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ABSTRACT

Cardiac rehabilitation (CR) reduces mortality and morbidity in coronary heart disease
(CHD); however, patients show a lack of adherence to CR. Alternatively, telehealth
interventions have shown promising results for improving target outcomes in CR. This
study aimed to review the effect of smartphone-based CR on the functional capacity
of CHD patients. A literature search was performed using PubMed, MEDLINE, Embase,
and Cochrane Library on 21 March, 2022 to find randomised controlled trials on
smartphone usage in CR to improve functional capacity. Outcomes included maximal
oxygen consumption (VO, max), a 6-min walk test (6-MWT), quality of life, smoking
cessation, and modifiable risk factors. Eleven trials recruiting CHD patients were
reviewed. Wearable devices connected to smartphone- or chat-based applications
were commonly used for CR delivery. Most trials managed to provide exercise
prescriptions, education on medication adherence and controlling risk factors, and
psychosocial counselling through the intervention. Functional capacity improved
significantly following smartphone-based CR in CHD patients compared to control
groups, as measured by VO, maxand 6-MWT; patients were more likely to quit
smoking. Compared to traditional care, smartphones that delivered CR to CHD patients
demonstrate superior outcomes regarding increasing functional capacity. There is no
significant improvement on lipid profile, blood pressure, HbA1C, body mass index, and
quality of life. It can be used either alone or as an adjunct. Ultimately, the patients’
preferences and circumstances should be considered.

GL®BAL HEART

ORIGINAL RESEARCH

Ju[ ubiquity press

CORRESPONDING AUTHOR:
Bambang Dwiputra

Kota Bambu Utara, Palmerah,
Jakarta Barat, DKI Jakarta
11420, Indonesia

bambangdwiputra@gmail.com

KEYWORDS:

Coronary Disease; cardiac
rehabilitation; smartphone;
secondary prevention

TO CITE THIS ARTICLE:
Dwiputra B, Santoso A,
Purwowiyoto BS, Radi B,
Ambari AM, Desandri DR, Fatrin
S, Pandhita BAW. Smartphone-
Based Cardiac Rehabilitation
Program Improves Functional
Capacity in Coronary Heart
Disease Patients: A Systematic
Review and Meta-Analysis.
Global Heart. 2023; 18(1): 42.
DOLI: https://doi.org/10.5334/
gh.1253


mailto:bambangdwiputra@gmail.com
https://doi.org/10.5334/gh.1253
https://doi.org/10.5334/gh.1253
https://orcid.org/0000-0002-0660-3721
https://orcid.org/0000-0001-8247-4151
https://orcid.org/0000-0001-5751-5556
https://orcid.org/0000-0002-6428-9304
https://orcid.org/0000-0002-7488-4107
https://orcid.org/0000-0002-2488-2330
https://orcid.org/0000-0001-9240-208X

INTRODUCTION

Cardiovascular disease remains the leading cause of mortality globally, accounting for
approximately 18.6 million deaths. Coronary heart disease (CHD) is the most prevalent type
of cardiovascular disease. This number is expected to increase continuously with age in adults
>20 years, owing to emerging epidemics of obesity, diabetes, metabolic syndromes, and an
increasing aging population [1].

The European Society of Cardiology guidelines recommend primary percutaneous coronary
intervention (PCI) as the preferred reperfusion strategy in acute coronary syndrome (ACS)
patients because it has been proven to successfully lower mortality rates [2]. However,
approximately 20% of survivors experience subsequent cardiovascular events, such as recurrent
myocardial infarctions, strokes, or cardiovascular death; this creates significant economic and
morbidity burdens. Therefore, the need for adequate long-term secondary prevention after ACS
cannot be overstated [3].

Cardiac rehabilitation (CR) has been widely endorsed among several healthcare organisations
owing to the growing body of evidence that has documented its positive outcomes, such as
physiological improvement from exercise training, the psychological benefits of group support
and counselling, better adherence to therapies, and control of cardiovascular risk factors [4].
Tobacco use, an unhealthy diet, obesity, physical inactivity, and the harmful use of alcohol are
moadifiable behavioural risk factors that put individuals at a higher risk of cardiovascular diseases
[1]. Despite the benefits, program adherence is low. Commmon reasons include a lack of access
to transport, ill health, and domestic or job responsibilities [5]. Especially during the COVID-19
pandemic era, movement was restricted to minimise the spread of infection. Healthcare
providers are developing new innovations to deliver CR services based on patients’ own comfort
via remote monitoring and tracking, smartphone-based online coaching, and virtual interviews.
InIndonesia, home-based cardiac device use remains minimal [6]. Furthermore, traditional and
community-based CR services have not been widely implemented in metropolitan areas, with
even greater underrepresentation in rural areas. These reflect limiting barriers at the health
service and system levels, which are significantly greater for people who live in rural settings,
whereas the rates of CVD are similar in both urban and remote areas [7].

Therefore, information and communication technologies have been incorporated into
healthcare delivery services to address patient-, health professional-, and system-related
barriers. Innovative CR delivery includes various applications and platforms, allowing
users to store and transmit data electronically. Smartphones have become ubiquitous in
today’s population, with 92.1% of internet users using smartphones [8]. Smartphone-based
interventions are accessible, scalable, and inexpensive. They are delivered via smartphone
applications, websites, SMS messages, text messages, or video calls [9]. Several studies have
outlined the efficacy, effectiveness, and acceptability of smartphone-based interventions in
increasing engagement with healthcare teams and adherence to guideline-supported care
plans, such as CR enrolment [5, 6].

Despite its strong potential, evidence concerning the use of m-Health, particularly smartphones,
in CR to improve functional capacity in CHD patients is emerging. There is considerable variation
in study methodology, including the telehealth platforms used, and the overall value of this
approach remains unclear. Therefore, this systematic review and meta-analysis aimed to
compare the outcomes of smartphone-based CR to traditional CR/usual care for exercise
tolerance in CHD patients.

METHODS
LITERATURE SEARCH STRATEGY

A systematic literature search was performed using four databases: PubMed, MEDLINE, EMBASE,
and the Cochrane Library. We also manually searched the bibliographies of relevant studies,
systematic reviews, and conference proceedings.

The search date was 21 March, 2022. None of the included studies were limited by date or
location. Studies not published in English were excluded. The search terms and strategies
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are listed in Table 1 of the Online Supplementary Material. (PROSPERO registration number:
CRD42022325124).

STUDY SELECTION

Two independent reviewers (BD and SF) screened titles and abstracts to identify potentially
relevant articles. Studies were considered randomised controlled trials investigating the effects
of smartphone-based CR on functional capacity in CHD patients, compared with usual care
or centre-based CR, with a follow-up period of at least 6 weeks. CR was defined as phase II
or phase IIT programs with key intervention components, including exercise training, physical
activity, advice on modification of cardiovascular risk factors, adherence to pharmacotherapy
management, review of assessments, and psychosocial counselling. Generally, phase II
CR is an early outpatient program delivering preventive and rehabilitative services that are
performed within the first 6 months after a cardiac event, whereas phase III CR is a long-
term program aimed at promoting the maintenance of healthy behaviours and CVD risk control
[10]. Smartphone-based interventions can be delivered alone at patients’ own comfort or as
an adjunct to centre-based CR. Methods of delivery included smartphone applications linked
to wearable devices and social media chat platforms. Usual care involved routine clinical
treatment and brief inpatient health education without ongoing rehabilitation support via
smartphone interventions. Traditional CR is performed face-to-face in rehabilitation centres.

The included studies measured the outcomes of interest, such as maximal oxygen consumption
(VO, max), modifiable cardiovascular risk factors, quality of life, and smoking cessation rate.
Study trials were excluded if the intervention was based mainly on the internet, telephone calls,
or text messaging without using a smartphone. The study authors of trials that performed
interventions in a population of CHD patients and other heart diseases were contacted to
request a specific analysis of CHD patients only. Studies written in languages other than English
were also excluded. Eligible studies underwent a full-text review by independent reviewers (BD
and SF), and any disagreements on eligibility assessment or outcome data were resolved by
discussion with other reviewers.

DATA EXTRACTION AND ANALYSIS

Data were collected and recorded on a pre-developed data extraction form. Study design,
location, patient demographics and baseline characteristics, methods of delivery, components
of interventions, follow-up durations, and clinical outcomes were extracted. Outcomes
included changes in functional capacity parameters, such as VO, max, a 6-min walk test (6-
MWT), and metabolic equivalent of task (MET). Other outcomes considered were changes in
cardiovascular risk factors (total cholesterol, LDL-c, glycated haemoglobin [HbA1C]), quality
of life, and smoking cessation rate. Continuous outcomes were transformed into uniform
measurement scales, whenever necessary. MET were converted to oxygen consumption (1 MET
= 3.50 mL/kg/min). Cholesterol levels were expressed in mmol/L (1 mg/dL = 0.02586 mmol/L).
Authors were contacted to request information not available in the study reports. If the outcome
assessments were performed at different time points, then the results with the longest follow-
up period were included in the meta-analysis.

Critical appraisal of the randomised controlled trial was performed according to the guidelines
of the Cochrane Handbook for Systematic Reviews of Interventions to assess the risk of bias in
the selection, detection, attrition, and reporting of outcomes. The risk was judged as high, low,
or unclear if the data were uncertain. Heterogeneity was evaluated qualitatively by comparing
the study characteristics and quantitatively using I? statistics. 1> values are categorised
as low (25%), moderate (50%), or high (75%). A random effects meta-analysis was used if
heterogeneity was identified, as indicated by 1?2 > 50%. We performed a subgroup analysis
when the heterogeneity was high.

Data synthesis and analyses were performed using Review Manager (V.5.4.1, Nordic Cochrane
Centre, Copenhagen) in accordance with the Cochrane Handbook. Differences in the effects of
smartphone-based and usual care/centre-based CR were also examined. The odds ratios (ORs)
were used to assess dichotomous data. For continuous data, weighted mean differences and
95% confidence intervals (CIs) were calculated. Mean changes and standard deviations (SD)
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from the baseline values were used. In cases where these values were not reported, the SD
was calculated from the available data using OpenMetaAnalyst [11]. Hypothesis testing was
performed at a two-tailed 0.05 level.

RESULTS
STUDY SELECTION AND CHARACTERISTICS

Preliminary searches of the four databases using the search terms yielded 152 studies. The
keywords used for the search are summarised in Appendix 1. Three additional reports were
identified by a manual search of the bibliographies of relevant studies or systematic reviews.
After deduplication, 104 studies were screened based on their titles and abstracts. Eighty-
six articles did not meet our eligibility criteria, and 18 full-text articles were retrieved. Five
studies did not specifically include smartphones in their intervention groups. One study was
not a randomised controlled trial. In another study, the required data were unavailable in
the full paper, and attempts to contact the corresponding author were unsuccessful. Finally,
11 studies were included in this systematic review and meta-analysis. The study selection
process is described according to the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses flow diagram in Appendix 2. The characteristics of the included studies are
summarised in Appendix 3.

A total of 639 patients were included in the smartphone-based CR from 11 randomised
controlled trials. The control group consisted of 646 patients. The baseline and clinical
characteristics of the study participants are shown in Appendix 4. All trials enrolled patients
diagnosed with CHD who had or had not received revascularisation therapy after ACS or had
stable angina. One trial included patients other than those with CHD, such as those with heart
failure, valvular heart disease, or arrhythmia [12]. Separate group analyses were requested by
the author and rendered successful.

Smartphone-based CR was delivered via a smartphone application linked to wearable devices
that tracked activity, heart rate, blood pressure, and ECG results in six trials. Four trials used
smartphone applications only, in which patients could input their baseline medical data,
tasks, and goals, and tailored motivational feedback was sent through the app. Two trials
utilised social media chat platforms such as WeChat [13, 14]. Among the 11 trials, three had
incorporated routine telephone call monitoring in addition to the use of smartphone applications
[14-16]. Components of interventions were similar among all trials, with physical activity or
exercise training prescriptions, education on the modification of behavioural risk factors in
cardiovascular diseases (smoking cessation and dietary habits), adherence to pharmacological
treatments, psychosocial counselling, or individualised feedback on the performance of tracked
activities. Two studies lacked healthcare team involvement in providing motivational feedback
on implementing lifestyle changes [17, 18]. Exercise prescriptions varied from 3-5 times per
week, with a duration of 15 to 60 minutes of aerobic training, or a combination of aerobic
and resistance training [19-22]. Intensity of exercise was recommended within a safe but
effective heart rate zone or Borg scale of 11-13. To measure functional capacity, the intensity
of maximum oxygen intake was evaluated in five trials [12, 14, 18, 20, 21]: 6-MWT in four trials
[13,15,19, 23], and peak MET in one trial [22].

Among the four phases of CR, only two studies focused on the third phase (the maintenance
phase). The follow-up duration varied from 6 weeks to a year. This long-term review provided
patients with continuous support for lifestyle changes, drug management, biopsychosocial
well-being, and early interventions whenever necessary [12, 19]. We concluded that other
studies likely evaluated phase II CR in patients who were either recently diagnosed with CHD
or had been discharged with a CHD diagnosis, as they were referred for secondary prevention
programs. In two trials, smartphone-based CR was used as an adjunct to centre-based CR.
The control group underwent standard care protocol or centre-based CR. The standard care
protocol included routine follow-up assessments, ordinary medical therapy, brief inpatient
health education, exercise encouragement at home, and self-management without tight
supervision. Some studies have failed to elaborate on what their standard care protocols or
control group interventions entailed. Centre-based CR was performed face-to-face under the
supervision of a trained physiotherapist.
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ASSESSMENT OF RISK OF BIAS

The quality of the trials was analysed using the Cochrane risk-of-bias tool for randomised
trials (RoB 2). Participants in all trials were blinded to the allocation of treatments until
they were recruited and assigned to the intervention; hence, bias due to the randomization
process was low. In these studies, the participants could not have been blinded to the
intervention because of its nature. However, trials by Lunde et al., Yudi MB, Dorje et al., Skobel
et al., Maddison et al., and Widmer et al. managed to blind health outcome assessors to the
primary outcomes [12, 13, 20, 21, 23]. Two trials provided no evidence of bias due to missing
data [15, 21]. Skobel et al. stated that the reasons for dropping out of studies were related
to technical issues and minimal optimization of the safety threshold. Safety algorithms
often hindered participants from fully completing the training programs, and patients were
discouraged from participating until the specified follow-up period [21]. Because some studies
used self-completed questionnaires to evaluate participants’ quality of life, knowledge of the
intervention was likely to produce bias in the measurement of outcomes [12, 17, 19]. Overall,
critical appraisal studies demonstrated low levels of bias for six studies, moderate bias for
two studies, and high bias for three studies. Appendix 5 presents the results of the critical
analysis.

EFFECT OF SMARTPHONE-BASED CARDIAC REHABILITATION IN
CHD PATIENTS

FUNCTIONAL CAPACITY

VO, max: Five trials reported VO, max as the outcome, and one trial [20] reported MET, which
was converted to VO, max (1 MET = 3.5 mL/kg/min?). All trials reported a favourable outcome
in VO, max, with statistically significant differences in studies by Lunde et al., Song et al., and
Skobel et al. [12, 14, 21]. Meta-analysis results showed statistically significant improvement
in VO, max in groups receiving smartphone-based CR compared to control groups (MD: 1.48;
95% CI 0.54-2.41, p = 0.002). Although not significant, the trial by Escobar et al. demonstrated
a contradictory result, probably because of the small number of participants and because all
participants were male. This value contributed to the low level of heterogeneity in the pooled
analysis. A forest plot of VO, max is shown in Figure 1.

Peak Oxygen Consumption

Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% Cl1
Dorje et al (2019) 499 1204 1486 328 1186 196 292% 17.10[9.53 4373 -
Fang etal (2013) 482 4589 33 3477 8013 34 391% 1343089 36.45] -
Warnfield et al {2014) 60 111.04 45 47 13114 27 5.9% 13.00[-46.16, 72.16]
fudi ME et al (2021) 116.6 7a 83 914 1087 96 29.8% 29.203.16, 53.56] T
Total (95% CI) 37 302 100.0% 17.51[3.11,31.91] e
Heterogeneity: Tau®= 0.00; Chi*= 0.43, df=3 (F=0.893); F= 0% k

100 -50 50 100

Testfor owerall effect £= 2,36 (P = 0.02) Favours [Usual Care] Favours [Smartphone-hase]

Six-minute walk test: Four trials reported a 6-MWT. Meta-analysis of the included trials
demonstrated significant differences between groups (MD: 17.51; 95% CI 3.11-31.91,
p = 0.02). The short-term follow-up duration (6 weeks) in the study trial by Varnfield et al. did
not demonstrate a significant effect in 6-MWT [19]. The forest plot of the 6-MWT is shown in
Figure 2.

Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% Cl1
Dorje et al {20189) 499 1204 1586 328 1186 186 202% 17.10[0.53 4373 b e —
Fang etal (2013) 482 4599 33 3477 5013 34 391%  13.43[0.59 36.49] T
Yarnfield et al (20143 60 111.04 45 47 13114 27 5.9% 13.00[-46.16, 72.16]
Yudi ME et al (2021) 116.6 Th 83 914 1087 85 25.8% 2520316, 53.56] N
Total {95% CI) 317 302 100.0%  17.51[3.11,31.91] -
Heterogeneity: Tau®= 0.00; Chi*= 0.43, df= 3 (P = 0.83); F= 0%

\ ; , |
I | | |
- _ =100 -0 an 100
Testfor owerall effect £= 2,36 (P = 0.02) Favours [Usual Care] Favours [Smartphone-hase]

Six Minute Walk Test
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Figure 1 Maximal oxygen
consumption in CHD patients
undergoing smartphone-
based cardiac rehabilitation
(CR) and centre-based
CR/usual care.

Figure 2 Six-minute walk test
in CHD patients undergoing
smartphone-based cardiac
rehabilitation (CR) and
centre-based CR/usual care.



MODIFIABLE RISK FACTORS

Systolic and diastolic blood pressures: Nine studies evaluated the effects of smartphone-
based CR on resting blood pressure. However, trials by Dorje et al. [13] and Johnston et al. [17]
reported outcomes for systolic blood pressure alone, and the reason for this focus was not
specified. Regarding systolic blood pressure, there was a high level of heterogeneity with non-
significant results using a random-effects model. Therefore, subgroup analyses were conducted
to determine the effects of the different follow-up periods. At the short-term follow-up (<24
weeks), systolic blood pressure did not significantly improve following smartphone-based CR
compared to that in the control group (MD: 2.46; 95% CI -0.25-5.18, p = 0.08). Longer follow-
ups did not yield significant results. There was evidence of significant heterogeneity in the long-
term follow-up (I?= 90%, y,= 31.35, df = 3, p < 0.00001). When the trials by Dorje et al. [13]
and Skobel et al. [21] were removed from the meta-analysis, the heterogeneity was null,
and the effect size remained insignificant. The meta-analysis of diastolic blood pressure was
not statistically significant between the two groups (MD: -2.30; 95% CI -4.89-0.29, p = 0.08).
The forest plots of systolic and diastolic blood pressure are shown in Figure 3.

E Systolic Blood Pressure

Control Experimental Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% C1
1.4.1 <24 weeks
Datje et al (2018) 16 1504 156 -28 1845 156 128% 450076, 8.24] ™
Escobaretal (2017) 347 3139 14 1 1927 13 26% 247[2041, 2535 e —
Fang etal (2019) 1.82 2319 34 -1.03 2382 33 6.9% 286[8.41,1411] I
Lunde etal (2018) 78 213 41 86 164 42 9.1% -0.80 8598, 7.39] -
Maddison et al (2019) -38 2514 72 17 2434 68 91% -1.80[10.10,6.30] -
WVamfield et al (2014) 4 2079 28 -2.8 2377 48 T.4% B6.20[3.74,17.24] T
Widmer etal (2017) -z1 165 34 o 133 ar 0.8% -210[4531,41.11] —
Yudi MB et al (2021) -B.1 2737 85  -37 264 83 91% -240[1061, 5.81] T
Subtotal (95% CI) 462 478 57.8% 2.46[-0.25,5.18] *»

Heterogeneity: Tau*=000; Chi*= 4 83, df=7 (F=067); F=0%
Testfor overall effect Z=1.78 (P = 0.08)

1.4.2 >24 weeks

Daorje et al (2018) 83 2083 158 -22 1838 156 123%  10.50[8.13, 14.87] -
Johnston et al (2016) -1.1 1783 72 -06 14355 80 11.6% -0.50 (571, 4.71] -
Maddison et al (2019) -36 2514 7217 2434 68 91% -1.80 (1010, 6.30] -
Skobel et al (2016) -8 12 43 [} 16 18 8.2% -14.00[32.06,-5.84] i
Subtotal (95% CI) 342 323 422%  -1.10[-11.00,8.80]

Heterageneity: Tau? = 80.73; Chi*= 21.25, df= 2 (P < 0.00001}; F= 90%
Test for overall effect Z=022 (P =0.383)

Total (95% CI) 804 801 100.0% 0.62[-3.48,4.73]

Heterageneity: Tau®= 30.71; Chi*= 36.24, df= 11 (P = 0.0002); F=70% k 1 {
-100 -50 [t} a0 100

Test for overall effect Z= 0.30 (P = 0.77) Favours [Usual Care] Favours [Smartphone base]

Testfor subaroup difierences: Chif= 0,46, df=1 (P = 0.50), F= 0%

Diastolic Blood Pressure
Control Experimental Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI

Escobaretal (2017) 307 1663 14 064 1466 13 42% 243[0830,14.24] ——

Fang etal (2019) -1.08 16.24 34 0 12,66 3z T4%  -1.09[-9.61, 7.43] |

Lunde et al (2018) 28 103 41 56 114 42 164%  -2.80[-7.47,1.87] o

Maddison etal (2018)  -2.86 14.11 T2 172 1485 68 160%  -1.14[-5.94 3.66] =

Skobel et al (2016) -5 9 42 12 a 19 1588% -680[11.68,-1.92] -

Song Y et al (2020) 0.15 14.82 43 -0.85 1676 48 11.4% 1.00[-5.33,7.33] !

Yarnfield et al (2014) 04 2079 26 -28 2377 46 52% 3207341374 e

Widmer etal (2017) -44 121 34 4 119 A7 127% -B40[14.24,-2.66] T

udi MB et al (2021) 101 2299 a5 84 2072 83 107% 1.70[-4.81,831] b L

Total (95% CI) 396 389 100.0% -2.30[-4.89,0.29] L]

Hetarogeneity: Tau*= 4 80; Chi*= 11 85, df = 8 (P = 0.16); F= 32% =—1UU —6=U 510 1EIEI=

Test foroverall effect Z=1.74 (P = 0.08) Favours [Usual Care] Favours [Smartphone base]

Blood lipids: Eight trials investigated blood lipid parameters, including total cholesterol,
LDL-c, HDL-c, and triglycerides in CHD patients undergoing smartphone-based CR, except for
a trial by Johnston et al., which only reported results on LDL cholesterol. However, the reason
for this finding remains unclear. No significant difference between smartphone-based CR
and centre-based CR/usual care was found from meta-analyses of total cholesterol (MD:
-0.07 95% CI -0.29-0.16, p = 0.55), LDL cholesterol (MD: 0.03 95% CI -0.29-0.36, p = 0.84),
HDL cholesterol (MD: 0.04; 95% CI -0.06-0.14, p = 0.43), and triglycerides (MD:-0.10; 95% CI
-0.28-0.09, p = 0.31). Forest plots of total cholesterol, LDL-c, HDL-c, and triglyceride levels
are shown in Figure 4.

HbA1C: Three studies compared HbAlc concentrations between smartphone-based and
standard care/centre-based CR. No significant difference was observed (MD: 0.04; 95% CI
-0.33-0.42, p = 0.82). Forest plots of HbA1C are illustrated in Figure 5.

Smoking cessation rate: Prevalence of smoking cessation was found to be higher in groups
that received smartphone-based CR compared to centre-based CR/usual care (OR: 1.89; 95% CI
1.00-3.57, p = 0.05). Forest plots of smoking cessation are shown in Figure 6.
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Figure 3 The effect of
smartphone-based CR
compared to centre-based CR/
usual care in A) Systolic blood
pressure B) Diastolic blood
pressure in CHD patients.



E Total cholesterol

Control Experimental Mean Difference Mean Difference
Study or Mean SD_Total Mean SD_Total Weight IV, Random, 95% CI IV, Random, 95% CI
Darje etal (2018} -02 1.28 156 -0.4 1.442 156 237% 0.10[0.20,0.40]
Escobaretal (2017) 0.189 1.06 14 -0.1745 0.972 12 7% 0.37 [0.39,1.14]
Maddison etal (2019} o1 1212 72 0.2z 1.258 62 17.4%  -0.13[0.54,028]
Skobel et al (2016) 0.08434 06843 42 -0.008827 0708564 19 188% 0.10[-0.28, 0.48]
Warnfield et al (2014) -0.63 1308 15 0.26 1414 3 62% -0.89F1.72, -0.06] 1
Widmer etal (2017} -1.39 1342 24 -n.eey 1 37 1MF% -0.50[1.06,0.05]
Yudi MB et al (2021} -1.4 1581 a5 -1.4 1.476 82 15.0% 0.00[-0.45, 0.46]
Total (95% CI) 418 407 100.0%  -0.07[-0.29,0.16]
Heterogeneity. Tau®=0.03; Chi*= §.36, df=§ (P =0.15), *= 36% I-WEIIJ -EIIJ EIIJ 1EIIJ'

Test for overall effect: 2= 060 (P = 0.55)

LDL cholesterol

Favours [Usual Care] Favours [Smartphone base]

Control Experimental Mean Difference Mean Difference

Study or Mean SD_Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Dorje etal (2019) 1} 128 156 -01 122 156 150% 010[-0.18 0.38]

Escobaretal (2017) 01242 07378 14 -0.237 0.7846 12 11.0% 0.42[0.14,1.000

Johnston etal (2016) -1 0.B666 30 -1.8 0672 34 144% 0.80[0.47,1.13]

Maddison etal (2019} 003 0827 71 015 118 62 14.2%  -012[0.46 0.22]

Skobel et al (2016) -0.2715 1.655 42 -0062 0678 19 108% -0.21 [-0.80,0.38]

Warnfield et al (2014) -063  1.308 13 -026  1.414 kil 7.6% -0.37 [-1.24, 0.50]

Widmer etal (2017) -1.135 0825 34 -0.384 0873 IF 13.5%  -055[0.95,-0.16]

Yudi MB et al (2021} -1.2 1.39 a5 -1.2 1.3 85 13.4% 0.00 [-0.40, 0.400

Total (95% CI) 446 443 100.0% 0.03 [-0.29, 0.36]

Heterogeneity, Tau®= 0.16; Chi*= 33.07, df= 7 (P = 0.0001); F= 79% e + & o

Testfor overall effect Z=021 (P=0.84)

HDL cholesterol

Favours [Usual-Care] Favours [Smariphone base]

Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Darje etal (2018} 0.1 0.424 156 0.1 0424 156 22.0% 0.00 [-0.09,0.09
Escobaretal (2017) 0.016 0.299 13 -0.4468 03207 14 11.4% 0.46[0.23,0.69
Lunde et al (2019) 01 0.2 42 01 027 41 2113% 000010010
Maddison et al (2019) 004 0523 [t} 0.1 0544 72 148% -006 [-0.24,012]
vamfield etal (2014) -0.04 053 N -002 0282 13 107%  -002[0.26 0.22]
Wiidmer etal (2017) o 104 37 1.2 a6 34 01% 1200563 3.23]
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Quality of life: Studies that assessed qualities of life employed different tools. The EQ-5D and
Short-Form Health Surveys (SF-36 and SF-12) were the most popular in these studies. One study
reported the effect of smartphone-based CR intervention on two components of the EuroQoL:
the EQ-5D index and EQ-5D visual analogue scale points [24]. Meta-analysis of the two studies
did not show a significant improvement in the EQ-5D index (MD: 0.04; 95% CI -0.01-0,08, p =
0.11). Varnfield et al. reported a significant improvement in the quality of life compared to the
control group (p < 0.001) [19]. Five trials investigated the EQ-5D VAS to subjectively measure
patients’ quality of life, and the results of the meta-analysis was not statistically significant (MD:
2.93; 95% (I -0.40-6.26, p = 0.08). We did not perform meta-analyses on study reports that
utilize the Short Form Health Survey questionnaires because sufficient data was unavailable.
Forest plots of the quality of life measured using the EQ-5D index and VAS scores are illustrated
in Figure 7.

Dwiputra et al. 7
Global Heart
DOI: 10.5334/gh.1253

Figure & The effect of
smartphone-based CR
compared to centre-based
CR/usual care in A) Total
cholesterol B) LDL cholesterol
C) HDL cholesterol D)
Triglycerides in CHD patients.

Figure 5 The effect of
smartphone-based CR
compared to centre-based CR/
usual care in HbA1C in CHD
patients.

Figure 6 The effect of
smartphone-based CR
compared to centre-based
CR/usual care in smoking
cessation rate in CHD patients.
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patients.
Body Mass Index (BMI): Eight studies investigated the differences in body mass index (BMI).
There were no significant differences observed (MD: -0.24; 95% CI -0.74-0.27, p = 0.36) The
graph for BMI is illustrated in Figure 8.
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DISCUSSION

Current practice guidelines for CR, especially those in phase 1I, still rely on a face-to-face
approach in hospitals or rehabilitation centres. However, dropout rates are relatively high owing
to barriers related to distance, transportation, self-motivation, social composition, and support
[25]. Furthermore, in the COVID-19 pandemic era, attempts to contain the spread of infection
were maximised, while allowing patients to receive optimal care. The potential of telemedicine
has been widely recognised and encouraged by the European Society of Cardiology. A previous
review reported the benefits of mobile phone interventions for secondary prevention of
cardiovascular diseases, including increased adherence to pharmacological treatment, meeting
exercise goals, and achieving blood pressure targets [26].

Earlier reviews of telehealth CR have incorporated diverse intervention models. Therefore,
the telehealth platforms assessed in this review were narrowed down to smartphone usage.
As smartphones become almost ubiquitous in people’s daily lives, they are becoming more
confident and interested in using gadgets. Our study assessed the effects of telehealth
interventions, specifically smartphone-based CR, on the functional capacity of CHD patients. To
the best of our knowledge, this is the first systematic review and meta-analysis to examine the
use of smartphones for CR in the CHD population.

The main findings were that smartphone-based CR enhanced functional capacity, as measured
by VO, max and a 6-MWT. A significant improvement in smoking cessation rate was also
observed. Although our results indicated no significant results for other cardiometabolic risk
factors, a favourable outcome was observed in systolic blood pressure. Patients also reported a
better quality of life, as measured subjectively using the EQ-5D VAS. There was some evidence
of heterogeneity among studies. The characteristics of the different methods and intensities of
exercise training were more likely to contribute to variability; therefore, the influence of exercise
programs on intervention delivery and effectiveness warrants further consideration.

Despite the remote delivery nature of the interventions and variable exercise programs, most
patients reaped a substantial number of benefits in terms of physical tolerance. VO, max has
been established as an independent predictor of cardiovascular mortality, all-cause mortality,
and cardiovascular risk factors in healthy individuals and CHD patients [27, 28]. In a study by



Keteyian et al., CVD- and all-cause mortality was reduced by up to 15% with every 1 mL/kg/
min increase in VO, max in CHD patients [29]. The 6-MWT test also serves as a prognostic tool
in stable CHD patients. A decrease of 104 meters in the 6-MWT group was associated with a
55% increase in the prevalence of cardiovascular events [30]. Interestingly, the included trials
that assessed functional capacity in this review had a wide range of follow-up durations, from
6 weeks to 1 year.

We conducted a subgroup analysis to evaluate the impact of different follow-up periods
on two parameters: VO2max and 6-MWT. We divided them into two groups, six weeks to
six months of follow-up, and six months to 12 months of follow-up. Our findings revealed
a statistically significant improvement in VO2max, especially the six-month to 12-month
follow-up, while the rest of the group did not yield statistically significant results. In a study by
Mohold et al., patients undergoing cardiac rehabilitation were followed up for six months and
30 months, and the results indicated a significant improvement in VO2max during the initial
six-month follow-up period for both groups. However, a decline in VO2max was observed in
both groups after a 30-month follow up [31]. Conversely, a study done by Pratesi et al. reported
a contradicting result, which showed no improvement in functional capacity for a 12-month
follow-up period. Notably, the study by Pratesi et al. was done on geriatric patients aged 75
years and above [32]. Currently, a comprehensive summary of long-term benefits of cardiac
rehabilitation remains elusive, and no study has yet provided a comprehensive overview of
this subject matter.

Despite the varying lengths and frequencies of the interventions, a minimal level of heterogeneity
in these outcomes was detected. The trial by Varnfield et al. [19] was performed for only six
weeks, which might explain why statistical significance was not achieved, despite significant
improvements within each group. One-year follow-up data provided sustainable benefits,
as outlined in the study performed by Lunde et al [12]. Regardless, the optimal duration,
intensity, and frequency of these interventions remain unknown. It is possible that with a
longer intervention duration, adherence and completion rates would diminish as motivation
levels decline. This assumption is supported by the centre-based CR performed in a study by
Bock et al. A significant change in the perceived benefits of exercise was not achieved in CHD
patients undergoing exercise rehabilitation after 3 months [33]. Additionally, Maddison et al.
also provided similar evidence. CHD patients showed favourable changes in exercise-related
motivation at the 12-week assessment, such as task self-efficacy, barrier self-efficacy, and
confidence in adhering to CR programs performed remotely or at the centre. However, these
results declined as the CR program extended beyond 12 weeks to 24 weeks. These results
require further supporting evidence from a study on the dose-dependent relationships with
adherence, especially involving the use of smartphone-based interventions.

There is no doubt that there is an imperative need to improve the cardiovascular risk profiles
of CHD patients, especially after an acute attack, to alleviate the burden of subsequent
cardiovascular events. A 10 mmHg reduction in systolic blood pressure resulted in a lower risk
of major CVD events by 20%, stroke by 27%, heart failure by 28%, and all-cause mortality
by 13% in a meta-analysis involving over 610,000 adults, including those with CHD [34]. Of
note, our study review did not demonstrate an overwhelming benefit in cardiovascular risk
factors, such as blood pressure and lipid profiles. These outcomes were likely confounded by
the secondary prevention pharmacotherapy and patient adherence. Furthermore, these risk
factors were reasonably controlled upon entering the CR program.

A high level of heterogeneity was detected among studies that evaluated systolic blood
pressure for >24 weeks. When the trials by Dorje et al. [13] and Skobel et al. were removed, the
heterogeneity became null and the effect size remained insignificant. The study participants
in the trial by Dorje et al. were larger than those in other studies. The reported outcome of
systolic blood pressure in the study by Skobel et al. was based on a small sample size in the
intervention group that could not have produced a significant effect size [21]. Our results are
contradictory to reviews assessed by Clark et al. and Neubeck et al., whereby total cholesterol
and systolic blood pressure improved significantly after telehealth CR. These reviews included
studies that assessed medium-to long-term outcomes [35, 36]. Moreover, the trials included
in our review were conducted in developed countries, where there is generally a higher level of
knowledge and awareness about CVD. In our study, BMI also showed null heterogeneity, and
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there were no differences in BMI between the smartphone and usual care groups in any of the
included studies. These findings contradict those of other telehealth studies by Marquez et al.,
who found that telehealth intervention was effective and could improve BMI and glucose levels
[37]. Another study from Ahmed et al. found that BMI was significantly improved after the
cardiac rehabilitation on CHD patients [38].

The mean age of the subjects in these studies ranges from 54-63 (see Appendix 4). Despite
the old age population, no study mentions any difficulties in the usage of smartphones.
This might be the result of these studies’ inclusion criteria, which require all subjects to have
sufficient smartphone literacy. Older adults are known to face more challenges adapting to
mobile health applications compared to younger ones due to limited perceptual, motor, and
cognitive capabilities, particularly in visual and auditory capacity, hand-eye coordination, and
information processing capacity [39]. Studies have shown that the older population is still
slow and inconsistent in adopting and using mobile health [40-42]. Therefore, it is crucial to
comprehend the factors that can either enable or hinder the acceptance of mobile health
among older adults [43].

Health literacy plays a pivotal role in healthcare delivery and outcomes. It is associated with
limited knowledge of health conditions and medications, increased healthcare costs, and poor
prognosis in terms of mortality and morbidities [44]. Community awareness of the dangers of
CVD remains lacking in developing countries. The dynamics of secondary preventive efforts are
highly influenced by the double burden of pre-transitional (malnutrition and communicable
diseases) and post-transitional (non-communicable diseases, such as stroke, CVD, and cancer)
diseases. In contrast to the shift towards industrial markets observed in developed countries,
the public’s receptiveness to advocating lifestyle behavioural changes regarding CVD is lower
[45]. Therefore, extrapolating these study results to a low- to middle-income country requires
care and adaptation to the needs of each community’s sociocultural milieu.

Moreover, the included trials employed several methods of delivery available through
smartphones, such as smartphone software-enabled systems connected to wearable devices
or mobile applications alone or in combination with telephone calls and automated text
messages. Feedback and monitoring via telephone calls could provide additional benefits
to patients in terms of motivational support. This evidence is supported by a meta-analysis
that separately assessed telephone support and remote monitoring in post-discharged heart
failure patients. Telemonitoring was effective in reducing mortality and heart failure-related
hospitalisations, whereas telephone support was effective only in reducing heart failure-related
hospitalisations [46]. Furthermore, diverse components of interventions are also evident in
this review. Most studies provided comprehensive feedback on exercise training, education
on cardiovascular diseases, associated modifiable behavioural risk factors, dietary habits,
and psychosocial support, whereas some provided minimal to no feedback. Each component
has unique advantages; therefore, identifying them separately yields more conclusive
results. Despite the varying intervention components, it is important to remember that brief
interventions that encourage autonomy and choice have a longer-lasting impact. With that
in mind, this review provided evidence that with such comprehensive modules of secondary
prevention programs, the cessation of smoking habits was successfully achieved. Patients who
quit smoking after their first CVD event were less likely to experience recurrent major adverse
cardiovascular event or all-cause mortality [47]. Therefore, smoking cessation should be
promoted as key educational material.

As demonstrated by Shi et al.,, patient education for secondary prevention can also reduce
symptoms of anxiety and depression in CHD patients, which are associated with psychological
well-being [48]. Evaluation and recognition of psychological well-being and quality of life are
crucial components of CR. Our study presented inconclusive results regarding the superiority of
smartphone-based CR in improving the patients’ quality of life based on the EQ-5D index. The
number of studies evaluating changes in quality of life based on the EQ-5D index is relatively
minimal. The EQ-5D index can estimate quality-adjusted life years (QALY), which are used to
analyse incremental cost-effectiveness in the economic evaluation of an intervention [49]. We
acknowledge that patients perceived a better quality of life, as represented by the higher EQ-5D
VAS score, which can be explained by the improvement in their functional capacity compared
with baseline measurements. This is an important observation because it indicates that CR
interventions via smartphones do not negatively impact a patient’s quality of life.
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Because various questionnaires were used in other studies, they were not included in the meta-
analysis to avoid heterogeneity. Although some of these survey tools display resemblance in
some domains of the questions, they cannot be used interchangeably; for example, the EQ-
5D and SF-12. The EQ-5D questionnaire is the most widely used, and its utility scores can be
used to calculate the cost-utility ratio in an economic analysis based on QALY. Although the
SF-12 can be transformed into six-dimensional health state classification (SF-6D) scores for
cost-effectiveness analysis purposes, the SF-6D seemed to produce better results in patients
with worse EQ-5D outcomes and vice versa [50]. Additionally, patients who underwent PCI or
coronary artery bypass graft surgery were likely to report optimal health on the EQ-5D, but not
on the SF-6D, compared to patients with acute myocardial infarction. Hence, the differences
in outcomes could be affected by patient characteristics and disease severity. Therefore,
standardised mean differences were not evaluated. Further studies investigating the health
economics of smartphone-based CR and secondary prevention are required.

Some limitations highlighted in our study include the variety of CR models prescribed to
patients in terms of duration, frequency, length, intensity, and the variety of tools for outcome
measurements. Standardised exercise-based CR protocols fine-tune these outcomes. These
studies also underrepresented women. Men have a higher propensity to develop coronary heart
disease at a younger age. However, a slow demographic shift was observed in CVD patients. CVD
is still a major cause of death in women over the age of 65 years [51]. Therefore, further studies
extending participation to the older population are needed to increase the generalisability of
the current study outcome. Despite the preconceived notion of limited technology use in older
patients, there have been reports that mobile device application engagement is comparable
to that of younger patients, particularly with user-friendly and thoughtful personalised
smartphone apps [52, 53].

Despite these limitations, the quality of the trials included in this review was mostly good, with
low levels of bias. The narrow telehealth platform evaluated in this review also contributes to the
body of evidence suggesting that smartphone-based CR can be relied upon with confidence for
the delivery of secondary prevention strategies. With the specific niche of the study population
reviewed in our study, such as those with CHDs, smartphones are a solid method for delivering
interventions with desirable outcomes in these patients.

Smartphone-based interventions are relatively inexpensive, accessible anytime at the patient’s
own comfort, and easy to use. Clearly, the choice to participate in secondary prevention
programs should always reflect patient preferences, anticipation, risk profiles, funding, and
access to healthcare. The use of such interventions should also involve careful monitoring
and motivational feedback from the healthcare team to maintain meaningful relationships
with patients. The development of the most optimised version of this technology is highly
competitive and is an integral part of the future of healthcare.

CONCLUSION

Smartphone-based CR improves functional capacity (VO, Max and 6-MWT) in CHD patients, as
measured by VO, max and 6-MWT. A positive impact was also observed on patients’ smoking
habits. However, we did not find evidence that smartphone-based CR can influence lipid profile,
blood pressure, HbA1c levels, BMI, or quality of life. Owing to the variability in the methods of
exercise/physical training employed, further research involving a more standardised CR protocol
needs to be considered. Smartphone technology has the potential to transform cardiovascular
care with far-reaching effects.

ADDITIONAL FILE

The additional file for this article can be found as follows:

* Study Tables. Appendices 1 to 5. DOI: https://doi.org/10.5334/gh.1253.s1

COMPETING INTERESTS

The authors have no competing interests to declare.

Dwiputra et al.
Global Heart
DOI: 10.5334/gh.1253

11


https://doi.org/10.5334/gh.1253.s1

AUTHOR CONTRIBUTIONS Dwiputra et al.

BD, AS, and SF contributed to the concept and study protocols. Study selection, data extraction,

Global Heart
DOI: 10.5334/gh.1253

and critical appraisal were performed by BD, BSP, and AMA. Forest plot analysis was conducted
by BR and DRD. The manuscript has been proofread for conciseness by BAW and SF. All authors
have read and agreed to the contents of the manuscript.

AUTHOR AFFILIATIONS

Bambang Dwiputra “* orcid.org/0000-0002-0660-3721

Department of Cardiology and Vascular Medicine, Faculty of Medicine, Universitas Indonesia/Harapan Kita
National Cardiovascular Centre, Jakarta, Indonesia

Anwar Santoso “* orcid.org/0000-0001-8247-4151

Department of Cardiology and Vascular Medicine, Faculty of Medicine, Universitas Indonesia/Harapan Kita
National Cardiovascular Centre, Jakarta, Indonesia

Budhi Setianto Purwowiyoto " orcid.org/0000-0001-5751-5556

Department of Cardiology and Vascular Medicine, Faculty of Medicine, Universitas Indonesia/Harapan Kita
National Cardiovascular Centre, Jakarta, Indonesia

Basuni Radi "/ orcid.org/0000-0002-6428-9304

Department of Cardiology and Vascular Medicine, Faculty of Medicine, Universitas Indonesia/Harapan Kita
National Cardiovascular Centre, Jakarta, Indonesia

Ade Meidian Ambari " orcid.org/0000-0002-7488-4107

Department of Cardiology and Vascular Medicine, Faculty of Medicine, Universitas Indonesia/Harapan Kita
National Cardiovascular Centre, Jakarta, Indonesia

Dwita Rian Desandri

Department of Cardiology and Vascular Medicine, Faculty of Medicine, Universitas Indonesia/Harapan Kita
National Cardiovascular Centre, Jakarta, Indonesia

Serlie Fatrin " orcid.org/0000-0002-2488-2330

Department of Cardiology and Vascular Medicine, Faculty of Medicine, Universitas Indonesia/Harapan Kita
National Cardiovascular Centre, Jakarta, Indonesia

Bashar Adi Wahyu Pandhita “* orcid.org/0000-0001-9240-208X

Department of Cardiology and Vascular Medicine, Faculty of Medicine, Universitas Indonesia/Harapan Kita
National Cardiovascular Centre, Jakarta, Indonesia

REFERENCES

1.

Roth GA, Mensah GA, Johnson CO, Addolorato G, Ammirati E, Baddour LM, et al. Global Burden of
Cardiovascular Diseases and Risk Factors, 1990-2019. Journal of the American College of Cardiology.
2020; 76(25): 2982-3021. DOL: https://doi.org/10.1016/j.jacc.2020.11.010

Ibanez B, James S, Agewall S, Antunes MJ, Bucciarelli-Ducci C, Bueno H, et al. 2017 ESC Guidelines
for the management of acute myocardial infarction in patients presenting with ST-segment
elevation. European Heart Journal. 2017; 39(2): 119-77. DOI: https://doi.org/10.1093/eurheartj/
ehx393

Székely O, Lane DA, Lip GYH. Guideline-adherent secondary prevention post-acute coronary
syndromes: the importance of patient uptake and persistence. European Heart Journal. 2018; 39(25):
2365-7. DOL: https://doi.org/10.1093/eurheartj/ehy308

Goel K, Lennon RJ, Tilbury RT, Squires RW, Thomas RJ. Impact of Cardiac Rehabilitation on Mortality
and Cardiovascular Events After Percutaneous Coronary Intervention in the Community. Circulation.
2011; 123(21): 2344-52. DOI: https://doi.org/10.1161/CIRCULATIONAHA.110.983536

Balady GJ, Ades PA, Bittner VA, Franklin BA, Gordon NF, Thomas RJ, et al. Referral, Enrollment, and
Delivery of Cardiac Rehabilitation/Secondary Prevention Programs at Clinical Centers and Beyond.
Circulation. 2011; 124(25): 2951-60. DOI: https://doi.org/10.1161/CIR.0b013e31823b21e2

Chaves G, Turk-Adawi K, Supervia M, Santiago de Aradujo Pio C, Abu-Jeish A hadi, Mamataz T, et
al. Cardiac Rehabilitation Dose Around the World. Circulation: Cardiovascular Quality and Outcomes.
2020; 13(1). DOI: https://doi.org/10.1161/CIRCOUTCOMES.119.005453

Castellanos LR, Viramontes O, Bains NK, Zepeda IA. Disparities in Cardiac Rehabilitation Among
Individuals from Racial and Ethnic Groups and Rural Communities—A Systematic Review. Journal of
Racial and Ethnic Health Disparities. 2018; 6: 1-11. DOI: https://doi.org/10.1007/s40615-018-0478-x
Kemp S. Digital 2022: Global Overview. https://datareportal.com/reports/digital-2022-global-
overview-report (accessed 13 Jun 2023).

Brouwers RWM, Houben VJG, Kraal JJ, Spee RF, Kemps HMC. Predictors of cardiac rehabilitation
referral, enrolment and completion after acute myocardial infarction: an exploratory study. Neth
Heart J. 2020; 29(3): 151-7. DOL: https://doi.org/10.1007/s12471-020-01492-0

12


https://orcid.org/0000-0002-0660-3721
https://orcid.org/0000-0002-0660-3721
https://orcid.org/0000-0001-8247-4151
https://orcid.org/0000-0001-8247-4151
https://orcid.org/0000-0001-5751-5556
https://orcid.org/0000-0001-5751-5556
https://orcid.org/0000-0002-6428-9304
https://orcid.org/0000-0002-6428-9304
https://orcid.org/0000-0002-7488-4107
https://orcid.org/0000-0002-7488-4107
https://orcid.org/0000-0002-2488-2330
https://orcid.org/0000-0002-2488-2330
https://orcid.org/0000-0001-9240-208X
https://orcid.org/0000-0001-9240-208X
https://doi.org/10.1016/j.jacc.2020.11.010
https://doi.org/10.1093/eurheartj/ehx393
https://doi.org/10.1093/eurheartj/ehx393
https://doi.org/10.1093/eurheartj/ehy308
https://doi.org/10.1161/CIRCULATIONAHA.110.983536
https://doi.org/10.1161/CIR.0b013e31823b21e2
https://doi.org/10.1161/CIRCOUTCOMES.119.005453
https://doi.org/10.1007/s40615-018-0478-x
https://datareportal.com/reports/digital-2022-global-overview-report
https://datareportal.com/reports/digital-2022-global-overview-report
https://doi.org/10.1007/s12471-020-01492-0

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

Thomas R, King M, Lui K, Oldridge N, Pina I, Spertus J. AACVPR/ACC/AHA 2007 Performance Dwiputra et al. 13
Measures on Cardiac Rehabilitation for Referral to and Delivery of Cardiac Rehabilitation/ g’c‘)’f’_"llo"’gg;t“gh 1953
Secondary Prevention Services. Circulation. 2007; 116(14): 1611-42. DOI: https://doi.org/10.1161/
CIRCULATIONAHA.107.185734

Wallace BC, Dahabreh 1J, Trikalinos TA, Lau J, Trow P, Schmid CH. Closing the Gap between
Methodologists and End-Users: R as a Computational Back-End. J Stat Soft. 2012; 49(5). DOI: https://
doi.org/10.18637/jss.v049.i05

Lunde P, Bye A, Bergland A, Grimsmo J, Jarstad E, Nilsson BB. Long-term follow-up

with a smartphone application improves exercise capacity post cardiac rehabilitation: A
randomized controlled trial. Eur J Prev Cardiolog. 2020; 27(16): 1782-92. DOLI: https://doi.
org/10.1177/2047487320905717

Dorje T, Zhao G, Tso K, Wang J, Chen Y, Tsokey L, et al. Smartphone and social media-based
cardiac rehabilitation and secondary prevention in China (SMART-CR/SP): a parallel-group, single-
blind, randomised controlled trial. The Lancet Digital Health. 2019; 1(7): e363-74. DOI: https://doi.
0rg/10.1016/52589-7500(19)30151-7

Song Y, Ren C, Liu P, Tao L, Zhao W, Gao W. Effect of Smartphone-Based Telemonitored Exercise
Rehabilitation among Patients with Coronary Heart Disease. J of Cardiovasc Trans Res. 2019; 13(4):
659-67. DOI: https://doi.org/10.1007/512265-019-09938-6

Fang J, Huang B, Xu D, Li J, Au WW. Innovative Application of a Home-Based and Remote Sensing
Cardiac Rehabilitation Protocol in Chinese Patients After Percutaneous Coronary Intervention.
Telemedicine and e-Health. 2019; 25(4): 288-93. DOLI: https://doi.org/10.1089/tmj.2018.0064
Walters D, Varnfield M, Karunanithi M, Ding H, Honeyman E, Arnold D, et al. Technology Based
Home-Care Model Improves Outcomes Of Uptake, Adherence And Health In Cardiac Rehabilitation.
Heart, Lung and Circulation. 2012; 21: S315. DOI: https://doi.org/10.1016/}.hlc.2012.05.778
Johnston N, Bodegard J, Jerstrom S, Akesson J, Brorsson H, Alfredsson J, et al. Effects of
interactive patient smartphone support app on drug adherence and lifestyle changes in myocardial
infarction patients: A randomized study. American Heart Journal. 2016; 178: 85-94. DOI: https://doi.
0rg/10.1016/j.ahj.2016.05.005

Widmer RJ, Allison TG, Lennon R, Lopez-Jimenez F, Lerman LO, Lerman A. Digital health
intervention during cardiac rehabilitation: A randomized controlled trial. American Heart Journal.
2017; 188: 65-72. DOLI: https://doi.org/10.1016/j.ah}.2017.02.016

Varnfield M, Karunanithi M, Lee CK, Honeyman E, Arnold D, Ding H, et al. Smartphone-based home
care model improved use of cardiac rehabilitation in postmyocardial infarction patients: results
from a randomised controlled trial. Heart. 2014; 100(22): 1770-9. DOI: https://doi.org/10.1136/
heartjnl-2014-305783

Maddison R, Rawstorn JC, Stewart RAH, Benatar J, Whittaker R, Rolleston A, et al. Effects and
costs of real-time cardiac telerehabilitation: randomised controlled non-inferiority trial. Heart. 2018;
105(2): 122-9. DOI: https://doi.org/10.1136/heartjnl-2018-313189

Skobel E, Knackstedt C, Martinez-Romero A, Salvi D, Vera-Munoz C, Napp A, et al. Internet-based
training of coronary artery patients: the Heart Cycle Trial. Heart Vessels. 2016; 32(4): 408-18. DOI:
https://doi.org/10.1007/s00380-016-0897-8

Bravo-Escobar R, Gonzdlez-Represas A, Gomez-Gonzdlez AM, Montiel-Trujillo A, Aguilar-
Jimenez R, Carrasco-Ruiz R, et al. Effectiveness and safety of a home-based cardiac rehabilitation
programme of mixed surveillance in patients with ischemic heart disease at moderate cardiovascular
risk: A randomised, controlled clinical trial. BMC Cardiovasc Disord. 2017; 17(1). DOI: https://doi.
org/10.1186/512872-017-0499-0

Yudi MB, Clark DJ, Tsang D, Jelinek M, Kalten K, Joshi SB, et al. SMARTphone-based, early cardiac
REHABIlitation in patients with acute coronary syndromes: a randomized controlled trial. Coronary
Artery Disease. 2020; 32(5): 432-40. DOI: https://doi.org/10.1097/MCA.0000000000000938
Vasankari V, Halonen J, Husu P, Vidhd-Ypyd H, Tokola K, Suni J, et al. Personalised eHealth
intervention to increase physical activity and reduce sedentary behaviour in rehabilitation after
cardiac operations: study protocol for the PACO randomised controlled trial (NCT03470246). BMJ
Open Sport Exerc Med. 2019; 5(1): e000539. DOI: https://doi.org/10.1136/bmjsem-2019-000539
Jackson L. Getting the most out of cardiac rehabilitation: a review of referral and adherence
predictors. Heart. 2005; 91(1): 10-4. DOI: https://doi.org/10.1136/hrt.2004.045559

Gandhi S, Chen S, Hong L, Sun K, Gong E, Li C, et al. Effect of Mobile Health Interventions on the
Secondary Prevention of Cardiovascular Disease: Systematic Review and Meta-analysis. Canadian
Journal of Cardiology. 2017; 33(2): 219-31. DOTI: https://doi.org/10.1016/j.cjca.2016.08.017

Myers J, McAuley P, Lavie CJ, Despres JP, Arena R, Kokkinos P. Physical Activity and
Cardiorespiratory Fitness as Major Markers of Cardiovascular Risk: Their Independent and Interwoven
Importance to Health Status. Progress in Cardiovascular Diseases. 2015; 57(4): 306-14. DOI: https://
doi.org/10.1016/j.pcad.2014.09.011


https://doi.org/10.1161/CIRCULATIONAHA.107.185734
https://doi.org/10.1161/CIRCULATIONAHA.107.185734
https://doi.org/10.18637/jss.v049.i05
https://doi.org/10.18637/jss.v049.i05
https://doi.org/10.1177/2047487320905717
https://doi.org/10.1177/2047487320905717
https://doi.org/10.1016/S2589-7500(19)30151-7
https://doi.org/10.1016/S2589-7500(19)30151-7
https://doi.org/10.1007/s12265-019-09938-6
https://doi.org/10.1089/tmj.2018.0064
https://doi.org/10.1016/j.hlc.2012.05.778
https://doi.org/10.1016/j.ahj.2016.05.005
https://doi.org/10.1016/j.ahj.2016.05.005
https://doi.org/10.1016/j.ahj.2017.02.016
https://doi.org/10.1136/heartjnl-2014-305783
https://doi.org/10.1136/heartjnl-2014-305783
https://doi.org/10.1136/heartjnl-2018-313189
https://doi.org/10.1007/s00380-016-0897-8
https://doi.org/10.1186/s12872-017-0499-0
https://doi.org/10.1186/s12872-017-0499-0
https://doi.org/10.1097/MCA.0000000000000938
https://doi.org/10.1136/bmjsem-2019-000539
https://doi.org/10.1136/hrt.2004.045559
https://doi.org/10.1016/j.cjca.2016.08.017
https://doi.org/10.1016/j.pcad.2014.09.011
https://doi.org/10.1016/j.pcad.2014.09.011

28.

29.

30.

31.

32.

33.

34,

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

Aspenes ST, Nilsen TIL, Skaug EA, Bertheussen GF, Ellingsen @, Vatten L, et al. Peak Oxygen Uptake
and Cardiovascular Risk Factors in 4631 Healthy Women and Men. Medicine & Science in Sports &
Exercise. 2011; 43(8): 1465-73. DOI: https://doi.org/10.1249/MSS.0b013e31820ca81c

Keteyian SJ, Brawner CA, Savage PD, Ehrman JK, Schairer J, Divine G, et al. Peak aerobic capacity
predicts prognosis in patients with coronary heart disease. American Heart Journal. 2008; 156(2):
292-300. DOI: https://doi.org/10.1016/j.ah}.2008.03.017

Beatty AL, Schiller NB, Whooley MA. Six-Minute Walk Test as a Prognostic Tool in Stable

Coronary Heart Disease. Arch Intern Med. 2012; 172(14). DOI: https://doi.org/10.1001/
archinternmed.2012.2198

Moholdt T, Aamot IL, Grangien I, Gjerde L, Myklebust G, Walderhaug L, et al. Long-term follow-up
after cardiac rehabilitation. International Journal of Cardiology. 2011; 152(3): 388-90. DOI: https://
doi.org/10.1016/}.ijcard.2011.08.025

Pratesi A, Baldasseroni S, Burgisser C, Orso F, Barucci R, Silverii MV, et al. Long-term functional
outcomes after cardiac rehabilitation in older patients. Data from the Cardiac Rehabilitation in
Advanced aGE: EXercise TRaining and Active follow-up (CR-AGE EXTRA) randomised study. Eur J Prev
Cardiolog. 2019; 26(14): 1470-8. DOI: https://doi.org/10.1177/2047487319854141

Bock BC, Albrecht AE, Traficante RM, Clark MM, Pinto BM, Tilkemeier P, et al. Predictors of exercise
adherence following participation in a cardiac rehabilitation program. Int J Behav Med. 1997; 4(1):
60-75. DOL: https://doi.org/10.1207/s15327558ijbm0401_4

Ettehad D, Emdin CA, Kiran A, Anderson SG, Callender T, Emberson J, et al. Blood pressure lowering
for prevention of cardiovascular disease and death: a systematic review and meta-analysis. The
Lancet. 2016; 387(10022): 957-67. DOLI: https://doi.org/10.1016/S0140-6736(15)01225-8

Neubeck L, Redfern J ulie, Fernandez R, Briffa T, Bauman A, Freedman SB. Telehealth interventions
for the secondary prevention of coronary heart disease: a systematic review. European Journal

of Cardiovascular Prevention & Rehabilitation. 2009; 16(3): 281-9. DOI: https://doi.org/10.1097/
HJR.0b013e32832a4e7a

Clark RA, Conway A, Poulsen V, Keech W, Tirimacco R, Tideman P. Alternative models of cardiac
rehabilitation: A systematic review. Eur J Prev Cardiolog. 2013; 22(1): 35-74. DOI: https://doi.
org/10.1177/2047487313501093

Marquez NM, Saintila J, Castellanos-Vazquez AJ, Davila-Villavicencio R, Turpo-Chaparro J,
Sanchez-Tarrillo JA, et al. Telehealth-based interventions on lifestyle, body mass index, and glucose
concentration in university staff during the coronavirus disease 2019 pandemic: A pre-experimental
study. Digital Health. 2022; 8: 1-10. DOI: https://doi.org/10.1177/20552076221129719

El Missiri A, Abdel Halim WA, Almaweri AS, Mohamed TR. Effect of a phase 2 cardiac rehabilitation
program on obese and non-obese patients with stable coronary artery disease. Eqypt Heart J. 2021,
73(1): 4. DOL: https://doi.org/10.1186/s43044-020-00119-4

Liu N, Yin J, Tan SSL, Ngiam KY, Teo HH. Mobile health applications for older adults: a systematic
review of interface and persuasive feature design. Journal of the American Medical Informatics
Association. 2021; 28(11): 2483-501. DOI: https://doi.org/10.1093/jamia/ocab151

Hoque R, Sorwar G. Understanding factors influencing the adoption of mHealth by the elderly: An
extension of the UTAUT model. International Journal of Medical Informatics. 2017; 101: 75-84. DOI:
https://doi.org/10.1016/j.jmedinf.2017.02.002

Gao C, Zhou L, Liu Z, Wang H, Bowers B. Mobile application for diabetes self-management in China:
Do they fit for older adults? International Journal of Medical Informatics. 2017; 101: 68-74. DOI:
https://doi.org/10.1016/j.jmedinf.2017.02.005

Lee C, Coughlin JF. PERSPECTIVE: Older Adults’ Adoption of Technology: An Integrated Approach to
Identifying Determinants and Barriers: Older adults’ adoption of technology. J Prod Innov Manag.
2015; 32(5): 747-59. DOL: https://doi.org/10.1111/jpim.12176

Wildenbos GA, Peute L, Jaspers M. Aging barriers influencing mobile health usability for older
adults: A literature based framework (MOLD-US). International Journal of Medical Informatics. 2018;
114: 66-75. DOI: https://doi.org/10.1016/j.ijmedinf.2018.03.012

Magnani JW, Mujahid MS, Aronow HD, Cené CW, Dickson VV, Havranek E, et al. Health Literacy
and Cardiovascular Disease: Fundamental Relevance to Primary and Secondary Prevention: A
Scientific Statement From the American Heart Association. Circulation. 2018; 138(2). DOI: https://doi.
org/10.1161/CIR.0000000000000579

Reddy KS, Yusuf S. Emerging Epidemic of Cardiovascular Disease in Developing Countries. Circulation.
1998; 97(6): 596-601. DOI: https://doi.org/10.1161/01.CIR.97.6.596

Inglis SC, Clark RA, McAlister FA, Stewart S, Cleland JGF. Which components of heart failure
programmes are effective? A systematic review and meta-analysis of the outcomes of structured
telephone support or telemonitoring as the primary component of chronic heart failure
management in 8323 patients: Abridged Cochrane Review. European J of Heart Fail. 2011; 13(9):
1028-40. DOI: https://doi.org/10.1093/eurjhf/hfr039

Dwiputra et al.
Global Heart
DOI: 10.5334/gh.1253

14


https://doi.org/10.1249/MSS.0b013e31820ca81c
https://doi.org/10.1016/j.ahj.2008.03.017
https://doi.org/10.1001/archinternmed.2012.2198
https://doi.org/10.1001/archinternmed.2012.2198
https://doi.org/10.1016/j.ijcard.2011.08.025
https://doi.org/10.1016/j.ijcard.2011.08.025
https://doi.org/10.1177/2047487319854141
https://doi.org/10.1207/s15327558ijbm0401_4
https://doi.org/10.1016/S0140-6736(15)01225-8
https://doi.org/10.1097/HJR.0b013e32832a4e7a
https://doi.org/10.1097/HJR.0b013e32832a4e7a
https://doi.org/10.1177/2047487313501093
https://doi.org/10.1177/2047487313501093
https://doi.org/10.1177/20552076221129719
https://doi.org/10.1186/s43044-020-00119-4
https://doi.org/10.1093/jamia/ocab151
https://doi.org/10.1016/j.ijmedinf.2017.02.002
https://doi.org/10.1016/j.ijmedinf.2017.02.005
https://doi.org/10.1111/jpim.12176
https://doi.org/10.1016/j.ijmedinf.2018.03.012
https://doi.org/10.1161/CIR.0000000000000579
https://doi.org/10.1161/CIR.0000000000000579
https://doi.org/10.1161/01.CIR.97.6.596
https://doi.org/10.1093/eurjhf/hfr039

47.

48.

49.

50.

51.

52.

53.

Van den Berg MJ, van der Graaf Y, Deckers JW, de Kanter W, Algra A, Kappelle LJ, et al. Smoking Dwiputra et al. 15
cessation and risk of recurrent cardiovascular events and mortality after a first manifestation gg’f’_"llo"’gggt“gh 1953
of arterial disease. American Heart Journal. 2019; 213: 112-22. DOL: https://doi.org/10.1016/j.

ahj.2019.03.019

Shi W, Ghisi GLM, Zhang L, Hyun K, Pakosh M, Gallagher R. A systematic review, meta-analysis,

and meta-regression of patient education for secondary prevention in patients with coronary heart

disease: impact on psychological outcomes. European Journal of Cardiovascular Nursing. 2022; 21(7):

643-54. DOI: https://doi.org/10.1093/eurjcn/zvac001

Whitehead SJ, Ali S. Health outcomes in economic evaluation: the QALY and utilities. British Medical

Bulletin. 2010; 96(1): 5-21. DOI: https://doi.org/10.1093/bmb/ldq033

De Smedt D, Clays E, Annemans L, De Bacquer D. EQ-5D Versus SF-12 in Coronary Patients: Are They

Interchangeable? Value in Health. 2014; 17(1): 84-9. DOI: https://doi.org/10.1016/j.jval.2013.10.010

Maas AHEM, Appelman YEA. Gender differences in coronary heart disease. Neth Heart J. 2010;

18(12): 598-603. DOLI: https://doi.org/10.1007/s12471-010-0841-y

Bostrom J, Sweeney G, Whiteson J, Dodson JA. Mobile health and cardiac rehabilitation in older

adults. Clin Cardiol. 2019; 43(2): 118-26. DOLI: https://doi.org/10.1002/clc.23306

Kumar KR, Pina IL. Cardiac rehabilitation in older adults: New options. Clin Cardiol. 2019; 43(2): 163-

70. DOI: https://doi.org/10.1002/clc.23296

TO CITE THIS ARTICLE:
Dwiputra B, Santoso A,
Purwowiyoto BS, Radi B,
Ambari AM, Desandri DR, Fatrin
S, Pandhita BAW. Smartphone-
Based Cardiac Rehabilitation
Program Improves Functional
Capacity in Coronary Heart
Disease Patients: A Systematic
Review and Meta-Analysis.
Global Heart. 2023; 18(1): 42.
DOI: https://doi.org/10.5334/
gh.1253

Submitted: 23 January 2023
Accepted: 07 July 2023
Published: 10 August 2023

COPYRIGHT:

© 2023 The Author(s). This is an
open-access article distributed
under the terms of the Creative
Commons Attribution 4.0
International License (CC-BY
4.0), which permits unrestricted
use, distribution, and
reproduction in any medium,
provided the original author
and source are credited. See
http://creativecommons.org/
licenses/by/4.01.

Global Heart is a peer-reviewed
u a open access journal published

by Ubiquity Press.


https://doi.org/10.5334/gh.1253
https://doi.org/10.5334/gh.1253
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.ahj.2019.03.019
https://doi.org/10.1016/j.ahj.2019.03.019
https://doi.org/10.1093/eurjcn/zvac001
https://doi.org/10.1093/bmb/ldq033
https://doi.org/10.1016/j.jval.2013.10.010
https://doi.org/10.1007/s12471-010-0841-y
https://doi.org/10.1002/clc.23306
https://doi.org/10.1002/clc.23296

