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Abstract 

Background Physical inactivity is considered one of the main modifiable risk factors for noncommunicable diseases. 
It has been proven that an active lifestyle is an efficient means of preventing and managing noncommunicable 
diseases. Multiple barriers have been identified that hinder engagement in conventional physical activity pro-
grams and the achievement of physical activity recommendations. Digital interventions may expand opportunities 
to resolve these barriers and empower people with noncommunicable diseases to be physically active. This overview 
of systematic reviews aims to evaluate the efficacy of digital interventions on physical activity promotion among indi-
viduals with major noncommunicable diseases.

Method A protocol was registered in the PROSPERO database (CRD42022364350). A qualitative synthesis method 
was applied to summarize the efficacy data. The assessment of methodological quality using AMSTAR-2 for each 
systematic review was performed by two independent reviewers.

Results Searches in nine databases resulted in seven systematic reviews for inclusion. Most of the primary studies 
included in these seven reviews were conducted in high-income countries. The reviews addressed five populations: 
participants with cancers, cardiovascular diseases, chronic obstructive pulmonary disease, type 2 diabetes, and osteo-
arthritis. Digital interventions were classified into two categories: interventions based on digital activity trackers 
and remote interventions via digital facilities. Additional components were identified in both categories of inter-
ventions such as motivational content, counseling, goal setting, tailored feedback/reminders, and other behavioral 
change techniques. The overall quality of the reviews ranged from critically low to low. The findings provided some 
evidence that both categories of interventions were effective in promoting physical activity.

Conclusion The findings of this overview suggest that some types of digital interventions, such as self-monitoring 
with digital activity trackers and remote interventions via digital facilities, may be effective means of promot-
ing physical activity across major noncommunicable diseases. The findings should be interpreted cautiously 
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Background
Noncommunicable diseases (NCDs), comprising cardio-
vascular diseases (CVDs), type 2 diabetes (T2D), chronic 
pulmonary disease, stroke, cancer, and certain muscu-
loskeletal diseases, such as osteoporosis, back pain, and 
osteoarthritis, are still significant worldwide health bur-
dens [1, 2] that are considered prominent determinants 
of global morbidity [3] and mortality [4]. NCDs cause 
the death of 41 million people each year, corresponding 
to 74% of all deaths worldwide with major NCDs (CVD, 
caner, chronic pulmonary disease, diabetes) being the 
cause of over 80% of all premature NCD deaths [5].

Major NCDs cause significant economic pressure in 
the European Union countries as they account for at least 
25% of total healthcare budgets [6]. Furthermore, NCDs 
are considered to be the biggest challenge of healthcare 
systems in the 21th century in different countries and 
regions [7–13]. These numbers are increasing because of 
the expansion of societies, rapid and uncontrolled urban-
ization, and the adoption of increasingly less active life-
styles [14–16].

Physical activity (PA) including exercise has been well 
known as medicine for prevention and management of 
a wide range of chronic diseases including NCDs [17], 
also to counteract the negative consequences of physi-
cal inactivity as one of the main modifiable risk factors 
for NCDs [15, 18]. Multiple barriers have been identified 
that hinder engagement in traditional PA programs and 
the achievement of PA recommendations. Conventional 
approaches, such as educational programs [19, 20] and 
environmental modifications [21] encounter problems 
such as communication issues between healthcare pro-
fessionals and patients, unfavorable environmental con-
ditions, or psychological barriers such as problems with 
self-monitoring and lack of motivation [22].

Resolving these common barriers requires the design 
and implementation of innovative approaches such as 
digital interventions (DIs) [23] to promote healthy behav-
iors like PA [24–27].

Digital health is an umbrella term that encompasses 
the application of digital technologies in health care [28]. 
The advent of DIs presents an opportunity to transform 
the way health services are delivered and to encourage 
people affected by NCDs to actively engage in PA. DIs 
contain various technologies, such as smartphone appli-
cations, short message service (SMS), activity trackers, 

electronic records, video-based interventions, virtual 
reality, web-based/internet-based interventions, and 
telehealth platforms. These novel approaches hold the 
extensive accessibility of technology, providing tailored, 
scalable, and cost-efficient solutions to promote PA 
[29–36].

Depending on the digital technology involved, the 
interventions can be classified into two main catego-
ries. One category of interventions is based on the use 
of digital activity trackers for the self-monitoring of PA. 
Self-monitoring is recognized as one of the BCTs to 
encourage PA [37, 38]. It has been defined as a procedure 
that allows individuals to record, observe, monitor, and 
modify their behavior [37–39]. As such, it may increase 
an individual’s adherence to PA-promoting interventions 
by taking a more active role in attaining a goal instead of 
being passive [40]. Moreover, digital activity trackers are 
known as a prevailing self-monitoring tool [40, 41] that 
can be an effective way to promote PA [40].

Another category refers to remote interventions (web-
sites or apps) using various components of behavioral 
support for PA promotion via digital facilities (smart-
phones, websites, email, etc.). Remote interventions have 
been postulated in telehealth/telemedicine definitions as 
the use of electronic communications and information 
technologies to provide participants with remote health 
care services [28, 42]. Remote interventions are utilized 
to deliver PA-promoting programs and to communicate 
efficiently with participants [28]. They can offer an advan-
tageous way to overcome barriers originating from the 
person-to-person delivery of interventional programs. 
Remote interventions may minimize the effects of these 
barriers by reducing the cost of traveling to undertake 
programs [43], encouraging more adherence to interven-
tion [44], allowing better timing of programs [45], and 
reducing the time needed to participate in programs [46].

The efficacy of DIs on physical activity promotion 
(PAP) has been increasingly investigated in recent years. 
These interventions contain various behavior change 
techniques (BCTs), such as goal-setting, self-monitoring, 
counseling, and tailored feedback, to empower individu-
als with NCDs to adopt and maintain active lifestyles [25, 
47–53].

Previous reviews have either focused on defined pop-
ulations, such as individuals with CVD, T2D, chronic 
obstructive pulmonary disease (COPD) [54–57] or on 

since the methodological quality of the included reviews ranged from critically low to low, and there was no consist-
ent assessment of the certainty of evidence. Further systematic reviews are required on efficacy of digital interven-
tions with more rigorous conducting and reporting of systematic review methodologies.
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defined types of DIs, such as telemedicine, mobile text 
messaging, digital games, and mobile apps [58–61]. These 
overviews have revealed that DIs can be effective for PAP 
among individuals with major NCDs. Despite the grow-
ing interest in DI studies targeting PAP, a summary of the 
efficacy of DIs on PAP in individuals with major NCDs 
is lacking to date. Therefore, this overview of systematic 
reviews aims to summarize and critically appraise the 
existing evidence on the efficacy of DIs on PA levels in 
people with major NCDs, in comparison to the interven-
tions that do not include DIs such as usual care or to the 
complete absence of interventions.

Methods
This overview of systematic reviews was conducted and 
reported in accordance with the Cochrane Systematic 
Review Handbook [62, 63] and Preferred Reporting Items 
for Overviews of Reviews (PRIOR) guidelines [64]. A pre-
defined protocol (CRD42022364350) was registered in 
the PROSPERO database on October 13th, 2022. Minor 
deviations from protocol were presented in Additional 
file 1.

Search strategy
A systematic literature search was conducted on 31th 
August 2022 (Since inception to date noted) by a single 

researcher (MK) in eight electronic databases, includ-
ing PubMed, Embase, Web of Science, SportDiscus, 
CINAHL (via EBSCO), Scopus, PsychInfo (via Ovid), 
Social Services Abstracts, Sociological Abstracts, and the 
Sports Medicine and Education Index (ASSIA) (via Pro-
Quest), and one register, CENTRAL (via the Cochrane 
library). A comprehensive and structured search strategy 
was developed based on relevant published reviews in 
this field prior to the final literature search. Preliminary 
literature searches were conducted using a predefined 
combination of MeSH terms and free-text keywords for 
the population, intervention, comparison, outcomes, and 
study design (PICOS) elements. The full search strategy 
used for all databases, the number of retrieved studies, 
and search considerations for each database can be found 
in Additional file 2. The following a priori-defined eligi-
bility criteria were used to include studies according to 
the PICOS scheme (Table 1).

Screening and data collection
To facilitate the study selection process, all retrieved 
studies were imported into EndNote, version X9 (Clari-
vate, Philadelphia, PA). A two-stage selection process 
based on predefined inclusion and exclusion criteria was 
independently conducted by two reviewers (MK and 
SK). In the first stage, records (i.e., titles and abstracts of 

Table 1 Eligibility criteria as defined by the PICOS approach

Abbreviations: CVD Cardiovascular disease, DIs Digital interventions, NCDs Noncommunicable diseases, PA Physical activity, PICOS Participants/interventions/
comparator/outcomes/study design, SMS Short Message Service

Population People diagnosed with major NCDs [2, 65–67] such as CVD, chronic pulmonary disease, cancer, T2D, osteoarthritis, back pain, and osteo-
porosis with no age range, gender, race, ethnicity, or geographical location limitation. Individuals who were not diagnosed with any 
of the aforementioned conditions, or were solely described as at-risk populations for these conditions, were excluded

Interventions All interventions that utilized digital technology to improve PA behavior in various forms of information technology and health com-
munication (computer- and internet-based, mobile health, SMS, virtual reality, and videogames, electronic programs) and wearable 
technology (pedometer, accelerometer, fitness trackers, smart watch, etc.). These features should have been used either as comprising 
the whole intervention program or as a main component of the intervention in terms of monitoring and feedback, content delivery, 
execution of intervention, and communication between health professionals and patients. DIs are defined as programs that provide 
information and support (emotional, decisional, and/or behavioral) for physical and/or mental health problems via a digital platform 
(website or computer) [68]. Interventions not meeting the definition were excluded

Comparators All types of non-digital comparison groups:
1. Individuals who received no intervention (e.g., wait-list control) and/or minimal intervention
2. Individuals who received “treatment as usual” (e.g., face-to-face PA programs without the use of digital technology or only for PA meas-
urement) or another intervention approach

Outcomes Reviews were included if PA was the primary outcome assessed in the reviews. PA could be measured objectively (e.g., using movement 
sensors such as accelerometers, pedometers, etc.) or subjectively, using self-reported measurements (e.g., through questionnaires, dia-
ries, etc.). The outcomes encompassed low-, moderate-, and vigorous-intensity PA, number of steps, frequency of PA (for various types 
of activities such as strength, aerobic, balance, and flexibility exercises), and the percentage of individuals meeting PA guidelines
Reviews that focused solely on sedentary behavior such as sitting time were excluded

Study design All systematic reviews, with or without meta-analysis of randomized controlled trials were included in this study. Systematic reviews 
that focused on non-randomized trials, non-controlled trials, cross-sectional studies, or cohort studies were excluded. Additionally, other 
study designs such as trials, cohorts, quasi-experimental studies, non-systematic reviews, commentaries, letters, and study protocols 
were excluded
According to the Cochrane Handbook [63] a systematic review is a type of study that attempts to identify, appraise, and synthesize all 
the empirical evidence that meets pre-specified eligibility criteria to answer a specific research question. To produce more reliable 
findings to inform decision making, researchers conducting systematic reviews use explicit, systematic methods that are selected 
with a view aimed at minimizing bias
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reports) were screened against the inclusion and exclu-
sion criteria with English or German languages. Records 
from other languages were excluded. In the second stage, 
the reviewers thoroughly reviewed the reports (i.e., full-
text documents supplying information about a particu-
lar study). Throughout both stages of study selection, 
any conflicts or disagreements between the reviewers 
were resolved through discussion until a consensus was 
reached. If needed, the reviewers sought input from 
another team member (KP).

The data extraction was performed by a single reviewer 
(MK) and verified by another reviewer (MI). A data 
extraction form was created in accordance with recom-
mendations from the Cochrane Handbook using Micro-
soft Word. The following information was extracted from 
the included systematic reviews: title, authors, year of 
publication, number of primary studies included, total 
number of participants, name and number of databases 
used in the search strategy, date range of the search, sys-
tematic review population, interventions, comparators, 
primary and secondary outcomes, methodological qual-
ity/risk of bias (ROB), effect estimates of PAP (with 95% 
confidence intervals) or narrative estimates of PAP, meas-
ures of heterogeneity, limitations, and theoretical basis of 
interventions.

Moreover, data on the direction of the effect (see more 
details on vote-counting synthesis in “Data analysis”) 
and country of conduction were extracted directly from 
primary studies when the information provided in the 
reviews was insufficient. We contacted the study authors 
if we did not have access to the full texts.

Methodological quality assessment
The included reviews were assessed for methodological 
quality using A MeaSurement Tool to Assess systematic 
Reviews (AMSTAR-2), which is a critical appraisal tool 
specifically designed for systematic reviews that include 
randomized controlled trials (RCTs) and non-RCTs [69]. 
AMSTAR-2 consists of 16 domains, seven of which are 
considered critical [69]. As AMSTAR-2 is not intended 
to generate an overall score, confidence in the results of 
each systematic review was assessed by rating the fulfill-
ment of critical domains and non-critical weaknesses.

The overall confidence in the results was rated as “high” 
if no weakness or only one non-critical weakness was 
observed. Furthermore, overall confidence was rated as 
“moderate” if more than one non-critical weakness was 
observed, “low” if there was one critical flaw with or 
without non-critical weaknesses, and “critically low” if 
more than one critical flaw with or without non-critical 
weaknesses was observed [69].

The assessment of methodological quality using 
AMSTAR-2 for each systematic review was performed by 

two independent reviewers (MK and MI). Any conflicts 
or disagreements between the reviewers were resolved 
through discussion until a consensus was reached.

Internal validity and certainty of evidence of the overall 
body of evidence for primary studies
In this overview, we extracted and summarized the 
internal validity (methodological quality or ROB) and 
certainty of the evidence assessment’s data conducted 
by the authors of each review. Common tools used by 
review authors to assess internal validity were the PEDro 
scale [70], the Cochrane Collaboration ROB assessment 
tools 1 and 2 [71, 72], and the Jadad scale [73]. Certainty 
of evidence was assessed by the authors of the included 
systematic reviews using Grading of Recommendations 
Assessment, Development, and Evaluation (GRADE) 
[74].

Assessing primary study overlap within the included 
systematic review
To map out the overlap between the primary studies 
included in the reviews, we used the method of Pieper 
et  al. [75] to calculate the corrected cover area (CCA) 
index and the steps of the overlap mapping method 
developed by Hennessy, Johnson [76]. The first occur-
rence of a primary publication is defined as the index 
publication. CCA is calculated as a measure of overlap 
by dividing the frequency of repeated occurrences of 
the index publication in other reviews by the product of 
index publications and reviews, reduced by the number 
of index publications [75].

In these methodologies, subsequent to the creation of 
a citation matrix, the overall CCA percentage was calcu-
lated. The CCA was then calculated for each subsample 
of the primary studies to determine overlap within each 
category. The CCA percentage was interpreted as slight 
(0–5%), moderate (6–10%), high (11–15%), and very high 
(over 15%) overlap of the primary studies included in the 
reviews [75].

Data analysis
A qualitative synthesis was applied in this overview 
because of the diversities in population, interven-
tions, and outcome measures as well as the inconsist-
encies in effect measurement and reported data (in 
both meta-analyses and qualitative syntheses) through-
out the included reviews. To synthesize the data from 
the reviews with meta-analyses, the extracted effect 
size of PAP with a 95% confidence interval (CI) was 
summarized. Magnitudes of effect were interpreted 
according to the effect sizes, with standardized mean dif-
ference (SMD) ≥ 0.2 = small, SMD ≥ 0.5 = moderate, and 
SMD ≥ 0.8 = large effect sizes [77].
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For reviews without meta-analysis, vote counting 
based on the direction of effect was applied, which is an 
accepted method for qualitative synthesis according to 
the Cochrane Handbook [78]. Within this method, each 
effect estimate is categorized as showing benefit (favoring 
the use of DI) or inferiority (favoring the use of non-DI) 
based on the observed direction of effect alone [78]. In 
addition, a sign test was used to determine the existence 
of any evidence of an effect (the two-tailed p-value signif-
icance level was 0.05), as recommended in the Cochrane 
Handbook. The sign test was implemented using the 
GraphPad QuickCalcs website [79] (accessed Septem-
ber 2023). Because at least six studies were required to 
achieve a significant two-tailed p-value with the sign 
test, the sign test calculation was not performed if fewer 
than six studies were included in each individual analy-
sis. An effect direction plot was created [80] and then an 
estimate of the proportion of effects favoring the DI was 
calculated (p = u/n, u = number of effects favoring the DI, 
and  n = number of reviews/primary studies) along with 

a CI using the Wilson methods [81] for each outcome 
domain (objective, subjective PA).

Results from vote counting based on the direction of 
effect were categorized according to the decision rules 
presented by Weir et al. [82] based on the percentage of 
primary studies (outcomes) favoring DIs: 0% = no effect, 
1% to 33% = generally ineffective, 34% to 66% = mixed 
effect, 67% and over = generally effective. When the 
information reported in any systematic review without 
meta-analysis was insufficient to perform a vote-count-
ing synthesis, the primary studies included in the review 
were examined to obtain information on the direction 
of effect. Data analysis was performed by a researcher 
(MK), and the method used was reviewed by a second 
researcher (AJ).

Results
Figure  1 illustrates the various stages involved in the 
search and retrieval processes for this study. The initial 
database search yielded 4012 records. After removing 

Fig. 1 Study selection
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duplicates (1025 records) and ineligible records (n = 34), 
2953 unique records remained. Out of the initial pool, 
311 reports remained and underwent a comprehensive 
assessment of eligibility in full text. The reasons for exclu-
sion were documented and can be found in Additional 
file  3. As a result of the second stage, eight systematic 
reviews were identified. However, one systematic review 
was subsequently excluded during the data extraction 
process because it applied all the included remote inter-
vention programs through landline phone calls, which 
did not meet the DI definition in the inclusion crite-
ria (see Table  1). Ultimately, seven individual studies 
were used for data synthesis and summarization in this 
research.

Description of included reviews
The characteristics of the seven included systematic 
reviews are presented in Additional file 4. These reviews 
encompassed 130 reports describing 128 RCTs con-
ducted in 19 countries. Most of the primary studies 
included in these seven reviews were conducted in high-
income countries. The trials were distributed across vari-
ous regions, including North America (n = 53), Europe 
(n = 42), Australia (n = 16), Asia (n = 16), and Latin Amer-
ica (n = 1). The publication dates of the reviews ranged 
from 2010 to 2022.

Description of population
The total number of participants for each review ranged 
from 693 to 4,255. The combined total number of partici-
pants with major NCDs across all the included reviews 
in this overview was 13,631; their mean age was over 
50 years. The reviews addressed five populations: partici-
pants with all types of cancers at any stage of treatment 
(n = 2) [83, 84]; CVDs (n = 2) [85, 86], those with COPD 
(n = 1) [87], those with T2D (n = 1) [88], and those with 
different major NCDs, such as osteoarthritis, CVDs, 
T2D, and COPD (n = 1) [89]. No reviews focusing on par-
ticipants with back pain or osteoporosis that fit our inclu-
sion criteria were found.

Description of interventions
Interventions based on the use of digital activity trackers 
for the self‑monitoring of PA as the main component 
within either remote or non‑remote interventions
The digital activity trackers mentioned in the reviews 
included pedometers, accelerometers, and other activity 
trackers, such as Fitbit, Polar, and Garmin, which have an 
embedded accelerometer.

Of the seven included reviews, five [83–85, 87, 89] 
focused on the use of digital activity trackers for the self-
monitoring of PA among individuals with major NCDs. 
Three of the five reviews in this category [85, 87, 89] 

reported different interventional components, such as 
motivational content, counseling, and goal setting. Three 
reviews [84, 87, 89] described the motivational compo-
nents of the interventions. In the same way, four reviews 
[84, 85, 87, 89] reported counseling components.

Furthermore, three reviews [85, 87, 89] asserted goal 
setting to promote PA. Except for Schaffer et  al. [83], 
all the other reviews distinguished promoting habitual 
PA from structured exercise programs. Only Schaf-
fer et  al. [83] and Allet et  al. [89] reported information 
regarding the setting of the intervention (group-based 
or home-based). Furthermore, except for Schaffer et  al. 
[83], all the reviews outlined the theoretical bases of the 
interventions.

In the review by Allet et al. [89], the authors included 
primary studies using pedometers or accelerometers for 
long-term monitoring under free-living conditions. The 
authors reported the combined use of the transtheo-
retical model, motivational theory, alongside cognitive 
behavioral strategies (3 primary studies), and a combi-
nation of social cognitive theory, implementation inten-
tions, and dual process theory (one primary study).

Armstrong et al. [87] included primary studies in which 
pedometers were used to provide real-time feedback on 
daily steps. The use of the social cognitive theory was 
reported in the design of one primary study.

Kanejima et al. [85] included primary studies in which 
the interventions utilized pedometers or accelerometers 
as self-monitoring tools to modify a participant’s PA 
behavior. They also reported the use of websites, smart-
phones, and tablets to check and record participants’ PA 
information. For one primary study they report the use of 
the self-efficacy theory.

Schaffer et  al. [83] included primary studies in which 
the interventions focused on promoting exercise, defined 
as an intentional, structured, and repetitive activity 
aimed at improving physical fitness. Pedometers and 
accelerometers were used for self-monitoring during the 
exercise interventions.

Singh et  al. [84] included primary studies that aimed 
to improve PA using pedometers or other digital activ-
ity trackers with embedded accelerometers (e.g., Fitbit, 
Polar, and Garmin). The authors reported uses of the the-
ory of planned behavior (six primary studies), the tran-
stheoretical model combined with social cognitive theory 
(three primary studies), the social cognitive theory (three 
primary studies), the self-determination theory (one pri-
mary study), the health action process approach (one 
primary study), a combination of social cognitive theory, 
theory of planned behavior, and transtheoretical model, 
as well as motivational interviewing (one primary study), 
only the transtheoretical model (one primary study), only 
motivational interviewing (one primary study), and a 
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combination of multiple theories, such as the I-Change 
model with social cognitive theory (one primary study).

Remote interventions (websites or apps) using various 
components of behavioral support for PA promotion 
via digital facilities (smartphones, websites, email, etc.), 
but without digital activity trackers
Electronic communications and information technolo-
gies, such as websites, email, SMS, and smartphones, 
have been noted in reviews under this category to edu-
cate participants, control PA adherence, receive feedback 
from professionals, and deliver information. In this cat-
egory of interventions, we sometimes observed the use 
of digital activity trackers when they were only used as a 
tool to objectively measure PA.

Of the seven reviews, two [86, 88] focused on remote 
interventions to promote PA among individuals with 
major NCDs. Both reviews reported different interven-
tional components, such as computer-assisted sessions 
with a coach, tailored feedback/reminders, informative 
booklets, and smartphone apps. In addition, only Kong-
stad et al. [88] outlined the motivational components of 
the interventions. Kongstad et al. [88] asserted that a few 
of the interventions were in addition to usual or standard 
care. None of the reviews contained information regard-
ing the setting of the intervention (group-based versus 
home-based). Furthermore, only Pfaeffli Dale et  al. [86] 
outlined the theoretical basis of the interventions. In 
Kongstad et al. [88] review, the authors included primary 
studies of interventions using remote feedback about 

the participant’s PA behavior for the purpose of PAP. For 
this, the authors reported the use of text-based feedback 
via webpages, email, and SMS. In Pfaeffli Dale et al. [86] 
review, the interventions were delivered through various 
digital remote technologies. Additionally, the transtheo-
retical model (one primary study), and self-efficacy the-
ory (one primary study) were used in the interventions’ 
designs.

Methodological quality assessment
Seven reviews underwent quality assessments using 
AMSTAR-2 [69]. Details are presented in Table 2.

The overall quality of the reviews ranged from critically 
low to low. Four of the seven reviews [83, 85, 87, 89] were 
rated as having critically low quality due to multiple criti-
cal flaws and non-critical weaknesses. Three of the seven 
reviews [84, 86, 88] were rated as having low quality due 
to one critical flaw and non-critical weaknesses.

All the included reviews developed research ques-
tions and inclusion criteria based on the components of 
PICOS. They also provided explanations for their selec-
tion of study designs for the inclusion criteria. None of 
the reviews reported the source of funding for the pri-
mary studies. Data extraction was performed in duplicate 
in all reviews except for one [85]. Similarly, all reviews 
except one [83] used a satisfactory or partially satisfac-
tory technique to assess ROB in the individual primary 
studies included in the review. Furthermore, all reviews 
except one [89] provided satisfactory explanations and 
discussions of any observed heterogeneity in the results.

Table 2 Assessment of included systematic reviews via AMSTAR-2

a Critical items, Y = Yes, N = No, PY = Partially Yes, NMC = No Meta-analysis Conducted, Items: 1. Did the research questions and inclusion criteria for the review include 
the components of PICO? 2. Did the report of the review contain an explicit statement that the review methods were established prior to the conduct of the review 
and did the report justify any significant deviations from the protocol? 3. Did the review authors explain their selection of the study designs for inclusion in the 
review? 4. Did the review authors use a comprehensive literature search strategy? 5. Did the review authors perform study selection in duplicate? 6. Did the review 
authors perform data extraction in duplicate? 7. Did the review authors provide a list of excluded studies and justify the exclusions? 8. Did the review authors describe 
the included studies in adequate detail? 9. Did the review authors use a satisfactory technique for assessing the risk of bias (ROB) in individual studies that were 
included in the review? 10. Did the review authors report on the sources of funding for the studies included in the review? 11. If meta-analysis was performed, did the 
review authors use appropriate methods for statistical combination of results? 12. If meta-analysis was performed, did the review authors assess the potential impact 
of ROB in individual studies on the results of the meta-analysis or other evidence synthesis? 13. Did the review authors account for ROB in primary studies when 
interpreting/discussing the results of the review? 14. Did the review authors provide a satisfactory explanation for, and discussion of, any heterogeneity observed in 
the results of the review? 15. If they performed quantitative synthesis did the review authors carry out an adequate investigation of publication bias (small study bias) 
and discuss its likely impact on the results of the review? 16. Did the review authors report any potential sources of conflict of interest, including any funding they 
received for conducting the review?

Review 1 2 a 3 4 a 5 6 7a 8 9 a 10 11a 12 13 * 14 15* 16 Rating 
Overall 
Confidence

1- Allet, L., et al. (2010) [89] Y N Y PY Y Y N PY PY N NMC NMC N N NMC N Critically low

2- Armstrong, M., et al. (2019) [87] Y Y Y PY Y Y N PY PY N Y N Y Y N Y Critically low

3- Kanejima, Y., et al. (2019)[85] Y N Y N N N N PY Y N Y N Y Y N Y Critically low

4- Kongstad, M. B., et al. (2019) [88] Y Y Y PY Y Y N PY Y N Y Y Y Y Y Y Low

5- Pfaeffli Dale, L., et al. (2016) [86] Y N Y PY Y Y Y Y Y N NMC NMC Y Y NMC Y low

6- Schaffer, K., et al. (2019) [83] Y N Y PY Y Y N Y N N NMC NMC N Y NMC N Critically low

7- Singh, B., et al. (2022) [84] Y Y Y PY N Y N N Y N Y N Y Y Y Y Low
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Internal validity and certainty of evidence of the primary 
studies included in the reviews
Two of the seven reviews [87, 89] used the PEDro scale 
to assess the methodological quality of the primary stud-
ies. The mean (± SD) PEDro scores reported in these 
reviews were 6.3 ± 0.3 points and 9.29 ± 1 points, respec-
tively, which were interpreted as having good and excel-
lent methodological quality [90], respectively. Four of the 
seven reviews [84–86, 88] used the Cochrane Collabora-
tion ROB assessment tool [63] to assess ROB, and one 
review [83] did not perform any assessment of internal 
validity.

Considering that four of the seven reviews used the 
Cochrane Collaboration ROB assessment tool, it can be 
summarized that in all four reviews, the included pri-
mary studies had low ROB in random sequence genera-
tion (RSG). Three out of four of these reviews reported 
low ROB in allocation concealment (AC) and incomplete 
outcome data (IOD) of their included primary studies. 
However, more than half of the reviews included primary 
studies with high ROB in blinding of participants and 
personnel (BPP) and selective outcome reporting (SOR). 
The ROBs varied across primary studies regarding blind-
ing of outcome assessments.

The review by Pfaeffli Dale et  al. [86] also used the 
Jadad-scale to assess internal validity, reporting that only 
a few primary studies were judged as having high quality 
(4 out of 5 points).

Only one review [88] assessed the certainty of evidence 
using GRADE. In this review, the certainty of evidence 
was downgraded one step as a result of substantial incon-
sistency. It was downgraded a further step as a result of 
imprecision in the estimate, ranging from low to mod-
erate effect, in addition to serious ROB. The overall cer-
tainty of evidence in this review was graded as low for 
overall PA level as an outcome.

Primary studies overlap within the included systematic 
review
The seven reviews included 121 primary studies with 
PA assessments as an outcome. A total of 110 primary 
studies (without overlap) were included across all seven 
reviews. Five of the seven [83–85, 87, 89] were related 
to interventions in which activity trackers were the 
main component of a PAP program. The two remaining 
reviews [86, 88] were related to remote interventions via 
digital means for PAP. A matrix (see Additional file  5) 
with 110 rows (single primary studies) and seven col-
umns (included reviews) was created. The CCA percent-
age across the entire matrix to map overlap among all the 
reviews was 1.666%, which indicated a slight overlap.

The calculated CCA percentage among five reviews 
for the category of digital activity trackers was 3.086%, 

a result that was judged as slightly overlapping. In the 
same way, the CCA for the two reviews related to remote 
interventions was calculated as 0%, indicating no overlap 
between the two reviews. For two reviews [83, 84], the 
calculated CCA percentage (25.714%) showed a very high 
overlap. Since these reviews were not in the same sub-
group analyses, both were retained in accordance with 
Step 2 of the method elaborated by Hennessy, Johnson 
[76].

Summary of the reported effects
Interventions based on the use of digital activity trackers 
for self‑monitoring of PA as the main component 
within either remote or non‑remote interventions
Additional file 6 presents the details for a summary of the 
effects. Five of the reviews [83–85, 87, 89] reported the 
efficacy of interventions based on the use of digital activ-
ity trackers. In three out of these reviews [84, 85, 87], 
meta-analysis was performed, while qualitative synthesis 
was conducted in the other two reviews [83, 89].

Overall, these interventions demonstrated a positive 
impact on PAP among individuals with major NCDs. 
Nine meta-analyses were reported across three reviews 
of this category. Four meta-analyses reported effects on 
subjectively measured PA (moderate effect, n = 1; large 
effect, n = 1; no effect (non-significant decrease), n = 2), 
four to objectively measured PA (moderate effect, n = 3; 
large effect, n = 1), and one referred to mixed subjective 
and objective PA measuring (moderate effect). In addi-
tion, four vote counting based on direction of effect was 
performed for two reviews, of which two referred to sub-
jective PA measurements (both generally effective), and 
the others two referred to objective PA measurements 
(mixed effect, n = 1; generally effective n = 1). However, 
an effect could only be confirmed in two cases using the 
sign test.

In the review by Allet et al. [89], three and eleven pri-
mary studies reported subjectively and objectively meas-
ured PA, respectively. The use of digital activity trackers 
for self-monitoring on PAP was classified as “generally 
effective,” with two of three primary studies favoring the 
interventions (67%; 95%-CI: [21%, 94%]). However, no 
sign test could be performed because of the low num-
ber of primary studies reporting subjectively measured 
PA (n < 6); therefore, we were unable to confirm that 
there was evidence of an effect. All three primary studies 
were judged as studies with high methodological quality 
(see Additional file 7 for effect direction plots and vote-
counting details). For objectively measured PA, there 
was evidence that interventions based on the use of digi-
tal activity trackers for the self-monitoring of PA had an 
effect on PAP, with 10 of 11 primary studies favoring the 
intervention (91%; 95%-CI: [62%, 98%]; p = 0.0117). Seven 
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of 11 primary studies were judged as high methodologi-
cal quality studies, while three of 11 primary studies were 
judged as studies with fair methodological quality (see 
Additional file 7 for effect direction plot and vote-count-
ing details).

In the review by Armstrong et  al. [87], there was evi-
dence that interventions based on pedometers had 
a moderate effect on objectively measured PA (daily 
steps) versus interventions implementing usual care 
(SMD = 0.53; 95%-CI: 0.29–0.77; p < 0.00001; meth-
odological quality: Excellent). Sub-group analysis pro-
vided evidence of an effect on the daily steps for the 
use of pedometers in addition to pulmonary rehabilita-
tion in comparison to pulmonary rehabilitation alone 
(SMD = 0.51; 95%-CI: 0.13–0.88; p = 0.006; methodologi-
cal quality: Excellent).

In the review by Kanejima et  al. [85], there was evi-
dence that self-monitoring interventions via pedome-
ters and accelerometers had a large effect on improving 
objectively measured PA compared to control groups 
that did not use digital activity trackers but employed 
usual care, or a cardiac rehabilitation program with the 
same exercise sessions, or only received PA recommen-
dations (SMD = 0.97; 95%-CI: 0.71–1.22; p < 0.01; unclear 
ROB).

In the review by Schaffer et  al. [83] nine and five pri-
mary studies reported subjectively and objectively meas-
ured PA, respectively. Concerning subjectively measured 
PA, there was evidence that interventions based on the 
use of digital activity trackers for self-monitoring of PA 
had an effect on PAP, with nine primary studies favoring 
the intervention (100%; 95%-CI: [70%, 100%]; p = 0.0039) 
(see Additional file  7 for effect direction plot and vote-
counting details). For objectively measured PA, there 
were “mixed effects” on PA for the use of digital activity 
trackers for self-monitoring, with three of the five pri-
mary studies favoring the intervention (60%; 95%-CI: 
[23%, 88%]). Furthermore, no sign test could be per-
formed because of the low number of primary studies 
reporting on objectively measured PA (n < 6). No meth-
odological quality/ROB assessment was reported for the 
primary studies included in this review. See Additional 
file 7 for effect direction plot and vote-counting details.

In the review by Singh et  al. [84], there was evidence 
that interventions based on pedometers and other 
activity trackers in addition to other interventional 
components (such as counseling) had a large effect on 
subjectively measured duration of moderate-intensity 
PA (SMD = 0.87; 95%-CI: 0.43–1.32; p < 0.05; high ROB), 
a moderate effect on subjectively measured duration of 
moderate-to vigorous-intensity PA (SMD = 0.61; 95%-CI: 
0.36–0.86; p < 0.05; high ROB), on objectively and subjec-
tively measured total PA (SMD = 0.62; 95%-CI: 0.39–0.84; 

p < 0.05; high ROB), and on objectively measured daily 
steps (SMD = 0.54; 95%CI: 0.30–0.78, p < 0.05; high ROB) 
compared to non-DIs. However, no effect was found 
on subjectively measured duration of low-intensity PA 
(SMD = 0.05; 95%-CI: -0.12–0.22; p = 0.54; high ROB) or 
subjectively measured duration of vigorous-intensity PA 
(SMD = 0.36; 95%-CI: -0.04–0.77; p = 0.08; high ROB).

Remote interventions (websites or apps) using various 
components of behavioral support for PA promotion 
via digital facilities (smartphones, websites, email, etc.) 
but without digital activity trackers
Two out of seven reviews [86, 88] reported the efficacy 
of remote interventions using various components of 
behavioral support via digital facilities for PA promo-
tion. One of the reviews [88] performed meta-analysis. In 
addition, one vote count based on direction of effect for 
subjective PA measurement was performed for the Pfaef-
fli Dale et al. [86] review.

In the review by Kongstad et  al. [88], there was evi-
dence that remote feedback intervention via digital facili-
ties had a small effect (SMD = 0.33; 95%-CI: 0.17–0.49; 
p = 0.015; certainty of evidence: low) in comparison to 
standard treatment. Five of the primary studies differed 
from the usual treatment by including remote feedback 
on PA, while all other components remained identical. 
The other 22 primary studies included additional inter-
vention components (such as diet hints or social support) 
to the remote feedback. The meta-regression analysis 
showed a non-significant decrease in effect size for pri-
mary studies in which the only difference was the imple-
mentation of remote feedback. (SMD = -0.164; 95%-CI: 
-0.703–0.374; p = 0.536; certainty of evidence: low; high 
ROB).

In the review by Pfaeffli Dale et  al. [86], two primary 
studies used remote interventions with various compo-
nents of behavioral support for PAP. The remote inter-
ventions were classified as “generally effective,” as both 
primary studies showed improvement of subjectively 
measured PA (100%; 95%-CI: [34.24%, 100%]). As only 
two primary studies were too few for the sign test, we 
were unable to confirm the evidence of an effect. Both 
studies were rated as high methodological quality studies 
(see Additional file  7 for effect direction plot and vote-
counting details).

Discussion
In this overview of reviews we aimed at evaluating the 
efficacy of DIs on PA among individuals with major 
NCDs. Our findings provide some evidence that the use 
of certain types of DIs can be an effective approach for 
PAP among this target group. While physical inactivity 
was considered one of the main risk factors, it was shown 
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that different types of DI can promote PA to manage and 
prevent major NCDs. To the best of our knowledge, no 
overarching evaluation had been conducted in a single 
study to provide a holistic overview of the of different 
types of DI on PA in people with major NCDs. In previ-
ous studies, authors evaluated the efficacy of subcatego-
ries of DIs and NCD populations. By synthesizing data 
from single reviews limited to small proportions of DI or 
a narrow range of NCDs we were cautiously able to draw 
a conclusion on efficacy of two types of DIs on PAP.

According to our analysis, interventions based on the 
use of digital activity trackers show positive effects on 
subjective as well as objective PA measures in individu-
als suffering from major NCDs. This finding is consistent 
with previous reviews in this field that have focused on 
adults [91] and on specific populations, such as individu-
als with CVDs [50] and COPD [34].

However, Alam et  al. [92] reported that systematic 
reviews of interventions utilizing digital activity track-
ers to self-monitor PA showed variability in qualitative 
synthesis findings on PA measures among patients with 
CVDs; nevertheless, meta-analyses reported in this over-
view favored the DIs. Alam et al. [92] reported that the 
observed variability in the qualitative synthesis’s findings 
may be representative of insufficient rigorous difference 
assessment between intervention and control groups in 
terms of components used.

In the same way, our analysis provided some evidence 
that remote interventions via digital facilities show effi-
cacy on PA (both subjective and objective PA measures) 
in individuals suffering from T2D and CVDs. This find-
ing is in agreement with overviews focusing on individu-
als suffering from COPD [55], CVDs [54], or T2D [56] or 
on specific types of remote interventions, such as mobile 
text messaging or websites [60, 61] or apps [58, 93].

Our results suggest that the evidence regarding the 
efficacy of DIs to promote PA is fairly consistent among 
individuals with CVD, cancer, COPD, and T2D. However, 
the magnitude of effect varied across populations. Fur-
thermore, there was no conclusive evidence for individu-
als with osteoarthritis due to a low number of primary 
studies.

Moreover, the results of the present overview are con-
sistent with previous overviews of reviews evaluating the 
effects of DIs to promote PA in other populations. There 
is evidence that DIs can be effective to promote PA in 
both clinical (e.g. individuals with obesity, chronic pain) 
[52, 94–96], and healthy populations [58, 97].

Limitations
Even though a large number of reviews was retrieved 
in our search, only seven met the inclusion criteria. 
The inclusion of the diverse range of NCDs and DIs in 

this overview provides some evidence into the efficacy 
of these interventions. However, not all types of NCDs, 
such as obesity and depression, could be included in this 
overview because we restricted the search to the major 
NCDs [14, 65, 98]. In addition, identified reviews encom-
pass digital technologies, such as electronic activity 
trackers and remote digital facilities (smartphones and 
apps, tablets, SMS, email, and web pages), while reviews 
including other types of digital technologies, such as vir-
tual/augmented reality and digital gamification, were 
searched but did not meet our inclusion criteria.

While the included reviews provided some insights, it 
is essential to acknowledge some methodological con-
siderations that might influence the interpretation of 
the findings. Diversity in the use of tools for assessing 
methodological quality and ROB made it difficult to draw 
conclusions about the internal validity of primary stud-
ies. Moreover, only one review reported the certainty of 
evidence, which is crucial in translating research findings 
into action. This overview of reviews was limited to pub-
lished systematic reviews in English and German, and 
including reviews published in other languages might 
have changed the nature of the findings.

Additionally, only systematic reviews of RCTs were 
included in this overview, and more holistic results may 
be achieved by covering other forms of reviews (e.g., 
short or rapid reviews) and their included trials (non-
randomized, non-controlled, or pre-post design). In 
addition, because of the diversity in PICOS elements, 
meta-analysis as a more powerful method of data synthe-
sis was not possible. Furthermore, vote counting based 
on the direction of the effect method [99] could not pro-
vide information on the magnitude of the effect in all 
cases.

Furthermore, in both identified DIs categories, the 
interventions not only applied digital technologies but 
also used non-DI components in their implemented pro-
grams (e.g., counseling, motivational interviewing, diet, 
etc.; see Additional file  6). Therefore, these additional 
components limit our ability to attribute the causality of 
benefits to the digital technologies used rather than to 
the overall intervention. Finally, the methodological qual-
ity assessment via AMSTAR-II of the included reviews in 
this overview showed overall qualities ranging from criti-
cally low to low, which may cast doubt on the results. By 
increasing the availability of reviews with higher meth-
odological quality, the certainty of the results may be 
strengthened.

Besides, review’s authors reported some more limita-
tions about the review methodology and included pri-
mary studies. The majority of reviews reported that the 
literature search was conducted in English, so publishing 
bias may have happened due to excluding non-English 
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primary studies. As well, most of the reviews reported 
heterogeneity regarding outcomes measurement, popula-
tion, and content of interventions in the primary studies. 
In addition, some of the reviews conducted the screening 
of records or data extraction by a single researcher rather 
than in duplicate. Detailed limitations of each review are 
provided in Additional file 8.

Implication for clinical practice
From a practical standpoint, healthcare professionals and 
policy makers can benefit from the insights provided by 
this study. Digital approaches providing tailored, scalable, 
and cost-efficient solutions [29–36] have the potential to 
minimize some barriers against PAP among individuals 
with major NCDs. Some barriers such as hardships in 
reaching the site of PA and unfavorable weather condi-
tions, and lack of time [22] can be attenuated by use of 
the remote interventions to distance-delivery of contents, 
and providing participants with counseling, motivational 
interviewing and reminders via digital facilities such as 
online platforms, apps, and SMS instead of person-to-
person implementation.

Furthermore, some psychological barriers such as self-
monitoring problems [22], can be reduced by implement-
ing interventions based on the use of activity trackers as 
self-monitoring tool. Incorporating these interventions 
into clinical practice could enhance patient engagement 
and support disease management. However, integrat-
ing these technologies into existing healthcare systems 
requires careful consideration of factors such as data 
security [100] and the training of healthcare profession-
als [101].

Furthermore, the majority of the individuals with major 
NCDs in this overview were over 50 years old. Any hard-
ship during the presentation of such new technologies 
for this age group should be recognized and attenuated 
by providing them with support and an effective method 
of education [102]. The rapidly growing number of pub-
lished systematic reviews on different types of DI and 
NCDs also makes it difficult for policy makers to make 
use of the evidence in this field. Our overview approach, 
which synthesized a broad range of data, may help policy 
makers to design feasible and effective action plans for 
PAP when conventional interventions face obstacles.

Implication for further research
While our study has shed light on the efficacy of DIs in 
PAP among individuals with major NCDs, there remain 
several areas that require further investigation. The 
diversity of DIs warrants more in-depth exploration. 
This study primarily focused on interventions based on 
the use of digital activity trackers for self-monitoring PA 
and remote interventions via digital facilities. However, 

emerging technologies, such as virtual/augmented real-
ity and digital gamification (e.g., exergames and console-
based video games), hold the potential for enhancing 
engagement and sustaining long-term PA behavior 
change [103, 104].

In addition, the methodological quality of the included 
reviews varied. The reviews demonstrated critical flaws, 
highlighting the need for more rigorous and transparent 
conducting and reporting of systematic review method-
ologies on this topic. In addition, to further advance the 
field, future research should delve into the comparative 
analysis of the efficacy of various types of DIs. Compari-
sons between different components of interventions, 
such as theory basis, educational content, and especially 
technologies and their applications, such as smartphone 
apps, wearable devices, virtual/augmented reality, and 
exergames, can elucidate the most effective approaches 
for specific populations of NCDs.

In addition, we realized that only a few of the behav-
ioral components in the DIs were developed on a theo-
retical basis. As various behavioral change theories have 
been discussed in the field of PAP [105, 106] further 
research should identify the types of DIs that are compat-
ible with behavior change theories and determine how 
BCTs can be integrated within the DIs. For instance, Yang 
et  al. [107] showed that the majority of implementation 
of PA promoting interventions via mobile apps favored 
the use of BCTs with modest evidence bases rather than 
BCTs with higher evidence of efficacy.

In another study, Mercer et  al. [108] categorized the 
BCTs used in various digital activity trackers. They 
revealed that, for example, BCTs related to planning 
of PA, or the reduction of negative feelings (e.g., fear) 
to perform PA, were absent in design and use of activ-
ity trackers, while BCTs providing information were the 
most common. Furthermore, BCTs presenting instruc-
tions on how to concretely perform PA were scarce in 
design and use of activity trackers. In the same way, 
Schroé et al. [109] showed that differences in BCT com-
binations cause differences in the efficacy of DIs aim-
ing at PAP. For example, action planning always showed 
more efficacy in PAP when it was combined with coping 
planning in e- and m-health interventions.

Moreover, the socio-cultural context and its impact 
on DIs cannot be overlooked. The findings of this study 
focused primarily on populations in developed countries, 
and future research should investigate the applicability 
and cultural adaptability of these interventions in diverse 
settings. In addition, it seems essential to determine the 
safety aspects of DI application, as some non-serious 
adverse events have been reported in the use of DIs to 
improve PA among patients with chronic conditions 
[110].
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Finally, more evidence is needed on effects of DIs on 
physical function and physical fitness, as well as on sed-
entary behavior. Thus, further overviews of reviews are 
needed to address these issues that could not be imple-
mented in our study (please see Additional file 1).

Conclusion
The findings of this overview suggest that some types of 
DIs, such as self-monitoring with digital activity track-
ers and remote interventions via digital facilities, may 
be effective means of promoting PA across major NCDs. 
The findings should be interpreted cautiously since the 
methodological quality of included reviews ranged from 
critically low to low. Additionally, there was no homog-
enous assessment for the certainty of evidence. Further 
systematic reviews are required on the efficacy of DIs 
with more rigorous conducting and reporting of system-
atic review methodologies.
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