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Purpose: Coronary heart disease (CHD) is the leading cause of morbidity and mortality globally. This study aimed to examine the
preliminary effect of a nurse-led support programme using a mobile application versus nursing telephone advice on patients at risk of
CHD living in the community.
Patients and Methods: A prospective randomized controlled trial was adopted. Sixty eligible CHD participants were randomized into
the app group (App) or the nursing telephone advice (NTA) group to support their own health care and exercise. Data were collected at
baseline (T0), 1 month (T1), and 3 months (T2). Outcomes were total amount of exercise, self-efficacy of chronic disease management,
total time of exercise, blood pressure, and lipid concentrations. Data were analyzed using the generalized estimating equation models.
Results: Ninety-two individuals were screened for eligibility and 60 were randomized into the app group (n = 30) or NTA group (n =
30). The mean age of the participants was 60.92. The total attrition rate at T2 was 1.66%. The app group showed a moderate effect
(Cohen’s d =0.43) in significant increase in exercise amount, and reduction of lipid concentration (total cholesterol d=−0.43,
triglyceride d=−0.39) respectively. Other outcomes showed improvement trend but non-significant between group.
Conclusion: The CHD app is effective to motivate CHD patients for maintaining exercise amount which will be beneficial to their
lipid control.
Keywords: coronary heart disease, nurse-led, mobile application, exercise, blood lipid

Introduction
Coronary heart disease (CHD) is the leading cause of both morbidity and mortality in the world.1 In Hong Kong, 4032
deaths were caused by CHD, accounting for 8.6% of all registered deaths in 2016.2 CHD refers to an atherosclerotic
condition in which narrowed coronary arteries lead to reduced blood flow, consequently leading to angina (ie, chest pain)
or myocardial infarction and even death.3 If an individual’s atherosclerotic condition is not well controlled, the
progressive deterioration of his/her cardiac functions will lead to a weakened physical condition, poor psychological
well-being, and poor health-related quality of life.1–4

The American Heart Association Guideline (2018) emphasizes the importance of early awareness of symptoms and
timely action and treatment upon experiencing angina; and the importance of lifestyle modifications to prevent further
deterioration in CHD status over the long term.5 Preventive strategies to decrease modifiable CHD risks include greater
awareness and self-efficacy in managing one’s health; effective communication with healthcare professionals; and
lifestyle modifications such as regularly engaging in physical activity/exercise, healthy dietary choices, and smoking
cessation.1,3,4 CHD modifiable risk factors include smoking; a sedentary lifestyle (< 150 minutes a week of moderate
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aerobic physical activity); Body Mass Index (BMI) > 25Kg/m2; hypertension (> 140/90 mmHg); abnormal low-density
lipoprotein (LDL) > 3mmol/L; and diabetes (hemoglobin A1c, HbA1c) > 7%.4

Regular professional support and the provision of self-care information are important to motivate and promote self-
management of health for patients with chronic conditions. Regarding professional support, a systematic review of 25
studies indicated that telephone counselling/advice by healthcare professionals was effective.6 Those who received
a telephone advice or counselling intervention experienced significantly fewer hospitalizations, higher rates of quitting
smoking, better blood pressure control, and less anxiety than the comparison group. However, additional resources such
as professional support time and manpower were required to achieve such improvements.6

With the rapid growth of smart phone ownership and advancing technologies, e-health or mHealth has been integrated
into cardiovascular healthcare in recent decades.7–21 “eHealth” or mHealth refers to the use of mobile computing and
communication technologies to improve access to health information and to routine and emergency health services, and to
provide diagnostic services and other functions.8 Many studies have demonstrated that e-health interventions (including web-
based and mobile phone-based interventions) can be successfully used to support the self-management of chronic diseases
such as CHD and heart failure.7,9–20 Studies have reported significant positive effects on physical activity and psychological
health outcomes from using website support,9,12,20 or providing phone text messages10–18 or phone advice support for cardiac
patients.6 These positive effects include reductions in some modifiable cardiac risk factors (body weight) and improvements
in engagement in physical activity, medication adherence, and CHD self-management.6,10–17 There have been only a limited
number of studies providing comprehensive reports of the concentration of lipids such as total cholesterol, LDL, high-density
lipoprotein (HDL), triglyceride, and glucose levels, although it is an important biomarker for coronary heart disease.1,4

Therefore, more empirical studies need to be conducted. There is great potential for professional support to be better
performed, and more feasibly, using the advanced features of a mobile application embedded in a smart phone. This study
was conducted after considering the high prevalence of CHD, the proven effect of using phone advice to support patients in
taking care of their own health problems,6,12,15,19 the advantages of mobile applications (interactive, accessible, and
individualized) compared to websites, and the widespread use of smart phones in Hong Kong.

Materials and Methods
Aims and Hypotheses
The aim of this study was to examine the preliminary effects on the outcomes of total exercise, self-efficacy and self-
management behaviour, emergency department attendance and hospitalizations, and the CHD risk factor profile of
a nurse-led support programme for patients who are at risk of CHD. Patients who are at risk of CHD are those who
possess at least two CHD risk factors.2–4 We hypothesized that patients receiving a nurse-led support programme with
a tailor-made app (App group) would be likely to access the knowledge platform and app features easily, and therefore
perform better than those in the NTA group, who would receive nursing telephone advice only in terms of changes in
lifestyle, such as more engagement in exercise, greater self-efficacy in CHD self-care leading to better control of their
CHD risk factor profile, and fewer visits to the emergency department and hospitalizations. Over 3 months, we examined
the effect on the App group as compared to the NTA group regarding:

1.Total amount of exercise (Primary outcome).
2.Self-efficacy in chronic disease management.
3.Emergency department attendance and hospitalization frequency.
4.CHD risk factor profile (smoking, blood pressure, body weight, blood lipid level).

Design
A prospective multi-centre, parallel, randomized controlled trial (RCT) with two arms – an app support programme
(App) group versus a Nursing Telephone advice (NTA) group – was adopted. This design was guided by the
Consolidated Standards of Reporting Trials checklist.22 The study was conducted from November 2019 to October 2020.
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Study Setting, Subjects, and Sample Size
Community centres regularly hold various health talks and activities for members living nearby. Patients could
voluntarily register for our project. Subject recruitment was held by appointment in the community centres or in
a university research laboratory.

Subjects
The criteria for inclusion in this study were: i) Chinese adults with coronary cardiac risk factors (at least two from
below); ii) those able to perform a brisk walking exercise; and iii) those who possessed a smart phone and could use it.

Coronary heart disease risk factors:2,4 i) current regular smoker, ii) over 50 years of age; iii) has a medical diagnosis
of diabetes or hypertension; iv) has a family history of ischaemic heart disease or hyperlipaemia; v) has hyperlipidaemia
or is regularly taking drugs for hyperlipidaemia; vi) is obese (BMI>25); vii) has had a Percutaneous Coronary
Intervention performed; and viii) has been diagnosed with stable angina and prescribed with TNG drugs.

The exclusion criteria were a) those with mental, visual, hearing, or cognitive impairments that caused them to be
unable to perform a brisk walking exercise or communicate using a smart phone; b) those who were on a waiting list for
cardiac angiography within 6 months, and c) who had a medical diagnosis of unstable angina.

Randomization
Randomization was 1:1 to each treatment arm. We used a computer-generated randomizer to generate the random
allocation list. To ensure allocation concealment, each generated sequence was put in a sequentially numbered, opaque
sealed envelope. The envelope was opened by the research assistant after the participant had completed the baseline
questionnaire. In this study, the outcome assessors were blinded to the allocation sequence. However, given its type, the
intervention was unmasked to the participants and the research nurse performing the intervention.

Sample Size
Hertzog suggested that at least 30 participants should be recruited per group for a pilot study.23 We successfully recruited
30 participants in the App group and 30 participants in the NTA group after taking into consideration a minimal attrition
rate at the 3-month follow-up, as reported by our study in a similar setting.24

Intervention Material
The design of the app was grounded in self-efficacy theories and literature related to good mobile app designs.19,25–28

The front page of the app (Figure 1) is comprised of colourful icons to direct the participant to i) the educational area,
which defines CHD and provides tips on a healthy diet, exercise, and medications; ii) a health member area, with data on
blood pressure, cholesterol, body weight, and glycaemic levels; iii) a Chest Pain—Thing to Do list; and iv) a record of
daily exercises and set goals. The table of contents for the educational component of the App group is illustrated in
Table 1.

Usual Care
All the subjects continued to receive their usual care with prescribed medical treatments and follow-ups if any. By
appointment, a trained nurse provided an individual briefing related to the CHD care. The participants were asked to quit
smoking, adhere to their prescribed medications, lead a healthy lifestyle, and regularly perform a brisk walking exercise
with moderate intensity at a rate of 5 to 6 km/h for at least 30 minutes per day, 5 days per week, as far as they were able
to. Regular brisk walking has been reported to be a safe exercise that can strengthen a person’s cardiovascular function
and muscles and mood.29 The App group and NTA group interventions both lasted for only 3 months. A systematic
review reported that a programme of at least 3 months significantly improves outcomes.30

App Group
In addition to the usual care, the participant received a CHD app and a briefing from a trained research nurse. The app
provided features such as structured e-educational contents and supportive features, which are described in the simple
supplementary leaflet which were provided to the participants to take home. Only participants of the App group were able
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to use the membership area of the app, as it was restricted to individual member with the first time log in and password
with own’s smart phone. To arouse interest in engagement in and fidelity to the app interaction by using their smart
phone, the participants are encouraged to input own daily exercise time and type of exercise there. Weekly blood pressure
input is also encouraged. If they forget to input their exercise daily with their smart phone, they can input it back within
one week. An alert/feedback message in red was provided if the self-inputted health data, such as blood pressure, were
found to be abnormal or they did not perform exercise for 2 weeks. In addition, two automatic messages (randomly
generated from a pool of fifteen automatic messages) with encouraging words to sustain their exercise maintenance were
provided weekly to all participants. Furthermore, the participants could easily read their health and exercise records, with
trends shown in line charts. In summary, the app could help alert patients to their CHD risks (chest pain episodes, blood
pressure) and provide support for their efforts to monitor their health and keep exercise records.

Figure 1 Front Page of the App.
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Nursing Telephone Advice (NTA) Group
In addition to the above usual care, three monthly 20-minute telephone follow-ups supplemented twice weekly by phone text
messages were provided by a trained research nurse for up to 3 months. Participants could ask about their related health
problems, if any. The nurse, who was experienced in cardiac nursing, might provide advice, or refer them to the emergency
department if necessary. The team had set up a telephone advice guide to support the research nurse in giving phone advice
and text messages. The contents of the phone text messages were similar to the WhatsApp messages sent to the App group.

In summary, both groups received similar nursing educational content relating to their CHD and care. The only
difference was the reinforcement and continual support of the app feature such as CHD knowledge platform, exercise
record and blood pressure record that was provided through an app for the App group or the regular nursing advice for
the NTA group.

Data Collection Procedure
The collecting of follow-up data was held at baseline (T0), 1 month (T1), and 3 months (T2) by a trained research
assistant (RA1) who was blinded to the group allocations. The research assistant performed physical assessments on the
participants at the community centres or at a university research laboratory. The project was promoted through Facebook
promotions and web postings at websites such as https://www.happy-retired.com/ (which has 50,000 members) and the
Institute of Active Ageing (http://iaa.apss.polyu.edu.hk/), as well as at community centres (by means of web postings,
poster displays, and health talks). Potential participants were approached via web link for a quick cardiac health
screening using a simple e-survey form. The potential participants were further screened and approached by the RA1
via email or phone and invited to join the study. At an appointment with the RA1, participants signed the written consent
form after receiving an explanation of the project. A survey form with baseline data (T0) was given to participants for

Table 1 Overview of the mhealth Educational Content Installed in the App

Session 1 Overview of CHD.

Common problems among the patients.
Mhealth app use for your health: self input of health record, exercise, medication time, follow up time and one emergency contact.

Session 2 Sign and symptom of recurrent heart attack.
How to communicate about your chest pain.

Dealing with chest pain.

Action pathway.
Communication when dial 999.

Communication with doctor.

Session 3 Life style modification: tips of healthy eating and examples.

Problem solving related to life style change.

Making an action plan and goal setting.

Session 4 Life style modification exercise prescription.

Tips of doing exercise.
Problem solving.

Making an action plan and goal setting.

Session 5 Smoking cessation.

Problem solving.

Making an action plan and goal setting.

Session 6 Stress management & example.

Positive thinking and avoid depression.
Problem solving.

Session 7 Know your medication and adherence.
Problem solving.
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self-administration. The survey form was then placed in a locked box. Individual participants were randomly allocated to
one of the two groups (the App group, NTA group) and received their respective intervention according to the
intervention protocol.

To ensure the quality of the participant recruitment, intervention, and data collection processes and to minimize
subject contamination, the different groups were assigned different follow-up dates. The research assistant who was
responsible for collecting data was blinded to the group allocations. That research assistant had received training on
collecting data, taking blood using the finger-stick method, and using the auto blood analysers. Questionnaires measuring
the primary outcome of total amount of physical exercise and the secondary outcomes including self-efficacy in illness
management and numbers of emergency admission and hospitalization were distributed to the individual participants,
who were asked to place their own completed survey forms in a locked box. The other secondary outcomes including
systolic blood pressure, diastolic blood pressure, and body weight were obtained by using standardized and calibrated
devices and blood lipid profile was taken using a finger stick with auto-analyser by RA1. The participants were asked to
fast for 8 hours before the health assessment.

Ethical Considerations
Ethical approval and permission were obtained from the study university and the selected community centres
(Departmental Research Committee, the Hong Kong Polytechnic University, reference number:
HSEARS20190228001). RCT registration was obtained from the ClinicalTrials.gov Protocol Registration system
(https://clinicaltrials.gov/). The registration number is ClinicalTrials.gov ID: NCT04054258. To ensure the rights of
the participants, and the anonymity and confidentiality of the data, we followed the principles of the Declaration of
Helsinki and ethical principles in designing the study. Written consent forms were obtained from all participants.

Regarding the safety of the subjects during the intervention, the PI and the research assistant monitored their progress
for any problems that might occur during the intervention period, such as chest discomfort during brisk walking. No
problems or complaints were raised by the participants in the study.

Outcome Measures
Two consecutive (1-, and 3-month) follow-ups were conducted for all participants. The primary outcome and the
secondary outcomes are listed below.

Primary Outcome
Total amount of physical exercise: This outcome was measured using the Godin–Shephard Leisure Time Physical Activity
Questionnaire (GSLTPA). This scale measures the frequency and duration with which the respondent has performed
strenuous, moderate, and mild exercise outside of work duties. The respondent’s total weekly leisure activity is calculated
in arbitrary units as a sum of the products of the separate components. This approach has been widely used in empirical
studies and has been shown to exhibit good psychometric properties.31,32 Total exercise time per week was also recorded.

Secondary Outcomes
1. Self-efficacy in illness management: This is a six-item subscale of the Self-Management Behaviour Questionnaire. The
Self-Management Behaviour Questionnaire was originally developed by Lorig, and the Chinese language version was
translated and validated by Siu et al in Hong Kong.33,34 It includes a subscale using a Likert scale, namely the subscale of
self-efficacy in illness management (six items), which was adopted, and the final sum of the score was calculated. The
questionnaire was shown to have internal consistency, with Cronbach’s alpha values ranging from 0.72 to 0.91, and
a retest reliability value, r, of 0.62–0.80.33,34

2. Clinical and Cardiovascular risk factors profile: The clinical and cardiovascular risk factors profile consisted of the
number of emergency department attendances, the number of hospitalizations, participant’s systolic blood pressure,
diastolic blood pressure, body weight, and blood lipid profile (LDL cholesterol, HDL cholesterol, triglycerides, and blood
glucose). The systolic blood pressure, diastolic blood pressure, and body weight were obtained by using standardized and
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calibrated devices at baseline, 1 month, and 3 months by RA1. Blood lipid profile was taken at baseline and 3 months by
using a finger stick with auto-analyser, and the participants were asked to fast for 8 hours.

3. Demographic and health profiles: Demographic data (age, gender, occupation, level of education) and information
on medical problems (health problems, drug use, recent hospitalizations) were collected at baseline.

Process Evaluation
Process evaluation was conducted to evaluate the acceptability, strength, and weakness of the intervention. Three open-
ended questions were asked regarding the acceptability and usefulness of the programme support. Process evaluation data
were used to explain or supplement the RCT data.

Data Analysis
Data were analysed using SPSS version 26. The intention-to-treat principle was applied. The baseline characteristics of
the groups was compared using a Chi-square or Fisher’s exact test for categorical variables, and a t-test or Mann–
Whitney test for continuous variables, to examine the comparability of the groups by randomization. Con-founding
variables were accounted for in subsequent analyses. The effectiveness of the App group versus the NTA group was
evaluated by comparing the study outcomes using Generalized Estimating Equations (GEE) models. The GEE model
was chosen because the GEE model could accommodate missing data caused by dropouts, if data were missing at
random (which was particularly suitable for an ITT analysis), without the need to impute missing data.35 The between-
group Cohen’s d was calculated to estimate the effect sizes of the app as compared to the booklet on each separate
outcome measure. All statistical tests were two-sided and a p-value of <0.05 was considered an indicator of statistical
significance.

Results
Eighty-two adults were assessed for eligibility via phone contact. Eighteen people were excluded for not meeting the
eligibility criteria for CHD after a physical assessment and four declined to participate in the study after its purpose was
explained. Sixty participants (30 in the App group and 30 in the NTA group) completed the study (Figure 2).

Participant Outcomes
The mean age was 58.83 (SD 9.11) and 63 (SD 7.38) for the App group and the control group, respectively. Males
comprised 56.7% (n=17) of the App group and only 30% (n=9) of the control group. Attrition rates of 3.33% (n=1) and
0% at T1 (1 month), and 3.33% (n=1) and 0% at T2 were observed for the App and NTA groups, respectively. The total
attrition rate for all participants was 1.6% at T2. No significant difference was found in demo-graphic data between those
who dropped out and those who completed the study. Moreover, no significant differences were found in baseline
demographic or outcome data between the groups (Table 1). Most participants were obese, with a mean body mass index
(BMI) of 25.63 (SD 3.23). Their mean systolic blood pressure was 138.85mmHg (SD 17.7 mmHg) and their mean
diastolic blood pressure was 83.07 mmHg (SD, 10.95 mmHg). Most participants had completed secondary education or
higher (85%, n=51), were married (65%, n=39), retired (46.7%, n=28), and were not currently smoking regularly (93.3%
n=56). Less than half of them had a regular exercise habit (48.3%, n=29) and their mean exercise time was 195 min (SD,
154.01 min). Their self-efficacy chronic disease management score (SES) was about 7.36; SD=1.4. Their LDL
cholesterol and triglyceride levels were abnormal, while their blood glucose level belonged to the at-risk group, with
a blood glucose level of 5.67 for the App group and 5.61 for the NTA group. No significant differences were found
between the two groups with respect to demographic or clinical characteristics (Table 2).

Regarding ED attendance within the study period, only one patient from the App group and one patient from the NTA
group admitted to the emergency department hospital only due to recurrent chest pain. Both were discharged home after
doctor consultation. Table 3 summarizes the mean, the SD of the outcomes, and the effect size of the GEE results of the
outcomes (SES score, body weight, BMI, lipid and fasting blood glucose concentrations, blood pressure, total exercise
time, GSLTPA (total exercise amount)) within 3 months between the two groups. Compared to the NTA group, the App
group performed better with a medium effect size, as seen in a greater improvement in the total amount of exercise
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(Cohen’s d 0.43) and greater reductions in total cholesterol level (Cohen’s d −0.43), triglycerides level (Cohen’s d −0.39),
and diastolic blood pressure (Cohen’s d 0.32); although there was only a small effect on the reduction in body weight
(Cohen’s d −0.1) and LDL cholesterol Cohen’s d −0.19). On the other hand, the NTA group resulted in greater increment
in self-efficacy of chronic disease management than the app group, with Cohen’s d = −0.50 at 1 month and −0.03 at 3
months. Significant improvement was found on self- efficacy of chronic disease management at 1 month only (B −0.793,
p=0.037), but not at T2 (3 months).

Process Evaluation
We assessed the feasibility of the programme by examining the recruitment rate, which was good at 1.67%, (n=1) at T2.
Acceptability was assessed through a qualitative analysis of the perceptions of the participants. Most of the participants
(93.3% n=28) in the App group and 96.6% (n=29) of the group advice group appreciated the intervention programme.
The App group found that the app was useful, easily accessible for exercise maintenance, and that the information
platform was particularly useful for their CHD care and for alerting them to the importance of making lifestyle
modifications, such as the importance of exercise maintenance. They appreciated the user-friendly features, easy

Figure 2 Study Flow Chart.
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Table 2 Characteristics of the Participants

Participants’ Characteristics All (N=60)
N(%)

App (N=30)
N(%)

Phone (N=30) N (%) p-value

Age, mean (SD) 60.92 (8.48) 58.83 (9.11) 63.00(7.38) 0.060

Gender 0.067
Male 26 (43.3%) 17 (56.7%) 9 (30.0%)

Female 34 (56.7%) 13 (43.3%) 21(70.0%)

Weight (kg), mean (SD) 66.53 (11.11) 68.20 (11.75) 64.86 (10.35) 0.247

BMI, mean (SD) 25.71 (3.44) 25.63 (3.23) 25.80 (3.69) 0.850
Resting systolic blood pressure (mmHg), mean (SD) 138.85 (17.70) 137.73 (17.77) 136.97 (19.32) 0.873

Resting diastolic blood pressure (mmHg), mean (SD) 83.07 (10.95) 85. 60(10.87) 83.67 (12.43) 0.524

Fasting blood glucose (mmo/L), mean (SD) 5.67 (0.87) 5.61 (0.87) 5.73 (0.87) 0.576
Total cholesterol (mmo/L), mean (SD) 4.94 (1.11) 5.13 (1.25) 4.75 (0.95) 0.186

Triglycerides (mmo/L), mean (SD) 1.89 (1.11) 2.03 (1.29) 1.75 (0.82) 0.318

HDL cholesterol (mmo/L), mean (SD) 1.33 (0.36) 1.28 (0.27) 1.34 (0.36) 0.313
LDL cholesterol (mmo/L), mean (SD) 2.74 (0.94) 2.93 (1.04) 2.54 (0.81) 0.123

Education Level 0.718
Primary or below 9 (15.0%) 4 (13.3%) 5 (16.7%)

Secondary 42 (70%) 20 (66.7%) 22 (73.3%)

Tertiary 9 (15.0%) 6 (20.0%) 3 (10.0%)

Marital Status 0.748

Married 39 (65.0%) 21 (70.0%) 18 (60.0%)
Not married 12 (20.0%) 5 (16.7%) 7 (23.3%)

Separated/divorced/widow 9 (15.0%) 4 (13.3%) 5 (16.7%)

Financial status 0.441

Good 8 (13.3%) 3 (10.0%) 5 (16.7%)

Average 48 (80.0%) 26 (86.7%) 22 (73.3%)
Poor 4 (6.7%) 1 (3.3%) 3 (10.0%)

Residential status 1.000
Live alone 9 (15.0%) 4 (13.3%) 5 (16.7%)

Live with family 51 (85.0%) 26 (86.7%) 25 (83.3%)

Smoking 1.000

Yes 4 (6.7%) 2 (6.7%) 2 (6.7%)

Quitted 12 (20.0%) 6 (20.0%) 6 (20.0%)
No 44 (73.3%) 22 (73.3%) 22 (73.3%)

Employment status 0.097
Full-time 16 (26.7%) 11 (36.7%) 5 (16.7%)

Part-time 7 (11.7%) 2 (6.7%) 5 (16.7%)

Housewife 9 (15.0%) 2 (6.7%) 7 (23.3%)
Retired 28 (46.7%) 15 (50.0%) 13 (43.3%)

Exercise habit 0.059
Yes 29 (48.3%) 12 (40.0%) 17 (56.7%)

Sometimes 26 (43.3%) 13 (43.3%) 13 (43.3%)

No 5 (8.3%) 5 (16.7%) 0 (0.0%)

Religion 1.000
No 44 (73.3%) 22 (73.3%) 22 (73.3%)

Christian 16 (26.7%) 8 (26.7%) 8 (26.7%)

(Continued)
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accessibility, and the ability to view or input their exercise time at their own pace and time. One drawback of the app was
that the speed was slow if they had an older smartphone. The NTA groups also expressed great appreciation for the
nursing advice, although five participants claimed that the contact time with nurses might not be convenient at times due
to their work commitments or other scheduling conflicts. The mean number of successful contacts with advice given to
a participant ranged from two to five times. Suggestions of ways to further improve the app included providing such
features as automatic step counts and more frequent reminders (n=2). Overall, these findings indicated that the proposed
intervention was feasible and well appreciated by the participants.

Discussion
The overall aim of this study was to examine the preliminary effects of a nurse-led support programme for patients who
were at risk of developing CHD on outcomes of total exercise, self-efficacy of chronic disease management, emergency
department attendance and hospitalizations, CHD risk factor profile, and acceptability as perceived by the patients.
Before the intervention, only 48% of the participants had an exercise habit, although the majority (61.6%) did not work
either full time or part time. Compared to the NTA group, the App group performed better, with a small to moderate
effect on total cholesterol level, tri-glycerides level, diastolic blood pressure, and total amount of exercise (GSLTPA),
against a small effect on body weight and LDL cholesterol. These results indicate that the app effectively promoted
regular aerobic physical exercise, such as brisk walking, leading to a reduction in total cholesterol, triglycerides, LDL
and cholesterol, and better blood pressure control within 3 months.

The results showed that the App group engaged in a greater total amount of physical exercise, as measured by their
GSLTPA score, than did the NTA group, who showed little improvement in their total amount of exercise. The result
indicates that the app was effective at promoting the performance of more moderate-intensity exercise.

The result also showed a small-to-moderate effect, with more greater reductions of in total cholesterol concentrations,
the triglyceride concentrations, and systolic blood pressure in the App group compared to the NTA group. A possible
explanation for these results is that the App group increased the total amount of physical exercise that they engaged in,
which led to better blood pressure control, and to a reduction in total cholesterol and LDL cholesterol reduction over the
3-month study period. Exercise was proven proved to be effective in controlling blood pressure and lipids control
(Carlson et al, 2001). In this study, our intervention likely elicited positive effects on lipid control, blood pressure
controls up to 3 months. The findings were consistent with a previous study in Hong Kong that participants in the
intervention group (with more e-health support for exercise maintenance) demonstrated continuous improvements in
body weight, total exercise amount and self-efficacy for exercise, and lipid level as well.21 A significant interaction effect
was observed on the self-efficacy of chronic disease management (SES) at T1 (1 month) only, but not at T2 (3 months).
A possible explanation for this is that nursing counselling via phone contact still had a superior impact on supporting
patients’ self-care in the short term, which is consistent with the findings in the literature.16 A significant improvement
was found in SES at 1 month only, not at T2 (3 months). The result highlights the importance of providing professional
support via phone contact as this might lead to more interactions with the nurse and might make the patients feel that they
are being cared for. With encouragement from the nurse, patients might have more confidence in performing the exercise

Table 2 (Continued).

Participants’ Characteristics All (N=60)
N(%)

App (N=30)
N(%)

Phone (N=30) N (%) p-value

Godin–Shephard Leisure Time Physical Activity Questionnaire

(GSLTPA)

23.43 (20.26) 21.52 (20.67) 25.33 (20.00) 0.470

Chronic disease management: self-efficacy scale (SES) 7.15 (1.67) 7.36 (1.40) 6.93 (1.90) 0.325

Total exercise time (minutes) 195.64

(154.01)

174.59

(174.72)

216.70 (129.65) 0.898
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Table 3 Mean and Standard Deviation of Outcomes and Results of Generalized Estimation Equation (GEE) Models for the
Comparison of the Repeated Measures Outcome Variables Between the Two Groups

Biomarkers App Mean (SD) Phone Mean (SD) Between-Group Comparison from Baseline

β 95% CI p-value Cohen’s d

Godin–Shephard Leisure Time Physical

Activity Questionnaire (GSLTPA)

T0 21.52 (20.67) 25.33 (20.00)

T1 26.33 (22.11) 20.83 (14.90) 6.356 −3.629 to 16.341 0.212 0.43

T2 30.75 (19.74) 25.00 (16.29) 4.910 −5.979 to 15.799 0.377 0.43

Chronic Disease Management: Self-

Efficacy Scale (SES)

T0 7.36 (1.40) 6.93 (1.90)

T1 7.18 (1.65) 7.5.8 (1.21) −0.793 −1.538 to −0.048 0.037 −0.50
T2 7.56 (1.38) 7.22 (1.51) −0.041 −0.899 to 0.817 0.925 −0.03

Total exercise time

T0 174.59 (174.72) 216.70 (129.65)

T1 189.67 (180.15) 248.37 (149.90) −31.534 −118.429 to 55.362 0.477 −0.11
T2 221.96 (175.90) 278.79 (189.69) −28.703 −112.031 to 64.625 0.547 −0.02

Weight

T0 68.20 (11.75) 64.86 (10.35)

T1 67.76 (11.85) 64.64 (10.13) −0.230 −0.909 to 0.449 0.507 −0.13
T2 67.60 (12.32) 64.63 (10.39) −0.174 −1.034 to 0.685 0.691 −0.10

BMI

T0 25.83 (3.23) 25.80 (3.69)

T1 25.47 (3.27) 25.72 (3.66) −0.065 0.337 to 0.100 0.751 −0.11
T2 25.30 (3.29) 25.82 (3.64) 0.004 0.474 to 0.000 0.988 −0.07

Fasting Blood Glucose

T0 5.61 (0.87) 5.73 (0.87)

T2 5.51 (0.70) 5.79 (1.03) 0.047 −0.313 to 0.406 0.800 0.01

Total Cholesterol

T0 5.13 (1.25) 4.75 (0.95)

T2 4.81 (1.09) 4.79 (1.00) −0.147 −0.432 to 0.138 0.312 −0.43

Triglycerides

T0 2.03 (1.29) 1.75 (0.82)

T2 1.83 (0.84) 2.06 (1.48) −0.443 −1.025 to 0.140 0.136 −0.39

HDL cholesterol

T0 1.28 (0.27) 1.34 (0.36)

T2 1.28 (0.32) 1.37 (0.32) −0.017 −0.144 to 0.111 0.800 0.00

LDL cholesterol

T0 2.93 (1.04) 2.54 (0.81)

T2 2.69 (0.94) 2.46 (0.83) −0.008 −0.288 to 0.273 0.956 −0.19

Resting systolic BP

T0 137.73 (17.77) 136.97 (19.32)

T2 131.79 (16.28) 130.10 (14.98) 1.193 −5.409 to 7.796 0.723 0.03

Resting diastolic BP

T0 85.60 (10.87) 83.67 (12.43)

T2 81.00 (8.09) 82.10 (10.78) −2.306 −6.530 to 1.917 0.285 −0.32

Notes: Model: age, group, group*time, exercise habit. T0: baseline; T1: post-intervention at 1-month; T2: 3-month follow-up.
Abbreviations: GEE, generalized estimating equations; CI, confidence interval.
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tasks, leading to a change in their behaviours, (ie, spending more exercising). The participants in the NTA group
performed better in self-care via the professional nursing support within 1 month. But this only resulted in an increase in
their total exercise time, not in the intensity of the exercise, which would be needed to achieve an improvement in clinical
outcomes such as lipid profiles.

Given that the same information on CHD care was provided to both the NTA and App groups, the members’ area and
interactive platform and other features of the CHD app may have further motivated the participants to self-monitor their
health and record details of their exercise, body weight, blood pressure, and blood glucose, thereby enhancing the
participants’ SES within 3 months. A positive trend was observed in the App group with the improvement in their SES
score of 7.36 to 7.56, while the phone group also showed improvement of 6.93 to 7.22, although a non-significant result
was observed between groups. The success of the NTA group may be due to their labour-intensive components, such as
individual nursing phone counselling for dietary and exercise advice. However, the App group relied solely on the App
support to improve their knowledge of CHD care and modification of exercise behaviour. Consistent with the preliminary
RCT data, our qualitative findings on the process evaluation also showed that the participants in the both the App and
NTA groups mostly accepted and appreciated the support that they received on exercise maintenance. However, the app
group could be more beneficial due to easy accessibility to the app at any time. In the NTA group, they are waiting for the
nurse to call them which might be at an inconvenient time. Furthermore, NTA group required more human resources in
terms of nursing time and effort.

In summary, the study adds more evidence that a small-to-moderate effect, with more greater reductions of in total
cholesterol concentrations, the triglyceride concentrations, and systolic blood pressure in the App group compared to the
NTA group. This app might have helped the participants to improve their level of knowledge regarding self-management
in CHD care, adhere to positive lifestyle modifications (eg, engaging in exercise), and self-monitor their blood pressure,
body weight, and lipid measures. Accordingly, the participants also experienced good nursing support via either phone
advice or the CHD app. The CHD app might be superior to phone contact because it consumes less in terms of manpower
resources, is easily accessible, and could be sustainable within 3 months. Our CHD app could be incorporated in the
programme and promoted to the population on a larger scale to reduce cardiovascular risks using limited human
resources.

Limitations
This study has several limitations. First, the sample size was small and only two websites, one Facebook site, and two
community centres were used for promotion, which might affect the generalizability of the results. More motivated
people than average might have joined the study. Second, the Hawthorne effect might have been present for the NTA
group, which might have affected the results. Third, the data relied on the participants’ self-inputted exercise records, and
some participants might have forgotten to input their data. An objective tool for measuring exercise might be used in
future studies if funding permits. Lastly, the older mean age of participants could mean that this group of people might
have a harder time using technology. They are perhaps more used to speaking on the phone rather than navigating
through an app. A large-scale multi-centre RCT is needed to confirm the results observed in this pilot study.
A sustainable, longer-term effect (6 months or longer) or an e-health intervention with a stronger dose in terms of
features designed to engage the patients so that they exercise in a sustainable manner might be explored in the future.

Conclusion
At-risk CHD is a common health problem associated with a heightened risk of developing cardiovascular disease. The
risks could be reduced through lifestyle interventions and the provision of appropriate professional support for self-care.
This pilot study showed that the use of a CHD app was better to increase the participant’s total amount of exercise and
improve their clinical and cardiovascular risk factors profile in terms of blood pressure, body weight, and blood lipid
profile. With a good recruitment rate and high satisfaction from the participants, it might be feasible in the future to
incorporate this app into a larger-scale health promotion programme to test its effectiveness.
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