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Abstract

Background: Digital interventions hold significant potential for improving physical activity (PA) and reducing sedentary
behavior (SB) in adults. Despite increasing interest, there remain surprising gapsin the current knowledge of how best to deliver
these interventions, including incorporating appropriate theoretical frameworks and behavior change techniques. Following
numerous systematic reviews, there is now significant potential for umbrella reviews to provide an overview of the current
evidence.

Objective:  This umbrella review aimed to explore digital PA and SB interventions for community-living adults across
effectiveness, key components, and methodological quality.

Methods: Thisreview followed the Joanna Briggs I nstitute framework for umbrellareviews. Key search terms were devel oped
iteratively, incorporating physical and sedentary activity alongside digital interventions. We searched 7 online databases (Web
of Science Core Collection, CINAHL, APA PsycINFO, Inspec, the Cochrane Library, MEDLINE [Ovid], and PROSPERO)
alongside gray literature databases. | nformation was extracted and tabul ated from each included article on intervention effectiveness,
key components, and content acknowledging both the digital and human elements. The study quality was appraised using A
Measurement Tool to Assess systematic Reviews 2 (AMSTAR 2). The corrected covered area method was used to assess the
overlap of primary studiesincluded in the systematic reviews. All relevant research findings were extracted and reported.

Results. Search terms identified 330 articles, of which 5 (1.5%) met the inclusion criteria. The most common PA outcomes
identified were daily steps, moderate-to-vigorous PA, total PA, and PA change. Reviews with meta-analysis reported that digital
interventions improved multiple PA outcomes (daily steps, moderate-to-vigorous PA time, and total PA time). However, findings
from the remaining systematic reviews were mixed. Similarly, the findings for SB were contrasting. Regarding intervention
components, monitor- and sensor-only intervention delivery methods were most frequently implemented. Eleven theoretical
frameworks were identified, with social cognitive theory being the most prominent theory. In total, 28 different behavior change
techniques were reported, with goal setting, self-monitoring, feedback, and social support being the most frequently used. All 5
systematic reviewswere of low or critically low quality, each incorporating unique primary studies (corrected covered area=0%).

Conclusions:  This umbrella review highlights the potential of digital interventions to increase PA and reduce SB among
community-living adults. However, the disparate nature of current academic knowledge means potentially efficacious research
may not realistically translate to real work impact. Our review identified alack of consensus around outcomes and components
at both individual (eg, difficult to collate and compare findings) and multiple study (poor reported quality of systematic reviews)
levels. Collective, concerted action is required to standardize outcomes and improve systematic review reporting to optimize
future learning around digital interventions to increase PA and reduce SB in community-living adults, including traditionally
overlooked populations, like informal carers.
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Introduction

Background

Physical activity (PA) is defined as “any body movement
generated by the contraction of the skeletal muscles that raises
energy expenditure above resting metabolic rate and is
characterized by its modality, frequency, intensity, duration,
and context of practice” [1]. Engagingin regular PA can reduce
therisk of cardiovascular disease, type 2 diabetes, cancer, weight
gain and obesity, and Alzheimer disease and significantly
improve mental health and quality of life [2-4]. Alongside these
individual health benefits, PA aso provides benefits for
societies, environments, and economies[5]. Sedentary behavior
(SB) is described as “any waking behaviors characterized by
an energy expenditure <1.5 metabolic equivalents while in a
sitting, reclining, or lying position” [1]. Prolonged SB has been
found toincrease all-cause mortality and is also associated with
poor disease outcomes, such as increased risk of developing
cardiovascular disease, diabetes mellitus, hypertension, and
certain types of cancer [6-8].

Despite the well-documented evidence for improving PA levels
and reducing SB, many adultsdo not engagein sufficient levels
of activity and have high levels of SB. Data from the Lancet
assessing global trends in insufficient PA among adults from
2000 to 2022 using popul ation-based surveys found that nearly
one-third (31.3%) of the adults worldwide were not meeting
the World Hedth Organization recommendations for
moderate-to-vigorous aerobic activity in 2022 [9]. Findings
from this work also suggest that if trends from 2010 to 2022
continue, the global prevalence of insufficient PA will reach
34.7% by 2030. Therefore, there is a need for effective
interventions to increase PA levels and reduce SB.

Digital health interventions (DHIs) can be used to promote PA
and reduce SB. World Health Organization describes digital
health as the use of digital, mobile, and wireless technologies
to aid the achievement of health-related objectives and includes
both mobile health and eHedlth [10]. DHIs can include
smartphone apps, wearable activity trackers, online platforms,
and web-based interventions. A favorable feature of DHIs is
their ability to be scaled for large populations while also being
ableto betailored for specific populations[10]. The use of DHIs
has also been recommended by the global action plan on PA
2018 to 2030 to promote and support participation in PA due
to their success and benefits of use [11].

AsPA isdescribed to beacomplex behavior [12,13], it requires
more time and commitment to change habits than other health
behaviors. It has been recommended that PA and SB
interventions beinformed by theoretical frameworksandinclude
appropriate behavior change techniques (BCTs) as they can be
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important for increasing effectiveness and adherence toward
the behaviors[14,15]. Despite such previouswork, thereislittle
consensus asto what the best theoretical frameworksand BCTs
for changing PA and SB are. For example, research suggests
that combined PA and dietary interventions based on specific
theories, such as cognitive theory and theory of planned
behavior, are no more effective in achieving changes to PA
outcomesthan interventionswith no stated theoretical grounding
[16]. However, meta-regression of this work and an additional
study [17] suggest that the use of a cluster of “ self-regulatory”
intervention techniques had a positive relationship with
increasing PA, alongside additional outcomes, such as weight
loss and dietary changes. Similarly, the available evidence to
support the use of BCTs to improve PA is contrasting, with
positive changes to PA behavior reported, but not all findings
were statistically significant. Therefore, digital interventions
with a theoretical grounding and BCTs could encourage
improvementsin PA and SB; however, more investigation into
these aspects of intervention is required.

Moreover, many groups in society face significant additional
barriersto PA either in an acute or chronic perspective, including
individuals who face mental and physical health conditions,
those facing higher levels of economic deprivation, and
individualsin later years of life. An emerging and sizable group
who arefacing systemic barriersto PA and reducing SB includes
informal carers. Informal carers could particularly benefit from
digital PA and SB interventions as Horne et a [18] found that
carers often prioritize the needs of those they carefor over their
own health, which could result in lower levels of PA and higher
levels of SB. Caring duties can also act as a barrier for where,
when, and how long they can participate in PA programs.
Allowing this group a digital intervention that considers their
own unigque circumstances, preferences, and barriers could
significantly improve adherence to higher PA levelsand reduce
SB. There islittle published evidence to understand the use of
thesedigital interventionsfor improving these behaviorswithin
this population. In contrast, there are numerous primary studies
and systematic reviews exploring the use of digital interventions
to improve PA and SB levels in adults. Although having
numerous systematic reviews on a certain topic can be
beneficial, it has been reported that too many findings on a
specific topic or research area can lead to replication issues by
amplifying biases, inconsistencies, and misinterpretationsfrom
the available literature [19]. To eliminate the issues caused by
multiple systematic reviews, umbrella reviews have been
recommended.

Umbrella reviews are used to summarize the evidence from
multiple research syntheses. This type of review provides an
overview of the available evidence on a chosen topic and can
be used to compare or contrast findings from published
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systematic reviews [20]. An umbrella review is particularly
beneficial for decision makers as it provides “user-friendly”
summaries of the available knowledge and literature without
the need to read and understand the findings of multiple
systematic reviews themselves [21]. Umbrella reviews
evaluating digital interventions currently do exist [22-24].
However, only afew specifically focus on groupswithin society
who face additional barriersto participating in PA.

This Study

The overall scope of this research is to support PA and reduce
SB ininformal carersviadigital devices. However, the lack of
published primary studies and systematic reviews exploring
digital PA and SB interventions for informal carers means that
this paper will focus on digital PA and SB interventions for the
community-living adult population, as there are numerous
published systematic reviewsin thistopic area. Wewill address,
in the Discussion section, the potential implications for the
caring population.

Theresearch questionsfor thisumbrellareview were asfollows:

Textbox 1. Inclusion criteria.

Russell et d

1. How effective are digital interventionsin changing PA and
SBsin community-living adults?

2. What components are included in digital PA and SB
interventions, including delivery methods (technologies
and human elements used) and content (theoretical
frameworks and behavior change strategies used)?

3. What is the methodological quality of the included
systematic reviews?

Methods

The methodology for this umbrella review was guided by the
Joanna Briggs I nstitute Manual for Evidence Synthesis[25]. A
protocol for this review was submitted to PROSPERO
(CRD42023450773).

Inclusion Criteria

The inclusion criteria were generated using the population,
intervention, context, outcomes, and study (PICOS) method.
The inclusion and exclusion criteria for this umbrella review
are shown in Textboxes 1 and 2.

Population

«  Community-living adults aged 218 years.

Interventions

« Digitd interventionsthat were designed to increase physical activity (PA) levels and reduce sedentary behavior (SB) in adultswho are physically

capable of living at home.

« Interventions could be multimodal in nature (eg, they could include adigital and in-person element) if thedigital element wasthe main component

of theintervention.

Context and outcomes

«  Themain outcomes of this review were the effectiveness of interventionsin changing PA and SB.

«  Thecomponents and content included in digital PA and SB interventions, including the technological and human components, behavior change
strategies, and theoretical frameworks, were aso the main outcomes of this review.

«  Theoverlap of included primary studies and the quality of the systematic reviews were secondary outcomes of this umbrellareview.

Study type

o  Systematic review.

Publication date

« Published in or after 2013.

Language

o English.
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Textbox 2. Exclusion criteria.
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Population

«  Children or young adults aged <18 years.

Adults who were not capable of living independently or not community living.

Interventions

« Digital interventions that were not designed to increase PA levels and reduce SB.

I nterventions where the digital element was not the main component of the intervention.

Digital interventions targeting multiple behaviors (eg, diet and PA).

Context and outcomes

«  Systematic reviews of digital PA and SB interventions that do not report on the included outcomes (eg, systematic reviews assessing the
effectiveness of PA and SB interventions on reducing blood glucose or mental health outcomes).

Study type

«  Primary studies or any other type of review.

Publication date
«  Published before 2013.

Language
«  Other than English.

Search Strategy

Searcheswere conducted in July 2023 in thefollowing 7 chosen
databases: Web of Science Core Collection, CINAHL, APA
PsycINFO, Inspec, Cochrane Library, MEDLINE (Ovid), and
PROSPERO. These databases were used asthey contain papers
from health, social care, psychology, and computing and
therefore encompass the topic area of thisumbrellareview. The
gray literature databases, such as arXiv, Core, OpenGrey, and
OpenDissertations were, also searched alongside the reference
list of included systematic reviews. The rationale for focusing
on systematic reviews from 2013 onward allowed the research
team to maximize the availahility of knowledge around digital
interventionsfor improving PA and SB. The publication period
up to 2013 marked the period when digital tools became more
commercial, sophisticated, and widespread. Before 2013, digital
interventions often relied on less accessible or less integrated
technology. However, from 2013 the advancement of sensors
and integration within digital interventions became more
mainstream and transformed the landscape of these
interventions. The inclusion criteria allowed this review to
capture technologies most relevant to the present day and the
future. In addition, by including systematic reviews from the
past 10 or more years, primary studies 10 years before 2013
were able to be captured.

With guidance from subject librarians, a comprehensive
keyword search strategy was created. Thesekeywordsin relation
to adults, digital, PA, SB, theoretica models, BCTs, and
systematic reviews were al initially searched individually to
help refine the search criteriaand formul ate amore concise and
comprehensive search strategy. The final search combined all
keywords to identify systematic reviews on digital PA and SB
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interventions for community-living adults that incorporated
elements of BCTs and theoretical frameworks (Multimedia
Appendix 1).

Study Selection

Resultsfrom the database and gray literature searches (excluding
Core) wereimported into the EndNote Onlinereference manager
(Clarivate). Duplicates were then removed in EndNote. Core
search results were unable to be exported into this system;
therefore, screening of these articles remained in the CORE
database.

After thisremoval process, the remaining articleswere exported
from EndNote to the Rayyan (Rayyan Systems, Inc) website
[26] for further screening. Title and abstract screening was
conducted in Rayyan independently by the main reviewer (ER)
and a second reviewer (WH). Title and abstract screening was
blinded to reviewers until the process had been completed to
lessen the potential for bias to occur. Full-text screening was
also conducted in Rayyan with a supplementary Microsoft Excel
document used by the main reviewer for tracking progress,
dividing the workload between additional reviewers, and for
additional comments and reasoning for inclusion or exclusion.
Full-text screening was conducted independently by the main
reviewer alongside the second reviewer (WH) and an additional
reviewer (MP). Thefull-text screening process was al so blinded.
Conflicts were resolved through discussion between the
reviewers.

Corrected Covered Area

The overlap of the primary studies included in the chosen
systematic reviews was also assessed. As systematic reviews
with similar research questions may include some of the same
studies within their reviews, it is important to measure the
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overlap of these studies as it can disguise a lack of current
research or give afalse impression of new evidence.

The corrected covered area (CCA) was calculated by creating
acitation matrix where primary publicationswerelistedin rows
and the included systematic reviews of the umbrella review
wererepresented in columns. The number of timesagiven study
was cited in the systematic reviews was then calculated using
the following formula[27]:
CCA=N-r/rc—r

where N is the total number of times primary publications
appeared in reviews (inclusive of double counting), r is the
number of unique primary publications, and ¢ isthe number of
systematic reviewsincluded in the umbrellareview. The degree
of overlap wasthen classified, where 0% to 5% was considered
“dight overlap,” 6% to 10% was considered “ moderate overlap,”
11% to 15% was considered “high overlap,” and >15% was
considered “very high overlap” [27].

Data Extraction

In order to answer research questions 1 and 2 of this umbrella
review, a Microsoft Excel spreadsheet for data extraction was
created using the Joanna Briggs Institute Manual for Evidence
Synthesis data extraction guidelines. Extracted information
included article and publication information (author, date, and
digital object identifier), study information (number of included
studies, date range, study design, location, and inclusion of
meta-analysis), popul ation demographics (sample size, age, and
sex), intervention details, measures of effectiveness, and
methodological quality rating. Data extraction was also quality
checked for agreement between members of the review team.

Information on changesin PA and SB was extracted to answer
the first research question. The most common PA outcomes
(daily step count, moderate-to-vigorous PA [MVPA] min, total
daily or weekly PA time, and PA change) and SB outcomes
(SB min or changein SB) were used to report the effectiveness
of these behaviors. To report on the componentsincluded within
digital PA and SB interventions, the extracted information
consisted of the following: whether the intervention focused on
PA or SB only or if it targeted both behaviors, whether the
intervention was shaped by a theoretical framework and what
the frameworks were, and if the intervention included BCTs
and what they were. Data extracted from the systematic reviews
also included information on the delivery of the intervention
(eg, smartphone, web based, wearable activity tracker—only
interventions, or mixed delivery methods), human and
technological components included, and the duration of the
interventions.

M ethodological Quality

The quality of the included systematic reviews was assessed
using A Measurement Tool to Assess Systematic Reviews-2
(AMSTAR-2). This tool comprises 16 questions that are used
to assess the confidence of the results of the review. The
AMSTAR-2 rating of a review can range from high (when a
review paper has <1 critical weakness) to moderate (with >1
noncritical weakness), low (with 1 critical weakness), and
critically low (with >1 criticd weakness) [28]. It is
recommended that the ratings of the individual items should
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not be combined to create an overall rating, instead users should
consider the impact of each individual item to determine an
overal confidence rating.

All 16 questionswithin the AMSTAR-2 tool are of importance;
however, there are 7 critical domainsthat can affect the validity
of areview and the conclusions that can be drawn [28]. These
critical domains relate to the review methodology, literature
search strategy, justification for excluded studies, techniques
for assessing the risk of bias, methodology for the statistical
combination of results if meta-analysis was used, accounting
for therisk of biaswhen discussing the results, and investigating
publication bias and discussing the impact on results of the
review, if quantitative synthesis was performed.

The methodological quality of each included systematic review
was assessed by the main reviewer. The second reviewer
assessed the methodological quality of 1 included review
individually to cross-check the quality assessment process. Any
disagreements or conflicts were resolved through discussion.

Presentation of Findings

The results of this umbrella review provided a summary of
systematic reviews assessing digital PA and SB interventions
for community-living adults. These results were reported as a
summary of the synthesized results. Findingswere summarized
to identify if interventions have been beneficial or effective, if
no differences between interventions and control groups have
been identified or mixed results, or to show if interventions
were less effective than the comparator or not effective. These
summaries can be used to easily understand if a statistically
significant change in PA or SB was achieved.

A guantitative summary of the included systematic reviewsin
relation to their delivery methods and their content (inclusion
of theoretical frameworks and BCTs) was aso created. The
technological delivery methods were split into 6 columns
consisting of web-only delivery, smartphone- or tablet-only
delivery, video game-only delivery, virtua reality—only
delivery, monitor- or sensor-only delivery (including wearable
activity monitors, pedometers, accelerometers, and heart rate
sensors), and amixed technological delivery column. Thetally
of these technological delivery components matched the number
in the included studies column of the table. If a systematic
review mentioned the use of theoretical frameworksand BCTSs,
they were marked “yes’ with the number of mentioned
frameworks and BCTs included in brackets.

Results

Study Inclusion

Academic database and gray literature searches identified 361
and 73 articles for screening, respectively (refer to Multimedia
Appendix 1 for full search strategy and outputs). These 434
articleswere exported into Endnote Onlinefor initial screening,
where 104 (24%) duplicates were removed. After this process,
the remaining articles (n=330, 76%) were exported to the
screening website Rayyan for title and abstract screening.

Title and abstract screening removed 263 (79.7%) of the 330
articles. Thereasonsfor removal aredisplayed in Figure 1. With
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an agreement of 84%, the interrater reliability of title and
abstract screening indicated substantial agreement between the
main reviewer and second reviewer (WH; Cohen k=0.69;

Russell et d

P<.001). Conflicts (41/330, 12.4%) were resolved through
discussions and clarification of the protocol.

Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) diagram of the selection process. PA: physical activity;

SB: sedentary behavior.
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After title and abstract screening, 67 articles were eligible for
full-text screening. Screening of these articles was conducted
in Rayyan with an additional Microsoft Excel spreadsheet used
to track decisions. A total of 62 (93%) articles were removed
during the screening process (Figure 1). There was 69%
agreement between the main reviewer and additional reviewers
for full-text screening, corresponding to afair agreement (Cohen
k=0.25; P=.02). All conflicts (21/67, 31%) were resolved
through discussions. The final full-text screening resulted in 5
systematic reviews to be included within this umbrella review
[29-33].

CCA Scores

The measured overlap of primary studiesincluded inthedligible
systematic reviews was measured to be 0% (Multimedia

https://www.jmir.org/2025/1/e66294
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Appendix 2[29-33]). Thisindicatesthat al included systematic
reviews consisted of different primary studies.

Characteristics of the Included Studies

A summary of the characteristics of the included systematic
reviews is displayed in Table 1. The total number of primary
studies included in the 5 systematic reviews represented 96
original research papers conducted across 24 different countries.
Theincluded systematic reviews' publication datesranged from
2018 [30] to 2023 [31,33]. The research designs varied within
each systematic review and included randomized controlled
trials, developmental studies, pre- and postintervention studies,
and implementation studies. Intotal, 2 (40%) of the 5 systematic
reviews included meta-analysis [31,33].
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Table 1. Characteristics of the included systematic reviews.

Russell et d

Study Countries of the studies Papers reviewed Population Samplesize  The type of study included
and publication
date range
Leeeta [29],2023  Austrdia, Iran, Ireland, 18 (2010-2020) Adultswith obesity or adults Range 26- RCT2and pre-post study
Japan, Spain, and the United who were overweight 1755 without a control group
States
Berry et al [30], 2018 Austraia, Canada, the 9 (2006-2017) Individuals with “arthritis’  Range 20- RCT, pre-post test, 2-group
Netherlands, the United and those with chronic con- 968 pre-post test, and implemen-
Kingdom, and the United ditions tation study
States
Wang and Kassavou  Australia, Canada, China, 16 (2008-2021) Adultswith ahistory or ex- 799 RCT
[31], 2023 Germany, Isragl, Japan, Ko- plicit diagnosis of stroke
rea, the Republic of Slove-
nia, Spain, Taiwan, Thai-
land, Turkey, the United
Kingdom, and the United
States
Daryabeygi-K hot- Italy, Netherlands, New 8 (2015-2020) Insufficiently active and Range 10- Pre-post intervention; RCT;
behsaraet d [32], Zealand, and the United sedentary healthy adults, 104 3-arm quasi-experimental,
2021 States healthy and highly educated single-group micro random-
young adults, overweight ized trial; and developmen-
and sedentary adults, adults tal study
with chronic low back pain,
and students and staff from
auniversity setting
Wueta [33],2023  Audtraia, Belgium, Canada, 45 (2003-2022) Individuals living with Range 15- RCT
Chile, China, Denmark, chronic diseases and other 1023

Finland, Germany, Japan,
Netherlands, Portugal,
Spain, the United Kingdom,
and the United States

diseases

3RCT: randomized controlled trial.

Participant Characteristics

The sample sizes within the systematic reviews ranged from a
single-group microintervention study consisting of 10
participants to a randomized controlled trial with 7144
participants. A total of 4 (80%) of the 5 systematic reviews
described participants’ ages, which ranged from 19 to 89 years.
Most systematic reviews (4/5, 80%) reported mixed sexes of
participants, but there was a greater proportion of female
participantsin 2 (40%) of the systematic reviews.

Intervention Characteristics

Overview

Of the5included systematic reviews, 2 (40%) reviewsincluded
interventionsthat only focused on improving PA [29,30], while
the remaining systematic reviews included PA and SB

https://www.jmir.org/2025/1/e66294

interventions. The duration of interventions ranged from 2 weeks
to 12 months.

Research Question 1. Effectiveness of | nterventions

All (5/5, 100%) systematic reviews reported on changesin PA
where there was a mixture of approaches, and 2 (40%)
systematic reviews reported statistical significance of results.
Both systematic reviews that included meta-analysis reported
statistically significant changes in PA. Wu et a [33] reported
significant increases in daily steps from 38 analyzed studies
(standardized mean difference [ SM D]=0.59; 95% Cl 0.44-0.75;
P<.001), total daily PA from 4 studies analyzed (SMD=0.21;
95% CI 0.01-0.40; P=.04), and time spent in MVPA from 18
analyzed studies (SMD=0.54; 95% CI 0.36-0.72; P<.001). Wang
and Kassavou [31] found significant improvements from 10
studies analyzed, which included 326 participants, to support
the use of digital interventions for increasing PA (SMD=0.39;
95% CI 0.17-0.61; P<.001; Table 2).

JMed Internet Res 2025 | vol. 27 | €66294 | p. 7
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

Table 2. Effectiveness of interventions.

Russell et d

Study Meta-analysis pa2or ggP PA or SB outcomeassesss  Common PA outcomes Common SB
only ment outcomes
Steps® Mvpad Total PA changef SB minutes or
pAC change
Leeeta [29],2023 No PA only Self-report and device  _g — — Mixedre-  pnyah
based sults
Berry et al [30], 2018 No PA only Self-report and device Mixedre- Mixedre- Mixed — N/A
based sults sults results
Wang and Kassavou  Yes PAandSB  Self-report and objective — — — Statistical-  Statistically
[31], 2023 measurement ly signifi-  nonsignificant
cantim- change
provement
Daryabeygi-Khot- No PAandSB  Unclear Mixedre- Statistical- Statisti- — Statistically
behsara et a [32], sults ly non- caly nonsignificant
2021 significant  non- change
change signifi-
cant
change
Wueta [33],2023  Yes PAandSB  Objective Satidicd- Statistical-  Statisti- — Statigtically sig-
ly signifi- ly signifi-  cally nificant im-
cantim-  cantim- signifi- provement
prove- provement cantim-
ment prove-
ment

3PA: physical activity.
bsB: sedentary behavior.

Cstepsincluded accel erometer, mean number of steps per day, step counts, average daily steps, daily walking time, daily step count, or daily steps.
dModerate-to-vi gorous PA (MVPA) outcomesincluded moderate PA minutes per week, MV PA time, average daily minutes MV PA, or MV PA minutes.
®Total PA outcomes included total PA minutes per week, total PA time, or total daily PA.

P change outcomes included PA or PA behavior.
INot available.
ANJA: not applicable.

For 3 (60%) of the 5 systematic reviews that did not include
meta-analysis, the effectiveness of digital interventions on PA
was mixed (Table 2). Lee et a [29] reported 14 of the 18
interventions had a positive effect on PA; however, 4
interventionswere reported to have“ no effect” on PA. Similarly,
Berry et a [30] found 6 studies reported significant increases
in PA, but 3 studies reported nonsignificant improvements.
Finally, Daryabeygi-Khotbehsar et al [32] reported significant
changes in light-intensity PA, average daily steps, mean daily
step time, and daily walking time. However, this systematic
review also reported nonsignificant changes in daily minutes
of MVPA and daily step counts.

Of the 5 included reviews, findings for the effectiveness of
digital interventionsto improve SB were also mixed across the
3 (60%) reviews reporting this behavior. The meta-analysis
conducted by Wu et a [33] included 11 studies analyzing the
effect of digital interventions on improving SB and found a
small but favorable effect size for improving sedentary time by
reducing time spent sedentary using digital interventions
(SMD=-0.10; 95% CI —-0.19t0-0.01; P=.03). However, 1 (20%)
systematic review with meta-analysis, analyzing 11 studies, and
1 (20%) systematic review without meta-analysis, reported
Statistically nonsignificant changes in SB (SMD=-0.13, 95%
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Cl -0.31 to 0.05, N=473, P=.53 [31] and adjusted mean
difference —9.5 min, SE 7.5; 95% Cl 19.98-1.05; P=.08[32]).

In answer to thefirst research question, digital PA interventions
have the potential to improve PA outcomes. Of the 5 included
systematic reviews used in this umbrella review, 2 (40%)
undertook meta-analysis, which found statistically significant
improvementsin daily steps, minutes spent in MV PA, total PA
time, and PA behavior. However, these findings were not
universally true across the included systematic reviews of this
umbrellareview as the remaining included reviews, which did
not include meta-analysis, reported mixed or statistically
nonsignificant results across these outcomes. Findingsfrom this
umbrellareview highlighted that the effectiveness of digital SB
interventions was also contrasting. In addition, 1 (20%)
systematic review with meta-analysis reported statistically
significant improvementsin SB through reduced sedentary time
(min), but the other systematic review with meta-analysis and
one other systematic review found statistically nonsignificant
improvementsin SB.
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Research Question 2: I ntervention Components and
Content

I ntervention Delivery

Both systematic reviews that included PA-only interventions
used a range of technological delivery methods, including
web-only methods (such as virtua avatars), smartphone- or
tablet-only methods (including smartphone apps), monitor- or

Russell et d

sensor-based methods (such as commercial grade
accelerometers), and amixed technological delivery method of
a smartphone app linked to a wearable activity tracker (Table
3). The human components used in these interventionsincluded
feedback provided by trained moderators, private messaging,
and video and audio communication between participants and
moderators.

Table 3. Quantitative summary of components and content of included reviews.

Study Included Webonly, Smartphoneor Video Virtua re- Monitor ~ Mixedtechnolog- Theoretica Behavior
studies, (n=15),n  tablet only, gameonly, dityon- orsensor ica intervention, framework change tech-
(n=96),n  (16%) (n=10), n (n=5), n ly, (n=4), only, (n=22), n (24%)  (numberidenti- nique (num-
(100%) (11%) (5%) n (4%) (n=36), n fied) ber identi-

(39%) fied)

Leeetal [29], 18(19) 11 (61) 3(17) 0(0) 0(0) 4(22) 0(0) Yes (5) Yes (11)

2023

Berry etal [30], 9(9) 4 (80) _b 0(0) 0(0) — 1(20) Yes (1) Yes (15)

20182

Wang and Kas- 16 (17) 0(0) 3(19) 5(31) 4 (25) 3(19) 1(6) No (N/A°) No (N/A)

savou [31],

2023

Daryabeygi- 8(8) — 4 (50) 0(0) 0(0) — 4 (50) Yes (8) Yes (7)

Khotbehsara et

al [32], 2021

Wueta [33], 45(47) — — 0(0) 0(0) 29 (64) 16 (36) No (N/A) Yes (5)

2023

3Berry et a [30] included 9 studies evaluating 5 different interventions; therefore, the tally of intervention delivery components will equal 5.

PNot available.
°N/A: not applicable.

For the 3 (60%) of the 5 systematic reviews that targeted both
PA and SB, the technol ogical components consisted of avariety
of smartphone- and tablet-only interventions, video game—based
interventions, virtual redlity interventions, monitor- and
sensor-based interventions, and a range of mixed technol ogical
delivery methods. Wang and Kassavou [31] reported 1 mixed
intervention of a mobile phone and tablet intervention with
video game components. Daryabeygi-Khotbehsara et a [32]
reported 4 mixed interventions, 2 of which were smartphone
apps with PA monitors or sensors (heart rate wristbands and
Fitbit One [Google LLC]), 1 was a smartphone app with Fitbit
and web-based mobile questionnaire, and 1 was a mixed
intervention that did not mention the operating system but
consisted of text messages and activPAL 3 (PAL Technologies
Ltd) activity tracker. Finally, Wu et al [33] reported 16 mixed
interventions, 4 of which wereweb based and monitor or sensor
interventions and 12 which were smartphone and tablet and
monitor or sensor mixed interventions (Table 3). The human
components used in these interventionsincluded manual logging
of activity, PA consultations, nurse consultations, group
education, training courses, and activity books. Only 1 (20%)
systematic review [31] did not report on the human components
used within the interventions.

Theoretical Frameworks

Of the 5 included systematic reviews, 2 (40%) reviews that
included only PA interventions[29,30] and 1 (20%) systematic

https://www.jmir.org/2025/1/e66294

review that included PA and SB interventions[32] reported the
use of theoretical frameworksto guide the interventions (Table
3). However, 1 (20%) of these systematic reviews [30] only
reported on 1 framework for guiding the interventions and did
not explicitly report on the use of multiple theoretical
frameworks or gave details on other frameworks used.

Of the 5 systematic reviews, 3 (60%) that reported the use of
theoretical models within interventions reported that social
cognitive theory was the most prominent theory and guided
most interventions. The frameworks reported by Lee et al [29]
and Daryabeygi-Khotbehsaraet a [32], included self-regulation
theory (n=2), computational agent model (n=1), control theory
(n=1), exploit-explore strategy (n=1), Fogg behavior model
(n=1), health action process approach (n=1), health belief model
(n=1), learning theory (n=1), self-efficacy theory (n=1), and
transtheoretical model (n=1).

Behavior Change Techniques

A total of 4 (80%) of the 5 included systematic reviews
[29,30,32,33] reported on the use of BCTs to support
interventions (Table 3), and 3 (75%) of the 4 systematic reviews
[29,30,32] reported the most frequently used BCTs to be goal
setting, self-monitoring, feedback, and social support. Aside
from the most frequently used BCTSs, the additional BCTs
identified from the 4 systematic reviews include information
on health consequences (2/28, 7%), action planning, body
changes (1/28, 4%), the Coventry, Aberdeen, and
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London-Refined taxonomy of BCTs (1/28, 4%), culturaly
relevant information (1/28, 4%), discussion about incompatible
beliefs (1/28, 4%), distraction (1/28, 4%), emotional support
(1/28, 4%), framing and reframing (1/28, 4%), habit formation
(1/28, 4%), information on how to perform PA (1/28, 4%), past
activity performances (1/28, 4%), PA advice (1/28, 4%),
problem-solving (1/28, 4%), prompts and cues (1/28, 4%),
review of goals (1/28, 4%), reviewing behavior (1/28, 4%),
reward (1/28, 4%), self-efficacy (1/28, 4%), self-identity (1/28,
4%), self-talk (1/28, 4%), socid modeling (1/28, 4%),
theory-based strategies (1/28, 4%), and watching videos (1/28,
4%)).

Only 1 (20%) of the 5 systematic reviews did not report on the
inclusion of BCTs used within PA and SB interventions [31].
However, it did report on the effectiveness of self-monitoring
and behavior change. For changes in both PA and SB,
interventions underpinned by self-monitoring elements were
more likely to explain effectiveness. In relation to PA,
self-monitoring interventions had a moderate to large impact
onimproving behavior (SMD=0.56; 95% CI 0.21-0.91; P=.002).
Similarly, SB self-monitoring interventions significantly
explained the overall effectiveness of reducing sedentary time
compared to those not including such components (SMD=-0.34;
95% Cl —0.65 to —0.03; P=.03).

In answer to the second research question, of the 5 included
systematic reviews used in this umbrella review, 4 (80%)
reported the use of human elements within interventions
[29,30,32,33], all 5 (100%) reported the digital elements used
to deliver the interventions, 3 (60%) reported the use of
theoretical frameworks to guide interventions, and 4 (80%)
reported the use of BCTsto support theinterventions. Monitor-
and sensor-only intervention delivery methods were used most
frequently followed by mixed technological delivery methods.
In total, 11 different theoretical frameworks were identified
from the systematic reviews, with social cognitive theory

Table 4. Methodological quality of included systematic reviews.

Russell et d

reportedly being the most prominent theory used to guide
interventions. In addition, 28 different BCTs were reported in
the systematic reviews, with goal setting, self-monitoring,
feedback, and social support being reported as the most
frequently used BCTs. Moreover, 1 (20%) systematic review
also reported that self-monitoring was more likely to explain
improvements in both PA and SB compared to interventions
that did not include this BCT.

Methodological Quality

The methodological quality of all included systematic reviews
was assessed by the main reviewer, and the quality assessment
process of the main reviewer was checked by the second
reviewer. This quality assessment of the process resulted in
moderate agreement (69%; Cohen k=0.43; P=.04).

The use of the AMSTAR-2 tool resulted in 20% (1/5)
low-quality systematic reviews [32] and 80% (4/5) critically
low—quality systematic reviews [29-31,33] (Table 4). The
common methodological strengths of the included reviews
(common in =3 systematic reviews) were the inclusion of
Population, Intervention, Comparison, and Outcome
components, reporting that the review methods were established
before the conduct of the review, the explanation of study
design, descriptions of the included studies, using a satisfactory
technique for assessing the risk of bias in individual studies,
accounting for the risk of bias when interpreting results, and
reporting any potential conflicts of interest. The common areas
of weakness (present in =3 systematic reviews) in noncritical
domains were not performing study selection in duplicate, not
performing dataextraction in duplicate, not reporting the sources
of funding for the primary studies included in the review, and
not providing a satisfactory explanation and discussion of any
heterogeneity observed in the results of thereview. The common
areas of weakness in criticad domains were not using a
comprehensive literature search strategy and not providing a
list of excluded studies and the justification for the exclusions.

Study Noncritical domain  Critical domain Noncritical domain Critical domain wesk-  AMSTAR-22rating
strengths, n strengths, n weaknesses, n nesses, n

Leeet d [29], 2022 6 3 2 2 Critically low

Berry et al [30], 2018 4 1 4 4 Critically low

Wang and Kassavou [31], 5 3 4 4 Critically low

2023

Daryabeygi-Khotbehsara 3 4 5 1 Low

et al [32], 2021

Wu et a [33], 2023 4 5 5 2 Critically low

3AMSTAR: A Measurement Tool to Assess Systematic Reviews-2.

Discussion

Principal Findings

This umbrella review synthesized evidence from 5 systematic
reviews exploring digital PA and SB interventions for
community-living adults. Socia cognitive theory, goal setting,
self-monitoring, feedback, and social support were found to be

https://www.jmir.org/2025/1/e66294

the most prominent theoretical frameworks and BCTs used in
digital interventions. Overall, the systematic reviews reported
contrasting findingsfor digital interventions, with somereviews
reporting statistically significant improvementsin PA and others
reporting mixed effects for improvements in PA. Similarly,
evidence regarding the effectiveness of digital interventionsfor
SB was mixed, as only 1 (20%) systematic review reported
statistically significant reductions in sedentary time, while 2
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(40%) systematic reviews reported no significant changes in
SB. Finaly, the included systematic reviews had 0% CCA
overlap, but they were of low and critically low quality.

Effectivenessto Improve PA and SB

Digital interventions had the potential to significantly improve
PA outcomes; however, findings from this umbrella review
were mixed. A total of 3 (60%) of the 5 systematic reviews
comprised mixed results to support the effectiveness of
interventions to significantly improve PA. The 2 (40%)
systematic reviews that reported statistically significant results
for changesin PA consisted of smartphone or tablet, video game,
virtual reality, monitor- or sensor-based interventions, and mixed
technological delivery methods. Surprisingly, these systematic
reviews did not report on the theoretical basis of the
interventions, and only 1 (20%) systematic review discussed
the use of BCTswithin the interventions.

The effectiveness of interventions targeting SB varied across
the included systematic reviews. While one systematic review
suggested the use of digita interventions and had small but
significant reductions in sedentary time, other systematic
reviews found nonsignificant effects on SB. There were some
differences between the intervention delivery methods of the
significant and nonsignificant systematic reviews, which could
explainthe differencesin successfor changing SB, for example,
of the 5 included reviews, 2 (40%) nonsignificant systematic
reviews had alower proportion of monitor- or sensor-based and
mixed technological delivery methods. However, these are
observations. It could be argued that the challenge in measuring
PA and SB outcomes is heavily dependent on the metrics used.
Previous work aiming to compare movement behavior features
processed by commonly used accelerometer metrics among
adults found statistically significant differences in 24-hour
movement behavior across 4 different metrics used to measure
these behaviors [34]. Therefore, suggesting the success of
intervention may be overestimated or underestimated depending
on the metrics used to measure these PA and SB outcomes, thus
resulting in different results and conclusions.

In addition, although most changes to SB were nonsignificant,
reductions in SB were reported. Research has found that
breaking up SB with short bursts of light-intensity PA can
improve metabolic health and self-reported fatigue and reduce
all-cause mortality [35]. Therefore, these interventions can still
be beneficia for health, but the mixed evidence suggests that
further research is needed to determine the most effective
strategies to include within digital interventions to reduce SB
within community-living adults.

Traditionally, public health research has focused on the
importance of increasing PA to improve health and, as aresult,
there are more interventions to improve PA. However, as
worldwide levels of SBs have risen in recent years [36] and
more information about the health consequences of this has
been recognized, the interest in SB has grown, but the
devel opment of interventions and subseguent research exploring
effectivenessis still emerging. The substantial variation in how
SB is defined across accelerometer brands and studies
underscores the evolving nature of SB research, interventions,
and commercia products [37]. The differences in the
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effectiveness of SB interventions within this umbrella review
may be dueto the systematic reviews and primary studieswithin
them using different technologies and terminologies to
understand SB. Once again, this highlights the difficulty in
interpreting whether the interventions were effective or not.

Although findings areinconclusive regarding the effect of digital
interventions on SB, thisresearch hasrevealed that theinclusion
of self-monitoring ismorelikely to explain changesin behavior
in favor of the intervention. Of the 5 included systematic
reviews, 1 (20%) reported that interventions consisting of
self-monitoring components had amoderate-to-largeimpact on
positively changing PA behavior, and although the change in
SB was reported as not statistically significant, self-monitoring
interventions were more effective in changing SB than those
without this component.

Previously published systematic reviews have described
self-monitoring to be a valuable and effective instrument for
encouraging positive changesin PA behaviors[38,39]. Accurate
self-monitoring of PA and SB has the potential to increase
individuals awareness of their behavior, which can encourage
them to change their habitstoward PA and SB. Self-monitoring
through digital devices can also provide detailed data on
individuals movement behaviors and help detect patterns and
triggers of these behaviors. Allowing tailored feedback based
on these data can also enhance the effectiveness of this type of
intervention [40].

Although research suggests the use of self-monitoring for
effective behavior change, evidence of effectiveness for this
BCT has been found to vary significantly across different
populations and health behaviors[41]. To achieve more effective
changes in PA and SB outcomes, self-monitoring needs to be
used consistently [42]. Therefore, this highlights the need for
research into the use of this BCT element in different
populations, including informal carers, and for different health
behaviors for it to be implemented effectively to create
successful interventions, including digital interventions, to
improve PA and reduce SB.

Theoretical Frameworksand BCTs

Findings from this umbrella review regarding the most
prominent theoretical framework and implemented BCTs have
been supported by previous literature. A systematic review and
meta-analysis aimed to identify the most effective BCTs for
increasing PA indigital and face-to-face interventionsin adults
with obesity or adults who are overweight reported that 45
included intervention studies were grounded in one or multiple
theoretical frameworks [43]. Socia cognitive theory and
self-regulation theory, alone or in combination, were used most
often in digital interventions aimed at increasing PA [43]. A
scoping review of user modelsfor personaized PA interventions
also revedled prominent theoretica frameworks used in
interventions, including Fogg behavior model, social cognitive
theory, transtheoretical model, and heath action process
approach [44], al of which wereidentified within thisumbrella
review. Finally, scoping reviews have also reported that the
most frequently implemented BCTsin digital PA interventions
for adults include goal setting, self-monitoring, and feedback
on behaviors [45,46].
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Although there are similarities between the findings of this
umbrella review and previous work, other theoretical
frameworks and BCTs have been reported in these studies that
were not reported in thisumbrellareview. Ghanvatkar et al [44]
mentioned that the theory of planned behavior, the I-change
model, and the behavior change wheel were also found to
frequently guide digital PA interventions [44]. Similarly, De
Santis et al [45] and Meinhart et a [46] found that providing
educational and motivational content, feedback on exercise, and
integrated tailored responses were all present in digital
interventions. In addition, a systematic review exploring the
effectiveness of BCTs at increasing older adults’ self-efficacy
and PA reported that using barrier identification and
problem-solving, providing rewards contingent on successful
behavior, and demonstrating the behavior were significantly
associated with higher levels of PA [47]. It also reported that
the use of providing normative information about others
behavior, providing information on where and when to perform
the behavior, and planning social support or social change
resulted in significantly lower PA behavior effect sizesfor older
adults [47].

While there is overlap between the findings of this umbrella
review and previous research regarding the theoretical
frameworks and BCTs used in digital PA interventions, there
are additional frameworks and BCTs not reported in this
umbrellareview, highlighting the diversity of theseinterventions
for promoting and improving PA and SB levels. The reason for
these differences may be due to the different populations
targeted and the different interventions used. However, itisalso
important to consider that not all interventionswill usethe same
frameworks or BCTs nor will they recognize and report on all
frameworks or BCTs used. Intervention descriptions may not
have been sufficiently detailed and precise enough to identify
the theoretical frameworks and BCTs present within primary
studies or systematic reviews. With regard to this umbrella
review, the identification of the implemented theoretical
frameworks and BCTs was limited to their presentation within
the systematic reviews used for this research. Therefore, our
findings are subject to the parameters of the systematic reviews
and not the primary studies reported within them.

It isalso important to note that just because certain frameworks
and BCTswere not reported, it does not mean they are not used
or worthwhile being used; it is simply that they were not
reported to be present in the systematic reviewsincluded in this
umbrellareview. There are many other theoretical frameworks
and BCTs that could potentially be of use, specifically for
different populations, as demonstrated by the other reviews
discussed. However, more research is needed to understand the
effectiveness of these theories and BCTSs, especially within the
informal caring population.

Quiality of Included Reviews

The quality assessment process, which showed moderate
agreement between reviewers, highlights the credibility of the
quality assessment process. However, the methodol ogical quality
of theincluded systematic reviewswaslow (20%) and critically
low (80%).
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While there were some common strengths of the systematic
reviews regarding methodological quality, for example, the
inclusion of Population, Intervention, Comparison, and Outcome
components, reporting that the review methods were established
before the conduct of the review and the explanation of study
design can strengthen the methodological rigor of these
systematic reviews. The methodological weaknesses, such as
alack of acomprehensive literature search strategy and alack
of justification for excluded studies, could reduce the confidence
in the validity of the included systematic reviews.

The low confidence ratings of these systematic reviews could
be because of the high standards set by the AMSTAR-2 tool.
Although AM STAR-2 has been recognized asauseful appraisal
tool to understand the quality of published systematic reviews
[48], there are some challenges in using this method for quality
assessment. It has been discussed in previouswork and reported
inother umbrellareviewsthat AMSTAR-2 producesagenerally
high proportion of critically low confidence ratings among
systematic reviews of health interventions, and thereis ongoing
debate whether thisis due to poor discriminatory powers of the
tool or the low quality of systematic reviews of health care
interventions [49]. Individua items of AMSTAR-2 have been
discussed in work by De Santiset a [49] to highlight difficulties
of the tool and potentia reasons for lower quality ratings of
systematic reviews, for example, the “all-or-none” ratings of
items that do not allow to differentiate between missing
information and incomplete reporting of information for some
items. The agreement of 69% between reviewersfor approaching
AMSTAR-2 in this umbrella review highlights the
subjectiveness of this methodol ogical tool, which has also been
criticized by De Santis et a [49]. Due to the rapid increase in
systematic reviews for health care interventions, it has been
recommended that the items of AMSTAR-2 be empirically
tested to improve the appraisal process and increase user
consensus.

As this umbrella review explores digital interventions for
improving PA and SB for community-living adults, itsfindings
may have practical implications for public health policies and
future digital interventions. However, as findings are from low
and critically low—quality systematic reviews, there is a need
for cautiousinterpretation. Stakeholdersand policy makers must
be aware of the methodological limitations of these systematic
reviews when considering the findings presented within this
umbrella review. Furthermore, these findings suggest the
importance and need for more high-quality research within this
field to provide methodologicaly sound evidence for future
policy makers and decision makers.

Strengths

There are multiple strengths of thisumbrellareview. First, this
umbrella review followed the Joanna Briggs Institute
framework, ensuring a rigorous and systematic approach.
Adherence to this framework also promotes transparency and
replicability, making the results more robust and credible. The
incorporation of alarge number of primary publications from
the included systematic reviews allowed a broad and inclusive
scope of thisreview to be conducted. All primary publications
were unique with a CCA score of 0%, which indicates no
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overlap and strengthens the robustness of the review's
conclusions. Furthermore, the geographic reach of the reviews
included and the primary studies within them were extensive,
with studies conducted in 24 different countries. This wide
geographic representation adds to the generalizability of the
findings across diverse populations and different groups of
community-living adults. Another strength of this review was
the identification of avast range of theoretical frameworks and
BCTs, which provides a comprehensive understanding of the
strategies used in digital PA and SB interventions for
community-living adults. Finaly, the search strategy of this
review highlightsacritical gap in the existing literature as very
few systematic reviews focused purely on PA and SB and
theoretical frameworks and BCTs, as numerous systematic
reviews had to be excluded due to their inclusion of multiple
behaviors, such as diet and sleep.

Limitations

Thelack of high-quality systematic reviewswithin thisumbrella
review restricts the potential to use these findings to aid future
decision-making. Therefore, there is a need for more
high-quality systematic reviews in the digital PA and SB
intervention research field that include justifications for the
search strategy, provide lists of excluded studies, report the
sources of funding for the included studies, and provide an
explanation for heterogeneity. As most (3/5, 60%) included
systematic reviews lacked meta-analysis and reported multiple
different PA outcomes, it is difficult to synthesize quantitative
data and nonquantitative data to provide a clear answer to
understand the effectiveness of theseinterventionsinimproving
PA and SB. Findly, it is possible that some relevant studies
were missed dueto differencesin the search strategies, inclusion
criteria, and the databases used. Furthermore, restricting the
review to English-language publications may have excluded
important research published in other languages.

Future Work

Futurework should include more primary studies and systematic
reviews to be published specifically focusing on PA- and
SB-only interventions instead of interventions that combine
these behaviors with other health behaviors, such as diet and
dleep. There is aso a need for more primary studies to use
consistent and accurate measures of PA and SB, and
standardized outcomes for measuring these behaviors should
be implemented.

Russell et d

In addition, further investigation is also warranted for the
development and refinement of intervention strategies
specifically for reducing SB among community-living adults
to achieve more robust outcomes of the effectiveness of digital
interventions to reduce this behavior. Recommendations for
future work aso include better reporting of theoretical
frameworks and BCTs used in digital interventions for PA and
SB and meta-analysis of currently published systematic reviews
to allow for further evaluation to be conducted into the
effectiveness of these componentsto change behaviors. Finally,
more meta-analyses of systematic reviews assessing the
effectiveness of digital interventions on PA and SB are needed
to provide a more comprehensive and accurate picture of the
current evidence.

Conclusions

This umbrella review aimed to evaluate the effectiveness of
digita interventions for changing PA and SBs among
community-living adults, identify the components and content
of theseinterventions, and assess the methodol ogical quality of
the included systematic reviews.

Overall, thisumbrellareview indicatesthat digital interventions
have the potential to improve PA and reduce SB. Meta-analyses
suggest these interventions can be effective, particularly those
incorporating self-monitoring and BCTs. However, more work
is needed to understand the effectiveness and impact of specific
theoretical frameworks and BCTs on changing PA and SBs.
The mixed findings and methodol ogical weaknesses highlight
the need for more comprehensive reporting and analyses to be
conducted to understand the effectiveness of digital interventions
for community-living adults.

In relation to informal carers, this umbrella review highlights
that digital PA and SB interventions offer avaluable opportunity
to support behavior change in this population due to their
scalability and numerous delivery methods. These digital
interventions have been found to consist of a theoretica
grounding and can incorporate numerous BCTSs, al of which
could improve the effectiveness of these interventionsto support
and encourage PA and reduce SB in informal carers. Despite
the potential benefits of these interventionsfor informal carers,
more coordinated efforts and research are needed to understand
the potential and effectiveness of digital interventions for
improving PA and reducing SB in this group.

Acknowledgments

The authors would like to thank the University of Strathclyde graduate Leslie Stretch, whose philanthropy made this research
possible (the funder of the study had no role in any aspect of the study design, analysis, or decision to publish this work). They
would also like to acknowledge Bethan Naunton Morgan for her guidance and knowledge surrounding the umbrella review
process, which she generously shared before conducting this review.

Authors Contributions

ER designed and conducted the research; screened the studies; extracted, analyzed, and interpreted the data; and wrote this paper.
KE, AK, and MDD made substantial contributions to the study conception and design of the research. WH screened the studies
and assessed the methodology quality assessment process. MP screened the studies. All authors have read and agreed to the
manuscript.

https://www.jmir.org/2025/1/e66294 JMed Internet Res 2025 | vol. 27 | €66294 | p. 13

(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH Russell et d

Conflictsof Interest
None declared.

Multimedia Appendix 1

Search strategy, keywords, and outputs.
[DOC File, 54 KB-Multimedia Appendix 1]

Multimedia Appendix 2

Overlap of reviews.
[XLSX File (Microsoft Excel File), 26 KB-Multimedia Appendix 2]

References

1.

10.

11.

12.

13.

14.

15.

16.

Tremblay M, Aubert S, Barnes JD, Saunders TJ, Carson V, Latimer-Cheung AE, et a. Sedentary Behavior Research
Network (SBRN) — Terminology Consensus Project process and outcome. Int JBehav Nutr Phys Act. Jun 10, 2017;14(1):75.
[FREE Full text] [doi: 10.1186/S12966-017-0525-8]

Wahid A, Manek N, Nichols M, Kelly P, Foster C, Webster B, et a. Quantifying the association between physical activity
and cardiovascular disease and diabetes: a systematic review and meta - analysis. JAHA. Sep 2016;5(9). [doi:
10.1161/jaha.115.002495] [Medline: 27628572]

Albini A, LaVecchiaC, Magnoni F, Garrone O, Morelli D, Janssens JP, et al. Physical activity and exercise health benefits:
cancer prevention, interception, and survival. Eur J Cancer Prev. Jan 01, 2025;34(1):24-39. [doi:
10.1097/CEJ.0000000000000898] [Medline: 38920329]

Posadzki P, Pieper D, Bajpai R, Makaruk H, Kdnsgen N, Neuhaus AL, et al. Exercise/physical activity and health outcomes:
an overview of Cochrane systematic reviews. BMC Public Health. Nov 16, 2020;20(1):1724. [FREE Full text] [doi:
10.1186/s12889-020-09855-3] [Medline: 33198717]

Global status report on physical activity 2022. World Health Organization. Oct 19, 2022. URL: https.//www.who.int/
publications/i/item/9789240059153 [accessed 2024-05-05]

Patterson R, McNamara E, Tainio M, de Sa TH, Smith AD, Sharp SJ, et al. Sedentary behaviour and risk of all-cause,
cardiovascular and cancer mortality, and incident type 2 diabetes: a systematic review and dose response meta-analysis.
Eur J Epidemiol. Sep 2018;33(9):811-829. [FREE Full text] [doi: 10.1007/s10654-018-0380-1] [Medline: 29589226]
Katzmarzyk PT, Church TS, Craig CL, Bouchard C. Sitting time and mortality from all causes, cardiovascular disease, and
cancer. Med Sci Sports Exerc. May 2009;41(5):998-1005. [doi: 10.1249/M SS.0b013e3181930355] [Medline: 19346988
Dunstan DW, Barr EL, Healy GN, Salmon J, Shaw JE, Balkau B, et al. Television viewing time and mortality: the Australian
Diabetes, Obesity and Lifestyle Study (AusDiab). Circulation. Jan 26, 2010;121(3):384-391. [doi:
10.1161/CIRCULATIONAHA.109.894824] [Medline: 20065160]

Strain T, Flaxman S, Guthold R, SemenovaE, Cowan M, Riley LM, et a. National, regional, and global trendsin insufficient
physical activity among adults from 2000 to 2022: a pooled analysis of 507 population-based surveys with 5-7 million
participants. Lancet Glob Health. Aug 2024;12(8):€1232-e1243. [FREE Full text] [doi: 10.1016/S2214-109X (24)00150-5]
[Medline: 38942042]

Monitoring and evaluating digital health interventions. World Health Organization. Dec 12, 2016. URL : https.//www.
who.int/publications/i/item/9789241511766 [accessed 2024-05-20]

Global action plan on physical activity 2018-2030: more active people for a healthier world. World Health Organization.
Jun 1, 2018. URL: http://who.int/publications/i/item/9789241514187 [accessed 2024-05-20]

Dishman RK, Buckworth J. Adherence to physical activity. In: Morgan WP, editor. Physical Activity and Mental Health.
Milton Park, UK. Taylor & Francis; 1997:63-80.

Rhodes RE, Nigg CR. Advancing physical activity theory: areview and future directions. Exerc Sport Sci Rev. Jul
2011;39(3):113-119. [doi: 10.1097/JES.0b013e31821b94c8] [Medline: 21705861]

Rhodes RE, Janssen |, Bredin SS, Warburton DE, Bauman A. Physical activity: health impact, prevalence, correlates and
interventions. Psychol Health. Aug 2017;32(8):942-975. [doi: 10.1080/08870446.2017.1325486] [Medline; 28554222]
Greaves C, Sheppard KE, Abraham C, Hardeman W, Roden M, Evans PH, et al. IMAGE Study Group. Systematic review
of reviews of intervention components associated with increased effectivenessin 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]
Dombrowski SU, Sniehotta FF, Avenell A, Johnston M, MacLennan G, Araljo-Soares V. |dentifying active ingredients
in complex behavioural interventions for obese adults with obesity-related co-morbidities or additional risk factors for
co-morbidities; a systematic review. Health Psychol Rev. Mar 2012;6(1):7-32. [FREE Full text] [doi:
10.1080/17437199.2010.513298]

https://www.jmir.org/2025/1/e66294 JMed Internet Res 2025 | vol. 27 | €66294 | p. 14

RenderX

(page number not for citation purposes)


https://jmir.org/api/download?alt_name=jmir_v27i1e66294_app1.doc&filename=56f9d40bc4fd810ff181e653da35ac37.doc
https://jmir.org/api/download?alt_name=jmir_v27i1e66294_app1.doc&filename=56f9d40bc4fd810ff181e653da35ac37.doc
https://jmir.org/api/download?alt_name=jmir_v27i1e66294_app2.xlsx&filename=4a3d74cb9394b32c68a52c49f4faa551.xlsx
https://jmir.org/api/download?alt_name=jmir_v27i1e66294_app2.xlsx&filename=4a3d74cb9394b32c68a52c49f4faa551.xlsx
https://doi.org/10.1186/s12966-017-0525-8
http://dx.doi.org/10.1186/S12966-017-0525-8
http://dx.doi.org/10.1161/jaha.115.002495
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27628572&dopt=Abstract
http://dx.doi.org/10.1097/CEJ.0000000000000898
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38920329&dopt=Abstract
https://bmcpublichealth.biomedcentral.com/articles/10.1186/s12889-020-09855-3
http://dx.doi.org/10.1186/s12889-020-09855-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33198717&dopt=Abstract
https://www.who.int/publications/i/item/9789240059153
https://www.who.int/publications/i/item/9789240059153
https://europepmc.org/abstract/MED/29589226
http://dx.doi.org/10.1007/s10654-018-0380-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29589226&dopt=Abstract
http://dx.doi.org/10.1249/MSS.0b013e3181930355
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19346988&dopt=Abstract
http://dx.doi.org/10.1161/CIRCULATIONAHA.109.894824
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20065160&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S2214-109X(24)00150-5
http://dx.doi.org/10.1016/S2214-109X(24)00150-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38942042&dopt=Abstract
https://www.who.int/publications/i/item/9789241511766
https://www.who.int/publications/i/item/9789241511766
http://who.int/publications/i/item/9789241514187
http://dx.doi.org/10.1097/JES.0b013e31821b94c8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21705861&dopt=Abstract
http://dx.doi.org/10.1080/08870446.2017.1325486
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28554222&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://doi.org/10.1080/17437199.2010.513298
http://dx.doi.org/10.1080/17437199.2010.513298
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Russell et d

17.

18.

19.

20.

21

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

35.

36.

37.

Michie S, Abraham C, Whittington C, McAteer J, Gupta S. Effective techniques in healthy eating and physical activity
interventions: a meta-regression. Health Psychol. Nov 2009;28(6):690-701. [FREE Full text] [doi: 10.1037/a0016136]
[Medline: 19916637]

HorneJ, Kentzer N, Smith L, Trott M, V seteckovaJ. A systematic review on the prevalence of physical activity, and barriers
and facilitatorsto physical activity, ininformal carersin the United Kingdom. JPhys Act Health. Feb 01, 2021;18(2):212-218.
[doi: 10.1123/jpah.2020-0526] [Medline: 33485270]

Fusar-Poli P, Radua J. Ten simplerulesfor conducting umbrellareviews. Evid Based Ment Health. Aug 2018;21(3):95-100.
[FREE Full text] [doi: 10.1136/ebmental-2018-300014] [Medline: 30006442]

Aromataris E, Fernandez R, Godfrey CM, Holly C, Khalil H, Tungpunkom P. Summarizing systematic reviews:
methodological development, conduct and reporting of an umbrellareview approach. Int J Evid Based Healthc. Sep
2015;13(3):132-140. [doi: 10.1097/X EB.0000000000000055] [Medline: 26360830]

Hartling L, Chisholm A, Thomson D, Dryden DM. A descriptive analysis of overviews of reviews published between 2000
and 2011. PL0S One. 2012;7(11):e49667. [FREE Full text] [doi: 10.1371/journal.pone.0049667] [Medline: 23166744]
Naunton Morgan B, Windle G, Sharp R, Lamers C. eHealth and web-based interventions for informal carers of people with
dementiain the community: umbrellareview. JMed Internet Res. Jul 22, 2022;24(7):e36727. [EREE Full text] [doi:
10.2196/36727] [Medline: 35867388]

Ferguson T, Olds T, Curtis R, Blake H, Crozier AJ, Dankiw K, et al. Effectiveness of wearable activity trackersto increase
physical activity and improve health: a systematic review of systematic reviews and meta-analyses. Lancet Digit Health.
Aug 2022;4(8):€615-e626. [FREE Full text] [doi: 10.1016/S2589-7500(22)00111-X] [Medline: 35868813]

Longhini J, Marzaro C, Bargeri S, Palese A, Dell'lsola A, Turolla A, et a. Wearable devices to improve physical activity
and reduce sedentary behaviour: an umbrellareview. Sports Med Open. Jan 14, 2024;10(1):9. [FREE Full text] [doi:
10.1186/s40798-024-00678-9] [Medline: 38219269]

Aromataris EC, Fernandez R, Godfrey CM, Holly C, Khalil H, Tungpunkom PT. Chapter 10: Umbrellareviews. In: JBI
Manual for Evidence Synthesis. Adelaide, South Australia. Joanna Briggs I nstitute; 2020.

Ouzzani M, Hammady H, Fedorowicz Z, EImagarmid A. Rayyan-aweb and mobile app for systematic reviews. Syst Rev.
Dec 05, 2016;5(1):210. [FREE Full text] [doi: 10.1186/s13643-016-0384-4] [Medline: 27919275]

Pieper D, Antoine SL, Mathes T, Neugebauer EA, Eikermann M. Systematic review finds overlapping reviews were not
mentioned in every other overview. J Clin Epidemiol. Apr 2014;67(4):368-375. [doi: 10.1016/j.jclinepi.2013.11.007]
[Medline: 24581293]

SheaBJ, Reeves BC, Wells G, Thuku M, Hamel C, Moran J, et al. AMSTAR 2: acritical appraisal tool for systematic
reviewsthat include randomised or non-randomised studies of healthcareinterventions, or both. BMJ. Sep 21, 2017;358:j4008.
[FREE Full text] [doi: 10.1136/bmj.j4008] [Medline: 28935701]

Lee S, Patel P, Myers ND, Pfeiffer KA, Smith AL, Kelly KS. A systematic review of eHealth interventions to promote
physical activity in adults with obesity or overweight. Behav Med. 2023;49(3):213-230. [doi:
10.1080/08964289.2022.2065239] [Medline: 35465851]

Berry A, McCabe CS, Muir S, Walsh N. Digital behaviour changeinterventionsto facilitate physical activity in osteoarthritis:
asystematic review. Phys Ther Revs. Jul 02, 2018;23(3):197-206. [FREE Full text] [doi: 10.1080/10833196.2018.1470747]
Wang SC, Kassavou A. Digital health behavioura interventions to support physical activity and sedentary behaviour in
adults after stroke: a systematic literature review with meta-analysis of controlled trials. Behav Sci (Basel). Jan 10,
2023;13(1):62. [FREE Full text] [doi: 10.3390/bs13010062] [Medline: 36661634]

Daryabeygi-Khotbehsara R, Shariful Islam SM, Dunstan D, McVicar J, Abdelrazek M, Maddison R. Smartphone-based
interventions to reduce sedentary behavior and promote physical activity using integrated dynamic models: systematic
review. JMed Internet Res. Sep 13, 2021;23(9):e26315. [FREE Full text] [doi: 10.2196/26315] [Medline: 34515637]

Wu S, Li G, DulL, Chen S, Zhang X, He Q. The effectiveness of wearable activity trackers for increasing physical activity
and reducing sedentary timein older adults: asystematic review and meta-analysis. Digit Health. 2023;9:20552076231176705.
[FREE Full text] [doi: 10.1177/20552076231176705] [Medline: 37252261]

Willems|, Verbestel V, Dumuid D, Calders P, Lapauw B, De Craemer M. A comparative analysis of 24-hour movement
behaviors features using different accelerometer metrics in adults: implications for guideline compliance and associations
with cardiometabolic health. PLoS One. 2024;19(9):e0309931. [FREE Full text] [doi: 10.1371/journal.pone.0309931]
[Medline: 39288135]

Vincent GE, Jay SM, Vandelanotte C, Ferguson SA. Breaking up sitting with light-intensity physical activity: implications
for shift-workers. Int JEnviron Res Public Health. Oct 16, 2017;14(10):1233. [FREE Full text] [doi: 10.3390/ijerph14101233]
[Medline: 29035315]

Katzmarzyk PT, Friedenreich C, ShiromaEJ, Lee IM. Physical inactivity and non-communicable disease burden in
low-income, middle-income and high-income countries. Br J Sports Med. Jan 2022;56(2):101-106. [ FREE Full text] [doi:
10.1136/bjsports-2020-103640] [Medline: 33782046]

Sievénen H, Kujala UM. Accelerometry-simple, but challenging. Scand J Med Sci Sports. Jun 2017;27(6):574-578. [doi:
10.1111/sms.12887] [Medline: 28466474]

https://www.jmir.org/2025/1/e66294 JMed Internet Res 2025 | vol. 27 | €66294 | p. 15

(page number not for citation purposes)


https://doi.org/10.1037/a0016136
http://dx.doi.org/10.1037/a0016136
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19916637&dopt=Abstract
http://dx.doi.org/10.1123/jpah.2020-0526
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33485270&dopt=Abstract
https://europepmc.org/abstract/MED/30006442
http://dx.doi.org/10.1136/ebmental-2018-300014
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30006442&dopt=Abstract
http://dx.doi.org/10.1097/XEB.0000000000000055
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26360830&dopt=Abstract
https://dx.plos.org/10.1371/journal.pone.0049667
http://dx.doi.org/10.1371/journal.pone.0049667
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23166744&dopt=Abstract
https://www.jmir.org/2022/7/e36727/
http://dx.doi.org/10.2196/36727
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35867388&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S2589-7500(22)00111-X
http://dx.doi.org/10.1016/S2589-7500(22)00111-X
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35868813&dopt=Abstract
https://europepmc.org/abstract/MED/38219269
http://dx.doi.org/10.1186/s40798-024-00678-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38219269&dopt=Abstract
https://systematicreviewsjournal.biomedcentral.com/articles/10.1186/s13643-016-0384-4
http://dx.doi.org/10.1186/s13643-016-0384-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27919275&dopt=Abstract
http://dx.doi.org/10.1016/j.jclinepi.2013.11.007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24581293&dopt=Abstract
https://www.bmj.com/lookup/pmidlookup?view=long&pmid=28935701
http://dx.doi.org/10.1136/bmj.j4008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28935701&dopt=Abstract
http://dx.doi.org/10.1080/08964289.2022.2065239
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35465851&dopt=Abstract
https://doi.org/10.1080/10833196.2018.1470747
http://dx.doi.org/10.1080/10833196.2018.1470747
https://www.mdpi.com/resolver?pii=bs13010062
http://dx.doi.org/10.3390/bs13010062
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36661634&dopt=Abstract
https://www.jmir.org/2021/9/e26315/
http://dx.doi.org/10.2196/26315
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34515637&dopt=Abstract
https://journals.sagepub.com/doi/10.1177/20552076231176705?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.1177/20552076231176705
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37252261&dopt=Abstract
https://dx.plos.org/10.1371/journal.pone.0309931
http://dx.doi.org/10.1371/journal.pone.0309931
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=39288135&dopt=Abstract
https://www.mdpi.com/resolver?pii=ijerph14101233
http://dx.doi.org/10.3390/ijerph14101233
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29035315&dopt=Abstract
https://europepmc.org/abstract/MED/33782046
http://dx.doi.org/10.1136/bjsports-2020-103640
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33782046&dopt=Abstract
http://dx.doi.org/10.1111/sms.12887
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28466474&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Russell et d

38.

39.

40.

41.

42.

43.

45,

46.

47.

48.

49,

Knittle K, Nurmi J, Crutzen R, Hankonen N, Besattie M, Dombrowski SU. How can interventions increase motivation for
physical activity? A systematic review and meta-analysis. Health Psychol Rev. Sep 2018;12(3):211-230. [doi:
10.1080/17437199.2018.1435299] [Medline: 29385950]

Olander EK, Fletcher H, Williams S, Atkinson L, Turner A, French DP. What are the most effective techniquesin changing
obese individuals' physical activity self-efficacy and behaviour: a systematic review and meta-analysis. Int J Behav Nutr
Phys Act. Mar 03, 2013;10:29. [FREE Full text] [doi: 10.1186/1479-5868-10-29] [Medline: 23452345]

Page EJ, Massey AS, Prado-Romero PN, Albadawi S. The use of self-monitoring and technology to increase physical
activity: areview of the literature. Perspect Behav Sci. Sep 2020;43(3):501-514. [FREE Full text] [doi:
10.1007/s40614-020-00260-0] [Medline: 33029577]

Hennessy EA, Johnson BT, Acabchuk RL, McCloskey K, Stewart-James J. Self-regul ation mechanismsin health behavior
change: a systematic meta-review of meta-analyses, 2006-2017. Health Psychol Rev. Mar 2020;14(1):6-42. [EREE Full
text] [doi: 10.1080/17437199.2019.1679654] [Medline: 31662031]

CarelsRA, Darby LA, Rydin S, Douglass OM, CacciapagliaHM, O'Brien WH. The relationship between self-monitoring,
outcome expectancies, difficulties with eating and exercise, and physical activity and weight loss treatment outcomes. Ann
Behav Med. Dec 2005;30(3):182-190. [doi: 10.1207/s15324796abm3003_2] [Medline: 16336069]

CarracaE, Encantado J, BattistaF, Beaulieu K, Blundell J, Busetto L, et al. Effective behavior change techniquesto promote
physical activity in adults with overweight or obesity: a systematic review and meta-analysis. Obes Rev. Jul 2021;22 Suppl
4(Suppl 4):e13258. [FREE Full text] [doi: 10.1111/0br.13258] [Medline: 33949778]

Ghanvatkar S, Kankanhalli A, Rajan V. User modelsfor personalized physical activity interventions: scoping review. IMIR
Mhealth Uhealth. Jan 16, 2019;7(1):€11098. [FREE Full text] [doi: 10.2196/11098] [Medline: 30664474]

De SantisKK, Jahnel T, MatthiasK, Mergenthal L, Al Khayyal H, Zeeb H. Evaluation of digital interventions for physical
activity promotion: scoping review. IMIR Public Health Surveill. May 23, 2022;8(5):€37820. [FREE Full text] [doi:
10.2196/37820] [Medline: 35604757]

Meinhart F, Stitz T, Sareban M, Kulnik ST, Niebauer J. Mobile technologies to promote physical activity during cardiac
rehabilitation: a scoping review. Sensors (Basel). Dec 24, 2020;21(1):65. [FREE Full text] [doi: 10.3390/s21010065]
[Medline: 33374322]

French DP, Olander EK, Chisholm A, Mc Sharry J. Which behaviour change techniques are most effective at increasing
older adults' self-efficacy and physical activity behaviour? A systematic review. Ann Behav Med. Oct 2014;48(2):225-234.
[doi: 10.1007/s12160-014-9593-z] [Medline: 24648017]

Shea BJ, Grimshaw JM, Wells GA, Boers M, Andersson N, Hamel C, et al. Development of AMSTAR: a measurement
tool to assess the methodological quality of systematic reviews. BMC Med Res Methodol. Feb 15, 2007;7:10. [FREE Full
text] [doi: 10.1186/1471-2288-7-10] [Medline: 17302989]

De Santis KK, Pieper D, Lorenz RC, Wegewitz U, Siemens W, Matthias K. User experience of applying AMSTAR 2 to
appraise systematic reviews of healthcare interventions. acommentary. BMC Med Res Methodol. Mar 16, 2023;23(1):63.
[FREE Full text] [doi: 10.1186/s12874-023-01879-8] [Medline: 36927334]

Abbreviations

AMSTAR-2: A Measurement Tool to Assess Systematic Reviews-2
BCT: behavior change technique

CCA: corrected covered area

DHI: digital health intervention

MVPA: moderate-to-vigorous physical activity

PA: physica activity

PICOS: population, intervention, context, outcomes, and study

SB: sedentary behavior

SMD: standardized mean difference

Edited by A Mavragani; submitted 10.09.24; peer-reviewed by J Longhini, H Sevanen; comments to author 03.12.24; revised version
received 04.02.25; accepted 06.02.25; published 18.03.25

Please cite as:

Russell E, Kirk A, Dunlop MD, Hodgson W, Patience M, Egan K

Digital Physical Activity and Sedentary Behavior Interventions for Community-Living Adults: Umbrella Review
J Med Internet Res 2025;27:€66294

URL: https.//www.jmir.org/2025/1/e66294

doi: 10.2196/66294

PMID:

https://www.jmir.org/2025/1/e66294 JMed Internet Res 2025 | vol. 27 | €66294 | p. 16

(page number not for citation purposes)


http://dx.doi.org/10.1080/17437199.2018.1435299
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29385950&dopt=Abstract
https://ijbnpa.biomedcentral.com/articles/10.1186/1479-5868-10-29
http://dx.doi.org/10.1186/1479-5868-10-29
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23452345&dopt=Abstract
https://europepmc.org/abstract/MED/33029577
http://dx.doi.org/10.1007/s40614-020-00260-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33029577&dopt=Abstract
https://europepmc.org/abstract/MED/31662031
https://europepmc.org/abstract/MED/31662031
http://dx.doi.org/10.1080/17437199.2019.1679654
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31662031&dopt=Abstract
http://dx.doi.org/10.1207/s15324796abm3003_2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16336069&dopt=Abstract
https://europepmc.org/abstract/MED/33949778
http://dx.doi.org/10.1111/obr.13258
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33949778&dopt=Abstract
https://mhealth.jmir.org/2019/1/e11098/
http://dx.doi.org/10.2196/11098
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30664474&dopt=Abstract
https://publichealth.jmir.org/2022/5/e37820/
http://dx.doi.org/10.2196/37820
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35604757&dopt=Abstract
https://www.mdpi.com/resolver?pii=s21010065
http://dx.doi.org/10.3390/s21010065
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33374322&dopt=Abstract
http://dx.doi.org/10.1007/s12160-014-9593-z
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24648017&dopt=Abstract
https://bmcmedresmethodol.biomedcentral.com/articles/10.1186/1471-2288-7-10
https://bmcmedresmethodol.biomedcentral.com/articles/10.1186/1471-2288-7-10
http://dx.doi.org/10.1186/1471-2288-7-10
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17302989&dopt=Abstract
https://bmcmedresmethodol.biomedcentral.com/articles/10.1186/s12874-023-01879-8
http://dx.doi.org/10.1186/s12874-023-01879-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36927334&dopt=Abstract
https://www.jmir.org/2025/1/e66294
http://dx.doi.org/10.2196/66294
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Russell et d

©Eilidh Russell, Alison Kirk, Mark D Dunlop, William Hodgson, Mhairi Patience, Kieren Egan. Originally published in the
Journal of Medical Internet Research (https://www.jmir.org), 18.03.2025. This is an open-access article distributed under the
terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted
use, distribution, and reproduction in any medium, provided the original work, first published in the Journal of Medical Internet
Research (ISSN 1438-8871), is properly cited. The complete bibliographic information, a link to the origina publication on
https://www.jmir.org/, as well as this copyright and license information must be included.

https://www.jmir.org/2025/1/e66294 JMed Internet Res 2025 | vol. 27 | €66294 | p. 17

(page number not for citation purposes)


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

