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ABSTRACT

Objective: To determine the effectiveness of mobile health augmented cardiac rehabilitation (MCard) on behavioural factors
among post-acute coronary syndrome (post-ACS) patients.

Study Design: Randomised controlled trial.

Place and Duration of Study: Armed Forces Institute of Cardiology (AFIC), from January 2019 till March 2021.

Methodology: Post-ACS patients were assigned to one of two groups: intervention (counselling, brief text messages, and stan-
dard post-ACS care) or control (no intervention) (standard post-ACS care). Healthy eating (Healthy eating assessment tool) and
physical activity (IPAQ tool), medication compliance, smoking, salt intake, blood pressure (BP), and weight self-monitoring were
assessed as behavioural factors. Data were collected three times for a six-month follow-up period (baseline, 12 and 24 weeks).
Result: At 12 weeks, 121 (76.62%) of the 160 patients enrolled patients (80 in each group) were analysed; and at 24 weeks,
119 (74.38%) were analysed. Mean MET score at baseline was 1170 control vs. 1161 intervention (p = 0.940), at 12 weeks 826
vs. 934 (p = 0.390); and at 24 weeks was 925 vs. 1454 (p = 0.007). Healthy eating value at baseline was 36.43 control vs.
36.38 intervention (p =0.897), at 12 weeks 38.76 vs. 40.98 (p<0.001); and at 24 weeks 40.12 vs. 43.54 (p <0.001). There was
also a significant difference in salt intake (p = 0.008) and healthy diet (p = 0.012), but not in medicine compliance, smoking
behaviour, self-monitoring of BP and weight.

Conclusion: The MCard positively impacts the post-ACS participants' behaviours in terms of physical activity, healthy eating,
and salt restriction. MCard evidenced as a feasible intervention in terms of having lasting behaviour modification among this
vulnerable patient population.
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Physical activity, Smoking, Tobacco, Telemedicine, Lifestyle modification.
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INTRODUCTION

Acute coronary syndrome (ACS) includes acute ST-elevation
myocardial infarction, unstable angina, and non-ST-segment
elevation and is one of the most common causes of premature
deaths.!
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Risk factors of ACS are both non-modifiable (age, gender, family
history, ethnicity) and modifiable. The modifiable factors that
need to be focused on are smoking, including first, second and
third-hand smoking, an unhealthy diet, which leads to over-
weight, obesity, increased glycemic index, uncontrolled lipid
profile, high blood pressure (BP) related to high salt intake, and
sedentary lifestyle.?

Physical inactivity is a significant contributor to heart diseases.
Adults with low physical activity are at increased cardio-
metabolic risk. Being physically active, helps reduce weight,
lower BP, which helps minimise the risk of developing ACS.’ Diet
is likely to play a part in the risk of a cardiac adverse event.
Consumption of non-processed fruits and vegetables, whole
grains, and lean protein is encouraged in healthy dietary habits;
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whereas, sugar-sweetened products are restricted.* Smoking is
known to be the underlying trigger for myocardial infarction.
Smoking primary prevention and quitting is a critical factorin the
prevention and relapse of ACS, and all these modifiable risk
factor preventionsdepend upon CRandits utilisation.’

Realising that sociodemographic factors, unhealthy dietary
habits and lack of physical activity are associated with increased
risk of cardiac events, a need arises to reduce these risk factors.®
Lifestyle modification are very beneficial in controlling the
increasing burden of ACS, asithas shown that lifestyle behaviour
modifications can alter ACS course.” Cardiac rehabilitation (CR)
is a pillar of secondary prevention following the ACS event.? CR
incorporates graduated cardiovascular exercise, risk factor
modification, education, and social support service, which
improve behaviours.” A study in Pakistan showed that CR,
following myocardial infarction, effectively improved health-re-
lated quality of life; and shall be implemented at healthcare insti-
tutions in Pakistan. *° Although the CR has demonstrated effec-
tivenessinimproving patient'sbehaviours, participationinthese
programmes is low."* Mobile health (mhealth) interventions are
being incorporated in CR programmes to increase the utilisation
of CR programme and a favourable prognosis.”> Telephonic
counselling for behavioural and clinical factors in post-ACS
patients is believed to reduce mortality and morbidity in devel-
oped countries, butthisaspectis unexploredindeveloping coun-
tries.

Thereisapaucity of studiesontheeffectivenessof mHealthincor-
porated CRinimproving post-ACS patients' behaviours.

This study aimed to find out the effectiveness of MCard on the
behaviour of post-ACS patients, who were admitted to a tertiary
carehospitalthrougharandomised controlledtrial.

METHODOLOGY

Atwo-arm randomised controlled trial was conducted at Armed
Forces Institute of Cardiology; and National Institute of Heart
Diseases (AFIC-NIHD), a tertiary care cardiac centre in
Rawalpindi, Pakistan, fromJanuary 2019tillMarch2021. Thetrial
is registered with the Australian New Zealand Clinical trial
registry (ANZCTR) under trial registration No: ACTRN12619
001731189 ® and its detailed protocol have been published in
the PakistanJournal of Medical Sciences.™

Study subjectsincluded all ACS patients (ST-Elevation Myocar-
dial Infarction, Non-ST-elevation Myocardial Infarction, and
Unstable Angina) in the last month. Patients fulfilling eligibility
criteria were randomly allocated to control or intervention
groups by a computerised random number generator. In addi-
tion to standard post-ACS treatment, the intervention group
received the MCard intervention, a medically monitored
cardiacrehabilitation programme. During the hospital stay, the
first phase of the MCard included individualised counselling.
The second phase included diurnal mobile texting of stan-
dardised messages about healthy lifestyle changes, using a
specially createdapp.Before participatinginthestudy, all parti-
cipants were asked to provide written informed consent. Data

were collected at baseline 12 weeks follow-up and at 24 weeks
follow-up.

Along with demographic details, physical activity level and
dietary habits were assessed through the international physical
activity questionnaire (IPAQ) and healthy eating assessment
questionnaire (HEQ). The IPAQ scoring was that those having
less than 600 were in a low category, those having 600-3000
MET-minutes were classified as moderate; whereas, having
more than 3000 were of high category group.” Dietary assess-
ment scores were calculated by using HEQ. Diet scores were
calculated by the summation of intake of fruits, vegetables, fried
foods, snacks, sugar, milk products, and meat as reported by the
participants. HEQ comprises ten items and scoring ranges from
values of 10-50; categories are fair (20-29), good (30-39), and
excellent (40-50)." Smoking status was assessed with some
basic questions using a self-constructed questionnaire and clas-
sifiedintonon-smokers, currentsmokers, and ex-smokers. More-
over, ameasure of the number of cigarettes smoked per day was
considered. Questions related to salt reduction to less than a
teaspoon perday, walk foratleast 20 minutes, thrice-weekly and
takingmedicationaccordingtodoctor'sprescriptionweresubjec-
tively assessed. Subsequently, checking BP and weight at least
once weekly and the subjective preference for a healthy diet
wereassessed.

STATA version 14 was used to enter and analyse data. The cate-
gorical data were presented using frequencies and percentages,
and the two groups were compared using Chi-square test. The
continuous data of the two groups were presented as a mean,
with a standard deviation; and an independent-sample t-test
was applied to find an association of MCard and participants’
behaviours of both the groups. A p-value of less than 0.05 was
usedtodeterminethelevelof significance.

RESULTS

A total of 160 post-ACS patients were enrolled. They were
randomised in a 1:1 ratio into groups of 80 in each (control and
intervention). The mortality was 22 (13.8%); whereas, 19 (11.9%)
were lost to follow-up. Thus 119 (74.4%) participants completed
sixmonths of assessment. The mean age was 52.67 + 8.47 years,
with no significant difference between the two groups (p=0.124).
The majority were males (n=126, 78.80%), Punjabis (119, 74.4%),
and about half of the population had no formal education (49,
30.6%).

According to IPAQscoring, at 12 weeks follow-up, most of the inter-
vention group participants were in the moderate group, 50
(70.42%); and at 24 weeks follow-up, 53 (75.71%) participants. At
12 and 24 weeks, the control group was also in the moderate group,
32 (64.00%) and 32 (65.31%), respectively. There was no signifi-
cant difference in physical activity levels between the two study
groups at baseline and 12 weeks follow up, as observed by the
mean MET minutes (control: 826.77, p-value = 0.390); whereas,
the mean MET min was significantly different among the control
and intervention groups at 24 weeks follow-up; (control: 925.64,
95% Cl: 724.58, 1126.70 vs. intervention: 1454.50, 95% CI:
1163.84,1745.15,p=0.007), respectively (TablelandFigure 1a).
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Table I: Behavioral outcomes assessment using IPAQ and HEQ scoring of MCard participants.

Baseline _value 12 weeks follow-up value 24 weeks follow-up value
nw P n (%) P n (%) P
International physical activity questionnaire scoring of MCard participants
Low Control |18 (22.50) 18 (36.00) 16 (32.65)
Intervention |20 (25.00) 20 (28.17) 9 (12.86)
. Control |60 (75.00 32 (64.00 32 (65.31
IPAQ Scoring Moderate - ( ) 0.933 ( ) 0.483 ( ) 0.010
Intervention |58 (72.50) 50 (70.42) 53 (75.71)
High Control 02 (2.50) - 1(2.04)
9 Intervention | 02 (2.50) 1(1.41) 8(11.43)
A healthy eating score of the MCard participants
) Control - 2 (4.00) -
Fair -
Intervention| 2 (2.50) - -
Control |72 (90.00) 23 (46.00) 20 (40.82)
HEQ Score Good - 0.042 <0.001
Q Intervention | 67(83.75) | 0.265 22 (30.99) 06 (08.57)
Control 8 (10.00) 25(50.00) 29 (59.18)
Excellent -
Intervention|11(13.75) 49(69.01) 64 (91.43)
Table II: Behavioral outcomes among the control and intervention groups at baseline and follow-ups.
Baseline 12 weeks follow-up 24 weeks follow-up
Yes [ No ‘ p-value Yes [ No ‘ p-value Yes [ No ‘ p-value
n (%) [ n (%) | n (%) [ n(%) | n% ['n (%) |
Medicine’s compliance ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
Control 57 (71.25) 23(28.75) 48 (94.12) 03 (5.88) 48(97.96) 01 (2.04)
Intervention [61(76.25) 19023750 1 °%?  [®9(o7.18) (02282 | %490  I6o(e857)  [o0i(143) | 0.798
Salt restriction ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
Control 44(55.00) 36(45.00) 37(74.00) 13 (26.00) 37(75.51) 12 (24.49)
Intervention | 32(40.00) | 48(60.00) | 0.057 | 58(81.69) | 13(18.31) | 0311 | 65(92.86) | 5(7.14) | 0.008
Healthy diet preference | | | | | | | | |
Control 65(81.25) 15(18.75) 39 (78.00) 11 (22.00) 40 (81.63) 09 (18.37)
Intervention [68(85.000 | 12500 1 %%  [e7(0437) (04563 | %097  Ie7(57)  [o3dzs | %012
Check BP
Control [ 49(61.25) [31(38.75) | 0.320 [ 47(94.00) [ 03(6.00) [ 0.820 [ 47(95.92) [ 02 (4.08) [
Intervention | 55(68.75) | 2531250 | | 66 (93.00) | 05(7.00) | | 67(95.71) | 03 (4.29) |
Check weight ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
Control 34(42.50) 46(57.50) 40(78.43) 11(21.57) 39(79.59) 0.956
Intervention [2430.000 5607000 ]  [%287.32) [o(1268 | "' eiria) | oozee | %%
Walk
Control 51(63.75) [ 29(36.25) 40(80.00) [ 10(20.00) 37(75.51) [ 12(24.49)
Intervention 46(57.50) | 34(42.50) | 0418 56(78.87) [ 15(21.13) 0.880 65(02.86) | 05(7.14) 0.008
Non-smoker n (%) n (%) n (%)
Control 51 (63.75) 27 (54.00) 26 (53.06)
Intervention 52 (65.00) 44 (61.97) 45 (64.29)
Current smoker ‘ ‘ ‘ ‘ ‘ ‘
Control 14 (17.50) 7 (14.00) 7 (14.29)
Intervention [ 16 (20.00) | 0788 71 (1549 | 0508 I 5(12.86) | 0432
Ex-smoker
Control [ 15 (18.75) [ [ 16 (32.00) [ [ 16 (32.65) [
Intervention | 12 (15.00) \ | 16 (22.54) | | 16 (22.86) |

The majority of the intervention group at 24 weeks follow-up
were significantly more in the excellent category as healthy
eating was analysed (n=64, 91.4%, p <.001). There was an
improvement in the dietary habits as shown by the mean
HEQ value among intervention group from baseline to 12
and 24 weeks follow-up; (control: 36.43, 95% CI:35.93,
36.92, vs. intervention: 36.38, 95% CI:35.78, 36.97, p
=0.897); at 12 weeks (control: 38.76, 95% ClI: 37.75, 39.76
vs. intervention: 40.98, 95% ClI: 40.31, 41.65, p <0.001) and
at 24 weeks (control: 40.12, (95% Cl: 39.15, 41.08, vs. inter-
vention: 3.5, 95% Cl: 42.83, 44.25, p <0.001, (Table | and
Figure 1b).

The subjective assessment of healthy diet preferences
showed a marked improvement at 12 and 24 weeks follow-
up; at 12 weeks, control: 39 (/78%) vs. intervention:
67(94.3%) (p=0.007) and at 24 weeks, control: 40 (81.6%)
vs. intervention: 67 (95.7%) (p=0.012). Of the 160 partici-

pants, 30 (18.75%) were regular smokers. The smoking
behaviour of both groups was not affected significantly by
the intervention. However, an assessment of the smoking
behaviour indicated that smoking cessation dropped by
8.8%. The subjective medicine compliance also improved
from baseline to 12 weeks and 24 weeks follow up; at base-
line control: 57 (71.25%) vs. intervention: 61 (76.25%,
p=0.472), at 12 weeks, control: 48 (94.12%) vs. interven-
tion: 69 (97.18%, p=0.400) and at 24 weeks, control: 48
(97.96%) vs. intervention: 69 (98.57%, p=0.798). The partici-
pants in the intervention group showed a better adoption of
salt restriction in their diet towards the end of the trial at 24
weeks though it was not significant at 12 weeks: control: 37
(74%) vs. intervention: 58 (81.69%, p=0.311) whereas at 24
weeks, salt restriction in controls: 37 (75.5%) vs. interven-
tion: 65 (92.8%, p=0.008).
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Figure 1 (a,b): International physical activity assessment and healthy
eating assessment among the post-ACS at baseline, 12 weeks and 24
weeks.

Self-monitoring, including checking of blood pressure (BP)
and weight, was also practised by the participants at least
once weekly; at 12 weeks checking BP in control was 47
(94%) and in intervention 66 (93%) (p=0.820), at 24 weeks
in control: 47 (95.2%) vs. intervention: 67(95, 7%, p=0.956).
Similarly checking weight at 12 weeks, control: 40 (78.4%)
vs. intervention: 62 (87.3%, p=0.191); at 24 weeks control:
39 (79.5%) and intervention: 61 (87.1%, p=0.268). Walking
for 20 minutes at least thrice a week showed no significant
improvement at 12 weeks; where, among control were 40
(80%) and among intervention were 56 (78.8%, p=0.880)
but was markedly better at 24 weeks, control: 37 (75.5%)
and intervention: 65 (92.8%, p=0.008, Table II).

DISCUSSION

MCard is the first novel approach that is flexible, affordable,
and appealing to change behavioural outcomes (physical
activity, healthy diet, and salt restriction) by increasing
awareness and incorporating self-care practices among post-
AS patients. This 24-weeks follow-up trial provided evidence-
based medicine regarding the effectiveness of secondary
prevention programmes, MCard, on post-ACS patients
behavioural parameters (physical activity, dietary intake,

and smoking status). MCard is associated with improvement
in post-ACS patient's behavioural outcomes.

Reid et al. conducted a study on 137 post-ACS patients. He
compared a mHealth CR (CardioFit) to standard care,
concluding that physical activity at 24 weeks was subjec-
tively increased in the intervention group.”” Exercise-based
CR also achieves clinically significant changes in physical
strength and physical functioning in ACS patients, according
to a meta-analysis.'® All these studies favour this study and
concluded that MCard could improve physical activity among
post-ACS patients, which is undoubtedly one of the
modifiable risk factors to be targeted. However, on the
contrary, one meta-analysis concluded that there was a
minimal improvement from exercise in a mHealth based
CR.lg

Diet counselling increased adherence to proper diet, as
shown by the increase in HEQ scores at 12 and 24 weeks
follow-up. Subjective assessment of healthy diet preference
also showed marked improvement. Zhong et al., in their
study, found that eating fruits, vegetables, whole grains,
fish, nuts, legumes, low- or no-fat dairy products, and some
vegetable oils decreased the risk of cardiovascular disease
and mortality.”® Quitting smoking is hard, even after life-
threatening events such as ACS syndrome. This study
revealed that smoking cessation dropped by 8.8% only,
which was not statistically significant. A study in Italy
revealed that in post-myocardial infarction, smokers' percen-
tage fell by 23.5% (p=0.01), following a counselling interven-
tion as CR program.”* Another study showed that smokers at
a high-risk baseline might be more motivated to quit
smoking, and thus more likely to respond to mHealth
smoking cessation programmes.”

There were no difference in medical compliance between
intervention and control groups. A similar study revealed
that medication non-adherence by patients with ACS is
linked to a lack of understanding and co-morbidity.” Qualita-
tive studies can be planned to understand the non-com-
pliance among post-ACS patients. A study in Portugal
revealed that after the adoption of salt reducing strategies,
there was a population-wide reduction in high blood pres-
sure and cardiovascular diseases.” As significant adoption of
salt restriction was observed in this trial (p-0.008), if follow-
up of the same participants can be planned, insight into the
BP reduction can be assessed. Another study involved pa-
tient education programmes in post ACS patients. In a study
educating post-ACS patients at 45 and 180 days follow-up,
subjects' body weight, BMI, and health status showed no
improvement.”

The limitations of this study are that, it is a mono-centre
study. If this was a multicentre trial, we could generalise
study findings to all the post-ACS patients in Pakistan.
Secondly, patients coming to this tertiary care centre might
be more or less motivated, adherent or non-adherent to
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evidence-based guidelines, having chances of participation
bias. More research integrating emerging technologies is
needed in high-income and low-to-middle-income countries
to evaluate the efficacy of affordable and feasible CR
models. Studies on the cost-effectiveness of mHealth-en-
hanced CR could be conducted in the future. MCard has also
been shown to improve CR attendance and self-manage-
ment skills, although the long-term effects will need to be
investigated in more extensive studies in the future. Rising
MCard services across the country could help many post-
ACS patients improve their physical and mental health, while
also lowering their non-communicable disease burden.

MCard, a noteworthy intervention, can be adopted at the
tertiary healthcare delivery level by training nurses and
junior doctors, who can help patients acquire better health
behaviours, prevent recurrence and decrease morbidity and
mortality of this vulnerable group. Auxiliary health staff like
lady health workers can also be employed at low cost to
work in such programmes and trained to do counselling and
follow-up on mobile phones. All of these patients were
mobile phone owners, so this seems to be a very cost-effec-
tive CR model. Once established at the tertiary level, it can
be implemented at primary and secondary healthcare levels,
too.

CONCLUSION

The MCard positively impacts the behaviours of post-ACS
participants, in terms of physical activity, healthy eating,
and salt restriction. MCard evidenced as a feasible interven-
tion in terms of having lasting behaviour modification
among this vulnerable patient population. It did not signifi-
cantly affect the participants' smoking behaviours, but the
self-monitoring practices were improved more among the
MCard group than the control group.
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