
Effectiveness of digital health interventions to
increase cardiorespiratory fitness: A systematic
review and meta-analysis

Sheri Rowland1 , Christina Bach2, Krystyna Simon1 ,
Danielle M Westmark3 and Edie Sperling4

Abstract

Background: Interventions using commercial digital health tools do favorably affect health outcomes. However, the effect of
digital tools on cardiorespiratory fitness, a more novel indicator cardiovascular risk, is unclear.

Purpose: Synthesize the digital health intervention literature and answer the following question: What is the effect of inter-
ventions using mobile health apps, wearable activity trackers, and/or text messaging on cardiorespiratory fitness?

Methods: A systematic review and a meta-analysis (PROSPERO CRD42023423925) were conducted to evaluate the immediate
digital health intervention effect on adult cardiorespiratory fitness. In March 2023, a search of databases Embase, MEDLINE,
CINHAL, and Cochrane Library was completed. Studies were included if the intervention used a mobile health app, text mes-
saging, and/or activity tracker. Studies were excluded if an objective measure of fitness was not used; the sample included
children; the setting was hospital-based; and the digital health technology was only used for data collection or described as
virtual reality. Using a random-effects model, two separate meta-analyses were completed: one for single-group studies and
one for multi-group studies. Standardized mean difference effect sizes (Cohen’s d ) were calculated. Study quality was eval-
uated with the Cochrane Risk of Bias tool and ROBINS-I tool.

Results: Fifty-three studies (3657 individuals) with pre-post designs (12 single-group, 41 multi-group) were included. Most
studies targeted participants with a specific chronic health condition. Digital health interventions in the single-group studies
had a moderate-to-large effect size (d= 0.62, 95% confidence interval (CI) [0.41–0.84], p < 0.001), and multi-group studies
had small-to-moderate effect size (d= 0.38, 95% CI 0.21–0.55, p < 0.001). Significant heterogeneity of effects was observed in
both the single-group and multi-group studies.

Conclusions: Interventions using text messaging, a mobile app, or activity tracker alone or in combination are effective in
improving cardiorespiratory fitness in adults, particularly for those with a chronic health condition.

Keywords

Cardiorespiratory fitness, digital health, digital tools, meta-analysis, physical activity

Submission date: 21 May 2024; Acceptance date: 23 August 2024

Introduction
Digital health tools, including wearable physical activity
monitors, smartphone health apps, and text messaging,
are effective intervention components to improve health
behaviors and health outcomes.1–7 For example,
meta-analytic evidence indicates that weight loss interven-
tion participants lost seven times more weight when text
messaging was included as an intervention component.8
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Likewise, among participants with type II diabetes, brief
text messaging interventions had a significant favorable
effect on hemoglobin A1C (3-month average blood
glucose) compared to usual care conditions.9 Other effect-
ive digital health strategies include mobile app use for infor-
mational support and as a tool to self-monitor weight and/or
physical activity behavior.1,10 Digital health interventions
commonly evaluate physical activity behaviors (i.e., steps,
duration, intensity) and cardiovascular outcomes, including
body mass index, blood pressure, cholesterol, and glycosy-
lated hemoglobin (A1C). Cardiorespiratory fitness, a
powerful predictor of cardiovascular risk, is a relatively
novel outcome of interest in health behavior research.
High-level evidence of the effect of digital health tools on
fitness in adults is limited. Emberson et al. (2021) con-
ducted a systematic review evaluating the effects of
smartphone-based physical activity interventions; only
one of the 20 studies included in the review evaluated
fitness as an outcome.11 In that one randomized design
study with low-activity adults in New Zealand (N= 51),
there was no significant difference in fitness evaluated
with a 1 mile walk/run test compared to control.11 In
another recent systematic review with meta-analysis, the
effect of smartphone-based interventions on fitness in
adults with coronary artery disease included eight studies
(1120 participants).12 Here, where the fitness measure
(6 min walk test) was the same across all eight studies
reviewed, fitness was significantly better among those
receiving the smartphone app intervention versus those
who received standard cardiac rehab.

Cardiorespiratory fitness is the efficiency of the heart and
lungs working together to supply oxygen to muscles in the
body during exertional physical activity. Common mea-
sures of fitness include volume of oxygen consumed
during activity (VO2) and metabolic equivalents (METs),
which are the metabolic cost of an activity compared to
resting metabolism. In adults, optimal health is associated
with performing activities at a MET level of 8 to 10;
increased risk of cardiovascular disease and all-cause mor-
tality are associated with only performing activities with a
MET level less than 5.13 The gold standard method of
fitness evaluation is a graded exercise test (on treadmill or
bicycle) that progresses until maximum effort or exhaustion
is achieved while the individual wears a mask to measure
oxygen and carbon dioxide exchange.14 Reliable and
valid submaximal fitness evaluation, which is more amen-
able to clinical and community settings, has been developed
and include walk, step, and cycle tests.15,16 As a biomarker,
submaximal fitness tests are sensitive to intervention and
therefore useful for serial evaluation of efforts to change
physical activity behavior.17 Since 2016, the American
Heart Association has called for fitness assessment in
adults at least annually during routine clinical visits to
improve cardiovascular risk prediction and risk manage-
ment by objectively evaluating the cardiorespiratory

efficiency.13 Given the surge in digital health research and
the increasing focus on cardiorespiratory fitness, descrip-
tion of the effect of digital health interventions on fitness
outcomes is needed to support evidence-based practice.
The purpose of this systematic review and meta-analysis
was to synthesize the current digital health intervention lit-
erature and answer the following question: what is the effect
of interventions using mobile health apps, wearable activity
trackers, and/or text messaging on cardiorespiratory fitness?

Methods
The PRISMA guidelines18 guided the protocol develop-
ment for this systematic review and meta-analysis,
and the protocol is registered with PROSPERO
(CRD42023423925).

Information sources

Search strategy. The literature was searched using search
strategies developed by a health sciences librarian (DW)
on the topics of mobile or digital health behavior interven-
tions, physical activity, and cardiorespiratory fitness in
adults. These strategies were developed using a combin-
ation of standardized index terms and keywords and were
performed in Embase (Elsevier), MEDLINE (EBSCO),
CINHAL (EBSCO), and Cochrane Library (Wiley).
Search limits applied were published in English, published
between January 2000 and December 2023, adult sample,
and all study types, except for reviews, letters, notes, and
editorials. The publication timeframe was set according to
two key digital health milestones; mobile phone data inter-
action functionality (email and text) began in 2000, and
Fitbit, the first commercial wearable activity tracker,
became available in 2009.19 The databases were searched,
and articles were retrieved on 31 March 2023. The search
strategies used are available to view in Supplemental file 1.

Eligibility criteria. Studies were included if they reported on
interventions that used a mobile health app, text messaging,
and/or a wearable activity tracker and an objective measure
of cardiorespiratory fitness. Studies were excluded if an
objective measure of fitness was not used; the sample
included children; the setting was hospital based; and the
digital health technology was only used for data collection
or was described as virtual reality.

Selection process. Using Covidence software,20 two docto-
rally prepared researchers (SR and CB) independently
reviewed titles and abstracts to confirm eligibility, then
together, the researchers reconciled all discrepancies.
Figure 1 details the study selection process.
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Data collection

Coding. An a priori codebook was developed from prior
physical activity studies performed by the first author,
including a meta-analysis on interventions targeting seden-
tary behavior in older adults.21–23 To evaluate the codebook
performance with data extraction, the codebook was piloted
independently by SR and CB with 10 studies, and then
revised following consensus. All eligible studies were

independently coded by SR and CB using Covidence soft-
ware, and all discrepancies reconciled through discussion
and re-review of the associated study.

Data items. Descriptive data on each study (Supplemental
Table 2) were collected, including study location, setting,
funding status, study design, sample demographics (i.e.,
age, gender, ethnicity), and intervention characteristics
(i.e., duration, digital health components, behavior change

Figure 1. PRISMA flowchart.
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components). Select taxonomy-defined behavior change
components collected included self-monitoring, goal-
setting, feedback, problem solving, and role modeling,24

as well as shared and supervised physical activities. Data
needed to calculate effect sizes were also collected, includ-
ing sample size, outcome mean (most proximal to end of
intervention), and measures of variability. If a study did
not report data needed to calculate effect sizes, a request
for the missing data was made to the corresponding
author. A total of 21 corresponding authors were contacted
for missing data; 28.5% (n= 6) responded with the data
needed to include their study in our meta-analysis.

Bias assessment. The Cochrane Risk of Bias tool was used
to evaluate the quality of studies using a randomized control
trial (RCT) design.25 The Cochrane tool evaluates bias as
high, low, or unclear across five domains, namely, selec-
tion, allocation concealment, reporting, and other sources.
The ROBINS-I tool was used to evaluate the quality of non-
randomized design studies.26 The ROBINS-I tool evaluates
bias as low, moderate, critical, or no information across
seven domains, including confounding, participant selec-
tion, intervention classification, intervention deviation,
missing data, and measurements. Both tools have an
overall bias rating. Researchers (SR and CB) evaluated
the quality of each study independently, then discrepancies
were reconciled through discussion. Publication bias was
also evaluated with the trim and fill test,27 Egger’s regres-
sion intercept,28 and funnel plots29 using Comprehensive
Meta-Analysis software (CMA). Multiple publication bias
tests are done in order to provide greater confidence in
the results.30

Data analysis

Data analysis was accomplished with CMA software.31 A
random effects-model was chosen due to the expected
heterogeneity among the studies.30 Two separate meta-analyses
were completed: one for single-group studies and one for multi-
group studies using either randomized or non-randomized
designs.30 Only objective measures of cardiorespiratory
fitness were used. Standardized mean difference effect sizes
were calculated in CMA, with the majority done by subtracting
the mean of the control group from the mean of the treatment
group and dividing by the pooled standard deviation. In the
multi-group meta-analysis, two studies required the use of dif-
ference in means and p values;32,33 one study required sample
size and p value;34 and one study required means and t value.35

In the single-group meta-analysis, the study involved three
intervention groups who all used pedometers and were com-
bined into one group. As per our inclusion criteria, every
group had a wearable device.36 Where studies had more than
one outcome measure, they were combined in CMA by
taking the average of the means.30 The type of fitness
outcome measure can be seen in the forest plots for each
meta-analysis (Figures 2 and 3), including subjective, object-
ive, or combined.

Cohen’s d was chosen to quantify the effect sizes as
recent research has questioned the bias of Hedge’s g.37 A
positive effect size was set to indicate improvement in
cardiorespiratory outcomes in the intervention group com-
pared to the control group or to themselves pre-
intervention. A negative effect size indicates worse cardio-
respiratory outcomes in the intervention group compared to
the controls or compared to themselves pre-intervention.

Figure 2. Forest plot of single-group, posttest cardiorespiratory fitness outcomes among adults. A random-effects model was used to
calculate effect sizes. Square areas are proportional to the study weight.
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Effect sizes are classified as small (≤0.20), medium
(=0.50), or large (≥0.80).38 Heterogeneity of effects was
assessed using prediction intervals (PI), T, and I2. Q is no
longer recommended as an accurate measure of heterogen-
eity.39 A one-study-removed sensitivity analysis was also
done for each meta-analysis to identify outliers.

Results

Study characteristics

A total of 53 distinct studies published between 2014 and
2023 were included in the narrative synthesis. All studies
collected pre-post measures; 12 used a single-group

design, and 41 used a multi-group design. Of those
testing more than one group, 85% (n= 35) randomized par-
ticipants to groups. Studies were conducted in North
America (n= 23), Europe (n= 15), Asia (n= 8), Australia
(n= 6), Africa (n= 1), and the Middle East (n= 1).

Sample characteristics. The single-group studies (12 studies
with a total of 699 individuals) were more diverse with race
compared to the multi-group studies (41 studies with a total
of 2958 individuals); participants were 47.4% non-White in
the single-group studies and 10.4% non-White in the multi-
group studies. The mean age of participants in the single-
group studies was 48.0 (SD 7.4) years and 49.5 (SD 15.3)
years in the multi-group studies. Females comprised

Figure 3. Forest plot of multi-group, posttest cardiorespiratory fitness outcomes among adults. A random-effects model was used to
calculate effect sizes. Square areas are proportional to the study weight.
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64.1% of the sample in the single-group studies and 55.5%
of the samples in the multi-group studies. Most of the
studies (n= 44; 78.5%) targeted participants with a specific
chronic health condition or problem, including cancer, dia-
betes, obesity, cardiovascular disease, liver disease, kidney
disease, substance use disorder, or psychological disorder.
The sample size range was 10–288 in the single-group
studies and 11–335 in the multi-group studies.

Intervention characteristics. Across studies, intervention
duration was between 4 and 168 weeks (3.2 years), with
most delivering a 12-week intervention. Most studies
delivered the intervention in the home setting (n= 42;
76%) or a combination of home and elsewhere (i.e.,
clinic, community center). Interventions were also deliv-
ered in clinical settings (n= 3),40–42 workplaces (n=
3),43–45 community settings (n= 9),33,36,46–51 and, all or
in part, at an academic setting (n= 3).52–54 Most studies
used a combination of digital health intervention strat-
egies; four studies used text messaging and an activity
tracker;32,44,53,55 four studies used text messaging and an
app;23,46,56,57 14 studies used an app and a wearable activ-
ity tracker;42,47,48,52,58–68 and nine studies used text mes-
saging, an app, and activity tracker.35,51,69–75 Only two
studies used text messaging alone.45,76 A number of
studies used only an app33,46,48–50,54,68,77–82 or only an
activity tracker.36,83–90 Supplemental Table 2 details the
behavior change strategies used along with the digital
health tools, including goal setting, feedback, barrier
problem solving, shared physical activity, supervised
physical activity, and motivational interviewing.

Study quality of the 35 randomized design studies were
evaluated with the Cochrane Risk of Bias Tool. While there
were no studies evaluated as “high risk” on overall risk of
bias, 45.7% (n= 16) were evaluated as “low risk,” and
54.2% (n= 19) did not report enough information to
render an overall bias judgement. Evaluation of the 18 non-
randomized studies using the ROBINS-I risk of bias tool
found a range related to the overall risk of bias, including
low risk (n= 2), moderate risk (n= 2), serious risk (n=
6), and not enough information (n= 8).

Outcome measures
All included studies used an objective measure of cardio-
respiratory fitness (inclusion criteria); however, a total of
19 studies (35%) also used a subjective measure of physical
activity behavior. The International Physical Activity
Questionnaire (IPAQ), a measure of physical activity
level, was the most common subjective measure of physical
activity behavior used. Objective measures used to evaluate
cardiorespiratory fitness included maximal exertion
walking or cycling tests and submaximal exertion walking
or stepping tests.

Effect of digital health interventions on
cardiorespiratory fitness
A summary of effect sizes for both the single group and
multi-group meta-analyses is presented in Figures 2 and
3, respectively. Digital health interventions in the single-
group studies (k= 12, n= 12) had a statistically signifi-
cant, moderate-to-large effect size (d= 0.60, 95% CI
[0.39–0.81], p < 0.001) on cardiorespiratory fitness
(Figure 2). Effect sizes ranged from 0 to 3.40, with no
negative effect sizes. As expected, there was a statistically
significant heterogeneity of effects across the studies
0.09–1.28, I2= 73.77%, T= 0.29, p < 0.001). Digital
health interventions in the multi-group studies (k= 41, n
= 41) had a small-to-moderate effect size (d= 0.35, 95%
CI 0.17–0.53, p < 0.001) (Figure 3). Effect sizes ranged
from −0.36 to 2.05, with a positive effect size indicative
of the intervention group having better cardiorespiratory
fitness outcomes compared to the control group.
Heterogeneity was again at statistically significant levels,
as expected (95% PI −0.67–1.37, I2= 78.72%, T= 0.50,
p < 0.001).

The one-study-removed sensitivity analysis demonstrated
that no studies had a significant influence on the magnitude
of the summary effect sizes in either meta-analysis. Despite
sensitivity analysis not identifying any outliers, we also com-
pleted the single-group meta-analysis without Nabutovsky
et al. (2020), the largest effect size in the study. This
reduced the summary effect size by approximately to 0.52,
a minimal change. Pre-post correlations of 0.5 were used
for all studies after sensitivity analysis was done by setting
correlations to 0.01, and then 0.09 with no change observed
in the effect sizes.

The funnel plots for the single-group meta-analysis
(Figure 4) and multi-group meta-analysis (Figure 5) are
generally symmetrical, though we note few studies in the
lower left corner of the plots representing studies with
smaller effect sizes, which would hypothetically demon-
strate less publication bias. Egger’s regression test in the
single-group meta-analysis was not significant (t= 1.16, p
= 0.27, intercept 1.21), but was significant in the multi-
group meta-analysis (t= 2.01, p= 0.05, intercept 1.49).
This suggests that the single-group data set was unlikely
to be influenced by small sample bias, but the multi-group
data may have been.91 Both of the trim and fill tests returned
no studies trimmed, and, therefore, the point estimates and
funnel plots remained exactly the same, indicating less like-
lihood of publication bias.27

Moderator analyses
Moderator analyses were completed to investigate hetero-
geneity (Table 1). Subgroup analyses included United
States versus international location, sample mean age
greater or less than 45.0, randomized design, if the study
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included individuals with chronic conditions or not, and
multiple intervention characteristics, including inclusion
of physical activity education, self-tracking of physical
activity, encouragement, goal-setting, feedback on progress
or technique, addressing barriers to physical activity, peer
role modeling, shared peer physical activity, supervised
physical activity, motivational interviewing, text messa-
ging, wearable device, and use of an app. Meta-regression
was done to determine if the duration of the intervention
or age of participants affected its efficacy.

In the single-group studies, there was one significant
moderator finding when examining subgroups. Studies
that included addressing participants’ barriers to physical
activity (k= 4, n= 4) had a statistically significant higher
effect size (d= 1.39, 95% CI 0.52–2.26, p= 0.002) com-
pared to studies, which did not (d= 0.43, k= 7, n= 7,
95% CI 0.33–0.53, p < 0.001, Q= 10.26, p of Q< 0.01).
There were no statistically significant differences between
interventions with shared physical activity, those inclusive
of a mobile app versus not, or supervised versus unsuper-
vised peer activity, location of study, and there were no dif-
ferences based on the average participant age (Table 1).
Participants with chronic conditions, peer modeling, educa-
tion, self-tracking of activity, encouragement, feedback,
goal setting, motivational interviewing, text messaging,
and use of a wearable device (if reported) did not have
enough studies in each subgroup (minimum k= 4) to
perform a reliable analysis.

In the multi-group studies, there were two significant
moderator findings. Studies that included individuals with
chronic conditions (e.g. diabetes) had a significantly
higher effect size (d= 0.30, k= 33, n= 33, 95% CI 0.12–
0.47, p= 0.001) than studies, which did not (d= 0.27, k=
7, n= 7, 95% CI −0.04–0.57, p= 0.09, Q= 53.21, p of Q
< 0.001). Studies conducted in the US had a significantly
lower effect size (d= 0.05, k= 11, n= 11, 95% CI −0.28–
0.37, p= 0.78) than those conducted elsewhere (d= 0.35,
k= 30, n= 30, 95% CI 0.19–0.51, p < 0.001, Q= 4.43, p
of Q= 0.04). Studies with and without individuals with
chronic conditions, randomization, mean age, goal setting,
feedback, addressing barriers, shared peer activity, super-
vised physical activity, text messaging, a wearable device,
and use of an app were not statistically significant compared
to their absence. Passive versus active control groups and
use of education, self-tracking, peer modeling, subjective
outcome alone, and motivational interviewing did not
have enough studies in each subgroup (minimum k= 4) to
perform reliable analyses.

In each meta-analysis, a meta-regression with the
Knapp–Hartung correction was completed to determine if
the duration of the intervention or mean age was correlated
with effect size. Neither of the analyses had statistical sig-
nificance (Table 1). With removal of duration outliers
(Maltais et al. (2019) in the single-group studies and Ma
et al. (2019) in the multi-group studies), the statistical sig-
nificance did not change.

Figure 4. Forest plot of single-group, posttest cardiorespiratory fitness outcomes among adults. A random-effects model was used to
calculate effect sizes. Square areas are proportional to the study weight.
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Discussion
This systematic review and meta-analysis advance our
understanding of digital health interventions by examining
their effect on cardiorespiratory fitness, a novel and increasingly
recognized important health outcome. Cardiorespiratory fitness
(heart–lung efficiency) is one of the most important corre-
lates of general health status and a powerful predictor of all-
cause mortality independent of age, ethnicity, body mass
index, cholesterol, type II diabetes, and smoking.13,92 The
American Heart Association now recommends routine meas-
urement of fitness to both evaluate and modify cardiovascu-
lar risk. In our study, digital health interventions using text
messaging, a wearable activity tracker, and/or a smartphone
app had a significant favorable effect on fitness with a mod-
erate to large effect in single-group studies and small to mod-
erate effect in multi-group studies. These findings are good
news as even small changes in fitness are clinically signifi-
cant. A 1-MET increase in fitness (corresponding to V02 of
3.5 ml/kg/min during exercise) is associated with a 10–
30% reduction in cardiovascular mortality.13

Few included studies tested the effect of text messaging
alone, so it remains unclear whether text messaging alone
can favorably affect cardiorespiratory fitness. It is important
to note, cardiorespiratory fitness did significantly improve
with the use of only an app or use of only an activity
tracker. While the combination of the two strategies did
appear helpful, the improvement in fitness was not signifi-
cant. Health behavior researchers and health care providers

can be reassured that digital health interventions need not
be overly complex or multi-component to have a favorable
effect on cardiorespiratory fitness, particularly for those
with a chronic health condition. It may be that complex,
intensive, multi-component health behavior strategies are
needed for primary prevention and not as needed for sec-
ondary or tertiary prevention. In other words, a chronic
health condition may be a strong motivator to overcome
barriers to increasing physical activity. Our moderator ana-
lysis findings among the single-group studies suggest two
key non-digital components to consider as part of a
digital health intervention: shared physical activity and
addressing participant barriers to physical activity.

Studies included in this review had samples with a wide
range of chronic health conditions, including cardiovascular
disease, cancer, and severe psychological conditions, and,
notably, there were only two negative effect sizes. There
was, however, considerable heterogeneity of effects in
both the single-group and multi-group studies. This is
likely due to the wide variation in study design, interven-
tions, and patient populations. While the study samples
were diverse with respect to sex and health conditions,
they were not diverse with respect to race or ethnicity, par-
ticularly when a multi-group design was used. There is a
clear gap in high-level evidence (i.e., randomized con-
trolled trials) for the use of digital health interventions to
affect fitness among non-White samples. Given cardiovas-
cular morbidity and mortality outcomes are worse for the

Figure 5. Forest plot of multi-group, posttest cardiorespiratory fitness outcomes among adults. A random-effects model was used to
calculate effect sizes. Square areas are proportional to the study weight.
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Table 1. Moderator analyses.

Subgroup analysis

Single-group Studies Cohen’s d k p value 95% CI Qbetween p of Q

Mean age ≤45.0 versus 0.48*** 4 <0.001 0.27–0.69 1.10 0.29

>45.0 years old 0.68*** 8 <0.001 0.41–1.01

Barriers to PA addressed versus 1.39** 4 0.002 0.52–2.61 10.26** <0.01

not addressed 0.43*** 7 <0.001 0.33–0.53

Shared peer activity versus 1.12** 5 0.004 0.35–1.89 2.47 0.12

None 0.50*** 7 <0.001 0.37–0.62

Use of app versus 0.72** 8 0.001 0.28–1.16 0.57 0.45

no app 0.58*** 4 <0.001 0.39–0.70

US-based versus 0.59** 8 0.001 0.24–0.94 0.08 0.78

international 0.65*** 4 <0.001 0.42–0.88

Multi-group studies

US versus 0.05 11 0.78 −0.28–0.37 4.43* 0.04

international 0.44*** 30 <0.001 0.26–0.62

Randomized versus 0.34** 34 0.002 0.13–0.55 0.25 0.62

non-randomized 0.38*** 7 <0.001 0.23–0.53

Mean age ≤45.0 versus 0.43 24 0.06 −0.01–0.87 1.90 0.39

>45.0 years old 0.35*** 30 <0.001 0.21–0.50

Chronic conditions versus 0.30** 33 0.001 0.12–0.47 53.21*** <0.001

no chronic conditions 0.27 7 0.09 −0.04–0.57

Goal setting versus 0.32* 33 0.003 0.11–0.54 0.82 0.37

none 0.46*** 8 <0.001 0.25–0.67

Feedback versus 0.25* 33 0.004 0.08–0.41 4.40 0.11

none 0.91* 7 0.004 0.29–1.54

Barriers to PA addressed 0.25 10 0.19 −0.12–0.61 1.61 0.45

versus not addressed 0.40*** 30 <0.001 0.18–0.62

Shared peer activity versus 0.38*** 6 <0.001 0.17–0.59 0.04 0.84

none 0.38** 35 0.001 0.14–0.56

(continued)
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Black and Hispanic/Latino adults, digital health research
with ethnically and racially diverse samples is greatly
needed.93–95

Limitations
We were unable to ascertain the study quality for approxi-
mately half of the single-group studies and half of the
multi-group studies. No studies reported on baseline
outcome blinding of participants. The effect of knowing
your fitness level prior to a digital health intervention
could not be explored. Small sample bias was likely in
the multi-group meta-analysis. Small sample sizes also
prevented a comprehensive analysis of moderators of
intervention effects. The lack of ethnic and racial diver-
sity among samples limits the generalizability of the find-
ings to populations under-represented in digital health
research. This study also evaluated the most proximal

intervention effect. Future research on the long-term
effect of digital health interventions on cardiorespiratory
fitness is needed. Nonetheless, our findings provide a
rigorous comprehensive analysis of a diverse range of
studies using digital health strategies to affect cardio-
respiratory fitness. Most multi-group studies used some
form of control group and randomized participants. The
findings also appear to be robust given the minimal
impact on the summary of effect sizes with removal of
outlier studies.

Conclusion
Digital health interventions using text messaging, a smart-
phone app, or activity tracker alone or in combination are
effective at improving cardiorespiratory fitness in adults,
particularly those with a chronic health condition. Future
research is needed to determine the moderating effects of

Table 1. Continued.

Subgroup analysis

Single-group Studies Cohen’s d k p value 95% CI Qbetween p of Q

Supervised PA versus 0.39*** 10 <0.001 0.23–0.56 0.13 0.72

unsupervised 0.38* 31 0.005 0.10–0.57

Text messaging versus 0.28 16 0.13 −0.06–0.46 1.96 0.16

none 0.44*** 25 <0.001 0.23–0.67

Wearable device versus 0.31* 26 0.008 0.08–0.55 0.24 0.63

none 0.41* 15 0.007 0.11–0.70

Use of app versus 0.36** 30 0.001 0.16–0.56 0.01 0.92

no app 0.33 11 0.09 −0.05–0.71

Meta-regression

Single-group studies Coeff. n p value 95% CI

Duration 0.56 9 0.84 −0.02–0.03

Mean age −0.43 9 0.40 −0.03–0.08

Multi-group studies

Duration 0.41 19 0.99 −0.04–0.86

Mean age 0.40 19 0.98 −0.02–0.02

PA: physical activity; Coeff: coefficient.
*p < 0.05, **p < 0.01, ***p < 0.001.
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non-digital strategies commonly used along with digital
health interventions (i.e., goal setting, feedback, shared
physical activity). Research evaluating the long-term
effect of digital health interventions as well as the effect
among non-White populations is also needed. Lastly,
digital health researchers are called to report on common
quality metrics, such as participant and personnel blinding.
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