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ABSTRACT

Introduction: Mobile phone applications have been used as part of the self-monitoring of patients in Malaysia with 
Cardiovascular disease (CVD). As part of a patient-centric system, mobile phone use could help resolve issues in 
Malaysia’s provider-centric healthcare system due to the growth in CVD causing a hike in healthcare costs, and the 
low ratio of medical professionals to patients and resultant increase in medical professionals’ workloads and the 
long waiting time for treatment at various stages due to overcrowded public hospitals. The purpose of this study is 
to systematically review the evidence for the strengths and challenges of mHealth for CVD self-care monitoring in 
facilitating health-related behavioural changes. Methods: The databases were manually searched for references and 
gray literature published between 2016 and 2020. We have applied Preferred Reporting Items for Systematic-Re-
view and Meta-Analyses (PRISMA) method for this systematic review. Overall, the methodological quality of the 
trials varied, and 19 articles were selected. Results: Findings were analysed from the variables – clinical biomarkers, 
mHealth acceptance, self-care, psychology or cognitive and clinical outcome or study end points. The types of 
mHealth integrated in self-care were mobile application or website in touch screen devices, text messages or phone 
calls, and wearable trackers. Among the advantages of mHealth are useful, easy to be used, positive improvement 
of secondary prevention control, positive psychological condition, minimize utilisation of healthcare facility, good 
quality of life (QoL), and applicability across age and technology literacy. The challenges of mHealth are data accu-
racy, privacy concern, technical issues, inconsistent engagement. Research and practical implications suggest a min-
imum 12-month duration of mHealth engagement for more significant results, disregard mortality rate as an outcome 
measurement, and an inclusion of technical and moral support to encourage continuous users’ engagement with 
mHealth. Conclusion: mHealth interventions result in various short- and long-term advantages, with precautious of 
challenges to be resolved towards achieving optimum health from self-care. 
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INTRODUCTION

mHealth technology uses mobile phone to support 
healthcare. An aging population (1), and the growth of 
non-communicable diseases (NCD) (1-2) has resulted 
in Malaysia’s healthcare costs to have experienced an 
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estimated 6% increase from 2017 to 2018 (1) due to 
rising NCD treatment costs around the world (1, 3). 
NCDs such as cardiovascular disease (CVD), cancers, 
chronic respiratory diseases and diabetes occur more in 
low- and middle-income countries, including Malaysia, 
causing up to 87% of premature deaths before the age 
of 70 compared to the total country’s annual death 
(4). Amongst NCDs, CVD is the number one killer in 
Malaysia, accounting for 36% of total causes of death 
(5). 

In addition to the increased needs of the growing 
population and changing patterns of CVD  cases, a lack 
of medical professionals in the government health sector 
has caused a surge in  workloads (6), overcrowded 
hospitals and delayed specialist consultations (7). 
Despite the government’s efforts to increase healthcare 
resources in response to demands (the increasing 
ageing population, the patients and increasing cost for 
healthcare), the progression of medical professional 
ratio is slow. Consequently, patients are encouraged to 
seriously consider self-care by taking charge of their own 
health instead of depending on medical professionals or 
healthcare providers (8-9). Self-care includes symptom 
monitoring, adhering to medical regimes involving 
lifestyle, diet and medication  (10).

The communication gap between patients and providers 
can possibly be filled by various technology channels 
available in this modern age. The latest and most cost 
effective of these is the  tool we always have in hand, 
the  smartphone, which offers access to a multitude of 
information sources through apps and websites (11-12). 
mHealth which includes the usage of smartphones and 
wearable devices, is a potentially  effective supporting 
mechanism to fill  the communication gap between 
patients and health care providers, through managing 
selfcare. Healthcare providers can easily  support 
patients using information technology regardless of 
their physical location (13). The issues debated on in 
the literature concerning the  patient’s engagement with, 
and the efficacy of mHealth,  yet to be well understood. 
Henceforth, projecting mHealth for self-care as relatively 
ineffectual. Many researchers are sceptical about the 
patient’s motivation for engaging with mHealth as part 
of their selfcare.Among the factors considered are the 
usefulness and usability of mhealth, social cognitive 
factors,  user trust of the system’s functionality and 
security, regulatory issues, health literacy, self efficacy, 
flexibility, competency, risk-benefit balance and 
possible limited connectivity (14-20).

Many studies of mHealth within the healthcare system 
have been carried out in the past few years to investigate  
the feasibility and effectiveness of mHealth in  bringing 
a more convenient self-care system to CVD patients 
(21-23). Middlemass and colleagues (24) explored the 
acceptance of mHealth among the elderly community, 
and Heiney and colleagues (25) investigated the 

feasibility of mHealth among the population with limited 
technical literacy and smartphone usage. These studies 
provide evidence that mHealth use can be effective 
across age group, technical literacy and smartphone 
usage. This may be due to the simple instructions for 
using mHealth and easily accessible professional 
assistance (eg. physicians’ or nurses’ guidance) when 
using mHealth (26-27). These studies found that 
mHealth also significantly increased rapport building 
between physicians and patients, which facilitated in 
helping to fill any communication gaps in the self-care 
program (22).

Literature of mHealth interventions have positive 
outcomes in that the patients showed positive attitudes 
toward the use of mHealth’s, improvements in users’ 
disease-related knowledge, and adherence to their 
medical prescriptions (11-17). Much empirical research 
has identified both the merits and challenges of mHealth 
as part of patient self-care. However, the literature 
debating these points specifically for CVD, which is the 
number one killer globally, is limited. Majority of the 
literature focus on mHealth for public, general chronic 
disease, diabetes. In the light of this review, we have 
proposed these research questions:

1.	 What are the types of mHealth that have been 
used for CVD patient self-care?
2.	 What are the advantages of employing mHealth 
for CVD patient self-care?
3.	 What are the challenges in employing mHealth 
for CVD patient self-care?

METHODS AND MATERIALS

The PRISMA (Preferred Reporting Items for Systematic-
Review and Meta-Analyses) guidelines published by 
Moher et al. (28) was followed throughout the whole 
process of this systematic review. 

Search strategy
First, the review search strategy aimed to find published 
studies related to heart disease and self-care. The 
PubMed database was used to identify studies published 
from 2016 to 2020, any study published for the past five 
years. PubMed is selected as being suitable to collect 
arrays of evidence in medical field. There are two groups 
of index terms with: mHealth (29), Cardiovascular and 
Self-care and other types of mHealth, Heart disease and 
Self-care. Specifically,16 keywords were identified for 
mHealth: Telehealth; Mobile health; Health application; 
Patient monitoring device; mHealth technology; 
Personal health care apps; Personal digital assistance; 
Remote patient monitoring; Digital healthcare; Mobile 
selfcare; Measurable health device; Mobile tele media; 
Mobile patient records. Patient monitoring; E-health and 
Digital health solution. 



131Mal J Med Health Sci 17(SUPP8): 129-157, Oct 2021

Selected studies
After searching for possible studies, all citations were 
exported to EndNote X9 and duplicate studies were 
identified and removed. This study utilised two stages in 
determining and selecting the relevant studies from the 
search results. First, two researchers were responsible for 
screening the search results according to their titles and 
abstracts. Full texts were retrieved by either using the 
‘Find Full Text’ function in EndNote X9 or manual hand 
search. Second, the full texts were assessed in detail and 
keyed into Microsoft Excel for reviews. Any differences 
of opinion between the reviewers regarding the selection 
of studies were resolved through discussion, or with a 
third reviewer.

Assessment of methodological quality
A qualitative analysis that is an assessment of the 
quality of methodologies employed for the empirical 
studies were assessed using the Joanna Briggs Institute 
(JBI) Critical Appraisal Tools Checklist for Randomized 
controlled trial (RCT), Quantitative, Qualitative, and 
Quasi-experimental studies (30). Each item was marked 
with yes, no, unclear or not applicable. Percentage score 
was given based on the number of Yes mark across total 
number of items measured (e.g 13 items for RCT, nine 
items for Quasi-experimental). Any study that did not 
meet the 70% threshold of the checklist were excluded 
from this systematic review. Each study was assessed 
by two reviewers. Any difference of opinion by the two 
reviewers about the selection of studies were resolved 
through discussion, or with a third reviewer.

Data extraction
The data from both the quantitative and qualitative 
studies were recorded in a data extraction form, which 
consisted of information such as target population, 
intervention, study design, study methods, types of heart 
disease, data analysis, and the significant findings of the 
study. This data extraction was completed independently 
by the two reviewers and the other reviewers were sent 
a copy to check for any missing or unclear data. Data 
was analysed using qualitative synthesis, that is thematic 
analysis.

FINDINGS

The aim was to summarise the current data identified 
(objective). Using a total of 19 observational research 
studies, it was found that the mHealth model used was 
a mixture of mobile technology, social and behavioural 
sciences, and information systems that had a very good 
impact on clinical outcomes.

Type of mHealth Used
Table I presents the detail of each study included in 
this SLR. The many common research methods found 
which integrated technology with selfcare intervention 
programmes for patients with heart disease, included 
those with a website or app in touch screen devices (58 Figure 1: A PRISMA flow diagram 

There was no language restriction on the languages of 
the search studies. Studies published in other languages 
(e.g. Spanish, Chinese, Korean) were assessed through 
the available English-languages abstracts. A total of 2095 
record were identified. Any record of duplication was 
removed, resulted with 705 records. Next, the title and 
the abstracts were screened according to their relevance 
to the current study based on both the inclusion and 
exclusion criteria.

The inclusion criteria for this study are (i) participants 
of age 18 and above across any ethnicity, culture, 
socioeconomic and education group; and (ii) any 
type of cardiovascular disease or treatment. While 
the exclusion criteria are (i) any SLR, meta-analysis or 
research proposal, (ii) study participants are adult or 
children of below 18 years old, and (iii) studies involve 
healthcare professionals (e.g doctors or nurse) or non-
health professionals (e.g community workers, social 
workers). A total of 395 studies identified to be eligible 
based on the inclusion and exclusion criteria, then the 
full text articles were assessed. The articles were assessed 
based on the inclusion and exclusion criteria. The 
assessment resulted with only 65 studies to be included 
in qualitative synthesis, with 20 articles were not found 
and 310 articles were excluded. The 65 full text articles 
were assessed for its methodological quality, with only 
19 studies were eligible for the qualitative synthesis. 
 
A PRISMA flow diagram was constructed to summarize 
the study selection process (see Figure 1). The diagram 
shows the total number of identified search results from 
the systematic search, the removal of duplicate studies, 
studies that were checked for eligibility, the included 
studies, and excluded studies with the reasons for their 
exclusion provided. 
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%), those using text messages or phone calls (32 %), and 
wearable activity tracker (10 %). As can be seen in Table 
I, 19 studies were included in the mHealth intervention 
search.

Websites and apps in either a smartphone, tablet, 
or computer can be used as the platform to deliver a 
rehabilitation programme, which may help resolve 
some of the problems of low participation in cardiac 

Table I: Type of Mhealth used and study methodology details (N = 19)

Refer-
ence

Country Sam-
ple 
size - 
meth-
od

Baseline 
characteris-
tics (mean, 
otherwise 
stated)

Mean 
age 
(year)

Sex, 
fe-
male 
(%)

Meth-
od

Data 
collec-
tion

Time 
horizon

Type of 
mHealth 
Used - 
name

Dura-
tion of 
MHea 
lth 
usage 
in the 
study 
- justifi-
cation

Func-
tions of 
MHealth

Type of 
Heart 
Dis-
ease

JBI 
score

Ander-
sen et 
al., 2020 
(21)

Denmark
27 – 

purpo-
sive

67% ex-
perienced 
Fitbit for 
heart dis-
ease, mean 
tracker used 
for 26.1 
weeks

57 7

Us-
er-ex-
peri-
ence 
- qual-
itative

Obser-
vation 
& 
semi- 
struc-
tured 
inter-
view

Longi-
tudinal 
– base-
line & 2 
weeks, 
4-49 
weeks

Wearable 
activity 
trackers – 
Fitbit Alta 
HR

49 
weeks

Track 
own 
activity 
data for 
self-care

Chron-
ic heart 
disease

70

Dang et 
al., 2017 
(22)

USA
61 – 

purpo-
sive

BMI IG: 
32.0 ± 5.8, 
CG: 31.5 
± 9.1; BP 
mmHg IG: 
129.3/83.3, 
CG: 
128.9/79.1; 
Non-smok-
er % IG: 
100, CG: 
84.2; 
NYHA class 
I and II % 
IG: 83.3, 
CG: 89.4

IG:  
53.0± 
9.4

CG: 
60.3± 
9.0

IG:  
33.3

CG: 
42.1

RCT

Clin-
ical 
bio-
marker, 
self-re-
ported 
survey 
(SECD, 
HDS, 
CP, 
FVN, 
SBVN, 
HFSE-
30, 
EHFSC, 
DHFK, 
ML-
HFQ, 
SF-36

Longi-
tudinal 
– base-
line & 3 
months

Mobile 
phone: 
text 
message, 
calls

3  
mon 
ths

Monitor 
patients’ 
daily 
weight 
and 
symptoms 
of heart 
failure 
automati-
cally

Heart 
failure

70

Dinesen 
et al., 
2019 
(23)

Denmark
14 – 

purpo-
sive

50% ACS 60.43 35.7
Case 
study

Sec-
ondary 
data, 
obser-
vation, 
inter-
view

Longi-
tudinal 
- base-
line 
& 12 
weeks 

Tablet: 
web 
portal 
– Tele-
dialog 
Telereha-
bilitation 
Program

12 
weeks

Access 
the web 
portal 
and 
digital 
rehabil-
itation 
plan

Car-
diac 
disease

100

Galla-
gher et 
al., 2017 
(24)

USA
  40 - 
simple 
random

median 
LVEF % 
IG: 25% 
(20-38%), 
CG:  25% 
(15- 40%); 
NYHA class 
I and II % 
IG: 50, CG: 
50; 

IG: 68 
(medi-
an)

CG: 
62 
(medi-
an)

IG: 25

CG: 
25

RCT

Elec-
tronic 
obser-
vation, 
clinical 
reg-
istry, 
inter-
view

Longi-
tudinal 
– base-
line & 
30 days

Medica-
tion ad-
herence 
telemon-
itoring – 
TEAM-HF

30 days

Track and 
contact 
patients 
who 
did not 
follow 
medi-
cation 
advice >2 
days per 
week

Heart 
failure

84

 CONTINUE
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Table I: Type of Mhealth used and study methodology details (N = 19) (CONT.)
Refer-
ence

Coun-
try

Sam-
ple 
size - 
met 
hod

Baseline 
characteris-
tics (mean, 
otherwise 
stated)

Mean 
age 
(year)

Sex, 
fe-
male 
(%)

Meth-
od

Data 
collec-
tion

Time 
hori-
zon

Type of 
mHealth 
Used - 
name

Dura 
tion  
of 
MHealth 
usage 
in the  
study - 
justifica-
tion

Func-
tions of 
MHealth

Type of 
Heart 
Dis-
ease

JBI 
score

Häg-
glund 
 et al., 
 2019 
 (25)

USA
17 - 
conve-
nient

NYHA class 
I and II 
23.52%; par-
ticipated in 
RCT MHealth 
system Opti-
logg

75
35. 
29

Quali-
tative

Sem 
i-struc 
tured 
 inter 
view

Cross- 
sect 
ional

Tablet 
software – 
MHealth 
system 
Optilogg

5 days

Monitor 
weight 
scale 
data 
trans-
ferred 
to the 
software 
every 
day

Heart 
failure

100

Heiney 
 et al.,  
2020  
(26)

USA
12 – 
purpo-
sive

58% diag-
nosed less 
than 1 year;

Self-care 
maintenance  
IG:  63.33 
±15.50; 
self-care 
management 
IG:  70.0 
±7.07; self- 
care confi-
dence  
IG:  83.86 
±13.51

57.83 
±1.68

42

Us-
ability 
test – 
quasi  
exper 
iment 
1 
group 
pre-
test- 
post 
test 

Staff 
admin-
istered 
Survey 
(HRQOL 
14, 
SCHFI 
v6) 

Longi-
tudinal 
– base-
line 
& 4 
weeks 

Mobile 
phone: 
app – 
Healthy 
Heart 

4 we 
eks

Moni-
tor the 
health 
condi-
tion of 
patients 
in rural 
areas

Heart 
failure 

89

Huo  
et al.,  
2019 
 (27)

China
502 
– strat-
ified

BMI IG: 
26.4±3.2, 
CG: 
26.3±3.21; 
HbA % IG: 
6.9±1.4, CG: 
7.1±1.4; FBG 
mmol/L IG: 
8.0±2.7, CG: 
8.51±3.0; BP 
mmHg IG: 
135.9/80.1, 
CG: 
135.9/81.5; 
LDL-C 
mmol/L IG: 
2.6±0.8, CG: 
2.6±0.8; 
non-smoker 
% IG: 61.3, 
CG: 56.6  

IG: 
59.5

CG: 
59.5

IG: 
17.1

CG: 
17.9

RCT

Clinical 
bio-
marker, 
self-re-
ported 
survey 
(SAQ, 
EQ-5D, 
IPAQ, 

Longi-
tudi 
nal – 
base 
line & 
6 mon 
ths

Mobile 
phone: 
text mes-
sage

6  
mon 
ths

Monitor 
and 
control 
glucose 
level, 
blood 
pressure, 
physical 
activity, 
check 
following 
medical 
advice, 
recom-
mend 
diet and 
foot care

Both 
coro-
nary 
heart 
disease 
and di-
abetes 
melli-
tus 

84

Jayaram  
et al.,  
2017 
 (28)

USA
1521 
– strat-
ified

LVEF (<40%) 
% IG: 68.1, 
CG: 68.0; 
BMI IG: 26.9 
±11.5, CG: 
26.4 
±11.3; NYHA 
class I and II 
% IG: 43.1 
CG: 42.7; 
CAD % IG: 
53.4, 
 CG: 49.0;

IG:  
61.2 
±15.2

CG:  
60.8 
±14.7

IG: 
43.8

CG: 
41.2

RCT

Staff 
admin-
istered 
survey 
(KCCQ)

Longi-
tudinal 
– base 
line, 
3 & 6 
mon 
ths

Mobile 
phone: 
automat-
ed call 
system – 
Tele-HF

6  
mon 
ths

Monitor 
weight 
and 
Heart 
failure 
symp-
toms

Heart 
failure

76

CONTINUE
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Table I: Type of Mhealth used and study methodology details (N = 19)

Refer-
ence

Coun-
try

Sam-
ple 
size - 
meth-
od

Baseline charac-
teristics (mean, 
otherwise stated)

Mean 
age 
(year)

Sex, 
fe-
male 
(%)

Met

hod

Data 
collec-
tion

Time 
horizon

Type of 
mHe 
alth 
Used - 
name

Duration 
of MHe 
alth 
usage  
in the 
study - 
justifi 
cation

Func-
tions of 
MHe 
alth

Type 
of 
Heart 
Dis-
ease

JBI 
score

Kamal et 
al., 2018 
(29)

Paki-
stan

197 
– con-
ve-
nient

MMAS-8 IG: 
6.62±1.29, 
CG:  6.75±1.38; 
non-smoker % 
IG: 95.95, CG: 
89.79; CVA 
% IG: 50, CG: 
47.95; CAD % IG 
49.49, CG: 52.04

IG:  
59.1 
±11.6

CG:  
57.7 
±11.1 

IG: 23

CG: 
23.47

RCT

Elec-
tronic 
obser-
vation, 
inter-
view, 
self-re-
ported 
survey 
(MMAS-
8)

Longi-
tudinal 
– base-
line & 3 
months

Mobile 
phone: 
messag-
ing, call 
– Talking 
RX

3 months

Improve 
patients’ 
fol-
lowing 
medi-
cation 
advice 

Heart 
failure

84

Lunde et 
al., 2020 
(30)

Nor-
way

113 – 
purpo-
sive

BMI IG: 
29.6±5.2, CG: 
28.4±4.6; VO-

2peak
 ml/kg/min 

IG:  29.4±8.7, 
CG:  29.9±6.7; 
BP mmHg 
IG: 133/81, 
CG: 136/81; 
LDL-C mmol/L 
IG: 2.2±0.8, 
CG: 2.3±0.9; 
HDL-C mmol/L 
IG: 1.2±0.4, 
CG: 1.3±0.3; 
non-smoker % 
IG: 94.7, CG: 
98.2; CAD % IG: 
35.1, CG: 33.9; 
ACS % IG: 38.6, 
CG: 39.3; CPET 

IG:  
59.5 
±9.1

CG: 
58.4 
±8.2

IG: 
15.8

CG: 
28.6

RCT

Elect 
ronic  
obser 
vation, 
clinical 
bio 
marker, 
survey 
(Heart 
QoL, 
EQ-5D), 

Longi-
tudinal 
– base-
line & 1 
year

Mobile 
phone: 
app

1 year

 Help 
patients 
change 
be-
haviour 
pat-
terns, 
main-
tain 
good 
habits 
and set 
goals

Any 
heart 
– com-
pleting 
cardiac 
reha-
bilita-
tion

84

Middle-
mass et 
al., 2017 
(31)

Swe-
den

21 
– con-
ve-
nient

60-98 RCT
Inter-
views

Longi-
tudinal 
– 2 to 
3 days 
after 
device 
instal-
ment 
& 9 
months

Touch 
screen 
devices 
for home 
telemon-
itoring

9  
mon 
ths

Monitor 
older 
people’s 
health 
condi-
tions

COPD 
and 
CVD

80

Moon et 
al., 2018 
(32)

Korea

38 
– con-
ve-
nient

LVEF % IG:  
40.83 
±5.78, CG: 39.37 
±7.29; selfcare 
behaviour IG: 
16.06 
±4.83, CG: 19.15 
±4.83; depres-
sion IG: 20.56 
±9.65, CG: 20.15 
±5.82, n drugs 
CI: 3.50 
±1.20, CG: 
3.65±1.14, diag-
noses duration 
months IG: 33.22 
±22.39, CG: 
36.70 
±24.92

IG:  
67.06 
±6.59

CG:  
69.15 
±5.08

IG: 
38.9

CG: 
40

Qua-
si-ex-
peri-
ment 
pre-t 
est & 
post- 
test 
(non- 
equi 
valent 
control  
group) 

Clinical  
bio 
marker, 
Self- 
repor 
ted  
survey 
(EHF 
ScB-9, 
CES-D,

Longi-
tudinal 
– base-
line & 4 
weeks

Mobile 
phone: 
call -NA

5 wee 
ks

Provide 
support 
for 
man-
aging 
self-care 
be-
haviour, 
cardiac 
func-
tion, 
and 
depres-
sion

Heart 
failure

100

CONTINUE
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Table I: Type of Mhealth used and study methodology details (N = 19)

Refer-
ence

Co 
un 
try

Sam-
ple 
size - 
meth-
od

Baseline charac-
teristics (mean, 
otherwise stated)

Mean 
age 
(year)

Sex, 
fe-
male 
(%)

Method Data 
collec-
tion

Time 
hori-
zon

Type of 
mHealth 
Used - 
name

Dura-
tion of 
MHe 
alth  
usage  
in the 
study - 
justifi 
cation

Func-
tions of 
MHe 
alth

Type 
of 
Heart 
Dis-
ease

JBI 
score

Rahimi 
et al., 
2020 
(33)

UK
202 – 
purpo-
sive

BMI IG: 
28.3±5.9, CG: 
28.6±7.0; BP 
mmHg IG: 
127.5/73.7, CG: 
122.6/73.7; 
LVEF % IG: 
36.7±11.6, CG: 
36.7±12.4; heart 
rate beats/min) 
IG: (69.7±11.7), 
CG: 71.9±13.1); 
NYHA class I and 
II % IG: 64 CG: 
56; Hypertension 
% IG: 46, CG: 
48; CAD % IG: 
51, CG: 54; AF 
% IG: 64, CG: 
62; MAGGIC 
risk score IG: 
22.1±6.6, CG: 
22.6±7.6; QoL 
IG: 35.2±24.8, 
CG: 36.2±24.9; 
physical IG: 
17.8±11.8, CG: 
18.8

IG: 
72.8 
±11.1

CG: 
70.4 
±11.9

IG: 26

CG: 
31

RCT (2 
armed 
par-
tially 
blinded 
paral-
lel)

Elec-
tronic 
obser-
vation, 
clinical 
bio-
marker, 
self-re-
ported 
survey 
(MLF-
HQ, 
EQ-
5D)

Longi-
tudinal 
– base-
line 
& 3 
months

Home 
moni-
toring 
kit and 
tablet: 
app and 
Blue-
tooth 
BP and 
heart 
rate 
monitor

3 
months

Home 
monitor 
weight, 
blood 
pressure, 
and 
pulse of 
patients 
with HF

Heart 
failure

77

Reading 
et al., 
2018 
(34)

UK
21 – 
conve-
nient

Patients: 78% 
own smartphone, 
used AliveCor 
or 6 months in 
RCT; monthly 
usage AliveCor 
engaged: 31.2, 
nonengaged: 
24.1; duration 
usage AliveCor 
month engaged: 
11.9, nonen-
gaged: 9.3

Providers: 
clinical experi-
ence years: 22.7 
electrophysiology 
clinic years: 18.3 

Pa-
tients: 
65.3

Pro-
viders: 
22.7

Pa-
tient: 
15

Case 
study

Inter-
view  

Cross- 
sect 
ional

Mobile 
phone: 
app - 
AliveCor

6 
months

Record 
heart 
rate and 
rhythm 
captured 
by ECG 
device 

Any 
heart 
pa-
tient 
who 
have 
ex-
peri-
enced 
atrial 
fibril-
lation 

100

Sebern 
et al., 
2018 
(35)

USA
21 – 
conve-
nient

Caucasian % 
Patients: 100, 
caregiver: 100, 
clinicians: 100; 
Own computer/ 
tablet/ mobile 
phone % Patient: 
100, caregiver: 
100, clinicians: 
100; years diag-
nosed HF Patient: 
17 

Pa-
tient: 
74±8

Care-
giver: 
72±5

Clini-
cian: 
34±12

Pa-
tient: 
25

Care-
giver: 
75

Clini-
cian: 
87

User 
experie 
nce  
rese 
arch

Focus 
group, 
self-re-
ported 
survey 
(QUIS)

Longi-
tudinal 
– base-
line, 1, 
2 & 3 
months

Tablet: 
app 

3 
months

Improve 
patients’ 
self-man-
age 
ment 
skills, 
provide 
social 
support, 
and 
develop 
palliative 
care

Heart 
failure

80
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Table I: Type of Mhealth used and study methodology details (N = 19)

Ref-
er-
ence

Co 
un 
try

Sam-
ple 
size - 
met 
hod

Baseline characteris-
tics (mean, otherwise 
stated)

Mean 
age 
(year)

Sex, 
fe-
male 
(%)

Method Data col-
lection

Time 
hori-
zon

Type of 
mH 
ealth 
Used - 
name

Duration 
of MH 
ealth 
usage  
in the 
study - 
just 
fication

Func 
tions of 
MHe 
alth

Type 
of 
Heart 
Dis-
ease

JBI 
score

Stein-
hubl 
et al., 
2018 
(36)

USA

2659 
– pur-
po-
sive

Hypertension %IG: 
77.1, CG: 76.8; 
diabetes % IG: 38.7, 
CG: 36.5; obesity % 
IG: 17.3, CF: 18.4; 
CHA2DS2-VASc score, 
median (Q1-Q3) IG: 
3, CG: 3; female >65y 
with comorbidity %IG: 
15.5, CG: 18.3 

IG: 
73.5 
±7.4

CG: 
73.1 
±7.2

IG: 
38.1

CG: 
39.1

RCT

Electron-
ic obser-
vation, 
clinical 
bio-
marker, 
clinical 
registry

Longi-
tudinal 
– base-
line, 4 
& 12 
mon 
ths

Wear-
able 
ECG 
moni-
toring 
patch

1 year

Monitor 
patients’ 
ECG for 
possible 
diagnosis 
of AF.

At 
least 
1 co-
mor-
bidity, 
po-
tential 
AF 

70

Torri 
et al., 
2018 
(37)

Italy

51 
– con-
ve-
nient

BMI IG: 25.7 ± 4, CG: 
24.2 ± 2; S-BP mm 
Hg IG: 120±15, CG: 
114±13; HbA

1c
 mmol/

mol IG: 38±20, CG: 
31±11; LDLC mg/dL 
IG 90±38, CG: 84±29; 
LVEF % IG: 54 ± 9, 
CG: 51 ± 10; COPD 
% IG: 12, CG: 11; 
Hypertension % IG: 
69, CG: 69; Diabetes 
% IG: 32, CG: 8; Obe-
sity % IG: 19, CG: 4; 
non-smoker% IG: 76, 
CG: 81; MI % IG: 27, 
CG: 52; PCA % IG: 23, 
CG: 30; CABG% IG: 
73, CG: 63; 6MWD IG: 
393±70, CG: 418±72; 
QoL physical IG: 
41±10, CG 39±9; QoL 
mental IG: 44±10, CG: 
42±10

IG: 65 
± 10

CG: 
67 
± 8

IG: 8

CG: 
18

Qua-
si-ex-
peri-
ment

Electron-
ic obser-
vation, 
clinical 
bio-
marker, 
self-re-
ported 
survey 
(SF-36)

Longi-
tudinal 
– base-
line, 1 
month, 
3 mon 
ths & 6 
mon 
ths

Web-
site 

6  
mon 
ths

 Assess, 
monitor, 
and vali 
date the 
phy 
sical 
activity 
trai 
ning  
of 
patients 
in the 
self-man-
age 
ment pro 
gram

CHD 
(un-
der-
went 
CR 
after 
sur 
gical 
or 
PCR 
or MI 
or HF 
eve 
nts)

78

Wa-
ge-
naar 
et al., 
2019 
(38)

Neth-
erl 
ands

450 
– pur-
po-
sive

BMI IG1:  27.9±5.6, 
IG2:  28.1±5.1 CG:  
28±4.1;  LVEF % 
IG1:  35.6±11.2, 
IG2:  35.2±11.1, CG:  
36.2±10.0; NYHA class 
I and II % IG1: 81.5, 
IG2: 76.4, CG: 78.4 
Hypertension % IG1: 
43.3, IG2: 41.3 CG: 
46.7; ACS % IG1: 48.0, 
IG2: 39.3 CG: 47.3; 
AF % IG1: 44.0, IG2: 
45.3, CG: 36.0; Diabe-
tes % IG1: 26.7, IG2: 
24.0, CG: 26.0; COPD 
% IG1: 24.0, IG2: 
29.3, CG: 20.0; CVA 
% IG1: 16.7, IG2: 6.0, 
CG: 13.3; non-smoker 
% IG1: 86.0, IG2: 
88.0, CG: 80.7; self-
care IG1:  72.0±16.0, 
IG2:   69.3±16.4 CG:  
70.6±14.6; Median 
QoL IG1:  23.0±27.8, 
IG2:  24.0±31.0, CG:  
23.0±32.5

IG 1: 
66.6 
±11.0

IG2: 
66.7 
±10.4

CG:  
66.9 
±11.6

IG 1: 
24.7

IG2: 
25.3

CG: 
27.3

RCT – 
usual 
care 
(CG), 
usual 
care + 
website 
(IG2), 
e-health 
adju 
sted 
care  
(IG1) 
group

Self-re-
ported 
survey 
(EHFScB, 
MLHFQ, 
DHFk), 
clinical 
registry

Longi-
tudinal 
– base-
line, 3, 
6 & 12 
mon 
ths

Web-
site & 
tele-
moni-
toring 
– heart-
fail-
uremat-
ters.org, 
e-Vita 
plat-
form

12  
mon 
ths

Record 
the daily 
heart 
rate, 
body 
pressure, 
and 
body-
weight of 
patients, 

Heart 
failure

76
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Table I: Type of Mhealth used and study methodology details (N = 19) (CONT.)

Refer-
ence

Coun-
try

Sample 
size 
- meth-
od

Baseline 
characteristics 
(mean, other-
wise stated)

Mean 
age 
(year)

Sex, 
fe-
male 
(%)

Method Data 
collec-
tion

Time 
horizon

Type of 
mHe 
alth 
Used - 
name

Dura-
tion of 
MHealth 
usage in 
the study 
- justifica-
tion

Func-
tions of 
MHe 
alth

Type 
of 
Heart 
Dise 
ase

JBI 
score

Yu et al., 
2020 
(39)

China
1000 – 
purpo-
sive

BMI IG: 25.92 
± 3.08, CG: 
26.98 ± 3.33; 
HbA1c % IG: 
7.15 ± 5.79, 
CG: 6.82 
± 2.39; BP 
mmHg IG: 
124.79/75.10, 
CG: 
124.91/75.49; 
LDL-C mmol/L 
IG: 2.40±3.79, 
CG: 
2.24±1.03; 
Hypertension 
% IG1: 64.1, 
CG: 60.3; 
Diabetes % 
IG: 39.9, CG: 
39.3; Hy-
perlipidemia 
% IG: 63.3, 
CG: 63.3; 
non-smoker % 
IG: 36.3, CG: 
36.5

IG: 
57.41 
± 8.99

CG: 
57.1 ± 
9.20

IG: 
13.6

CG: 
15.4

RCT

Clinical 
bio-
marker, 
self-re-
ported 
survey 
(MMAS-
8) 

Longi-
tudinal 
– base-
line, 
3 & 6 
months

Mobile 
phone: 
app – 
Heart 
Health 
Appli-
cation

6 months

Track 
the 
medi-
cation 
adher-
ence 
in one 
click, 
provide 
addi-
tional 
health 
infor-
mation 
to pa-
tients

Coro-
nary 
heart 
dis-
ease

70

 
Abbreviation: IG, intervention group; CG, control group; nj, no justification; RCT, randomized control trial; NYHA, New York Heart Association; LVEF, left ventricular ejection fraction; ACS, 
Acute Coronary Syndrome; HbA, hemoglobin; FBG, fasting blood glucose; BP, Blood pressure; LDL-C, low-density lipoprotein cholesterol; BMI, body mass index; SECD, self-efficacy for man-
aging chronic disease; CP, communication with physicians; HDS, health distress scale; FVN, fatigue visual numeric; SBVN, shortness of breath visual numeric; EHFSC, The European heart fail-
ure self-care behaviour scale; HFSE-30, heart failure self-efficacy scale-30; DHFK, The Dutch heart failure knowledge scale; MLHFQ, Minnesota living with heart failure questionnaire; SF-36, 
The medical outcome study 36-item short form;  HRQOL 14, health related quality of life scale 14; SCHFI v6, The self-care of heart failure index version 6; SAQ, Seattle angina questionnaire; 
EQ-5D, EuroQol five-dimensional questionnaire; IPAQ, International physical activity questionnaire; CAD, Coronary Artery Disease; HF, Heart failure; CVA, cerebrovascular accidents, KCCQ, 
Kansas City cardiomyopathy questionnaire; MMAS-8, Morisky Medication adherence score; HeartQoL, Heart quality of life; MAGGIC, meta-analysis global group in chronic heart failure, 
CPET, cardiopulmonary exercise test; VO

2peak
, peak oxygen intake; HDL-C, high-density lipoprotein cholesterol; COPD, Chronic Obstructive Pulmonary Disease; ECG, electrocardiogram; AF, 

atrial fibrillation; CHA2DS2-VASc, congestive heart failure, hypertension, age ≥75 years (doubled), diabetes, stroke/transient ischemic attack/thromboembolism (doubled), vascular disease 
(prior myocardial infarction, peripheral artery disease, or aortic plaque), age 65-75 years, sex category (female); EHFScB-9, The European heart failure self-care behaviour 9-item; CES-D, The 
center for epidemiologic studies-depression scale; QUIS, User evaluation of an interactive computer system; SF-36, 36 item short form health survey; MI, myocardial infarction; PCA, percu-
taneous coronary angioplasty; CABG, coronary artery bypass grafting; CR, cardiac rehabilitation; PCR, percutaneous coronary revascularization; 6MW, 6-min walking distance; IG1, website 
intervention group; IG2, e-health intervention group;

rehabilitation, such as difficulty in accessing transport 
to the clinic or hospital, having to take time-off work 
to attend the clinic, schedule problems, and so on (1). 
Telerehabilitation allows the clinician to create more 
personalised programmes according to patients’ actual 
conditions, and also enhances the interaction between 
patients and their health care professionals (2). 

The interactive features of mobile phones such as 
texting, phone calls, and alerts provide patients with 
heart disease a low-cost, easy way to monitor and 
gather data about their health condition (3). Health care 
professionals can track and monitor the medication 
taking of their patients by combining the mHealth with 
other monitoring devices (4). Furthermore, the texting 
function in mobile phones also helps deliver health 
information to patients regularly, which could gradually 
improve patients’ self-care and health outcomes (5). 
 

Wearable activity trackers such as wristbands and 
smartwatches have been developed as an easy tool 
enabling customers to track and monitor their health-
related physical data and motivate themselves to 
become more engaged in a healthy lifestyle (6, 7). Their 
daily activities such as their heart rate, step counts, 
and exercise times are gathered in the mobile phone 
app or website for users to review their  data statistics 
(7). This type of mHealth is less regulated as it is not 
involved in clinical diagnosis, but mainly designed for 
wellness purposes such as prevention, treatment, and 
rehabilitation (6).

Advantages and challenges in mHealth: study outcomes
The discussion of advantages and challenges in mHealth 
is derived from the outcomes of the 19 studies included 
in this SLR. The study outcomes of the studies that are 
presented in Table II are divided into five types. They 
are clinical biomarkers, mHealth acceptance, self-care 



Mal J Med Health Sci 17(SUPP8): 129-157, Oct 2021138

Malaysian Journal of Medicine and Health Sciences (eISSN 2636-9346)

Table II: Study outcomes, limitation, and strength (N=19) 

Refer-
ence

The-
ory 
used

Type of 
analysis

Study outcome Limitation Strength 

Clin-
ical 
bio-
mark-
er

BP, 
BMI, 
LDL, 
HbA, 
LVEF

MHealth 
acceptance

engagement, 
barriers, func-
tions 

Lifestyle and 
self-care 
change

Medication 
adherence, 
PA, smoking 
cessation

Psychology/ 
cognitive

Attitude, SE 
(self-efficacy), 
social influence, 
depression

Clinical outcome 
(

QoL, hospitaliza-
tion, mortality)

An-
dersen 
et al., 
2020 
(21)

N/A

Induc-
tive 
thematic 
content 
analysis

1.	 Useful 
for heart 
monitor-
ing and 
improve 
self-care. 

2.	 Gain 
knowl-
edge from 
MHealth.

3.	 doubt 
data ac-
curacy.

4.	 some-
times 
irritated 
with re-
minders.

5.	 Nudg-
es and 
praises 
promote 
improve-
ments.

1.	 Feel safe to 
do activities 
due to 
reassurance 
by Fitbit.

2.	 Confidence 
of activities,

3.	 Insights 
introduce 
new anxi-
eties.

4.	 Being 
nudged to 
do more 
walks and 
get praised.

5.	 Self-disap-
pointment 
seeing low 
numbers of 
activities.

1.	 Wearable 
devices 
can be a 
resource 
for self-
care

1.	 Tech-
nology 
used 
such 
as 
wear-
able 
devic-
es may 
bring 
pa-
tients 
chal-
lenges 
if it is 
used 
with-
out 
profes-
sional 
assis-
tance

Dang 
et al., 
2017 
(22)

N/A

Inde-
pendent 
sample 
t-test, 
Mann–
Whitney 
tests, 
chi-
squared 
tests / 
Fisher’s 
exact 
tests, 
general 
linear 
mixed 
regres-
sion 
models

1.	 Usage % 
85.5% 

1.	 PA im-
proved, 
signifi-
cantly 
better 
than 
CG

1.	 Chronic 
Disease SE 
improved 
for IG from 
baseline 
(6.49±2.37) 
to postin-
tervention 
(7.27±1.91) 
- *sig.

2.	 Heart 
failure SE 
improved 
for IG from 
baseline 
(241.67± 
26.36) to 
postinter-
vention 
(264.19± 
32.68) - 
*sig.

1.	 Mental 
health 
score (QoL) 
significantly 
improved,  
and better  
than CG.

2.	 General 
health in IG 
improved 
from base-
line (44.86 
±17.26) 
to postin-
tervention 
(49.72 
± 15.49) – 
ns, ^sgd.

1.	 First study 
to use a 
mobile 
phone 
Web 
browser 
messaging 
applica-
tion that 
monitored 
daily 
weights 
and HF 
symp-
toms in a 
multi-eth-
nic, 
predom-
inantly 
Hispanic, 
country 
hospital 
popula-
tion for 3 
months

1.	 Did 
not ex-
clude 
sam-
pling 
bias.

2.	 The in-
terven-
tion 
was 
too 
short 
to elu-
cidate 
the 
bene-
fits of 
daily 
moni-
toring.

3.	 Small 
sample 
size

CONTINUE
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Table II: Study outcomes, limitation, and strength (N=19)

Refer-
ence

Theory 
used

Type 
of 

analy-
sis

Study outcome Limitation Strength 

Clin-
ical 
bio-
mar 
ker

BP, 
BMI, 
LDL, 
HbA, 
LVEF

MHealth accep-
tance

engagement, bar-
riers, functions 

Lifestyle and 
self-care change

Medication 
adherence, PA, 
smoking cessa-
tion

Psychology/ 
cognitive

Attitude, SE 
(self-efficacy), 
social influence, 
depression

Clinical 
outcome (

QoL, hospi-
talization, 
mortality)

Di-
nesen 
et al., 
2019 
(23)

Commu-
nity of 
practice, 
Self-de-
termi-
nation 
Theory

De-
duc-
tive 
anal-
ysis 
based 
on 
Code-
tree

1.	 Helpful tools 
in educating, 
coordinat-
ing (goal 
setting), and 
creating an 
overview of 
rehabilitation 
data. 

2.	 Tool to 
ensure con-
tinuity in the 
rehabilitation 
process.

3.	 ActiveHeart 
used as virtu-
al book.

4.	 Useful for 
partners 
to under-
stand the 
rehabilitation 
process

1.	 Feeling 
relatedness 
with part-
ner, family, 
HCP and 
other 
cardiac 
patients

2.	 Patients 
had an 
autonomy 
in their 
rehabilita-
tion.

3.	 Feel moti-
vate to do 
PA seeing 
their com-
petency 
result.

4.	 Tech-
nology 
improved 
partner’s 
engage-
ment

1.	 Integrat-
ing a 
partner 
into a 
telere-
habil-
itation 
process 
gave ad-
ditional 
partner 
involve-
ment 
and 
allowed 
part-
ners to 
become 
more 
engaged 
than 
they 
could 
be in 
conven-
tional 
rehabili-
tation.

1.	 Involve-
ment of 
partners 
in the 
interview 
may limit 
patient’s 
openness, 
thus the 
response.

2.	  Usage of 
software 
to analyse 
data may 
lead to loss 
of valuable 
insights

Galla-
gher 
et al., 
2017 
(24)

N/A

Descri 
ptive 
stati 
stics, 
Mann- 
Whit 
ney U 
test, 
Chi 
squ 
are / 
Fis 
her 
exact 
 test,

1.	 88% rated 
easy to use.

2.	 88% agreed 
use again.

3.	 23% con-
cerned about 
privacy.

4.	 43% con-
cerned about 
security of 
telemon-
itoring 
adherence.

5.	 Users 
wanted their 
adherence 
data sent to 
themselves, 
healthcare 
provider and 
families

1.	 MA between 
IG:17 and 
CG: 19 – 
nsgd.

2.	 Adherence 
to clinic 
appointment 
%IG: 95, 
CG: 80 – 
nsgd.

3.	 Adherence 
to right 
dosage 
median% - 
IG:81.8, CG: 
73.3 – nsgd. 

1.	 Rehos-
pital-
isation 
within 
30 days 
% IG: 
30, CG: 
20 - 
nsgd

2.	 Rehos-
pital-
isation 
for HF 
within 
30 days 
IG: 25, 
CG: 15 
- nsgd

1.	 The 
feasi-
bility of 
adher-
ence 
tele-
monitor-
ing had 
been 
tested,

2.	 Adher-
ence 
data 
were 
collect-
ed pas-
sively. 

3.	 In-
volved 
patients 
from 
diverse 
groups

1.	 Priva-
cy and 
security 
of the app 
was being 
concerned.

2.	 The study 
is a pilot 
test - the 
result 
was not 
statistically 
powered to 

3.	 electronic 
adherence 
was unable 
to not 
identify the 
total doses 
taken in-
tervention 
was not 
targeted at 
nonadher-
ent patients

CONTINUE
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Table II: Study outcomes, limitation, and strength (N=19) (CONT.)

Refer-
ence

Theory 
used

Type 
of 

analy-
sis

Study outcome Limitation Strength 

Clin 
ical 
biomar 
ker
BP, BM 
I, LDL, 
HbA, 
LVEF

MHealth accep-
tance

engagement, bar-
riers, functions 

Lifestyle and 
self-care 
change

Medication 
adherence, 
PA, smoking 
cessation

Psychology/ 
cognitive-
Attitude, SE 
(self-effica-
cy), social 
influence, 
depression

Clinical out-
come (

QoL, hospitaliza-
tion, mortality)

Häg-
glund 
et al., 
2019 
(25)

Situa-
tion 
-Spec 
ific the 
ory of 
Heart 
Failure 
Self- 
care

De-
duc-
tive 
analy-
sis

1.	 MHealth 
increased 
awareness

2.	 Mean of 
support in 
HF manage-
ment.

3.	 Gained 
knowl-
edge from 
MHealth.

4.	 Did not 
fully trust the 
advice from 
MHealth.

5.	 MHealth 
was enjoy-
able and 
easy to use.

6.	 Technical 
issues – is 
not a barrier 
with good 
support.

7.	 Support is 
important for 
trust.

1.	 Self-care 
mainte-
nance 
- noticed 
physical 
change 
and un-
derstand 
conse-
quences.

2.	 Self-care 
mainte-
nance - 
developed 
habit, and 
improved 
skills over 
time.

3.	 self-care 
mainte-
nance - 
improved 
adherence 
to daily 
weighing

4.	 self-care 
manage-
ment – 
improved 
knowl-
edge to 
identify 
symptom 
changes

1.	 Feel 
comfort-
able.

2.	 Feel 
supports 
and not 
being 
alone 
in heart 
failure.

3.	 Auton-
omy to 
self-reg-
ulate 
and 
make 
deci-
sion.

4.	 Con-
fident 
with de-
cision, 
due to 
knowl-
edge 
gained.

5.	 More 
moti-
vated to 
perform 
self-man 
age 
ment

1.	 Usage of 
Situa-
tion-Spe-
cific 
Theory of 
Heart Fail 
ure Self-
care

1.	 Partici-
pants may 
have had 
positive 
attitude 
from 
previous 
trial.

2.	 Findings 
cannot be 
gener-
alized 
due to 
qualitative 
method.

Hein-
ey et 
al., 
2020 
(26)

N/A

Desc 
rip 
tive, 
Fisher 
exact 
test,  
paired  
t-test

1.	 Overall, find 
it easy to 
use.

2.	 Patients with 
low digital 
literacy 
needed to 
practice sev-
eral times.

1.	 Improved 
self-care 
mainte-
nance 
IG:  
72.70 
±15.62 – 
ns.

2.	 Improved 
self-care 
manage-
ment IG:  
85.00 
±14.36 – 
ns.

1.	 Im-
proved 
confi-
dence 
IG:  
90.90 
±10.90 
- ns

1.	 QoL 
improved, 
(baseline: 
5.41, post 
intervention: 
5.54) – ns.

2.	 Low % of ER 
and hospital 
readmissions 
-8.3 ER and 
hospital 
readmis-
sion, 8.3 
ER during 
6 weeks of 
study. 50 
called pro-
vider at least 
once   

1.	 Provide 
evidence 
that older 
adults are 
willing 
to use 
MHealth 
technology

1.	 Short in-
tervention 
duration 
(4 weeks), 
small 
sample 
size

2.	 Prior 
influence 
with tele-
monitor-
ing could 
influence 
the result

CONTINUE
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Table II: Study outcomes, limitation, and strength (N=19) (CONT.)

Refer-
ence

The-
ory 
used

Type of 
analysis

Study outcome Limitation Strength 

Clinical bio-
marker

BP, BMI, LDL, 
HbA, LVEF

MHealth 
acceptance

engagement, 
barriers, 
functions 

Lifestyle 
and 
self-care 
change-
Medication 
adherence, 
PA, smoking 
cessation

Psychology/ 
cognitive-
Attitude, SE 
(self-effica-
cy), social 
influence, 
depression

Clinical out-
come (QoL, 
hospitalization, 
mortality)

Huo 
et al., 
2019  
(27)

N/A

Descrip-
tive, 
AN-
COVA, 
log-bi-
nomial 
regres-
sion

1.	 HbA
1c 

dropped 
IG: 6.7 
±1.3, 
CG: 7.2 
±1.5 – 
^sgd for 
mean 
differ 
ence 
change.

2.	 FBG 
dropped 
IG: 7.5 
±2.7 -  
*sig 
mean 
change.

3.	 LDL-C, 
BMI 
drop 
ped in 
IG and 
CG - 
nsgd

1.	 97.1% 
found 
message 
easy to 
under-
stand.

2.	 94.1% 
found 
messag-
es are 
useful.

3.	 82.8% 
read 
>75% 
message.

4.	 74.1% 
saved 
message 

5.	 93.7% 
will-
ing to 
continue 
receiving 
messages

1.	 PA im-
proved 
in IG 
– nsgd 
with 
CG.

1.	 After 6 
months, 
EQ-5D 
(QoL) did 
not change 
for IG and 
CG.

2.	 SAQ (QoL) 
improved 
for IG: 87.4 
±12.7, CG: 
86.6 
±12.3 – 
nsgd.

1.	 Larg-
est 
RCT 
to 
eval-
uate 
the 
effi-
cacy 
of text 
mes-
sage 
for 
CHD 
and 
DM 
self-
care.

2.	 Text 
mes-
sages 
sent 
were 
theory 
driv-
en.

1.	 Did not measure 
effectiveness of 
intervention on 
lifestyle change.

2.	 Did not mea-
sure clinical 
outcomes, only 
risk control and 
health be-
haviour.

3.	 Short duration 
follow-ups (6 
months)

4.	 PE and medica-
tion treatment 
measured 
through self-re-
port.

5.	 Only targeted 
China patients

Ja-
yaram 
et al., 
2017 
(28)

N/A

Student 
t test, 
Fisher 
exact 
test, 
hierar-
chical 
linear 
models

1.	 PA 
impro 
ved 
both 
IG: 
77.1 
±26.1, 
CG: 
74.9 
±27.9 
– nsgd.

1.	 SE im-
proved 
in IG: 
88.5 
±18.1, 
CG: 
87.1 
±17.8 
– nsgd.

2.	 Social 
lim-
itation 
score 
im-
proved 
in IG: 
69.7 
±31.3, 
CG: 
66.6 
±32.1 
– nsgd.

1.	 After 6 
months, 
KCCQ QoL 
improved 
for IG: 
68.7 
±27.1, CG: 
65.2 
±29.4 - 
^sgd. 

2.	 After 6 
months, 
overall 
KCCQ 
score im-
proved for 
IG: 72.3 
±24.4, CG: 
68.5 
±26.4 - 
^sgd.

3.	 After 6 
months, 
KCCQ 
symptom 
control 
improved 
for IG: 
74.0±26.0, 
CG: 69.6 
±28.9 - 
^sgd.

1.	 The 
largest 
ran-
dom-
ized 
trial to 
date 
of 
tele-
moni-
toring 
in HF.

1.	 Patients were 
not blinded to 
the intervention.

2.	 Health status 
data only 
accessed during 
the first 2 weeks 
but not includ-
ing the period 
after 2 weeks.

3.	 Health status 
info was un-
available for all 
patients at all 
time points.

4.	 Small mean dif-
ferences found 
between two 
groups.

5.	 Findings of 
usual care may 
vary from this 
study.

6.	 1/7 participants 
did not activate 
the system.

CONTINUE
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Table II: Study outcomes, limitation, and strength (N=19) (CONT.)

Ref-
er-
ence

Theory 
used

Type of 
analysis

Study outcome Limitation Strength 

Clinical biomarker
BP, BMI, LDL, HbA, 
LVEF

MHealth accep-
tance
engagement, 
barriers, func-
tions 

Lifestyle and 
self-care 
change
Medication 
adherence, 
PA, smoking 
cessation

Psychology/ 
cognitive
Attitude, SE 
(self-effica-
cy), social 
influence, 
depression

Clinical 
outcome (
QoL, hospi-
talization, 
mortality)

Ka-
mal 
et al., 
20 
18 
(29)

Social 
Cog-
nitive 
The-
ory, 
Health 
Bel 
ief 
Model

Inde-
pen-
dent 
sample 
t test, 
further 
sub-
group 
anal-
yses, 
user 
inter-
face 
expe-
rience 
analysis

1.	 Uptake was 
84.8%

2.	 Most fre-
quent func-
tion used in 
Talking RX 
– dosage of 
medication 
(27.42%)

3.	 All partic-
ipants sat-
isfied with 
Talking 
RX – useful, 
convenient, 
informative.

4.	 Participants 
wanted to 
contin-
ue with 
Talking RX.

5.	 Stroke 
patients 
suggested 
reminder 
for every 
dose, op-
tions of >2 
languag-
es, add 
pictorial 
messages.

1.	 MMAS-
8 mean 
impro 
ved for 
both IG 
(7.41 
±0.78) 
and  
CG 
(6.77 
±1.36) 
-nsgd.

1.	 A ran-
domized 
study 
with 
blinded 
outcome 
assess-
ment 
follow-
ing the 
standard 
guideline 
for any 
MHealth 
research.

2.	 The 
interven-
tion was 
designed 
by ex-
perience 
health 
profes-
sionals 
from 
LMIC 
and de-
veloped 
coun-
tries, 
guided 
by evi-
dence- 
bas 
ed guide 
and 
health 
theory.

1.	 Limited 
follow-up 
duration.

2.	 The par-
ticipants 
have had 
MACCE 
and re-
ceived spe-
cialist care, 
thus have 
adequate 
adherence.

3.	 Possibility 
of social 
desirability 
bias due 
to usage of 
question-
naire.

4.	 Both groups 
had been 
provid-
ed with 
helpline 
number, 
that may 
assist the 
CG.

5.	 This 
research 
did not 
measure the 
health-relat-
ed outcome 
such as 
mortality 
or MACCE 
recurrent. 

Lun 
de et 
al., 
20 
20 
(30)

N/A

Inde-
pen-
dent 
t-test, 
chi-
squared 
test, 
paired 
samples 
t-test, 
general 
linear 
model, 
ANCO-
VA

1.	 VO
2peak 

(ml/kg/
min) improved 
in IG (31.2±8.8) 
-*sig, ^sgd.

2.	 Heart rate (beats/
min) improved in 
IG (mean 164± 
17) - *sig.

3.	 Bodyweight (kg) 
improved in IG 
(mean 90.4±16.6) 
-*sig.

4.	 BP increased  in 
IG (145/84) - *sig.

5.	 HDL-C improved 
in IG (mean 
1.3±0.4) - *sig.

6.	 No adverse 
events in CPET

7.	 Medication doses 
% - nsgd

1.	 High 
level of app 
usage 71% 
throughout 
the year.

2.	 84% 
answered 
more than 
80% task.

1.	 Exercise 
habits 
im-
proved 
in IG 
(3.0± 
1.9) 
-*sig, 
^sgd.

1.	 Emotion 
im-
proved, 
mean 
change 
in IG:   
1.4 
±1.5, 
CG:  0.6 
±1.1    - 
*sig, 
^sgd.

2.	 Self- 
per-
ceived 
goal 
achieve-
ment 
impro 
ved in 
IG -*sig,  
^sgd.

1.	 Hea 
lth 
status 
in IG 
im 
pro 
ved 
(mean 
78 
±16) - 
*sig.

2.	 QoL 
impr 
oved 
in IG 
(2.64 
±0.51) 
- *sig.

1.	 First 
study to 
evalu-
ate the 
effects of 
indivi 
dualized 
CR fol-
low-up 
with an 
app for 
one-year 
post-CR, 
with 
clini 
cal 
biomark-
ers and 
exercise 
measure 
ment

1.	 Difference 
CPET was 
used for 
base 
line and 
follow- 
up at one 
CR centre.

2.	 Major 
ity of the 
pati 
ents have 
CAD

CONTINUE
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Table II: Study outcomes, limitation, and strength (N=19) (CONT.)

Refer-
ence

Theory 
used

Type 
of 

analy-
sis

Study outcome Limitation Strength 

Clinical 
biomarker

BP, BMI, 
LDL, HbA, 
LVEF

MHealth accep-
tance

engagement, barri-
ers, functions 

Lifestyle and 
self-care 
change

Medication 
adherence, 
PA, smoking 
cessation

Psychology/ 
cognitive

Attitude, SE 
(self-effica-
cy), social 
influence, 
depression

Clin-
ical 
out-
come 
(
QoL, 
hospi-
taliza-
tion, 
mor-
tality)

Mid-
dle-
mass 
et al., 
2017 
(31)

Situ 
ation- 
Spe 
cific 
The 
ory

De-
duc-
tive 
con-
tent 
analy-
sis

1.	 Perceived 
usefulness 
- factors are 
(1) daily mon-
itoring, (2) 
improve un-
derstanding, 
(3) interactivi-
ty with health 
professionals 
(4) appropri-
ateness and 
handling clin-
ical alerts.

2.	 Perceived 
ease of use 
– negative 
factors are (1) 
comfortability 
due big size 
of the device 
(2) wrist clinic 
screen - un-
able to locate 
start button, 
especially 
for people 
with limited 
eyesight (3) 
colour of text 
and back-
ground. 

3.	 Improved SE 
of using HIT.

4.	 Several pa-
tients satisfied 
with HIT 
– felt better 
served than 
before HIT

1.	 Reduce 
num-
ber of 
consul-
tations.

2.	 Some 
visit 
health 
profes-
sionals 
more 
fre-
quently 
due to 
notifi-
cation 
rec 
eived.

3.	 In-
volved 
in more 
PA.

4.	 Concer 
ned 
over 
loss of 
face-to- 
face 
con 
tact

1.	 Positive 
attitude 
towards 
the 
system 
– due to 
design, 
ease 
of use, 
reliabili-
ty of the 
equip-
ment, 
timeli-
ness, and 
useful-
ness of 
clinical 
alerts

2.	 Negative 
attitude 
– due to 
extreme 
anxiety 
with the 
system

3.	 Accept 
the 
chronic 
illness.

5.	 More SE 
HIT with 
the sup-
port from 
family 
and 
techni-
cian.

1.	 Pro-
posed an 
integrated 
framework 
for HIT and 
technology

1.	 Limitation for 
self-management 
measurement – fo-
cus on HIT usage.

2.	 Usage evaluation 
may be affected 
by social support’s 
involvement.

Mo 
on et 
al., 
2018 
(32)

N/A

Chi-
squ 
are 
test, 
Fish-
er’s 
exact 
test, 
t test, 
Mann- 
Whit 
ney U 
test

1.	 LVEF 
% imp 
roved 
in IG 
(44.72 
±6.80) 
and 
CG  
40.05 
±7.88) 
- ^sgd.

1.	 Self- 
care 
beha 
viour 
score 
impro 
ved 
in IG 
(23.61 
± 4.88) 
- *sig.

2.	 Depres-
sion 
score 
dropped 
for IG 
(15.61 
±8.39) - 
*sig

1.	 Telephonic 
access to 
the partic-
ipants was 
used, which 
enabled a 
more rapid 
develop-
ment of 
a rapport 
between 
the medical 
staff and the 
participants, 
leading to 
improved 
reliability.

1.	 Only adequate lit-
eracy patients were 
included.

2.	 Sample size did not 
meet the expecta-
tion.

3.	 the intervention 
duration was only 5 
weeks, insufficient 
to test long-term 
effects.

4.	 self-reported mea-
surement employed 
may lead to bias 
and inaccurate data
CONTINUE
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Table II: Study outcomes, limitation, and strength (N=19) (CONT.)

Ref-
er-
ence

The-
ory 
used

Type 
of 

analy-
sis

Study outcome Limitation Strength 

Clinical 
biomarker

BP, BMI, 
LDL, HbA, 
LVEF

MHealth accep-
tance

engagement, 
barriers, func-
tions 

Lifestyle and 
self-care change

Medication 
adherence, 
PA, smoking 
cessation

Psychology/ 
cognitive

Attitude, SE 
(self-efficacy), 
social influ-
ence, depres-
sion

Clinical outcome 
(

QoL, hospitaliza-
tion, mortality)

Ra-
himi 
et al., 
2020 
(33)

N/A

Mean, 
me-
dian, 
SD, 
T-test

1.	 BP 
impr 
oved 
in IG 
(122.4 
/71.5) 
– 
*sig.

2.	 Heart 
rate  
(50-
70) % 
impr 
oved 
in IG: 
53.9 - 
*sig.

1.	 Physical 
improved 
for IG 
(16.5±12.1) 
and CG 
(17.4±12.4) 
– ns

1.	 Social 
score 
improved 
for IG 
(10.3±9.0) 
and CG 
(9.5±8.3) 
– ns

2.	 Emotional 
score impr 
oved 
for IG 
(7.8±7.3) 
and CG 
(7.5 
±7.4) – ns

1.	 QoL 
dropped 
in IG 
(34.7±26.4) 
and CG 
(34.5±25.9) 
– but ns

2.	 Higher 
death % in 
IG (12.8) 
than CG 
(5.9) – nsgd

3.	 Higher 
hospital 
admissions 
% in IG 
(39.6) than 
CG (28.7) – 
nsgd.

4.	 Equal 
hospital 
admissions 
for CVD 
or renal % 
for IG and 
CG (12.9) – 
nsgd.

5.	 MAGGIC 
score in 
IG did not 
change

1.	 Mea-
sured the 
effective-
ness of 
Mhealth 
with 
self-re-
port, 
clinical 
biomark-
ers and 
hospital 
registry

2.	 Low 
sample 
size 
leads 
to data 
was 
under-
pow-
ered to 
detect 
group 
signifi-
cance.

3.	 Highly 
relied 
on 
will-
ingness 
and 
respon-
sive 
ness of 
pri-
mary 
practi-
tioners

4.	 Trial 
design 
miti-
gated 
pla-
cebo 
effect 
risk 
may 
weak-
en 
treat-
ment 
effect

CONTINUE
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Table II: Study outcomes, limitation, and strength (N=19) (CONT.)

Refer-
ence

The-
ory 
used

Type of 
analy-

sis

Study outcome Limitation Strength 

Clinical 
bio-
marker
BP, 
BMI, 
LDL, 
HbA, 
LVEF

MHealth acceptance

engagement, barriers, 
functions 

Lifestyle and self-
care change

Medication 
adherence, PA, 
smoking cessa-
tion

Psychology/ 
cognitive

Attitude, SE 
(self-effica-
cy), social 
influence, 
depression

Clinical 
outcome 
(
QoL, 
hospital-
ization, 
mortal-
ity)

Reading 
et al., 
2018 
(34) 

U 
T 
A 
U 
T

Di-
rected 
content 
analy-
sis

1.	 Engaged patients - 
mean usage 31.2 
times monthly, 
11.9 months.

2.	 Unengaged 
patients – mean 
usage 24.1 times 
monthly, 9.3 
months.

3.	 Perceived useful-
ness – functions 
related (1) patient 
decision-support, 
(2) info buttons, (3) 
additional relevant 
data captured, (4) 
interactive data 
visualisation.

4.	 Useful – factors 
are (1) AliveCor 
gave definitive 
proof of AF, (2) 
valuable data and 
insights lead to 
sustained use.

5.	 Many unengaged 
patients were 
discouraged by AF 
recurrence, lead 
to less self-mon-
itoring, increase 
provider visit for 
rhythm monitor-
ing.

6.	 Several engaged 
patients reduce 
engagement over 
time when their 
rhythm became 
stable.

7.	 Factors to usage 
– poor correla-
tion between AF 
symptoms and 
AF episodes, thus 
monitor actual 
ECG.

8.	 Unengaged 
patients’ usage – 
influenced by AF 
symptoms.

9.	 Age, and technol-
ogy experience 
are not factoring 
to ease of use or 
usefulness.

10.	 AliveCor pro-
vides supportive 
environments 
– routines and re-
minders to change 
daily habits.

1.	 Most 
engaged 
patients – 
proactively 
change 
behaviour 
(diet, AF 
triggers 
such as 
alcohol, 
self-moni-
toring using 
AliveCor)

2.	 Perceived 
ease of use 
– functions 
related (1) 
patient de-
cision-sup-
port, 
(2) info 
buttons.

3.	 Technical 
issues – 
engaged 
received 
small to 
adequate 
feedback; 
unengaged 
patients 
received 
no to little 
feedback.

4.	 Usage 
improved 
self-knowl-
edge

1.	 Unen-
gaged 
patients – 
technical 
issues 
lead to 
frustra-
tion and 
anxiety.

2.	 Engaged 
patients 
devel-
oped 
internal 
motiva-
tion to 
manage 
health.

3.	 Unen-
gaged pa-
tients get 
anxiety. 

4.	 Engaged 
patients 
had 
positive 
relation-
ship with 
providers.

5.	 Unen-
gaged 
patients 
experi-
enced 
negative 
relation-
ship.

6.	 Social 
influence 
is import-
ant for 
sustained 
engage-
ment.

7.	 Better 
collabora-
tion and 
interac-
tivity with 
health-
care 
provider 
with the 
usage.

1.	 This 
study is 
a theory 
driven 
study 
and had 
integrat-
ed and 
vali-
dated 
UTAUT 
for sus-
tained 
engage-
ment of 
Mhealth. 

1.	 Patient’s 
engage-
ment may 
had been 
misclassi-
fied.

2.	 Limited 
diversity 
of patient 
population 
– well edu-
cated with 
arrhythmia, 
highly 
involved in 
self-care, 
male, mid-
dle to older 
age, and 
moderate 
to very 
comfort-
able with 
technology

CONTINUE
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Table II: Study outcomes, limitation, and strength (N=19) (CONT.)

Refer-
ence

The-
ory 
used

Type 
of 

analy-
sis

Study outcome Limitation Strength 

Clinical 
biomarker

BP, BMI, 
LDL, HbA, 
LVEF

MHealth acceptance

engagement, barri-
ers, functions 

Lifestyle and 
self-care change

Medication 
adherence, 
PA, smoking 
cessation

Psychology/ 
cognitive

Attitude, SE 
(self-effica-
cy), social 
influence, 
depression

Clinical out-
come (

QoL, hospi-
talization, 
mortality)

Se-
bern 
et al., 
2018 
(35)

Shar 
ed 
Care 
the 
ory

De-
duc-
tive 
con-
tent 
analy-
sis

1.	 Usefulness of 
shared care due 
to (1) values, (2) 
preferences and 
care planning.

2.	 Suggested 
content – (1) 
palliative care 
information.

3.	 Usefulness on 
self-manage-
ment education 
– but does not 
necessarily 
lead to better 
self-manage-
ment.

4.	 Shared care app 
was rated mean 
2.54±0.23 by 
all groups (pa-
tients, partners, 
and clinicians).

1.	 Illiterate 
patient 
received 
support 
from 
partners 
to use 
shared 
care app.

2.	 Partners 
support 
with en-
gagement 
to shared 
care – 
self-man-
agement 
activities, 
diet.

1.	 Serve as a 
model for 
develop-
ment of 
software 
applica-
tions for 
shared 
care with 
partners 
and clini-
cians

1.	 Limited 
self-man-
age 
ment edu 
cation 
mate 
rials

Stein-
hubl 
et al., 
2018 
(36)

N/A

T tests, 
Chi 
square 
/ 
Fisher 
exact 
test, 
Pois-
son 
regres-
sion

1.	 Diag-
nosis 
of AF 
by 
ECG 
patch 
IG: 
3.9%, 
CG: 
0.9% - 
^sgd

1.	 Screening for 
AF is suggested, 
and improved 
methods of 
early diagnosis 
could lead to 
effective treat-
ment to reduce 
the severe 
health effects 
associated with 
AF.

2.	 Wearable  ECG 
sensor patch 
(home-based) 
monitoring, in 
comparison 
to delayed 
monitoring, 
was associated 
with a greater 
AF detection 
rate after four 
months.

3.	 Observed per-
sons had higher 
AF diagnosis 
and antico-
agulant use 
but also used 
more medical 
resources at 1 
year

1.The primary 
endpoint was a 
new diagnosis of 
AF at 4 months 
in those who 
received prompt 
vs delayed sur-
veillance.
2.A second-
ary outcome 
measure was the 
occurrence of 
new AF diagno-
ses at one year 
in the combined 
actively mon-
itored groups 
compared 
to matched 
observational 
controls. Addi-
tionally, new 
anticoagulant 
prescriptions 
and health care 
utilization (out-
patient cardiolo-
gy visits, primary 
care visits, or 
AF-related emer-
gency depart-
ment visits and 
hospitalizations) 
were assessed at 
one year.

Prompt 
monitoring, 
compared 
with delayed 
monitoring, 
was associated 
with a higher 
likelihood of 
AF diagno-
sis at four 
months. Mon-
itored people 
had higher 
AF diagnosis 
rates, larger 
incidence of 
anticoagulant 
use, but also 
greater use of 
health care 
resources over 
a year.
Only a small 
number of 
incident cases 
were found to 
have persistent 
AF.

Active monitor-
ing was related 
with a higher 
risk of initiating 
anticoagulant 
treatment. To 
conclude, ac-
tive monitoring 
was likewise 
correlated 
with increased 
treatment of 
arrhythmia, 
but not with 
additional 
hospitalizations 
or emergency 
department 
visits for AF. 
Use of health 
care resourc-
es increased 
significantly, 
especially in 
the number of 
people having 
outpatient 
cardiology 
appointments. 
pacemaker or 
defibrillator 
placements 
were also more 
common in the 
cohort moni-
tored

1.	 Digital 
outreach 
and partic-
ipant-cen-
tered 
monito 
ring with a 
wear 
able sensor 
allowed 
for siteless, 
nation 
wide enrol 
ment.

1.	 Only 
2.6% of 
eligible 
indi-
viduals 
invited 
success-
fully 
enrolled.

2.	 lon-
ger-term 
claims-
based 
follow-up 
is not 
guaran-
teed due 
to the 
nature 
of health 
plan 
member-
ship

CONTINUE
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Table II: Study outcomes, limitation, and strength (N=19) (CONT.)

Refer-
ence

Theory 
used

Type of 
analysis

Study outcome Limitation Strength 

Clinical bio-
marker

BP, BMI, LDL, 
HbA, LVEF

MHealth 
acceptance

engagement, 
barriers, 
functions 

Lifestyle and 
self-care 
change

Medication 
adherence, 
PA, smoking 
cessation

Psychol-
ogy/ 
cogni-
tive

Atti-
tude, SE 
(self-ef-
ficacy), 
social in-
fluence, 
depres-
sion

Clinical out-
come (

QoL, hospi-
talization, 
mortality)

Torri 
et al., 
2018 
(37)

N/A

χ 2 test/
Fisher’s 
exact test, 
2-sided 
Student’s 
t test/
analysis of 
covari-
ance, Wil-
coxon’s 
rank sum 
test/Fried-
mann’s 
test

1.	 BMI im-
proved in 
IG (26.6±4 
*sig) and 
CG (25.0±2) 
- ^sgd.

2.	 BP-S mmHg 
improved in 
IG:  125±15 
(*sig), 
and CG:  
129±18.

3.	 HbA
1C

 
mmol/mol 
improved in 
IG:  44±17 
(*sig), CG:  
39 ± 9 – 
nsgd.

4.	 Glucose 
mg/DL 
improved in 
IG: 118±29 
(*sig), 
and CG:  
108±23 - 
nsgd

5.	 Achieve-
ment of 
CVD control 
% higher in 
IG: 75±20 
than CG:  
59±30 - 
^sgd.

6.	 LVEF % 
improved in 
IG:  58±10 
(*sig), and 
CG:  55±10 
– nsgd.

1.	 Mean 
web con-
tacts 30, 
70% had 
at least 
1 video 
confer-
ence 
with 
HCP.

2.	 Active 
daily 
data 
transmis-
sion % - 
month1: 
100, 
month 
3: 88, 
month 6: 
80

3.	 85% 
com-
pleted 
at least 
80% of 
pre-
scribed 
interven-
tion.

1.	 PA im-
proved in 
IG (430±9) 
- *sig.

2.	 OMT 
adherence 
% higher 
in IG: 100, 
than CG: 
89 – nsgd.

1.	 QoL 
physical 
improved 
in IG:  
44±9 
(*sig), and 
CG:  47 9 
– nsgd.

2.	 QoL 
mental 
improved 
IG:  48±8 
(*sig), and 
CG:  48±8 
– nsgd.

3.	 Hospital-
isation % 
for cardio-
vascular 
events 
between 
IG: 23.1 
and CG: 
44.4 – 
nsgd.

4.	 Un-
planned 
cardiology 
visits % 
for IG: 
3.8, CG: 
29.6.

The safety 
profile of our 
intervention 
was good; 
no deaths, 
chest pain 
episodes, or 
ventricular 
arrhythmias 
during 
exercise 
training were 
observed

1.	 Limited 
partic-
ipants’ 
inclu-
sion 
criteria 
(hard 
to gen-
eralise 
the 
find-
ings 
to the 
popu-
lation), 
gender 
imbal-
ance.

2.	 Self-se-
lection 
to IG.

3.	 self-re-
ported 
ques-
tion-
naire 
may 
lead to 
bias.

4.	 More 
inter-
activity 
given 
for IG, 
com-
pared 
to CG.

CONTINUE
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Table II: Study outcomes, limitation, and strength (N=19) (C0NT.)

Refer-
ence

The-
ory 
used

Type of 
analysis

Study outcome Limitation Strength 

Clinical 
biomarker

BP, BMI, 
LDL, 
HbA, 
LVEF

MHealth 
acceptance

engagement, 
barriers, 
functions 

Lifestyle and self-
care change

Medication 
adherence, PA, 
smoking cessa-
tion

Psychology/ 
cognitive

Attitude, SE 
(self-effica-
cy), social 
influence, 
depression

Clinical out-
come (

QoL, hospi-
talization, 
mortality)

Wage-
naar 
et al., 
2019 
(38)

N/A

AN-
COVA, 
multiple 
linear re-
gression 
models, 
Cox re-
gression 
model

1.	 Self-care 
score at 3 
months im-
proved for 
IG1 (73.5) 
and IG2 
(78.2, *sig) - 
^sgd.

2.	 Self-care 
score at 6 
months im-
proved for 
IG1 (74.7), 
IG2 (78.6 
*sig) and 
CG (74.2) – 
ngsd.

3.	 Self-care 
score at 
12 months 
dropped 
for IG1 
(72.1), IG2: 
76.1 and 
CG (72.7).- 
nsgd.

***self-care 
attenuated after 6 
months

1.	 Median 
HF care 
satis-
faction 
% for 
IG2 at 3 
months: 
77.8, 6 
months: 
80.5, 12 
months: 
71.7.

2.	 Median 
E health 
knowl-
edge for 
IG2 and 
CG at 3 
months 
- ^sgd 
(ngsd at 
6 and 12 
months).

1.	 QoL im-
proved at 
3 months 
for IG2 
(19.0 
*sig), CG 
(22.8).

2.	 QoL 
dropped 
at 6 
months 
for IG2 
(21.0 
*sig), CG 
(24.0).

3.	 QoL 
dropped 
at 12 
months 
for IG1 
(28.3), 
IG2 (25.5) 
and CG 
(28.3) – 
nsgd.

***QoL atten-
uated after 6 
months.
4.	 All cause 

mortality 
%  CG: 
2.7,  
IG1:7.3 
and IG2: 
5.3, ^sgd.

5.	 HF 
mortality 
% CG: 
2.0, IG1: 
4.7 and 
IG2: 2.0 - 
^sgd.

6.	 All cause 
hospital-
isation % 
CG: 44.0, 
IG1:44.0 
and IG2: 
38.0 - 
^sgd.

7.	 HF hospi-
talisation 
% CG: 
8.0, IG1: 
5.3 and 
IG2: 4.7 - 
^sgd.

1.	 First to 
evalu-
ate the 
health 
effects 
of the 
HFM 
website

1.	 Low 
partic-
ipation 
rate – 
reduce 
general-
izability.

2.	 Only 
stable 
patients 
included 
– use of 
non-in-
vasive 
e-health, 
low 
mortal-
ity and 
hospital-
isation 
out-
come.

3.	 Missing 
data of 
20%

4.	 Not a 
longi-
tudinal 
study 
– unable 
to assess 
changes 
in drug 
use.

5.	 Nether-
lands’ 
outpa-
tient 
clinic is 
intensive 
– may 
affect 
the 
outcome 
in CG.

CONTINUE
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Table II: Study outcomes, limitation, and strength (N=19) (CONT.)

Refer-
ence

The-
ory 
used

Type of 
analysis

Study outcome Limitation Strength 

Clinical 
biomarker

BP, BMI, 
LDL, HbA, 
LVEF

MHealth accep-
tance

engagement, 
barriers, func-
tions 

Lifestyle and self-
care change

Medication 
adherence, PA, 
smoking cessa-
tion

Psy-
chol-
ogy/ 
cogni-
tive

Atti-
tude, SE 
(self-ef-
ficacy), 
social 
influ-
ence, 
depres-
sion

Clinical 
outcome (

QoL, hospi-
talization, 
mortality)

Yu et al., 
2020 (39)

N/A

Chi-
squared, 
Student’s 
t-tests

1.	 Mean 
BP for 
IG: 
124.77/ 
79.82, 
CG: 
124.61/ 
79.74 
– ns, 
nsgd.

2.	 Mean 
BMI im-
proved 
in IG:  
26.38 
±12.00, 
CG:  
26.31 
±9.85 – 
nsgd.

 

1.	 Daily usage 
% 17.4, 
once every 
2 days 
usage % 
16.1.

2.	 Usage of 
app % 
attenuated - 
at 1 month 
88.1, 2 
months 
42.5, 6 
months 
<10.

3.	 Perceived 
usefulness 
% – very 
useful 15.0 
useful 26.4, 
generally 
useful 41.4, 
useless 
17.2.

4.	 Planned to 
continue 
the app us-
age 81.3%. 

3.	 MA % at 3 
months IG: 
6.3, CG: 5.8 
- ^sgd

4.	 MA % at 6 
months IG: 
11.7, CG: 
11.8% - 
nsgd

5.	 Non-smok-
ers % 
improved 
for IG: 92.9, 
CG: 92.7 – 
nsgd

1.	 Death 
% for 
IG: 
0.6, 
CF: 
0.4 – 
nsgd

2.	 Rehos-
pital-
isation 
% for 
IG: 
5.2, 
CG: 
7.5 – 
nsgd

3.	 MA 
CCE 
% for 
IG: 
0.8, 
CG: 
1.4 - 
nsgd

1.	 No 
signif-
icant 
im-
prove-
ment 
of 
medi-
cation 
adher-
ence 
at 
usage 
of app

1.	 No pilot 
study was 
conducted 
to measure 
baseline 
MMAS-8 
score and 
improve 
the med-
ication 
adherence.

2.	 Self-report-
ed ques-
tionnaire 
may lead 
to social 
desirability 
bias.

3.	 Short term 
follow-up 
hindered 
meaningful 
result.

4.	 The in-
volvement 
of nurses in 
medication 
affects par-
ticipant’s 
process of 
using the 
apps for 
medication 
adherence.

Abbreviation: IG, intervention group’ CG, control group; QoL, quality of life; ns, not significant; nsgd, no significant group difference; ^sgd, significant group difference; *sig, significant; PA, 

physical activity; MA, medication adherence; HCP, healthcare professional; HF, heart failure; ER, emergency room; KCCQ, Kansas City Cardiomyopathy Questionnaire; EQ-5D, EuroQol five-di-

mensional questionnaire; SAQ, Seattle Angina Questionnaire; LMIC, low-to-middle income country; CAD, coronary artery disease; CR, cardiac rehabilitation; MMAS-8, Morisky Medication 

Adherence Scale 8; HIT, health information technology; HCP, health care professionals; BP-S, systolic blood pressure; ECG, electrocardiogram; AF, atrial fibrillation; UTAUT, unified theory of 

acceptance and use of technology; OMT, oral medical treatment; MACCE, major adverse cardiovascular and cerebrovascular events; CVD, cardiovascular disease; HFM, heartfailurematters.org; 

(lifestyle behaviour), psychology or cognitive, and 
clinical outcome or study end points. The outcomes 
were collected from a few types of methods including 
clinical biomarker, interview, focus group, electronic 
observation, clinical registry, and survey. the study 
outcomes for self-care, psychology or cognitive, and 
clinical outcome (quality of life) were collected from 
survey, utilising validated scales. The most common 

scales used in the studies are EQ-5D (27, 30 33, 38), 
EHFScB-9 (22, 32, 38), MLHFQ (22, 33), and MMAS-8 
(29, 39).

Seven studies had reported clinical biomarkers in 
their study outcome (27, 30, 32, 33, 36, 37, 39). From 
these studies, six have recorded an improvement with 
HbA, BMI, FBG, LDL-C, HDL-C, VO2peak, heart rate, 
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glucose, LVEF, CVD control and AF diagnosis among 
the participants of their intervention groups (27, 30, 
32, 33, 36, 37, 39). Most of this improvement recorded 
significant mean change, and significant group difference 
between intervention and control group. Only one study 
did not record any significant difference of their clinical 
biomarkers between intervention group and control 
group (39). Overall, an integration of mHealth in any 
CVD selfcare management has resulted in positive 
clinical biomarker at the end of mHealth engagement 
across the diverse study duration. 

Second outcome is mHealth acceptance that covers 
engagement, barriers, and functions. Fourteen studies 
have reported various engagement of mHealth by 
participants during their intervention (21, 22, 23, 24, 25, 
26, 27, 29, 30, 31, 34, 35, 37, 39). Total usage of mHealth 
was reported at between 70% to 85% throughout the 
intervention (22, 27, 29, 30, 37, 39). However, one 
study has reported that the usage attenuated across time 
with 88.1% at the end of first month, 42.5% at the end 
of second month and less than 10% at the end of sixth 
month (39). As reported earlier, the same study did not 
record any positive improvement of clinical biomarker 
outcome at the end of the study.  Participants have 
reported their satisfaction with the usage of mHealth in 
their disease management intervention (24, 27, 29, 31, 
35). Thus, wanted to continue with mHealth engagement 
to manage their disease (24, 27, 29). The satisfaction 
derived from many reasons including being useful, easy 
to use and informative (27, 29, 31, 39). 

mHealth has also been reported useful by nine 
studies and rated from generally useful to very useful 
among 72.8% (39), 94.1% (27) and 100% (29) study 
participants. This usefulness is evaluated from functions 
and experience gained from mHealth, including 
knowledge (21, 23, 25, 29, 31, 34, 35), data sharing 
(23, 24, 35), symptom monitoring (21, 31), reminders 
for self-care maintenance (21, 34), coordination of 
self-management (23, 25, 35), technical support (25, 
31, 34), rehabilitation process information (23, 25), 
interaction with healthcare provider or professionals 
(31, 34), and supportive environment from network, 
friends and family (34, 35). Other than this, only one 
study found nudges and praises useful in improving 
participants’ selfcare for heart failure (21). Additionally, 
majority participants in seven studies found the assigned 
mHealth easy to be used (24, 25, 26, 27, 29, 31, 34). 
This perception factored from a few reasons; design of 
the mHealth device (31), functions that support decision-
making and knowledge impartation (34), and technical 
support availability (25, 34). A good technical support 
has removed the age and digital literacy as the barrier 
for mHealth to be perceived useful, easy to be used, and 
engaged by the participants (23, 25, 26, 34). 

Other than the positive remarks for mHealth 
engagement, barrier or risk in mHealth engagement are 

also reported. They are data accuracy (21), annoying 
function (21), privacy and security (24), concern over 
limitation of face-to-face communication (31), design of 
the wearable device (31), and technical issue (31, 34). 
In brief, mHealth integration has received adequate to 
high engagement due to its usefulness, ease of use and 
minimal barriers. 

The third outcome of the studies is lifestyle and other self-
care change (medication and appointments adherence, 
physical activities, and smoking cessation). Lifestyle 
behaviour is a big part of self-care maintenance, the 
first construct from Middle-Range Theory of Self-Care 
of Chronic Illness (MRTSCCI). Other self-care constructs 
are self-care monitoring (symptom monitoring) and 
management (symptom management) (10).  Sixteen 
studies reported an improvement in lifestyle behaviour. 
Among these, only five studies found the significant 
difference in the mean change or between group at 
the end of their three months (22, 32), six months (30, 
37), and 12 months (38) intervention. The significant 
improvements were found in physical activity (22, 30) 
and overall self-care behaviour (32, 37, 38). However, 
based on these studies, the overall self-care behaviour 
had only improved up to end of the sixth months of 
the intervention, and attenuated towards the end of the 
12 months intervention (38).  This attenuation may be 
influenced by the reduction of mHealth usage after 6 
months (37, 39). The integration of mHealth in disease 
management assist participants to develop a positive self-
care habit, and skill to control disease symptoms (25, 27). 
At the occasion where the stability of the symptom was 
reached, the mHealth engagement dropped (34). Other 
improvements in lifestyle behaviour are medication and 
appointments adherence, yet with no significant group 
difference (24, 29, 37, 39). Equally important, the study 
outcome of smoking cessation change was not reported 
in any of the 19 studies. Additionally, the positive 
outcome of other constructs in the MRTSCCI that are 
self-care monitoring (25, 26, 35) and management (25, 
26) were also reported. 

The fourth study outcome is the psychology or social 
cognitive state of the participants following their 
engagement with mHealth for disease management. 12 
studies have reported psychology state in their study 
outcome. Positive outcomes have been identified for 
self-efficacy (21, 22, 25. 26, 28, 30, 31), attitude (21, 
23, 25, 30, 31, 34), social influence (23, 25, 28, 33, 
34, 35), emotion (30, 33) and depression (31, 32, 34). 
Self-efficacy was reported improved in all seven studies 
with significant improvement in two studies (22, 30). 
Meanwhile, positive attitudes have been reported in all 
six studies with one significant improvement (30). The 
participants developed attitude towards the mHealth 
engagement or self-care based on a few reasons that are, 
comfortability (25), the design of the wearable device 
(31), feeling safe (21), motivation (34), and autonomy 
in decision making (23, 25). Additionally, an anxiety 
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which is a part of depression is identified to cause 
negative attitude (31). This commonly occurred among 
participants who were less engaged with the assigned 
mHealth (34). The other outcome is social influence that 
has played a role in influencing participants’ mHealth 
engagement, thus self-care among participants. A 
few studies have recorded a good support by family, 
partners, friends, and healthcare providers, which has 
led to better engagement with the assigned mHealth (25, 
31, 34, 35).

The fifth study outcome is clinical or long-term outcome 
including quality of life. 10 studies have reported clinical 
or long-term outcome in measuring the effectiveness 
of mHealth. The data was collected from survey 
using validated scales and clinical registry or record. 
Nine studies have recorded improvement in quality 
of life, with only three studies resulted in significant 
improvement result (28, 30, 38). Other than this, six and 
three studies have reported hospitalisation (24, 26, 33, 
37, 38, 39) and mortality (33, 38, 39) rate, respectively. 
From the six studies that reported the hospitalisation 
rate, only one has reported a significant lower rate in 
intervention group compared to the control group (38). 
another two studies reported a lower hospitalisation 
rate of intervention group, but no significant difference 
compared to the controlled group (37, 39). While two 
other studies reported a higher hospitalisation result for 
the intervention compared to the controlled group (24, 
33).  Despite the positive outcome in hospitalisation, 

Table III: Summary of positive outcomes of Mhealth (n = 15)

Author Method Type of Mhealth Finding Advantage

Andersen et al., 
2020 (21)

Interviews
Wearable activity 
trackers

Most patients related their real-time 
heart rate, sleep, and step count data 
directly to their heart disease

A tool to gain knowledge about individ-
uals’ health, reassure about heart condi-
tion, promote improvement to lifestyle

Dang et al., 2017 
(22)

RCT
Mobile phone: 
messaging, call

Improved self-efficacy and QoL in 
intervention participants compared to 
usual care.

Improved self-care efficacy and QoL, 
especially in minority populations

Dinesen et al., 
2019 (23)

Case study Tablet: web portal

Participants found the technology 
helpful for education, coordination 
(goal-setting), and an overview of their 
rehabilitation data to ensure continuity 
in the rehabilitation process.

Increased sense of autonomy, motivation 
to initiate rehabilitation tasks, sense of 
relationship with health professionals

Hägglund et al., 
2019 (25)

Interviews Tablet software

The 3 phases of the self-care pro-
cess—self-care maintenance, self-care 
monitoring, and self-care manage-
ment—were confirmed by persons with 
heart failure using the mHealth system 
with a tablet computer connected to a 
weighing scale.

A tool to help the rehabilitation process

Heiney et al., 
2020 (26)

Quasi-ex-
periment

Mobile phone: app

The Healthy Heart app did not sig-
nificantly increase quality of life but 
did show clinically relevant changes 
in heart failure self-care maintenance, 
management, and confidence.

A useful tool for populations with low 
technical literacy, low health literacy, 
and limited smartphone use, due to 
simple instructional material

Huo et al., 2019 
(27)

RCT
Mobile phone: 
messaging

Compared to the control group after 6 
months, the intervention group had a 
greater reduction in HbA1C and greater 
changes in reducing blood glucose 
levels(?)

Better for controlling blood glucose 
levels; Low-cost intervention

all three studies reported higher mortality rate among 
intervention group compared to control group (33, 38, 
39). All these studies went through a three to 12 months 
intervention. Meanwhile, only one study has reported 
the MAGGIC score (33) and report the unchanged mean 
score among the intervention group participants. 

DISCUSSION

mHealth integration for patient’s CVD management 
have resulted with a list of advantages and challenges. 
This summary is made referring to the five categories of 
study outcome in Table II, namely clinical biomarker, 
mHealth acceptance, lifestyle and self-care change, 
psychology, long-term clinical outcome.

Advantages of mHealth
The systematic investigation of 19 mHealth studies 
has revealed several potential advantages of mHealth 
designed to support patients with heart disease. Table 
III summarises the positive outcomes of mHealth. 
Meanwhile, Table IV concludes the advantages of 
mHealth and their contributing factors. The study found 
mHealth interventions as useful, easy to use, improve 
secondary prevention control, improve psychological 
condition, minimize the utilisation of healthcare facility, 
good quality of life, autonomy, and high applicability 
and available to patients with limited technology 
literacy.

CONTINUE
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First, the usefulness of mHealth is identified through its 
various functions that improve patient’s knowledge, and 
confidence with their selfcare, instil positive attitude 
about their condition and using mHealth for selfcare, 
be active in symptom monitoring and recording, 
improve medication and appointment adherence, attain 
healthy lifestyle behaviour (e.g physical activities and 
smoking cessation), record and share health data, and 
get motivated to exercise selfcare. Users prefer to share 
their health and progress record with their healthcare 
professionals and family, hence receive feedback and 
assistance in managing their CVD. 

Second, mHealth is easy to be used due to the design 
and interface, the availability of technical support 
and social support from partners, family, friends, 

and healthcare professionals. Third, improvement of 
secondary prevention control that is very important in 
minimising any cardiovascular event which may lead 
to CVD severity and mortality. Majority of the studies 
have recorded a positive improvement in the clinical 
markers because of adhering to instructions from 
mHealth (medication, appointments, physical activities, 
smoking cessation reminders). Thus, lead to a decrease 
of MACCE.  

Fourth, a more positive psychological condition. The 
engagement with mHealth improves user’s confidence 
and attitude in managing their condition including 
monitoring their symptoms through the knowledge 
obtained and functions such as reminders for medication, 
physical activities, and symptom monitoring recording. 
Additionally, a good social support from the healthcare 

Table III: Summary of positive outcomes of Mhealth (n = 15) (CONT.)

Author Method Type of Mhealth Finding Advantage

Jayaram et al., 
2017 (28)

RCT
Mobile phone: 
call

Telemonitoring group had improved QoL after 6 
months and better symptom control than usual 
care group

Small improvement in monitoring dis-
ease-specific health status

Lunde et al., 
2020 (30)

RCT
Mobile phone: 
app

Improved in relative VO2peak, exercise perfor-
mance, exercise habits and self-perceived goal 
achievement in intervention group

Improved VO2 peak, exercise routine, 
and goal achievement

Middlemass et 
al., 2017 (31)

Case 
study

Touch screen 
devices

The HITAM model is not applicable to the older 
generation

mHealth can be accepted by older 
people as well

Moon et al., 
2018 (32)

Qua-
si-exper-
iment

Mobile phone: 
call

Increase in self-care behaviour, decrease in 
N-terminal pro-brain natriuretic peptide l and 
depression levels, improvement of left ventricu-
lar ejection fraction values found in the interven-
tion group compared to the control group

Improved self-management in heart 
failure patients

Rahimi et al., 
2020 (33)

RCT

Home moni-
toring kit and 
tablet: app and 
Bluetooth BP 
and heart rate 
monitor

Improvement in BP, heart rate, physical activ-
ities, social, and emotional health. Negative 
long-term outcome (rehospitalisation, visits and 
mortality)

Improved self-care maintenance and 
symptom monitoring.

Reading et al., 
2018 (34) to fix 
outcomes Inter-

view

Mobile phone: 
app - AliveCor

A proactive progress of lifestyle and knowledge 
due to supportive disease management function, 
positive internal motivation, improved relation-
ship, and collaboration with healthcare provider, 
and appropriate for users from any age group 
and technology experience level

Appropriate for users across age group 
and technology literacy level. 

Improved self-care maintenance, attitude 
and social influence.

Steinhubl et al., 
2018 (36)

RCT
Wearable activi-
ty trackers

Monitored individuals had higher rates of AF 
diagnosis, greater initiation of anticoagulants, 
increased health care resource utilization after 
1 year.

A screening tool to detect AF symptoms

Torri et al., 
2018 (37)

Qua-
si-exper-
iment

Website

A long-term home cardiac rehabilitation mainte-
nance program is feasible, well-accepted, safe, 
and effective in obtaining a sustained increase 
in self-reported physical activity up to 6 months 
and resulted in higher overall adherence to CV 
risk targets than UC.

Improved physical activity

Wagenaar et al., 
2019 (38)

RCT

Website & 
telemonitoring – 
heartfailuremat-
ters.org, e-Vita 
platform

Increase of Self-care and knowledge score at 3 
months, and improvement of QoL at 6 months. 

Improved self-care maintenance and 
quality of life.
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Table IV: Advantages of Mhealth

Advantages Contributing factors 

Useful Improve knowledge, build confidence with self-

care, inculcate positive attitude about health 

condition and self-care, symptom monitoring, 

medication, and appointment adherence, im-

prove lifestyle behaviour, data recording and 

sharing, inspire motivation

Easy to use Design, technical support, functions for decision 

support, social support

Improve sec-

ondary preven-

tion control

Improvement in clinical biomarkers, better med-

ication adherence, better lifestyle behaviour, low 

MACCE

Improve 

psychological 

condition

Self-efficacy, attitude, low depression, social 

support

Minimize 

utilisation of 

healthcare 

facility

Lower rehospitalisation and ER, lower unplanned 

doctor visits

Good quality 

of life

Improvement in mental health, improvement 

in health status, lower rehospitalisation and ER, 

lower unplanned doctor visits. 

Autonomy Decision making 

High applica-

bility 

Suitable for any age, non-mandatory technology 

literacy

professionals, family and friends assisting with the 
mHealth engagement and self-care has also improved 
their psychology state, by reducing depression and 
anxiety that is caused by their CVD. 
Fifth, an integration of mHealth in patient’s self-care 
management has proven to reduce the rehospitalisation, 
emergency room visits and unplanned doctor’s visit. 
Hereafter, lessen the utilisation of healthcare facility. 
The low utilisation of healthcare facility is a result of 
an improvement of secondary prevention control and 
remote symptom monitoring device such as AliveCor (34) 
and ECG patch (36) for AF monitoring. The minimisation 
of healthcare facility utilisation is beneficial in a macro 
level, as it reduces the healthcare cost and healthcare 
professionals’ workload. 
Sixth, a good quality of life (QoL). Patients have 
experienced an appreciation of quality of life due to the 
drop in rehospitalisation, unplanned doctor visits, and 
improved general, and mental health status. A good QoL 
is one of the indicators of health outcome. However, 
QoL commonly attenuated after 6 months of engagement 
of mHealth. This may be caused by the mHealth 
engagement depreciation. Many patients gradually 
disengage at the point a positive lifestyle habit and 
stable symptom is achieved (34,38). Seventh, autonomy 
for patients to exercise their decision making. With 
knowledge gained, and information provided upon their 
daily health record update, patients can independently 
self-regulate and plan their self-rehabilitation (23,25).  
Eighth, the applicability of mHealth for patients across 

age and technology literacy. The user-friendly design, 
good technical support, practices, and social support 
from healthcare professionals, family and friends are 
imperative to ensure the engagement from diverse 
demographic groups. Majority of CVD patients are 
elderly who has low to moderate technology experience 
(26,34). Concerning this majority group of patients, 
mHealth has been designed easy to be used by elder 
generations who commonly lack of technology 
experience. 
Viability for elderly and minority communities (32) was 
also demonstrated. Patients viewed mHealth as helping 
them access their health records, to be reassured about 
their symptoms, and to get their AF checked if they could 
not go to a doctor or hospital (22, 36) mHealth was seen 
to encourage patients to self-manage their health, (23) 
improve their blood glucose levels, (27) maintain a 
healthy weight, (32) help them keep generally healthy, 
(28) help control diabetes, and (22, 37) improve well-
being.

Challenges: appropriate duration of mHealth 
engagement for effective usage - 
Variations in duration of interventions – effectiveness 
drop over time. Many participants commonly stopped 
engaging with self-monitoring device after 3 to 6 
months of engagement (34). Controlling engagement 
sustainability is important, where many types of mHealth 
have instilled multiple tactics to improve engagement 
including gamifications, internal and external 
reinforcements such as points or money, socialisation, 
personalisation, user friendly design features, and 
continuous two-way communication with healthcare 
professionals or providers. 

Challenges when implementing mHealth
These studies identified several drawbacks. Referred 
to Table V. The most common concerns regarding 
mHealth are trustworthiness, perceived risk, technical 
issues, sustainable engagement, and frustrations. First, 
mHealth users, and clinicians are concern over the 
accuracy of the data or information disseminated through 
mHealth, including their health status or prescription of 
instruction. For example, it is not possible to detect the 
dose uptake from an electronic pillbox. The electronic 
pillbox is only able to detect the medication adherence 
but not the detail of the dosage. Furthermore, it is also 
not accurate to indicate this as a dose intake as the 
patient may choose to discard the pill after using the 
pillbox (38). Thus, projects doubt, and trustworthiness 
issue towards mHealth. 

Second, mHealth users have expressed apprehensions 
over the data storage system mechanism, including the 
authorization level to their personal information. This 
privacy concern leads to high perceived risk towards 
mHealth (26,34).  which may be one of the reasons for 
the low uptake of mHealth (26, 34). The third obstacle 
is the technical issues faced by the users, more common 
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among the elderly (26). A limited professional assistance 
as a guide would hinder proper understandings of 
mHealth and solutions to any technical issues. Thus 
limit the users’ interest to continue their engagement 
with mHealth as their self-care support (26). 

Fourth, equivocal outcomes are caused by inconsistent 
engagement. A full significant result of mHealth 
outcome is possible with a sustained engagement. 
However, patients tend to reduce their engagement after 
obtaining targeted lifestyle habits or have reached zero 
symptom. The fifth challenge is anxiety that is commonly 
experienced due to technical issues, below expectation 
achievement and continuous nudges (21). mHealth may 
be a challenge for a low technology literacy group, 
thus provokes their anxiety and fear. Then patients may 
overreact to seeing their health-related measurements 
such as heart rate or ECG diagram or have a sense of 
failure if they fail to achieve their goals. Other than 
this, some mHealth may continuously send reminders 
and push upon below achievement of target. Instead 
of feeling motivated, some patients may get stressed up 
getting these continuous nudges.    

Nonetheless, capturing the accuracy of patient 
compliance is still an important feature for mHealth to 
improve, i.e., the human, not the technical responses 
of the users – human error – which is difficult to take 
account of.   

Implications

This study has identified several significant implications 
for practical and research. First, duration of a study 
is critical in observing the effectiveness of mHealth 
integration in patient’s CVD management. A long-term 
outcome, that is hospitalisation or visits is best observed 
in the long duration study, such as 12 months. Previous 
studies of less than 12 months report an improvement 
of clinical outcome such as rehospitalisation, but 
not significant unlike the 12 months study that shows 
significant result. 

Second, mortality rate is not suitable to be included 
as a measurement of the study outcome. This is due to 
the other comorbidities that may be the cause of death, 
instead of CVD. 

Third, an integration of mHealth as a part of home 
rehabilitation for CVD patients requires a good support 
from the healthcare provider and other network (family 
and friends). This support includes technical and moral 
support which contribute to the continuous engagement 
of mHealth. An absence of any form of support may 
result in anxiety and depression during the engagement, 
thus a depreciation of engagement and adherence rate. 
Hereafter, the depreciation of health status and increased 
probability of MACCE. 

Limitations and Suggestions

This study has several limitations. First, this study was 
limited to the application of mHealth in cardiovascular 
disease, but not for other chronic diseases such as 
diabetes mellitus (DM), chronic lung diseases (CLDs), 
chronic kidney disease (CKD), cancer, epilepsy, HIV/
AIDS, chronic obstructive pulmonary disease (COPD) 
and others. Second, only the empirical research 
published in PUBMED was screened and included 
in this systematic review. PUBMED is identified as a 
principal search system for its copyrighted and open 
access content for medical evidence (29).  However, 
this may lead to a limited acquisition of information 
surrounding this research topic. 

Future research should consider extending the research 
area to investigate the effectiveness of mHealth on 
other types of chronic diseases could contribute to a 
more integrated understanding of the use of mHealth 
in the field of medicine. Finally, future researchers 
are recommended to extend their article investigation 
to other databases such as Scopus, Web of Science, 

Table V: Challenges for implementing Mhealth

C h a l -
lenges 

Contributing factor Suggested solution 

T r u s t -
worthi-
ness  

Data accuracy (21) Patients should be supported by 
clinical staff to interpret the gener-
ated activity data.

Medication measuring can be via 
random telephone pill count calls, 
Skype, or other methods.

P e r -
c e i v e d 
risk 

Personal data pri-
vacy and security 
(24)

An improvement of hospital infor-
mation system security

Certification of security from rele-
vant agencies

Training on the security and pri-
vacy of the built MHealth system 
to create better awareness and un-
derstanding

Techni-
cal is-
sues 

Limited technical 
support (25,34)

Training to be provided to patients 
and partner/ family prior to enrol-
ment into any MHealth integration 
programme.

A good team of technical support 
to assist any arise issue

Equivo-
cal out-
come

Inconsistent and 
attenuating en-
gagement

( 2 4 , 
26,33,37,38,39)

Longer duration of engagement 
that is up to 6 months.

Healthcare provider to monitor 
daily engagement rate, and con-
tact users for reminder and moti-
vation

Frustra-
tions 

Un attainment of 
goal (21)

The message in MHealth should 
include motivational messages

Low competency 
report 21,23)

The message in MHealth should 
include motivational messages
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EBSCOhost, and so on, to find more detailed information 
about the effectiveness of mHealth for patients with 
chronic diseases. 

CONCLUSION

In summary, the types of mHealth identified from the 
19 selected empirical studies included websites or apps, 
text messaging or phone calls, and wearable activity 
tracker. Overall, the evidence supporting the usefulness 
of mHealth was that it is a convenient and effective tool 
for helping to improve the condition of patients with 
heart disease across different age ranges, socioeconomic 
status, and population. However, it also exhibited the 
general drawbacks of technology such as privacy and 
data security problems, the technical issues faced by 
patients with limited experience in technology use, the 
possible negative responses provoked by the technology 
used, as well as the accuracy of the statistics recorded.
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