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Effectiveness of mobile phone-based self-management interventions for
medication adherence and change in blood pressure in patients with

coronary heart disease: A systematic review and meta-analysis

Abstract

Aims: To synthesize and evaluate the effectiveness of mobile phone-based self-
management interventions for medication adherence and change in blood
pressure (BP) in patients with coronary heart disease (CHD).

Methods: Relevant randomized controlled trials evaluating mobile phone-based
self-management interventions for medication adherence and/or change in BP in
CHD patients were identified by searching six electronic databases (PubMed,
Cochrane, CINAHL, ProQuest, Scopus and EMBASE) from January 2008 to
January 2019. The trials were screened, data were extracted and quality was
assessed by two independent reviewers. Meta-analyses were performed for
different outcomes while narrative syntheses were conducted for studies that
could not be pooled or when there was presence of high heterogeneity.

Results: Fifteen trials were included in this review, of which 11 of these trials
were meta-analysed. Mobile phone-based self-management interventions were
associated with a statistically significant reduction in diastolic BP (combined
mean difference of -1.99 [95% CI -3.20 to -0.78, p=0.0001]). However, the
combined effect on medication adherence (medium size effect of d = 0.72 [95%
Cl-0.32to 1.75, p=0.17]) and change in systolic BP (combined mean difference
of -1.08 [95% CI -5.51 to 3.35; p=0.63]) were not statistically significant. There

was significant heterogeneity among the trials reviewed.



Conclusion: Mobile phone-based self-management interventions have the
potential to improve self-management and adherence in patients with CHD but

better designed, conducted and reported trials are needed to demonstrate this.

Keywords
Coronary heart disease, self-management, mobile phone, medication adherence,

blood pressure systematic review



Introduction

Coronary heart disease (CHD) is a major cause of death and morbidity as well as
impaired quality of life.! The main risk factors for CHD - obesity and sedentary
lifestyle coupled with high blood pressure, smoking and high blood cholesterol -
are amenable to behavioural change interventions through the use of mobile
phone text messaging® and applications.® Medication adherence presents a
particular challenge as non-adherence in CHD patients is associated with poor
self-management leading to poor clinical outcomes, including rehospitalisation,
subsequent myocardial infarction and increased mortality.*°

High blood pressure (BP) is strongly associated with the risk of CHD
events® and secondary prevention efforts are focused on achieving good BP
control: defined as systolic BP <120 mmHg and diastolic BP <80 mmHg.’
Maintaining optimal BP is crucial in reducing the risk of subsequent
cardiovascular complications.®

Lately, mobile phone-based technologies have been increasingly used in
promoting physical activity and lifestyle modification among patients with
CHD.® According to the International Telecommunication Union®, 69% of the
world’s adult population has mobile-broadband subscriptions. Mobile phone-
based technologies such as text messaging and applications are ubiquitous,
offering promising potential to improve an individual’s health by helping them
with self-management and healthy behaviour modifications.’® Due to
accessibility and ease of use, mobile phone technology allows real-time
information to be retrieved conveniently for relevant and personalized decisions
to be made for efficient behaviour change support.* For instance, patients may

input their BP readings and exercise frequencies into a mobile phone-based
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application, permitting healthcare providers almost instant access to these data
and the ability to offer personalized advice as required. Additionally, automated
medication reminders or motivational and educational messages can be sent to
patients to enhance knowledge and adherence.'? Thus, mobile phone-based
technologies for CHD patients help increase access to pertinent information to
enhance knowledge of their disease.? This is likely to help patients develop self-
efficacy, encourage behavioural change and improve adherence.®

Of recent systematic reviews of mobile phone-based interventions for
CHD patients,**1” only a narrative synthesis was reported regarding medication
adherence. One of these reviews® reported a meta-analysis of mobile health
interventions on the combination of pharmacological and non-pharmacological
adherence. Hence, any change in adherence scores may not necessarily be due to
pharmacological (medication) adherence alone. Two reviews!’ did not evaluate
the risk of bias of each included study which is crucial in providing an indication
of the quality of available evidence. Moreover, one review by Yousuf et al.!” only
conducted a systematic search in PubMed which may introduce database bias.
Additionally, none of these reviews reported a meta-analysis on BP outcomes.'*
" Therefore, the effectiveness of mobile phone-based technologies on medication
adherence and change in BP remains unclear. As medication adherence and
change in BP are crucial secondary prevention measures, the current review aims
to synthesize and evaluate the effectiveness of mobile phone-based self-
management interventions on medication adherence and change in BP in patients

with CHD.



Methods

The Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) checklist was adopted as a guideline to ensure transparency, accuracy

and comprehensiveness of the dissemination of data in this review.®

Search strategy

Relevant randomized controlled trials were identified by searching PubMed,
Embase, Cochrane Central Register of Controlled Trials (Cochrane), Cumulative
Index to Nursing and Allied Health Literature (CINAHL), Scopus and ProQuest
databases from January 2008 to January 2019. The search terms and strategy are
provided in Appendix 1 (supplementary).

In addition, searches of grey literature such as ongoing trials with
outcomes from the Clinical Trials Registry (www.clinicaltrials.gov) and New
York Academy of Medicine Grey Literature Report (https://nyam.org/) were
performed using keywords. A manual screening of the reference list in eligible
studies and relevant systematic reviews of the topic was also done to identify

additional relevant trials that were not retrieved through database searching.

Study selection

Studies that met the following eligibility criteria were included: (1) designed as
a randomized controlled trial (RCT) or a cluster RCT; (2) published in English
in recent 10 years from January 2008 to January 2019 to include the most updated
research; (3) population included adults (aged >18 years) who were clinically
diagnosed with CHD; (4) used mobile phone-based self-management
interventions with either text messaging or patient-directed applications that
provided education or self-monitoring functions; (5) reported medication
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adherence and/or BP (systolic or diastolic) outcomes; and (6) had a comparator
that did not use a mobile health intervention, including but not limited to usual
care or waitlist.

We excluded interventions that were solely based on phone calls or
computer use. We also excluded articles that were abstracts only, conference
papers, discussion papers or letters.

The articles retrieved from the search were imported into a reference
manager, EndNote Software Version X8 (Thomson Reuters, New York, USA).
Duplicates were removed using the software and manually by hand. Firstly, titles
and abstracts of the studies were screened independently by two reviewers (SYS
and YJ) to identify potential trials to be included in this review. Studies with titles
and abstracts deemed inappropriate were removed. If there were any
uncertainties, over caution was imposed and a full-text version of the article was
obtained for thorough appraisal. Next, full-text review of the remaining articles
that fulfilled the eligibility criteria were included if there was unanimous
agreement between the two reviewers. In the case of differing opinions regarding
the inclusion or exclusion of a study, the study was reassessed again and a
discussion was held until consensus has been attained. A third reviewer (WW)

was consulted for any unresolved disputes.

Data extraction

All outcome data were extracted independently by SYS and YJ using a
standardized data extraction form modified accordingly from the Cochrane
Handbook for Systematic Reviews of Intervention.’® In the case of incomplete

relevant data for extraction, the respective study authors were contacted for



information. The extracted data were then computed into RevMan software by

SYS, while YJ ensured that the data computed were accurate.

Quality appraisal

Each study was evaluated for the risk of bias by SYS and YJ independently using
the Risk of Bias tool in the Cochrane Handbook for Systematic Reviews of
Interventions.!® Disparities among the two reviewers were settled through
discussion and consultation with WW. Five biases (i.e. selection bias,
performance bias, detection bias, attrition bias, and reporting bias) were assessed

and categorised as ‘low risk’, ‘high risk’ or ‘unclear risk’ for each study.

Data synthesis and analysis

RevMan 5.3 software was used to synthesize the data.’® The outcomes of the
included studies were presented as continuous data and analyzed using the
inverse variance (IV) approach by combining the mean difference (MD) of
individual studies. When the outcome (medication adherence) was reported using
different measurement scales, the standardised mean difference (SMD) of
individual studies were combined. When study had multiple intervention arms
using a shared control group, the sample size, mean and standard deviations of
the relevant experimental intervention arms were combined into a single
intervention arm based on the method recommended by the Cochrane Handbook
of Systematic Reviews of Interventions. The amplitude of the pooled treatment
effect size was evaluate using Cohen’s d whereby d<0.2 indicates negligible

effect, 0.2<d<0.5 indicates small effect, 0.5<d<0.8 indicates medium effect and



d>0.8 indicates large effect.?’ The overall effect was assessed by Z-statistic. The
significant level was set at p<0.05.°

Given the differences in the behaviour change interventions, patient
populations, measures and outcome assessment time points, it would be likely
that true effect size varied across the studies. Therefore, a random-effects model
was used for all meta-analyses to estimate the means of these effects.?!
Heterogeneity was estimated using Chi-Squared test and I test. For heterogeneity
to be statistically significant, p-value was set as <0.10 and the degree of
variability was determined using I values whereby 0% to 40% indicates
unimportant heterogeneity, 30% to 60% moderate heterogeneity, 50% to 90%
substantial heterogeneity and 75% to 100% considerable heterogeneity.'® In the
case of considerable and significant heterogeneity whereby 12 was more than 50%
and p-value was less than 0.10, a narrative and qualitative summary was

performed.??

Results

Study selection
Figure 1 illustrates the PRISMA flow diagram in the systematic search process.
A total of 2306 articles was retrieved from the six electronic databases, and no
studies were identified through grey literature searching or from reference lists.
957 were duplicates and 30 were published before the year 2008, leaving 1319
articles for screening, of which 1152 were excluded based on title and abstract.
The remaining 167 articles were then assessed in full-text independently
against the eligibility criteria by SYS and YJ and 152 were excluded (Figure 1),

leaving 15 trials deemed eligible for review. These 15 trials were evaluated
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independently for quality by both reviewers. Four had insufficient information
for meta-analysis?>%® and the study authors were contacted, but there was no
response from any of them. Hence these four trials?>-® are presented in narrative
form. The remaining 11 trials?’*® were incorporated in various meta-analyses

according to their reported outcomes.

Description of studies

The summary of characteristics of the 15 trials can be found in Appendix 2
(supplementary): 14 (93.3%) of which were individualised RCTs?-% and one
(6.7%) a cluster RCT.®” From the 15 trials, 19 mobile phone-based self-
management intervention arms were reported. Three trials?®*3% compared two
smartphone-based intervention arms to a control group, though only one®
combined the results of the two intervention arms into a single value instead of
separate ones. One trial®* included four different groups of participants and two
different sets of intervention against control results: medication adherence
intervention group vs medication adherence control group and exercise

adherence intervention group vs exercise adherence control group.

Description of participants

The sample size across all 15 trials (total n=2978; males n=2326, females n=652)
ranged from 28 to 710 participants. The mean age of all participants ranged from
53.7 to 75.3 years, though one trial*? did not report these. Five trials had an age
inclusion criteria of >18 years,?%32% one of >21 years,* one of >65 years®’ and

one of <75 years;?® the remaining seven trials did not specify an age limit.?*

27,34,36
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Different definitions of CHD were used in the trials: acute coronary
syndrome (n=2, 13.3%),2%?" chronic stable angina (n=1, 6.7%),%® post-
myocardial infarction (n=3, 20%),243%3 revascularization (n=8, 53.3%)?>28:29.3L
333537 and one (6.7%) with no definition specified.®? Only one trial®! clearly
indicated participants be diagnosed with CHD for at least 6 months.

All trials included participants who could speak, write and understand
English or the native language(s) used locally. In addition, all participants
eligible for inclusion were required to know how to use at least the text messaging
function on mobile phones. Five trials did not require participants to own a
mobile phone as it was provided by the researchers,?"?8313436 \while the other 10

trials required participants to personally own one,?3-26:2930:32,33,35,37

Description of interventions

The description of interventions has been categorised into mode of delivery,
frequency and duration of interventions and intervention components (education,
reminders, self-monitoring and feedback) as summarised in Appendix 2, 3 and 4

(supplementary).

Quality appraisal

The summary for risk of bias is shown in Figure 2. Ten trials (66.7%) were
classified as low risk of selection bias for random sequence generation.?*
26.28,29.3132-36 Eour trials (26.7%) were rated as low risk of selection bias for
allocation concealment.31*43¢ No trial mentioned blinding of participants and
personnel, which may be due to the intervention nature whereby blinding of both

parties was not easy to establish and maintain. Five trials (33.3%) reported
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blinding of outcome assessment?"2%3137 and one (6.7%) attrition bias.3” One trial
(6.7%) was identified as high risk of selection bias due to its cluster RCT design
whereby participants were recruited into the trial after the cluster had been
randomized.®” Four trials (26.7%) were rated as unclear risk of selection bias due

to insufficient information provided about the randomization procedure.?32%27.30

Effectiveness of mobile phone-based self-management interventions on
medication adherence

A meta-analysis was performed on four trials including five arms that reported
post-intervention scores of medication adherence among participants (n=612).
The combined intervention effect was in favour to the intervention group, but the
effect was not statistically significant (d=0.72; 95% CI -0.32 to 1.75; p=0.17)

(Figure 3). The heterogeneity was high and significant (1°=97%; p<0.00001).

Mabile Phone-Based Control Std. Mean Difference Std. Mean Difference
Study or Subgroup ~ Mean SD  Total Mean SD Total Weight 1V, Random, 95% Cl 1V, Random, 95% CI
Lin et al 2017 1367 28 133 769 27 120 254% 2.17[1.85, 2.48] =
Park et al 2014 6.58 136 56 6.96 144 14 240% -0.27(-0.86,0.31] —
Pfaeffli et al 2015 73 09 61 68 12 62 252% 0.4710.11, 0.83] —
Santo et al 2018 711 105 101 663 104 51 25.3% 0.46(0.12, 0.80] ——
Total (95% CI) 351 247 1000%  0.72[-0.32, 1.75] -*
Heterogeneity: Tau’ = 1.07; Chi = 90.03, df = 3 (P < 0.00001); I = 97% _12 _11 1 2

Test for overall effect: Z = 1.36 (? = 0.17) Favours [control] Favours [experimental]

Figure 3 Forest plot: Effectiveness of mobile phone-based self-management
interventions on medication adherence

Due to the presence of considerable heterogeneity in the pooled meta-
analysis, narrative synthesis was done. On a closer look, only 3 out of the 4 trials
reported a standardized mean difference that favours the intervention group as
indicated by the significant improvement in medication adherence among the
experimental groups.3* 337 In particular, Lin et al. * reported a much greater
mean difference than the other two studies, which may have contributed to the
considerable heterogeneity in current meta-analysis. On the other hand, Park et
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al.>® reported no significant improvements in both intervention arms regarding
medication adherence scores after 30 days.

Five other studies also reported the outcome of medication adherence but
were not included in the meta-analysis because mean and SD values were not
reported.?2% 32 As such, we were not able to pool the data from these studies.?®
2632 Among the five studies, three measured medication adherence by number of
events, and found significant improvements in the experimental groups.?32425
One study reported insignificant but better medication adherence in experimental

32 Another study reported medication adherence based on various

group.
demographics, and only education level and disease history were found to have

significant correlation to medication adherence.?

Effectiveness of mobile phone-based self-management interventions on
change in systolic BP

A meta-analysis was performed on the eight trials that reported post-intervention
levels of systolic BP among participants (n=1417). The pooled intervention effect
in systolic BP was in favour to the intervention group, but the effect was not
statistically significant (combined MD of -1.08 (95% CI -5.51 to 3.35; p=0.63)

Figure 4). The heterogeneity was substantial and significant (12=77%;
(Fig g y g

p=<0.0001).

Mobile Phone-Based Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% Cl
Blasco et al 2012 1314 203 84 136 182 79 141% -4.60[-10.51,1.31] e
Bravo-Escobar et al 2017 120.35 16.69 13 119.23 1945 14  67% 1.12[-12.52,14.76]
Chow et al 2015 128 14.36 352 136 14.48 358 18.0% -8.00([-10.12,-5.88] -
Maddison et al 2018 135.6  16.66 65 130.5 15.14 69 14.7%  5.10(-0.30, 10.50] —
Niet al 2018 093 104 18 -3.76 25.72 18 7.3% 4.69[-8.13,17.51] —
Pfaeffli et al 2015 136 20 61 135 16 62 13.5% 1.00 [-5.41, 7.41] I —
Santo et al 2018 125 17.05 101 126 19.12 51 13.7% -1.00[-7.21,5.21] .
Varnfield et al 2014 1231 17.12 46 1244 15 26 12.1% -1.30[-8.90,6.30] S E—
Total (95% CI) 740 677 100.0% -1.08 [-5.51,3.35] ?

-20 -10 0 10 20
Favours [experimental] Favours [control]

Heterogeneity: Tau? = 27.24; Chi* = 29.88, df = 7 (P < 0.0001); > = 77%
Test for overall effect: Z = 0.48 (P = 0.63)

SIS,

Figure 4 Forest plot: Effectiveness of mobile phone-based self-management interventions on systolic BP
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interventions (SMS: n=3, mobile phone-based applications: n=4, SMS plus
smartphone applications: n=1). Among the three studies?”?*3* using SMS
interventions, two studies?”?° reported significant improvements in the change of
systolic BP post-intervention. Pfaeffli et al.3* however reported that there were no
differences in the change of systolic BP in either the control or experimental groups.
All the four studies that utilized only mobile phone-based application interventions
reported that the change in systolic BP were no significant differences between control
and experimental group?®31:3235 The only study that used SMS plus smartphone
application intervention also reported no significant difference in change of systolic
BP between experimental and control groups®. One trial was not included in the meta-

analysis as systolic BP values were not reported in mean and SD.*°

Effectiveness of mobile phone-based self-management interventions on

change in diastolic BP

A meta-analysis was performed on the eight trials that reported post-intervention
levels of change in diastolic BP among participants (n=1417). The interventions
were associated with a change in diastolic BP, and the effect was statistically
significant (d=-1.99; 95% CIl -3.20 to -0.78; p=0.001) (Figure 5). The

heterogeneity was low and insignificant (1>=12%; p=0.34).

Mobile Phone-Based Control Mean Difference Mean Difference
Study or Subgroup Mean SD  Total Mean  SD Total Weight IV, dom, 95% Cl IV, Random, 95% CI
Blasco et al 2012 76.5 103 84 774 9.92 79 13.2% -0.90[-4.00,2.20) T
Bravo-Escobaretal 2017  72.14 11.21 13 723 1165 14  1.9% -0.16[-8.78, 8.46] s m—
Chow et al 2015 81  9.57 352 84 9.65 358 42.1% -3.00[-4.41,-1.59] &+
Maddison et al 2018 78.04  9.04 65 78.11 10.83 69 11.4% -0.07[-3.44,3.30] —
Nietal 2018 0.81 10.38 18 8.71 21.43 18 1.2% -7.90 [-18.90, 3.10] —
Pfaeffli et al 2015 79 11 61 79 10 62 9.6% 0.00[-3.72,3.72] I
Santo et al 2018 80.2 8.76 101 81.1 10.47 51 11.6% -0.90[-4.24, 2.44] —
Varnfield et al 2014 71.7 8.9 4 762 7.6 26 8.8% -4.50[-8.39,-0.61] —_—
Total (95% CI) 740 677 100.0% -1.99 [-3.20, -0.78] L 2
e 2 iz .12 1 ! 1
Heterogeneity: Tau® = 0.39; Chi* = 7.95, df = 7 (P = 0.34); I = 12% —éU —10 5 Zb

) 10
Test for overall effect: Z = 3.22 (P = 0.001) Favours [experimental] Favours [control]

Figure 5 Forest plot: Effectiveness of mobile phone-based self-management interventions on
diastolic BP
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Discussion

This review of 15 RCTs (n=2978) of mobile phone-based self-management
interventions for CHD patients found they were associated, though not statically
significantly, with improved medication adherence, and statistically significantly
with change in diastolic, but not systolic BP. However, there was great variation
among the trials with intervention mode being smartphone applications, SMS or
both, duration ranging from one to 18 months, frequency varying from three
times a week to four times a month and content using different combinations of
self-management components, such as feedback, reminders, education and self-
monitoring.

The statistically non-significant association with improvements in
medication adherence®3->3" may be partly due to insufficient sample sizes. In
addition, a high degree of heterogeneity was found among the trials, likely due
to the different measurement tools, combinations of intervention components and
delivery modes. This finding is consistent with another review which reported
high heterogeneity in medication adherence.!’

The finding of a medium effect size for mobile phone-based self-
management interventions on medication adherence is consistent with narrative
reviews.'®"1 The incorporation of self-management components in mobile
phone-based interventions, such as medication reminders, may help boost an
individual’s confidence in their self-care activities.*’ A recent trial® found that
the provision of daily medication reminders to patients helps address
forgetfulness, a common unintentional reason for non-adherence.

The finding that mobile phone-based self-management interventions are

statistically significant reduction in diastolic BP but not systolic BP is novel and

-15 -



intriguing but the reasons are unclear, thus warranting further exploration. Other
reviews evaluating the effectiveness of telehealth interventions on BP outcomes
found no effect on systolic or diastolic BP.*1*3 A recent review** of medication
adherence behaviour change interventions on BP outcomes found that they were
effective in decreasing systolic and diastolic BP, but the effect size was modest.
These findings reflect the difficulty in changing adherence behaviour to control
BP, as well as the other health behaviours that are associated with health
outcomes. As authors of the review** noted, while most interventions focus on
knowledge and beliefs, these may not be adequate to sustain behavioural change.
Their exploratory moderator analysis found that habit-focused interventions,
which examine the participant’s routines and link their medication administration
to existing habitual behaviours, might be more effective than the other
interventions.* Consideration of this in future mobile phone-based self-
management interventions may prove fruitful.

The high levels of patient satisfaction and interest among patients using
mobile phone-based technologies for the self-management of CHD* presents an
array of opportunities to evaluate and determine the delivery mode, content,
duration and frequency likely to be most effective in medication adherence and

blood pressure control as well as other cardiovascular outcomes.

Limitations

The main limitation of this review was the presence of high heterogeneity in
medication adherence and change in systolic BP outcomes due to variances in
study designs, samples, and interventions. Such inherent heterogeneity is

expected with behaviour change interventions, but complicate efforts to
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synthesize the results of intervention studies. Additionally, most trials revealed
selection and performance bias, whereby allocation concealment and blinding of
participants and personnel were not carried out. Hence, the meta-analyses results
may have been influenced by the low quality of included trials.?® Furthermore,
only English language articles were included, which may introduce inherent bias.
A comprehensive search of multiple databases including other languages might
mitigate this bias. Lastly, some relevant studies were not included due to a lack

of reported data for calculating effect sizes.

Conclusion

Mobile phone-based self-management interventions for CHD patients were
associated with improved medication adherence, despite statistical
insignificance. Moreover, such interventions were associated with statistically
significant reduction in diastolic BP but not systolic BP. Despite a high degree
of heterogeneity among trials, the findings suggest that mobile phone-based self-
management interventions have the potential to improve health experiences and
outcomes for CHD patients. With the rapid advancements in technologies, the
growth of mobile phone usage globally and the numerous applications and

functions available, choice is likely to be a major consideration.
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Appendix 1: Search Strategies
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application*[Title/Abstract] OR “cell-phone app”[Title/Abstract] OR cell-
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based[Title/Abstract] OR texting[Title/Abstract] OR m-health[Title/Abstract]
OR mhealth[Title/Abstract] OR mobile health*[Title/Abstract] OR
telemedicine[Title/Abstract] OR tele-medicine[Title/Abstract] OR
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(randomized controlled trial[Publication Type] OR controlled clinical
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randomly[Title/Abstract] OR trial[Title/Abstract] OR groups[Title/Abstract]
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OR arterioscleros?s:ti,ab OR arterioloscleros?s:ti,ab OR 'isch*mic heart disease":ti,ab
OR ‘isch*mia heart disease’ OR 'myocard* isch*mia"ti,ab OR angina*:ti,ab OR ‘angor
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angioplasty’:ti,ab OR PTCA:ti,ab OR angioplast*:ti,ab OR stent*:ti,ab OR ‘coronary
artery bypass grafting’:ti,ab OR CABG:ti,ab OR ‘coronary artery bypass’:ti,ab OR
‘acute coronary syndrome’:ti,ab

‘telemedicine'/exp OR 'text messaging'/exp OR 'mobile phone'/exp OR 'mobile 72809
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technolog*":ti,ab OR 'mobile app*':ti,ab OR ‘smartphone app*’:ti,ab OR ‘smart-phone
app*’:ti,ab OR ‘phone app*’ OR ‘cellphone app*’ OR ‘cell-phone app*’:ti,ab OR 'text
messag™":ti,ab OR text-based:ti,ab OR texting:ti,ab OR m-health:ti,ab OR mhealth:ti,ab

OR 'mobile health":ti,ab OR telemedicine:ti,ab OR tele-medicine:ti,ab OR

telehealth:ti,ab OR tele-health:ti,ab

‘crossover procedure':de OR 'double-blind procedure’:de OR ‘randomized controlled 2343263
trial:de OR 'single-blind procedure:de OR random*:de,ab,ti OR factorial*:de,ab,ti

OR crossover*:de,ab,ti OR ((cross NEXT/1 over*):de,ab,ti) OR placebo*:de,ab,ti OR

((doubl* NEAR/1 blind*):de,ab,ti) OR ((singl* NEAR/1 blind*):de,ab,ti) OR

assign*:de,ab,ti OR allocat*:de,ab,ti OR volunteer*:de,ab,ti
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Search Details No.of Articles

TITLE-ABS-KEY ( “coronary artery disease” OR “coronary heart 879678
disease” OR “coronary isch*mia” OR “cardiac isch*mia” OR artherosclerosis OR
arterioscleros*s OR arterioloscleros*s OR “isch*mic heart disease” OR “isch*mia

heart disease” OR “myocard* isch*mia” OR angina* OR “angor pectoris” OR

“myocard* infarct*” OR “percutaneous coronary intervention” OR PCI OR

“percutaneous transluminal coronary angioplasty” OR PTCA OR angioplast* OR

stent* OR “coronary artery bypass grafting” OR CABG OR “coronary artery

bypass” OR “‘acute coronary syndrome™ )

TITLE-ABS-KEY ( smartphone* OR cellphone* OR “smart phone*” OR “cell 196029
phone*” OR “cellular phone*” OR “mobile phone*” OR “mobile technolog*” OR

“mobile app*” OR “smartphone app*” OR “smart-phone app*” OR “phone app*”

OR “cellphone app*” OR “cell-phone app*” OR “text messag*” OR text-based

OR texting OR m-health OR mhealth OR “mobile health”

OR telemedicine OR tele-medicine OR telehealth OR tele-health )

( INDEXTERMS ( "clinical trials" OR "clinical trials as a topic" OR "randomized 6973292
controlled trial" OR "Randomized Controlled Trials as Topic" OR "controlled clinical
trial" OR "Controlled Clinical Trials" OR "random allocation” OR "Double-Blind
Method" OR "Single-Blind Method" OR "Cross-Over Studies” OR "Placebos" OR
"multicenter study" OR "double blind procedure” OR "single blind procedure" OR
"crossover procedure” OR "clinical trial” OR "controlled study" OR "randomization”
OR "placebo™ ) ) OR ( TITLE-ABS-KEY ( ( "clinical trials" OR "clinical trials as a
topic" OR "randomized controlled trial" OR "Randomized Controlled Trials as Topic"
OR "controlled clinical trial" OR "Controlled Clinical Trials as Topic" OR "random
allocation” OR "randomly allocated” OR "allocated randomly" OR "Double-Blind
Method" OR "Single-Blind Method" OR "Cross-Over Studies" OR "Placebos™ OR
""cross-over trial" OR "single blind" OR "double blind" OR "factorial design" OR
"factorial trial" ) ) ) OR ( TITLE-ABS ( clinical trial* OR trial* OR rct* OR random*
OR blind*))

#1 AND #2 AND #3 416




CINAHL

No.

Search Details

No. of Articles

(MH "Myocardial Ischemia+") OR (MH "Arteriosclerosis+") OR (MH “Angina
Pectoris+”) OR (MH "Myocardial Infarction+") OR (MH "Myaocardial
Revascularization+")

TI (“coronary artery disease” OR “coronary heart disease” OR “coronary isch#emia”
OR “cardiac isch#emia” OR artheroscleros?s OR arterioscleros?s OR arterioloscleros?s
OR “isch#emic heart disease” OR “isch#emia heart disease” OR “myocard*
isch#emia” OR angina* OR “angor pectoris” OR “myocardial infarct*” OR
“percutaneous coronary intervention” OR PCI OR “percutaneous transluminal
coronary angioplasty” OR PTCA OR angioplast* OR stent* OR “coronary artery
bypass grafting” OR CABG OR “coronary artery bypass” OR “acute coronary
syndrome”)

AB (“coronary artery disease” OR “coronary heart disease” OR “coronary isch#emia”
OR “cardiac isch#emia” OR artheroscleros?s OR arterioscleros?s OR arterioloscleros?s
OR “isch#emic heart disease” OR “isch#emia heart disease” OR “myocard*
isch#emia” OR angina* OR “angor pectoris” OR “myocardial infarct*” OR
“percutaneous coronary intervention” OR PCI OR “percutaneous transluminal
coronary angioplasty” OR PTCA OR angioplast* OR stent* OR “coronary artery
bypass grafting” OR CABG OR “coronary artery bypass” OR “acute coronary
syndrome”)

#1 OR #2 OR #3

(MH "Telemedicine+") OR (MH "Mobile Applications™) OR (MH "Cellular Phone+")
OR (MH "Smartphone+")

TI (smartphone* OR cellphone* OR “smart phone” OR “smart phones” OR “cell
phone” OR “cell phones” OR “cellular phone” OR “cellular phones” OR “mobile
phone” OR “mobile phones” OR “mobile technology” OR “mobile technologies” OR
“mobile app*” OR “smartphone app*” OR “‘smart-phone app*” OR “phone app*” OR
“cellphone app*” OR “cell-phone app*” OR “text messag*” OR text-based OR texting
OR m-health OR mhealth OR “mobile health” OR telemedicine OR tele-medicine or
telehealth or tele-health)

AB (smartphone* OR cellphone* OR “smart phone” OR “smart phones” OR “cell
phone” OR “cell phones” OR “cellular phone” OR “cellular phones” OR “mobile
phone” OR “mobile phones” OR “mobile technology” OR “mobile technologies” OR
“mobile app*” OR “smartphone app*” OR “smart-phone app*”” OR “phone app*”” OR
“cellphone app*” OR “cell-phone app*” OR “text messag*” OR text-based OR texting
OR m-health OR mhealth OR “mobile health” OR telemedicine OR tele-medicine or
telehealth or tele-health)

#5 OR #6 OR #7

#4 AND #8

105696

59903

65594

148250

18832

11733

13203

29575
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PROQUEST
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No. of
Articles

TI (“coronary artery disease” OR “coronary heart disease” OR (coronary NEXT
isch*mia) OR (cardiac NEXT isch*mia) OR artheroscleros?s OR arterioscleros?s OR
arterioloscleros?s OR “ischemic heart disease” OR “ischaemic heart disease” OR
“ischemia heart disease” OR “ischaemia heart disease” OR (myocard* NEXT isch*mia)
OR angina* OR (angina NEXT pectoris) OR (angor NEXT pectoris) OR (myocard™
NEXT infarct*) OR “percutaneous coronary intervention” OR PCI OR “percutaneous
transluminal coronary angioplasty” OR PTCA OR angioplast® OR stent* OR “coronary
artery bypass grafting” OR CABG OR “coronary artery bypass” OR “acute coronary
syndrome”)

AB ("coronary artery disease" OR "coronary heart disease” OR (coronary NEXT
isch*mia) OR (cardiac NEXT isch*mia) OR artheroscleros?s OR arterioscleros?s OR
arterioloscleros?s OR "ischemic heart disease” OR "ischaemic heart disease" OR
"ischemia heart disease” OR "ischaemia heart disease™ OR (myocard* NEXT isch*mia)
OR angina* OR (angina NEXT pectoris) OR (angor NEXT pectoris) OR (myocard*
NEXT infarct*) OR "percutaneous coronary intervention” OR PCI OR "percutaneous
transluminal coronary angioplasty” OR PTCA OR angioplast* OR stent* OR "coronary
artery bypass grafting" OR CABG OR "coronary artery bypass" OR "acute coronary
syndrome")
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TI (smartphone* OR cellphone* OR (smart NEXT phone*) OR (cell* NEXT phone*)
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OR (cellphone NEXT app*) OR (cell-phone NEXT app*) OR (text NEAR messag*) OR
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“short messaging service” OR (instant NEXT messag*) OR m-health OR mhealth OR
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https://search-proquest-com.libproxy1.nus.edu.sg/recentsearches.recentsearchtabview.recentsearchesgridview.scrolledrecentsearchlist.checkdbssearchlink:rerunsearch/BD014E9A93954FC5PQ/None?t:ac=RecentSearches
https://search-proquest-com.libproxy1.nus.edu.sg/recentsearches.recentsearchtabview.recentsearchesgridview.scrolledrecentsearchlist.checkdbssearchlink:rerunsearch/BD014E9A93954FC5PQ/None?t:ac=RecentSearches
https://search-proquest-com.libproxy1.nus.edu.sg/recentsearches.recentsearchtabview.recentsearchesgridview.scrolledrecentsearchlist.checkdbssearchlink:rerunsearch/673EC43BE54B45DBPQ/None?t:ac=RecentSearches
https://search-proquest-com.libproxy1.nus.edu.sg/recentsearches.recentsearchtabview.recentsearchesgridview.scrolledrecentsearchlist.checkdbssearchlink:rerunsearch/673EC43BE54B45DBPQ/None?t:ac=RecentSearches
https://search-proquest-com.libproxy1.nus.edu.sg/recentsearches.recentsearchtabview.recentsearchesgridview.scrolledrecentsearchlist.checkdbssearchlink:rerunsearch/673EC43BE54B45DBPQ/None?t:ac=RecentSearches
https://search-proquest-com.libproxy1.nus.edu.sg/recentsearches.recentsearchtabview.recentsearchesgridview.scrolledrecentsearchlist.checkdbssearchlink:rerunsearch/673EC43BE54B45DBPQ/None?t:ac=RecentSearches
https://search-proquest-com.libproxy1.nus.edu.sg/recentsearches.recentsearchtabview.recentsearchesgridview.scrolledrecentsearchlist.checkdbssearchlink:rerunsearch/673EC43BE54B45DBPQ/None?t:ac=RecentSearches
https://search-proquest-com.libproxy1.nus.edu.sg/recentsearches.recentsearchtabview.recentsearchesgridview.scrolledrecentsearchlist.checkdbssearchlink:rerunsearch/673EC43BE54B45DBPQ/None?t:ac=RecentSearches
https://search-proquest-com.libproxy1.nus.edu.sg/recentsearches.recentsearchtabview.recentsearchesgridview.scrolledrecentsearchlist.checkdbssearchlink:rerunsearch/673EC43BE54B45DBPQ/None?t:ac=RecentSearches
https://search-proquest-com.libproxy1.nus.edu.sg/recentsearches.recentsearchtabview.recentsearchesgridview.scrolledrecentsearchlist.checkdbssearchlink:rerunsearch/673EC43BE54B45DBPQ/None?t:ac=RecentSearches
https://search-proquest-com.libproxy1.nus.edu.sg/recentsearches.recentsearchtabview.recentsearchesgridview.scrolledrecentsearchlist.checkdbssearchlink:rerunsearch/673EC43BE54B45DBPQ/None?t:ac=RecentSearches
https://search-proquest-com.libproxy1.nus.edu.sg/recentsearches.recentsearchtabview.recentsearchesgridview.scrolledrecentsearchlist.checkdbssearchlink:rerunsearch/8EB8CD72392C4F86PQ/None?t:ac=RecentSearches
https://search-proquest-com.libproxy1.nus.edu.sg/recentsearches.recentsearchtabview.recentsearchesgridview.scrolledrecentsearchlist.checkdbssearchlink:rerunsearch/8EB8CD72392C4F86PQ/None?t:ac=RecentSearches
https://search-proquest-com.libproxy1.nus.edu.sg/recentsearches.recentsearchtabview.recentsearchesgridview.scrolledrecentsearchlist.checkdbssearchlink:rerunsearch/8EB8CD72392C4F86PQ/None?t:ac=RecentSearches
https://search-proquest-com.libproxy1.nus.edu.sg/recentsearches.recentsearchtabview.recentsearchesgridview.scrolledrecentsearchlist.checkdbssearchlink:rerunsearch/8EB8CD72392C4F86PQ/None?t:ac=RecentSearches
https://search-proquest-com.libproxy1.nus.edu.sg/recentsearches.recentsearchtabview.recentsearchesgridview.scrolledrecentsearchlist.checkdbssearchlink:rerunsearch/8EB8CD72392C4F86PQ/None?t:ac=RecentSearches
https://search-proquest-com.libproxy1.nus.edu.sg/recentsearches.recentsearchtabview.recentsearchesgridview.scrolledrecentsearchlist.checkdbssearchlink:rerunsearch/8EB8CD72392C4F86PQ/None?t:ac=RecentSearches
https://search-proquest-com.libproxy1.nus.edu.sg/recentsearches.recentsearchtabview.recentsearchesgridview.scrolledrecentsearchlist.checkdbssearchlink:rerunsearch/8EB8CD72392C4F86PQ/None?t:ac=RecentSearches

Appendix 2 Description of included trials (n=15)

Author, Design, Setting Participants Mobile phone-based self- Theory, Comparison Outcomes assessed
Year, management intervention Intervention Group immediately after
Country Duration intervention
Blasco etal., 2-arm RCT T: n=203 Automatic sphygmomanometer +  No theory, Usual care 1) SBP,DBP
201277 hospital I: n=102 glucose and lipid meter + cellular 12 months 2) BMI
Spain 83 males, 19 females phone to measure participant’s 3) Smoking status
Mean age: 60.6 (11.5) BP, heart rate and weight weekly 4) LDL-c
C:n=101 5) HbAlc
80 males, 21 females Individualized text messages with
Mean age: 61 (12.1) recommendations sent to patients
based on BP, heart rate and
weight results
Bravo- 2-arm RCT T: 28 NUUBO® application: prescribed  No theory, Usual care 1) SBP, DBP
Escobar et cardiac I: n=14 exercise program (= 2 days per 2 months 2) BMI
al., 20177 rehabilitation centre 14 males week) that uses Bluetooth 3) MET
Spain Mean age: 56.50 (6.01) wireless technology and biometric 4) LDL-c
C:n=14 vests using textile electrodes 5) HbAlc
14 males 6) HRQoL
Mean age: 55.64 (11.35)
Chowetal., 2-armRCT T: 710 4 semi-personalized text messages  No theory, Usual care 1) SBP,DBP
2015%° hospital I: n=352 per week on either smoking, diet, 6 months 2) BMI
Australia 287 males, 65 females physical activity and general 3) MET
Mean age: 57.9 (9.1) cardiovascular health modules 4) Smoking status
C: n=358 5) LDL-c
295 males, 63 females
Mean age: 57.3 (9.3)
Fang & Li 3-arm RCT T:271 1(a): Text messages on medication  No theory, Phone call 1) Medication
2016% outpatient clinic I (@): n=91 reminders and educational 6 months adherence
China 64 males, 27 females materials

Mean age: 53.73 (7.20)
I (b): n=90




Johnston et
al., 2016%°
Sweden

Khonsari et
al.,2015%
Malaysia

Linetal.,
2017%7
Iran

Maddison et
al., 2018°%!
New
Zealand

2-arm RCT
outpatient clinic

2-arm RCT
hospital

2-arm cluster RCT
outpatient clinic

2-arm RCT
cardiac

rehabilitation centre

61 males, 29 females
Mean age: 53.69 (7.74)
C:90

61 males, 29 females
Mean age: 53.50 (7.62)

T: 166

|: n=86

71 males, 15 females
Mean age: 56.8 (8.0)
C: n=80

63 males, 17 females
Mean age: 58.4 (8.6)

T: 62

I: n=31

27 males, 4 females
Mean age: 56 (11.3)
C:n=31

26 males, 5 females
Mean age: 59 (13.9)

T: 288

I: n=144

94 males, 50 females
Mean age: 75.33 (7.41)
C: n=144

97 males, 47 females
Mean age: 74.33 (7.41)

T:162

I: n=82

69 males, 13 females
Mean age: 61.0 (13.2)
C: n=80

70 males, 10 females
Mean age: 61.5 (12.2)

I(b): Text messages on
medication reminders + text-
messaging application on
educational materials

Application installed that consists
of drug adherence e-diary and
secondary prevention educational
modules

SMS reminders for participants
who have missed their dose
registration

Text message medication
reminders daily

4 medication reminders sent
monthly + 3 psycho-education
sessions weekly + 5 motivational
interviewing sessions weekly

Chest-worn wearable sensor
(heart rate, respiratory rate single
lead ECG, accelerometry) that
connects to application for self-
monitoring.

Text-messages on behaviour
change education

No theory,
6 months

No theory,
2 months

Theory of planned
behaviour
4 months

Social cognitive
theory
3 months

SMS

reminders + e-

diary without
educational
materials
(Placebo)

Usual care

Usual care

Usual care

1)
2)
3)
4)
5)

1)
2)

3)

1)
2)
3)

1)
2)
3)
4)

SBP

BMI

Smoking status
LDL-c
HRQoL

Medication
adherence

Heart function
status
Readmission rate
Death rate

LDL-c
HRQoL
Medication
adherence

SBP, DBP
BMI
LDL-c
HRQoL




Ni et al., 2-arm RCT T: 36 Text-messaging application to No theory Usual care 1) SBP,DBP
2018% outpatient clinic I: n=18 send medication reminders daily 1 month 2) Medication non-
China 14 males, 4 females adherence

Mean age: NR 3) Heartrate

C:n=18

15 males, 3 females

Mean age: NR
Pandey et 4-arm RCT T:83 1(a) medication adherence trial: No theory Usual care 1) Medication
al., 2017 cardiac 1(a): n=17 daily text messages on medication 3 months adherence
Canada rehabilitation 6 males, 11 females reminders 2) METS

Mean age: 64.6 (11.5)

C(a): n=16 I(b) exercise adherence trial: 4

14males, 2 females exercise text-messaging

Mean age: 62.1 (11.0) reminders daily

I(b): n=25

15 males, 10 females

Mean age: 64.3 (10.7)

C(b): n=25

11 males, 14 females

Mean age: 63.7 (9.6)
Park et al., 3-arm RCT T:90 1(a): 74 text messages on Social cognitive Usual care 1) Medication
20143 outpatient clinic 1(a):n=30 medication reminders and health-  theory adherence
United 23 males, 7 females related education over 30 days 1 month
States of Mean age: 58.2(10.6)
America I1(b): n=30 I(b): 14 text messages on

20 males, 10 females educational materials only over

Mean age: 58.3 (8.5) 30 days

C:n=30

25 males, 5 females

Mean age: 61.1 (9.1)
Pfaeffli et 2-arm RCT T:123 Social Cognitive Usual care 1) Smoking status
al., 2015* cardiac I: n=61 Theory 2) BMI
New rehabilitation centre 48 males, 13 females 6 months 3) SBP & DBP
Zealand Mean age: 59.0 (10.5) 4) LDL-c

C: n=62 5) Medication

52 males, 10 females adherence

Mean age: 59.9 (11.8) 6) Self-efficacy




Quilici et al.,
2013%
France

Santo et al.,
2018%
Australia

Varnfield et
al., 201436
Australia

2-arm RCT
outpatient clinic

3-arm RCT
hospital

2-arm RCT
cardiac

rehabilitation centre

T: 499

I: n=250

195 males, 55 females
Mean age: 64 (14)

C: n=249

187 males, 62 females
Mean age: 64 (10)

T:163

I: n=107

93 males, 77 females
Mean age: 56.8 (8.64)
C: n=56

50 males, 6 females
Mean age: 58.4 (9.04)

T:94

I: n=53

48 males, 5 females
Mean age: 54.9 (9.6)
C:n=41

34 males, 7 females
Mean age 56.2 (10.1)

Text messaging on medication
reminders

I(a): Basic smartphone application
that includes non-interactive daily
medication reminders

I(b): Advanced smartphone
application that includes
interactive daily medication
reminders whereby participants
can snooze or reschedule doses

Text messages on motivational
and educational materials

Application with health diary,
activity monitor, BP monitor and
weight scale

No theory
1 month

No theory
3 months

No theory
6 months

Usual care

Usual care

Usual care

1)

3)
4)
5)
6)

Medication
adherence

SBP, DBP
LDL-c
Medication
adherence

Nutritional status
Functional
capacity

SBP, DBP

Heart rate
LDL-c

HRQoL

RCT: randomized controlled trial; T: Total number of participants; I: intervention group; C: control group; BP: blood pressure, SBP: systolic blood pressure; DBP: diastolic
blood pressure; BMI: body mass index; ECG: electrocardiogram; LDL-c: low-density lipoprotein cholesterol; HRQoL.: health-related quality of life; MET: metabolic
equivalent; HbAlc: glycohemoglobin; SMS: short message service; NR: not reported.
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Appendix 3. Delivery mode, supplementary tools and frequency of interventions

Author (Year) Delivery mode Supplementary tools  Frequency
Blasco et al., 2012%’ SMS BP machine, glucose NR
and lipid meter, cellular
phone
Bravo-Escobar et al., 2017 Smartphone app Remote >2 days per
electrocardiographic week
monitoring device
Chow et al., 2015*° SMS 4 per week
Fang & Li 2016 %(a) SMS NR
Fang & Li 2016%(b) SMS + Smartphone NR
app
Johnston et al., 2016*° SMS + Smartphone Daily
app
Khonsari et al.,2014% SMS Daily
Linetal., 2017%’ SMS 4 per month
Maddison et al., 2018% Smartphone app Smartphone, chest- 3 per week
worn wearable sensor
(HR, RR, single lead
ECG, accelerometry)
Ni et al., 20183 Smartphone app Daily
Pandey et al., 2017%%(c) SMS NR
Pandey et al., 2017%4(d) SMS 4 daily
Park et al., 2014*(e) SMS 74 over 30
days
Park et al., 2014%(f) SMS 14 over 30
days
Pfaeffli et al.,2015* SMS Website, pedometer Weekly
Quilici et al., 2013% SMS NR
Santo et al., 2018% Smartphone app Daily
Varnfield et al., 2014*° SMS + Smartphone  Smartphone with NR
app installed health diary,

activity monitoring
applications, BP
monitor, weight scale

SMS: short message service; app: application; NR: not reported; BP: blood pressure;
ECG: electrocardiogram; HR: heart rate; RR: respiratory rate; (a): intervention group
A; (b) intervention group B; (c) medication adherence arm, (d) exercise adherence arm,
(e) SMS on education and reminders, (f) SMS on education alone
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Appendix 4. Summary of mobile phone-based self-management
components

Author (year) Intervention Components

Education
Reminders
monitoring

| Feedback

Blasco et al., 2012%'

< < Self-

<

Bravo-Escobar et al., 2017%
Chow et al., 2015%°
Fang & Li 2016 ?°(a)

Fang & Li 2016%(b)

D N N NN

Johnston et al., 2016°°

Khonsari et al.,2014%

D N N N NN
<

Lin et al., 2017% v
Maddison et al., 2018°%! v v
Ni et al., 2018% v
Pandey et al., 2017%(c)
Pandey et al., 2017%(d)

Park et al., 2014%(e)

AN N N N

Park et al., 2014%(f)
Pfaeffli et al.,2015% v v
Quilici et al., 2013%

Santo et al., 2018%

Varnfield et al., 201436 v v v

v - yes; (a): intervention group A; (b) intervention group B; (c): medication
adherence arm; (d) exercise adherence arm, (e): SMS on education and
reminders; (f): SMS on education alone
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