativesynthesis  Internet Cessation >4 Only 13% (6/45) of studiespro- Critically
(2017) [89] and meta-analysis weeks  vided dataon effectiveness, with  low
(Smoking on- of RCTsand quasi- 66% (4/6) of studies demonstrat-
ly) RCTs ing effectiveness. Smokersusing
aweb-based cessation interven-
tionwere1.15to0 2.84 timesmore
likely to become aformer smok-
er compared with the control
condition (with a pooled RR®
1.39; 95% CI 1.18t0 1.65).
Gainsburyand 7 (9) Narrativesynthesis  Internet Abstinence, tobac- 3-12 86% (6/7) of studies reported Criticaly
Blaszczynski of RCTsand pre- co use, smoking months  significantly greater self-reported  low
(2010) [87] experimental stud- status, compliance, smoking quit rates or abstinence
(Smoking on- ies nicotine depen- at the end of the treatment trial
ly) dence, carbon for participantsin the internet
monoxide markers, i ntervention compared with con-
and toxicity trols. Severd trials found im-
provements at 3, 6, and 12
months.
Grahameta 40 (40) Meta-analysisof  Internet Abstinence 7days-3 Pooled resultsfrom 15trials (24  Criticaly
(2016) [88] RCTs months  comparisons) found asignificant low
(Smoking on- effect in favor of experimental
ly) internet interventions (RR 1.16;

95%Cl 1.03t0 1.31; I2=76.7%).
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Review Relevant  Method of synthe- Interventions  Outcomes Follow- Summary of findings AMSTAR-
studies,n sis up 2 rating
(total
studies)
Hutton et a 15 (21) Narrativesynthesis  Internet Cessation >1 Two RCTsfound that amulti-  Critically
(2011) [90Q] of RCTs month  component interventionwithweb  low
(Smoking on- and nonweb-based elementswas
ly) more efficaciousthan aself-help
manual, and one of the 2 RCTs
found that web-based interven-
tions may be more effective than
no treatment. Threetrials provid-
ed insufficient evidence to
demonstrate whether web-based
interventions were more effica-
cious than counselling. Tailored
websitesin 2 RCTs and greater
website exposure in 86% (6/7)
of RCTs were associated with
higher rates of abstinence.
Lustriaet a 8 (40) Meta-analysisof  Internet Abstinence 30dayss Web - based, tailored interven-  Critically
(2013) [110] experimental and 6 tions had significantly greater low
quasiexperimental months  improvement in smoking out-
studies comes compared with control
conditions, with small effects,
Cohen d=0.151 (k=8; 95% ClI
0.11t0 0.19; P<.001).
McCrabbetal 45 (45) Meta-analysisof  Internet Abstinence 1-18 Interventions were effectivein ~ Low
(2019) [91] RCTs months  the short term (OR 1.29, 95% ClI
(Smoking on- 1.12 to 1.50; P=.001) and long
ly) term (OR 1.1.9, 95% CI 1.06 to
1.35; P=.004).
Shahab and 10 (11) Meta-analysisof  Internet Cessation >1 Interactive interventions were Criticaly
McEwen RCTs month  effective compared with untai-  low
(2009) [95] lored booklets or emails(RR 1.8;
(Smoking on- 95% CI 1.4 to 2.3) increasing 6-
ly) month abstinence by 17% (95%
Cl 12 to 21%); no evidence was
found of a difference between
interactive and static interven-
tions.
Taylor et al 61 (67) Meta-analysisof  Internet Cessation 6-12 Interactive and tailored internet- Moderate
(2017) [97] RCTsand quasi- months  based interventions with or
(Smoking on- RCTs without additional behavioral
ly) support are moderately more ef-
fective than nonactive controls
at 6 months or longer, but there
was no evidence that these inter-
ventions were better than other
active smoking treatments.
Webb et al 12 (85) Meta-analysisof  Internet Smoking absti- 12 Interventions that targeted Criticaly
(2010) [113] RCTs nence months  smoking abstinence tended to low
have small effects on behavior
that did not reach statistical sig-
nificance (Cohen d+=0.07; k=12;
95% Cl -0.04 to 0.18).
Head et & 5(19) Meta-analysisof ~ SMStextmess Smoking cessation Mean The weighted mean effect size  Critically
(2013) [107] RCTs saging 81.26 for smoking cessation, Cohen low
days d=0.447 (95% Cl .367 to .526;

P=.001; k=5).
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Review Relevant  Method of synthe- Interventions  Outcomes Follow- Summary of findings AMSTAR-
studies,n sis up 2 rating
(total
studies)
Scott-Sheldon 18 (20) Meta-analysisof ~ SMStextmes- Abstinence, Notre- SMStext messagingwasassoci- Critically
et a (2016) RCTs saging cigarette use, quit  ported  ated with significantly greater low
[94] (smoking attempts, and nico- odds of abstinence compared
only) tine dependence with controls: 7-day point preva-
lence (OR 1.38, 95% CI 1.22 to
1.55; k=16) and continuous absti-
nence (OR 1.63, 95% CI 1.19 to
2.24; k=7); interventions were
also more successful in reducing
cigarette consumption (Cohen
d;=0.14; 95% CI 0.05 to 0.23;
k=9).
Spohr et a 10 (13) Meta-analysisof ~ SMStextmes- Cessation 3and6 Interventionsgeneraly increased Critically
(2015) [96] RCTs saging months  quit rates compared with controls  low
(smoking on- (OR 1.36, 95% CI 1.23to0 1.51).
ly) Intervention efficacy was higher
in studieswith a3-month follow-
up compared with a 6-month
follow-up.
Palmer et a 18 (71) Meta-analysisof ~ Mobile Abstinence and 24 The effect of SMStext messag- Moderate
(2018) [111] RCTs cessation (verified hours-6  ing—based smoking cessation
biochemically) months  support on biochemically veri-
fied continuous abstinence was
pooled relative risk, RR 2.19
(95% ClI 1.80 to 2.68; I2=O%)
and on verified 7-day point
prevalence of smoking cessation
was pooled RR 1.51 (95% CI
1.06 0 2.15; 17=0%).
Whittakereta 12 (12) Meta-analysisof ~ Mobile Cessation 6 Smokers who received support  Moderate
(2016) [99] RCTsand quasi- months  programs were 1.7 times more
(smoking on- RCTs likely to stay quit than smokers
ly) who did not receive the programs
(9.3% quit with programs com-
pared with 5.6% who quit with
no programs). Most of the studies
were of programsrelying mainly
on text messages.
Danielssonet 21 (74) Narrativesynthesis Various Abstinence >3 Thestudiesshowed mixedresults  Critically
a (2014) [86] of RCTs months  regarding internet interventions  low

(smoking on-
ly)

and smoking, with some positive
effectsfor the smoking cessation
program that combined the use
of both the internet, mobile
phones (SM S text messaging),
and email.
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Review Relevant  Method of synthe- Interventions  Outcomes Follow- Summary of findings AMSTAR-
studies,n sis up 2 rating
(total
studies)
HIQA (2017) 12 (143)4 Network meta- Various: inter-  Cessation 6-12 Internet-based interventionsare  Low
[89] (smoking analyses of RCTs  net and mobile months  superior to control (brief advice
only) or written materials; RR 1.43,
95% Cl 1.02 to 2.00; P=.04;
k=5); Internet-based interven-
tions are superior to doing noth-
ing (RR 1.46, 95% CI 1.18to
1.81; P<.001; k=3); mobile
phone-based interventions ap-
pear to have similar effectiveness
to control (RR 1.18, 95% CI 0.88
t0 1.60; P=.27; k=3); no evidence
of difference between mobile
phone-based interventions and
internet (RR 1.43, 95% CI 0.88
to 2.31; P=.15; k=1).
Hou et a 5(398) Narrative synthesis  Web-based Cessation Notre- 2 studiesfound higher cessation Critically
(2013) [108] of studieswith computer pro- ported  ratesinintervention groupsthan low
comparisonor con-  grams control. 3 studiesfound no signif-
trol groups icant differencesin quit rates at
the end of the intervention or at
follow-ups.
Myung et a 22 (22) Meta-analysisof ~ Various: inter- Abstinence and >3 Intervention groupshad asignif-  Critically
(2009) [92] RCTs net or comput- biochemical mark- months  icant effect on smoking cessation low
(smoking on- er based ers (RR 1.44; 95% CI 1.27 to 1.64).
ly) Similar findings were observed
in web-based interventions (RR
1.40; 95% CI 1.13t0 1.72) and
in computer-based interventions
(RR 1.48; 95% Cl 1.25t0 1.76).
Naslundeta 7(7) Narrativesynthesis Social media  Cessation 30-365  71% (5/7) of studies reported Criticaly
(2017) [93] of al study types days significant effects on smoking-  low
(smoking on- related outcomes such as greater
ly) abstinence, reduction in relapse,
and an increase in quit attempts.
Elaheebocus 7 (134) Narrativesynthesis Social media  Cessation 6-48 100% (7/7) of studieson smok-  Critically
et a (2018) of RCTs months  ing cessation using web-based  low
[56] social networks had positive re-
sults.
Rooke et al 13 (34) Meta-analysisof ~ Computer Abstinenceandre- 1-156 Theweighted average effect size  Critically
(2010) [112] RCTs based duction weeks  (Cohen d) was 0.14; P<.001 for low
studies addressing tobacco use.
Nonactive controls
Cheneta 60 (60) Meta-analysisof ~ Various: com- Cessation 2dayss Computer and other electronic  Low
(2012) [84] RCTsand quasi-  puter and oth- 30 aids increase the likelihood of
(smoking on- RCTs er electronic months  cessation compared with nointer-
ly) aids vention or generic self-help mate-
rials but the effect is small (pro-
longed abstinence: RR 1.32; 95%
Cl 1.21to0 1.45).
Krebset a 32 (88) Meta-analysisof ~ Computer tai- Abstinence 24 Mean effect for the 32 studies  Low
(2010) [109] RCTs lored hours-9  reporting point prevalence out-
months  come was g=0.16 (95% CI 0.12

to 0.19); mean effect for the 16
studies reporting prolonged absti-
nence measures was g=0.24
(95% Cl 0.20 t0 0.31).

Active controls
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Review Relevant  Method of synthe- Interventions  Outcomes Follow- Summary of findings AMSTAR-
studies,n sis up 2 rating
(total
studies)
Covolo et a 2 (40) Narrativesynthesis Mobileapps  30-day point 30days 1trial compared 2 apps and Criticaly
(2017) [104] of RCTs prevalence cessa- found no evidence of any differ- low
tion ence; the other found text messag-

ing produced more abstinence
than an app (P<.05).

8RCT: randomized controlled trial.

POR: odds ratio.

°RR: risk ratio.

4n total, 12 relevant studies were included in the meta-analysis.

Internet interventions were generally found to be effective
(Table 6). A total of 3 relevant meta-analyses found small or
small-to-medium effects [85,89,91]: pooled RR 1.39 [85]; RR
1.40[92], and RR 1.43 [88] and a short-term (<6 months) OR
1.29 (95% CI 1.12to 1.50; P=.001) [91]; the latter showed that
internet interventions were also successful for the individual
outcomes of prolonged abstinence, that is, not smoking since
aquit date (OR 1.43) and 30-day point prevalence abstinence,
that is, not smoking one or more days before the follow-up (OR
1.75) [91]. However, one narrative synthesis noted that although
the 3 studies that measured smoking cessation all showed
significant intervention effects, they were all assessed to be of
low quality [100Q].

The 3 reviews of mobileinterventionsthat focused on SM Stext
messaging found it to be effective, again with small effects:
Cohen d=0.14 [94]; OR 1.36 [96]; and OR 1.36 [98]. A fourth
meta-analysis differentiated between specific outcomes and
found a medium effect (RR 2.19) on biochemically verified
continuous abstinence, and asmall-to-medium effect (RR 1.51)
on verified 7-day point prevalence of smoking cessation was
pooled [111]. However, 2 reviews (including 1 meta-analysis)
with information on mobileinterventionsin general did not find
that they were effective [89,99].

A meta-analysis of computer-delivered interventions also found
a small but significant effect size associated with studies
addressing tobacco use (Cohen d=0.14) [112].

There is mixed evidence from reviews that cover a variety of
digital technologies. One narrative synthesis [99] and one
meta-analysisfound that they were effective, with interventions
increasing the odds of smoking cessation at 1 month (OR 1.70)
[83]. However, another narrative synthesis that included both
phone and internet interventions found that there were mixed
results[86].

A total of 2 reviews of social mediainterventionswith narrative
syntheses both found favorable effects of the interventions on
outcomes related to smoking cessation [56,93].

As seen above, separate reviews of internet, mobile, and
computer-delivered interventions found small effects for each.
Onemeta-analysislooked for differencesin effect sizes between
different modes of intervention and found no statisticaly
significant evidence of any differencesin effect sizes of internet

https://www.jmir.org/2021/5/€19688

interventions, intensive advice, telephone support, individual
counseling, or group behavior therapy [89].

Effectivenessof Digital I nterventionson Smoking Compared
With Nonactive Controls

Therewere small effectsof digital interventions compared with
nonactive controls for all modes of delivery (Table 6).
Meta-analyses found small effects for pooled modes of digital
interventions compared with controls: 1 month OR 1.70 (k=13)
[83]; pooled estimate for prolonged abstinence, RR 1.32 (k=60)
[84], and pooled estimate for point prevalence abstinence, RR
1.14 [84]. Internet interventions were more effective than
nonactive controls [88-90,92,97], with 3 meta-analysesfinding
small effects compared with nonactive controls: RR 1.15 [97],
RR 1.46[89], and RR 1.60[88]. Computer-tail ored interventions
had effects sizes of g=0.16 for point prevalence outcomes and
0=0.24 for prolonged abstinence [109]. Mobile phone-based
interventions appeared to have similar effectivenessto minimal
controls (RR 1.18) and were more effective than no intervention
(typically either waiting list control or no further contact until
follow-up) [89].

Effectivenessof Digital I nterventionson Smoking Compared
With Active Controls

Most reviews concluded that internet interventions were not
more effective than active controls, with 3 reviews (including
2 meta-analyses) not finding differences [88,90,97]. This
included a meta-analysis that found no significant effects of
internet interventions compared with face-to-face counseling
or telephone counseling [88]. However, one narrative synthesis
was more positive about the greater effect of internet
interventions compared with conventional ones[99].

There was no information on mobile interventions compared
with active control s, but one meta-analysiswith mixed controls
noted that the summary effect sizesfavored the treatment groups
even when 18 of the 20 (90%) controlled trials used an active
control and 12 (66%) of these active controls included some
smoking-related content, including smoke-free websites,
self-help guidebooks, and smartphone apps [94].

Sustainability of Effectson Smoking at Follow-Up

There was agreement that the effects of internet interventions
were sustained for up to 6 months [83,87,91,95]. This was
guantified as interventions increasing the 6-month abstinence
by 17% [95], increasing the odds of cessation at the 6-month
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follow-up (OR 1.29) [83], and increasing the likelihood of
prolonged abstinence (ie, not smoking since a quit date; OR
1.19) [91]. However, there was disagreement about whether
there were significant effects at 12-month follow-ups, with 2
reviews in favor [87,89], one quantifying the quit rate at 12
months as 8% [89] but another reporting that the positive results
of internet interventionswere not generally maintained at 1-year
follow-up assessments [103].

There is mixed evidence on the sustainability of the effects of
mobile interventions. A total of 2 meta-analyses found that
mobile interventions were effective in the medium term, with
aquit rate of 13% [89] and effects on biochemical measures of
quitting at 6 months (RR 1.83) [98]. However, astudy of SMS
text messages suggested that any effect was not sustained [96].

Regarding computer-delivered interventions, one meta-analysis
found that computer programs increased the odds of cessation
at the 3-month (OR 2.04), 12-month (OR 1.68), and 18-month
follow-up (OR 1.83) [83]. A metaandysis of
computer-delivered interventions did not find evidence of
differential effects depending on the length of follow-up or
number of sessions[112].

A total of 2 reviews that considered a range of different
technologies found evidence of sustained effects. A narrative
synthesis of internet and mobile interventions found that the
OR for 7-day abstinence at 6 months ranged from 1.6 to 2.7
[99]. A meta-analysisfound that digital interventionsincreased
the odds of smoking cessation at 3 months (OR 1.30), 6 months
(OR 1.29), and 18 months (OR 1.83) postintervention [83].

In a pooled analysis of web-based and computer-based
interventions, the smoking cessation rate was 14.8% in the
intervention group and 14.3% in the control group at the
short-term 3-month follow-up (P=.42), 11.7% and 7.0% at the
midterm 6- to 10-month follow-up ( P<.001), and 9.9% and
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57% a the long-term 12-month follow-up (P<.001),
respectively [92].

One meta-analysis that covered multiple intervention types
found that SMS text messaging had the highest OR (2.81) at
the 1-month follow-up, followed by the use of computer
programs at the 3-month follow-up (OR 2.04), 12-month
follow-up (OR 1.68), and 18-month follow-up (OR 1.83) and
websites at 6 months (OR 1.37), whileaDV D intervention and
integrated videotel ephony did not increase the odds of cessation
compared with no intervention [83].

Alcohol

A total of 13 papers covered alcohol
[73,77-82,99,103,104,111-113]. Multimedia Appendix 5
presents a breakdown of the study characteristics.

Effectiveness of Digital I nterventions on Alcohol
Consumption Compared With Mixed (Activeand Nonactive)
Controls

In total, 7 of 8 (88%) reviews with mixed controls reported
favorable evidence that digital interventions were effective in
decreasing al cohol consumption (Table 7), although onereview
noted that the controls were just as effective [103]. A total of 2
meta-analyses reported small effect sizes (Cohen d=0.26 [112]
and Cohen d=0.14[113]). A narrative synthesis of interventions
using novel technologies found that, in studies finding benefits
and reporting compliance with drinking recommendation as an
outcome, the OR for drinking within the recommended limit
ranged from 1.7 to 3.7 (small/medium to medium/large effects)
[99]. In contrast, the sixth review, which surveyed mobile phone
interventions, reported that the results were inconclusive for
alcohol reduction, and the authors declined to perform a
meta-analysis because the results were self-reported and
therefore at risk of overstating the benefits[111].

JMed Internet Res 2021 | vol. 23 | iss. 5 | €19688 | p. 34
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

Gold et al

Table 7. Effectiveness of digital interventions on alcohol consumption, sorted by controls and further ordered by intervention type.

Review Relevant  Method of synthe- Interventions ~ Outcomes Follow- Summary of findings AMSTAR-
studies,n sis up 2 rating
(total
studies)
Mixed (active and nonactive) controls
Afshinet 47(224) Narrativesynthesis Various. inter-  Alcohol frequency 1week- 34% (39/47) of studies, 41 RCTs Critically
a (2016) of RCT<? and net, mobile, and quantity, binge 2years and 6 quasiexperimental, report- low
[99] quasiexperimental computer soft-  drinking, estimated ed asignificant decreasein alco-
studies ware, and sen-  blood al cohol concen- hol use; 83% (33/41) of RCTs
sors tration, alcohol depen- reported statistically significant
dency, and Alcohol benefits.
Use Disorder Identifi-
cation Test scores
Chebli et 2 (16) Narrative synthesis  Internet Cessation and reduc-  1-12 Both studies demonstrated posi-  Critically
al (2016) of RCTs tion of alcohol months  tive treatment outcomesin both  low
[203] arms, but there were no differ-
ences between internet interven-
tion and control.
Kaneret 57 (57) Narrativesynthesis Computer and ~ Alcohol consumption  1-12 Alcohol consumptionreducedby Low
a (2017) and meta-analysis  mobile and frequency months  approximately 23 g per week
[77] (Al- of RCTs (95% CI 15 to 30) at follow-up
cohol on- (1-12 months; based on 41 stud-
ly) ies). Frequency of consumption
reduced (based on 15 studies):
participants who engaged with
digital interventionshad lessthan
onedrinking day per month few-
er than no intervention controls
(moderate - quality evidence);
had about one binge drinking
session less per month in thein-
tervention group (moderate -
quality evidence); and drank one
unit per occasion lessthan noin-
tervention control participants
(moderate - quality evidence).
Compared with face-to-faceinter-
ventions, therewas no difference
in acohol consumption at the
end of follow-up (mean differ-
ence 0.52 g/week; 95% Cl
—-24.59 10 25.63; low - quality
evidence).
Kolaret 2(18) Narrative synthesis  Internet Alcohol quantity and 1 month 100% (2/2) of studiesfoundre-  Criticaly
a (2015) of al studies frequency duced alcohol consumptionin  low
[78] (Al- both arms but no significant dif-
cohol on- ferences between arms.
ly)
Palmer et 8 (71) Narrativesynthesis Mobile Self-report alcohol Notre- Theeffects of alcohol reduction Moderate
a (2018) of RCTs consumption ported interventionswereinconclusive.
[111]
Rookeet 9(34) Meta-analysisof ~ Computer-deliv- Abstinenceandreduc- 1-156  Theweighted average effect size  Critically
al (2010) RCTs ered tion of alcohol weeks  (Cohen d) was 0.20 (P<.001). low
[112]
Vernonet 15 (15) Narrativesynthesis Computer-deliv-  Alcohol consumption 30days-  All but one intervention showed Critically
a (2010) of al studies ered 12 significant improvement in at low
[81] (Al- months  least one drinking-related out-
cohol on- come. However, interventions
ly) were heterogenous and preinter-

vention acohol consumption was
not standardized.
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Review Relevant  Method of synthe- Interventions ~ Outcomes Follow- Summary of findings AMSTAR-
studies,n sis up 2 rating
(total
studies)
Webbet 9(85) Meta-analysisof  Internet Alcohol consumption Notre-  Small effects were observed for ~ Critically
a (2010) RCTs ported  alcohol consumption (Cohen low
[123] d;=0.14; k=9; 95% CI 0.00 to
0.27).
Nonactive controls
Black et 93 (93) Meta-analysisof ~ Computer deliv-  Alcohol consumption: Upto2 Small effects averaging across  Critically
a (2016) RCTs ered total consumption years timepoints, Cohen d=0.007 low
[82] (Al- over aperiod of time; (heavy episodic drinking frequen-
cohol on- average alcohol con- cy) to Cohen d=0.15 (total con-
ly) sumption per drinking sumption); in the short term,
occasion or drinking there were small-to-medium ef-
day; peak consump- fects (Cohen d+=0.16 to 0.31)
tion—max consumed and significant effectson all out-
on one occasion. Fre- comes except drinking frequen-
guency of heavy cy; in the medium-to-long term,
episodic drinking and they produced small (Cohen
of any alcohol con- d+=0.07 to 0.12), significant ef-
sumption fectson all outcomes.
Covoloet 1(40) Narrative synthesis Mobile Alcohol frequency 0-2 Contrary to expectation, itwas  Critically
a (2017) of RCTs years found that the mobileapp signif-  low
[104] icantly increased the frequency
of drinking occasions compared
with the control group (P=.001).
Riperet  9(9) Meta-analysisof  Internet Alcohol consumption Upto An overall medium effect size  Critically
a (2011) RCTs 12 (9=0.44; 95% CI 0.17 t0 0.71; low
[79] (Al- months  random effect model) in favor of
cohol on- the intervention groups was
ly) found.
Riperet 16 (16) Meta-analysisof  Internet Alcohol consumption 1to12 A small but significant overall ~ Critically
a (2014) RCTs months  effect sizein favor of internet low
[80] (Al- interventions (g=0.20; 95% ClI
cohol on- 0.13t00.27; P=.001) wasfound.
ly) Participantsininternet-based in-
terventions consumed approxi-
mately 22 g of ethanol less and
were more likely to adhere to
low-risk drinking guidelines (risk
difference 0.13; 95% CI 0.09 to
0.17; P=.001).
Tsolietal 4(15) Meta-analysisof  Interactive Alcohol consumption 6 The meta-analysis of included  Critically
(2018) RCTs Voice responses weeks-  studiesdemonstrated that interac-  low
[73] 12 tive voice response-based inter-

months  ventions had no statistically sig-
nificant effect on alcohol con-
sumption (g=-0.077; 95% ClI

-0.162 to 0.007; k=4; P=.07).

8RCT: randomized controlled trial.

Effectiveness of Digital I nterventions on Alcohol
Consumption Compared With Nonactive Controls

Intotal, 4 of 6 (67%) reviews with nonactive controls found an
effect of the intervention (Table 7). Of the 4 meta-analyses, 2
found a medium effect on acohol consumption (g=0.44 [80]
and g=0.44 [79]). A third found a small-to-medium effect on
total alcohol consumption (Cohen d+=0.31), small effectson 2
other consumption measures, and a measure of frequency of
heavy drinking episodes (Cohen d+=0.16-0.19) and no effect
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on drinking frequency [82]. The fourth review found no effect
[73].

Two studies quantified the effect on alcohol consumption,
finding a reduction in weekly consumption of 22 g of alcohol
[80] and 23 g of acohol [77], approximately 3 UK units.
However, when studies with a high risk of biaswere excluded,
this number decreased to 11 g of alcohol (or 1.5 UK units) per
week [77]. With regard to frequency of consumption,
participants who were given digital interventions had less than
one drinking day per month, which is fewer compared with

JMed Internet Res 2021 | vol. 23 | iss. 5 | €19688 | p. 36
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

no-intervention controls (moderate-quality evidence); had
approximately 1 binge-drinking session less per month in the
intervention group compared with no-intervention controls
(moderate-quality evidence); and drank 1 unit per occasion,
which is less than the no-intervention control participants
(moderate-quality evidence) [77]. Participants in internet
interventionswere significantly morelikely to adhereto low-risk
drinking guidelines at the immediate posttreatment follow-up,
compared with the no-intervention controls [80].

Only one review was negative. A narrative synthesis of mobile
apps reported that there was asingle RCT on alcohol reduction
where, contrary to expectation, the frequency of drinking
occasions was higher in the intervention group [104].

Effectiveness of Digital I nterventions on Alcohol
Consumption Compared With Active Controls

Intotal, 2 reviewsthat separated active controlsfound that there
were no significant differences between the intervention and
control groups[77,99], one of which was specifically compared
with face-to-face controls (Table 7) [77].

Sustainability of Effects on Alcohol Consumption at
Follow-Up

The effectiveness of the interventions seemed to decrease over
time (Table 7). One meta-analysis, which reported
small-to-medium effectsin the short term (Cohen d+=0.16-0.19),
found that in the medium to long term, there were small (Cohen
d+=0.07-0.12), significant effects on all outcomes[82]. A total
of 2 reviewsreported that, for internet-based intervention studies
where there were 3-, 6-, or 12-month follow-up data, no
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significant differences in effect remained in later follow-up
[80,103]. In contrast, one review of computer- or
mobile-delivered interventions found that positive differences
in measures of drinking were seen at 1, 6, and 12 months[77],
and one review of internet interventions found amedium effect
size (g=0.39), lasting up to 6 or 9 months posttreatment, as
compared with no intervention; the effects of the interventions
beyond 9 months could not be assessed, but 2 studies in the
review suggested that they had faded out by 12 months [79].

Other Combinations

Review Characteristics

A total of 11 reviews covered a number of areas of behavior
[101-107,109,110,112,113]. The breakdown of their
characteristicsis shown in Multimedia Appendix 5.

Effectiveness of Other Digital Combination I nterventions
Compared With Mixed (Active and Nonactive) Controls

All 5reviews of internet interventions concluded that they were
effective in changing behavior (Table 8). A tota of 3
meta-analysesfound small effects: Cohen d=0.19[105], Cohen
d=0.139 [110], and Cohen d=0.16 [113]. However, one study
reported that the effect sizes were heterogeneous [113]. The
fourth meta-analysis quantified the effects on health outcomes,
finding statistically significant reductions in systolic blood
pressure (mean difference —2.66 mm Hg), diastolic blood
pressure (mean difference—1.26 mm Hg), glycated hemoglobin
level (mean difference —0.13%), and low-density lipoprotein
cholesterol level (mean difference —2.18 mg/dL) [102].
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Table 8. Effectiveness of digital interventions on other combinations of outcomes, sorted by controls and further sorted by intervention type.

Review Relevant Method of synthe-  Interventions Outcomes Follow-up  Summary of findings AMSTAR-2
studies,n  sis rating
(total stud-
ies)
Mixed (active and nonactive) controls
Beishuizen 15 (57) Meta-analysisof  Internet Systolicblood 3-60 Intervention groups had areduction  Low
eta (2016) RCT< pressure, diass  months in systolic blood pressure (mean
[102] tolic blood difference —2.66 mm Hg; 95% ClI
pressure, —-3.81to —1.52), diastolic blood
HbA 1cb level, pressure (mean difference—1.26 mm
cholesterol Hg; 95% Cl —.1.92 t0—0.60), HbA ;¢
level, weight, level (mean difference—0.13%; 95%
and level of Cl -0.22t0-0.05), and LDL®
physical activ- cholesterol level (mean difference
ity —2.18 mg/dL; 95% CI —-3.96 to
—0.41). There were larger effectsin
internet interventionsthat combined
the internet application with human
support (blended care).
Cheblieta 11(16) Narrativesynthesis  Internet Cessationand  1-12 Internet-based interventions may Critically
(2016) of RCTs reduction (for months have apositive effect on smoking  low
[103] both alcohol cessation. Severa studiesfound that
and smoking) web-based use and number of log-
ins were positively associated with
quit outcomes. Both studieson alco-
hol demonstrated positive treatment
outcomesin both arms, but there
were no differences between thein-
ternet-based intervention and con-
trol.
Cugelman 30 (30) Meta-analysisof  Internet Behaviora 1day-7 Effect sizeswere small but statisti-  Critically
etal (2011) experimental, outcomes months cally significant (standardized mean low
[205] guasiexperimental, difference effect size Cohen d=0.19;
and correlational 95% CI 0.11 to 0.28; P<.001; num-
studies ber of interventions, k=30); howev-
er, therewas alot of heterogeneity,
Cochran's Q test 64.125 (P<.001)
and 1%=54.776; thelargest effect size
was observed when interventions
were compared with waitlists and
placebos (Cohen d=0.28; 95% ClI
0.17 to 0.39; P<.001; k=18); there
was no significant difference com-
pared with sophisticated print inter-
ventions (Cohen d=-0.11; P>.05;
k=29).
Webbeta 85(85) Meta-analysisof  Internet Smokingabsti-  3-12 Interventions had a statistically Criticaly
(2010) RCTs nence, level of months small but significant effect on low
[113] physical activ- health-related behavior (Cohen
ity, alcohol d+=0.16; 95% CI 0.09t00.23). The
consumption, effect size of interventionstargeting
and dietary be- asingle areaof health behavior was
havior not significantly different to the ef-

fect size of those targeting multiple
areas of health behaviors, but the
numerical difference wasin favor
of single-area studies (Cohen
d+=0.17 versus Cohen d+=0.12).
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Review Relevant Method of synthe-  Interventions Outcomes Follow-up  Summary of findings AMSTAR-2
studies,n  sis rating
(total stud-
ies)
Lustriaet 40 (40) Meta-anadlysisof  Tailoredin- Levelsof 1-24 Web - based, tailored interventions  Critically
a (2013) experimental and  ternet-based physical activ- months effected significantly greater im- low
[110] quasiexperimental  interventions ity, fruit and provement in health outcomes as
studies vegetablein- compared with control conditions
take, saturated immediately post intervention, Co-
fat intake, and hen d=0.139 (95% CI 0.111 to
abstinence 0.166; P<.001; k=40). The effect
from smoking remained at follow - up, Cohen
and alcohol d=0.158 (95% CI 0.124 t0 0.192;
consumption P<.001; k=21), and the correlation
between follow - up time point and
effect sizewasrgg=.004 (P=.98, for
posttest effects) and ryp=—.176
(P=.50, for follow - up effects),
which suggests that length of fol-
low - up did not significantly influ-
ence intervention outcomes. Inter-
ventions using tailored websites had
alarger weighted mean effect size
when compared with nontailored
websites (Cohen d=0.188) than
when they were compared with
no - treatment control conditions
(Cohen d=0.07; P<.01). Therewas
an extremely small effect of tailored
websites frompared to no-treatment
control conditions (Cohen d=0.08;
k=4) and of tailored websites com-
pared with sophisticated print inter-
ventions (Cohen d=-0.11; P>.05;
k=29).
Covoloet 39 (40) Narrativesynthesis Mobileapps BMIandwaist 6 months-  Only 25% (10/40) of RCTsfound  Critically
al (2017) of RCTs circumfer- 2 years statistical differencesbetweeninter-  low
[104] ence; various vention and control groups.
physica activ-
ity levels; fruit
and vegetable
intake, high-
sugar food in-
take, smoking
cessation, and
number of
drinking days
Armanasco 35 (51) Meta-anaysisof ~ Textmessag- Weight, level 1to 66 Theoverdl pooled effect of interven-  Critically
eta (2017) RCTsand quasiex- ing of physical ac- weeks tions was Cohen d=0.24 (95% ClI low
[101] perimental studies tivity, and 0.16 to 0.32; P<.001; k=35) using
smoking cessa outcome data collected most proxi-
tion mal to the intervention end. 7 stud-

ies collected data following a no-

i ntervention maintenance period and
showed a small but significant
pooled maintenance effect (Cohen
d=0.17; 95% CI 0.03t0 0.31;
P=.017; k=7).
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Review Relevant Method of synthe-  Interventions Outcomes Follow-up  Summary of findings AMSTAR-2
studies,n  sis rating
(total stud-
ies)
Headetal 12 (19) Meta-anadlysisof ~ Textmessag- Smoking cess Mean The overall weighted mean effect  Criticaly
(2013) RCTs ing sation, weight 81.26 days sizerepresenting theimpact of these low
[107] loss, and level interventions on health outcomes
of physical ac- was Cohen d=0.329 (95% Cl 0.274
tivity to 0.385; P<.001). Correlations be-

tween effect size and follow-up
(r18=—.12; P=.62) and effect size
and retention (r,g=.14; P=.56) were
not statistically significant. Effect
sizes for interventions that em-
ployed no-treatment control groups
(Cohen d=0.369), however, were
significantly larger than those that
employed alternative comparisons
(Cohen d=0.226; Qg=.5.16, df=1;

P=.02).
DelLeonet 55 (55) Narrative synthesis  Text mes- Smoking cess 3 weeks9  76% (42/55) of articlesfound statis-  Critically
a (2014) of RCTs sages and sation, dietin-  months ticaly significant positive behav-  low
[106] emails take, and ioral outcomesof prompts, the mode
(prompts) physica activ- by which the prompt was sent did

ity level not seem to impact its success.
Rookeeta 34 (34) Meta-anaysisof ~ Computer Abstinence 1-156 The weighted average effect size Criticaly
(2010) RCTs delivered and reduction  weeks (Cohen d) was 0.20 (P<.001); how- low
[112] for both smok- ever, lower effect sizes were associ-

ing and alco- ated with studies addressing tobacco

hol use (Cohen d=0.14). Therewassig-

nificant heterogeneity between
studies targeting tobacco versus a-
cohol use (Q=5.65; P=.02), with
studies on acohol consumption
producing significantly higher effect
sizes than tobacco studies (Cohen
d=0.26 and 0.12, respectively). Ef-
fect sizeswere higher for studiesin
which the comparison condition was
an attention/placebo (Cohen d=0.22)
relative to studiesin which the
comparison condition was an active
comparison (Cohen d=0.10); studies
employing active treatments as the
comparison condition mainly pro-
duced effect sizes close to zero.

Nonactive controls
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Review Relevant Method of synthe-  Interventions Outcomes Follow-up  Summary of findings AMSTAR-2
studies,n  sis rating
(total stud-
ies)
Krebseta 76 (88) Meta-andlysisof ~ Computer-  Dietary intake 1-24 The overdll effect sizewasg=0.17 Low
(2010) RCTs taloredinter- of fat, vegeta  months (95% ClI 0.14t0 0.19) using afixed
[109] ventions bles, fruit; var- effects model and g=0.17 using a
ious levels of random effectsmodel (95% Cl 0.14
physical activ- to 0.20). Effects peak from 4 to 12
ity, and smok- months postbaseline with a mean
ing abstinence effect size of g=0.20, and while they
over various decline after 12 months postbase-
timescales line, the mean effect size at long-

term follow-up (g=0.12) remainsto
be statistically significant (95% CI
0.08 t0 0.16). The meta-analysis
found atrend for increasing effect
sizes across studies that intervened
on 1(g=0.15), 2 (g=0.21), and 3
(g=0.24) areas of behavior, but this
trend did not continue with the 1
study that intervened on 4 areas
(9=0.12).

8RCT: randomized controlled trial.
PHbA 1¢: glycated hemoglobin.
°LDL: low-density lipoprotein.

Of the 3 reviews of mobileinterventions, areview of SMS text
messaging concluded that they were effective, but the narrative
synthesis of appswasthe only review in the other combinations
category that did not find a preponderance of positive results
[104]. Theeffect sizesfor the SM Stext messaging interventions
were small (Cohen d=0.24 [101] and Cohen d=0.329 [107]),
and the effect sizes in the meta-analysis were heterogeneous

[107].

Other modes of intervention continued in the pattern of positive,
abeit small, effects. Computer-delivered interventions had a
small effect (Cohen d=0.20) [112]. Prompts delivered by SMS
text messaging or email were effectivein changing diet, physical
activity, and smoking behaviors [106].

Relative Effect of Interventions by Number of Behaviors
Targeted

A total of 3 meta-analysesthat compared interventionstargeting
single versus multiple areas of behaviors found that both types
of interventionswere effective but they differed in whether they
found interventions with single or multiple targets to be more
effective. A total of 2 metaanalyses of internet-based
interventions found that the effect size of interventionstargeting
asingle area of health behavior was not significantly different
to the effect size of those targeting multiple areas of health
behaviors, but the numerical difference was in favor of
single-area studies (Cohen d=0.146 vs Cohen d=0.121 for
multiple-behavior studies [110]; Cohen d+=0.17 vs Cohen
d+=0.12 [113]). However, the computer feedback—based
meta-analysis found a trend for increased effect sizes across
studiesthat intervened in 1 (g=0.15), 2 (g=0.21), and 3 (g=0.24)
areas of behavior, but this trend did not continue with the one
study that intervened in 4 areas (g=0.12) [109]. The review
covered diet, physical activity, smoking cessation, and
mammography.

https://www.jmir.org/2021/5/€19688

Relative Effect of Intervention by Area of Behaviors
Targeted

The review of SMS text messaging interventions found that
interventions targeting smoking cessation and physical activity
were more successful than interventions targeting other areas
of health behavior, including a cohol and weight loss [107]. In
contrast, a review of computer-delivered interventions found
that interventions targeting smoking had statisticaly
significantly lower effect sizes than those targeting alcohol
(Cohen d=0.26 and 0.12, respectively) [112].

Effect of Other Combination I nterventions Compared With
Nonactive Controls

Digital interventions had their largest effect sizes when
compared with nonactive controls; however, the effect sizes
were generally small. Internet interventions had the largest effect
size when compared with waitlists and placebos, but the effect
sizeswere small: Cohen d=0.28 [105] and Cohen d=0.22[107].
Tailored websites had extremely small effect sizes when
compared with no-treatment control conditions (Cohen d=0.07),
and the effects were not statistically significant compared with
nontailored print materials [110]. There were medium effect
sizes for SMS text messaging interventions that employed
no-treatment control groups (Cohen d=0.369) [107].

Effect of Other Combination I nterventions Compared With
Active Controls

The effects of digital interventions compared with active
controls were very small or nonexistent.

A total of 2 meta-analyses found that there was an extremely
small effect size (Cohen d=0.08) [110] or no significant
difference [105] when internet-based interventions were
compared with sophisticated print interventions. There were
larger effects in internet-based interventions that combined
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internet application with human support (blended care) [102].
Computer-delivered interventions had very small effect sizes
when the comparison condition was an active comparison
(Cohen d=0.10); studies employing active treatments as the
comparison condition mainly produced effect sizes closeto zero
[112]. SM Stext messaging interventions had small effect sizes
compared with active comparisons (Cohen d=0.226), which
was dstatistically significantly smaller than their effect size
compared with the no-treatment control groups[107].

Although digital feedback was effective, it seemsthat it was no
more effective than feedback delivered by nondigital means,
and 2 reviews that examined feedback interventions found that
the medium did not affect behavior change (SMS text
messaging, print, email, telephone, newspaper articles [106]
and print, computer, telephone, etc [109]).

Sustainability of Effectsat Follow-Up

There was mixed evidence on the sustainahility of interventions.
A meta-analysis of internet-based interventionsfound the largest
effect sizeat 1 month to 4 months[105], but a meta-analysis of
computer-tailored interventions found that effects peaked from
4 months to 12 months postbaseline [109]. A total of 3
meta-analyses found that the correlation between effect size
and follow-up was not significant for internet-based [110], SMS
text messaging [107], or computer-ddlivered interventions[112].

The effects did seem to decline in the long run, and the 2
meta-analyses that explicitly examined effectiveness 1 year
postintervention (for internet-based and computer-delivered
interventions) found that the effect size declined, although it
remained statistically significant [102,109].

Adherence (Considered for All Behavioral Areas)

Typically, adherence data were not reported. Where reported,
there were generally decreases in program usage over the
intervention period [75]. Rates of attrition were variable and
sometimes very high, for instance, in one diet review, it was
0% to 84% [61] and in 2 smoking reviews it was >60% [36]
and 35% to 84% (median 70%) [93]. Bucking thetrend, acouple
of reviews reported high adherence to digital physical activity
interventions [46,60]. Many reviews found a dose-response
relationship, whereby the effectiveness of the intervention was
positively associated with dietary usage[20,21,61], weight loss
[47], smoking [87,90,93,103], and a cohol [79]. However, there
was no unanimity, for instance, one combination review found
that the attrition rate was lower in internet-based interventions
than in face-to-face settings [103] and 2 others found no
evidence that retention influenced outcomes[107,110].

Discussion

Principal Findings

We reviewed 94 systematic reviews and meta-analyses that
examined the effectiveness of digital interventionsin changing
health-related behavior and improving health outcomes in the
areas of diet, physica activity, diet and physical activity
combined, alcohol consumption, and smoking cessation, alone
or in any other combination. The effectiveness of digital
interventions differed according to the area of health behavior
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reviewed. Small positive effects were evident in smoking- and
alcohol-related interventions. Similar findings were observed
inthe combined diet and physical activity interventions, aswell
as in other outcome combinations. However, there was little
evidence of the effectiveness of stand-alone diet interventions,
and evidence of the effectiveness of physical activity
interventions was mixed, with some consistently positive
evidence for mobileinterventions and some promising evidence
for exergaming. Digita interventions were most effective in
the short-to-mid term (approximately 3 to 6 months), but there
wasinsufficient evidence about their long-term effect. Typically,
they were more effective than no intervention. There is mixed
evidence on their effectiveness compared with nondigital
interventions.

Our secondary objective was to identify differences in
effectiveness between the modes of delivery of digital
interventions. We identified internet-based interventions to be
one of the more effective interventions for each area studied,
except for physical activity alone. Mobile interventions were
particularly effective for diet and physical activity combined
(medium effects), but they were also effective for alcohol and
smoking (small effects) and physical activity alone. Social media
interventions were not effective for diet and physical activity
combined (weight loss interventions), they had mixed effects
for diet, and there was limited evidence for other aress.
Computer-delivered technol ogies had small effectsfor smoking
and alcohol consumption, but the effects for diet and physical
activity were mixed.

The effect sizes reported in the reviews were generally below
the National Ingtitute for Health Care Excellence (NICE)
guidelines for effectiveness of interventions, athough it was
often difficult to compare results with NICE guidelines, as
different measures were used.

For weight management, NICE guideline PH53
(Recommendation 13) statesthat commissioned lifestyle weight
management programs should have at least a 60% completion
rate and should be likely to lead to an average weight loss of at
least 3%, with at least 30% of participantslosing at |east 5% of
their weight [114]. It should be noted that this is based on all
participants, that is, those who attend at least one session. For
those completing the service, that is, attending at least 75% of
sessions, the key performance indicator of 50% losing at |east
5% has been set [115]. In contrast, most reviews reported
changesin weight in kilograms or changesin BMI, rather than
percentage weight loss. The highest effect sizesfor BMI in our
review were -0.92 kg/m? [49] and -0.43 kg/m? [38], which are
extremely unlikely to represent a 3% or 5% weight loss in
individuals with overweight or obesity. The largest changesin
weight found in the reviews of digital interventionswere-2.71
kg inonestudy [72] and —2.56 kg in one meta-analysis[71]. In
comparison, the Hartman-Boyce evidence review that supports
NICE guideline PH53 found an average effect size of —2.59 kg
for faceto-face services a 12 months (intention-to-treat
analysis) [116]. Most effect sizesfrom digital interventions did
not reach the effect size of face-to-face services.

For smoking, the national outcome measure for stop smoking
services is 4-week quits. Smokers attempting to stop without
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additional support generally have a success rate of 25% at 4
weeks for carbon monoxide—validated quits and a success rate
of about 35% at 4 weeksfor self-reported quits[117]. Therefore,
to show an impact, services must achieve success rates
equivalent to or in excess of these rates that smokers achieve
without support. Patients who receive stop smoking service
support (behavioral support and pharmacotherapy) are 3 times
more likely to quit than those with no support [118], and there
is a cessation rate of 35% for brief intervention services but
only at the 4-week point [117]. It is difficult to compare the
results of our review with these services because the outcomes
of digital smoking interventions are often expressed as ORs for
smoking cessation rather than cessation rates. The only available
review that used cessation rates demonstrated a cessation rate
of 14.8% [92]. Thisis lower than the observed rate from stop
smoking services or brief advice, but the follow-up point was
considerably later and cessation rates decreased over time.

For alcohol, the average weekly reduction in drinking from brief
advice interventions is 20 g of acohol (about 2.5 UK units)
[119], so thereductionsin weekly alcohol consumption achieved
by digital alcohol interventions are comparable when including
all interventions (22 g of acohol or 3 UK units) but lower if
onerestricts attention to high-quality evidence (11 g of alcohol
or 1.5 UK units) [77].

To the extent that the effectiveness of digital interventions is
below the NICE guidelines, doctors and organizations should
be cautious about recommending them to patients who would
benefit from behavior change in the 4 areas of our review.
However, it may be valuabl e to recommend them to people who
refuse a face-to-face intervention. On the basis of the evidence
that we found, digital interventions for weight loss should
combine diet and exercise unless they are mobile interventions
targeting physical activity.

For digital interventions for both smoking and combined diet
and physical activity, there were studies showing significant
health effects but not significant behavioral effects. This seems
paradoxical. However, it is possible that even a small increase
in physical activity or asmall improvement in diet, which may
not be statistically significant, can improve health markers over
an intervention period, particularly in the most inactive and less
fit individuals. Light physical activity is beneficial for health
outcomes, including cardiometabolic risk factors[120]. We also
noted that, although statistically significant, the health effects
are small and possibly not meaningful.

Limitations

Owing to the rapid nature of our review, we did not perform
full hand searches or consult experts. This may mean that we
overlooked some reviews. At the other end of the spectrum, by
reviewing reviews, there is the possibility that some studies
were double counted if they were covered in more than one
review.

Our ability to make inferences from the literature reviewed is
limited for the following reasons.

Heterogeneity was consistently high across reviews.
Heterogeneity of effects probably reflects heterogeneity of
interventions, which could be a consegquence of rapid advances

https://www.jmir.org/2021/5/€19688

Gold et al

in digital devices and systems. There were also heterogeneous
outcome measures. As the reviews covered different types of
digital interventions and outcome measures, it was difficult to
make comparisons. Differing outcome measures may have
differentially impacted the effectiveness of modes of
intervention or the general effectiveness of interventionsin the
areas we investigated. For instance, smaller effect sizes were
reported in studies addressing smoking use than in studies on
alcohol consumption, possibly because studies addressing
alcohol use tended to use reductions in drinking behavior as
their outcome variable, while studies addressing smoking use
tended to apply the more stringent standard of abstinence[112].

Follow-up times were relatively short, so we cannot know if
behavior change would be sustained in the long term. Some
trials only provided behavioral data, so we cannot be sure of
health outcomes. A review of physical activity found that the
averagerate of sustained use of digital health interventions over
10 weeks was 50% [64]. Thisis consistent with the findings of
another systematic review on physical activity apps, which
concluded that apps are effective in the short term (up to 3
months) but not longer [121].

Most trials reported intent-to-treat analysis, and typically,
adherence data were not reported. This makes it difficult to
assess nonsignificant effectsto determine whether they resulted
from ineffectiveness of treatment or from nonadherence. Where
attrition rates were reported, they were often high.

Anecdotally, digital interventions are being used both to
supplement and replace face-to-face services. However, most
reviews did not discriminate between these functions. In the
domain of weight loss, 5 reviews reported enhanced effects on
weight loss in interventions that incorporated personal contact
or counseling [51,54,57,62,74]. One meta-analysis showed that
infrequent in-person treatment was superior in limiting weight
gain to computer-based interventions (mean difference 0.5 kg).
Digital interventions that particularly benefit from involving
people alongside are thought to include sensitive tailoring of
feedback [57,62] and social support [54].

Confidence ratings were critically low in 79 of 93 reviews
(85%). However, when isolated, those reviews that were rated
critically low presented findings that were consistent with the
overal findings: equivoca evidence on effectiveness for diet
or physical activity outcomes but consistent findings of
short-term effects for acohol, smoking, and other combined
outcomes.

Even when the AMSTAR-2 [16] ratings were moderated (so
that justifying any publication language inclusion criterion and
providing alist of justifications for excluding reviews were no
longer considered critical flaws), 74 of 93 (80%) reviews were
rated critically low. During the generation of confidenceratings,
it was noted that many reviews failed to satisfy items 2 and 13.
These are considered critical itemsfor all review types. Item 2
specifies that, as a minimum, reviews state that a protocol
containing research guestions, search strategy,
inclusion/exclusion criteria, and arisk of bias assessment was
completed before conducting the review. Item 13 dictates that
reviews should account for therisk of biasin individua studies
when interpreting/discussing the results of the review. The
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inclusion of theseitemsin the AMSTAR-2 rating may represent
an aspiration to improve standards. Our AMSTAR-2 quality
ratings are consistent with other evidence that suggests that it
is possible to satisfy PRISMA standards yet still have poor
methodological quality [122]. However, judging reviews
according to such high standards, such that they are virtually
all rated as being very low, masks the differences in quality.

Future Research Work

Thisisthefirst review of reviews on the effectiveness of digital
interventions with such a large scope. It summarizes the state
of our knowledge of digital interventionsfor health improvement
behaviors in nonclinical populations. However, the literature
could be developed to be more helpful for professionals and
organizations who need to decide whether to promote digital
interventions, which onesto promote, which areas of behaviors
to promote them for, and who to promote them to.

For policy purposes, reviewswith mixed controls are of limited
use. It matterswhether adigital intervention is being compared
with no intervention or an active nondigital control. It also
matters whether the intervention is a stand-alone digital
intervention or whether digital is being used as an adjunct to
face-to-face services. We cannot assume that a digita
intervention that is successful as an adjunct will aso be
successful asastand-aloneintervention. Therefore, reviewsare
needed to separately summarize the evidence base for these
different ways of using digital interventions. It could be helpful
to have well-structured and coordinated reviews that collate a
high-level picture for each area of behavior, which can be
updated on aregular basis. We need comparisons with national
measures of effectiveness, such asthe NICE guidelines, to more
easily influence policy.

We aso need reviews that can help us determine which
interventions are most effective. In the future, it would be
helpful to conduct comparative research on the mode of ddlivery
of digital interventions (including comparisons of effect sizes),
so that we can determine the most promising interventions for
further development. There was also a lack of evidence about
the long-term effects of interventions, and more studies on the
sustainability of behavior change after digital interventionsare
needed. It would be especialy useful to have this information
in comparison with active controls.

Professionals also need to know who should be recommended
digital interventions. Therefore, it would also be useful to know
whether effect sizes are consistent across various subgroups of
the population or whether digital interventions have different
effectsin different subgroups. We were not specifically looking
for this information, but the reviews that were surveyed had
mixed findings about whether the effectiveness of digital
interventions varied with sex and age. Three meta-analyses
found no significant association between sex and effect size or
age and effect size [102,109,110]. However, one study found
that the effect of interventions declined as age increased [105].
There may also be sex-based differencesin adherence, and itis
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plausible, though not proven, that adherence moderates effect
size. Onenarrative synthesisfound that women and middle-aged
participants were more likely to use web-based intervention
services than men and younger participants, and women were
more adherent to the overall intervention [103]. There is even
less information about differential effects according to
socioeconomic status (SES). In the domain of smoking, one
review found that the rel ative effectiveness of technol ogy-based
interventions appeared to be comparable between low- and
high-SES groups [83].

The acceptability of digital interventions to their target users
also warrants further study. In onereview of digita interventions
of addictive behaviors, participants expressed a preference for
internet-based services because of the convenience and increased
confidentiality, and individuals who might not otherwise seek
treatment said they would consider an internet-based
intervention [103].

Providers may be drawn to digital tools in the hope that they
are cost-effective. While not the purpose of our review of
reviews, we noted insufficient evidence in the reviewsto draw
any preliminary inferences about the cost-effectiveness of digital
interventions. The evidence from the reviewswas mixed. There
was evidencein favor (internet-based health interventions[41]),
evidence against (adaptive e-learning interventions [22]), and
mixed evidence: 1 of 3 (33%) web-based interventions was
cost-effective compared with in-person interventions at 6 months
[52]. Cost-effectiveness may also depend on whether digital
interventions supplement or replace face-to-face interventions.
Cost-threshold analyses indicated that some form of electronic
intervention is likely to be cost-effective when added to
nonelectronic behavioral support, but there is substantial
uncertainty with regard to determining the most effective (thus
most cost-effective) type of electronic intervention, which
warrants further research [84]. Future work will need to
investigate cost-effectivenessto allocate resourcesto developing
the most promising digital tools.

Conclusions

Our review of reviews summarizes the state of our knowledge
of digital interventions for health improvement behaviors in
nonclinical populations. We found positive but small effects
for digital interventions that targeted diet and physical activity
combined, greater effects—but still small—for smoking and
alcohol consumption, and positive, medium-sized effects for
mobile interventions for physical activity aone. More
high-quality research is needed to assess the sustainability of
the effects of digital interventions in the long term, the
differences between modes of delivery for digital interventions,
their effect on different population subgroups, their
cost-effectiveness compared with existing behavior change
approaches, and in particular whether they are better used asan
adjunct to or replacement for face-to-face treatment. We need
the answers to these questions to be able to make an informed
decision about whether digital behavior change tools should be
integrated into the NHS Health Check program.
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