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Abstract

Background

Smartphone applications provide new opportunities for secondary prevention healthcare.
This systematic review and meta-analysis aimed to determine if smartphone applications
are effective at changing physical activity and sedentary behaviour in people with cardiovas-
cular disease.

Methods

Six electronic databases (Medline, CINAHL Plus, Cochrane Library, SCOPUS, Sports Dis-
cus and EMBASE) were searched from 2007 to October 2020. Cardiovascular disease sec-
ondary prevention physical activity or sedentary behaviour interventions were included
where the primary element was a smartphone or tablet computer application (excluding
SMS-only text-messaging). Study quality was assessed using validated tools appropriate
for each study design. Random effects model was used and the pooled mean difference
between post scores were calculated. Subgroup analyses were conducted to examine dif-
ferences based on diagnosis, sample size, age, intervention duration, activity tracker use,
target behaviour, and self-report versus device-measured outcome.

Results

Nineteen studies with a total of 1,543 participants were included (coronary heart disease,

n = 10; hypertension, n = 4; stroke, n = 3; heart failure, n = 1; peripheral artery disease, n =
1). Risk of bias was rated as high. Thirteen studies were included in the meta-analysis. Only
two controlled studies reported on sedentary behaviour. Smartphone applications produced
a significant increase of 40.35 minutes of moderate-to-vigorous intensity physical activity
per week (7 studies; p = 0.04; 95% Cl 1.03 to 79.67) and 2,390 steps per day (3 studies; p =
0.0007; 95% CI 1,006.9 to 3,791.2). Subgroup analyses found no difference when compar-
ing diagnoses, sample size, activity tracker use, target behaviour and self-report versus
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device-measured outcome. Larger improvements in physical activity were noted in interven-
tion durations of <3-months and participants >60yrs (95.35 mins.week™*; p = 0.05).

Conclusions

Smartphone applications were effective in increasing physical activity in people with cardio-
vascular disease. Caution is warranted for the low-quality evidence, small sample and larger
coronary heart disease representation. More rigorous research is needed to investigate the
effect of smartphone applications across diagnoses and in sedentary behaviour.

Introduction

Cardiovascular disease (CVD) is one of the leading causes of morbidity and mortality world-
wide [1-3]. Increasing physical activity and decreasing sedentary behaviour are important sec-
ondary prevention strategies for people with CVD and contribute to reducing their risk of all-
cause mortality [4]. Mobile health (mHealth) interventions continue to gain traction as alter-
native or adjunct therapies to influence physical activity for those with CVD.

With the increase of smartphones and applications (apps) across generations, mHealth pro-
vides the unique opportunity to influence and be integrated into patients’ daily life from ‘the
pocket’. This is especially relevant during the COVID-19 pandemic where in-person delivery
of secondary prevention strategies may not be possible [5]. Apps can provide direct line of con-
tact to health professionals and with advances in technology can provide more sophisticated,
automated and highly tailored interventions through means such as artificial intelligence (AI).
Smartphone app interventions have the potential to be used as resource-efficient, secondary
prevention tools for people with CVD, however, their efficacy for creating physical activity and
sedentary behaviour change is unclear and their uptake across CVD diagnoses is unknown.

There have been multiple reviews of the use of mHealth for management of CVD and risk
reduction over the last decade [6-8]. Pfaeffli et al. [6] completed a systematic review on
mHealth behaviour change interventions for CVD self-management of which only included
two studies reporting physical activity. No meta-analysis was completed. In 2017 Gandhi et al.
[7] conducted a meta-analysis but studies included a majority of SMS text-messaging interven-
tions. They found that people with CVD in the mHealth group showed a trend towards meet-
ing exercise goals [7]. A meta-analysis was unable to be completed by Coorey et al. [8] on
CVD and apps for self-management and risk factor control due to the large variation in study
design and/or insufficient data within the studies. In these systematic reviews, physical activity
is most frequently reported as steps per day (steps.day ') and no meta-analysis has been con-
ducted on minutes of moderate-to-vigorous intensity physical activity (MVPA) in participants
with CVD. Global public health guidelines recommend adults with chronic conditions to do at
least 150-300 minutes of moderate-intensity aerobic physical activity (MPA), or at least 75-
150 minutes of MVPA per week, or an equivalent combination of both [9]. Furthermore,
adults with chronic conditions should limit the amount of time spent in sedentary behaviour
[9]. Patients with CVD should seek to accumulate 6,500 to 8,500 steps.day’1 in order to achieve
a physical activity energy expenditure high enough to limit vascular disease progression [10,
11]. To date, the evidence for the use of smartphone apps to increase physical activity in people
with CVD remains unclear.

Previous reviews have not focused exclusively on smartphone apps (excluding SMS-only
text-messaging interventions). Compared to texting-based interventions, apps provide further
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opportunities for Bluetooth connected self-monitoring devices such as activity trackers, heart
rate and blood pressure monitors. These provide the basis for individualised feedback and
prompting and the opportunity for more interactive and engaging strategies for behaviour
change. The use of apps for sedentary behaviour change is a newer area being explored in
CVD research and hence there is no existing systematic review or meta-analysis examining the
effect of smartphone apps on sedentary behaviour in this group. Such a review is required to
help inform the further development of interventions to change physical activity and sedentary
behaviour in those with CVD in ways that are scalable and of interest to this population.

The primary aim of this systematic review and meta-analysis was to determine if smart-
phone apps are effective at changing physical activity and sedentary behaviour for people with
CVD. The secondary aims included: to determine the characteristics of participants with CVD
who agree to engage with research involving smartphone apps (e.g. age, gender); to determine
what factors appear to influence the uptake and engagement (e.g. length of intervention, use of
activity trackers with the app, specifically targeting physical activity or sedentary behaviour);
to understand the adherence rates to using smartphone apps by those with CVD; and to deter-
mine if there are differences in outcomes based on diagnostic group (e.g. coronary heart dis-
ease, stroke, peripheral artery disease).

Methods

This systematic review is reported according to the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses statement (2020) (S1 Table) [12] and the Cochrane Handbook for
Systematic Reviews of Interventions [13]. The protocol is registered with PROSPERO
(CRD42020189046).

Search strategy

An electronic database search was conducted using Medline, CINAHL Plus with Full Text
(EBSCO), Cochrane Library, SCOPUS, Sports Discus and EMBASE. Search terms described
the population group (CVD); intervention (smartphone applications); and the key outcome
(physical activity and/or sedentary behaviour) (S1 File. Full search strategy). Peer-reviewed,
English language, full-text studies of any type were included if published since the launch of
the first app stores in 2007 to 31 October 2020. Reference lists of eligible studies and review
articles were also screened. When suitable research protocol papers were found, a specific
search was conducted in attempt to find the associated results paper. Results were imported
into Covidence Systematic Review Software (Vertias Health Innovation, Melbourne, Australia,
www.covidence.org) and duplicates were removed.

Eligibility criteria

People aged >18yrs with diagnosed CVD, including coronary heart disease (CHD), heart fail-
ure, hypertension, cerebral vascular disease (stroke), peripheral artery disease, rheumatic heart
disease, congenital heart disease, cardiomyopathies and cardiac arrhythmias [14], were
included.

Secondary prevention interventions were included where the primary element was deliv-
ered through a smartphone or tablet computer app as either a standalone or as part of a multi-
component intervention package (e.g. face-to-face cardiac rehabilitation or activity trackers
such as smart watches). The aim of the app-based interventions may be to monitor or change
physical activity or sedentary behaviour outcomes. Studies that had a broader health promo-
tion goal related to CVD, such as blood pressure management, were included provided they
reported on at least one post physical activity or sedentary behaviour outcome. Interventions
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which used only short messaging service (SMS), websites, video conferencing, telehealth or
phone calls were excluded. The comparison group was either a true control group or active
control group such as usual care.

Physical activity is any bodily movement that requires energy expenditure and includes
activities such as exercise, recreation, active transport, physical work and household chores
[15]. Sedentary behaviour can be defined as any sitting, reclining or lying posture behaviour
characterized by energy expenditure of <1.5 metabolic equivalents [16]. Outcomes may be
measured subjectively (e.g. self-report) or by a device such as an accelerometer.

Additional outcomes of interest to answer the secondary objectives included participant
characteristics (e.g. age, gender, diagnoses) and the factors which influence uptake (including
requirement to own a smartphone), engagement and adherence to such interventions as well
as retention rates. Engagement was considered to be the extent (e.g. amount, frequency, dura-
tion, and depth) of usage, as well as the effort, involvement or interaction with using the smart-
phone app [17]. Adherence was considered to be the proportion of participants following the
prescribed or intended activities as advised (e.g. recording daily steps) [18].

Published studies with a control group reporting on a post-intervention measure of physical
activity or sedentary behaviour were eligible for inclusion in the meta-analysis (e.g. rando-
mised controlled trials (RCTs) and quasi-experimental studies). Cohort studies were included
in the narrative synthesis provided they reported a pre-post measure of physical activity or sed-
entary behaviour.

Screening and selection process

Two independent investigators screened titles and abstracts using a priori screening criteria
and then the full-text articles were reviewed (KP and NF). Disagreements were discussed and
resolved by consensus. A third investigator was not required to become involved. The study
selection process is outlined in the PRISMA flow diagram (Fig 1).

Data extraction

Information from the included studies was extracted by two independent investigators (KP
and NF) to complete the Template for Intervention Description and Replication (TIDieR)
ChecKklist [19]. A third reviewer was not required to resolve any discrepancies in data. Avail-
able information was sourced from published appendices, protocols, supporting studies and
results papers. Additional information was extracted by one investigator (KP) into a Microsoft
Excel spreadsheet and confirmed by a second (NF) including: study background; sample-
related information at the point of randomisation; number and demographics of participants
who were excluded or declined (if available); smartphone app-related information; compara-
tor-related information; retention rates; adherence and engagement measures; and outcome-
related information. Any discrepancies were resolved by discussion. Post-intervention means
and standard deviation (SD) were recorded where possible. For one study [20], the following
equation was used to calculate the post-intervention mean and SD:

MeanChMge = Mean - Meanlmseline

endpoint

2 2
SDChunge - \/(SDbaseline) + (SDendpoinr) - (2 XrX SDbaseline X SDendpainr) (1)

This study [20] did not report the correlation coefficient (r) in order to calculate the SD,,,4.
point for post-intervention exercise minutes per week, therefore the correlation was conserva-
tively set at 0.5 [21, 22]. In addition, a sensitivity analysis was conducted using a correlation of
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Identification

Screening

Included

Identification of studies via databases and registers

Records identified from:
Medline (n = 1893)

CINAHL Plus with Full Text (n = 1153)
Cochrane Central Register of Controlled

Trials (n = 612)
SCOPUS (n = 1046)

SPORTDiscuss with Full Text (n = 169)

Embase Ovid (n = 1376)

A 4

Records screened
(n =4154)

\4

Records removed before
screening:
Duplicate records removed
(n = 2096)

A4

Reports sought for retrieval
(n=78)

Records excluded
(n =4075)

\4

Reports assessed for eligibility
(n=78)

Reports not retrieved
(n=0)

\4

Studies included in qualitative
synthesis (n = 19)

Studies included in quantitative
synthesis (meta-analysis) (n = 13)

Reports excluded:
Wrong article type (n = 38)
Wrong outcome (n = 16)
Wrong intervention (n = 2)
Wrong population (n = 2)
Non-English language (n = 1)

Fig 1. PRISMA flow diagram demonstrating the flow of studies through the review.
https://doi.org/10.1371/journal.pone.0258460.9001

0.2 and 0.8 for comparison. This did not significantly change the outcome. Medians were
assumed as means for the purpose of the meta-analysis [23] for one study [24]. Studies that
reported only moderate-intensity physical intensity (MPA) were included with MVPA as the
contribution of vigorous-intensity physical activity in these populations is likely to be small
[24, 25]. MVPA minutes per day were converted to minutes per week (MVPA mins.week ') by
multiplying by 7 [26]. Weekly minutes of exercise were assumed to be MVPA mins.week ™" [20,
24, 27]. In two studies [28, 29], a Fitbit Charge was used to collect activity data. The parameters
for what this equate to is not openly available and therefore the authors of both studies equated
Fitbit “light” activity to activities of daily living, “fairly active” to moderate-low intensity physi-
cal activity and “very active” to moderate-high intensity physical activity. Corresponding
authors were emailed where additional information was required.
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Risk of bias in individual studies

Studies were assessed for bias by two independent investigators (KP and NF). The internal
validity of RCTs was appraised using the Revised Cochrane risk-of-bias (RoB-2) [30]. For
quasi-experimental and non-randomised control trials (non-RCTs), the ROBIN-I tool was
used [31]. For studies without control groups, the Quality Assessment Tool for Before-After
(Pre-Post) Studies With No Control Group was used [32].

Strategy for data synthesis

A meta-analysis was conducted on physical activity and sedentary behaviour outcomes for
studies that had a control group. Outcomes were included in the meta-analysis if data was
available from three or more studies.

Review Manager (RevMan 5.4.1) computer software was used for the meta-analyses using
generic inverse variance with random effects model to calculate the pooled mean difference
with 95% confidence intervals [33]. The I statistic describes the percentage of total variation
across studies that is attributed to heterogeneity rather than chance [34]. Heterogeneity was
interpreted in accordance with the Cochrane guidelines: 0-40% low and might not be impor-
tant, 30-60% may represent moderate, 50-90% may represent substantial and 75-100% con-
siderable heterogeneity [35]. The associated p values of <0.1 indicate heterogeneity is unlikely
to be due to chance alone [34]. A funnel plot was not considered appropriate to check for pub-
lication bias due to less than ten studies being included in each meta-analysis [13].

Subgroup analyses were completed to compare participants (CHD vs other CVD; age
<60yrs versus >60yrs; <50 participants versus >50 participants); and intervention (activity
tracker with app versus app only; length <3-months versus >3-months; targeting physical
activity versus other health behaviours). Sensitivity analyses were completed to examine the
effect of methods used (MPA versus MVPA; self-report versus device-measured).

Non-statistical analysis

All studies were included in the narrative synthesis of study design, participant and interven-
tion characteristics, measurement type of physical activity and sedentary behaviour and poten-
tial to change physical activity or sedentary behaviour. Interventions were classified as being
either adaptive or static in their delivery mode. Adaptive interventions were context-aware,
individualised, tailored and changing throughout the duration of the delivery dependent on
how the participant was responding [36]. Examples of this include investigators changing step
goals based on the participant achieving the goal [28, 29, 37] or more sophisticated methods
such as using algorithms, machine learning or Al to tailor the intervention based off the input
data [25, 38-42]. When an intervention set parameters, daily reminders or a prescription (e.g.
steps or exercise minutes per week) for the participant at the beginning and did not alter this
based on performance, it was considered static.

Studies were classified into three categories based on their potential to change physical
activity or sedentary behaviour using the same method to Gardner et al. [43]. Interventions
were ‘Very promising’ if there was a statistically significant increase in physical activity or
reduction in sedentary behaviour between the intervention group and the comparator arm.
This excluded all single arm studies. “Quite promising” interventions were when there was
either significant changes in physical activity or sedentary behaviour (for cohort studies) or
when at least one indicator was improved but did not reach significance compared to the com-
parator arm (for multi-arm studies). The “Non-promising” classification was used when there
were no physical activity or sedentary behaviour changes [43]. Narrative comparisons of stud-
ies in each of these categories were conducted to explore possible explanatory factors.
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Results
Study selection

The database search retrieved 4,154 articles (Fig 1). Full-text screening was conducted on 78
articles. Additional information was requested from authors of 8 articles, with 4 authors reply-
ing and able to supply the required information [20, 27, 44, 45]. The other 4 articles were
excluded as not meeting the inclusion criteria due to lack of reported outcome measures.
Nineteen studies were included in the qualitative synthesis (Fig 1). There were 13 studies with
control groups however there was large variation in the measures used for physical activity
and sedentary behaviour and hence meta-analyses were only able to be completed for MVPA
mins.week ' [20, 24-26, 28, 29, 38] and steps.day ™’ [28, 29, 37].

Study characteristics

Of the 19 studies included in the review, 10 were RCTs, 3 were non-RCTs, and 6 were cohort
design. All studies were published within the last 5yrs. Study characteristics are summarized
in Table 1. Majority of the studies were either feasibility or pilot trials (68.4%, 13/19) [25-29,
37,39-42, 44-46]. Most included studies used a usual care control group [20, 25-28, 37, 45,
47-49] or a lower functioning version of an app [24, 38]. Half the studies had <50 partici-
pants (52.6%, 10/19). Duration of intervention ranged from 3-weeks to 12-months with the
majority running for six or more months [24, 38, 40, 44, 47-49]. Only one study specifically
targeted sedentary behaviour [39], all others either explicitly targeted physical activity or a
range of health-related behaviours for CVD secondary prevention including physical activ-
ity (Table 1). Seven studies used an activity tracker such as a smartwatch or external pedom-
eter as part of the intervention [28, 29, 39-42, 44]. Six studies provided their participants
with a smartphone to participate in the study [29, 37, 40-42, 47]. Adverse events were
reported in two studies however were deemed as not being directly related to the app inter-
vention [25, 37].

Quality assessment

All ten RCTs [20, 24-26, 28, 29, 38, 47-49] and three non-RCTs [27, 37, 45] had high and seri-
ous risk of bias respectively (Figs 2 and 3). The cohort studies were all considered fair [39-42,
44, 46] (Fig 4). Due to the nature of the intervention and the outcome, blinding of participants,
outcome assessors and people assisting in the delivery of the intervention, was minimally used.
Self-report physical activity and sedentary behaviour were used by the majority of studies [20,
24-27, 38, 40, 41, 45, 47-49]. Pedometers or smartwatches were used to measure activity in
some studies [28, 29, 42, 44, 46], however, there is potential bias as the participants could visu-
ally see their outcomes. This resulted in high risk of bias in measurement of the outcome.
Accelerometry was seldomly used to measure physical activity and sedentary behaviour [37,
39] despite this being a more valid and reliable method [50].

Participant characteristics

The majority of studies included participants with CHD (52.6%, 10/19) [20, 24, 25, 27, 28,
39, 41, 44, 48, 49]. Other studies included those with diagnosed hypertension [38, 40, 46, 47],
stroke [26, 37, 45], HF [42], and PAD [29]. The number of participants involved in 19 studies
was 1,543 with a mean age of 59.7yrs (range 46.3yrs [42] to 69yrs [29]; SD 5.5). The propor-
tion of male participants, compared to female, was greater in 14 studies and one study
included only women [41]. Participants were required to own and use a smartphone in 9
studies (47.4%) [24, 28, 38, 39, 44-46, 48, 49]. Three studies preferred participants to own a
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Risk of bias domains
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D2: Bias due to deviations from intended intervention. . High

D3: Bias due to missing outcome data. =) Some concerns
D4: Bias in measurement of the outcome.

D5: Bias in selection of the reported result. ‘ Low

Fig 2. Randomised controlled trials appraised using the Revised Cochrane risk-of-bias (RoB-2).
https://doi.org/10.1371/journal.pone.0258460.9002

smartphone but it was not considered an exclusion criteria (15.8%) [20, 26, 27]. In 6 stud-
ies (31.6%), participants were provided with a smartphone to participate [29, 37, 40-42, 47]
and one study was unclear [25]. One study reported that those without a smartphone were
significantly older than those with a smartphone (mean difference 20 + 5yrs, p < 0.001)
[39].

Change in physical activity

There was a wide range of outcomes used to report physical activity (Table 1). The majority of
studies used self-report measures including questionnaires and interviews (63.2%, 12/19). The
main measure used was MVPA mins.week ! (n = 12) [20, 24-29, 38-41, 44], then steps.day’1
(n=7) (28,29, 37, 39, 42, 44, 46] and exercise frequency (n = 6) [24, 41, 44, 45, 48, 49]. Com-
mon characteristics of studies (S2 Table) which reported a significant between-group increase
in physical activity and hence ‘very promising’ were: RCT study design (71.4%, 5/7), included
<50 participants (71.4%, 5/7/), <3-months in duration (71.4%, 5/7), involved participants
with an average age >60yrs (57.1%, 4/7), targeted physical activity only (71.4%, 5/7), and used
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Fig 3. Quasi-experimental and non-randomised studies, appraised using the ROBIN-I tool.

https://doi.org/10.1371/journal.pone.0258460.9g003

an adaptive mode of delivery (85.7%, 6/7). Non-promising interventions (n = 9), as defined by
not causing change in physical activity outcomes [43], had the following key features: 55.6%
included >50 participants (n = 5/9), 66.7% targeted multiple health behaviours (n = 6/9),

Risk of bias

Study

D1: Study question Judgement
D2: Eligibility criteria and study population .

D3: Study participants representative of clinical populations of interest ‘ High
D4: All eligible participants enrolled - Unclear
D5: Sample size

D6: Intervention clearly described . Low

D7: Outcome measures clearly described, valid, and reliable

D8: Blinding of outcome assessors

D9: Followup rate

D10: Statistical analysis

D11: Multiple outcome measures

D12: Group-level interventions and individual-level outcome efforts

Not applicable

Fig 4. Studies without control groups, appraised using the Quality Assessment Tool for Before-After (Pre-Post) Studies with No Control Group.
https://doi.org/10.1371/journal.pone.0258460.9004
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Experimental Control Mean Difference Mean Difference

Study or Subgroup Mean SD_Total Mean SD_Total Weight IV, Random, 95% CI IV, Random, 95% CI

Duscha 2018a 294 199 16 115 999 9  84% 179.00[61.66, 296.34]

Duscha 2018b 140 143 10 115 139 9 7.4% 2500(-101.89, 151.89] B

Grau-Pellicer 2020 635.95 587.16 10 238 217.49 13 1.0% 397.95(15.31, 780.59]

Johnston 2016 1812 2098 80 201.1 1988 71 17.3% -19.90(-85.11,45.31) -

Persell 2020 1776 1692 144 1431 1564 152 255% 34.50 (-2.67, 71.67] il

Salvi 2018 161.88 77.69 8 140 5427 7 168% 21.88 [-45.31, 89.07)] .

Widmer 2017 2242 1257 37 180 4938 34 235% 44.20 (0.37, 88.03) e

Total (95% ClI) 305 295 100.0% 40.35 [1.03, 79.67) >

Heterogeneity: Tau? = 1215.88; Chi? = 12.30, df = 6 (P = 0.06); I = 51% 500 250 250 500

Test for overall effect: Z = 2.01 (P = 0.04) Favours [control] Favours [experimental]

Fig 5. Mean differences and 95% confidence intervals between groups for MVPA mins.week .

https://doi.org/10.1371/journal.pone.0258460.9005

88.9% used an adaptive delivery mode (n = 8/9), and 66.7% involved participants with a mean
age of 55-60yrs (n = 6/9).

Moderate-to-vigorous intensity physical activity minutes per week. Seven RCT's mea-
sured MVPA mins.week ' including 305 participants in the experimental group and 295 in the
control [20, 24-26, 28, 29, 38]. MVPA mins.week ' was significantly different between groups
with a pooled mean difference of 40.35 mins.week™* (95% CI 1.03 to 79.67; p = 0.04; Fig 5) in
favour of the experimental group. There was moderate heterogeneity (I* = 51%; y° = 12.30;

p = 0.06). Sensitivity analysis found no difference when comparing MVPA versus MPA and
self-report versus device measured. Five of the included seven studies in this meta-analysis
used self-report measures of MVPA. Subgroup analyses found no difference when comparing
CHD versus all other CVD and <50 participants versus >50 participants. When just including
studies of 3-months or less [20, 26, 28, 29], there was a statistically significant increase in
MVPA mins.week ' of 95.35 minutes (95% CI -0.16 to 190.86; p = 0.05; I* = 61%; * = 7.74;

p = 0.05) (Fig a in S2 File). These same four studies were also the only studies with a mean par-
ticipant age >60yrs. When including studies with a mean participant age <60yrs [24, 25, 38],
MVPA mins.week* was no longer significant (Fig b in S2 File). The MVPA mins.week ! sig-
nificantly increased by 28.3 minutes with low heterogeneity (95% CI 4.06 to 52.55; p = 0.02; I*
= 0%; ;(2 =2.75; p = 0.43) when including interventions that only used an app [20, 24, 25, 38]
(Fig c in S2 File). However, studies which used an activity tracker with the app [26, 28, 29]
non-significantly increased by 141.83 mins.week ' (95% CI -14.19 to 297.85; p = 0.07; I =
61%; x* = 5.15; p = 0.08) (Fig d in S2 File). Studies which specifically targeted physical activity
[25, 26, 28, 29] non-significantly increased MVPA by 93.40 mins.week " (95% CI -14.94 to
201.75; p = 0.09; I* = 65%; > = 8.48; p = 0.04) (Fig e in S2 File).

Steps per day. Two RCTs and one non-RCT measured steps.day ' including 41 partici-
pants in the experimental group and 26 in the control [28, 29, 37]. All three studies were
device-measured, specifically targeted physical activity, were <3-months duration and
included <50 participants. Steps.day ™ was significantly different between groups with a
pooled mean difference of 2,390 steps.day ™', (95% CI 1,006.9 to 3,791.2; p = 0.0007; Fig 6) in
favour of the experimental group with low heterogeneity (I* = 0%; x> = 0.25; p = 0.88). Sub-
group analyses were not completed due to the low number of studies and participants.

Experimental Control Mean Difference Mean Difference
Study or Subgrou Mean SD_Total Mean SD_Total Weight IV, Random, 95% CI 1V, Random, 95% CI
Duscha 2018a 9414 3051 16 7249 3209 9 292% 216.50 [-40.99, 473.99] i - T
Duscha 2018b 7121 3317 10 504.8 2074 9 320% 207.30[-38.92, 453.52] b
Paul 2016 579.1 2952 15 294.7 2399 8 38.8% 284.40(60.90, 507.90] —_—
Total (95% ClI) 41 26 100.0% 239.90 [100.69, 379.12] -~
Heterogeneity: Tau® = 0.00; Chi* = 0.25, df = 2 (P = 0.88); I = 0% 000 500 500 1000

Test for overall effect: Z = 3.38 (P = 0.0007) Favours [control] Favours [experimental]

Fig 6. Mean differences and 95% confidence intervals between groups for steps.day . Note: For graphical purposes,
the steps data was divided by 10.

https://doi.org/10.1371/journal.pone.0258460.9006
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Change in sedentary behaviour

Only four studies measured sedentary behaviour: one RCT [26], one non-RCT [37], and two
cohort studies [39, 41] (S3 Table). All four studies were <3-months in duration and included
<50 participants. For 50% (2/4) of the studies, participant mean age was >60yrs [26, 41].
Accelerometers [37, 39] were used in two studies and self-report in the other two [26, 41].
Only one study had a statistically significant between group change in sedentary behaviour,
and therefore was ‘very-promising’ [26]. The two cohort studies had no change in sedentary
behaviour [39, 41]. Only one study specifically targeted sedentary behaviour [39]. One study
was static in its delivery and was the only study with a significant change in sedentary behav-
iour [26]. The two studies with a change in sedentary behaviour both were designed for partic-
ipants who had a stroke [26, 37].

Smartphone app intervention uptake, engagement, adherence and drop-
out

Uptake and support. Those who agreed to participate in the included studies were mostly
men (61.8%, 953/1,543) mean age 59.7yrs. Participants were excluded from participating
based on not having a smartphone [28, 38, 39, 48] or due to having problems with the technol-
ogy [24, 48] (54 Table). A small to large number of participants declined to participate for
unspecified reasons [20, 28, 38-40, 48, 49]. Further analyses were not possible for the charac-
teristics of participants who were not included in the studies due to limited information avail-
able. Five (5/19, 26.3%) studies provided their participants with the smartphone and apps
already downloaded and showed them how to use the apps [37, 40-42, 47]. Eleven (11/19,
57.9%) studies worked with participants to help them download the apps to their own phone
and get orientated to using the apps [20, 24, 26-29, 38, 44, 46, 48, 49]. Two (2/19, 10.5%) stud-
ies provided participants with instructions and left them to download the apps on their own,
providing support when needed [39, 45] and one study was unclear on the level of support for
participants [25].

Engagement and adherence. Four studies did not report on engagement or adherence to
the app intervention [28, 37, 45, 49] (S4 Table). The definitions of engagement and adherence
varied and were not clearly stated in majority of studies. Adherence to the app intervention
was mentioned in 12 studies (63.2%) [20, 24-26, 29, 39, 40, 42, 44, 46-48] and ranged from
20% [29] to 84.8% [42]. Similarly, engagement with the app intervention was mentioned in 8
studies [25, 27, 29, 38, 40, 41, 46, 47] with a vast range of measures, including number of
logged activities to having conversations with the app, making it difficult to draw conclusions.
Due to not all studies reporting on adherence or engagement, comparisons against physical
activity sedentary behaviour change could not be completed. Adherence and/or engagement
was noted to decline over the intervention period [29, 40, 47].

Six studies reported that technical problems may have impacted on participation. The main
cause of low rate of use or drop-outs related to the app were feelings of it being too challenging,
forgetting to wear monitoring devices, problems with internet connection or synching devices,
and safety algorithms preventing the completion of exercise sessions [25, 26, 44, 46, 47, 49].
One study also reported on the need to increase the level of supports for downloading and set-
ting up the app for both study participants and clinical staff due to low confidence with tech-
nology [39].

Drop-outs. The drop-out rates varied from 0% [20, 41, 45, 46] to 87% [25], with no clear
difference between groups (S4 Table). One study [39] completed a follow-up measure beyond
completion of the intervention which reported increased drop-out rate from completion of the
intervention (6-weeks, 5%) to final follow-up (16-weeks, 40%). A small proportion of
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participants dropped out due to the technology being too complex, having to wear a tracking
device continuously or feelings of demotivation due to problems with the system [25, 44, 49].

Discussion

This meta-analysis suggests that smartphone apps for people with CVD are effective at increas-
ing physical activity. Both MVPA mins.week ' and steps.day ™' significantly increased com-
pared to the controls. Subgroup analyses suggest further increases in physical activity
outcomes when interventions were short-term (< 3-months). It is unclear if smartphone apps
are effective in reducing sedentary behaviour for people with CVD due to the low number of
published studies. Men aged 60yrs appeared to have the highest uptake of included studies.
This is typical given the majority of participants had diagnosed CHD. There were varying lev-
els of adherence and engagement and problems with the apps or technology, but these mini-
mally impacted on participation. These results should be interpreted with caution due to low
number of studies, small sample sizes (half the studies having < 50 participants), high risk of
bias due to lack of blinding, limited representation of each CVD diagnostic group and majority
of studies relying on self-report outcomes. Research into apps has only recently become
important and demonstrates the infancy of smartphone apps for physical activity and seden-
tary behaviour change in people with CVD.

The overall change in steps reported in the meta-analysis would equate to an approximate
increase of 20-minutes of walking per day [51]. This is comparable with other similar sized
and larger meta-analyses measuring steps.day ™' by people with various chronic diseases includ-
ing CVD using wearable activity trackers [52-54]. It remains uncertain if the mean increase in
steps observed in this review is clinically meaningful. There are no published minimal clini-
cally important differences for CVD or the included diagnoses of CHD, hypertension, stroke,
heart failure and peripheral artery disease. In the similar patient population of chronic
obstructive pulmonary disease, a minimal clinically important difference of 350 to 1,100 steps.
day™" is reported which also resulted in a reduction in hospital admissions [55, 56]. The app
interventions in this review appear to meet this minimal clinically important difference how-
ever caution is required as there were only three studies included in the meta-analysis for
steps.day .

The authors could find no other meta-analyses of MVPA in CVD with smartphone app
interventions. The improvement in MVPA mins.week ' found in this review was higher than
that found in a meta-analysis of 12 studies by Kirk et al. who investigated wearable activity
tracker interventions in a cardiometabolic disease population [53]. The higher increase in
MVPA could perhaps be explained by the additional behaviour change techniques possible
with more interactive interventions delivered through apps compared to simply tracking activ-
ity. The use of the activity tracker in combination with an app is a behaviour change technique
which may help participants by self-monitoring their behaviour, goal setting, action planning,
and drawing attention to discrepancies between current behaviour and goal [57]. In the cur-
rent study, there was no additional benefit for using an activity tracker with the app. Though
this was a small sample of studies, there has been no previous reviews comparing CVD apps
with or without use of an activity tracker. The larger meta-analysis and meta-regression in gen-
eral population by Laranjo et al. [58] found no statistically significant difference between phys-
ical activity outcomes when the intervention used an activity tracker or just a smartphone app.
It appears, with or without an activity tracker, smartphone apps can increase physical activity.

The increases in physical activity were larger in short interventions with participants over
60yrs. Though these studies were small (< 50 participants) and few in number, it is consistent
with a previous meta-analysis showing larger improvements in MVPA mins.week ' in studies
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less than 16-weeks [53]. This may be due to motivation or commitment to behaviour change
being greater in these first few months compared to longer interventions. Interventions of lon-
ger duration had larger sample sizes and younger cohorts. This may demonstrate the lack of
efficacy of apps for longer term use. In addition, given these studies generally targeted multiple
health behaviours associated with CVD, this may also be the cause for lack of physical activity
change.

Interestingly, targeting physical activity did not statistically change MVPA. In comparison,
a review of smartphone apps for increasing physical activity in a combination of healthy adults
and those with chronic disease found significant increases in steps.day”' when physical activity
was targeted in isolation [59]. When activity trackers were used in combination with the
smartphone app, sedentary behaviour did not change. This is consistent with evidence show-
ing that interventions for physical activity, such as activity trackers, do not necessarily change
sedentary behaviour [43, 60, 61]. Evidence for the use of activity trackers, independently of
other intervention components, on inducing changes in sedentary behaviour is somewhat lim-
ited. However, previous reviews outside of CVD populations [62, 63] report that often activity
trackers are used as part of dual aim interventions to reduce sedentary behaviour by shifting to
light and then to more moderate-vigorous physical activities. This is an area requiring further
exploration in CVD populations. Future interventions may benefit from explicitly targeting
physical activity or sedentary behaviour.

It does not appear that outcomes differed based on diagnosis of CHD compared to any
other CVD diagnosis. This has not been reported in other meta-analyses however, there was
limited representation of each CVD diagnoses. The level of support for uptake in the interven-
tion has not been previously summarized in other reviews either. The time and level of assis-
tance should be considered when assessing the feasibility of running such interventions in real
world settings where clinical staff time is sparse for additional workload tasks. Furthermore, it
was not noted if additional support was required for older participants. A post hoc analysis of
app usage stratified by age showed that participants at or above the median age of 61yrs, had
more conversations with the app than the participants below the median age in one study [38].
In contrast, another study found no significant associations between usage frequency and age
[27]. Therefore, age does not appear to be a limiting factor for engagement in such
interventions.

Adherence and engagement were inconsistently reported making it difficult to draw any
conclusions. Kirk et al. [53] found only 42.9% of the included studies reported some form of
intervention adherence compared to this study (63.2%). However, their reported adherence
rates were substantially higher compared to this review (63.3% to 100% vs 20% to 84.8%) and
found that intervention adherence reduced with time. Future research would benefit by setting
clear definitions of adherence and engagement, tracking how these change over time and
whether this is associated with physical activity or sedentary behaviour change. This would
help define the ideal frequency of engagement with the app and duration of the intervention in
order to create the greatest changes in behaviour.

This review incorporated a rigorous search strategy following a pre-defined protocol regis-
tration. Additional research questions regarding what behaviour change techniques were used
by the included studies and their impact on increasing physical activity and decreasing seden-
tary behaviour were beyond the scope of this review. An additional review will be completed
to address these unanswered questions. Subgroup analyses were completed to evaluate possible
explanatory factors such as intervention length, age and effectiveness with or without use of
activity trackers. However, the available evidence was subject to high risk of bias in all RCT's
and non-RCTs and should be interpreted within this context. Most outcomes were self-report
and hence subject to bias. The range of physical activity measures used resulted in meta-
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analyses only being able to be completed on two outcomes and one of which was very small.
There was also moderate heterogeneity in the studies when interpreting the MVPA mins.
week ' and the subgroup analyses included small numbers of studies. The primary research
question relating to sedentary behaviour was unable to be answered with low numbers of pub-
lished papers. The purpose of the included studies must also be taken into consideration.
Many were feasibility studies or pilot RCTs and hence were not necessarily designed to detect
a change in physical activity or sedentary behaviour. Furthermore, some of the included stud-
ies would not apply to a real world setting as it is unlikely facilities would supply smartphones.
This limits the generalizability of the results and points to the need for larger scale RCTs.
Lastly, there was limited information available to address the secondary aims of this review
and as such not all planned subgroup analyses were able to be completed. This information is
required in order to successfully translate research into practice in a meaningful way.

Conclusion

Smartphone apps were effective in increasing physical activity for those with CVD and the
effects were unclear for sedentary behaviour. The results indicate a potential benefit of smart-
phone apps in CVD patients, although caution is warranted due to the low-quality evidence to
date and most being in coronary heart disease. Interventions appear to be most effective when
short in duration (< 3-months) and in older adults. These findings demonstrate the infancy of
smartphone applications in this population, especially for sedentary behaviour change. Larger
scale research is needed to investigate the effect of smartphone applications across CVD diag-
noses to be able to determine ideal length and components of successful interventions.
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