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Abstract

Background: In China, ischemic heart disease is the main cause of mortality. Having cardiac rehabilitation and a secondary
prevention program in place is a class IA recommendation for individuals with coronary artery disease. WeChat-based interventions
seem to be feasible and efficient for the follow-up and management of chronic diseases.

Objective: This study aims to evaluate the effectiveness of a tertiary A-level hospital, WeChat-based telemedicine intervention
in comparison with conventional community hospital follow-up on medication adherence and risk factor control in individuals
with stable coronary artery disease.

Methods: In this multicenter prospective study, 1424 patients with stable coronary artery disease in Beijing, China, were
consecutively enrolled between September 2018 and September 2019 from the Fuwai Hospital and 4 community hospitals. At
1-, 3-, 6-, and 12-month follow-up, participants received healthy lifestyle recommendations and medication advice. Subsequently,
the control group attended an offline outpatient clinic at 4 separate community hospitals. The intervention group had follow-up
visits through WeChat-based telemedicine management. The main end point was medication adherence, which was defined as
participant compliance in taking all 4 cardioprotective medications that would improve the patient’s outcome (therapies included
antiplatelet therapy, β-blockers, statins, and angiotensin-converting-enzyme inhibitors or angiotensin-receptor blockers).
Multivariable generalized estimating equations were used to compare the primary and secondary outcomes between the 2 groups
and to calculate the relative risk (RR) at 12 months. Propensity score matching and inverse probability of treatment weighting
were performed as sensitivity analyses, and propensity scores were calculated using a multivariable logistic regression model.

Results: At 1 year, 88% (565/642) of patients in the intervention group and 91.8% (518/564) of patients in the control group
had successful follow-up data. We matched 257 pairs of patients between the intervention and control groups. There was no
obvious advantage in medication adherence with the 4 cardioprotective drugs in the intervention group (172/565, 30.4%, vs
142/518, 27.4%; RR 0.99, 95% CI 0.97-1.02; P=.65). The intervention measures improved smoking cessation (44/565, 7.8%, vs
118/518, 22.8%; RR 0.48, 95% CI 0.44-0.53; P<.001) and alcohol restriction (33/565, 5.8%, vs 91/518, 17.6%; RR 0.47, 95%
CI 0.42-0.54; P<.001).

Conclusions: The tertiary A-level hospital, WeChat-based intervention did not improve adherence to the 4 cardioprotective
medications compared with the traditional method. Tertiary A-level hospital, WeChat-based interventions have a positive effect
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on improving lifestyle, such as quitting drinking and smoking, in patients with stable coronary artery disease and can be tried as
a supplement to community hospital follow-up.

Trial Registration: ClinicalTrials.gov NCT04795505; https://clinicaltrials.gov/ct2/show/NCT04795505

(JMIR Mhealth Uhealth 2021;9(10):e32548) doi: 10.2196/32548
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Introduction

Background
In China, the main cause of mortality is a cardiac condition
known as ischemic heart disease [1]. According to current
recommendations, having cardiac rehabilitation and a secondary
prevention program in place is a class IA recommendation for
individuals with coronary artery disease (CAD) [2-4]; however,
there is a large gap between clinical practice and guideline
recommendations. The cost of treating cardio-cerebrovascular
illnesses in China was Chinese ¥540.64 billion (US $83.90
billion) in 2017. More than 80% of the costs of
cardio-cerebrovascular diseases in China were incurred in
hospitals and over 70% of the costs incurred in inpatient care.
These allocations were unreasonable, and the primary medical
and health facilities accounted for less than 12% of the costs
[5]. To reduce the economic burden of cardiovascular illnesses
in China, efforts have concentrated on improving the quality of
treatment for acute myocardial infarctions (MIs) and
percutaneous coronary interventions (PCIs) [6]. Since the
development of a clinical performance quality control system
for adults with acute ST-elevation MI, significant improvements
have been achieved in China regarding the prescription of
medications during hospitalization, and these medications are
evidence-based [7]. However, approximately half of the patients
with acute MI in China do not have good compliance in taking
their medications after discharge, which substantially increases
morbidity and mortality [8-10]. It is difficult for patients to be
hospitalized in tertiary A-level hospitals in China, and many
patients do not return for follow-up after discharge due to the
patient perspective of treatment being much more important
than prevention. The low-density lipoprotein cholesterol
(LDL-C) goals were not met by a statistically significant
percentage (74.5%) of individuals with a high risk of
arteriosclerotic cardiovascular disease [11]. First- and
second-level preventive care needs to be improved to increase
patient compliance and to change modifiable risk factors [12,13].

In response to this phenomenon, facilities and agencies are
trying to engage patients, change behaviors, and help to control
the risk factors. Traditional patient education methods include
in-office patient counseling, health seminars, follow-up via
telephone calls, text messages or emails, etc. Traditional
teaching methods had no effect on fatal or nonfatal MI, total
revascularization, or hospitalization, according to a Cochrane
comprehensive study [14], and innovative strategies are required
for routine clinical use.

Tencent introduced WeChat (Chinese version: Wei Xin), a free
social networking app, in January 21, 2011, to offer instant

messaging services across all platforms. It not only offers basic
text, voice, photo and video sharing, web-based payment, and
news subscription services but also provides integration with
intelligent hardware, such as smart bracelets, blood pressure
(BP) monitors, and body fat scales. WeChat now has over one
billion active users, making it the most popular social
networking site on the planet. After considering its extensive
population coverage, strong peripheral features, and seamless
integration into everyday life [15], many hospitals have
introduced web-based follow-up measures based on WeChat to
strengthen secondary prevention measures and risk factor
interventions and to improve the drug compliance of patients.
WeChat-based interventions seem to be feasible and efficient
for the follow-up and management of chronic diseases. A review
by Chen et al [16] discussed the following reasons why WeChat
might be useful in chronic illness management: (1) it provides
continuous health services. Hospitals or community health
centers might develop distinct WeChat groups or official
WeChat accounts based on the categories of chronic illnesses.
(2) WeChat can help patients change their unhealthy lifestyle
by constantly sending patient education materials to them. (3)
A WeChat-based follow-up approach can improve
physician-patient relationships by delivering personalized health
advice and enhancing user engagement. (4) Doctors can spread
their successful experiences and measures widely and quickly
to many patients through group messages.

Objectives
To our knowledge, no studies have compared WeChat
web-based interventions with traditional community hospital
follow-ups [17,18] This study evaluates the benefits of a tertiary
A-level hospital WeChat-based telemedicine in comparison
with a conventional community hospital follow-up on
medication adherence and risk factor control in individuals with
stable CAD.

Methods

Study Design
A secondary prevention telemedicine program based on the
WeChat platform provided by a tertiary A-level hospital was
assessed in this 2-arm, parallel multicenter prospective study.
It was one of the Prevention and Control Projects of the Major
Chronic Noninfectious Disease (grant 2018YFC1315600), which
was supported by the Ministry of Science and Technology of
China. The National Center for Cardiovascular Diseases and
the Fuwai Hospital led the study design, follow-up, data
collection, and analysis of this study. Trial development and
reporting were in accordance with the Strengthening the
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Reporting of Observational Studies in Epidemiology Statement.
We registered this study on ClinicalTrials.gov (NCT04795505).

At the initial trial visit, all participants signed a written informed
consent form, and the study adhered to the principles of the
Declaration of Helsinki. The primary ethical committee of the
National Center for Cardiovascular Diseases approved the
research protocol.

Recruitment
In this multicenter prospective study, 1424 patients with stable
CAD in Beijing, China, were consecutively enrolled between
September 2018 and September 2019 from the Fuwai Hospital
and 4 community hospitals. The inclusion criteria were as
follows: participants were required to be aged at least 18 years
and to have a diagnosis of stable CAD according to the
guidelines [19,20]. All participants underwent coronary
computed tomography angiography or coronary angiography.
Patients who could potentially participate in the research were
checked as outpatients and given a form to return with their
information. Participants in the intervention group were required
to own a smartphone with an active WeChat account and to
have the ability to communicate fluently in Chinese with the
cardiac rehabilitation team via WeChat. Participants in the
control group were eligible to participate if they were registered
in one of the 4 community hospitals. Participants were excluded
if they refused to provide signed informed consent or had a life
expectancy of less than a year because of comorbidities.
Participants were assigned to either the intervention or control
group at their own discretion. Demographic information and
reasons for study withdrawal were recorded for each participant
during the entire study period.

Interventions
At the 1-, 3-, 6-, and 12-month follow-ups, participants received
healthy lifestyle recommendations and medication advice.
Subsequently, the control group went to an offline outpatient
clinic at 4 separate community hospitals. The control group
received conventional outpatient cardiology care, including
formal cardiac rehabilitation and secondary preventive measures
whereas the intervention group had follow-up visits through
WeChat-based telemedicine management (Figure 1). Participants
in this group were trained on how to interact with the WeChat

official account (Figure 2). Each appointment included inquiries,
evaluations, and comments. A questionnaire (Multimedia
Appendix 1) was administered remotely before formal
WeChat-based follow-up. The questionnaire included symptoms
and adverse events, control of risk factors, basic physical
examination and auxiliary examination, and medication status.
Participants can answer the above questions by voice, text, or
picture. The results of the questionnaire are only for improving
the efficiency of information collection, and doctors will further
confirm the authenticity of information during follow-up visits
on WeChat. On the basis of the above preliminary data, the
researcher appointed time to further communicate with the
subjects on WeChat and took intervention measures such as
adjusting the treatment plan, strengthening the control of risk
factors, and improving the lifestyle. During every consultation,
the participant’s medication adherence and risk factor
modification status were evaluated, and the participant was
given personalized feedback, encouragement, and suggestions.
In our study, risk factor modification included improving
cholesterol management, quitting smoking and drinking,
monitoring BP, and maintaining a healthy weight. At the end
of each visit, the participant received an evaluation report
(Multimedia Appendix 2), highlighting areas for improvement.
The researchers focused on outcomes where the participant did
not perform well at the previous follow-up to trigger a virtuous
circle and help them achieve optimal cardiovascular health. The
official WeChat account also had other functions, such as
regularly sending health education materials, physician-patient
communication, and medical appointments. Participants were
provided with a variety of teaching materials on coronary heart
disease that had been evaluated by cardiologists and that they
may read whenever and wherever they wished (Figure 3).
Relevant information was updated and sent weekly. If
participants had questions, they could always ask the physician
in the form of text and pictures via WeChat (Figure 4). Doctors
could see participants’ questions in the backstage (Figure 5)
and answer them on a mobile phone (Figure 6). Participants
would be contacted by phone call if their condition changed or
they cannot be contacted by WeChat, or the investigator deemed
it necessary. The cardiac rehabilitation team received uniform
training before first contact with the participant to minimize the
heterogeneity of the interventions.
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Figure 1. Overview of the WeChat-based telemedicine intervention. HbA1c: glycated hemoglobin A1c; LDL-C: low-density lipoprotein cholesterol.

Figure 2. Screenshots of the user registration and binding interface.
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Figure 3. Screenshots of educational materials related to coronary heart disease in the patient terminal.

Figure 4. Screenshot of the initiation of a question in the patient terminal.
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Figure 5. Backstage management interface of the WeChat-based secondary prevention program.

Figure 6. Screenshots of the answering of questions in the physician terminal.
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Outcome Measures and Data Collection
Participant characteristics included age, gender, alcohol
consumption, and cigarette smoking, clinical data (systolic BP,
diastolic BP, BMI, LDL-C, glycated hemoglobin A1c [HbA1c],
and ejection fraction), past medical history (hypertension,
dyslipidemia, CAD family history, previous PCI, previous
coronary artery bypass grafting, previous MI, previous ischemic
stroke, diabetes mellitus [DM], peripheral vascular disease,
chronic kidney disease, and heart failure), and medications
(antiplatelets ,  β-blockers ,  s tat ins,  and
angiotensin-converting-enzyme inhibitor or angiotensin-receptor
blocker [ACEI/ARB]).

The main endpoint was medication adherence, which was
defined as the participants compliance in taking all 4
cardioprotective medications that would improve their outcome
(therapies included antiplatelet therapy, β-blockers, statins, and
ACEI/ARB). Participants were considered to be taking all 4 of
the cardiovascular protective medications if they were taking
all 4 medications at the time of the follow-up and had no more
than 10% of the days without medication. If the participant can
provide details of the prescription, the investigator will calculate
the medication status based on the prescription. The secondary
outcomes included control of hypertension, current smoking,

current alcohol consumption, 18.5≤BMI<25.0 kg/m2,
LDL-C<1.8 mmol/L and HbA1c<7%. BP less than 140/90 mm
Hg in individuals was considered to have good control of
hypertension for the purposes of this research. These target
values are based on guidelines for the diagnosis and treatment
of stable CAD [20]. The whole data set included 4 parts:
baseline characteristics and the 1-, 3-, 6-, and 1-year follow-up

characteristics. All the baseline characteristics were extracted
from the participants’ medical records.

Researchers performed face-to-face interviews with participants
in the control group during the first visit, as well as at the
1-month, 3-month, 6-month, and 1-year follow-up visits. At the
follow-up, body height and body weight were measured by the
physicians. Two BP readings were taken by using an electronic
BP monitor with the participant sitting in a chair with back
support after 10 minutes of rest, and the average was considered
as the final reading. Behavioral changes in drinking and smoking
status and adherence to secondary prevention medications were
self-reported by the participants. We evaluated 4 medications
that were commonly prescribed to patients with stable CAD;
specifically, each participant was asked about their current
medications during each follow-up visit.

Follow-up data were collected for the intervention group via
our official WeChat account. To minimize the impact of the
discrepancy between BP recorded at home and BP measured at
the clinic, all members of this group were requested to report
their height, weight, and BP using conventional procedures at
a nearby clinic. Behavioral changes in drinking and smoking
status and adherence to medications were collected using
self-reported questionnaires. Blood samples in both groups for
LDL-C and HbA1c levels were analyzed in the respective
laboratories using standard procedures.

An electronic data capture system (Figure 7) was used to gather
and handle all the data. To enter and analyze the data,
researchers needed to be given appropriate permissions, and all
the researchers were unable to access the database until they
underwent data safety training.

Figure 7. Synchronous data-capture system of the WeChat-based secondary prevention program.
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Statistical Analysis
Categorical variables were described using frequencies and
percentages, and continuous variables using means with SDs
or medians with IQRs. The baseline characteristics of
participants were compared across groups using the chi-square
or Fisher exact test for categorical variables and Student t tests
(2-tailed) or the Wilcoxon rank-sum test for continuous data.
Multivariable generalized estimating equations (GEEs) were
used to compare the primary and secondary outcomes between
the 2 groups and to calculate the relative risk (RR) at 12 months.
Propensity score matching (PSM) and inverse probability of
treatment weighting (IPTW) were performed as sensitivity
analyses, and propensity scores were calculated using a
multivariable logistic regression model. These variables,
including gender, age, current smoking, current alcohol
consumption, hypertension, dyslipidemia, CAD family history,
previous coronary artery bypass grafting, previous PCI, previous
MI, ischemic stroke, DM, peripheral vascular disease, chronic
kidney disease, heart failure, BP, BMI, LDL-C, HbA1c,
antiplatelet medications, β-blocker use, statin use, and
ACEI/ARB, were chosen as covariates because the differences
in the baseline characteristics reached statistical significance
(P<.10) or were associated with the outcome. The PSM process
was based on the nearest neighbor matching algorithm without
replacement under a 0.02 caliper at a 1:1 ratio, yielding 257
participants in the intervention group and 257 participants in
the control group. IPTW was performed using the same
propensity score as previously estimated. A standardized mean
difference of <0.2 indicated an acceptable balance after matching
or weighting. We used this set of tests to account for baseline
variables and draw conclusions about the effect of telemedicine
intervention on the results at the individual participant level.

Furthermore, comparisons of the primary endpoint between the
2 groups were made based on the prespecified baseline
characteristics including gender, age, control of hypertension,
current smoker, current drinker, BMI, LDL-C, and HbA1c

subgroups. The interaction between treatment effects and
subgroups was evaluated using the multivariable GEE models.
The analysis was performed in the whole population and
adjusted for baseline factors including gender, age, control of
hypertension, current smoker, current drinker, BMI, LDL-C,
and HbA1c. On the basis of previous studies [8,18], it is
estimated that the proportion of the control group in this study
who were persistent with taking the 4 cardiovascular protective
drugs at the 1-year follow-up was approximately 30%, whereas
the proportion of the intervention group was estimated to be
40%. We calculated according to a 90% power (2-sided α=.05)
and considering a 10% participant loss to follow-up, a total of
1060 participants needed to be enrolled in this study. The ratio
between the intervention and control groups was 1:1, and 530
participants were included in the 2 groups.

A 2-tailed P value <.05 was considered statistically significant.
All the statistical analyses were performed using STATA 16.0
(Stata Corp) and R 4.0.2 (R Foundation for Statistical
Computing). The missing values are filled in by the average of
the 10 multiple interpolations. None of the variables had missing
values of >5%. Missing values varied from 0.1% (BP) to 3.6%
(HbA1c).

Results

Baseline Characteristics
Table 1 summarizes the unadjusted baseline characteristics.
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Table 1. Baseline characteristics (N=1206).

SMDaP valueControl (n=564)Intervention (n=642)TotalVariables

Demographics

0.166.005387 (68.6)488 (76)875 (72.6)Male, n (%)

0.772<.00168.89 (9.52)61.27 (10.20)64.83 (10.59)Age (years), mean (SD)

0.601<.001384 (68.1)253 (39.4)637 (52.8)Age ≥65 years, n (%)

0.054.39137 (24.3)171 (26.6)308 (25.5)Current smoker, n (%)

0.084.1799 (17.6)93 (14.5)192 (15.9)Current drinker, n (%)

Past medical history, n (%)

0.35<.001447 (79.3)409 (63.7)856 (71)Hypertension

0.651<.001343 (60.8)564 (87.9)907 (75.2)Dyslipidemia

0.043.5260 (10.6)60 (9.3)120 (10)CADb family history

0.175.00439 (6.9)20 (3.1)59 (4.9)Previous CABGc

0.338<.00199 (17.6)205 (31.9)304 (25.2)Previous PCId

0.071.2573 (12.9)99 (15.4)172 (14.3)Previous myocardial infarction

0.102.1032 (5.7)53 (8.3)85 (7)Previous ischemic stroke

0.29<.001259 (45.9)205 (31.9)464 (38.5)Diabetes mellitus

0.088.1814 (2.5)26 (4)40 (3.3)Peripheral vascular disease

0.132.049 (1.6)2 (0.3)11 (0.9)Chronic kidney disease

0.247<.0014 (0.7)30 (4.7)34 (2.8)Heart failure

Clinical data

0.7<.001491 (87.1)369 (57.5)860 (71.3)Good control of hypertension, n (%)

0.47<.001127.73 (12.04)135.10 (18.67)131.65 (16.33)Systolic BPe (mm Hg), mean (SD)

0.209<.00175.93 (8.16)78.06 (11.92)77.06 (10.38)Diastolic BP (mm Hg), mean (SD)

0.091.1225.45 (3.17)25.74 (3.21)25.61 (3.19)BMI (kg/m2), mean (SD)

0.009.92240 (42.6)276 (43)516 (42.8)18.5≤BMI<25.0 kg/m2, n (%)

0.055.342.29 (0.75)2.34 (0.84)2.32 (0.80)LDL-Cf (mmol/L), mean (SD)

0.02.79156 (27.7)172 (26.8)328 (27.2)LDL-C<1.8 mmol/L, n (%)

0.094.116.44 (1.11)6.55 (1.23)6.50 (1.18)HbA1c
g (%), mean (SD)

0.044.49428 (75.9)475 (74)903 (74.9)HbA1c<7%, n (%)

Medications, n (%)

0.086.16163 (28.9)211 (32.9)374 (31)Medications adherence

0.066.35550 (97.5)632 (98.4)1182 (98)Antiplatelet

0.394<.001353 (62.6)514 (80.1)867 (71.9)β-blocker

0.359<.001511 (90.6)633 (98.6)1144 (94.9)Statin

0.159.007288 (51.1)277 (43.1)565 (46.8)ACEI/ARBh

aSMD: standardized mean difference.
bCAD: coronary artery disease.
cCABG: coronary artery bypass grafting.
dPCI: percutaneous coronary intervention.
eBP: blood pressure.
fLDL-C: low-density lipoprotein cholesterol.
gHbA1c: glycated hemoglobin A1c.
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hACEI/ARB: angiotensin-converting-enzyme inhibitor or angiotensin-receptor blocker.

In this study, 1424 participants were identified between
September 2018 and September 2019. After screening the
participants based on the exclusion criteria, 1206 participants
were analyzed in this study. At 1 year, 88% (565/642) of
participants in the intervention group and 91.8% (518/564) of
participants in the control group had successful follow-up data
(Figure 8). The loss to follow-up rate was lower in the control
group (77/642, 12%, vs 46/564, 8.2%; P=.03), and 84.1%
(475/565) of participants in the intervention group were followed
up via the WeChat platform. In summary, participants in the
intervention group were more likely to be male (488/642, 76%,
vs 387/564, 68.6%; P<.001) and younger (61.27 vs 68.89;
P<.001). The intervention group showed a reduced prevalence
of comorbidities such as hypertension (409/642, 63.7%, vs
447/564, 79.3%; P<.001), DM (205/642, 31.9%, vs 259/564,
45.9%; P<.001), and chronic kidney disease (2/642, 0.3%, vs
9/564, 1.6%; P<.001) when compared with the control group.
Regarding clinical data, the intervention group had worse BP
control (369/642, 57.5%, vs 491/564, 87.1%; P<.001) than the
control group; however, heart failure was more common in the
intervention group (30/642, 4.7%, vs 4/564, 0.7%; P<.001) as
was dyslipidemia (564/642, 87.9%, vs 343/564, 60.8%; P<.001).
Regarding medication adherence with the 4 cardioprotective
drugs, participants in the intervention group more frequently
received β-blockers (514/642, 80.1%, vs 163/564, 62.6%;
P<.001) and statins (633/642, 98.6%, vs 163/564, 90.6%;
P<.001) and less frequently received ACEI/ARB (277/642,
43.1%, vs 288/564, 51.1%; P=.007). There were no statistically
significant differences between the 2 groups with regard to

current smoker, current drinker, previous PCI, previous MI,
previous ischemic stroke, medication adherence, BMI, LDL-C,
or HbA1c. Overall, the on-target proportions of BP, BMI,
LDL-C, and HbA1c were 71.31% (860/1206), 42.79%
(516/1206), 27.2% (328/1206), and 74.88% (903/1206),
respectively, and 54.7% (254/464) of patients with known
diabetes had HbA1c≥7%. Regarding unhealthy lifestyles, the
proportions of smokers and drinkers were 25.54% (308/1206)
and 15.92% (192/1206), respectively. The prevalence of the 4
cardiovascular drugs at the beginning was 31.01% (374/1206,
95% CI 28.4%-33.6%). Among them, the proportion of
antiplatelet drugs (98.01%, 1182/1206) and statins (94.86%,
1144/1206) was higher, whereas the proportion of β-blockers
(71.89%, 867/1206) and ACEI/ARBs (46.85%, 565/1206) was
lower. Among participants treated with statins, 73.6%
(842/1144) did not achieve the goal LDL-C level of 1.8 mmol/L.
The reasons for participants’ loss of follow-up included not
being able to keep in touch (82.1%, 101/123) and participants
requesting withdrawal from the study (17.9%, 22/123). Clinical
demographics of follow-up and lost to follow-up participants
are shown in Multimedia Appendix 3. Compared with
participants with regular follow-up, participants who were lost
to follow-up had a higher proportion of hypertension (757/1083,
69.9%, vs 99/123, 80.5%; P=.02), diabetes (403/1083, 37.21%,
vs 61/123, 49.6%; P=.01), a lower proportion of dyslipidemia
(825/1083, 76.18%, vs 82/123, 66.7%; P=.03), and better
medication adherence (324/1083, 29.92%, vs 50/123, 40.7%;
P=.02).
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Figure 8. Participant flow diagram.

Sensitivity Analyses Using PSM and IPTW
We matched 257 pairs of participants between the intervention
group and the control group using PSM. To avoid decreasing
the sample size and weakening the statistical power, we also
performed IPTW using the same covariates in the PSM. After
matching and weighing, almost all covariates were

well-balanced, except for age (Multimedia Appendix 4).
Detailed baseline characteristics and standard mean differences
after PSM and IPTW are depicted in Multimedia Appendix 5.

Primary and Secondary Outcome Analyses
Table 2 presents an overview of the primary and secondary
outcomes at the 1-year follow-up (comparison within groups).
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Table 2. Primary and secondary outcomes at the 1-year follow-up (comparison within groups).

ControlInterventionOutcomes

P value1 year, n (%)Baseline, n (%)P value1 year, n (%)Baseline, n (%)

Primary outcome

.63142 (27.4)163 (28.9).38172 (30.4)211 (32.9)Medication adherence

Secondary outcomes

.08494 (95.4)550 (97.5).005540 (95.6)632 (98.4)Antiplatelet

.80329 (63.5)353 (62.6).42441 (78.1)514 (80.1)β-blocker

.32479 (92.5)511 (90.6)<.001532 (94.2)633 (98.6)Statin

.73258 (49.8)288 (51.1).31227 (40.2)277 (43.1)ACEI/ARBa

.61118 (22.8)137 (24.3)<.00144 (7.8)171 (26.6)Current smoker

.9991 (17.6)99 (17.6)<.00133 (5.8)93 (14.5)Current drinker

<.001486 (93.8)491 (87.1)<.001416 (73.6)369 (57.5)Good control of hypertension

.77226 (43.6)240 (42.6).74237 (41.9)276 (43)18.5≤BMI<25.0 kg/m2

<.001280 (54.1)156 (27.7).002198 (35)172 (26.8)LDL-Cb<1.8 mmol/L

<.001484 (93.4)428 (75.9).16439 (77.7)475 (74)HbA1c
c<7%

aACEI/ARB: angiotensin-converting-enzyme inhibitor or angiotensin-receptor blocker.
bLDL-C: low-density lipoprotein cholesterol.
cHbA1c: glycated hemoglobin A1c.

Compared with the previous year, there was no significant
difference in the drug adherence with the 4 cardioprotective
medications in either the intervention or the control group
(172/565, 30.4%, vs 211/642, 32.9%, P=.38; 142/518, 27.4%,
vs 163/564, 28.9%, P=.63). Compared with the previous year,
an increased prevalence of good hypertension management was
observed among the intervention group (416/565, 73.6%, vs
369/642, 57.5%; P<.001), an LDL-C on target (198/565, 35%,
vs 172/642, 26.8%; P<.001) and a reduction in the proportion
of current smokers (44/565, 7.8%, vs 171/642, 26.6%; P<.001)
and drinkers (33/565, 5.8%, vs 93/642, 14.5%; P<.001). After
the 1-year follow-up, the proportion of medication adherence
to antiplatelet treatment (540/565, 95.6%, vs 632/642, 98.4%;
P=.005) and statins (532/565, 94.2%, vs 633/642, 98.6%;
P<.001) decreased. In the control group, participants achieved
a better BP level (486/518, 93.8%, vs 491/564, 87.1%; P<.001),
improved lipid levels (280/518, 54.1%, vs 156/564, 27.7%;
P<.001) and improved control of blood glucose (484/518,
93.4%, vs 428/564, 75.9%; P<.001) at the 1-year follow-up.

Multimedia Appendix 6 presents 1-year primary and secondary
outcomes (intervention vs control). Figure 9 depicts proportions

of medical adherence to the 4 cardioprotective drugs in the
intervention group and control group by different statistical
methods. Compared with the routine follow-up in community
hospitals, there was no obvious advantage in the medication
adherence with the 4 cardioprotective drugs in the intervention
group (172/565, 30.4%, vs 142/518, 27.4%; RR 0.99, 95% CI
0.97-1.02; P=.65). The mean difference of medications
adherence between the intervention and control groups is 3%
(95% CI 0.2%-11.5%). The intervention measures improved
the smoking cessation (44/565, 7.8%, vs 118/518, 22.8%; RR
0.48, 95% CI 0.44-0.53; P<.001), alcohol restriction (33/565,
5.8%, vs 91/518, 17.6%; RR 0.47, 95% CI 0.42-0.54; P<.001).
The control group was superior to the intervention group in
medication adherence in regard to ACEI/ARBs (227/565, 40.2%,
vs 258/518, 49.8%; RR 0.98, 95% CI 0.96-0.99; P<.001), BMI
(237/565, 41.9%, vs 226/518, 43.6%; RR 0.95, 95% CI
0.93-0.97; P<.001), LDL-C (198/565, 35%, vs 280/518, 54.1%;
RR 0.79, 95% CI 0.73-0.84; P<.001), and blood glucose
(439/565, 77.7%, vs 484/518, 93.4%; RR 0.95, 95% CI
0.94-0.97; P<.001) targets. All of these results were still
significant after the multivariable analysis using GEE, PSM,
and IPTW.
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Figure 9. Proportions of medical adherence to 4 cardioprotective drugs in the intervention group and control group.

Subgroup Analysis
The intervention and control groups were divided into 16
subgroups according to gender, age, control of hypertension,
current smoker, current drinker, BMI, LDL-C, and HbA1c

(Figure 10). No significant difference in medication adherence
between the 2 groups was consistent across all subgroups, and

no significant interaction was observed. A trend of increased
medication adherence in the intervention group was observed
in the current drinker subgroup (8/33, 24%, vs 34/91, 37%; RR
0.72, 95% CI 0.65-0.80). However, the subgroup analysis did
not indicate any significant interactions between medication
adherence and stratification variables.

Figure 10. Subgroup analysis of primary outcome. Values are n (%) for categorical variables. The interaction between treatment effect and subgroups
was evaluated using multivariable generalized estimating equations models. The analysis was performed in the whole population and adjusted for
baseline factors including sex, age, control of hypertension, current smoker, current drinker, BMI, low-density lipoprotein cholesterol, and glycated
hemoglobin. HbA1c: glycated hemoglobin A1c; LDL-C: low-density lipoprotein cholesterol. RR: relative risk.

No study-related adverse events were recorded during this trial. Discussion

This is a prospective study, which directly compares web-based
tertiary A-level hospital, WeChat-based secondary prevention
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with a traditional community, hospital-based cardiac
rehabilitation program in patients with stable CAD.

Principal Findings
Most patients with CAD had poor management of cardiovascular
risk factors, and the percentage of participants who met the
prescribed BP, BMI, LDL-C, and HbA1c goals recommended
were 71.31% (860/1206), 42.79% (516/1206), 27.2%
(328/1206), and 74.88% (903/1206), respectively. Current
smoking and alcohol consumption accounted for 25.54%
(308/1206) and 15.92% (192/1206) of the total participants,
respectively. A total of 31.01% (374/1206) of the participants
had good medication adherence for the use of the 4
cardioprotective drugs. Cardioprotective medications included
antiplatelet therapy, statins, β-blockers, and ACEIs/ARBs in
98.01% (1182/1206), 94.86% (1144/1206), 71.89% (867/1206),
and 46.85% (565/1206) of patients, respectively. The current
situation that uses secondary prevention is not ideal, especially
regarding the participants’ blood lipids and blood glucose
control. More than 73.60% (842/1144) of the participants in
our study were taking statins to reduce their blood lipids, but
their LDL-C levels remained high, suggesting that they needed
more rigorous cholesterol treatment. A possible explanation is
that the initial dose of the drug was too low, and the dose was
not adjusted as soon as the treatment began, or failure to
strengthen cholesterol management in a timely manner, such
as the addition of ezetimibe and proprotein convertase
subtilisin/kexin type 9 inhibitors. Our findings are in line with
those of previous studies conducted in Europe, China, the United
States, and other areas of the globe. Previous results from the
European Action on Secondary and Primary Prevention by
Intervention to Reduce Events V [21-24], Dyslipidemia
International Study [25], Dyslipidemia International
Study-China [26], the Prospective Urban Rural Epidemiology
study [12], the prospective observational longitudinal registry
of patients with stable CAD (CLARIFY [Prospective
Observational Longitudinal Registry of Patients With Stable
Coronary Artery Disease]) study [27], Report on Cardiovascular
Health and Diseases Burden in China 2020 [28] confirmed that
the current situation of secondary prevention in patients with
coronary heart disease is concerning.

The most significant result of this study is that a WeChat-based
intervention provided by a tertiary A-level hospital had no
obvious advantage in improving patient adherence with the 4
cardioprotective medications compared with the traditional
method. This finding is in contrast to a previous study [18],
which suggested that the WeChat intervention can improve the
medication adherence of patients. However, our study did not
record the reasons for discontinuation of medication, and it is
impossible to determine whether patients stopped medication
because of a change in their disease or because of poor patient
compliance. The WeChat remote intervention leads to better
lifestyle improvements, including abstinence from smoking and
alcohol consumption. The possible mechanism for the improved
smoking cessation and alcohol use in participants in the
intervention group includes several aspects, including how the
relevant content is presented to the participants. All the messages
sent out by our official WeChat account include smoking
cessation and alcohol use content. Second, the participants were

asked about smoking and alcohol consumption at each
follow-up. Risk factors, including BP, LDL-C, blood glucose,
and BMI, were more controlled by the traditional community
follow-up, which may be explained by the fact that community
hospital doctors were trained before the trial to improve their
clinical skills.

Limitations
This study had some limitations. First, this was an observational
study. Bias may be introduced by variations in the baseline
features of the 2 groups. Second, our study did not record the
use of all antihypertensive drugs used in patients, so it was
impossible to specifically analyze whether the reason for the
better control of hypertension in participants in the control group
was due to better compliance with antihypertensive drugs or an
improved lifestyle. Third, because of the short follow-up period,
it was difficult to assess the long-term consequences. In addition,
some factors that might affect patient adherence, such as income
and education, were not recorded in our study. Finally,
participants were not asked to participate in designing messages
and the intervention so that the interventions we offered may
not fully meet their needs. Participants may be asked to
contribute to the design of interventions in future trials.

Comparison With Prior Work
According to a literature review by Farsi et al [29],
multidimensional health care, which includes the integration of
health care with social media and other kinds of communication,
has been shown to be very effective. A systematic review by
Indraratna et al [30] included 26 randomized controlled trials
(n=6713). In patients with heart failure, mobile phone
technologies were associated with lower hospitalization rates,
and in patients with hypertension, mobile phone technologies
significantly reduced the systolic BP [30]. A systematic review
of 9 randomized controlled studies evaluated by Hamilton et al
[31] confirmed that participants had high rates of participation,
acceptance, use, and adherence to mobile health (mHealth). In
addition, the health care provided by mHealth is just as effective
as a traditional central health care and significantly improves
the quality of life [31]. A few recent studies have demonstrated
the feasibility and effectiveness of WeChat in chronic disease
management, such as in hypertension and CAD. In a 30-day
follow-up, Ni et al [17] discovered that the experimental group’s
medication nonadherence score dropped more. Participants in
that group were given an mHealth intervention created by
combining 2 apps: WeChat and BB Reminder. The medication
nonadherence score, heart rate, systolic BP, and diastolic BP
were all included as outcome variables in this study. The
remaining 3 outcomes were not examined owing to the short
follow-up period (30 days) and small sample size of the study
[17]. Dorje et al [18] created the Smartphone and Social
Media–Based Cardiac Rehabilitation and Secondary Prevention
in China program, which is a smartphone-based cardiac
rehabilitation and secondary prevention program provided
through the social media platform WeChat. The participants
were monitored for a year in this randomized controlled study,
which included 312 participants. The Smartphone and Social
Media–Based Cardiac Rehabilitation and Secondary Prevention
in China group improved substantially more in the 6-minute
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walk distance at 2 and 6 months than in the control group [18].
Participants in this group had better secondary outcomes,
including knowledge of CAD total score, systolic BP, lipid
profile, and cardioprotective drug compliance. However, they
found no differences between groups in other secondary
outcomes, such as current smoker, BMI, waist-to-hip ratio,
psychosocial status, and quality of life. In addition, participants
in the control group did not receive formal cardiac rehabilitation
and secondary prevention, which may have led to an
overestimation of the WeChat effect. BP control in the target
range is an important strategy for secondary prevention of CAD.
Several reports have shown that WeChat-based interventions
are associated with a better control of hypertension. An
investigation by Li et al [32] involving 464 patients with
hypertension found that after 6 months of using WeChat for
self-care, BP control was better in the intervention group. They
built separate group chats according to the different risk factors
and developed a punch in an innovative system to promote
healthy behaviors. In a study by Xiao et al [33], participants
reported feeling more willing to use and satisfied when using
the WeChat platform for routine BP monitoring. Chang et al
[34] examined participants’ experiences of physician-patient
communication and peer interaction in a social media–based
(WeChat) weight management program. The interactive nature
of social media mitigates the practice of social support and
social comparison and creates new forms of supervision [34].
However, such communication in a public group carries a
potential privacy risk. In a study by Chen et al [35], 80 people
were randomly allocated to 1 of 2 groups: intervention and
control. The intervention group was given the entire Chinese
smoking cessation plan, which was based on applicable
guidelines. The features included projects that were used in a
specific intervention program to help users plan and record good
protocols to promote quitting smoking, promote smoking
cessation games, provide information on smoking hazards, help
users overcome impulse behaviors, evaluate the level of nicotine
dependence and standardized lung health tests, and provide a
social platform that encourages social support among users. A
total of 25% (10/40) of the intervention participants and 5%
(2/40) of the control participants (RR 5, 95% CI 1.2-21.4; P=.03)
had biochemically validated cessation at 6 weeks. It has been
suggested that using the WeChat platform for smoking cessation
is a novel and acceptable intervention for smoking cessation.
Zhang et al [36] found in their study that WeChat
self-monitoring tended to increase the medication compliance
of patients with ischemic stroke. However, owing to the study’s
limited sample size, no significant conclusions could be drawn

[36]. The study by Li et al [37] confirmed that the
videoconference follow-up based on WeChat has better
effectiveness, reliability, and higher user satisfaction and trust
than the traditional telephone follow-up. The results of this
study are consistent with those of our study, which verifies the
feasibility of WeChat as a new method of long-term follow-up.

According to this study, WeChat-based telemedicine is
particularly effective for lifestyle interventions. Owing to the
COVID-19 crisis, it has been inconvenient and even impossible
for patients with chronic diseases to receive outpatient
follow-up. Remote follow-up can be used as an effective medical
treatment.

We identified other problems in this study. First, participants
in the intervention group often want consultation for their
comorbidities, and our cardiac rehabilitation team may not be
able to provide detailed explanations for their comorbidities,
resulting in participants needing to go to the hospital. In the
future, this problem can be solved by integrating a chronic
disease management team to manage all comorbidities of
participants. Second, some participants with persistent chest
pain and who were suspected of having an MI still submitted a
consultation through the WeChat platform rather than calling
or going to the emergency center, which may lead to a delay in
revascularization. Therefore, patient education may need to be
enhanced when using these platforms, and it is important to
inform the patient to be transported to the emergency department
for additional care in case of life-threatening situations.

Conclusions
Despite the prevalent use of cardioprotective medications, many
patients with CAD fail to achieve ideal control of cardiovascular
risk factors, as recommended by the guidelines. After initial
treatment, the patient’s target should be monitored. The
treatment regimen should be adjusted in time, and lifestyle
interventions should be strengthened to try to control the risk
factors and reach the target as soon as possible. Tertiary A-level
hospital, WeChat-based intervention did not improve adherence
to the 4 cardioprotective medications compared with the
traditional method. Traditional community hospital follow-up
was superior to WeChat remote follow-up in risk factor control,
including BP, LDL-C, blood glucose, and BMI. The tertiary
A-level hospital, WeChat-based intervention has a positive
effect on improving lifestyle, such as quitting drinking and
smoking, in patients with stable CAD and can be tried as a
supplement to community hospital follow-up. Additional
research on social media interventions aimed specifically at
improving the lifestyle of patients with CAD is necessary.
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