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Abstract

Background: Developing adverse lifestyle behaviors increases the risk of a variety of chronic age-related diseases, including
cardiovascular disease, obesity, and Alzheimer disease. There is limited evidence regarding the effectiveness of eHealth-based
multiple health behavior change (MHBC) interventions to manage lifestyle risk behaviors.

Objective: The purpose of this systematic evaluation was to assess the effectiveness of eHealth MHBC interventions in changing
≥2 major lifestyle risk behaviors in people aged ≥50 years.

Methods: The literature search was conducted in 6 electronic databases—PubMed, Embase, Web of Science, Scopus, Cochrane
Library, and SPORTDiscus—from inception to May 1, 2024. Eligible studies were randomized controlled trials of eHealth
interventions targeting ≥2 of 6 behaviors of interest: alcohol use, smoking, diet, physical activity (PA), sedentary behavior, and
sleep.

Results: A total of 34 articles with 35 studies were included. eHealth-based MHBC interventions significantly increased smoking
cessation rates (odds ratio 2.09, 95% CI 1.62-2.70; P<.001), fruit intake (standardized mean difference [SMD] 0.18, 95% CI
0.04-0.32; P=.01), vegetable intake (SMD 0.17, 95% CI 0.05-0.28; P=.003), self-reported total PA (SMD 0.22, 95% CI 0.02-0.43;
P=.03), and objectively measured moderate to vigorous PA (SMD 0.25, 95% CI 0.09-0.41; P=.002); in addition, the interventions
decreased fat intake (SMD –0.23, 95% CI –0.33 to –0.13; P<.001). No effects were observed for alcohol use, sedentary behavior,
or sleep. A sensitivity analysis was conducted to test the robustness of the pooled results. Moreover, the certainty of evidence
was evaluated using the GRADE (Grading of Recommendations Assessment, Development, and Evaluation) framework.

Conclusions: eHealth-based MHBC interventions may be a promising strategy to increase PA, improve diet, and reduce smoking
among older adults. However, the effect sizes were small. Further high-quality, older adult–oriented research is needed to develop
eHealth interventions that can change multiple behaviors.

Trial Registration: PROSPERO International Prospective Register of Systematic Reviews CRD42023444418;
https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42023444418

(J Med Internet Res 2024;26:e58174) doi: 10.2196/58174
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Introduction

Background
The aging population and the rise in chronic diseases will
significantly increase health care expenditures; in the United
States, for example, it is estimated that 80% of older adults have
1 chronic disease and 50% have at least 2 [1]. Up to 80% of
global cases of heart disease, stroke, and type 2 diabetes, as well
as >30% of cancers, could be prevented by reducing tobacco
and harmful alcohol use and improving diet and physical activity
(PA) [2]. Key indicators of health risk behaviors in older adults
include physical inactivity, eating <5 portions of fruits and
vegetables per day, obesity, and current tobacco use. The
American Heart Association’s recently published Life’s
Essential 8 metrics include healthy sleep as an indicator of
cardiovascular health on top of a healthy diet, participation in
PA, and avoidance of nicotine [3]. Similarly, many health
guidelines now integrate recommendations for PA, sleep, and
sedentary behavior (SB) [4,5]. Overall, there is a clear link
between these risk factors and poor health outcomes and quality
of life [6,7]. Lifestyle behaviors, as important factors in health,
provide scientists with valuable and interesting areas of research
[8,9].

Engaging in multiple risk behaviors can negatively impact health
by increasing the risk of, for example, chronic disease and
mortality [10]; moreover, risk behaviors often occur
simultaneously. A previous study reported a prevalence rate of
approximately 50% for the co-occurrence of unhealthy diet and
physical inactivity in adults [11]. Compared to those who do
not engage in any of the 4 lifestyle risk behaviors, those who
do so face an elevated mortality risk equal to an additional 14
years of aging in both healthy populations [12] and populations
with disease [13,14]. This suggests that it may be beneficial to
use a holistic intervention approach to collectively change
multiple health behaviors rather than individually change a
single behavior. Multiple health behavior change (MHBC)
interventions have attracted increased attention of late [15,16].
Growing evidence suggests that lifestyle interventions targeting
MHBC may have a greater impact on public health than
interventions targeting single health behavior change (SHBC)
[17,18]. The advantages of MHBC interventions include
maximizing health benefits and greater reduction in medical
costs [19]; in addition, successfully modifying 1 behavior may
increase confidence or motivation to change other health
behaviors [16]. Existing systematic reviews have examined the
effectiveness of behavioral interventions on multiple health risk
behaviors [20].

eHealth refers to the use of information and communication
technologies in health and health-related fields to enhance health
care services; health surveillance; health literature; and health
education, knowledge, and research [21]. There are several
advantages over traditional face-to-face interventions [22]. An
eHealth intervention can be delivered over long distances; is
cost-effective, efficient, and highly accessible; and allows for
easy data collection [22,23]. This makes eHealth interventions
potentially powerful and scalable tools and enables
eHealth-based MHBC interventions to improve ongoing

adherence to chronic disease management. However, only a
few systematic reviews have specifically examined the
effectiveness of eHealth-based MHBC interventions in adult
populations; for example, the review by Norman et al [24]
focused on dietary behavior change and PA interventions, while
Oosterveen et al [25] examined interventions targeting smoking,
nutrition, alcohol use, and PA. Overall, previous reviews have
included a limited number of health behaviors (<4), focusing
primarily on PA and diet.

Objectives
Although studies on eHealth-based MHBC interventions aimed
at promoting lifestyle changes in adolescents [26] and adults
have been published, to the best of our knowledge, there are no
knowledge reviews of such interventions designed for the older
population. Older adults have limited access to programs and
services that promote healthy lifestyles (eg, gyms) compared
to younger adults [27]. eHealth interventions may be the solution
to help individuals adopt and maintain a healthy lifestyle.
Therefore, it is urgent to investigate whether eHealth can be
used to implement evidence-based lifestyle changes. In this
review, we targeted studies involving adults aged ≥50 years
because this age is often associated with retirement, providing
more time and energy to focus on health, and improved quality
of life is critical for older adults. A previous systematic review
found significant effects of eHealth interventions on PA in older
adults; however, lifestyle risk behaviors other than PA were not
part of the inclusion criteria, and the findings were inconclusive
due to an insufficient number of studies [28]. Engaging in
multiple lifestyle risk behaviors increases the risk of chronic
disease and all-cause mortality more than the cumulative effect
of a single behavior [29,30]. Therefore, we aimed to
systematically review the effectiveness of eHealth interventions
for risk behavior change in older adults, targeting ≥2 of 6
behaviors of interest: alcohol use, smoking, diet, PA, SB, and
sleep.

Methods

Study Design
This systematic review and meta-analysis was registered with
PROSPERO (CRD42023444418) and was reported following
the PRISMA (Preferred Reporting Items for Systematic Reviews
and Meta-Analyses) guidelines (refer to Multimedia Appendix
1 for the PRISMA checklist) [31]. In addition, this systematic
review and meta-analysis was conducted according to the
recommendations of the Cochrane Handbook for Systematic
Reviews of Interventions [32].

Search Strategy
We conducted a literature search from inception to May 1, 2024,
in 6 databases: PubMed, Embase, Cochrane Library, Scopus,
Web of Science, and SPORTDiscus. Following the PICOS
(Population, Intervention, Comparison, Outcomes, and Study
Design) principles and recommendations from the Cochrane
Collaboration, we designed the search strategy using Medical
Subject Headings terms, text word searches, and Boolean logic
(Multimedia Appendix 2). In addition, we incorporated
keywords, titles, or abstract terms, including but not limited to
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“older adults,” “health behavior,” “risk reduction behavior,”
“ehealth,” “mobile health,” and “telemedicine.” The search was
restricted to randomized controlled trials (RCTs), and the studies
included were limited to those published in English.
Furthermore, we manually reviewed the reference lists of the

retrieved studies and identified and obtained other relevant
literature.

Study Eligibility Criteria
The study eligibility criteria are presented in Textbox 1.

Textbox 1. Inclusion and exclusion criteria.

Inclusion criteria

• Population: mean age: ≥50 years

• Intervention: eHealth is a major component of the intervention

• Comparison: included no intervention, education as usual, or an alternative evidence-based intervention not delivered via eHealth (eg, face-to-face)

• Outcome: targeted ≥2 of the following behaviors: drinking, smoking, diet, physical activity, sedentary behavior, and sleep

• Study design: randomized controlled trials

• Language: English

Exclusion criteria

• Population: mean age: <50 years

• Intervention: eHealth component of the intervention is not predominant (eg, face-to-face interventions complemented by the use of a website)

• Comparison: any intervention delivered via eHealth component

• Outcome: targeted 1 of the following behaviors: drinking, smoking, diet, physical activity, sedentary behavior, and sleep

• Study design: qualitative studies, conference articles, letters, reviews, commentaries, protocols, or pilot studies

• Language: not English

Study Selection and Data Extraction
All titles and abstracts of the identified studies were downloaded
and imported into EndNote X9 (Clarivate), and all duplicate
articles were removed. To confirm whether the studies met the
included criteria, 2 authors (BS and GL) worked independently
to screen the titles and abstracts of the studies simultaneously.
Next, they reviewed the full text of each paper based on the
eligibility criteria. Any disagreements were resolved through
discussion or consultation with a third author (QH).

Two authors (BS and GL) extracted data independently from
the included studies and entered them into a predesigned data
extraction form. The data extracted included the first author,
the year of publication, the country where the study took place,
study design, intervention frequency and duration, participant
population, age, sample size, targeted risk behaviors,
measurement tools, intervention types, intervention components,
types of control groups, and theoretical basis or behavior change
techniques.

Quality Assessment
Two reviewers (BS and GL) independently examined the
methodological quality and risk of bias of the included studies
using the risk-of-bias tool for randomized trials in the Cochrane
Handbook for Systematic Review of Interventions (version
5.1.0). The tool includes 6 domains: selection bias (random
sequence generation and allocation concealment), performance
bias (blinding of participants and personnel), detection bias
(blinding of outcome assessment), attrition bias (incomplete
outcome data), reporting bias (selective reporting), and other
bias (anything else, ideally prespecified). Each domain has 3

grades: low risk of bias, high risk of bias, and unclear risk of
bias. Disagreements were resolved through discussion or
consultation with a third author.

In addition, we used the GRADE (Grading of Recommendations
Assessment, Development, and Evaluation) framework to assess
the quality of the body of evidence [33].

Data Synthesis and Analysis
For our meta-analysis, the outcomes were prevalence of alcohol
use and smoking (yes or no); intake of fruit and vegetables
(mean servings per day or mean portions per day), sugar intake,
fat intake, fiber intake (percentage of total energy, grams per
1000 kilocalories, or grams per day), and energy intake
(kilojoules per day or kilocalories per day); PA (accelerometer
and self-report; minutes per day or minutes per week); sedentary
time (minutes per day); and sleep (minutes per day or hours per
day). For continuous outcomes, the corresponding variance was
calculated using the preintervention and postintervention means
and SDs; and for dichotomous outcomes, we extracted the
preintervention and postintervention change values and sample
sizes. However, if some studies had changes in baseline and
postintervention data or if there were significant differences in
their baseline data, we used the within-group difference in means
and SDs for the intervention and control groups to calculate the
effect size. Review Manager (version 5.3; The Cochrane
Collaboration) was used to conduct the meta-analysis. We report
continuous outcomes using standardized mean differences
(SMDs) and dichotomous outcomes using odds ratios (ORs).
We present these results using forest plots for each outcome of
interest, with the weight (in percentage) indicating the influence
of an individual study on the pooled result. The overall effect
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difference was considered statistically significant if the 2-tailed
P value was <.05. In addition, we assessed the statistical

heterogeneity of the included studies using the I2 statistic and
P value. Data were pooled and analyzed with a fixed effects

model if I2≤50% and P>.10; if these values were not met, which
meant high heterogeneity among the studies, we used a random
effects model to obtain more conservative estimates. We also
conducted a sensitivity analysis using the leave-1-study-out
method to test the robustness and reliability of the pooled results.

Results

Search Results and Study Selection
Across the 6 electronic databases, a total of 19,073 articles were
initially retrieved from the literature search. Of these 19,073

articles, 4407 (23.11%) duplicates were removed. Of the
remaining 14,666 articles, 14,379 (98.04%) were excluded after
title and abstract screening, leaving 287 (1.96%) full-text
articles. Of these 287 articles, 250 (87.1%) were excluded for
reasons related to the eligibility criteria, leaving 37 (12.9%)
studies for inclusion in the narrative synthesis. Using other
methods, an additional 38 records were identified, of which 31
(81.6%) were excluded after title and abstract screening. Of the
remaining 7 articles assessed for eligibility, 5 (71%) were
excluded, leaving 2 (29%) studies for inclusion. The total
number of articles included in the narrative synthesis was 39,
of which 5 (13%) articles whose data could not be pooled for
meta-analysis were excluded. Ultimately, 34 articles and 35
studies were included in the systematic review. The search and
selection processes are shown in Figure 1.

Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flowchart showing the article selection process.

Description of the Included Studies

Study Characteristics
Table 1 presents the study characteristics of the 35 studies from
the 34 included articles. All 35 studies are RCTs that were
conducted between 2009 and 2024 in 15 countries: the United

States (n=10, 29%), Australia (n=5, 14%), the United Kingdom
(n=3, 9%), India (n=2, 6%), Canada (n=3, 9%), China (n=2,
6%), Belgium (n=2, 6%), Sweden (n=1, 3%), Germany (n=1,
3%), Italy (n=1, 3%), the Netherlands (n=1, 3%), South Korea
(n=1, 3%), Israel (n=1, 3%), Japan (n=1, 3%), and Iran (n=1,
3%).
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Table 1. Characteristics of the included studies.

Theoretical
basis or be-
havior
change
techniques

Compar-
ison
group

Intervention componentsMeasurement toolsInterven-
tion

Study
design;
interven-
tion du-
ration;
frequen-
cy

Target-
ed risk
behav-
iors

Sample
popula-
tion;
mean
age
(SD); fe-
male
popula-
tion (%)

PopulationStudy,
year;
country

Behavior
change
techniques

Stan-
dard
lifestyle
advice

The intervention was based on a
Windows platform designed as a
multifunctional tool that collected
data on habitual eating and PA be-
haviors, personalized by identifying

QuestionnairesWin-
dows
soft-
ware

2 arms;
12 mo;
personal-
ized in-
forma-

PAa; di-
et

n=50;
age:
mean
53.0
(SD

Patients
with type 2
diabetes
mellitus

Abu-
Saad et
al [34],
2019; Is-
rael

lifestyle behaviors that needed to betion ser-
vice

7.6) y;
29.58%
women

improved as targets for education
and behavior change, focusing and
prioritizing the education and coun-
seling process.

NRbUsual
care

Participants in the intervention
group were instructed to install the
app, and 29 SMS text messages

Self-reportingTele-
phone

2 arms;
6 mo;
29 SMS

PA; di-
et; alco-
hol use;

n=209;
age:
mean

Patients
with fatty
liver dis-
ease

Babu et
al [35],
2024;
India were sent for medication adherence,

risk factor control, and lifestyle and
text
mes-

smok-
ing

60.4
(SD
10.0) y; behavior change; in addition, 4sages
23.4%
women

videos on various aspects of stroke
were sent to participants in the inter-
vention group on scheduled days of
the month.

and 4
videos

NRUsual
care

Messages were based on the TEXT

MEd trial and the Australian Heart
PA: IPAQcSMS

text
mes-
sages

2 arms;
6 mo; 4
times/wk

PA;
smok-
ing

n=879;
age:
mean
60.4
(SD

Patients
with coro-
nary heart
disease

Bae et
al [36],
2021;
South
Korea

Foundation Healthy Living Guide-
lines.

10.5) y;
83.3%
women

Behavior
change the-
ory

WaitlistThe intervention was based on on-
line seminars, covering topics such
as diet, exercise, and stress manage-
ment; participants set weekly action

PA: Godin Leisure
Time Exercise
Questionnaire; diet:
Block Food Frequen-

Web-
based

2 arms;
6 mo; 6
wk

PA; di-
et; sleep

n=352;
age:
mean
50.9

Survivors
of cancer

Bantum
et al
[37],
2014;

plans and receive facilitator feed-cy Questionnaire;(SDUnited
States back on their progress through a

Discussion Center update; the inter-
sleep: 5-item validat-
ed Women's Health

11.0) y;
82.1%
women vention website includes, apart from

Discussion Center, sections labeled
Initiative Insomnia
Rating Scale

My Tools, Post Office, and Help,
promoting social interaction and
personal behavior shaping in addi-
tion to providing links to resources.

NRUsual
care

The intervention was based on an
online social tool that provided indi-
viduals with multiple levels of self-

PA: IPAQ, short-
form version; diet:

FFQe

Social
network-
ing tool

2 arms;
3 mo;
NR

PA;
smok-
ing; al-
cohol
use; diet

n=22;
age:
mean 70
(SD
7.4) y;
40.9%
women

Patients
with chron-
ic obstruc-
tive pul-
monary
disease

Bloom
et al
[38],
2020;
United
States

management support; the online tool
assisted users in mapping personal
support networks, understanding
preferences, and guiding participa-
tion in valuable social activities; the
intervention was delivered by
trained researchers, and participants
had the option of receiving the link
via email.
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Theoretical
basis or be-
havior
change
techniques

Compar-
ison
group

Intervention componentsMeasurement toolsInterven-
tion

Study
design;
interven-
tion du-
ration;
frequen-
cy

Target-
ed risk
behav-
iors

Sample
popula-
tion;
mean
age
(SD); fe-
male
popula-
tion (%)

PopulationStudy,
year;
country

Health be-
havior theo-
ries, trans-
theoretical
model
(stages of
change),
and social
cognitive
theory

Tailored
print
commu-
nication
interven-
tion

The intervention components includ-
ed using a client-centered collabora-
tive decision-making approach,
giving nonjudgmental feedback, al-
lowing for resistance, and encourag-
ing the participant to make the argu-
ment for change; interviewers relied
on using open-ended questions and
reflections to draw out participants’
motives and desires regarding behav-
ior change.

PA: 7-Day Physical
Activity Recall
questionnaire; diet:
FFQ

Tele-
phone

4 arms;
12 mo;
4 times
in total

PA:
NR; diet

n=735;
age:
mean
66.5
(SD
10.0) y;
49.4%
women

Patients
with colon
and rectal
cancer

Camp-
bell et
al [39],
2009;
United
States

NRUsual
care

The SMS text messaging–based
prevention program sent participants
4 semipersonalized messages per
week for 24 weeks, including advice
on diet, PA, and smoking cessation;
messages were selected based on an
algorithm and participants’baseline
characteristics and sent randomly
through a management system; par-
ticipants received brief training to
monitor message responses and did
not respond interactively.

PA: GPAQfSMS
text
mes-
sages

2 arms;
6 mo; 4
times/wk

PA;
smok-
ing

n=710;
age:
mean
57.6
(SD
9.2) y;
18%
women

Patients
with coro-
nary heart
disease

Chow et
al [40],
2015;
Aus-
tralia

NRUsual
care

The intervention was based on email
reminders for 6 months covering
advice on diet, exercise, smoking
cessation, and more; recommenda-
tions were based on current healthy
lifestyle guidelines.

QuestionnairesEmail
and tele-
phone

2 arms;
6 mo; 1
time/wk

PA;
smok-
ing; al-
cohol
use; diet

n=198;
age:
mean
59.0
(SD
14.5) y;
49%
women

Patients
with hyper-
tension

Cicolini
et al
[41],
2014;
Italy

Social cog-
nitive theo-
ry

Re-
ceived
written
educa-
tional
materi-
als

Participants received written educa-
tional materials that included recom-
mendations for daily exercise and
the Dietary Guidelines for Ameri-
cans 2005 as well as telephone
counseling from a registered dieti-
tian trained in motivational inter-
viewing techniques.

PA: Women’s
Health Initiative
questionnaire; diet:
dietary recalls

Tele-
phone

2 arms;
12 mo;
NR

PA; dietn=30;
age:
mean
52.3
(SD
9.5) y

Women
with breast
cancer

Djuric
et al
[42],
2011;
United
States

Social cog-
nitive theo-
ry

Usual
care

The intervention was a gamifica-
tion-based mobile app that encour-
aged users to engage in a healthy
lifestyle and risk factor change
through elements such as tracking
behaviors, setting short- and long-
term challenges, games, and
quizzes; the game elements incorpo-
rated social cognitive theory strate-
gies to promote sustained behavior
change through message prompts,
game challenges, and rewards.

PA: GPAQMobile
app

2 arms;
6 mo;
self-re-
ported

PA;
smok-
ing

n=390;
age:
mean
61.2
(SD
11.5) y;
17.5%
women

Patients
with coro-
nary heart
disease

Gal-
lagher
et al
[43],
2022;
Aus-
tralia
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Theoretical
basis or be-
havior
change
techniques

Compar-
ison
group

Intervention componentsMeasurement toolsInterven-
tion

Study
design;
interven-
tion du-
ration;
frequen-
cy

Target-
ed risk
behav-
iors

Sample
popula-
tion;
mean
age
(SD); fe-
male
popula-
tion (%)

PopulationStudy,
year;
country

Behavior
change the-
ory; social
cognitive
theory; so-
cial ecolog-
ical theory

Usual
care

Participants were given access to
the health website and asked to se-
lect goals in 3 areas (medication
adherence, PA, and food choices),
and they received periodic motiva-
tional calls; they recorded their
progress and received immediate
feedback on their success in meeting
their goals over the past 7 days.

PA: CHAMPSh

questionnaire; SB:
NR

Web-
site-
based

3 arms;
12 mo;
NR

PA;

SBg
n=204;
age:
mean
58.4
(SD
9.2) y;
49.8%
women

Patients
with type 2
diabetes
mellitus
with obesi-
ty

Glas-
gow et
al [44],
2012
United
States

NRUsual
care

Patients were advised to adhere to
taking medication daily; increase
PA (most days of the week); follow
the dietary approach to prevent and

manage hypertension (DASHi diet),
including eating a diet rich in vegeta-
bles and reducing dietary sodium to
<1500 mg/d; and stop smoking.

Self-reportSMS
text
mes-
sages

4 arms;
5 mo; 8
times in
total

PA;
smok-
ing; diet

n=822;
age:
mean
57.35
(SD
8.32) y;
78%
women

Patients
with hyper-
tension

Gol-
shahi et
al [45],
2015;
Iran

Behavior
change
techniques

Face-to-
face in-
troducto-
ry ses-
sion and

NHSj

online
health
re-
sources

The intervention was web-based and
provided participants with informa-
tion about PA and healthy eating, as
well as a personalized interactive
area for participants to set goals and
plans related to PA and eating and
to monitor their progress toward
achieving their goals.

PA and SB: Body-
Media SenseWear
core monitors; diet:
3-day weighed food
and fluid records

Web-
site-
based

2 arms;
3 mo;
NR

PA; SB;
diet

n=60;
age:
mean 50
(SD
8.9) y;
44.1%
women

Adults
with over-
weight or
obesity

Grey et
al [46],
2019;
United
King-
dom

Social cog-
nitive theo-
ry

Usual
care

This intervention was composed of
11 coaching sessions (each lasting
30 min), represented by a social core
curriculum with specific information
about nutrition, exercise, and behav-
ior strategies.

PA: interview-admin-
istered PA question-
naire and pedome-
ters; diet: FFQ

Tele-
phone

3 arms;
6 mo;
NR

PA; dietn=100;
age:
mean
59.0
(SD
7.5) y;
100%
women

Survivors
of breast
cancer with
a BMI of

25.0 kg/m2

Harrig-
an et al
[47],
2016;
United
States

Behavior
change
techniques

Usual
care

The intervention was conducted
with 11 telephone health coaching
sessions over 6 months, and partici-
pants were given manuals, motiva-
tional postcard prompts, and pe-
dometers; the telephone sessions
addressed lifestyle health behaviors
and strategies, while the participant
handbook included educational in-
formation on healthy behaviors.

PA: Godin Leisure
Time Exercise
Questionnaire; diet:
FFQ

Tele-
phone

2 arms,
6 mo;
11 times
in total

PA; al-
cohol
use; diet

n=410;
age:
mean
66.4
(SD
10.6) y;
53.9%
women

Patients
with col-
orectal can-
cer

Hawkes
et al
[48],
2013;
Canada

NRUsual
care

Participants received a condensed
version of the diet, which included
detailed information and instruc-
tions.

Diet: 3-day food
records

Social
network-
ing tool

3 arms;
3 mo;
NR

PA; al-
cohol
use; diet

n=67;
age:
mean
50.0
(SD
11.2) y;
85%
women

Adults
with over-
weight and
obesity

Jane et
al [49],
2017;
Aus-
tralia
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Theoretical
basis or be-
havior
change
techniques

Compar-
ison
group

Intervention componentsMeasurement toolsInterven-
tion

Study
design;
interven-
tion du-
ration;
frequen-
cy

Target-
ed risk
behav-
iors

Sample
popula-
tion;
mean
age
(SD); fe-
male
popula-
tion (%)

PopulationStudy,
year;
country

Theory of
planned be-
havior

WaitlistThe website program, which used a
self-management approach and was
developed based on the theory of
planned behavior, started a new
health module topic each week, and
weekly email reminders were dis-
tributed to participants; the content
changed every week but always in-
cluded a link to the intervention
website.

PA and SB: IPAQ,
long-form version;
pedometers

Web -
based

2 arms;
3 mo;
NR

PA; SBn=397;
age:
mean
58.2
(SD
10.3) y;
47.6%
women

Patients
with type 2
diabetes
mellitus

Jen-
nings et
al [50],
2014;
Aus-
tralia

NRUsual
care
plus a
simpli-
fied tool

Participants received a complete in-
teractive patient support tool (web-
based application) installed on their
smartphones; educational informa-
tion was sent to participants, includ-
ing an extended drug adherence e-
diary as well as exercise, weight,
and smoking modules.

PA: PA question-
naires

Mobile
app

2 arms;
6 mo;
every
day

PA;
smok-
ing

n=174;
age:
mean
57.6
(SD
8.3) y;
18.4%
women

Patients
with my-
ocardial in-
farction

John-
ston et
al [51],
2016;
Sweden

Theory of
planned be-
havior;
self-regula-
tion theory

Usual
care

The intervention was a web-based
self-management program that col-
lected self-reported lifestyle scores
and compared them to guidelines,
including advice on what modules
(eg, PA and diet modules) were
most relevant for them to use; 4
weeks after completing a module,
participants were invited to partici-
pate in a brief online personalized
assessment session; they were given
personalized feedback to increase
levels of coping self-efficacy to im-
prove behavior maintenance.

PA: SQUASHk; di-
et: Dutch Standard
Questionnaire on
Food Consumption

Web-
based

2 arms;
6 mo;
NR

PA; dietn=462;
age:
mean
55.9
(SD
11.4) y;
79.9%
women

Survivors
of early
cancer diag-
noses

Kanera
et al
[52],
2017;
Nether-
lands

Social cog-
nitive theo-
ry

Usual
care
plus
brief
counsel-
ing

The intervention, which was based
on formative evaluation data from
a patient telephone survey, was de-
livered via a DVD; the DVD pro-
gram included healthy eating and
PA recommendations and took ap-
proximately 60 minutes to complete.

PA: Godin Leisure
Time Exercise
Questionnaire; diet:
FFQ

DVD2 arms;
3 mo;
NR

PA; dietn=86;
age:
mean
59.8
(SD
11.4) y;
82.96%
women

Survivors
of cancer

Krebs et
al [53],
2017;
United
States

Behavior
change
techniques

Usual
care

The intervention comprised 5 mod-
ules (time, changing work, moving
more, being social, and eating well)
as well as a diary and a dashboard
section to assist with site navigation;
the intervention content was person-
alized to the participant based on
information provided during use.

PA: pedometer; ac-
celerometer; diet:
24-hour recall
method

Web-
based

2 arms;
8 wk;
mean
11.4
times in
total

PA; dietn=75;
age:
mean 61
(SD 4)
y; 75%
women

Retired
adults

Lara et
al [54],
2016;
United
States
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Theoretical
basis or be-
havior
change
techniques

Compar-
ison
group

Intervention componentsMeasurement toolsInterven-
tion

Study
design;
interven-
tion du-
ration;
frequen-
cy

Target-
ed risk
behav-
iors

Sample
popula-
tion;
mean
age
(SD); fe-
male
popula-
tion (%)

PopulationStudy,
year;
country

NRPro-
gram
book
and a
brief 1-
time ed-
ucation-
al ses-
sion

The intervention included (1)

mHealthn technology learning ses-
sions, (2) personalized PA training,
(3) mHealth strategies for PA, (4)
financial incentives for completing
the prescribed PA, and (5) addition-
al support for mHealth technology.

PA: Actiwatch 2;

PASEl; sleep:

PSQIm

Smart-
phone
and
smart-
watch

2 arms;
6 mo; 2
times/mo

PA;
sleep

n=21;
age:
mean
73.3
(SD
6.6) y;
71.4%
women

Patients
with insom-
nia symp-
toms

Li et al
[55],
2022;
United
States

Transtheo-
retical
model

A week-
ly email
newslet-
ter

Participants set their own goals or
chose interventions to achieve behav-
ioral goals through e-counseling; the
user-driven e-consultation group
provided weekly information via
email and options for areas of
lifestyle change through text and
video web links that contained infor-
mation on developing exercise and
diet plans, setting behavioral goals,
self-monitoring lifestyle behaviors
and blood pressure, resolving psy-
chological conflicts, increasing
change efficacy, and reviewing so-
cial and cognitive behavioral skills
for relapse prevention to help partic-
ipants maintain adherence.

PA: pedometer; diet:
Block Food Frequen-
cy Questionnaire

Web-
based

3 arms;
4 mo;
volun-
tary
sign-in

PA; dietn= 129;
age:
mean
56.9
(SD
9.05) y;
47.7%
women

Patients
with hyper-
tension

Liu et al
[56],
2018;
Canada

Social cog-
nitive theo-
ry; transthe-
oretical
model

NoneParticipants received a personalized
workbook containing advice on
lifestyle and weight status; they also
received aids such as pedometers,
exercise bands, exercise posters, and
a food portion schedule guide; each
participant was assigned a health
counselor to provide support and
advice during counseling; in addi-
tion, the principal investigator pro-
vided support services over the
telephone and sent regular progress
reports to participants to motivate
them to continue to change their
behavior.

PA: CHAMPS ques-
tionnaire; diet: 24-
hour recalls

Tele-
phone

2 arms;
12 mo;
15 ses-
sions
and 8
prompts

PA:
NR; diet

n=641;
age:
mean
73.1
(SD
5.1) y;
54.6%
women

Survivors
of cancer

Morey
et al
[57],
2009;
Canada,
United
King-
dom,
and
United
States

Behavior
change
techniques

Exer-
cise
booklet

Pamphlets were distributed to partic-
ipants. Participants were introduced
specific exercises and provided a
printed home-based exercise booklet
additional text messages were sent
to encourage and remind partici-
pants to follow the exercise pro-
gram.

PA and SB: IPAQ,
short-form version

Text
mes-
sages

2 arms;
3 mo; 5
times/wk

PA; SBn=43;
age:
mean
63.28
(SD
4.50) y;
74%
women

Older
Malaysians

Müller
et al
[58],
2016;
Aus-
tralia
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Theoretical
basis or be-
havior
change
techniques

Compar-
ison
group

Intervention componentsMeasurement toolsInterven-
tion

Study
design;
interven-
tion du-
ration;
frequen-
cy

Target-
ed risk
behav-
iors

Sample
popula-
tion;
mean
age
(SD); fe-
male
popula-
tion (%)

PopulationStudy,
year;
country

Self-regula-
tion theory
and various
behavior
change
techniques

A print
interven-
tion
with
subjec-
tive PA
self-
monitor-
ing via
printed
PA
pyramid

Intervention materials were provid-
ed via a website. participants were
asked to provide weekly feedback
on PA goal completion; weekly
group sessions provided to partici-
pants included performing the exer-
cises in groups, going for joint
walks, and discussing weekly health
education topics.

PA and SB: ac-
celerometer

Web-
based

3 arms;
6 mo;
NR

PA; SBn=204;
age:
mean
68.7
(SD
5.4) y;
66.2%
women

Adults
aged ≥60 y

Pischke
et al
[59],
2022;
Ger-
many

Behavior
change the-
ory

WaitlistThe intervention developed a person-
al action plan to change selected
health behaviors, anticipated poten-
tial barriers and found solutions, and
enabled users to choose how to
monitor their behavior; at the end
of the first session, the user’s re-
sponses were summarized in a
printable action plan, and they were
provided with optional information
on how they could obtain support
from a partner, friend, family mem-
ber, or colleague.

PA and SB: IPAQ;
accelerometer

Mobile
app

3 arms;
5 wk; 1
time/wk

PA; SBn=54;
age:
mean
62.67
(SD
8.4) y;
37%
women

Patients
with type 2
diabetes
mellitus

Poppe
et al
[60],
2019a;
Bel-
gium

Behavior
change the-
ory

WaitlistThe intervention developed a person-
al action plan to change selected
health behaviors, anticipated poten-
tial barriers and found solutions, and
enabled users to choose how to
monitor their behavior; at the end
of the first session, the user’s re-
sponses were summarized in a
printable action plan, and they were
provided with optional information
on how they could obtain support
from a partner, friend, family mem-
ber, or colleague.

PA and SB: IPAQ;
accelerometer

Mobile
app

3 arms;
5 wk; 1
time/wk

PA; SBn=63;
age:
mean
58.68
(SD
7.76) y;
75%
women

Adults
aged ≥50 y

Poppe
et al
[60],
2019b;
Bel-
gium

NRUsual
care

The intervention stored the health
records electronically, enabling
long-term monitoring and follow-
up; it was also equipped to send
SMS text message reminders (to
take medication and attend follow-
up visits) to patients.

Self-reportingMobile
app

2 arms;
12 mo;
NR

smok-
ing; al-
cohol
use

n=3698;
age:
mean
55.1
(SD
11.0) y;
44.8%
women

Patients
with hyper-
tension or
diabetes
mellitus

Prab-
hakaran
et al
[61],
2019;
India

Behavior
change
techniques

Usual
care

The app provided an initial assess-
ment of the participant, identified a
behavioral agenda (exercise, diet,
lifestyle habits, and number of steps
per day), and enabled self-monitor-
ing.

Self-reportingMobile
app

2 arms;
3 mo

PA; di-
et;
smok-
ing

n=78;
age:
mean
51.95
(SD
6.5) y;
0%
women

Patients
with obesi-
ty and hy-
pertension

Sakane
et al
[62],
2023;
Japan
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Theoretical
basis or be-
havior
change
techniques

Compar-
ison
group

Intervention componentsMeasurement toolsInterven-
tion

Study
design;
interven-
tion du-
ration;
frequen-
cy

Target-
ed risk
behav-
iors

Sample
popula-
tion;
mean
age
(SD); fe-
male
popula-
tion (%)

PopulationStudy,
year;
country

NRAtten-
tion con-
trol

Self-set goals related to diet and PA
were developed based on teleconfer-
ences, and action plans were devel-
oped to help participants achieve
their goals; motivational interview-
ing and decision-making guidance
were used to help participants devel-
op individualized diet and activity
goals.

PA and SB: IPAQ,
long-form version;
diet: FFQ

Tele-
phone

3 arms;
4 mo;
biweek-
ly tele-
phone
calls (7
calls in
total)

PA; SB;
diet

n=60;
age:
mean
56.1
(SD
6.7) y;
68.5%
women

Patients
with type 2
diabetes
mellitus

Swobo-
da et al
[63],
2016;
United
States

Self-deter-
mination
theory

Usual
care
plus an
exercise
referral
scheme

The intervention (e-coachER) of-
fered a range of interactive opportu-
nities to enhance participants’moti-
vation to take up the exercise refer-
ral scheme and to maintain a more
physically active lifestyle, whether
or not they engaged with their local
exercise referral scheme; partici-
pants were encouraged to make use
of the pedometer and the activity
record sheets for self-monitoring
and goal setting in conjunction with
the e-coachER website.

PA and SB: ac-
celerometer and pe-
dometer; sleep: ac-
celerometer

Web-
based

2 arms;
4 mo;
NR

PA; SB;
sleep

n=450;
age:
mean 50
(SD,
12) y;
64%
women

Patients
with inac-
tive exercis-
ers and
chronic
health con-
ditions

Taylor
et al
[64],
2021;
United
King-
dom

Transtheo-
retical
model

Regular
educa-
tion
plus
general
theoreti-
cal
knowl-
edge
mes-
sages

The information design included 5
main areas: health awareness, di-
etary control, PA, lifestyle habits,
and weight control; telephone fol-
low-up was conducted after each
stage of the intervention.

Self-reportingSMS
text
mes-
sages

2 arms;
12 mo;
2
times/wk

PA;
smok-
ing; al-
cohol
use

n=171;
age:
mean
55.1
(SD
10.8) y;
43%
women

Patients
with type 2
diabetes
mellitus

Wang et
al [65],
2020;
China

Social sup-
port and
decisional
balance
theory

Usual
care

The Imperative Health system gen-
erated personalized daily targets
(weight loss, PA, and dietary tar-
gets) for each participant; automated
weekly feedback on the participants’
performance, assessed by the self-
monitoring devices (weighing scales
and accelerometer) and the food di-
ary, was provided.

PA: validated

RPAQp; diet: 3-
month recall

Web-
based

2 arms;
12 mo;
personal-
ized in-
forma-
tion ser-
vice

PA; dietn=65;
age:
mean
52.1
(SD
7.4) y;
55%
women

Adults who
were obese
and inac-
tive with

≥1 CVDo

risk factors

Watson
et al
[66],
2015;
United
King-
dom
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Theoretical
basis or be-
havior
change
techniques

Compar-
ison
group

Intervention componentsMeasurement toolsInterven-
tion

Study
design;
interven-
tion du-
ration;
frequen-
cy

Target-
ed risk
behav-
iors

Sample
popula-
tion;
mean
age
(SD); fe-
male
popula-
tion (%)

PopulationStudy,
year;
country

Behavior
change the-
ory

Usual
care
plus 2
thank-
you
mes-
sages
per
month

The intervention was designed as a
secondary prevention program that
sent participants 1 of each of the
following text message types accord-
ing to a prespecified algorithm:
general knowledge of coronary heart
disease, blood pressure control,
medication adherence, PA, healthy
eating, and smoking cessation.

PA: IPAQ; short-
form version

Text
mes-
sages

2 arms;
6 mo; 6
times/wk

PA;
smok-
ing

n=822;
age:
mean
56.4
(SD
9.5) y;
14.1%
women

Patients
with coro-
nary heart
disease and
without dia-
betes melli-
tus

Zheng
et al
[67],
2019;
China

aPA: physical activity.
bNR: not reported.
cIPAQ: International Physical Activity Questionnaire.
dTEXT ME: Tobacco, Exercise, and Diet Messages.
eFFQ: Food Frequency Questionnaire.
fGPAQ: Global Physical Activity Questionnaire.
gSB: sedentary behavior.
hCHAMPS: Community Healthy Activities Model Program for Seniors.
iDASH: Dietary Approaches to Stop Hypertension.
jNHS: National Health Service.
kSQUASH: Short Questionnaire to Assess Health-Enhancing Physical Activity.
lPASE: Physical Activity Scale for the Elderly.
mPSQI: Pittsburgh Sleep Quality Index.
nmHealth: mobile health.
oCVD: cardiovascular disease.
pRPAQ: Recent Physical Activity Questionnaire.

Characteristics of Participants
A total of 12,931 participants were enrolled in the included
studies, with the number of participants ranging from 21 to 879
in individual studies. The mean age of the older adults included
ranged between 50.0 (SD 11.2) years [49] and 73.3 (SD 6.6)
years [55]. Nearly one-half of the participants (6009/12,931,
46.47%) were female, and 2 (6%) of the 35 studies targeted
only women [42,47]. The studies included not only healthy
older adults (4/35, 11%) but also people with various chronic
conditions, such as cancer (8/35, 23%), type 2 diabetes mellitus
(6/35, 17%), hypertension (4/35, 11%), coronary disease (4/35,
11%), and overweight or obesity (3/35, 9%).

Characteristics of eHealth Interventions
The eHealth interventions included in these studies were
delivered mainly through 8 intervention methods: SMS text
message [36,40,45,58,65,67], telephone
[35,39,42,47,48,55,57,63], email [41], website
[37,50,52,54,56,59,64,66], mobile app [44,51,60-62], social
tool [38,49], DVD [53], and smartwatch [55]; and the most
common methods were based on a website (8/35, 23%), SMS
text message (6/35, 17%), and mobile app (6/35, 17%).
Intervention durations in the included studies ranged from 5

weeks to 21 months, the most common being 6 months (12/35,
34%) and 12 months (8/35, 23%).

Most of the studies (30/35, 86%) targeted 2 to 3 risk factors.
Of the 35 studies, 5 (14%) investigated 4 (67%) of the 6
behaviors (PA, smoking cessation, alcohol cessation, and diet)
[35,38,41], and only 9% (3/35) of the studies addressed sleep
[37,55,64]. The most common combination was PA and diet
(8/35, 23%), followed by PA and SB (7/35, 20%) and PA and
smoking cessation (5/35, 14%). Of the 35 studies, 25 (71%)
used a theoretical basis (n=18, 72%) or behavior change
techniques (n=7, 28%). In the studies using theoretical
underpinnings, the most common were the social cognitive
model (7/25, 28%) and behavior change theory or techniques
(12/25, 48%); the studies also used the transtheoretical model,
the theory of planned behavior, the self-regulation model, and
the self-determination model.

Characteristics of Controls
All participants in the control groups received usual care during
the study period. In addition, 6 (17%) of the 35 studies supplied
a paper version of the guidance booklet [39,42,55,58,59,64].
Zheng et al [67] and Wang et al [65] sent thank-you text
messages or general theoretical knowledge information, Grey
et al [46] provided face-to-face introductory sessions and
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National Health Service online health resources, and Swoboda
et al [63] conducted an attention control intervention.

Outcome Measures
A variety of outcomes were subjectively or objectively assessed
before and after the intervention. The measurement tools used
for the different outcomes are shown in Multimedia Appendix
3.

The end points of self-reported total PA (TPA), objectively
measured TPA, self-reported moderate to vigorous PA (MVPA),
objectively measured MVPA, daily steps, regular exercise, and
inactive PA were used to describe PA behavior. More than 10
different questionnaires were used to assess participants’
self-reported PA levels and SB levels, the most common of
which was the International Physical Activity Questionnaire.
Objective measurements of TPA and MVPA were obtained
from accelerometer measurements, and a pedometer was used
to measure daily steps. Regular exercise was defined as
accumulating >30 minutes of moderate exercise performed ≥5
days per week. PA was categorized into active and inactive on
the basis of established recommendations regarding the total
level: ≥600 and <600 metabolic equivalent of task minutes per
week, respectively. Eight indicators were selected to describe
diet behavior: energy intake as well as intake of fruits,
vegetables, fruits and vegetables (together), fats, proteins,
sugars, and fiber. Of the 35 studies, 17 (49%) used various
versions of the Food Frequency Questionnaire and dietary
records or recall from different periods to evaluate the dietary
indicators. In addition, the Dutch Standard Questionnaire on
Food Consumption was used in the study by Kanera et al [52].
The 3 studies involving sleep used 3 measuring tools, namely
the 5-item validated Women’s Health Initiative Insomnia Rating
Scale, the Pittsburgh Sleep Quality Index, and an accelerometer.
The prevalence of alcohol and tobacco use was collected through
interviews or questionnaires.

Risk of Bias
The included studies were assessed for risk of bias using the
risk-of-bias tool for randomized trials in the Cochrane Handbook

for Systematic Review of Interventions (version 5.1.0). A
summary of the overall risk-of-bias assessment for all included
studies as well as the judgments regarding specific studies can
be found in Multimedia Appendix 4 [34-67].

According to our assessment, which was conducted by 2
independent reviewers (BS and GL), 17 (49%) of the 35
publications had a high risk of bias for not blinding participants
and study personnel to the intervention assignment; however,
blinding in intervention trials for behavior change is challenging.
For most of the publications (20/35, 57%), the risk associated
with allocation concealment was high (6/35, 17%) or unclear
(14/35, 40%). Of the 35 studies, 9 (26%) did not provide
sufficient detail to determine whether researchers were blinded
to the assessment of outcomes; therefore, the risk was rated as
unclear.

Certainty of Evidence
Of all outcomes listed in the summary of findings presented in
Multimedia Appendix 5, we deemed the quality of the evidence
to be very low to high, as determined by the GRADE
framework. We judged the quality of evidence for most of the
diet-related outcome indicators to be high. The evidence for
outcome indicators related to PA and SB was low, mainly
because of the high risk of bias, inconsistent study results, and
imprecise measurements. In addition, evidence relating to
smoking, alcohol use, and sleep was deemed to be very low or
low because of the high risk of bias, small sample sizes, and
imprecise measurements.

Meta-Analysis Results

Overview
We have summarized the forest plot results for continuous
(Figure 2) and dichotomous (Figure 3) variable outcomes.
Overall, eHealth-based MHBC interventions may be able to
improve PA, diet, and smoking cessation in older adults, with
no effect on alcohol use, SB, or sleep. Forest plots for each of
the outcomes are presented in Multimedia Appendix 6 [34-67].
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Figure 2. Forest plot integration for continuous outcomes. MVPA: moderate to vigorous physical activity; PA: physical activity; SB: sedentary behavior;
SMD: standard mean difference. *P<.05, **P<.01, ***P<.001.

Figure 3. Forest plot integration for dichotomous outcomes. PA: physical activity. ***P<.001.

PA Assessment
The effectiveness of eHealth interventions on self-reported TPA
levels in older adults was assessed in 17 (49%) of the 35 studies.
Compared with the control group, the eHealth interventions
significantly increased self-reported TPA (SMD 0.22, 95% CI
0.02-0.43; P=.03), with substantial heterogeneity between the

studies (I2=79%; P<.001; Figure S1A in Multimedia Appendix
6). The sensitivity analysis suggested a similar result (SMD
0.12, 95% CI 0.04-0.20; P=.006), and the heterogeneity dropped

significantly (I2=0%; P=.80) after excluding the study by
Cicolini et al [41] (Multimedia Appendix 7 [34-67]). A
meta-analysis of the effectiveness of eHealth interventions on
objectively measured TPA by a fixed effects model (I²=19%;
P=.79) showed the opposite result (SMD 0.09, 95% CI –0.23
to 0.42; P=.57; Figure S1B in Multimedia Appendix 6). No
significant increase was observed in self-reported MVPA after
the eHealth intervention (SMD 0.10, 95% CI –0.57 to 0.36;
P=.67), with greater heterogeneity (I²=94%; P<.001; Figure
S1C in Multimedia Appendix 6). After excluding the studies
by Taylor et al [64] and Pischke et al [59], synthesis using fixed
effects models showed a significant increase in self-reported

MVPA after the intervention (SMD 0.15, 95% CI 0.03-0.27;
P=.02), with moderate heterogeneity (I²=54%; P=.03). However,
the eHealth-based MHBC interventions led to a small but
significant increase in objectively measured MVPA (SMD 0.25,
95% CI 0.09-0.41; P=.002), without any heterogeneity (I²=0%;
P=.76; Figure S1D in Multimedia Appendix 6). In addition, a
meta-analysis of the 7 studies reporting daily steps showed that
the eHealth interventions increased the number of steps taken
by older adults compared to the control group (SMD 0.21, 95%
CI –0.01 to 0.44; P=.06), corresponding to an average estimate
of 597 steps, with borderline significant results and low
heterogeneity (I²=0%; P=.64; Figure S1E in Multimedia
Appendix 6). Overall, compared to the controls, the eHealth
interventions significantly increased the prevalence of regular
exercise (OR 4.17, 95% CI 3.42-5.36; P<.001), with low
heterogeneity (I²=0%; P<.001; Figure S1F in Multimedia
Appendix 6); and significantly reduced the prevalence of
inactive PA (OR 4.53, 95% CI 3.27-6.28; P<.001), with low
heterogeneity (I²=16%; P=.31; Figure S1G in Multimedia
Appendix 6). Sensitivity analysis showed that these results were
relatively stable.
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SB Assessment
Of the 35 studies, 9 (26%) assessed self-reported SB and 7
(20%) assessed objectively measured SB. A meta-analysis
showed no effect of the eHealth intervention on self-reported
sedentary time compared to the controls (SMD –0.14, 95% CI
–0.31 to 0.02; P=.08; I²=0%; P=.95; Figure S2A in Multimedia
Appendix 6). Similarly, there was no effect of the eHealth
intervention on objectively measured sedentary time (SMD
–0.12, 95% CI –0.30 to 0.07; P=.21; I²=0%; P=.91; Figure S2B
in Multimedia Appendix 6). Sensitivity analysis showed that
the result was stable.

Diet
Mean energy intake (kcal) data from 9 (26%) of the 35 trials
were suitable for meta-analysis. Energy intake was significantly
lower in the eHealth intervention group (SMD –0.28, 95% CI
–0.55 to –0.01; P=.04) compared to the control group, with low
heterogeneity (I²=0%; P=.54; Figure S3A in Multimedia
Appendix 6). Of the 35 trials, 8 (23%), 10 (29%), and 7 (20%)
assessed intake of fruits (servings), vegetables (servings, portion,
and times), and fruits and vegetables (servings), respectively,
and the eHealth interventions significantly increased intake of
fruits (SMD 0.18, 95% CI 0.04-0.32; P=.01; I²=19%; P=.28;
Figure S3B in Multimedia Appendix 6), intake of vegetables
(SMD 0.17, 95% CI 0.05-0.28; P=.003; I²=12%; P=.34; Figure
S3C in Multimedia Appendix 6), and intake of fruits and
vegetables (SMD 0.18, 95% CI 0.04-0.32; P=.01; I²=19%;
P=.28; Figure S3D in Multimedia Appendix 6) compared to the
controls. Of the 35 trials, 5 (14%) assessed sugar intake, which
did not change significantly after the intervention compared to
the control group (SMD –0.11, 95% CI –0.36 to 0.15; P=.40;
I²=0%; P=.45; Figure S3E in Multimedia Appendix 6). Of the
35 trials, 9 (26%) assessed fat intake changes, and there was a
significant reduction in fat intake after the eHealth intervention
(SMD –0.23, 95% CI –0.33 to –0.13; P<.001; I²=0%; P=.93;
Figure S3F in Multimedia Appendix 6). Similarly, a
meta-analysis of the 7 trials that assessed fiber intake showed
no significant changes (SMD 0.04, 95% CI –0.12 to 0.20; P=.64;
I²=14%; P=.32; Figure S3G in Multimedia Appendix 6).
Sensitivity analysis showed that the result was relatively stable.

Smoking and Alcohol Use
A meta-analysis of the 8 studies reporting outcomes on smoking
showed that the eHealth interventions significantly reduced the
prevalence of smoking (OR 2.09, 95% CI 1.62-2.70; P<.001)

but with greater heterogeneity (I2=85%; P<.001; Figure S4A
in Multimedia Appendix 6). After excluding the studies by
Gallagher et al [43] and Prabhakaran et al [61], sensitivity
analysis showed that the result was stable (OR 3.64, 95% CI
2.68-4.93; P<.001), and the results were homogeneous across

the trials (I2=0%; P=.76). Of the 35 studies, 4 (11%) reported
outcomes for alcohol use, and meta-analysis showed no effect
of the eHealth intervention on the prevalence of alcohol use
(OR 0.75, 95% CI 0.26-2.18; P=.60), with less heterogeneity
(I²=65%; P=.03; Figure S4B in Multimedia Appendix 6). After
excluding the study by Babu et al [35], sensitivity analysis
showed that the result was stable (OR 0.50, 95% CI 0.22-1.15;

P=.10), and the results were homogeneous across the trials

(I2=40%; P=.19).

Sleep
Data from 3 (9%) of the 35 studies were used to assess the
effectiveness of eHealth interventions on sleep in older adults.

Due to the low level of article heterogeneity (I2=44%; P=.17)
and the small number of included studies, a fixed effects model
was used. Meta-analysis showed that the eHealth interventions
did not affect sleeping time in older adults (SMD 0.12, 95% CI
–0.04 to 0.29; P=.15; Figure S5 in Multimedia Appendix 6).
Sensitivity analysis showed that the result was stable.

Discussion

Overview
This systematic review is the first study to systematically
examine the effectiveness of eHealth interventions targeting ≥2
of the following behaviors in a population of older adults (aged
≥50 y): PA, diet, smoking, alcohol consumption, sleep, and SB.
A total of 35 studies with 12,931 older adults aged ≥50 years
met the eligibility criteria for this review. The majority
(6009/12,931, 46.47%) of the participants were female, with a
mean age ranging from 50.0 (SD 11.2) years to 73.3 (SD 6.6)
years. The overall methodological quality was moderate,
according to the GRADE framework. Compared to usual care
or waitlist, eHealth-based MHBC interventions significantly
changed diet, SB, and smoking but had little effect on PA,
alcohol consumption, and sleep.

Principal Findings

PA Assessment
Our data suggest that eHealth-based MHBC interventions may
improve PA levels and daily steps in older adults. Previous
meta-analyses also revealed that eHealth-based MHBC
interventions significantly promoted PA among people with
noncommunicable diseases and adults compared to the control
conditions [22,68]. It is worth noting that the PA referred to in
both studies was a synthetic size of multiple effect sizes within
a particular scope of outcomes (eg, energy expenditure, steps,
and time spent in PA or MVPA). We conducted a separate
meta-analysis of PA-related metrics. First, the eHealth-based
MHBC intervention significantly improved older adults’
self-reported TPA compared with the control group. This is
consistent with a previous meta-analysis [28], which found a
mean increase in TPA of 90.7 minutes per week according to
questionnaires in the eHealth-based MHBC intervention group
compared to the control group. Another review involving people
aged ≥50 years found that interventions containing smart
technology significantly increased self-reported TPA compared
to face-to-face interventions (SMD 0.17, 95% CI 0.02-0.32)
[69], which is broadly comparable to our effect size. Second,
although we also found that the eHealth-based MHBC
intervention significantly increased the time spent in MVPA in
older adults, this result needs to be interpreted with caution
because 4 (80%) of the 5 data points are from the same article.
Interestingly, this review found very different results for
self-reported and objectively measured TPA or MVPA. Another
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review reported similar results, with eHealth interventions
significantly increasing objectively measured MVPA but not
self-reported MVPA [69]. This may be because the MHBC
intervention intervened on a larger number of target behaviors
than the SHBC intervention, and the intervention effect was
unstable [70,71]. Another reason may be that the effect of
eHealth interventions on the PA time measured by ActiGraph
devices and that measured by questionnaires was quite different
[72]. Third, this review also showed that participants in the
eHealth intervention group walked more than those in the control
group (mean difference 597 steps/d). This is a conclusion we
believe to be quite credible [28,69]. Earlier studies have shown
that older people commonly cite inconvenience and a lack of
access to a PA program as reasons for avoiding performing PA
[73]. Walking is the most commonly targeted PA for older
people because it does not require access to specific programs
and can be practiced anywhere [74]. Finally, we also
meta-analyzed changes in the prevalence of regular exercise as
well as inactive PA and found a positive effect of an
eHealth-based MHBC intervention. With up to 40% of people
in industrialized countries not engaging in any regular PA [75],
increasing PA rates by the rate produced by these interventions
would have an important impact on health outcomes.

Diet
Our review found that all MHBC interventions involving dietary
interventions in older adults were performed together with PA,
with a combination of both of them being the most common
(8/35, 23%). This combination was also found by previous
authors to be the most common combination in adolescent and
adult MHBC interventions [26,68]. The results of our study
suggest that eHealth-based MHBC interventions can
significantly improve the diet of older adults. Specifically, there
was an increase in fruit or vegetable intake. This finding aligns
with previous research demonstrating that both the
eHealth-based SHBC intervention and the eHealth-based MHBC
intervention significantly boosted fruit or vegetable intake in
the intervention group [26,53,76]. Furthermore, we also found
significant reductions in fat intake and energy intake in this
population. eHealth interventions similarly significantly reduced
dietary fat intake in adults but not in adolescents [26,76]. This
may be because the health benefits of reducing fat intake are
greater for middle-aged and older adults; therefore, they have
greater motivational self-efficacy [77]. eHealth interventions
have an impact not only on dietary intake (33%-35%) but also
on diet-related cognitive variables (69%-79%) [78]. In addition,
we found no evidence that eHealth interventions can change
the dietary intake of sugar and fiber in older people. Although
other studies have shown that it is possible to reduce children’s
consumption of sugary beverages, reducing unhealthy eating
behaviors is often considered more difficult than starting new
healthy behaviors [79,80]. The contents of eHealth interventions
that are communicated to participants about behavior change
and the feedback they receive can also influence changes in
participants’ behavior. Further research is needed to examine
intervention contents regarding these dietary outcomes to
increase the size and sustainability of the effects of MHBC
interventions, particularly among older adults.

Smoking and Alcohol Use
The effectiveness of eHealth-based MHBC interventions for
stopping drinking is generally weak; however, promising results
were seen for smoking cessation. The quality of evidence for
alcohol use was deemed to be very low because the review only
included 4 RCTs with relatively small sample sizes, which might
have affected the pooled effect. In general, the longer the
duration of the drinking and smoking interventions, the more
effective they are [81]. In this review, we included studies with
intervention durations of 3 months as well as 6 months, in
addition to the 12-month intervention duration. Due to the
limited number of studies, we did not conduct further analyses.
Indeed, the evidence for the effectiveness of eHealth-based
smoking and alcohol cessation interventions is currently
controversial [82,83]. There is also evidence that eHealth
interventions may have similar effects in reducing drinking and
smoking when compared to face‐to‐face treatment or no
support [84,85]. Moreover, SMS text messaging may be
particularly powerful for smoking behaviors such as abstinence
and reduction of use, particularly automated reminders and
motivating messages that can be sent during times of cravings
[86]. Thus, further work is needed to detect specific moderators
of interventions such as follow-up length and message
frequency.

SB Assessment
The lack of a significant reduction in either self-reported
sedentary time (P=.08) or objectively measured sedentary time
(P=.06) was an unexpected finding, leaving ample room for
improvement. Champion et al [26] found that eHealth-based
MHBC interventions led to decreased sedentary time compared
to controls (SMD –0.09, 95% CI –0.17 to –0.01). Although in
the same direction and a similar effect size to our result, their
result was statistically significant. Previous literature suggests
that eHealth interventions can improve sedentary time within,
but not between, groups of older adults. The review by
Yerrakalva et al [87] showed that mobile health app
interventions had the potential to reduce SB and increase PA
in older adults. The MHBC studies for SB included in this
review are all combined with PA, and most of the comments
received by participants in the eHealth interventions (via SMS
text messaging and telephone) supported their focus on PA and
the step goals rather than on SB. In addition, research suggests
that given the automaticity of SB, different and more effortful
strategies are required to break existing habits compared to
forming new habits [88,89]. This hints that future interventions
regarding MHBC interventions could use multiple intervention
strategies to reduce sedentary time [90].

Sleep
Sleep duration is a commonly used indicator for assessing sleep
quality, and suboptimal sleep duration has been associated with
increased morbidity and mortality [91], with short sleep
durations in particular being detrimental to health [92]. We
found that eHealth-based MHBC interventions may not
significantly improve sleep duration in older adults. Of the 3
studies on sleep that we included, 2 (67%) found significant
improvements in sleep quality. However, the third study did
not find that the eHealth intervention did not improve sleep
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duration. This may be because, in this study, sleep was used as
a secondary outcome, and the intervention only set specific PA
goals for the participants without any recommendations for
sleep. In contrast to our findings, Howarth et al [93] evaluated
the impact of a workplace digital health intervention on
health-related outcomes and found that it could improve
participants’ sleep quality. Inconsistencies in conclusions may
be due to possible differences in the effects of eHealth
interventions on various indicators of sleep. In addition to
objectively measured sleep duration, a range of subjectively
measured sleep outcomes (nocturnal sleep quality, sleep
duration, sleep efficiency, sleep latency, and sleep medication
use) are equally important in older adults with insomnia or
insomnia symptoms [94]. PA resulted in significant
improvements in overall sleep quality, sleep quality, and sleep
latency but not in sleep duration, efficiency, or disturbance [95].
According to the American National Sleep Foundation,
nonpharmacological treatment options are the preferred first
choice of treatment for sleep problems [96]. Therefore, the doubt
whether MHBC interventions can improve sleep problems in
older adults is important and needs to be explored in more RCTs.

Strengths and Limitations
The strengths of this study include the focus on a variety of
lifestyle behaviors associated with adverse health outcomes and
our rigorous methodology.

However, our study has several limitations. First, despite our
best efforts to conduct a thorough literature search in a limited
number of databases, the diversity of outcome indicator
descriptions may still have resulted in the omission of
appropriate topics or relevant studies. Second, this review
included some participants aged 50 to 60 years because some
of the trials were designed to recruit older adults, but they did
not specifically exclude people aged <60 years. Future research
should explicitly target older adults (aged ≥60 y) for RCTs of
eHealth interventions. Third, although all included studies used
eHealth interventions, there was still considerable variation in
terms of participants (eg, cultural background, age, and health
status), intervention characteristics (eg, intervention channel,
content, and duration), and outcome measures, and the small
number of studies may lead to cautious interpretations of the
pooled results. In particular, SHBC interventions differ from
MHBC interventions in terms of effectiveness. Finally, because
we only searched for articles published in English, the results
of the meta-analysis may be affected by language bias.

Implications
This paper highlights important directions for future research.
First, there is a lack of qualified interventions to address sleep
problems, although many older adults report sleep deprivation
or sleep problems [97], and there is a growing recognition that
exercise behaviors (such as PA), SB, and sleep are

interdependent. Second, there is a general lack of follow-up
analyses in intervention designs. Most of the included studies
measured outcomes twice (before the intervention and after the
intervention). Thus, the long-term and maintenance effects of
eHealth interventions on multiple risk behavior changes in older
adults have not been validated. As advocated [6,13], the next
phase of this study is to explore how and under what conditions
these initial changes can be maintained by adding a longer
follow-up design. Finally, the intervention components included
in the study focused primarily on health behavior education and
counseling, with a lack of substantive behavioral coaching; this
may be due to the limitations of current eHealth intervention
channels. A commonly used intervention paradigm is to select
a specific health behavior change theory (eg, behavior change
theory, social cognitive theory, or self-regulation theory) as a
framework and further promote a theory of choice for effective
elements (eg, motivation, planning, and self-regulation). As the
results of previous reviews have confirmed the effectiveness of
this intervention paradigm, to further improve intervention
effectiveness, it may be prudent to use dual-process approaches
(ie, focusing on conscious and unconscious processes of
behavior change) [54,56] alongside socioecological approaches
(ie, involving policy dimensions, environment, and individual
factors) [59,64].

In addition, we need to pay extra attention to the synergistic or
transfer effects involved in MHBC interventions. Accordingly,
lessons, skills, and knowledge learned concerning 1 behavior
apply to another, thereby improving multiple behaviors. In
addition, success in changing ≥1 lifestyle behaviors may also
increase confidence or self-efficacy to improve risky behaviors
in individuals who are less motivated to change [22]. In addition
to potentially greater efficacy and impact on health, MHBC
interventions have greater real-world applicability and provide
information about the effective treatment of co-occurring
behaviors [23]. This is particularly true among older adults,
who are more likely to have co-occurring health conditions than
younger adults. Future research should seek to explore this
effect in trials of MHBC interventions.

Conclusions
A wide range of eHealth-based MHBC interventions were
effective in improving diet, aiding smoking cessation, and
increasing daily step counts. However, effect sizes were small,
and the overall quality of the evidence was low. Further
high-quality research is needed to develop eHealth interventions
that are effective in simultaneously modifying multiple risk
factors for chronic disease, including substance use and sleep
outcomes. It is recommended that eHealth-based MHBC
interventions be included in the guidelines to improve the quality
of life of older persons and reduce the risk of chronic diseases
in later life.

Acknowledgments
The authors would like to express their sincere gratitude to the authors who provided detailed information and data regarding
their studies.

J Med Internet Res 2024 | vol. 26 | e58174 | p. 17https://www.jmir.org/2024/1/e58174
(page number not for citation purposes)

Shi et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

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


Data Availability
The data sets generated and analyzed during this study are available from the corresponding author on reasonable request.

Authors' Contributions
BS drafted the manuscript. BS and QH were responsible for the concept and design of the study. BS, GL, and QH screened all
abstracts as well as full texts, extracted all data, performed the risk-of-bias evaluation, and conducted the quality assessment and
statistical analyses. All authors approved the final version of the manuscript.

Conflicts of Interest
None declared.

Multimedia Appendix 1
PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) checklist.
[DOCX File , 32 KB-Multimedia Appendix 1]

Multimedia Appendix 2
Search strategy.
[DOCX File , 23 KB-Multimedia Appendix 2]

Multimedia Appendix 3
The measurement tools used for different outcomes.
[DOCX File , 16 KB-Multimedia Appendix 3]

Multimedia Appendix 4
Risk-of-bias summary.
[DOCX File , 443 KB-Multimedia Appendix 4]

Multimedia Appendix 5
GRADE (Grading of Recommendations Assessment, Development, and Evaluation) assessment results.
[DOCX File , 24 KB-Multimedia Appendix 5]

Multimedia Appendix 6
Forest plots.
[DOCX File , 1746 KB-Multimedia Appendix 6]

Multimedia Appendix 7
Sensitivity analysis.
[DOCX File , 531 KB-Multimedia Appendix 7]

References

1. The state of aging and health in America. Centers for Disease Control and Prevention. 2011. URL: https://www.cdc.gov/
aging/data/stateofaging.htm [accessed 2024-04-29]

2. 2008-2013 action plan for the global strategy for the prevention and control of noncommunicable diseases : prevent and
control cardiovascular diseases, cancers, chronic respiratory diseases and diabetes. World Health Organization. 2009. URL:
https://www.who.int/publications/i/item/9789241597418 [accessed 2024-04-29]

3. Lloyd-Jones DM, Allen NB, Anderson CA, Black T, Brewer LC, Foraker RE, et al. Life’s essential 8: updating and enhancing
the American heart association’s construct of cardiovascular health: a presidential advisory from the American heart
association. Circulation. Aug 02, 2022;146(5). [doi: 10.1161/cir.0000000000001078]

4. Ross R, Tremblay M. Introduction to the Canadian 24-hour movement guidelines for adults aged 18-64 years and adults
aged 65 years or older: an integration of physical activity, sedentary behaviour, and sleep. Appl Physiol Nutr Metab. Oct
2020;45(10 (Suppl. 2)):v-xi. [doi: 10.1139/apnm-2020-0843] [Medline: 33054330]

J Med Internet Res 2024 | vol. 26 | e58174 | p. 18https://www.jmir.org/2024/1/e58174
(page number not for citation purposes)

Shi et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=jmir_v26i1e58174_app1.docx&filename=86e7c783907433d0e71bf2818e528770.docx
https://jmir.org/api/download?alt_name=jmir_v26i1e58174_app1.docx&filename=86e7c783907433d0e71bf2818e528770.docx
https://jmir.org/api/download?alt_name=jmir_v26i1e58174_app2.docx&filename=6535e60e4da86d3cb914d6d664a0bc02.docx
https://jmir.org/api/download?alt_name=jmir_v26i1e58174_app2.docx&filename=6535e60e4da86d3cb914d6d664a0bc02.docx
https://jmir.org/api/download?alt_name=jmir_v26i1e58174_app3.docx&filename=3d4b24ea283c5c5e1e45e2517335b290.docx
https://jmir.org/api/download?alt_name=jmir_v26i1e58174_app3.docx&filename=3d4b24ea283c5c5e1e45e2517335b290.docx
https://jmir.org/api/download?alt_name=jmir_v26i1e58174_app4.docx&filename=05f65091d8206e9db0a9665443eb09ee.docx
https://jmir.org/api/download?alt_name=jmir_v26i1e58174_app4.docx&filename=05f65091d8206e9db0a9665443eb09ee.docx
https://jmir.org/api/download?alt_name=jmir_v26i1e58174_app5.docx&filename=14882321769717c3afb5a95764fae0ba.docx
https://jmir.org/api/download?alt_name=jmir_v26i1e58174_app5.docx&filename=14882321769717c3afb5a95764fae0ba.docx
https://jmir.org/api/download?alt_name=jmir_v26i1e58174_app6.docx&filename=90a76ea308596258f7db857e5396249d.docx
https://jmir.org/api/download?alt_name=jmir_v26i1e58174_app6.docx&filename=90a76ea308596258f7db857e5396249d.docx
https://jmir.org/api/download?alt_name=jmir_v26i1e58174_app7.docx&filename=c3eb7e4345148cbaeb119e275f70b24b.docx
https://jmir.org/api/download?alt_name=jmir_v26i1e58174_app7.docx&filename=c3eb7e4345148cbaeb119e275f70b24b.docx
https://www.cdc.gov/aging/data/stateofaging.htm
https://www.cdc.gov/aging/data/stateofaging.htm
https://www.who.int/publications/i/item/9789241597418
http://dx.doi.org/10.1161/cir.0000000000001078
http://dx.doi.org/10.1139/apnm-2020-0843
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33054330&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


5. Draper C, Tomaz S, Biersteker L, Cook CJ, Couper J, de Milander M, et al. The South African 24-hour movement guidelines
for birth to 5 years: an integration of physical activity, sitting behavior, screen time, and sleep. J Phys Act Health. Jan 01,
2020;17(1):109-119. [FREE Full text] [doi: 10.1123/jpah.2019-0187] [Medline: 31877557]

6. Tremblay MS, Carson V, Chaput JP. Introduction to the Canadian 24-hour movement guidelines for children and youth:
an integration of physical activity, sedentary behaviour, and sleep. Appl Physiol Nutr Metab. Jun 2016;41(6 Suppl 3):iii-iiv.
[doi: 10.1139/apnm-2016-0203] [Medline: 27306430]

7. Rattray B, Northey J, Pumpa K, Smee DJ, Cherbuin N, Anstey KJ. Objective assessment of physical activity, sedentary
behaviour and sleep in older Australians. Medicine and science in sports and exercise. Med Sci Sports Exerc. 2015;47(5):880.
[doi: 10.1249/01.mss.0000479121.32482.2a]

8. Cunningham C, O' Sullivan R, Caserotti P, Tully MA. Consequences of physical inactivity in older adults: a systematic
review of reviews and meta-analyses. Scand J Med Sci Sports. May 2020;30(5):816-827. [doi: 10.1111/sms.13616] [Medline:
32020713]

9. Hu Z, Qin L, Kaminga AC, Xu H. Relationship between multiple lifestyle behaviors and health-related quality of life among
elderly individuals with prediabetes in rural communities in China: a STROBE-compliant article. Medicine (Baltimore).
Apr 2020;99(15):e19560. [FREE Full text] [doi: 10.1097/MD.0000000000019560] [Medline: 32282705]

10. Myint PK, Luben RN, Wareham NJ, Bingham SA, Khaw KT. Combined effect of health behaviours and risk of first ever
stroke in 20,040 men and women over 11 years' follow-up in Norfolk cohort of European prospective investigation of
cancer (EPIC Norfolk): prospective population study. BMJ. Feb 19, 2009;338(feb19 2):b349. [FREE Full text] [doi:
10.1136/bmj.b349] [Medline: 19228771]

11. Meader N, King K, Moe-Byrne T, Wright K, Graham H, Petticrew M, et al. A systematic review on the clustering and
co-occurrence of multiple risk behaviours. BMC Public Health. Jul 29, 2016;16(1):657. [FREE Full text] [doi:
10.1186/s12889-016-3373-6] [Medline: 27473458]

12. Khaw KT, Wareham N, Bingham S, Welch A, Luben R, Day N. Combined impact of health behaviours and mortality in
men and women: the EPIC-Norfolk prospective population study. PLoS Med. Jan 08, 2008;5(1):e12. [FREE Full text] [doi:
10.1371/journal.pmed.0050012] [Medline: 18184033]

13. Han H, Cao Y, Feng C, Zheng Y, Dhana K, Zhu S, et al. Association of a healthy lifestyle with all-cause and cause-specific
mortality among individuals with type 2 diabetes: a prospective study in UK biobank. Diabetes Care. Feb 01,
2022;45(2):319-329. [doi: 10.2337/dc21-1512] [Medline: 34857534]

14. Lu Q, Zhang Y, Geng T, Yang K, Guo K, Min X, et al. Association of lifestyle factors and antihypertensive medication
use with risk of all-cause and cause-specific mortality among adults with hypertension in China. JAMA Netw Open. Feb
01, 2022;5(2):e2146118. [FREE Full text] [doi: 10.1001/jamanetworkopen.2021.46118] [Medline: 35103793]

15. Richardson KM, Jospe MR, Saleh AA, Clarke TN, Bedoya AR, Behrens N, et al. Use of biological feedback as a health
behavior change technique in adults: scoping review. J Med Internet Res. Sep 25, 2023;25:e44359. [FREE Full text] [doi:
10.2196/44359] [Medline: 37747766]

16. Gómez-Gómez I, Barquero-Jiménez C, Johnson E, Conejo-Cerón S, Moreno-Peral P, Bellón JÁ, et al. Effectiveness of
multiple health behavior change interventions in reducing symptoms of anxiety in the adult population: a systematic review
and meta-analysis of randomized controlled trials. Prev Med. Mar 2024;180:107847. [doi: 10.1016/j.ypmed.2024.107847]
[Medline: 38199592]

17. Burgess E, Hassmén P, Welvaert M, Pumpa KL. Behavioural treatment strategies improve adherence to lifestyle intervention
programmes in adults with obesity: a systematic review and meta-analysis. Clin Obes. Apr 15, 2017;7(2):105-114. [doi:
10.1111/cob.12180] [Medline: 28199047]

18. Wagner KH, Schwingshackl L, Draxler A, Franzke B. Impact of dietary and lifestyle interventions in elderly or people
diagnosed with diabetes, metabolic disorders, cardiovascular disease, cancer and micronutrient deficiency on micronuclei
frequency - a systematic review and meta-analysis. Mutat Res Rev Mutat Res. Jan 2021;787:108367. [FREE Full text] [doi:
10.1016/j.mrrev.2021.108367] [Medline: 34083034]

19. Amato K, Park E, Nigg CR. Prioritizing multiple health behavior change research topics: expert opinions in behavior change
science. Transl Behav Med. Jun 2016;6(2):220-227. [FREE Full text] [doi: 10.1007/s13142-015-0381-5] [Medline: 27356992]

20. Champion KE, Newton NC, Gardner LA, Chapman C, Thornton L, Slade T, et al. Health4Life eHealth intervention to
modify multiple lifestyle risk behaviours among adolescent students in Australia: a cluster-randomised controlled trial.
Lancet Digit Health. May 2023;5(5):e276-e287. [FREE Full text] [doi: 10.1016/S2589-7500(23)00028-6] [Medline:
37032200]

21. Digital health. World Health Organization. 2021. URL: https://www.who.int/health-topics/digital-health#tab=tab_1 [accessed
2024-04-29]

22. Duan Y, Shang B, Liang W, Du G, Yang M, Rhodes RE. Effects of eHealth-based multiple health behavior change
interventions on physical activity, healthy diet, and weight in people with noncommunicable diseases: systematic review
and meta-analysis. J Med Internet Res. Feb 22, 2021;23(2):e23786. [FREE Full text] [doi: 10.2196/23786] [Medline:
33616534]

J Med Internet Res 2024 | vol. 26 | e58174 | p. 19https://www.jmir.org/2024/1/e58174
(page number not for citation purposes)

Shi et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

https://strathprints.strath.ac.uk/71774/
http://dx.doi.org/10.1123/jpah.2019-0187
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31877557&dopt=Abstract
http://dx.doi.org/10.1139/apnm-2016-0203
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27306430&dopt=Abstract
http://dx.doi.org/10.1249/01.mss.0000479121.32482.2a
http://dx.doi.org/10.1111/sms.13616
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32020713&dopt=Abstract
https://europepmc.org/abstract/MED/32282705
http://dx.doi.org/10.1097/MD.0000000000019560
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32282705&dopt=Abstract
https://europepmc.org/abstract/MED/19228771
http://dx.doi.org/10.1136/bmj.b349
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19228771&dopt=Abstract
https://bmcpublichealth.biomedcentral.com/articles/10.1186/s12889-016-3373-6
http://dx.doi.org/10.1186/s12889-016-3373-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27473458&dopt=Abstract
https://dx.plos.org/10.1371/journal.pmed.0050012
http://dx.doi.org/10.1371/journal.pmed.0050012
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18184033&dopt=Abstract
http://dx.doi.org/10.2337/dc21-1512
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34857534&dopt=Abstract
https://europepmc.org/abstract/MED/35103793
http://dx.doi.org/10.1001/jamanetworkopen.2021.46118
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35103793&dopt=Abstract
https://www.jmir.org/2023//e44359/
http://dx.doi.org/10.2196/44359
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37747766&dopt=Abstract
http://dx.doi.org/10.1016/j.ypmed.2024.107847
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38199592&dopt=Abstract
http://dx.doi.org/10.1111/cob.12180
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28199047&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S1383-5742(21)00004-1
http://dx.doi.org/10.1016/j.mrrev.2021.108367
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34083034&dopt=Abstract
https://europepmc.org/abstract/MED/27356992
http://dx.doi.org/10.1007/s13142-015-0381-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27356992&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S2589-7500(23)00028-6
http://dx.doi.org/10.1016/S2589-7500(23)00028-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37032200&dopt=Abstract
https://www.who.int/health-topics/digital-health#tab=tab_1
https://www.jmir.org/2021/2/e23786/
http://dx.doi.org/10.2196/23786
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33616534&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


23. Erbe D, Eichert HC, Riper H, Ebert DD. Blending face-to-face and internet-based interventions for the treatment of mental
disorders in adults: systematic review. J Med Internet Res. Sep 15, 2017;19(9):e306. [FREE Full text] [doi: 10.2196/jmir.6588]
[Medline: 28916506]

24. Norman GJ, Zabinski MF, Adams MA, Rosenberg DE, Yaroch AL, Atienza AA. A review of eHealth interventions for
physical activity and dietary behavior change. Am J Prev Med. Oct 2007;33(4):336-345. [FREE Full text] [doi:
10.1016/j.amepre.2007.05.007] [Medline: 17888860]

25. Oosterveen E, Tzelepis F, Ashton L, Hutchesson MJ. A systematic review of eHealth behavioral interventions targeting
smoking, nutrition, alcohol, physical activity and/or obesity for young adults. Prev Med. Jun 2017;99:197-206. [doi:
10.1016/j.ypmed.2017.01.009] [Medline: 28130046]

26. Champion KE, Parmenter B, McGowan C, Spring B, Wafford QE, Gardner LA, et al. Effectiveness of school-based eHealth
interventions to prevent multiple lifestyle risk behaviours among adolescents: a systematic review and meta-analysis. Lancet
Digit Health. Sep 2019;1(5):e206-e221. [doi: 10.1016/s2589-7500(19)30088-3]

27. Besnier F, Gayda M, Nigam A, Juneau M, Bherer L. Cardiac rehabilitation during quarantine in COVID-19 pandemic:
challenges for center-based programs. Arch Phys Med Rehabil. Oct 2020;101(10):1835-1838. [FREE Full text] [doi:
10.1016/j.apmr.2020.06.004] [Medline: 32599060]

28. Kwan RY, Salihu D, Lee PH, Tse M, Cheung DS, Roopsawang I, et al. The effect of e-health interventions promoting
physical activity in older people: a systematic review and meta-analysis. Eur Rev Aging Phys Act. Apr 21, 2020;17(1):7.
[FREE Full text] [doi: 10.1186/s11556-020-00239-5] [Medline: 32336996]

29. Ding D, Rogers K, van der Ploeg H, Stamatakis E, Bauman AE. Traditional and emerging lifestyle risk behaviors and
all-cause mortality in middle-aged and older adults: evidence from a large population-based Australian cohort. PLoS Med.
Dec 8, 2015;12(12):e1001917. [FREE Full text] [doi: 10.1371/journal.pmed.1001917] [Medline: 26645683]

30. Loef M, Walach H. The combined effects of healthy lifestyle behaviors on all cause mortality: a systematic review and
meta-analysis. Prev Med. Sep 2012;55(3):163-170. [doi: 10.1016/j.ypmed.2012.06.017] [Medline: 22735042]

31. Moher D, Liberati A, Tetzlaff J, Altman DG, PRISMA Group. Preferred reporting items for systematic reviews and
meta-analyses: the PRISMA statement. Ann Intern Med. Aug 18, 2009;151(4):264-W64. [FREE Full text] [doi:
10.7326/0003-4819-151-4-200908180-00135] [Medline: 19622511]

32. Michaelis R, Tang V, Wagner JL, Modi AC, LaFrance Jr WC, Goldstein LH, et al. Cochrane systematic review and
meta-analysis of the impact of psychological treatments for people with epilepsy on health-related quality of life. Epilepsia.
Feb 03, 2018;59(2):315-332. [FREE Full text] [doi: 10.1111/epi.13989] [Medline: 29313968]

33. Guyatt GH, Oxman AD, Vist GE, Kunz R, Falck-Ytter Y, Alonso-Coello P, et al. GRADE: an emerging consensus on
rating quality of evidence and strength of recommendations. BMJ. Apr 26, 2008;336(7650):924-926. [FREE Full text] [doi:
10.1136/bmj.39489.470347.AD] [Medline: 18436948]

34. Abu-Saad K, Murad H, Barid R, Olmer L, Ziv A, Younis-Zeidan N, et al. Development and efficacy of an electronic,
culturally adapted lifestyle counseling tool for improving diabetes-related dietary knowledge: randomized controlled trial
among ethnic minority adults with type 2 diabetes mellitus. J Med Internet Res. Oct 16, 2019;21(10):e13674. [FREE Full
text] [doi: 10.2196/13674] [Medline: 31621640]

35. Babu V, Sylaja PN, Soman B, Varma RP, Ms M, Gl G, et al. A randomized controlled trial of medication adherence and
management of risk factors for secondary prevention of stroke (MaMoRS) using a smartphone-based application. Int J
Stroke. Apr 22, 2024:17474930241245612. [doi: 10.1177/17474930241245612] [Medline: 38533606]

36. Bae JW, Woo SI, Lee J, Park SD, Kwon SW, Choi SH, et al. mHealth interventions for lifestyle and risk factor modification
in coronary heart disease: randomized controlled trial. JMIR Mhealth Uhealth. Sep 24, 2021;9(9):e29928. [FREE Full text]
[doi: 10.2196/29928] [Medline: 34559058]

37. Bantum EO, Albright CL, White KK, Berenberg JL, Layi G, Ritter PL, et al. Surviving and thriving with cancer using a
web-based health behavior change intervention: randomized controlled trial. J Med Internet Res. Feb 24, 2014;16(2):e54.
[FREE Full text] [doi: 10.2196/jmir.3020] [Medline: 24566820]

38. Bloom I, Welch L, Vassilev I, Rogers A, Jameson K, Cooper C, et al. Findings from an exploration of a social network
intervention to promote diet quality and health behaviours in older adults with COPD: a feasibility study. Pilot Feasibility
Stud. Feb 06, 2020;6(1):15. [FREE Full text] [doi: 10.1186/s40814-020-0553-z] [Medline: 32042439]

39. Campbell MK, Carr C, Devellis B, Switzer B, Biddle A, Amamoo MA, et al. A randomized trial of tailoring and motivational
interviewing to promote fruit and vegetable consumption for cancer prevention and control. Ann Behav Med. Oct
2009;38(2):71-85. [FREE Full text] [doi: 10.1007/s12160-009-9140-5] [Medline: 20012809]

40. Chow CK, Redfern J, Hillis GS, Thakkar J, Santo K, Hackett ML, et al. Effect of lifestyle-focused text messaging on risk
factor modification in patients with coronary heart disease: a randomized clinical trial. JAMA. 2015;314(12):1255-1263.
[doi: 10.1001/jama.2015.10945] [Medline: 26393848]

41. Cicolini G, Simonetti V, Comparcini D, Celiberti I, Di Nicola M, Capasso LM, et al. Efficacy of a nurse-led email reminder
program for cardiovascular prevention risk reduction in hypertensive patients: a randomized controlled trial. Int J Nurs
Stud. Jun 2014;51(6):833-843. [doi: 10.1016/j.ijnurstu.2013.10.010] [Medline: 24225325]

J Med Internet Res 2024 | vol. 26 | e58174 | p. 20https://www.jmir.org/2024/1/e58174
(page number not for citation purposes)

Shi et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

https://www.jmir.org/2017/9/e306/
http://dx.doi.org/10.2196/jmir.6588
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28916506&dopt=Abstract
https://europepmc.org/abstract/MED/17888860
http://dx.doi.org/10.1016/j.amepre.2007.05.007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17888860&dopt=Abstract
http://dx.doi.org/10.1016/j.ypmed.2017.01.009
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28130046&dopt=Abstract
http://dx.doi.org/10.1016/s2589-7500(19)30088-3
https://europepmc.org/abstract/MED/32599060
http://dx.doi.org/10.1016/j.apmr.2020.06.004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32599060&dopt=Abstract
https://eurapa.biomedcentral.com/articles/10.1186/s11556-020-00239-5
http://dx.doi.org/10.1186/s11556-020-00239-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32336996&dopt=Abstract
https://dx.plos.org/10.1371/journal.pmed.1001917
http://dx.doi.org/10.1371/journal.pmed.1001917
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26645683&dopt=Abstract
http://dx.doi.org/10.1016/j.ypmed.2012.06.017
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22735042&dopt=Abstract
https://www.acpjournals.org/doi/abs/10.7326/0003-4819-151-4-200908180-00135?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.7326/0003-4819-151-4-200908180-00135
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19622511&dopt=Abstract
https://core.ac.uk/reader/146465471?utm_source=linkout
http://dx.doi.org/10.1111/epi.13989
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29313968&dopt=Abstract
https://europepmc.org/abstract/MED/18436948
http://dx.doi.org/10.1136/bmj.39489.470347.AD
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18436948&dopt=Abstract
https://www.jmir.org/2019/10/e13674/
https://www.jmir.org/2019/10/e13674/
http://dx.doi.org/10.2196/13674
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31621640&dopt=Abstract
http://dx.doi.org/10.1177/17474930241245612
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38533606&dopt=Abstract
https://mhealth.jmir.org/2021/9/e29928/
http://dx.doi.org/10.2196/29928
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34559058&dopt=Abstract
https://www.jmir.org/2014/2/e54/
http://dx.doi.org/10.2196/jmir.3020
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24566820&dopt=Abstract
https://pilotfeasibilitystudies.biomedcentral.com/articles/10.1186/s40814-020-0553-z
http://dx.doi.org/10.1186/s40814-020-0553-z
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32042439&dopt=Abstract
https://europepmc.org/abstract/MED/20012809
http://dx.doi.org/10.1007/s12160-009-9140-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20012809&dopt=Abstract
http://dx.doi.org/10.1001/jama.2015.10945
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26393848&dopt=Abstract
http://dx.doi.org/10.1016/j.ijnurstu.2013.10.010
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24225325&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


42. Djuric Z, Ellsworth JS, Weldon AL, Ren J, Richardson CR, Resnicow K, et al. A diet and exercise intervention during
chemotherapy for breast cancer. Open Obes J. Jun 02, 2011;3(1):87-97. [FREE Full text] [doi:
10.2174/1876823701103010087] [Medline: 22238561]

43. Gallagher R, Chow CK, Parker H, Neubeck L, Celermajer DS, Redfern J, et al. The effect of a game-based mobile app
'MyHeartMate' to promote lifestyle change in coronary disease patients: a randomized controlled trial. Eur Heart J Digit
Health. Jan 2023;4(1):33-42. [FREE Full text] [doi: 10.1093/ehjdh/ztac069] [Medline: 36743873]

44. Glasgow RE, Kurz D, King D, Dickman JM, Faber AJ, Halterman E, et al. Twelve-month outcomes of an internet-based
diabetes self-management support program. Patient Educ Couns. Apr 2012;87(1):81-92. [FREE Full text] [doi:
10.1016/j.pec.2011.07.024] [Medline: 21924576]

45. Golshahi J, Ahmadzadeh H, Sadeghi M, Mohammadifard N, Pourmoghaddas A. Effect of self-care education on lifestyle
modification, medication adherence and blood pressure in hypertensive adults: randomized controlled clinical trial. Adv
Biomed Res. 2015;4(1):204. [FREE Full text] [doi: 10.4103/2277-9175.166140] [Medline: 26601092]

46. Grey EB, Thompson D, Gillison FB. Effects of a web-based, evolutionary mismatch-framed intervention targeting physical
activity and diet: a randomised controlled trial. Int J Behav Med. Dec 25, 2019;26(6):645-657. [FREE Full text] [doi:
10.1007/s12529-019-09821-3] [Medline: 31654276]

47. Harrigan M, Cartmel B, Loftfield E, Sanft T, Chagpar AB, Zhou Y, et al. Randomized trial comparing telephone versus
in-person weight loss counseling on body composition and circulating biomarkers in women treated for breast cancer: the
lifestyle, exercise, and nutrition (LEAN) study. J Clin Oncol. Mar 01, 2016;34(7):669-676. [FREE Full text] [doi:
10.1200/JCO.2015.61.6375] [Medline: 26598750]

48. Hawkes AL, Chambers SK, Pakenham KI, Patrao TA, Baade PD, Lynch BM, et al. Effects of a telephone-delivered multiple
health behavior change intervention (CanChange) on health and behavioral outcomes in survivors of colorectal cancer: a
randomized controlled trial. J Clin Oncol. Jun 20, 2013;31(18):2313-2321. [doi: 10.1200/JCO.2012.45.5873] [Medline:
23690410]

49. Jane M, Hagger M, Foster J, Ho S, Kane R, Pal S. Effects of a weight management program delivered by social media on
weight and metabolic syndrome risk factors in overweight and obese adults: a randomised controlled trial. PLoS One.
2017;12(6):e0178326. [FREE Full text] [doi: 10.1371/journal.pone.0178326] [Medline: 28575048]

50. Jennings CA, Vandelanotte C, Caperchione CM, Mummery WK. Effectiveness of a web-based physical activity intervention
for adults with type 2 diabetes-a randomised controlled trial. Prev Med. Mar 2014;60:33-40. [doi:
10.1016/j.ypmed.2013.12.011] [Medline: 24345601]

51. Johnston N, Bodegard J, Jerström S, Åkesson J, Brorsson H, Alfredsson J, et al. Effects of interactive patient smartphone
support app on drug adherence and lifestyle changes in myocardial infarction patients: a randomized study. Am Heart J.
Aug 2016;178:85-94. [FREE Full text] [doi: 10.1016/j.ahj.2016.05.005] [Medline: 27502855]

52. Kanera IM, Willems RA, Bolman CA, Mesters I, Verboon P, Lechner L. Long-term effects of a web-based cancer aftercare
intervention on moderate physical activity and vegetable consumption among early cancer survivors: a randomized controlled
trial. Int J Behav Nutr Phys Act. Feb 10, 2017;14(1):19. [FREE Full text] [doi: 10.1186/s12966-017-0474-2] [Medline:
28187725]

53. Krebs P, Shtaynberger J, McCabe M, Iocolano M, Williams K, Shuk E, et al. An eHealth intervention to increase physical
activity and healthy eating in older adult cancer survivors: summative evaluation results. JMIR Cancer. Mar 01, 2017;3(1):e4.
[FREE Full text] [doi: 10.2196/cancer.6435] [Medline: 28410171]

54. Lara J, O'Brien N, Godfrey A, Heaven B, Evans EH, Lloyd S, et al. Pilot randomised controlled trial of a web-based
intervention to promote healthy eating, physical activity and meaningful social connections compared with usual care
control in people of retirement age recruited from workplaces. PLoS One. Jul 29, 2016;11(7):e0159703. [FREE Full text]
[doi: 10.1371/journal.pone.0159703] [Medline: 27472560]

55. Li J, Szanton SL, McPhillips MV, Lukkahatai N, Pien GW, Chen KC, et al. An mHealth-facilitated personalized intervention
for physical activity and sleep in community-dwelling older adults. J Aging Phys Act. Apr 01, 2022;30(2):261-270. [doi:
10.1123/japa.2020-0463] [Medline: 34489366]

56. Liu S, Brooks D, Thomas SG, Eysenbach G, Nolan RP. Effectiveness of user- and expert-driven web-based hypertension
programs: an RCT. Am J Prev Med. Apr 2018;54(4):576-583. [doi: 10.1016/j.amepre.2018.01.009] [Medline: 29456025]

57. Morey MC, Snyder DC, Sloane R, Cohen HJ, Peterson B, Hartman TJ, et al. Effects of home-based diet and exercise on
functional outcomes among older, overweight long-term cancer survivors: RENEW: a randomized controlled trial. JAMA.
May 13, 2009;301(18):1883-1891. [FREE Full text] [doi: 10.1001/jama.2009.643] [Medline: 19436015]

58. Müller AM, Khoo S, Morris T. Text messaging for exercise promotion in older adults from an upper-middle-income country:
randomized controlled trial. J Med Internet Res. Jan 07, 2016;18(1):e5. [FREE Full text] [doi: 10.2196/jmir.5235] [Medline:
26742999]

59. Pischke CR, Voelcker-Rehage C, Ratz T, Peters M, Buck C, Meyer J, et al. Web-based versus print-based physical activity
intervention for community-dwelling older adults: crossover randomized trial. JMIR Mhealth Uhealth. Mar 23,
2022;10(3):e32212. [FREE Full text] [doi: 10.2196/32212] [Medline: 35319484]

60. Poppe L, de Bourdeaudhuij I, Verloigne M, Shadid S, van Cauwenberg J, Compernolle S, et al. Efficacy of a
self-regulation-based electronic and mobile health intervention targeting an active lifestyle in adults having type 2 diabetes

J Med Internet Res 2024 | vol. 26 | e58174 | p. 21https://www.jmir.org/2024/1/e58174
(page number not for citation purposes)

Shi et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

https://europepmc.org/abstract/MED/22238561
http://dx.doi.org/10.2174/1876823701103010087
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22238561&dopt=Abstract
https://europepmc.org/abstract/MED/36743873
http://dx.doi.org/10.1093/ehjdh/ztac069
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36743873&dopt=Abstract
https://europepmc.org/abstract/MED/21924576
http://dx.doi.org/10.1016/j.pec.2011.07.024
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21924576&dopt=Abstract
http://www.advbiores.net/article.asp?issn=2277-9175;year=2015;volume=4;issue=1;spage=204;epage=204;aulast=Golshahi
http://dx.doi.org/10.4103/2277-9175.166140
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26601092&dopt=Abstract
https://europepmc.org/abstract/MED/31654276
http://dx.doi.org/10.1007/s12529-019-09821-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31654276&dopt=Abstract
https://europepmc.org/abstract/MED/26598750
http://dx.doi.org/10.1200/JCO.2015.61.6375
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26598750&dopt=Abstract
http://dx.doi.org/10.1200/JCO.2012.45.5873
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23690410&dopt=Abstract
https://dx.plos.org/10.1371/journal.pone.0178326
http://dx.doi.org/10.1371/journal.pone.0178326
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28575048&dopt=Abstract
http://dx.doi.org/10.1016/j.ypmed.2013.12.011
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24345601&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0002-8703(16)30062-X
http://dx.doi.org/10.1016/j.ahj.2016.05.005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27502855&dopt=Abstract
https://ijbnpa.biomedcentral.com/articles/10.1186/s12966-017-0474-2
http://dx.doi.org/10.1186/s12966-017-0474-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28187725&dopt=Abstract
https://cancer.jmir.org/2017/1/e4/
http://dx.doi.org/10.2196/cancer.6435
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28410171&dopt=Abstract
https://dx.plos.org/10.1371/journal.pone.0159703
http://dx.doi.org/10.1371/journal.pone.0159703
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27472560&dopt=Abstract
http://dx.doi.org/10.1123/japa.2020-0463
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34489366&dopt=Abstract
http://dx.doi.org/10.1016/j.amepre.2018.01.009
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29456025&dopt=Abstract
https://europepmc.org/abstract/MED/19436015
http://dx.doi.org/10.1001/jama.2009.643
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19436015&dopt=Abstract
https://www.jmir.org/2016/1/e5/
http://dx.doi.org/10.2196/jmir.5235
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26742999&dopt=Abstract
https://mhealth.jmir.org/2022/3/e32212/
http://dx.doi.org/10.2196/32212
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35319484&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


and in adults aged 50 years or older: two randomized controlled trials. J Med Internet Res. Aug 02, 2019;21(8):e13363.
[FREE Full text] [doi: 10.2196/13363] [Medline: 31376274]

61. Prabhakaran D, Jha D, Prieto-Merino D, Roy A, Singh K, Ajay VS, et al. Effectiveness of an mHealth-based electronic
decision support system for integrated management of chronic conditions in primary care: the mWellcare cluster-randomized
controlled trial. Circulation. Jan 15, 2019;139(3):380-391. [FREE Full text] [doi: 10.1161/CIRCULATIONAHA.118.038192]
[Medline: 30586732]

62. Sakane N, Suganuma A, Domichi M, Sukino S, Abe K, Fujisaki A, et al. The effect of a mHealth app (KENPO-app) for
specific health guidance on weight changes in adults with obesity and hypertension: pilot randomized controlled trial. JMIR
Mhealth Uhealth. Apr 12, 2023;11:e43236. [FREE Full text] [doi: 10.2196/43236] [Medline: 37043287]

63. Swoboda CM, Miller CK, Wills CE. Setting single or multiple goals for diet and physical activity behaviors improves
cardiovascular disease risk factors in adults with type 2 diabetes: a pragmatic pilot randomized trial. Diabetes Educ. Aug
18, 2016;42(4):429-443. [doi: 10.1177/0145721716650043] [Medline: 27194048]

64. Taylor A, Taylor RS, Ingram W, Dean SG, Jolly K, Mutrie N, et al. Randomised controlled trial of an augmented exercise
referral scheme using web-based behavioural support for inactive adults with chronic health conditions: the e-coachER
trial. Br J Sports Med. Apr 2021;55(8):444-450. [FREE Full text] [doi: 10.1136/bjsports-2020-103121] [Medline: 33247001]

65. Wang X, Liu D, Du M, Hao R, Zheng H, Yan C. The role of text messaging intervention in inner Mongolia among patients
with type 2 diabetes mellitus: a randomized controlled trial. BMC Med Inform Decis Mak. May 14, 2020;20(1):90. [FREE
Full text] [doi: 10.1186/s12911-020-01129-7] [Medline: 32410608]

66. Watson S, Woodside JV, Ware LJ, Hunter SJ, McGrath A, Cardwell CR, et al. Effect of a web-based behavior change
program on weight loss and cardiovascular risk factors in overweight and obese adults at high risk of developing
cardiovascular disease: randomized controlled trial. J Med Internet Res. Jul 16, 2015;17(7):e177. [FREE Full text] [doi:
10.2196/jmir.3828] [Medline: 26183659]

67. Zheng X, Spatz ES, Bai X, Huo X, Ding Q, Horak P, et al. Effect of text messaging on risk factor management in patients
with coronary heart disease: the CHAT randomized clinical trial. Circ Cardiovasc Qual Outcomes. Apr 2019;12(4):e005616.
[doi: 10.1161/CIRCOUTCOMES.119.005616] [Medline: 30998400]

68. Tzelepis F, Mitchell A, Wilson L, Byrnes E, Haschek A, Leigh L, et al. The long-term effectiveness of internet-based
interventions on multiple health risk behaviors: systematic review and robust variance estimation meta-analysis. J Med
Internet Res. Dec 21, 2021;23(12):e23513. [FREE Full text] [doi: 10.2196/23513] [Medline: 34931990]

69. D'Amore C, Reid JC, Chan M, Fan S, Huang A, Louie J, et al. Interventions including smart technology compared with
face-to-face physical activity interventions in older adults: systematic review and meta-analysis. J Med Internet Res. Oct
31, 2022;24(10):e36134. [FREE Full text] [doi: 10.2196/36134] [Medline: 36315229]

70. Romeo A, Edney S, Plotnikoff R, Curtis R, Ryan J, Sanders I, et al. Can smartphone apps increase physical activity?
systematic review and meta-analysis. J Med Internet Res. Mar 19, 2019;21(3):e12053. [FREE Full text] [doi: 10.2196/12053]
[Medline: 30888321]

71. Schoeppe S, Alley S, van Lippevelde W, Bray NA, Williams SL, Duncan MJ, et al. Efficacy of interventions that use apps
to improve diet, physical activity and sedentary behaviour: a systematic review. Int J Behav Nutr Phys Act. Dec 07,
2016;13(1):127. [FREE Full text] [doi: 10.1186/s12966-016-0454-y] [Medline: 27927218]

72. Hagstromer M, Ainsworth BE, Oja P, Sjostrom M. Comparison of a subjective and an objective measure of physical activity
in a population sample. J Phys Act Health. Jul 2010;7(4):541-550. [doi: 10.1123/jpah.7.4.541] [Medline: 20683097]

73. Nahm ES, Resnick B, Brown C, Zhu S, Magaziner J, Bellantoni M, et al. The effects of an online theory-based bone health
program for older adults. J Appl Gerontol. Sep 16, 2017;36(9):1117-1144. [FREE Full text] [doi: 10.1177/0733464815617284]
[Medline: 26675352]

74. Barnett A, van den Hoek D, Barnett D, Cerin E. Measuring moderate-intensity walking in older adults using the ActiGraph
accelerometer. BMC Geriatr. Dec 08, 2016;16(1):211. [FREE Full text] [doi: 10.1186/s12877-016-0380-5] [Medline:
27931188]

75. Bauman A, Bull F, Chey T, Craig CL, Ainsworth BE, Sallis JF, et al. The international prevalence study on physical activity:
results from 20 countries. Int J Behav Nutr Phys Act. Mar 31, 2009;6:21. [FREE Full text] [doi: 10.1186/1479-5868-6-21]
[Medline: 19335883]

76. Amireault S, Fong AJ, Sabiston CM. Promoting healthy eating and physical activity behaviors: a systematic review of
multiple health behavior change interventions among cancer survivors. Am J Lifestyle Med. 2018;12(3):184-199. [FREE
Full text] [doi: 10.1177/1559827616661490] [Medline: 30202391]

77. Ochsner S, Scholz U, Hornung R. Testing phase-specific self-efficacy beliefs in the context of dietary behaviour change.
Appl Psychol Health Well Being. Mar 17, 2013;5(1):99-117. [doi: 10.1111/j.1758-0854.2012.01079.x] [Medline: 23457086]

78. Belogianni K, Baldwin C. Types of interventions targeting dietary, physical activity, and weight-related outcomes among
university students: a systematic review of systematic reviews. Adv Nutr. Sep 01, 2019;10(5):848-863. [FREE Full text]
[doi: 10.1093/advances/nmz027] [Medline: 31181143]

79. MacArthur G, Caldwell DM, Redmore J, Watkins SH, Kipping R, White J, et al. Individual-, family-, and school-level
interventions targeting multiple risk behaviours in young people. Cochrane Database Syst Rev. Oct 05,
2018;10(10):CD009927. [FREE Full text] [doi: 10.1002/14651858.CD009927.pub2] [Medline: 30288738]

J Med Internet Res 2024 | vol. 26 | e58174 | p. 22https://www.jmir.org/2024/1/e58174
(page number not for citation purposes)

Shi et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

https://www.jmir.org/2019/8/e13363/
http://dx.doi.org/10.2196/13363
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31376274&dopt=Abstract
https://www.ahajournals.org/doi/abs/10.1161/CIRCULATIONAHA.118.038192?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.1161/CIRCULATIONAHA.118.038192
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30586732&dopt=Abstract
https://mhealth.jmir.org/2023//e43236/
http://dx.doi.org/10.2196/43236
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37043287&dopt=Abstract
http://dx.doi.org/10.1177/0145721716650043
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27194048&dopt=Abstract
http://bjsm.bmj.com/lookup/pmidlookup?view=long&pmid=33247001
http://dx.doi.org/10.1136/bjsports-2020-103121
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33247001&dopt=Abstract
https://bmcmedinformdecismak.biomedcentral.com/articles/10.1186/s12911-020-01129-7
https://bmcmedinformdecismak.biomedcentral.com/articles/10.1186/s12911-020-01129-7
http://dx.doi.org/10.1186/s12911-020-01129-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32410608&dopt=Abstract
https://www.jmir.org/2015/7/e177/
http://dx.doi.org/10.2196/jmir.3828
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26183659&dopt=Abstract
http://dx.doi.org/10.1161/CIRCOUTCOMES.119.005616
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30998400&dopt=Abstract
https://www.jmir.org/2021/12/e23513/
http://dx.doi.org/10.2196/23513
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34931990&dopt=Abstract
https://www.jmir.org/2022/10/e36134/
http://dx.doi.org/10.2196/36134
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36315229&dopt=Abstract
https://www.jmir.org/2019/3/e12053/
http://dx.doi.org/10.2196/12053
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30888321&dopt=Abstract
https://ijbnpa.biomedcentral.com/articles/10.1186/s12966-016-0454-y
http://dx.doi.org/10.1186/s12966-016-0454-y
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27927218&dopt=Abstract
http://dx.doi.org/10.1123/jpah.7.4.541
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20683097&dopt=Abstract
https://europepmc.org/abstract/MED/26675352
http://dx.doi.org/10.1177/0733464815617284
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26675352&dopt=Abstract
https://bmcgeriatr.biomedcentral.com/articles/10.1186/s12877-016-0380-5
http://dx.doi.org/10.1186/s12877-016-0380-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27931188&dopt=Abstract
https://ijbnpa.biomedcentral.com/articles/10.1186/1479-5868-6-21
http://dx.doi.org/10.1186/1479-5868-6-21
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19335883&dopt=Abstract
https://europepmc.org/abstract/MED/30202391
https://europepmc.org/abstract/MED/30202391
http://dx.doi.org/10.1177/1559827616661490
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30202391&dopt=Abstract
http://dx.doi.org/10.1111/j.1758-0854.2012.01079.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23457086&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S2161-8313(22)00428-8
http://dx.doi.org/10.1093/advances/nmz027
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31181143&dopt=Abstract
https://europepmc.org/abstract/MED/30288738
http://dx.doi.org/10.1002/14651858.CD009927.pub2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30288738&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


80. Holland RW, Aarts H, Langendam D. Breaking and creating habits on the working floor: a field-experiment on the power
of implementation intentions. J Exp Soc Psychol. Nov 2006;42(6):776-783. [doi: 10.1016/j.jesp.2005.11.006]

81. Guo YQ, Chen Y, Dabbs AD, Wu Y. The effectiveness of smartphone app-based interventions for assisting smoking
cessation: systematic review and meta-analysis. J Med Internet Res. Apr 20, 2023;25:e43242. [FREE Full text] [doi:
10.2196/43242] [Medline: 37079352]

82. Etter JF, Khazaal Y. The Stop-tabac smartphone application for smoking cessation: a randomized controlled trial. Addiction.
May 19, 2022;117(5):1406-1415. [FREE Full text] [doi: 10.1111/add.15738] [Medline: 34738687]

83. Houston TK, Chen J, Amante DJ, Blok AC, Nagawa CS, Wijesundara JG, et al. Effect of technology-assisted brief abstinence
game on long-term smoking cessation in individuals not yet ready to quit: a randomized clinical trial. JAMA Intern Med.
Mar 01, 2022;182(3):303-312. [FREE Full text] [doi: 10.1001/jamainternmed.2021.7866] [Medline: 35072714]

84. Cadigan JM, Haeny AM, Martens MP, Weaver CC, Takamatsu SK, Arterberry BJ. Personalized drinking feedback: a
meta-analysis of in-person versus computer-delivered interventions. J Consult Clin Psychol. Apr 2015;83(2):430-437.
[FREE Full text] [doi: 10.1037/a0038394] [Medline: 25486373]

85. Kant R, Yadav P, Bairwa M. Effectiveness of the internet-based versus face-to-face interaction on reduction of tobacco
use among adults: a meta-analysis. Cureus. Nov 2021;13(11):e19380. [FREE Full text] [doi: 10.7759/cureus.19380]
[Medline: 34925983]

86. Scott-Sheldon LA, Lantini R, Jennings EG, Thind H, Rosen RK, Salmoirago-Blotcher E, et al. Text messaging-based
interventions for smoking cessation: a systematic review and meta-analysis. JMIR Mhealth Uhealth. May 20, 2016;4(2):e49.
[FREE Full text] [doi: 10.2196/mhealth.5436] [Medline: 27207211]

87. Yerrakalva D, Yerrakalva D, Hajna S, Griffin S. Effects of mobile health app interventions on sedentary time, physical
activity, and fitness in older adults: systematic review and meta-analysis. J Med Internet Res. Nov 28, 2019;21(11):e14343.
[FREE Full text] [doi: 10.2196/14343] [Medline: 31778121]

88. Gardner B, Lally P, Wardle J. Making health habitual: the psychology of 'habit-formation' and general practice. Br J Gen
Pract. Dec 2012;62(605):664-666. [FREE Full text] [doi: 10.3399/bjgp12X659466] [Medline: 23211256]

89. Matson TE, Anderson ML, Renz AD, Greenwood-Hickman MA, McClure JB, Rosenberg DE. Changes in self-reported
health and psychosocial outcomes in older adults enrolled in sedentary behavior intervention study. Am J Health Promot.
Sep 2019;33(7):1053-1057. [doi: 10.1177/0890117119841405] [Medline: 30957508]

90. Greaves CJ, Sheppard KE, Abraham C, Hardeman W, Roden M, Evans PH, et al. Systematic review of reviews of intervention
components associated with increased effectiveness in dietary and physical activity interventions. BMC Public Health. Feb
18, 2011;11:119. [FREE Full text] [doi: 10.1186/1471-2458-11-119] [Medline: 21333011]

91. Svensson T, Saito E, Svensson AK, Melander O, Orho-Melander M, Mimura M, et al. Association of sleep duration with
all- and major-cause mortality among adults in Japan, China, Singapore, and Korea. JAMA Netw Open. Sep 01,
2021;4(9):e2122837. [FREE Full text] [doi: 10.1001/jamanetworkopen.2021.22837] [Medline: 34477853]

92. Tobaldini E, Fiorelli EM, Solbiati M, Costantino G, Nobili L, Montano N. Short sleep duration and cardiometabolic risk:
from pathophysiology to clinical evidence. Nat Rev Cardiol. Apr 8, 2019;16(4):213-224. [doi: 10.1038/s41569-018-0109-6]
[Medline: 30410106]

93. Howarth A, Quesada J, Silva J, Judycki S, Mills PR. The impact of digital health interventions on health-related outcomes
in the workplace: a systematic review. Digit Health. 2018;4:2055207618770861. [FREE Full text] [doi:
10.1177/2055207618770861] [Medline: 29942631]

94. Vanderlinden J, Boen F, van Uffelen JG. Effects of physical activity programs on sleep outcomes in older adults: a systematic
review. Int J Behav Nutr Phys Act. Feb 05, 2020;17(1):11. [FREE Full text] [doi: 10.1186/s12966-020-0913-3] [Medline:
32024532]

95. Lang C, Kalak N, Brand S, Holsboer-Trachsler E, Pühse U, Gerber M. The relationship between physical activity and sleep
from mid adolescence to early adulthood. a systematic review of methodological approaches and meta-analysis. Sleep Med
Rev. Aug 2016;28:32-45. [doi: 10.1016/j.smrv.2015.07.004] [Medline: 26447947]

96. Safe use of sleep aids. National Sleep Foundation. 2019. URL: https://www.sleepfoundation.org/sleep-aids [accessed
2024-04-29]

97. Rodriguez JC, Dzierzewski JM, Alessi CA. Sleep problems in the elderly. Med Clin North Am. Mar 2015;99(2):431-439.
[FREE Full text] [doi: 10.1016/j.mcna.2014.11.013] [Medline: 25700593]

Abbreviations
GRADE: Grading of Recommendations Assessment, Development, and Evaluation
MHBC: multiple health behavior change
MVPA: moderate to vigorous physical activity
OR: odds ratio
PA: physical activity
PICOS: Population, Intervention, Comparison, Outcomes, and Study Design
PRISMA: Preferred Reporting Items for Systematic Reviews and Meta-Analyses

J Med Internet Res 2024 | vol. 26 | e58174 | p. 23https://www.jmir.org/2024/1/e58174
(page number not for citation purposes)

Shi et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://dx.doi.org/10.1016/j.jesp.2005.11.006
https://www.jmir.org/2023//e43242/
http://dx.doi.org/10.2196/43242
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37079352&dopt=Abstract
https://europepmc.org/abstract/MED/34738687
http://dx.doi.org/10.1111/add.15738
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34738687&dopt=Abstract
https://europepmc.org/abstract/MED/35072714
http://dx.doi.org/10.1001/jamainternmed.2021.7866
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35072714&dopt=Abstract
https://europepmc.org/abstract/MED/25486373
http://dx.doi.org/10.1037/a0038394
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25486373&dopt=Abstract
https://europepmc.org/abstract/MED/34925983
http://dx.doi.org/10.7759/cureus.19380
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34925983&dopt=Abstract
https://mhealth.jmir.org/2016/2/e49/
http://dx.doi.org/10.2196/mhealth.5436
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27207211&dopt=Abstract
https://www.jmir.org/2019/11/e14343/
http://dx.doi.org/10.2196/14343
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31778121&dopt=Abstract
https://bjgp.org/lookup/pmidlookup?view=long&pmid=23211256
http://dx.doi.org/10.3399/bjgp12X659466
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23211256&dopt=Abstract
http://dx.doi.org/10.1177/0890117119841405
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30957508&dopt=Abstract
https://bmcpublichealth.biomedcentral.com/articles/10.1186/1471-2458-11-119
http://dx.doi.org/10.1186/1471-2458-11-119
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21333011&dopt=Abstract
https://europepmc.org/abstract/MED/34477853
http://dx.doi.org/10.1001/jamanetworkopen.2021.22837
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34477853&dopt=Abstract
http://dx.doi.org/10.1038/s41569-018-0109-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30410106&dopt=Abstract
https://journals.sagepub.com/doi/10.1177/2055207618770861?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.1177/2055207618770861
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29942631&dopt=Abstract
https://ijbnpa.biomedcentral.com/articles/10.1186/s12966-020-0913-3
http://dx.doi.org/10.1186/s12966-020-0913-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32024532&dopt=Abstract
http://dx.doi.org/10.1016/j.smrv.2015.07.004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26447947&dopt=Abstract
https://www.sleepfoundation.org/sleep-aids
https://europepmc.org/abstract/MED/25700593
http://dx.doi.org/10.1016/j.mcna.2014.11.013
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25700593&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/
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SB: sedentary behavior
SHBC: single health behavior change
SMD: standardized mean difference
TPA: total physical activity
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