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Abstract

Objective: This study aimed to determine the usability of the EMPOWER-SUSTAIN Self-Management Mobile App© and evalu-
ate the factors associated with its usability among patients with cardiovascular risk factors in primary care.

Methodology: This was a cross-sectional study, conducted among patients aged≥ 18 years with cardiovascular risk factors
attending a university primary care clinic. Patients were given the app to use for at least three months. Those who fulfilled
the eligibility criteria were recruited. Data gathered were on sociodemographic, clinical characteristics, self-management
support by doctors, utilisation of the app at home and social support in using the app. The previously translated and validated
Malay version of the mHealth App Usability Questionnaire was used to measure usability. The mean usability score was calcu-
lated and linear regressions analysis was conducted to determine the factors associated with the usability of the app.

Results: A total of 247 patients with at least one cardiovascular risk factor(s) were recruited. The mean age was 60.2 (±8.2).
The majority were Malays (86.2%) and half of them were males (52.2%). The total mean (±SD) usability score was 5.26
(±0.67) indicating a high usability of the app. Usability of the app declined with increasing age in the simple linear regres-
sions analysis. The multiple linear regressions yielded that being Malay (b= 0.31, 95% CI 0.08,0.54), using the app at home
to understand their medications (b= 0.33, 95% CI 0.12,0.53) and having social support from family members and friends
(b= 0.28, 95% CI 0.07,0.49) were significantly associated with higher usability of the app.

Conclusion: The usability of the EMPOWER-SUSTAIN Self-Management Mobile App© was high among patients with cardio-
vascular risk factors in our primary care clinic. This finding supports the widespread use of this app among our patients.
Involvement of family members and friends should be encouraged to improve the usability of the app.
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Introduction

Background

Cardiovascular disease (CVD) is the principal cause of
death and disability worldwide, with 366million disability-
adjusted life years attributed to CVD in 2017.1 Four major
cardiovascular (CV) risk factors i.e., hypertension, type 2
diabetes mellitus (T2DM), dyslipidaemia and obesity
have been identified to cause CVD.1 In Malaysia, the clus-
tering of multiple CV risk factors has undoubtedly contrib-
uted towards CVD being the number one cause of death
over the last three decades.2,3 The National Health and
Morbidity Survey (NHMS) 2019 found that a staggering
3.4 million people lived with two major risk factors while
another 1.7 million people lived with three major risk
factors.2 Out of all deaths, CVD was responsible for 35%,
with coronary artery disease contributing 15% and stroke
8%.3 Meanwhile, 18% of CVD deaths in 2020 were prema-
ture, occurring in the age group of 41–59 years old.3

In Malaysia, most patients with CV risk factors are
managed in primary care.4 However, the majority of them
do not achieve control targets.4–8 Suboptimal management
of long-term conditions such as those with CV risk factors
leads to CVD complications.4–8 In order to improve out-
comes, the Chronic Care Model (CCM) provides a concep-
tual framework for healthcare system change in managing
long-term conditions.9 This model describes six integrated ele-
ments i.e., health system structure, self-management support,
delivery system architecture, decision support, clinical infor-
mation system and community resources.9,10 Among the ele-
ments of CCM, self-management support has been
acknowledged as one of the key elements to improve out-
comes, especially for those with CV risk factors.11

Traditionally, self-management support tools for patients
with multiple CV risk factors were developed using paper-
based materials e.g., the EMPOWER-SUSTAIN Global
Cardiovascular Risks Self-Management Booklet©.12,13 The
exponential use of mobile phones in the last two decades
unlocks the potential to digitise paper-based self-management
tools into an app using mobile health (mHealth) technology.13

With this in mind, the booklet was transformed into the
EMPOWER-SUSTAIN Self-Management Mobile App©.13,14

This app consists of eight sections, namely ‘My Profile’,
‘My Cardiovascular Risks’, ‘My Treatment Targets’, ‘My
Check-Up’, ‘My Weight Management’, ‘My Smoking
Habit’, ‘My Self-Management’ and ‘My Medication’.13,14
The design, development, testing and refinement of the
mobile app, including its specific features and functional-
ities to support CV risk factor self-management have been
elaborated in great details in a recent publication.14 The
section on ‘My Self-Management’ consists of subsections
on ‘My Home Blood Pressure’, ‘My Home Blood Sugar’,
‘My Daily Food Plan’, ‘My Exercise’ and ‘My

Achievement’ where patients can use the app to record
and monitor their blood pressure (BP), blood sugar, daily
food intake and exercise at home.14 This mobile app is cur-
rently being used in the EMPOWER-SUSTAIN Clinic at
our primary care centre among patients with CV risk
factors. However, the usability of this app among these
patients was not known.

Objectives

Therefore, the objectives of this study were to determine the
usability of the EMPOWER-SUSTAIN Self-Management
Mobile App© and to evaluate the factors associated with
its usability among patients with CV risk factors in
primary care.

Methods

Study design, setting and population

This was a cross-sectional study conducted at the
EMPOWER-SUSTAIN Clinic, which is located at a univer-
sity primary care centre in Klang Valley, Malaysia from
June 2021 to June 2023. The study population was patients
with at least one CV risk factor attending the
EMPOWER-SUSTAIN Clinic who fulfilled the inclusion
and exclusion criteria.

Inclusion and exclusion criteria

This study included patients aged 18–80 years who fulfilled
the following criteria:

1. Have at least one CV risk factor(s) i.e., clinician’s diag-
nosis of hypertension, and/or T2DM, and/or dyslipidae-
mia, and/or obesity.

2. Were able to read and understand the Malay language.
3. Have an Android smartphone for installation of the app.
4. Have the EMPOWER-SUSTAIN Self-Management

Mobile App© installed for at least 3 months.
5. Attended the EMPOWER-SUSTAIN Clinic at least

twice within 6 months.

Patients who fulfilled any of the following criteria were
excluded from the study:

1. Diagnosed with circulatory disorders requiring second-
ary care over the past 1 year (e.g., acute coronary syn-
drome, stroke, transient ischaemic attacks, peripheral
vascular disease).

2. On renal dialysis.
3. Presented with severe hypertension (systolic BP > 180

mmHg and/or diastolic BP > 110mmHg).
4. On radiotherapy/chemotherapy or palliative care.
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5. Had any form of mental disorder or cognitive impair-
ment that would affect the ability to answer the ques-
tionnaire, for example, dementia or mental retardation.

6. Pregnant.

Definition of terms and study variables

Usability was defined as ‘the extent to which a product can
be used by specified users to achieve specified goals with
effectiveness, efficiency, and satisfaction in a specified
context of use’.15,16 Household income groups were cate-
gorised into Bottom 40%; B40 (<RM4850), Middle 40%;
M40 (RM4850–RM10959), and Top 20%; T20
(>RM10959) based on the Report of Household Income
and Basic Amenities Survey 2019 by the Department of
Statistics, Malaysia.17 CV risk factors were defined as
having any of the following conditions i.e., clinician’s diag-
nosis of hypertension and/or T2DM and/or dyslipidaemia
and/or obesity; body mass index (BMI) which were cate-
gorised into obese class I (27.5–34.9 kg/m²), obese class
II (35.0–39.9 kg/m²) and extreme obesity class III (≥ 40
kg/m²).18 A current smoker was defined as patients who
were smoking any kind of tobacco product at the time of
data collection. Ex-smokers were defined as those who
had stopped smoking for more than a year, and non-
smokers were defined as those who never smoked any
tobacco product. Self-rated health status was defined as
the patients’ perception of their own health condition
based on the 2002 World Health Survey.19 Treatment
targets were defined according to the Malaysian Clinical
Practice Guidelines (CPG) on the Management of
Primary and Secondary Prevention of Cardiovascular
Diseases 201720 and the CPG on the Management of
Type 2 Diabetes Mellitus (6th Edition) 2020.21 According
to these guidelines, HbA1c of <7%, fasting plasma
glucose (FPG) of <6.1mmol/L, BP of <140/80mmHg for
diabetes and <140/90mmHg for non-diabetes, total choles-
terol (TC) < 5mmol/L, high-density lipoprotein cholesterol
(HDL-c) of > 1.0 in males and > 1.2mmol/L in females, tri-
glyceride (TG) of ≤1.7mmol/L, and low-density lipopro-
tein cholesterol (LDL-c) of ≤2.6mmol/L were defined as
achieving the treatment targets.20,21 Optimum BMI was
defined as 18.5–22.9 kg/m².18 Social support was defined
as ‘patients receiving support from family members/neigh-
bours/friends to use the mobile app at home, which is inclu-
sive of technical support’.

Study tool

The usability of the app was measured using the mHealth
App Usability Questionnaire (MAUQ)22 which has been
translated and validated in the Malay language
(M-MAUQ).23 This questionnaire has excellent internal
consistency reliability, with an overall Cronbach’s value
of 0.914.23 The kappa statistic revealed excellent agreement

between expert and user raters for both the content and face
validities (>0.77).23 Permission to use the M-MAUQ was
obtained from the authors. This questionnaire consists of
18 items framed within three subscale domains which is
summarised in Table 1.

Each item was rated using a 7-point Likert scale ranging
from 1 (strongly disagree) to 7 (strongly agree). The mean
and standard deviation (±SD) for the individual items in the
M-MAUQ were calculated. Subsequently, the total mean
score and the mean scores of the three subscale domains
were calculated. A higher mean score indicates better
usability, where a mean score of ≥4 gives an indication
of a high usability of a mHealth app.22,23

Recruitment and data collection procedures

Patients with at least one CV risk factors (hypertension and/or
T2DM and/or dyslipidaemia and/or obesity) who were already
using the EMPOWER-SUSTAIN Global Cardiovascular
Risks Self-Management Booklet© were approached in the
nurse’s assessment room. They were invited to use the
EMPOWER-SUSTAIN Self-Management Mobile App©.
Once they agreed, this app was installed into the patients’
Android smartphone. They were given a username and pass-
word to access the app. A brief explanation on how to use the
app was given. The above steps were conducted between June
2021 and December 2022 to ensure that the patients had the
app for at least three months prior to their recruitment into
the cross-sectional study. These patients were then given an
appointment to be seen at the EMPOWER-SUSTAIN
Clinic. This specialised service clinic was set up under the uni-
versity primary care centre for patients who are using the
EMPOWER-SUSTAIN Self-Management Mobile App©.

Recruitment and data collection were conducted from
November 2021 to April 2023. Patients were recruited
during their second visit to the EMPOWER-SUSTAIN
Clinic. A universal sampling method was used in this study
whereby all patients attending the EMPOWER-SUSTAIN
Clinic were invited to participate. Four research assistants
were trained to recruit patients and collect the data in order
to maintain a standardised method. Patients were approached
in the nurse’s assessment room and invited to participate. They
were given the study information sheet containing back-
ground, purpose, benefit, procedure, confidentiality status,
and contact information for the study. The patient was then
screened for eligibility according to the inclusion and exclu-
sion criteria. Those who fulfilled the eligibility criteria and
agreed to participate were recruited. Written informed
consent was obtained from all participants involved in the
study.

Socio-demographic data, which included age, gender,
marital status, education level, employment status and
household income were collected. Data on clinical factors
i.e., self-reported health status and smoking status were also
collected. Weight in kilogram were measured using Seca®
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weighing scale and standing height in centimetre were mea-
sured using Seca® stadiometer. BMI was calculated as
weight in kilograms divided by the square of the height in
meter. BP in mmHg was measured twice using a Welch
Allyn® automated digital BP monitor, taken two minutes
apart on the right arm in a sitting position. The average of
the two BP readings were used for analysis. Patients’ blood
investigation results i.e., HbA1c and fasting serum lipid i.e.,
TC, TG, HDL-c and LDL-c done within the last 1 year,
were retrieved from the electronic medical record.

Questionnaire administration

The M-MAUQ was given to the participants to be self-
administered. Prior to the questionnaire administration, a
clear verbal instruction on how to fill out the questionnaire
was given. Participants were reminded to complete the
questionnaire in approximately 30 minutes without refer-
ring to notes or family members. They were free to ask
for clarification from the research assistants at any time
should any query arise. Once the questionnaire was com-
pleted, participants returned them directly to the research
assistants, who then checked for completeness.

Sample size determination

A single mean formula [n= (z σ/Δ)², z= 1.96 (95% confi-
dence interval); σ=mean (SD) of the population and Δ=
precision (0.05)] was used to calculate the sample size in
this study. The assumption for the mean (±SD) was based
on the usability of the Cora Health app, a self-management
programme for hypertension, using the MAUQ.24 This
study found that the mean score (±SD) for the usefulness
domain was 6.3 (±0.4).24 Therefore, by taking α= 0.05,
80% power of study, SD of 0.4 and precision of 0.05, the
minimum sample size needed for this study was 246.
Considering a non-responder/non-eligibility rate of 10%,
the study aimed to approach 270 patients.

Statistical analysis

Data was entered and analysed using the IBM SPSS version
28.25 Continuous data was expressed as mean with± SD for
normally distributed data or median with interquartile range
for non-normally distributed data. Categorical variables
were described in numbers and percentages. Simple linear
regression analysis was initially performed on 46 variables
to determine the factors associated with usability scores.
These included the sociodemographic and clinical factors

Table 1. Summary of the subscale domains of the Malay version of the mHealth App Usability Questionnaire (M-MAUQ) and the related
items.

Subscale
domains

Item
number Statement

Ease of use 1–5 1. The app was easy to use.
2. It was easy for me to learn to use the app.
3. The navigation was consistent when moving between screens.
4. The interface of the app allowed me to use all the functions (such as entering information, responding to
reminders, viewing information) offered by the app.
5. Whenever I made a mistake using the app, I could recover easily and quickly.

Interface and
satisfaction

6–12 6. I like the interface of the app.
7. The information in the app was well organised, so I could easily find the information I needed.
8. The app adequately acknowledged and provided information to let me know the progress of my action.
9. I feel comfortable using this app in social settings.
10. The amount of time involved in using this app has been fitting for me.
11. I would use this app again.
12. Overall, I am satisfied with this app.

Usefulness 13–18 13. The app would be useful for my health and well-being.
14. The app improved my access to health care services.
15. The app helped me manage my health effectively.
16. This app has all the functions and capabilities I expected it to have.
17. I could use the app even when the Internet connection was poor or not available.
18. This mHealth app provided an acceptable way to receive health care services, such as accessing
educational materials, tracking my own activities, and performing self-assessment.

4 DIGITAL HEALTH



of participants, self-management support given to patients
by doctors, utilisation of the app at home by patients and
social support they received in using the app. Variables
with a p value of <0.25 from the simple linear regressions
were included in the multiple linear regressions to deter-
mine the associated factors. The stepwise method was
used for the analysis. The model assumptions of the linear-
ity of the numerical independent variables and the normal-
ity and equal variance of the residuals were checked.
Statistical significance was taken at a p value of <0.05.

Results
A total of 270 patients were approached and invited to par-
ticipate. Out of this, 247 (91.5%) patients were eligible and
recruited into the study. The flowchart of the conduct of the
study is shown in Figure 1.

Table 2 summarises the demographic and clinical char-
acteristics of the participants. The mean age was 60.2
(±8.2), with the highest age group being the middle age
range of 55–64 years (45%). Out of 247 participants, the
majority were Malays (86.2%), married (93.9%), never
smoked (86.6%) and reported to have good health status
(78.5%). More than half were males (52.2%), had tertiary

education level (65.5%) and came from the B40 income
group (59.1%).

Table 3 shows self-management support given to
patients by doctors. Majority of the patients had one treating
doctor (92.7%) and they reported that their doctors used
various sections of the mobile app during consultation, par-
ticularly to explain regarding treatment targets (98.8%) and
investigation results (98.0%).

Table 4 shows the utilisation of the app at home by
patients and social support that they received from their
family members and friends. Patients reported that they
used the app at home on average of <5 times per month
(78.5%), particularly to understand their CV risks
(87.4%), treatment targets (91.5%), investigation results
(92.7%) and medications (78.9%). Regarding self-
management at home, the majority of patients used the
app to understand healthy diet (87.9%), physical activities
(82.2%) and to monitor their BP (71.3%). The majority of
patients also received social support in using the app from
their family members and friends (80.2%).

Table 5 summarises the total mean usability score of the
EMPOWER-SUSTAIN Self-Management Mobile App©
and the mean score of each subscale domain, as measured
by M-MAUQ. The total mean score was 5.26 (SD
±0.67). With regards to the subscale domains, the mean

Figure 1. The flowchart of the conduct of the study.
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Table 2. Sociodemographic and clinical characteristics of participants (n= 247).

Characteristic of participants Frequency, n (%) Mean(±SD)

Gender

Male 129 (52.2)

Female 118 (47.8)

Age 60.2 (±8.2)

Age group

18–24 (Young adult) 0 (0)

25–54 (Adult) 51 (20.6)

55–64 (Middle age) 111 (45.0)

65–80 (Elderly) 85 (34.4)

Ethnicity

Malay 213 (86.2)

Chinese 11 (4.5)

Indian 22 (8.9)

Others 1 (0.4)

Marital status

Single 4 (1.6)

Married 232 (93.9)

Widow/widower 11 (4.5)

Divorced 0 (0)

Education level

No education 0 (0)

Primary school 12 (4.9)

Secondary school 73 (29.6)

Tertiary education (College/University) 162 (65.5)

Employment status

Employed 91 (36.8)

Unemployed 33 (13.4)

Pensioner 123 (49.8)

(continued)
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Table 2. Continued.

Characteristic of participants Frequency, n (%) Mean(±SD)

Household income

B40 (<RM4850) 146 (59.1)

M40 (RM 4850–10959) 77 (31.2)

T20 (>RM 10959) 24 (9.7)

Smoking status

Non-smoker 214 (86.6)

Current smoker 11 (4.5)

Ex-smoker 22 (8.9)

Self-rated health status

Very good 12 (4.9)

Good 194 (78.5)

Moderate 35 (14.2)

Not good 6 (2.4)

Very bad 0 (0)

No. of CV risk factors

1 24 (9.7)

2 84 (34)

3 89 (36)

4 50 (20.3)

Diabetes mellitus

No 124 (50.2)

Yes 123 (49.8)

BMI target achieved (18.5-22.9 kg/m²)

No 225 (91.1)

Yes 22 (8.9)

BP target achieved (<140/80 for DM, < 140/90 for non-DM)

No 101 (40.9)

Yes 146 (59.1)

(continued)
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scores for ‘ease of use’, ‘interface and satisfaction’ and
‘usefulness’ were 5.89 (SD± 0.79), 5.91 (SD± 0.79) and
5.49 (SD ±0.78), respectively.

Table 6 shows the factors associated with the usability of
the mobile app generated from the linear regressions ana-
lysis. Out of 46 variables, the simple linear regressions
yielded 24 factors with a p value of <0.25. These 24
factors were then included in the multiple linear regres-
sions, where three factors were found to be significantly
associated with a higher M-MAUQ usability score, explain-
ing 10.9% of the variation (adjusted R²= 0.109). The three
factors were Malay ethnicity (b= 0.31, 95% CI 0.08,0.54),
used the app at home to understand their medications (b=
0.33, 95% CI 0.12,0.53), and received social support
from family members and friends in using the app (b=
0.28, 95% CI 0.07,0.49). The regression analysis results
for each of the usability domains are provided in
Appendices 1, 2 and 3.

Therefore, the final linear regressions equation model for
the usability of the app derived from the multiple linear
regressions analysis is as below:

Total mean usability score= 4.51+ (0.31*Malay ethni-
city)+ (0.33*used the apps at home to understand their med-
ications)+ (0.28*social support in using the apps at home)

Being Malay is associated with higher usability of the
app compared to the non-Malays. Meanwhile, patients
who used the mobile app at home to understand their med-
ications were associated with higher usability of the app
compared to patients who did not use. Lastly, receiving
social support in using the app from family members and
friends were associated with higher usability of the app
compared to those who did not receive social support.

Discussion
To the best of our knowledge, this is the first study to evalu-
ate the usability of a self-management mobile app using the
M-MAUQ among patients with CV risk factors in primary
care. Our study shows that the total mean M-MAUQ score
was 5.26 (SD ±0.67), indicating high usability of the
EMPOWER-SUSTAIN Self-Management Mobile App©
among our study population. Similarly, the mean usability

Table 2. Continued.

Characteristic of participants Frequency, n (%) Mean(±SD)

FPG/HbA1c target achieved (FPG <6.1 mmol/L or HbA1c < 7%)

No 93 (37.7)

Yes 154 (62.3)

TC target achieved (<5 mmol/L)

No 66 (26.7)

Yes 181 (73.3)

HDL-c target achieved (Male > 1.0 mmol/L/Female > 1.2 mmol/L)

No 53 (21.5)

Yes 194 (78.5)

TG target achieved (≤ 1.7 mmol/L)

No 62 (25.1)

Yes 185 (74.9)

LDL-c target achieved (≤ 2.6 mmol/L)

No 82 (33.2)

Yes 165 (66.8)

BMI: body mass index; FPG: fasting plasma glucose; BP: blood pressure; TC: total cholesterol; HDL-c: high-density lipoprotein cholesterol; TG: triglyceride;
LDL-c: low-density lipoprotein cholesterol.
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Table 3. Self-management support given to patients by doctors (n= 247).

Variables Frequency, n (%)

Number of treating primary doctor/s

1 treating doctor 229 (92.7)

>1 treating doctors 18 (7.3)

Doctors used the mobile app with patients during consultation to explain regarding cardiovascular risk

No 16 (6.4)

Yes 231 (93.6)

Doctors used the mobile app with patients during consultation to explain regarding treatment targets

No 3 (1.2)

Yes 244 (98.8)

Doctors used the mobile app with patients during consultation to explain regarding investigation results

No 5 (2.0)

Yes 242 (98.0)

Doctors used the mobile app with patients during consultation to explain regarding healthy diet

No 12 (4.9)

Yes 235 (95.1)

Doctors used the mobile app with patients during consultation to explain regarding physical activities

No 11 (4.5)

Yes 236 (95.5)

Doctors used the mobile app with patients during consultation to explain regarding blood pressure monitoring at
home

No 14 (5.7)

Yes 233 (94.3)

Doctors used the mobile app with patients during consultation to explain regarding blood glucose monitoring at
home

No 24 (9.7)

Yes 223 (90.3)

Doctors used the mobile app with patients during consultation to explain regarding medications

No 18 (7.3)

Yes 229 (92.7)

Abu Hussain et al. 9



scores for each of the subscale domains were also high
[‘ease of use’: 5.89 (SD ±0.79), ‘interface and satisfaction’:
5.91 (SD ±0.79) and ‘usefulness’: 5.49 (SD ±0.78)]. Other
studies using the MAUQ to measure usability of self-
management apps are limited, making direct comparison
difficult.26 There was only one similar study by Alessa
et al.24 in 2021, which evaluated the usability of the Cora
Health app, a self-management programme for hyperten-
sion, using the MAUQ among patients with hypertension
in Saudi Arabia. Our finding is comparable to the finding
of their study with regards to the subscale domain mean
scores [‘ease of use’: 6.0 (SD ±0.20), ‘interface and satisfac-
tion’: 6.2 (SD ±0.25) and ‘usefulness’: 6.3 (SD ±0.40).24

This finding is supported by a qualitative study on patients’
perspectives on using a smartphone app to support home-
based exercise which showed that patients used the app
when it is easy to use, when it benefits them, and when the
healthcare providers support the patients in its use.27

With regards to the mobile app utilisation at home, we
found that all of the participants used the app at home on
average of <5 times per month, particularly to understand
their CV risks, treatment targets, blood investigation
results, healthy diet, physical activities, medications and
also to monitor their BP. In general, this finding is compar-
able to a usability study of a disease management mobile
app where patients with diabetes mellitus perceived the
app as useful for disease management at home.28

The simple linear regression analysis shows that the
usability of the mobile app declined with age. However,
the mean age of our study population was 60.2 (±8.2),
and this is much older compared to the mean age of
health app users among the general population in
Malaysia which was 29.8 (±11.7) years old.29 Those with

Table 4. Utilisation of the app at home by patients and social
support they received (n= 247).

Variables
Frequency, n
(%)

Frequency of using the app/month

<5 194 (78.5)

5–15 31 (12.6)

>15 22 (8.9)

Patients used the mobile app at home to
understand their cardiovascular risk

No 31 (12.6)

Yes 216 (87.4)

Patients used the mobile app at home to
understand their treatment targets

No 21 (8.5)

Yes 226 (91.5)

Patients used the mobile app at home to
understand their investigation results

No 18 (7.3)

Yes 229 (92.7)

Patients used the mobile app at home to
understand healthy diet

No 30 (12.1)

Yes 217 (87.9)

Patients used the mobile app at home to
understand physical activities

No 44 (17.8)

Yes 203 (82.2)

Patients used the mobile app to monitor their
blood pressure (BP) at home

No 71 (28.7)

Yes 176 (71.3)

Patients used the mobile app to monitor their
blood glucose at home

(continued)

Table 4. Continued.

Variables
Frequency, n
(%)

No 127 (51.4)

Yes 120 (48.6)

Patients used the mobile app at home to
understand their medications

No 52 (21.1)

Yes 195 (78.9)

Received social support in using the app from
family members and friends

No 49 (19.8)

Yes 198 (80.2)
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>2 risk factors were found to be significantly associated
with a higher usability of the app in the simple linear regres-
sions analysis. This could be due to the possibility that

patients with multiple CVD risk factors appreciate the app
better, as this app was comprehensively designed for
patients with multiple risk factors. However, these factors

Table 5. The Malay version of the mHealth App Usability Questionnaire (M-MAUQ) total mean score and the mean scores of the subscale
domains.

Subscale domains Subscale item
Mean
(±SD)

Min
score

Max
score

Ease of use 1. The app was easy to use. 6.03 (0.05) 3.00 7.00

2. It was easy for me to learn to use the app. 5.96 (0.85) 2.00 7.00

3. The navigation was consistent when moving between screens. 5.95 (0.84) 2.00 7.00

4. The interface of the app allowed me to use all the functions (such as entering
information, responding to reminders, viewing information) offered by the app.

5.89 (0.88) 2.00 7.00

5. Whenever I made a mistake using the app, I could recover easily and quickly. 5.62 (1.09) 2.00 7.00

Mean score for subscale domain 5.89 (0.79) 2.60 7.00

Interface and
satisfaction

6. I like the interface of the app. 5.95 (0.79) 4.00 7.00

7. The information in the app was well organised, so I could easily find the
information I needed.

5.97 (0.87) 2.00 7.00

8. The app adequately acknowledged and provided information to let me know the
progress of my action.

5.85 (0.98) 2.00 7.00

9. I feel comfortable using this app in social settings. 5.95 (0.89) 2.00 7.00

10. The amount of time involved in using this app has been fitting for me. 5.80 (0.92) 2.00 7.00

11. I would use this app again. 5.92 (0.86) 1.00 7.00

12. Overall, I am satisfied with this app. 5.94 (0.83) 2.00 7.00

Mean score for subscale domain 5.91 (0.79) 2.57 7.00

Usefulness 13. The app would be useful for my health and well-being. 6.00 (0.78) 3.00 7.00

14. The app improved my access to health care services. 6.04 (0.77) 4.00 7.00

15. The app helped me manage my health effectively. 5.94 (0.85) 2.00 7.00

16. This app has all the functions and capabilities I expected it to have. 5.83 (0.91) 2.00 7.00

17. I could use the app even when the Internet connection was poor or not available. 3.29 (2.21) 1.00 7.00

18. This mHealth app provided an acceptable way to receive health care services, such
as accessing educational materials, tracking my own activities, and performing
self-assessment.

5.88 (0.86) 3.00 7.00

Mean score for subscale domain 5.49 (0.78) 3.50 7.00

Total mean score 5.26 (0.67) 2.83 6.22

Bold font = mean scores for the subscale domains and the total mean score.
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Table 6. Factors associated with the usability of the mobile app among the study population using simple and multiple linear regressions
(n= 247).

Variables

Simple linear regressions Multiple linear regressions

b (95% CI) p value ba (95% CI) t-stat p value

Gender
Female, n= 118
Male, n= 129

0
−0.01(−0.19,0.15)

0.842 - - -

Age (years)
Adult (25–54), n= 51
Middle age (55–64), n= 111
Elderly (65–80), n= 85

0
−0.13 (−0.35,0.09)
−0.25 (−0.49, −0.02)

0.254
0.034

- - -

Ethnicity
Non-Malay, n= 44
Malay, n= 213

0
0.34 (0.10,0.58)

0.006 0
0.31 (0.08,0.54)

2.65 0.009

Marital status
Single, n= 4
Married, n= 232
Widow, n= 11

0
−0.64 (−1.30,0.03)
−0.70 (−1.47,0.07)

0.060
0.076

- - -

Education level
Primary school, n= 12
Secondary school, n= 73
Tertiary education (College/University), n= 162

0
0.21 (−0.62,0.20)
0.20 (−0.38,0.40)

0.305
0.962

- - -

Employment status
Unemployed, n= 33
Employed, n= 91
Pensioner, n= 123

0
0.14 (−0.17,0.37)
0.13 (−0.18,0.34)

0.470
0.547

- - -

Household income
T20 (>RM 10959), n= 24
M40 (RM 4850-10959), n= 77
B40 (<RM4850), n= 146

0
0.15 (−0.38,0.20)
0.16 (−0.16,0.46)

0.523
0.331

- - -

Smoking status
Ex-smoker, n= 22
Non-smoker, n= 214
Current smoker, n= 11

0
0.51 (−0.18,0.42)
0.25 (−0.31,0.67)

0.418
0.472

- - -

Self-rated health status
Not good, n= 6
Moderate, n= 35
Good, n= 194
Very good, n= 12

0
0.02 (−0.57,0.60)
0.26 (−0.28,0.81)
0.42 (−0.24,1.08)

0.955
0.341
0.208

- - -

Number of CV risk factors
≤2, n= 108
>2, n= 139

0
0.20 (0.04,0.37)

0.018 - - -

Diabetes mellitus
No, n= 124
Yes, n= 123

0
0.12 (−0.05, 0.29)

0.153 - - -

(continued)
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Table 6. Continued.

Variables

Simple linear regressions Multiple linear regressions

b (95% CI) p value ba (95% CI) t-stat p value

BMI target achieved
(18.5–22.9 kg/m²)
No, n= 225
Yes, n= 22

0
0.18 (−0.11,048)

0.225 - - -

BP target achieved
(<140/80 for DM, < 140/90 for non-DM)
No, n= 101
Yes, n= 146

0
0.09 (−0.20,015)

0.757 - - -

TC target achieved (<5 mmol/L)
No, n= 66
Yes, n= 181

0
0.16 (−0.03,0.35)

0.097 - - -

FPG/HbA1c target achieved
(FPG <6.1 mmol/L or HbA1c < 7%)
No, n= 93
Yes, n= 154

0
−0.23 (−0.21,014)

0.720 - - -

HDL-c target achieved
(Male >1.0 mmol/L/Female >1.2 mmol/L)
No, n= 53
Yes, n= 194

0
0.10 (−0.26,015)

0.575 - - -

TG target achieved
(≤1.7 mmol/L)
No, n= 62
Yes, n= 185

0
0.04 (−0.13,026)

0.491 - - -

LDL-c target achieved
(≤2.6 mmol/L)
No, n= 82
Yes, n= 165

0
0.14 (−0.04,0.32)

0.129 - - -

Number of treating primary doctor/s
>1 treating doctor, n= 18
1 treating doctor, n= 229

0
0.14 (−0.35,0.21)

0.615 - - -

Doctors used the mobile app with patients during
consultation to explain regarding cardiovascular risk
No, n= 16
Yes, n= 231

0
0.17 (-0.19,0.49)

0.390 - - -

Doctors used the mobile app with patients during
consultation to explain regarding treatment targets
No, n= 3
Yes, n= 244

0
0.39 (−0.66,0.88)

0.776 - - -

Doctors used the mobile app with patients during
consultation to explain regarding investigation results
No, n= 5
Yes, n= 242

0
0.48 (−0.12, 1.08)

0.115 - - -

(continued)
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Table 6. Continued.

Variables

Simple linear regressions Multiple linear regressions

b (95% CI) p value ba (95% CI) t-stat p value

Doctors used the mobile app with patients during
consultation to explain regarding healthy diet
No, n= 12
Yes, n= 235

0
0.20 (−0.31,0.48)

0.433 - - -

Doctors used the mobile app with patients during
consultation to explain regarding physical activities
No, n= 11
Yes, n= 236

0
0.48 (0.07, 0.88)

0.021 - - -

Doctors used the mobile app with patients during
consultation to explain regarding BP monitoring at home
No, n= 14
Yes, n= 233

0
0.27 (−0.09, 0.64)

0.139 - - -

Doctors used the mobile app with patients during
consultation to explain regarding blood glucose
monitoring at home
No, n= 24
Yes, n= 223

0
0.25 (−0.04, 0.53)

0.087 - - -

Doctors used the mobile app with patients during
consultation to explain regarding medications
No, n= 18
Yes, n= 229

0
0.45 (0.13, 0.76)

0.007 - - -

Frequency of using the app/month
>15, n= 22
5-15, n= 31
<5, n= 194

0
0.18 (−0.35,0.37)
0.15 (−0.14,0.18)

0.949
0.439

- - -

Patients used the mobile app at home to understand their
cardiovascular risk
No, n= 31
Yes, n= 216

0
0.43 (0.18, 0.68)

<0.001 - - -

Patients used the mobile app at home to understand their
treatment targets
No, n= 21
Yes, n= 226

0
0.61 (0.32, 0.90)

<0.001 - - -

Patients used the mobile app at home to understand their
investigation results
No, n= 18
Yes, n= 229

0
0.50 (0.18, 0.82)

0.002 - - -

Patients used the mobile app at home to understand healthy
diet
No, n= 30
Yes, n= 217

0
0.28 (0.03, 054)

0.031 - - -

(continued)
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were not found to be significant in the final multiple linear
regressions model.

With regards to the factors associated with high usability
of the EMPOWER-SUSTAIN Self-Management Mobile
App©, three factors were found to be significant from the
multiple linear regressions i.e., Malay ethnicity, used the
app to understand their medications, and received social
support from family members and friends in using the
app. With regards to ethnicity, the majority of the partici-
pants in our study were Malays (86.2%) and they were
found to have a higher mean usability score compared
with the non-Malay ethnic groups. Other studies revealed
mixed outcomes when it comes to whether ethnicity influ-
enced the use of mHealth in people with chronic diseases.30

Using the app at home to understand their medications
was another significant factor associated with a higher
usability of the app found in our study. This finding is
enlightening as various other studies have proven that

patients using mHealth apps had better adherence to medi-
cations and better outcomes in their disease control com-
pared to those who did not use mHealth apps.31,32

Therefore, primary care physicians should motivate their
patients to use self-management mobile apps, especially
to understand their medications, in order to improve adher-
ence and outcomes.

Our study also shows that receiving social support from
family members and friends was significantly associated
with a higher usability of the app. Several other studies
have also found a positive correlation between social
support and usability of mHealth apps. A study on diabetes
telemonitoring showed that incorporation of a support
person (relative or friend) improved self-management and
medication adherence.33 A family-focused diabetes self-
care support using mHealth intervention among low-
income adults also showed that this intervention was
usable and feasible in helping patients manage self-care

Table 6. Continued.

Variables

Simple linear regressions Multiple linear regressions

b (95% CI) p value ba (95% CI) t-stat p value

Patients used the mobile app at home to understand physical
activities
No, n= 44
Yes, n= 203

0
0.44 (0.22, 0.65)

<0.001 - - -

Patients used the mobile app to monitor their BP at home
No, n= 71
Yes, n= 176

0
0.29 (0.11, 0.48)

0.002 - - -

Patients used the mobile app to monitor their blood glucose
at home
No, n= 127
Yes, n= 120

0
0.28 (0.12,0.45)

<0.001 - - -

Patients used the mobile app at home to understand their
medications
No, n= 52
Yes, n= 195

0
0.43 (0.23, 0.63)

<0.001 0
0.33 (0.12,0.53)

3.09 0.002

Received social support in using the app from family and
friends
No, n= 49
Yes, n= 198

0
0.40 (0.20, 0.61)

<0.001 0
0.28 (0.07,0.49)

2.59 0.010

For multiple linear regressions, bold font = variables with a p value of <0.05.
For simple linear regressions, bold font = variables with a p value of <0.25.
Dependent variable: Usability of the app (total mean score of M-MAUQ). Enter method is used for simple linear regressions. Stepwise multiple linear
regressions method applied. Model assumptions were fulfilled. Statistically significant at p < 0.05. No multicollinearity detected. VIF < 5. There were no
significant interactions amongst independent variables. Coefficients of determination (adjusted R²)= 0.109. 0= reference group. CV: cardiovascular; VIF:
variance inflation factor; M-MAUQ: Malay version of the mHealth App Usability Questionnaire; BMI: body mass index; FPG: fasting plasma glucose; BP: blood
pressure; TC: total cholesterol; HDL-c: high-density lipoprotein cholesterol; TG: triglyceride; LDLD-c: low-density lipoprotein cholesterol.
aAdjusted regression coefficient.
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support.34 Interestingly, in contrast to the findings of our
study, another study found that the use of diabetes apps
increased in the absence of social support by family or
friends due to compensation for lack of support, and
decreased when such support is high due to no perceived
need to use the technology.35 However, evidence support-
ing the involvement of family members or friends in sup-
porting the use of mHealth apps is far more robust.36

Therefore, primary care physicians should encourage
patients to involve their family and friends to support
them in using a self-management app. Such initiatives
will also empower everyone around them in the self-
management of long-term conditions.

Strengths and limitations

One of the major strengths of this study is it addresses the
gap in the literature where research evidence on the usabil-
ity of a self-management mobile app in primary care among
patients with CV risk factors is not well established.
Additionally, studies using the MAUQ as a measure of
usability of mHealth apps is also sparse, as this question-
naire was recently developed in 201922 and subsequently
translated into the Malay language in 2021.23 This poses
a limitation for our study, as a direct comparison of our find-
ings with other studies using the same usability measure
was limited. Another limitation includes the use of a
single primary care centre for sampling in our study
where the majority of the participants were Malays. Other
ethnic groups such as Chinese and Indians were underrepre-
sented, rendering the findings inapplicable to other primary
care clinics serving a multi-ethnic population in Malaysia.
With regard to the factors that may influence the usability
of an mHealth app, several factors e.g., health literacy,
doctor-patient relationship, illness severity and mental
health status were not included, as these were beyond the
scope of our study. Therefore, the interpretation of the
results in the multiple linear regression is limited only to
the variables included in the analysis.

Implications to clinical practice and future research

The high usability of the EMPOWER-SUSTAIN
Self-Management Mobile App© among patients with CV
risk factors in our primary care clinic is established in this
study, supporting its widespread utilisation as an empower-
ment tool to aid productive interaction between doctors,
nurses and patients. This shared decision-making process
will empower patients to improve their health outcomes,
which would eventually prevent CVD complications.
Primary care physicians should also address social
support from patients’ family members and friends to
improve usability of this app for self-management at
home. It is encouraging to discover that patients were
using this app at home, particularly to understand their

medications. Usability of the app in relation to other areas
of self-management i.e., home BP and blood sugar monitor-
ing, as well as diet and exercise, still needs to be improved.
Primary care physicians should encourage patients to use
the ‘My Self-Management’ section at home. Their home
BP readings and home blood sugar readings should be
checked by primary care physicians during consultation in
order to encourage self-management at home. Our study
population i.e., patients who attended the
EMPOWER-SUSTAIN Clinic were more educated,
where 65.5% had tertiary education compared to the
general population in Malaysia where 42.6% enrolled in
tertiary education institutions in 2020.37 This suggests
that the EMPOWER-SUSTAIN Clinic tends to attract
patients with higher education level, although education
level was not found to be significant in the regressions ana-
lysis. Efforts should be made to attract patients with lower
education level to attend this clinic and use the app.

With regards to future research, further studies should
include patients from various ethnic groups from several
primary care clinics in Malaysia, in order to improve the
generalisability of the findings. Future studies should also
include other important factors that may influence usability
of mHealth apps. These include health literacy, doctor-
patient relationships, illness severity and mental health
status. Ultimately, a randomised controlled trial to evaluate
the effectiveness of this mHealth app in improving self-
management behaviours and clinical outcomes should be
conducted.13 Although current evidence indicated that
mHealth interventions for patients with multiple CV risks
were beneficial for improving some anthropometric indica-
tors, the evidence that these interventions improved bio-
chemical outcomes or long-term health outcomes is still
inconclusive.38

Conclusions
In conclusion, this study found that the usability of the
EMPOWER-SUSTAIN Self-Management Mobile App©
was high among patients with CV risk factors in our
primary care clinic. Belonging to the Malay ethnicity,
using the app at home to understand their medications
and having social support from family members and
friends in using the app were identified as significant
factors of high usability. Despite its limitations, this study
adds to the body of evidence as published literature on
the usability of a self-management mHealth app in
primary care is sparse. The findings of this study also
support the widespread use of this app as an empowerment
tool to aid the process of shared decision-making through
productive interaction between primary care physicians
and patients. Further research to evaluate the effectiveness
of this mHealth app in improving self-management beha-
viours and clinical outcomes among patients with CV risk
factors should be conducted.
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