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Abstract

Objective: To summarise the effectiveness of digital health maintenance interventions for subjectively and objectively mea-
sured physical activity level (PA) and physical function, fitness and health-related quality of life (HRQoL) after completion of
phase Il cardiac rehabilitation (CR).

Methods: We conducted a search for studies in MEDLINE, Embase, CENTRAL, and CINAHL (inception to May 2024).
Independent reviewers selected and included randomised controlled trials (RCTs) using digital health interventions to main-
tain PA in patients with cardiovascular disease after phase Il CR. Independent reviewers conducted data extraction, assessed
the risk of bias using the Cochrane Risk of Bias 2 tool and rated the certainty of evidence using Grading of Recommendations
Assessment, Development and Evaluation - registered at PROSPERO: CRD42023396629.

Results: From 17,455 hits, 20 RCTs with 1801 participants were included. Risk of bias for most studies reporting on PA outcomes
was rated as ‘some concerns’. Comparing digital health intervention with minimal intervention/usual care showed no effect of
objective PA (standardised mean difference (SMD) 0.85, 95% Cl: —0.07 to 1.77) and a small effect of subjective PA (SMD 0.37, 95%
Cl: 0.05 to 0.69) at the end of intervention both graded as very low certainty of evidence. We found very low certainty of evidence
for moderate effects on physical function (SMD 0.63, 95% Cl: 0.03 to 1.24), and low certainty of evidence for no effect on physical
fitness (SMD 0.19, 95% Cl: 0.05 to 0.34) and HRQoL (SMD 0.13, 95% Cl: —0.02 to 0.28), = 0.00%) at the end of intervention.

Conclusion: Digital health interventions showed a small effect on subjectively measured PA, and no effect on objective PA,
physical fitness and HRQoL, but may increase physical function after CR completion. Yet, the certainty of evidence is low and
higher quality studies with longer follow-up duration are needed to guide this area further.
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Introduction

Regular physical activity (PA) is vital for the secondary pre-
vention of cardiovascular disease.'? PA plays a key role in
exercise-based cardiac rehabilitation (CR), to improve
aerobic fitness and health-related quality of life (HRQoL),
and reduce symptoms and risk of post-cardiac events.**

CR typically consists of three phases’: Phase I CR begins
after an acute cardiovascular event and takes place in an
inpatient setting aiming to stabilise and treat the patient.
Phase II CR provides structured exercise-based rehabilita-
tion, assessing risk factors and treating patients through
exercise. A plan is initiated towards the end to prepare for
a physically active, independent life at home. Globally,
phase II CR consists of a median of three sessions per
week with a session median of 60 minutes for a median of
8 weeks.® CR III is the lifelong maintenance phase, during
which the patient independently maintains exercise recom-
mendations from CR II by self-monitoring their PA levels.

Unfortunately, many patients do not maintain the recom-
mended level of PA in their daily lives after completing CR
phase I1.77'° Lack of PA engagement could be attributed to
personal, environmental and organisational barriers, such as
lack of time and lack of motivation.'"'? There are no stan-
dardised definitions for maintenance.'>™'> Hence, we define
maintenance as a period of at least 6 months with the goal of
keeping the benefits gained and preventing relapse.'®

The use of digital health has increased rapidly in recent
years.”’18 Digital health, often referred to as eHealth,
serves as an umbrella term for eHealth, mHealth and tele-
health, which all cover the use of various types of technol-
ogy in healthcare.'® eHealth involves internet-based
solutions such as websites and emails. mHealth includes
phone calls, text messages and apps. Digital devices encom-
pass wearables (with accelerometer or pedometer capabil-
ities), activity trackers or Bluetooth-connected devices.
Digital health interventions are easily accessible to patients
and can be tailored to the individual patient, encouraging
them to become more physically active, thereby potentially
reducing barriers and to improve their disease management
and improve PA.'9!

Of previous systematic reviews>> > investigating main-
tenance interventions after CR II, only Hannan et al.>* and
Heimer et al.®’ investigated the effectiveness of digital
health interventions exclusively. Yet, Hannan et al.** only
assessed the effects of wearables after CR II and found a
small effect on step count. Heimer et al.>> found a small
overall effect on physical exercise and activity that favoured
digital health interventions on maintenance after CR phase
II (standardised mean difference (SMD): 0.35 (95% CI:
0.02 to 0.70), P= 72.3%). However, both reviews did not
distinguish between subjective and objective PA outcomes,
and both excluded interventions that used phone calls or
emails exclusively. Subjective (self-reported) and objective
assessments of PA capture different aspects, emphasising

the need for separate analyses.”® Objective measurements
provide a more precise evaluation of PA levels and intensity
compared to subjective measures,?® while subjective mea-
surements are not affected by the type of activity or place-
ment of a wearable.?’

Hence, an up-to-date overview is needed to assess the
effectiveness across all digital health interventions, separat-
ing subjective and objective PA assessments and contribut-
ing knowledge to support patients after CR II completion.

Objective

The purpose of this systematic review and meta-analysis is
to summarise the effectiveness of digital health interventions
in maintaining objectively and subjectively measured PA
(primary outcomes) and physical function, physical
fitness, HRQoL and adverse events after completion of
phase IT CR compared to usual care or minimal intervention.

Methods

Study design

This study was conducted according to the recommenda-
tions from the Cochrane Handbook and reported according
to the Preferred Reporting Items for Systematic Reviews
and Meta-analyses (PRISMA) statement.”®?° The com-
pleted PRISMA checklist is available in Appendix A in
the online supplemental materials. The review was per-
formed according to the protocol pre-registered with
PROSPERO (CRD42023396629).

Eligibility criteria

Population. The study population of each study had to have a
mean age of >18 years and had to have finished phase II CR
after being medically diagnosed with cardiovascular disease
or undergoing a heart-related procedure, e.g., coronary
artery bypass graft or percutaneous coronary intervention.

Intervention. The studies had to evaluate the effectiveness
of digital health interventions, either exclusively or as a
multicomponent (e.g., in-person intervention + digital com-
ponent). The intervention had to aim to increase, maintain
or promote PA or physical fitness after CR II completion.
Unlike previous reviews by Hannan et al.** and Heimer
et al.,25 to be included as digital health interventions, inter-
ventions had to begin after CR II and not during CR II. This
was done to ensure more consistency, homogeneity and
comparability across studies.

Comparison. The intervention had to be compared to usual
care or minimal intervention (e.g., blinded wearable, sham
website or education).



https://journals.sagepub.com/doi/suppl/10.1177/20552076241286641
https://journals.sagepub.com/doi/suppl/10.1177/20552076241286641

Luijk et al.

Outcomes. For a study to be included, it had to have at least
one outcome on the primary outcome of interest, PA
(objectively or subjectively measured), or at least one
outcome on secondary outcomes of interest, physical func-
tion (objectively or subjectively), physical fitness, HRQoL
or adverse events (serious and non-serious). Eligible time
points were at the end of intervention, 6 months, and
12-month follow-up after the digital health intervention.

Study types. Eligible study designs had to include random-
isation, i.e., randomised controlled trials (RCTs), rando-
mised pilot and feasibility studies, factorial design
studies, cluster-randomised trials and cross-over studies
(only the period until cross-over was included).

Search strategy, data sources and study selection

Embase (Ovid), MEDLINE (Ovid), CINAHL (Ebsco) and
Cochrane Central Register of Controlled Trials
(CENTRAL) were searched from inception to the 2nd of
August 2023. ClinicalTrials.gov was searched for any
ongoing studies. The search was updated 22nd of May
2024. References of eligible studies were hand-searched
(‘pear] growing’) by two independent reviewers (AL and
TGH). The ‘pearl growing’ approach was used to identify
relevant studies, with each study (pearl) containing relevant
keywords or citations, which were used to identify and track
more relevant studies.’® The search was validated against
included studies from Graham et al.** and Martinello et al.>

The search matrix comprised relevant keywords, MeSH
and Thesaurus terms for cardiovascular disease, digital
health, maintenance and PA. However, RCT filters®' 33
were added to the search strings to reduce the number of
non-randomised studies from the search. No limitations or
restrictions in relation to the publication date or language
were applied. The full search strategy for each database
is available in Appendix B in the online supplemental
materials.

Studies not reported in English were translated into
English via Google Translate.** Two reviewers (AL reviewed
all studies, while the studies were equally distributed between
SRM, TGH and JRA) independently screened the studies.
Reviewer disagreements were discussed, and if no consensus
could be reached, then a third reviewer (LHT) was consulted.
In addition, authors were contacted if full-text articles were
inaccessible and had missing data, or if data from their ana-
lysis were not reported. A maximum of four email attempts
were made: two emails to the corresponding author and two
emails to the first, second, or last author.>

Data extraction

Data extraction was done by the same reviewers as for study
selection. The following data were extracted using a priory-

defined and pilot-tested extraction template. Data reported
only in graphs or figures were extracted using the pilot-tested
Web-Based Plot Digitizer.*® Extracted data included study,
author, year of publication, the country where the trial took
place, study design, duration of preceding CR, weekly fre-
quency of preceding CR, mean age, the proportion of
females, number of participants enrolled, number of
participants completing the trial, heart conditions, non-
serious adverse events and serious adverse events.
Adverse events were extracted if reported explicitly in text
or figures/tables, as recommended by The Consolidated
Standards of Reporting Trials.?” The adverse events reported
in the flow diagram were not considered explicit, even if
there were indications of adverse events. Flow diagrams
often lack sufficient details to determine whether an event
is directly linked to the intervention and was therefore
deemed inappropriate for extraction. The Food and Drug
Administration’s definition of non-serious (e.g., pain,
fatigue or falls) and serious adverse events (e.g., hospitalisa-
tion, disability or permanent damage) was used.*® Primary
digital health component (mHealth, eHealth, digital device
or a combination), whether the type of digital health inter-
vention was exclusive or combined with in-person interven-
tion, was also extracted. We also extracted the duration,
weekly frequency of the intervention, number of personal
encounters during the intervention, use of theoretical
model or framework, and usual care or minimal intervention
(e.g., sham website). Mean and standard deviations (SDs)
were extracted for outcomes in the following prioritised
order: the primary outcome of interest was PA objectively
(e.g., measurements by using an accelerometer) or subject-
ively (e.g., International Physical Activity Questionnaire)
measured. Physical function objectively (e.g., 6-minute
walk test) or subjectively (Short-Form 36 physical function
score) measured, physical fitness (e.g., peak oxygen uptake
(VO, peak)) and HRQoL (e.g., European Quality of life - 5
Dimensions) were secondary outcomes of interest. If
reported, both objective and subjective outcomes were
extracted and sought. A pre-specified hierarchy for out-
comes was used for data extraction (Table 1).

In addition, data were extracted for each outcome of
interest at each assessment point, end-of-intervention,
closest to 6-month follow-up and closest to 12-month
follow-up. Furthermore, the type of instrument used to
measure the outcome and the placement were also
extracted. The data extraction form and data are available
in Appendix C in the online supplemental materials.

Quality assessment

Risk of bias was assessed for each outcome of interest using
the Cochrane Risk of Bias Tool version 2 (RoB 2) for each
study.®® All assessments were made in Excel (RoB 2, 22nd
of August 2019, version 9).*’ Studies were assessed by two
independent reviewers (AL assessed all studies, while the
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Table 1. Outcome prioritisation for data extraction.

Moderate-to-vigorous physical activity measured with accelerometer, daily

amount of energy expenditure measured in calories, daily MET (minutes or
hours), number of daily steps

No hierarchical prioritisation was planned.

Subjectively measured physical activity (e.g., Global Physical Activity
Questionnaire, International Physical Activity Questionnaire, Seven-Day
Physical Activity Recall Exercise)

6-minute-walk-test, Shuttle walk test, Sit-to-stand or Timed Up and Go

No hierarchical prioritisation was planned.

Subjectively measured physical function (e.g., Short Form 36 - physical
component)

Physical activity (objective) Primary
Physical activity (subjective) Primary
Physical function (objective) Secondary
Physical function (subjective) Secondary
Physical fitness Secondary
Health-related quality of life Secondary

VO, max, VO, peak, daily MET (minutes, hours, or watts)

A generic questionnaire (e.g., EQ-5D or Short Form 36), disease specific

questionnaire (e.g., the Minnesota Living with Heart Failure Questionnaire)

Note. EQ-5D: EuroQol-5 domain; MET: metabolic equivalent of task; VO, max: maximal oxygen uptake; VO, peak: peak oxygen uptake.

studies were equally distributed between SRM, TGH and
JRA). A third reviewer (LHT) was consulted if a consensus
was not reached.

Certainty of evidence

Grading of Recommendations Assessment, Development
and Evaluation (GRADE) was used to assess all outcomes
at the end of the intervention (assessed by AL and JRA). A
summary of findings table was used for reporting the
results, along with a separate evaluation of the certainty
in evidence for each outcome. Assessments and the
summary of findings were made using the online software
GRADEpro GDT.*!

Statistical analysis

The effectiveness of the interventions on objectively mea-
sured PA, subjectively measured PA, objectively measured
physical function, subjectively measured physical function,
physical fitness, and HRQoL was evaluated separately. The
priory-defined prioritisation was used if more than one rele-
vant outcome was reported within a trial (Table 1). Missing
SDs were calculated using reported 95% confidence inter-
vals, p-values or standard errors.*? If two or more studies
reported data on the same outcome of interest using differ-
ent outcome measures, a random-effects model, adjusting to
Hedges’ g using endpoint scores, was used to calculate the
effect size. If more than one study reported the same
outcome using the same measures, an effect size was

calculated as the weighted mean difference (WMD) of the
final scores using a random-effects model meta-analysis
adjusting to Hedges’ g. If only one study reported data
for a specific outcome, a narrative approach was used in
accordance with the guidelines from the Cochrane
Handbook.*

Standardised mean difference (SMD) with a 95% confi-
dence interval was calculated for outcome measures of con-
tinuous data. Effect sizes pooled as SMD were interpreted
as a small effect (0.2), moderate effect (0.5) or large
effect (0.8).> WMD was calculated for the outcome
reported in the same unit. Dichotomous outcomes, e.g.,
dropouts and adverse events, were analysed and expressed
as risk ratios with 95% confidence intervals.

The heterogeneity of the results was examined using the
Cochrane Q test and quantified as I* values and the
between-study variance 7°. Arbitrary interpretation of I*:
0% to 40% represents that it might not be important, 30%
to 60% may represent moderate heterogeneity, 50% to
90% may represent substantial heterogeneity and 75% to
90% represents considerable heterogeneity.** Small study
bias was examined by using Eggers’s test score (p <0.05
indicates a small study bias) and visually inspected funnel
plots for each outcome.

The statistical software Stata 17 (StataCorp. 2021. Stata
Statistical Software: Release 17. College Station, TX:
StataCorp LLC) was used for all statistical analyses.

As protocolised, heterogeneity was explored on nominal
variables (cardiac diagnoses, primary digital health compo-
nent, intervention type, type of comparator and risk of bias)
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was explored by sub-analyses using univariate meta-
regression on mean age, sex distribution, intervention
length and mean baseline PA.

Results

Study characteristics

In 2023, the search identified 16,012 studies, ultimately
including 19 studies. ¥ % In 2024, the search was
updated and identified 1443 studies, ultimately resulting
in the inclusion of one study.®* Among the included
studies, there were 18 RCTs and two studies with secondary
reporting,”> involving a total of 1801 unique participants
for analysis. The study flow diagram is visually presented in
Figure 1. A summary of the included studies is shown in
Table 2. Excluded studies and ongoing studies are available
in Appendix D in the online supplemental materials. The
mean age of the study participants was 61.2 years,
ranging from 57 ®* to 66.8.>® Two of the included studies
only included participants with coronary heart
disease.*®>> The rest of the studies included a mixed
cardiac population.*>*7-54%* The Jength of CR II
ranged from 4 weeks™* to 16 weeks,’® and the weekly fre-
quency of CR sessions was reported as two times per

remaining studies did not report the length of CR 1L

The median digital health intervention duration was 26
weeks ranging from 6 weeks™ to 208 weeks.® All studies
included a mHealth component in their interventions, utilised
through SMS,*">*43* phone calls™*7%25762 o phone
apps. 27903854 Iy the intervention by Avila et al.,>"* it was
not stated whether feedback given via phone utilised SMS
or phone calls. The intervention was solely digital in 13
studies, > #92*596182 yhere the interventions primarily
involved  apps,*®>>°09861  \wearables (e.g, acceler-
ometers)*”##5796162 34 web-based tools.”**! The remaining
seven studies’* %> integrated digital health interventions
with in-person components, including face-to-face counsel-
ling,”>%%% supervised exercise sessions™>'"> and exercise
booster sessions.”** Seven studies based their intervention
on a model or a theory®=0>433373860 while the remainder
did not. Only six studies reported follow-up after completion
of the digital health intervention*>*%4%3 l’60’61; follow-up dura-
tions ranged from 2 weeks® to 39 weeks,” and no studies
reported at the 12-month follow-up.

The primary outcome, objective PA, was measured using
accelerometers*’*%1%%2 and pedometers,*® primarily reported
as moderate PA,5 ! moderate to high PA*” and moderate to vig-
orous PA. 4960 Furthermore, subjective PA was measured using
questionnaires, *6:48-50-3437.61.63.64 imarily reported as leisure
PA*%* and total PA.*8>*6! Of note, secondary outcomes for
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objective physical function®®>"®* was primarily measured

using a 6-min-walk-test;’*** physical fitness was primarily
measured using a VO, peak,*’>!33566061 a4 HRQoL was
primarily measured using European Quality of life - 5
Dimensions.”>%

Study quality

Risk of bias assessments is shown in Figure 2.

Risk of bias assessments for objectively measured PA:
16.5% (1/6)*” of the RCTs was rated as ‘low risk of
bias’, 67% (4/6)**10%62 a5 ‘some concerns’ and 16.5%
(1/6)*® as ‘high risk of bias’. Subjectively measured PA
was rated as ‘some concerns’ in 75% (6/8) of the
RCTs*048:57:61.63.64 andq high risk of bias’ in 25% (2/8)
of the RCTs. %% All (4/4)*51986% f the RCTs that

.45,51,53,57

measured objectively and subjectively (4/4): phys-
ical function were rated as ‘some concerns’. For physical
fitness, 18% (2/11) of RCTs > was rated as ‘high risk of
bias’, while the remaining 82% (9/11)*¢#7-201-53.56.60.61.64
was rated as ‘some concerns’. For HRQoL, one RCT —
11% (1/9)°® was rated as ‘low risk of bias’, 67% (6/9)
as ‘some concerns’>'?397016% and 22% (2/9) as ‘high

risk of bias’. %%

The effects of digital health interventions

Objectively measured PA

Four studies (357 participants) assessed the effect of digital
health interventions on PA.*”*?°862 We found no effect on
objective PA, when digital health interventions were

Intention-to-
treat Study ID Experimental Comparator Outcome

Avila et al. 2020 Digital device + mHealth + eHealth Usual care Obj. PA
Duscha et al. 2018 mHealth + digital health Usual care Obj. PA
Guirad et al. 2012 Digital device + mHealth Usual care Obj. PA
Park et al. 2021 Digital device + mHealth Minimal intervention Obj. PA
Reid et al. 2021 Digital device + mHealth + eHealth Usual care Obj. PA
ter Hoeve et al. 2017 mHealth Minimal intervention Obj. PA
Antypas et al 2014 eHealth + mHealth Minimal intervention ~ Subj. PA
Butler et al. 2009 Digital device + mhealth Usual care Subj. PA
Foccardi et al 2021 mHealth Usual care Subj. PA
Labrador et al. 2023 mHealth + digital device Minimal intervention Subj. PA
Lear et al. 2006 mHealth Usual care Subj. PA
Pinto et al. 2011 Digital device + mHealth Minimal intervention  Subj. PA
Snoek et al. 2021 Digital device + mHealth + eHealth Minimal intervention Subj. PA
Vieira et al. 2017 Digital device + mHealth + eHealth Minimal intervention Subj. PA
Avila et al. 2020 Digital device + mHealth + eHealth Usual care Obj. PF

Foccardi et al 2021 mHealth Usual care Obj. PF

Labrador et al. 2023 mHealth + digital device Minimal intervention Obj. PF

Park et al. 2021 Digital device + mHealth Minimal intervention Obj. PF

Avila et al. 2018 Digital device + mHealth + eHealth usual care Subj. PF
Avila et al. 2020 Digital device + mHealth + eHealth usual care Subj. PF
Pintoet al. 2011 Digital device + mHealth Minimal intervention Subj. PF
Yates et al. 2004 mHealth Minimal intervention Subj. PF

Avila et al. 2018 Digital device + mHealth + eHealth Usual care Physical fitness
Avila et al. 2020 Digital device + mHealth + eHealth Usual care Physical fitness
Brubakeretal. 2020 mHealth + digital device Usual care Physical fitness
Duscha et al. 2018 Digital device + mHealth Usual care Physical fitness
Foccardi et al 2021 mHealth Usual care Physical fitness

Labrador etal. 2023 mHealth + digital device Minimal intervention ~Physical fitness

Lear et al. 2006 mHealth Usual care Physical fitness
Lunde et al. 2020 mHealth + eHealth Usual care Physical fitness
Reid et al. 2021 Digital device + mHealth + eHealth Usual care Physical fitness
Skobel et al. 2016 Digital device + mHealth Usual care Physical fitness

Snoek et al. 2021 Digital device + mHealth + eHealth Minimal intervention Physical fitness

Avila et al. 2018 Digital device + mHealth + eHealth Usual care HRQoL
Avila et al. 2020 Digital device + mHealth + eHealth Usual care HRQoL
Lear et al. 2006 mHealth Usual care HRQoL
Lunde et al. 2020 mHealth + eHealth Usual care HRQoL
Pinto et al. 2013 Digital device + mHealth Usual care HRQoL
Reid et al. 2021 Digital device + mHealth + eHealth Usual care HRQoL
Skobel et al. 2016 Digital device + mHealth Usual care HRQoL
Snoek et al. 2021 Digital device + mHealth + eHealth Minimal intervention HRQoL
Vieira et al. 2017 Digital device + mHealth + eHealth Minimal intervention HRQoL
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Figure 2. Risk of bias on all included studies and categorised based on the assessed outcome.
Note. HRQoL: health-related quality of life; Obj: objective; PA: physical activity; PF: physical function; Subj: subjective.




20

DIGITAL HEALTH

compared to usual care or minimal intervention at the end of
intervention (K =4, SMD 0.85, 95% CI: —0.07 to 1.77, I’=
90.37%) (Figure 3). After completing the digital health
intervention, at 6-month follow-up, no effect was found
between groups (K=2, SMD 0.02, 95% CI: —0.13 to
0.17, P= 0.01%) (Fig. E.1).

Subjectively measured PA

Eight studies (711 participants) investigated the effect of
digital health interventions on subjectively measured
PA,.#6:48:50.54.57.61.63.64 The regults showed a small effect

on subjective PA when comparing digital health interven-
tions to usual care or minimal intervention at the end of
intervention (K=8, SMD 0.37, (95% CI: 0.05 to 0.69),
PP=73.42%) (Figure 3).

WMD for two studies (136 participants) using
International Physical Activity Questionnaire (IPAQ)
showed no effect between groups (K=2, WMD 1384.55
MET-min/week, (95% CI: —1273.76 to 4042.85), PP=
77.81%) (Fig. E.2). After the digital health intervention,
at 6-month follow-up, no effect was found between
groups (K=2, SMD 0.11, (95% CI: —0.25 to 0.48), I’=
43.65%) (Fig. E.3).

54,61

a)

Treatment Control SMD Weight
Study N Mean SD N Mean SD with 95% CI (%)

Duscha, 2018 16 159 156 9 65 64 +—W— 0.69[-0.12, 1.50] 23.57
Guiraud, 2012 19 543.7 1441 10 226.7 107.4 ———2.32[ 1.36, 3.27] 22.05
Park, 2021 26 9233 32096 25 7019.41 32096 |—l— 0.68[ 0.12, 1.24] 26.11
ter Hoeve, 2017 119 6.5 3.3 133 6.5 3 0.00[-0.25, 0.25] 28.26
Overall e 0.85[-0.07, 1.77]
Heterogeneity: T° = 0.77, I = 90.37%, H* = 10.38
Test of 6, = 8;: Q(3) = 25.40, p = 0.00 Favors control | Favors intervention
Testof 8 =0:z=1.81,p=0.07

o 1 2 3
Random-effects REML model
)

b Treatment Control SMD Weight
Study N  Mean SD N  Mean SD with 95% Cl (%)
Antypas, 2014 7 45944 22987 11 17954 1867.3 —#——— 1.31[ 0.31, 2.31] 6.63
Butler, 2009 48 410.9 308.3 50 370.6 309.6 0.13[-0.26, 0.52] 14.77
Foccardi, 2021 15 380.9 1674 15 166.9 158.5 —#—  1.28[ 0.51, 2.05] 9.04
Lear, 2006 130 2099 2074 119 2349 2018 -0.12[-0.37, 0.13] 17.10
Pinto, 2011 44 240 14214 52 160 141.6 —— 0.56[ 0.15, 0.97] 14.56
Snoek, 2021 59 4959 4022 59 4875 4792 0.02[-0.34, 0.38] 15.36
Vieira, 2017 11 6.2 8 M 6 8 —ii— 0.24[-0.57, 1.05] 8.56
Labrador, 2023 40 2143.09 1516.83 40 1504.2 1302.54 —l— 0.45[ 0.01, 0.89] 13.99
Overall - 0.37 [ 0.05, 0.69]
Heterogeneity: 1° = 0.14, I’ = 73.42%, H’ = 3.76
Test of 6: = 6;: Q(7) = 24.06, p = 0.00 Favors control | Favors intervention
Testof 6=0:z=2.27,p=0.02

40 1 2
Random-effects REML model

Figure 3. Forest plots of standardised mean difference for (a) objectively measured and (b) subjectively measured physical activity in

digital health interventions at the end of intervention.

Note. Cl: confidence interval; N: number of participants; SMD: standardised mean difference; REML: restricted maximum likelihood.
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Effects of digital health on physical function

Objectively measured physical function. Three studies (161
participants)*®%%* were included for analysis. A moderate
effect for objectively measured physical function was found
favouring digital health interventions compared to usual
care or minimal intervention at the end of intervention (K
=3, SMD 0.63, (95% CL: 0.03 to 1.24), I’ = 70.73%)
(Figure 4). WMD for two studies (131 participants)s&64
using a 6-minute walk test showed no effect between
groups (K=2, WMD 40.57 meter, (95% CI: —17.65 to
98.78), I’= 77.81%) (Fig. E.4). After the digital health
intervention, one study’’ measured physical function
objectively at 9-month follow-up, reporting no effect on
the Sit and Rising test (intervention group: N=16, Sit
and Rising test score 7.9, SD 1.3; control group: N=18,
score 7.3, SD 1.3 (between group p =0.53)).

Subjectively measured physical function. Three studies (191
participants)*>>>7 assessed the effect of digital health
interventions on subjective physical function all using the
Short Form 36 physical function subscale, showing a
WMD of 8.47 points (K =3, (95% CI: 3.83 to 13.11), ’=
0.00%), favouring digital health interventions compared
to usual care or minimal interventions at the end of inter-
vention (Figure 4).

Effects of digital health on physical fitness

Nine studies (748 participants)*¢:#7-20-5%:33:35:56.61.64 qqe55ed

the effect of digital health interventions on physical fitness.
Little to no effect for physical fitness was found, favouring
digital health interventions compared to usual care or
minimal intervention at the end of intervention (K=9,
SMD 0.19, (95% CI: 0.05 to 0.34), ’= 0.00%) (Figure 5).
WMD for the VO, peak at the end of intervention showed
an effect favouring the digital health interventions (K=35,
WMD 1.75 ml/kg/min, (95% CI: 047 to 3.02), P= 0.00%)
(Fig. ES). After the digital health intervention, at 6-month
follow-up, this was not maintained (K=2, WMD 0.67 ml/kg/
min, (95% CL —0.79 to 2.13), P= 0.00%) (Fig. E.6). The
same conclusion was found in one study [51] measuring the
VO, peak at 9-month follow-up (intervention group: N =26,
VO, peak: 27.1, SD 6.5; control group: N=25, VO, peak:
26.2, SD 7.6 (between group p =0.54)).

Effects of digital health on health-related
quality of life

Seven studies (702 participants)>®-33-%-36-9-6163 i yeqti-

gated the effect on HRQoL. Little to no effect was found
for digital health interventions compared to usual care or
minimal intervention at the end of intervention (K=7,
SMD 0.13, (95% CIL. —-0.02 to 0.28), P= 0.00%)
(Figure 5). WMD for two studies (163 participants)>-°

using the EuroQol-5 VAS at the end of intervention
showed no effect between groups (K=2, WMD 2.57
VAS score, (95% CI. —1.81 to 6.95), ’= 00.0%)
(Fig. E.7). Two studies®®®' (567 participants) reported
data on HRQoL at 6-month follow-up (Fig. E.8), which
showed no effect between groups (K=2, SMD —0.04,
(95% CI: —0.20 to 0.13), = 0.00%).

Adverse events

In total, seven studies*0-33:35-57.61,64 reported on adverse

events within their respective study periods, and adverse
events were not reported solely in relation to the applied
digital health solution. More details are shown in Table 2.
The varied reporting methods for adverse events made
quantitative analysis unfeasible. A narrative approach was
therefore taken instead.

One study>” reported that 24% (6/25 participants) in the
digital health group experienced a serious adverse event
(chest pain, infection after coronary artery bypass grafting
and chest pain before training) compared to 7% (3/45) of
the control group (atrial fibrillation, new angina and
pseudo-aneurysm). One study®' reported the number of
study participants presenting with at least one serious
adverse event for each of the following categorisations
(the same patient could be present in several categories):
cardiac-related hospitalisations (intervention: 7; control
group: 10), procedures (intervention: 19; control group:
19) and adverse events (intervention: 13; control group:
16). Non-serious adverse events were reported as outpatient
visits (intervention: 18; control group: 22) and general prac-
titioner visits (intervention: 43; control group: 46). Lunde
et al.,>® Foccardi et al.*® and Avila et al. (2018)5 3 reported
adverse events but only if it occurred during or in relation to
exercise™> or exercise testing.**>® Lunde et al.’® and Pinto
et al. (2011)57 did not observe any adverse events;
however, the flow diagrams mentioned a case of death
(intervention: 1; control group: 0 56; intervention: 1;
control group: 1°7) and medical issues (intervention: 8;
control group: 6°7). Avila et al. (2018)°* observed no
serious adverse events but reported two dropouts in the
control group due to percutaneous coronary intervention,
indicating a serious adverse event. Labrador et al.®*
observed no adverse events and reported no dropouts.

Heterogeneity

Heterogeneity was only found for objectively, subjectively
measured PA and objectively measured physical function.
None of the meta-regressions may explain the heterogeneity
for objectively or subjectively measured PA, but age and
proportion female may explain the heterogeneity for the
objectively measured physical function (p=0.01)
(Table F.1-3). Only the pre-specified sub-group analyses
(Fig. F.1-15) for the primary digital health component
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a)
Treatment Control SMD Weight
Study N Mean SD N Mean SD with 95% Cl (%)
Foccardi, 2021 15 16 47 15 123 32 1 0.90[ 0.16, 1.63] 28.09
Park, 2021 26 4818 106.7 25 476.9 1049 —W—— 0.05[-0.50, 0.59] 34.53
Labrador, 2023 40 6106 58.8 40 5453 726 —— 098] 0.52, 1.44] 37.38
Overall ———— 0.63[ 0.03, 1.24]
Heterogeneity: T° = 0.20, I> = 70.73%, H® = 3.42
Test of 6, = 6;: Q(2) = 7.20, p = 0.03 Favors control | Favors intervention
Testof 6 =0:z=2.05, p=0.04
-5 0 I5 1‘ 115
Random-effects REML model
b) Treatment Control WMD Weight
Study N Mean SD N Mean SD with 95% CI (%)
Avila, 2018 28 80 125 26 702 164 —— 9.80[ 2.06, 17.54] 35.93
Pinto, 2011 44 81.8 16 52 739 151 —— 790[ 1.67, 14.13] 55.51
Yates, 2005 23 72.08 21.87 18 655 30 o 6.58[-9.29, 22.45] 8.55
Overall = 8.47[ 3.83, 13.11]
Heterogeneity: 1° = 0.00, I = 0.00%, H* = 1.00
Test of 8, = 6;: Q(2) = 0.20, p = 0.90 Favors control | Favors intervention
Testof 6 =0:z=3.58, p=0.00
-1|0 0 1I0 2I0
Random-effects REML model

Figure L. Forest plot of standardised mean difference for (a) objectively measured and weighted mean difference for (b) subjectively
measured physical function in digital health interventions at the end of intervention.
Note. Cl: confidence interval; N: number of participants; SMD: standardised mean difference; WMD: weighted mean difference; REML:

restricted maximum likelihood.

(mobile, internet based or digital device) (p =0.03) may
explain some of the heterogeneity for objective PA, and
the type of cardiac diagnosis (p =0.01) and the type of
digital health use (exclusively or as component) may
explain some of the heterogeneity for subjective PA (p=
0.05). For objective physical function, only the primary
digital health component (p=0.01) may explain the
heterogeneity.

Evidence level and small study bias

The certainty of evidence was very low for objective and
subjective PA and objective physical function and low for
subjective physical function, physical fitness and HRQoL.
The certainty of evidence was (Table 3) evaluated accord-
ingly to GRADE.

Visual inspection of funnel plots (Fig. F.16-21) only
indicated publication bias in the outcome domain for
objective and subjective PA, which was confirmed by the
p-values calculated by Egger’s test: subjective PA (p=
0.0001); objective PA (p =0.004).

Discussion

We assessed the effectiveness of digital health interventions
on PA, other physical outcomes, HRQoL and adverse
events after CR II completion. Digital health interventions
supporting PA maintenance showed a small effect on sub-
jectively assessed PA but no effect on objectively assessed
PA at the end of the digital health intervention or at 6-month
follow-up. However, the evidence was very uncertain. For
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a) Treatment Control SMD Weight
Study N Mean SD N Mean SD with 95% CI (%)
Avila, 2018 28 27.8 638 26 26.4 54 - 0.22(-0.30,0.75) 7.41
Brubaker, 2000 15 9.3 3 14 9.1 33 T 0.06 (-0.65,0.77) 4.12
Duscha, 2018 16 217 56 9 191 55 —e 0.45(-0.35,125) 3.23
Foccardi, 2021 15 522 154 15 51.3 10.9 - 0.07 (-0.63,0.76) 4.25
Lear, 2006 130 98 27 119 938 26 : 0.00 (-0.25, 0.25) 33.58
Lunde, 2020 48 312 88 54 28.7 69 +—— 0.32(-0.07, 0.70) 13.69
Skobel, 2016 19 219 8.3 42 19.5 48 : -4 0.39(-0.15,093) 7.09
Snoek, 2021 59 245 53 59 233 53 - 0.22(-0.13,0.58) 15.95
Labrador, 2023 40 94 3.27 40 8.08 2.46 : —— 0.45(0.01,0.89) 10.68
Overall, DL (I = 0.0%, p = 0.729) <> 0.19 (0.05, 0.34) 100.00
T Favors control | Favors intervention |
K| 0 1
NOTE: Weights are from random-effects model
b) Treatment Control SMD Weight
Study N Mean SD N Mean SD with 95% CI (%)
Avila, 2018 28 826 13 26 764 164 ——®—— 041[-0.12, 0.95] 7.76
Lear,2006 130 -32 8 119 -32 8 — 0.00[-0.25, 0.25] 35.73
Lunde, 2020 48 78 16 54 75 12 —— 0.21[-0.17, 0.60] 14.66
Pinto, 2013 44 544 7 52 524 104 —— 0.22[-0.18, 0.62] 13.76
Skobel, 2016 19 76.3 15 42 745 129 — T 0.13[-0.40, 0.67] 7.66
Snoek, 2021 59 59 8 59 58 9 —i— 0.12[-0.24, 0.48] 17.06
Vieira, 2017 11 62 8 11 6 6 = 0.27[-0.54, 1.08] 3.36
Overall o 0.13[-0.02, 0.28]
Heterogeneity: 1° = 0.00, I° = 0.00%, H® = 1.00
Test of 6, = 6;: Q(6) = 2.65, p = 0.85 Favors control | Favors intervention
Testof 6=0:z=1.76, p =0.08
-5 0 5 1
Random-effects REML model

Figure 5. Forest plot of standardised mean difference for (a) physical fitness and (b) health-related quality of life in digital health
interventions at the end of intervention. In (a), heterogeneity is reported as .
Note. Cl: confidence interval; N: number of participants; SMD: standardised mean difference; REML: restricted maximum likelihood.

physical function, digital health interventions showed a
moderate effect, whereas digital health interventions may
have little to no effect on physical fitness and HRQoL at
the end of intervention. The quality of evidence was low
to very low, with few studies reporting results at 6-month
follow-up, and none at 12-month follow-up. Furthermore,
adverse events were poorly reported. High-quality studies
on digital health interventions with longer follow-up
periods are needed to investigate which type of digital com-
ponent can provide the most optimal support to maintain
PA health behaviour.

PA is a core component in rehabilitation for patients with
cardiovascular disease as it positively affects prognosis and
HRQoL, and is crucial for reducing mortality.'*%
Furthermore, PA is an important secondary prevention
component essential for managing and prolonging a health-
ier life.'®® Based on the current evidence, we cannot
confirm or deny findings from previous systematic

reviews investigating the effect of digital health interven-
tion to support patients’ maintenance of PA after CR II
completion. Martinello et al.? (2019) reported that either
in-person or digital health (i.e., pedometer, telemonitoring,
online or mobile component) maintenance interventions
had a large effect on PA levels. Unfortunately, they did
not conduct a sub-analysis on the mode of delivery of
digital health interventions and in-person interventions in
their PA analysis, which is why a conclusion of an isolated
effect on digital health interventions cannot be drawn from
this study.23 Heimer et al.® (2023) reported a small effect
on PA levels from eHealth interventions that aimed to main-
tain PA after CR comparison to usual care. However, a direct
comparison with Heimer et al.*® is not appropriate, as they
combined subjective and objective measurements in their
analysis. In contrast to our review, all previously mentioned
reviews either combined the subjective and objective
outcome data in their PA analysis or reported exclusively
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on objective PA. Objective measurements provide a more
precise evaluation of PA levels and intensity compared to
subjective measures, which tend to overestimate these para-
meters.'” Subjective measurements, however, capture the
individual’s self-perceived activity level.”® Hence, subject-
ive and objective assessment tools on PA assess two different
aspects of PA, which is why it is important to analyse them
separately.”® Hence, by separating subjective and objective
PA measurements and adding a broader spectrum of digital
health interventions, our findings add important knowledge
to the existing literature.

In our PA analysis, we observed a high level of hetero-
geneity, which affected our ability to conclude the overall
effects. Despite our planned sub-analyses, the underlying
cause remained unidentified. However, some of the hetero-
geneity could be explained by how PA was measured,
e.g., type and placement of the PA assessment wearables,
i.e., on the wrist™® or the waist.**>*%? In the study by Park
et al.,>® PA was assessed using a Fitbit device for the inter-
vention group (worn on the waist) and a pedometer for the
control group (worn on the wrist), introducing measurement
bias into the meta-analysis of objective PA. The placement
of the wearable may affect the ability to detect certain activ-
ities.”” Different wearables may have different cut-points for
activity-related intensity levels, and may, therefore, have
different abilities in measuring PA.%” Some of the heterogen-
eity may also be explained by the type of cardiac diagnosis,
type of primary used digital component (mobile, internet
based or digital device), and type of intervention (exclu-
sively digital health or digital health+ in-person).
Heterogeneity may also be explained by the complexity of
the digital health interventions, which vary across studies.
Some interventions only include phone calls,*> while
others incorporate virtual reality headsets.®> The number
of digital health components employed also varies; for
instance, some studies include only a single digital health
component, such as a phone call,*® whereas others involve
two components (wearable devices and phone calls),*’%
and some incorporate three components (wearable devices,
apps and phone calls).”® The impact of all these varying
aspects should be considered and explored in future studies.

Our findings of little to no effect for physical fitness are
similar to the overall findings by Heimer et al.> The WMD ana-
lysis for the VO, peak illustrates an increase of 1.75 ml/kg/min
favouring digital health interventions. Typically, an increase of
3.5 ml/kg/min (1 MET) is considered clinically relevant as it
has been shown to improve the survival rate by 12% in patients
with cardiovascular disease.*® However, an increase of
1 ml/kg/min has been associated with a 15% decrease in risk
for all-cause and cardiovascular disease-specific mortality.”®
Therefore, the increase of the 1.75 ml/kg/min may have some
clinical relevance. At 6-month follow-up, the effect was not
sustained (WMD of 0.67 ml/kg/min).

We found three studies indicating a moderate effect of
digital health intervention on objective physical function.

In contrast, Hannan et al.** found only one study that
assessed physical function using the 6-minute walk test,
but they found no between-group difference at 6 weeks or
6-month follow-up. Thus, the limited evidence on digital
health maintenance interventions makes the effectiveness
of physical function uncertain. Qualitative research indi-
cates that digital health could potentially support patients
and may improve their HRQoL.”' Yet, it is not supported
by our findings. Improving well-being and quality of life
for individuals with cardiovascular diseases is the overarch-
ing aim of cardiac rehabilitation.” Exploring various ways
in which digital health interventions can contribute to
enhancing patients’ HRQoL should be investigated.

For the control group, measurements of PA were only
considered minimal intervention if participants in the com-
parator group were not blinded to their PA levels; e.g., Park
et al.”® was considered minimal intervention as the control
group monitored PA using a pedometer and recorded their
steps in a diary. If both groups were unaware of their PA
levels, the Hawthorne effect’> should be present in both
groups. In some studies,*”**3!-336 intervention group par-
ticipants were aware of their PA levels during measure-
ments and received feedback on the prior week’s
performance. In the intervention group, this feedback or
awareness of PA levels was expected to have an additional
effect beyond the Hawthorne effect.

We define maintenance as a period of at least 6 months
with the goal of keeping the benefits gained and prevent-
ing relapse.'® Our analyses show the trajectory of effect-
iveness of digital health analysed at the end of the
intervention, closest to 6-month follow-up, and closest
to 12-month follow-up. However, our findings show that
most of the included studies assessed outcomes only at
the end of the digital health intervention.*®#7-30-52:54-
56,58,62-64 Despite this, all of the studies used the mainten-
ance term, except two,SS’63 to describe their intervention
while having no follow-up?®47-20-%34.56.38.62.64 5,
short follow-up period (under 6 months) *>48:49-60.61
One could question whether the included studies truly
investigated maintenance. No studies clearly defined
when maintenance was considered successful. We recom-
mend future studies to include longer follow-up periods
and clearly describe their definition for maintenance.

An interesting observation was that in studies where
exercise was prescribed at the start of the digital
health intervention followed by weekly*’>33*58:64 o
bi-weekly®? contact through text messages,*’>>"3*%* mes-
sages in app,’® phone calls*”%*%* or emails,> the effect
size tends to be higher. This is contrary to studies where
digital contact with the patients was only made through
phone calls, averaging throughout the intervention dur-
ation every 2 weeks,61 4-5 weeks,48 8 weeks*® and 11
weeks.’® Hence, associations between intervals of digital
interactions and patient-related outcomes are worth
exploring more in depth.
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Implications for clinical practice
and future research

The aim of our review was not to understand the deeper
effective mechanisms when applying digital health inter-
ventions to patients with cardiac diagnoses. However, to
tailor effective future digital interventions and help
explain some of the current heterogeneity, which is an
important research area. Digital health is accessible for
many and can be tailored to patients’ individual needs
and preferences, encouraging healthy behaviour.'*°
Current evidence highlights that digital health interventions
applied to support PA after phase II CR are heterogeneous
in type and often combine several types of behavioural
change techniques.”> Incorporating behaviour change
theory and behavioural change techniques into an interven-
tion has been found to encourage changes in health-related
behaviour, especially social support and action planning
have been found effective in improving PA.”® Still, the
research field needs to explore the optimal dose and com-
bination of digital health to promote or maintain PA, as
numerous combinations and scant evidence in the field of
digital health interventions compromise any solid clinical
recommendation. Nevertheless, given that our data
suggest a favourable effect on PA and physical function,
and that digital health solutions were previously reported
to be cost-effective for improving health-outcomes’* and
could improve accessibility in healthcare for rural or
remote populations,”> healthcare providers could consider
to implement digital health into clinical practice. Yet, it is
important to tailor interventions based on patients’ prefer-
ences and needs, and healthcare providers should consider
that digital health might not be the optimal solution for all
patients.”® The evidence includes limited reporting on
adverse events, and the possibility of adverse events
during a digital health intervention cannot be dismissed.
Still, given the risks associated with inactivity, the benefits
of increasing or maintaining exercise seem to outweigh any
potential associated risks. 2 However, future studies need
to enhance their reporting on adverse events following the
recommendations presented by The Consolidated Standards
of Reporting Trials.*” Future studies should consider the
complexity, the number of digital health components used,
the intervals between digital interactions with the study parti-
cipants, the duration of the digital health intervention and
using a follow-up period of at least 6 months after completing
the digital health intervention.

Limitations

The present systematic review has several strengths. First,
our review was pre-registered at PROSPERO and adhered
to PRISMA guidelines, ensuring transparency and com-
pleteness in reporting. Second, only RCTs were included.
Third, the methodology followed the recommendations

from Cochrane.”’ Last, our search was broader than previ-
ous systematic reviews, identifying seven additional rele-
vant studies*® *%°1%* compared to existing reviews
within the same ﬁeld,zz*25 and we divided outcomes in
objective and subjective PA assessment types.°

Nevertheless, our review holds some limitations. First,
our PA analyses had considerable heterogeneity. The
Cochrane Handbook advises against performing sub-
group analyses, meta-regressions or funnel plots when
the number of studies is fewer than ten.** Therefore,
until further research explores the heterogeneity further,
our results should be interpreted with caution. Second,
digital health interventions were primarily investigated
among males, and the effect was not reported separately
for males and females. Third, although we tried to miti-
gate the risk by manually searching references; there is
a possibility that eligible studies might have been
missed due to the use of RCT filters® ™ in a search
block. Fourth, the exclusion of studies that introduced
digital health interventions during phase II CR limits
our understanding of how early digital health integration
affects patients during the transition between CR phases
and its impact on long-term maintenance. Last, we only
covered physical outcomes and HRQoL. Hence, the
effectiveness of digital health maintenance interventions
on other important outcomes such as return-to-work,
anxiety, depression, re-hospitalisation and death were
not investigated.

Conclusion and perspective

Current evidence shows that digital health interventions in
patients with cardiovascular disease has a small effect on
subjectively measured PA and a moderate effect on object-
ive physical function but no effect on objectively measured
PA and little to no effect on physical fitness and HRQoL
compared to usual care or minimal intervention after com-
pleting phase II CR. However, the evidence is very uncer-
tain across all outcomes, with few available studies, and
potential harms poorly reported. Despite uncertain evi-
dence, the health risks induced by physical inactivity,
coupled with the potential health benefits of digital health
interventions, may still justify the use of digital health in
clinical practice to maintain PA until further evidence is
available.
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