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Abstract

This study aimed to investigate the effect of WeChat-based education and rehabilitation program (WERP) on anxiety,
depression, health-related quality of life (HRQoL), major adverse cardiac/cerebrovascular events (MACCE)-free survival, and
loss to follow-up rate in unprotected left main coronary artery disease (ULMCAD) patients after coronary artery bypass grafting
(CABG). In this randomized controlled study, 140 ULMCAD patients who underwent CABG were randomly assigned to WERP
group (n=70) or control care (CC) group (n=70). During the 12-month intervention period, anxiety and depression (using hospital
anxiety and depression scale (HADS)) and HRQoL (using 12-Item Short-Form Health Survey (SF-12)) were assessed
longitudinally. During the total 36-month follow-up period (12-month intervention and 24-month non-intervention periods),
MACCE and loss to follow-up were recorded. During the intervention period, HADS-anxiety score at month 9 (M9) (P=0.047)
and month 12 (M12) (P=0.034), anxiety rate at M12 (P=0.028), and HADS-D score at M12 (P=0.048) were all reduced in WERP
group compared with CC group. As for HRQoL, SF-12 physical component summary score at M9 (P=0.020) and M12 (P=0.010)
and SF-12 mental component summary score at M9 (P=0.040) and M12 (P=0.028) were all increased in WERP group
compared with CC group. During the total follow-up period, WERP group displayed a trend of longer MACCE-free survival than
that in CC group but without statistical significance (P=0.195). Additionally, loss to follow-up rate was attenuated in WERP group
compared with CC group (P=0.033). WERP serves as an effective approach in optimizing mental health care and promoting life
quality in ULMCAD patients after CABG.
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Introduction

Unprotected left main coronary artery disease (ULM-
CAD) represents a highly lethal condition with more than
50% stenosis of the left main coronary artery without patent
bypass graft to the left ventricular myocardium (1,2). For
several decades, coronary artery bypass grafting (CABG)
has been recommended as the standard revascularization
procedure in the treatment of ULMCAD patients based on
early clinical trials demonstrating a conferred survival bene-
fit (3). However, owing to daily fatigue and cardiac symp-
toms (such as pain and dyspnea), ULMCAD patients

frequently experience psychological distress including anxi-
ety and depression after CABG (4,5). Anxiety and depres-
sion are related to lower compliance with treatment/lifestyle
changes, increased risk of major adverse cardiac events,
elevated rates of all-cause mortality, and diminished quality
of life in ULMCAD patients after CABG (6,7). Therefore, effec-
tive psychological and psychopharmacological interventions
for attenuating anxiety and depression, promoting functional
recovery, as well as improving health-related quality of life
(HRQoL) are essential in ULMCAD patients after CABG.
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Non-pharmacological interventions such as exercise
therapy, target therapy of psychosocial needs, or educa-
tion are known to provide emotional support, reduce anx-
ious/depressive symptoms, and improve HRQoL in coronary
artery diseases patients after CABG (8-10). As for ULMCAD
patients after CABG, only one previous study showed that
a comprehensive rehabilitation and intensive education
program decreases anxiety and depression and improves
HRQoL (11). However, most of the reported non-pharma-
cological interventions are center-based (that is limited by
financial, transport, or disability constrains) or telephone-
based (that is limited by oral information and high rates of
missing contact) (12,13). Therefore, a rapid-delivery easy-
to-use tool with flexibility and timely feedback is vital for
assistance with non-pharmacological interventions.

WeChat (https://weixin.qq.com/, Tencent Corporation,
China), a multi-functional social media platform, is emerg-
ing as an essential and daily communication tool for
Chinese people with over 1.13 billion monthly active users
from a wide range of age groups in 2019 (14). Owing to its
large user population, powerful multiple functions, and
integration into everyday life, WeChat-based non-phar-
macological interventions have the potential of being a
valuable strategy for mental health care and secondary
prevention in ULMCAD patients after CABG. However, no
relevant research has been reported on this topic. There-
fore, the present randomized controlled study established
a WeChat-based education and rehabilitation program
(WERP) consisting of health education, rehabilitation guid-
ance, exercise supervision, and psychological care, aiming
to investigate its effect on anxiety, depression, HRQoL,
major adverse cardiac/cerebrovascular events (MACCE)-
free survival, and loss to follow-up rate in ULMCAD patients
after CABG.

Material and Methods

Participants
From July 2015 to June 2016, 140 ULMCAD patients

who underwent CABG in our hospital were consecutively
recruited in this randomized, enrolled study. The inclusion
criteria were as follows: 1) angiographically confirmed
ULMCAD, which was defined as the left main artery lumin-
al narrowing of more than 50% without patent bypass
grafts to its branches (2); 2) age X18 years; 3) about to
receive CABG; 4) voluntary to comply with study follow-up
protocol and able to be regularly followed up; and 5)
proficient in using WeChat mobile application (app), which
was defined as the patient being able to independently
use the basic functions in WeChat app, such as receiving
and sending information, making video calls, and reading
articles delivered. The exclusion criteria included: 1) had
contraindications to undergo CABG; 2) presented with
cardiogenic shock; 3) complicated with poorly controlled
comorbidities; 4) concomitant with malignant tumors; 5)
known severe mental illness (e.g., schizophrenia); and

6) pregnant or breast-feeding women. This study was
approved by the Ethics Committee of our hospital, and all
participants signed the informed consents.

Randomized grouping
After enrollment, eligible patients were randomly

allocated to two groups: WERP group (n=70) or control
care group (CC group, n=70), using the block randomiza-
tion method with a block size of 4 and the ratio of 1:1.
Randomization allocation table was created by an inde-
pendent analyst using SAS 9.0 (SAS Institute, Inc., USA).
Sequential numbers were assigned to 140 sealed, opaque
envelopes. These envelopes contained the assigned
intervention group for each patient, based on the random-
ization allocation table. Envelopes were opened by the
investigator right after CABG in sequential order for each
qualifying patient. During hospitalization, surgeons did not
know which group the patients were included in, while the
nursing team involved in this study knew which group the
patients were included in.

Baseline data collection
Baseline clinical data of enrolled patients were docu-

mented in detail, mainly including the following: 1) demo-
graphics: age, gender, body mass index (BMI), education
duration, marital status, employment status before sur-
gery, current smoker; 2) comorbidities: hypertension,
hyperlipidemia, diabetes, chronic lung disease, chronic
renal failure; 3) medical histories: family history of CAD,
previous myocardial infarction, previous stroke, previous
heart failure, previous percutaneous coronary intervention
(PCI); 4) clinical manifestation: stable angina, unstable
angina, left ventricular ejection fraction (LVEF) level,
disease extent as well as involvement extent; 5) CABG
type: on-pump and off-pump; 6) medications use after
CABG: beta blockers, angiotensin converting enzyme
inhibitors/ angiotensin receptor blocker (ACEI/ARB), cal-
cium channel blocker (CCB), statins, fibrates, niacins and
nitrates; and 7) use of psychotropic medications. All
enrolled patients received on-pump or off-pump CABG,
and graft selection and the choice of on- or off-pump
surgery was made by the attending surgeon. During
hospitalization, no deteriorated events occurred in ULM-
CAD patients who underwent CABG. Notably, the time
interval between enrollment and randomization was short,
therefore, the baseline characteristics of patients were not
repeatedly collected.

Interventions
All recruited ULMCAD patients received CABG. After

CABG, all patients received post-CABG care. CABG, post-
CABG care, and secondary prevention were conducted as
usual practice and were not intervened. As for psychotropic
medications, patients with severe or moderate anxiety and
depression received psychotropic medications according to
their clinical status. The study intervention with WERP
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program or CC program was initiated after patients were
discharged from the hospital and lasted for 12 months.

WERP group. The WERP program was conducted by
a team of nurses who received special training about
WERP. WERP was carried out on the WeChat app
(Tencent Corporation, China), which supported the rapid
delivery of free (requiring a small amount of network
traffic) voice message, video, picture, and text over the
network. After enrollment, patients were invited to attend a
session during which these nurses introduced WERP in
detail. Then a WeChat group chat was organized by the
nurses, and patients who were recruited in the study at the
same month were invited into the same WeChat group
chat. WERP was performed for a total of 12 months, which
included four parts: 1) Health education: the nurses deliv-
ered the disease-related health educational courses into
the WeChat group chat. In each course, the nurses
explained disease-related knowledge including post-CABG
medicine management, risk factor management, smoking
cessation management, nutrition intake management,
physical activity, and secondary prevention management.
All courses were delivered in the form of short videos and
updated weekly for a total of 12 months. After each delivery
of video courses in the WeChat group chat, patients were
required to learn the contents of videos carefully and reply
‘‘received’’ when finishing the course. If there was any
question about the video courses, the patient was encour-
aged to contact the nurses in the WeChat group chat or
in one-to-one chatting model if necessary, and then the
nurses were responsible for replying to patients’ questions
promptly In addition, if patients needed a clinical appoint-
ment, they could inform the nurses in the WeChat group
chat who would schedule a clinic appointment for them.
2) Rehabilitation guidance: the rehabilitation guidance was
focused on exercise, including aerobic exercise, resistance
training, flexibility training, and balance training. The
rehabilitation course was also weekly delivered in the form
of short video courses for 12 months. All courses were
formed referring to expert consensus (15). In each video
course, the nurses demonstrated the exercise posture in
detail and emphasized the key points and attention points.
Also, if patients had any question related to the video
courses, counseling in the WeChat group chat or in one-to-
one chatting model was encouraged. Furthermore, patients
were asked to contact the nurses if they experienced any
symptoms during or after exercising. 3) Exercise super-
vision: before discharge from the hospital, patient clinical
conditions were comprehensively evaluated, and the exer-
cise cardiopulmonary tests were carried out to determine
the safe range of exercise training, conduct risk stratifica-
tion, and develop individualized exercise prescriptions for
patients. After discharge, patients were required to execute
the individualized exercise prescription and weekly report
their progress in the WeChat group chat for 12 months.
Family members of patients were advised to monitor the
patient’s exercise progress by video recording and to post

the video on the WeChat group chat, and the nurses were
responsible for supervising the progress and urging
patients promptly. 4) Psychological care: an individualized
nurse-led counseling via the video call on the WeChat was
conducted every two weeks by the nurses for 12 months. In
each counseling, the nurses would intimately chat with
patients to know about their life situation, health conditions,
and mental status. Patients were encouraged to pour out
recent problems and troubles, and the nurses tried to
comfort patients, understand the patients’ troubles, and
give them support. If patients presented with negative
emotions, the nurses would help them release negative
emotions and encourage patients to cooperate with study
intervention.

CC group. Patients in CC group were given disease-
related health education (only once) before discharge
from the hospital, including post-CABG medicine manage-
ment, risk factor management, smoking cessation man-
agement, nutrition intake management, physical activity,
and secondary prevention management. Also, an individ-
ualized exercise prescription was developed for every
patient. After patients were discharged from the hospital,
the trained nurse would make a phone call to patients
every month for a total of 12 months to provide rehabil-
itation guidance and medical psychological counseling
(each lasted about 30 min), which was given to the
patients based on individual needs.

Anxiety, depression, and HRQoL assessment. Study
assessments were conducted at baseline (M0), month 3
(M3), M6, M9, and M12, including anxiety, depression,
and HRQoL assessments. Anxiety and depression were
evaluated by Hospital Anxiety and Depression Scale
(HADS). The HADS consisted of two subscales: HADS-
anxiety (HADS-A) scale and HADS-depression (HADS-D)
scale, and each subscale included 7 questions, which
were scored as 0–3 points individually, resulting in a total
score of 21. Anxiety/depression was defined as HADS-A/
HADS-D score 47 (16). HRQoL was assessed by 12-
Item Short-Form Health Survey (SF-12), which was previ-
ously validated for the assessment of HRQoL in Chinese
(17). There are two subscales in the SF-12: a) Physical
Component Summary (PCS), an index of overall physical
functioning; and b) Mental Component Summary (MCS),
an index of emotional and mental health. Higher SF-12
PCS or SF-12 MCS scores indicate better self-perceived
health. The evaluation was managed at the research
institute as prescheduled. Specific training on the meas-
urement was conducted for investigators responsible for
data collection.

Follow-up and MACCE assessment
Follow-up for all patients was managed according

to the 2011 ACCF/AHA Guideline for Coronary Artery
Bypass Graft Surgery (18). All patients were constantly
followed up by telephone contact or clinical visits until the
occurrence of MACCE, or the completion of the total

Braz J Med Biol Res | doi: 10.1590/1414-431X202010370

WeChat-based education and rehabilitation program in ULMCAD 3/10

http://dx.doi.org/10.1590/1414-431X202010370


36-month follow-up. MACCE was defined as a composite
of death, myocardial infarction, stroke, or repeat revascu-
larization (19). Patients lost to follow-up were censored on
the date of last visit in the MACCE analysis, and the last
observation carried forward (LOCF) method was used to
process the missing measurement data.

Sample size calculation
The required minimum sample size was estimated

based on a prediction of anxiety rate of 12% at M12 in the
WERP group and 35% at M12 in the CC group. Using
PASS V11.0 software (NCSS, USA), with a power of 80%,
a two-sided 5% level of significance (a), and Fisher’s
exact test, the required minimum sample size was 60
participants in each group. Assuming an approximately
15% attrition rate, the final sample size was inflated to 70
patients in each group.

Statistical analysis
All patients were included in the final analysis based

on the intention-to-treat (ITT) principle. All statistical anal-
yses and figure plotting were performed using SPSS 24.0
statistical software (IBM, USA) and GraphPad Prism 7.02
software (GraphPad Software Inc., USA). Data are reported
as means±SD, or count (percentage). Comparisons
between two groups were determined by the Student’s
t-test or chi-squared test. MACCE-free survival was calcu-
lated from the date of CABG to the date of MACCE
occurrence, which is reported using Kaplan-Meier curve,
and the difference of MACCE-free survival between the two
groups was determined by the log-rank test. All tests were
2-tailed and Po0.05 indicated a significant difference.

Results

Study flow
Initially, 163 ULMCAD patients who were about to

receive CABG treatment were screened, among which 23
patients were excluded (17 patients did not meet inclusion
criteria or met exclusion criteria, 6 patients disagreed to
sign informed consents) (Figure 1). The remaining 140
ULMCAD patients were randomly assigned to CC group
(n=70) or WERP group (n=70) in a 1:1 ratio. Then, HADS-
A/D score and SF-12 PCS/MCS score at M0 were as-
sessed in both CC and WERP groups. During the 12-
month intervention period, HADS-A/D score and SF-12
PCS/MCS score were assessed at M3, M6, M9, and M12
in both CC and WERP groups. Meanwhile, 6 patients in CC
group and 4 patients in WERP group were lost to follow-up
within the intervention period, which resulted in 64 and 66
patients who completed the study intervention in CC group
and WERP group, respectively. For the subsequent 24
months (non-intervention period), no intervention was
conducted in CC and WERP groups while follow-up was
continued. During the non-intervention period, 9 patients in
CC group and 2 in WERP group were lost to follow-up.

Finally, a total of 55 (78.6%) patients in CC group and 64
(91.4%) in WERP group completed the whole study. In the
final analysis, all 70 patients in CC group and 70 patients in
WERP group were included based on the ITT principle.
During the total follow-up period (intervention and non-
intervention periods), MACCE were recorded.

Comparison of baseline characteristics
The mean age was 65.1±7.5 years in CC group and

65.2±7.3 years in WERP group, and there were 24.3%
females/75.7% males in CC group and 17.1% females/
82.9% males in WERP group (Table 1). Regarding demo-
graphics, comorbidities, medical histories, and clinical
manifestations, no differences were found between WERP
group and CC group.

Comparison of HADS-A score and anxiety rate at
different time points

HADS-A score at M0 (P=0.817), M3 (P=0.463), and
M6 (P=0.311) were similar between WERP group and CC
group, while HADS-A score at M9 (5.5±2.4 vs 6.5±3.6,
P=0.047) and M12 (5.3±2.5 vs 6.5±3.8, P=0.034) were
lower in WERP group than in CC group (Figure 2A). No
difference in anxiety rate at M0 (P=0.817), M3 (P=0.587),
M6 (P=0.454), or M9 (P=0.163) was found between
WERP group and CC group, while anxiety rate at M12
(15.7 vs 31.4%, P=0.028) was attenuated in WERP group
compared with that in CC group (Figure 2B).

Comparison of HADS-D scores and depression rates
at different time points

HADS-D scores at M0 (P=0.585), M3 (P=0.897),
M6 (P=0.825), and M9 (P=0.106) were similar between
WERP group and CC group, while HADS-D score at M12
(5.2±2.5 vs 6.1±3.1, P=0.048) was lower in WERP group
than that in CC group (Figure 3A). Meanwhile, depression
rates at M0 (P=0.712), M3 (P=0.848), M6 (P=0.687), M9
(P=0.099), and M12 (P=0.091) were not different between
the two groups (Figure 3B).

Comparison of SF-12 scores at different time points
SF-12 PCS scores at M0 (P=0.820), M3 (P=0.417),

and M6 (P=0.152) were similar between WERP group and
CC group, while SF-12 PCS scores at M9 (48.3±8.3 vs
44.7±9.4, P=0.020) and M12 (49.5±8.4 vs 45.5±9.6,
P=0.010) were higher in WERP group than that in CC
group (Figure 4A). Furthermore, SF-12 MCS scores at M0
(P=0.775), M3 (P=0.821), and M6 (P=0.116) were not
different between the two groups, while SF-12 MCS
scores at M9 (53.9±11.7 vs 50.2±9.5, P=0.040) and M12
(55.4±11.5 vs 53.9±11.7, P=0.028) were elevated in
WERP group compared with CC group (Figure 4B).

Comparison of MACCE-free survival
As MACCE was one of the main concerns regarding

clinical outcome in ULMCAD patients after CABG, we
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compared the MACCE-free survival between WERP group
and CC group, and we observed that there was no
statistical difference of MACCE-free survival between
groups (Figure 5). However, the WERP group showed a
trend of longer MACEE-free survival than CC group
(P=0.195) (Figure 5). Furthermore, we also compared
MACCE occurrence (death, myocardial infarction, repeat
revascularization, or stroke) between groups and no
difference was found (P=0.254, death (P=0.613), myo-
cardial infarction (P=0.753), repeat revascularization
(P=0.648), stroke (P=1.000) (Table 2).

Comparison of loss to follow-up rate
In WERP group, 4 patients during the intervention

period and 2 patients during the non-intervention period
were lost to follow-up. In CC group, 6 patients during inter-
vention period and 9 patients during non-intervention
period were lost to follow-up. By comparison, the loss to

follow-up rate was lower in WERP group than that in CC
group (8.6 vs 21.4%, P=0.033) (Figure 6).

Discussion

Anxiety and depression are common and persistent
psychological disorders in CAD patients, which in turn are
linked to increased risk of worse cardiac outcomes and
declined HRQoL (7). Accumulated evidence in the
literature highlights that rehabilitation programs tradition-
ally delivered in center-based or telephone-based settings
are effective in improving health behaviors and mental
health in CAD patients after CABG (8-10). For instance,
one hospital-based physical and psycho-educational
rehabilitation program decreased depression and exhib-
ited positive effects on physical activity in CAD patients
after CABG (9). Another study reports that intensive
telephone-based care program relieves depression and

Figure 1. Flow chart of study. ULMCAD: unprotected left main coronary artery disease; CABG: coronary artery bypass graft; HADS-A/D:
hospital anxiety and depression scale-anxiety/depression; SF-12 PCS/MCS: 12-item short-form health survey physical component
summary/mental component summary; M0: baseline; M3, month 3; M6: month 6; M9: month 9; M12: month 12; MACCE: major adverse
cardiac and cerebrovascular events; ITT: intention-to-treat.
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Table 1. Baseline characteristic of unprotected left main coronary artery disease patients after coronary
artery bypass graft that received the WeChat-based education and rehabilitation program (WERP) and the
control care (CC).

Items CC group (n=70) WERP group (n=70) P value

Age (years) 65.1±7.5 65.2±7.3 0.946

Gender 0.297

Female 17 (24.3) 12 (17.1)

Male 53 (75.7) 58 (82.9)

BMI (kg/m2) 24.1±2.6 24.4±3.2 0.511

Education duration (years) 8.4±4.7 8.8±3.6 0.628

Marital status 0.735

Single/divorced/widowed 36 (51.4) 38 (54.3)

Married 34 (48.6) 32 (45.7)

Employed before surgery 0.769

No 61 (87.1) 62 (88.6)

Yes 9 (12.9) 8 (11.4)

Current smoker 18 (25.7) 21 (30.0) 0.572

Hypertension 47 (67.1) 45 (64.3) 0.722

Hyperlipidemia 28 (40.0) 23 (32.9) 0.380

Diabetes 14 (20.0) 18 (25.7) 0.421

Chronic lung disease 3 (4.3) 4 (5.7) 0.698

Chronic renal failure 2 (2.9) 2 (2.9) 1.000

Family history of CAD 12 (17.1) 10 (14.3) 0.642

Previous myocardial infarction 14 (20.0) 16 (22.9) 0.680

Previous stroke 3 (4.3) 5 (7.1) 0.466

Previous heart failure 3 (4.3) 4 (5.7) 0.698

Previous PCI 10 (14.3) 7 (10.0) 0.438

Clinical presentation 0.398

Unstable angina 38 (54.3) 33 (47.1)

Stable angina 32 (45.7) 37 (52.9)

LVEF level 0.410

X50% 57 (81.4) 53 (75.7)

o50% 13 (18.6) 17 (24.3)

Disease extent 0.190

Left main only 3 (4.3) 1 (1.4)

Left main + 1 vessel disease 1 (1.4) 6 (8.6)

Left main + 2 vessel disease 14 (20.0) 15 (21.4)

Left main + 3 vessel disease 52 (74.3) 48 (68.6)

Distal bifurcation involvement 48 (68.6) 49 (70.0) 0.855

Right CAD involvement 49 (70.0) 57 (81.4) 0.115

CABG type 0.730

On-pump 66 (94.3) 65 (92.8)

Off-pump 4 (5.7) 5 (7.2)

Medication use after CABG

Aspirin 53 (75.7) 50 (71.4) 0.565

Beta blockers 37 (52.8) 39 (55.7) 0.735

ACEI/ARB 30 (42.8) 33 (47.1) 0.610

CCB 20 (28.5) 21 (30.0) 0.852

Statins 21 (30.0) 19 (27.1) 0.708

Fibrates 15 (21.4) 19 (27.1) 0.430

Niacins 13 (18.6) 9 (12.8) 0.353

Nitrates 10 (14.3) 8 (11.4) 0.614

HADS-A score 7.0±3.6 7.1±2.9 0.817

Anxiety 23 (32.9) 26 (37.1) 0.595

HADS-D score 6.6±3.4 6.9±3.4 0.585

Depression 20 (28.6) 22 (31.4) 0.712

Continued on next page.
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contributes to favorable overall survival in CAD patients
(10). While for ULMCAD patients who underwent CABG,
only one study showed that the hospital-based compre-
hensive rehabilitation and intensive education program

reduced anxiety and depression, and increased HRQoL in
these patients (11). However, center-based or telephone-
based rehabilitation programs are limited by time, location,
financial burden, and inconvenience (12,13). Therefore,

Table 1. Continued.

Items CC group (n=70) WERP group (n=70) P value

SF-12 PCS score 35.7±8.5 36.0±7.0 0.820

SF-12 MCS score 42.9±8.5 42.4±11.3 0.775

Use of psychotropic medications 11 (15.7) 8 (11.4) 0.459

Data are reported as number with percent in parentheses or mean±SD. Student’s t-test or chi-squared
test was used for statistical analysis. BMI: body mass index; CAD: coronary artery disease; PCI:
percutaneous coronary intervention; LVEF: left ventricular ejection fraction; CABG: coronary artery bypass
graft; ACEI/ARB: angiotensin converting enzyme inhibitors/ angiotensin receptor blocker; CCB: calcium
channel blocker; HADS-A: hospital anxiety and depression scale-anxiety; HADS-D: hospital anxiety and
depression scale-depression; SF-12 PCS: 12-Item Short-Form Health Survey Physical Component
Summary; SF-12 MCS: 12-Item Short-Form Health Survey Mental Component Summary.

Figure 2. Comparison of HADS-A score (A) and anxiety rate (B)
at month (M)0, M3, M6, M9, and M12 between WERP group and
CC group of unprotected left main coronary artery disease
patients after coronary artery bypass graft. HADS-A: hospital
anxiety and depression scale-anxiety; WERP: WeChat-based
education and rehabilitation program; CC: control care. Data are
reported as means±SD or count and percentage (Student’s
t-test).

Figure 3. Comparison of HADS-D score (A) and depression rate
(B) at month (M)0, M3, M6, M9, and M12 between WERP group
and CC group of unprotected left main coronary artery disease
patients after coronary artery bypass graft. HADS-D: hospital
anxiety and depression scale-depression; WERP: WeChat-based
education and rehabilitation program; CC: control care. Data are
reported as means±SD or count and percentage (Student’s
t-test).
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more effective and convenient methods for delivering
rehabilitation programs are needed in ULMCAD patients
who underwent CABG.

WeChat-based interventions as innovative methods
for delivering rehabilitation programs have been increasingly

attracting attention (20). In the present study, we designed
the WeChat-based rehabilitation program WERP, which
involves health education, rehabilitation guidance, exercise
supervision, and psychological care. We found that WERP
decreased HADS-A score at M9 and anxiety rate at M12,
meanwhile WERP reduced HADS-D score at M12. These
indicated that WERP was effective in relieving anxiety and
depression in ULMCAD patients after CABG. Possibly, with
advantages such as convenience, flexibility, and easiness
the WERP program helped patients with the understanding
of the disease-related knowledge and rehabilitation exercise
in detail, as well as monitored whether patients complied
with their medicine prescriptions and performed exercise
according to procedures, thereby, strengthening self-care
abilities and improving physical recovery (13). Furthermore,
through the WeChat group chat or one-to-one chatting
model, if patients had any discomfort or questions, they
could receive counseling and solutions at a convenient time
from nurses/professionals to actively adjust their functional
exercises, lifestyle habits, diet, and mood. In addition, the

Figure 4. Comparison of SF-12 PCS score (A) and SF-12 MCS
score (B) at month (M)0, M3, M6, M9, and M12 between WERP
group and CC group of unprotected left main coronary artery
disease patients after coronary artery bypass graft. Data are
reported as means±SD (Student’s t-test). SF-12 PCS and MCS:
12-Item Short-Form Health Survey Physical Component Sum-
mary and Mental Component Summary; WERP: WeChat-based
education and rehabilitation program; CC: control care.

Figure 5. Kaplan-Meier curve showing major adverse cardiac
and cerebrovascular events (MACCE)-free survival within total
follow-up period of WERP group and CC group of unprotected
left main coronary artery disease patients after coronary artery
bypass graft. WERP: WeChat-based education and rehabilitation
program; CC: control care.

Table 2. Major adverse cardiac/cerebrovascular events (MACCE) of unprotected left main coronary artery
disease patients after coronary artery bypass graft that received the WeChat-based education and
rehabilitation program (WERP) and the control care (CC) within 3 years.

Items CC group (n=70) WERP group (n=70) P value

MACCE 14 (20.0) 9 (12.9) 0.254

Death 10 (14.3) 8 (11.4) 0.613

Myocardial infarction 5 (7.1) 6 (8.6) 0.753

Repeat revascularization 3 (4.3) 2 (2.8) 0.648

Stroke 3 (4.3) 3 (4.3) 1.000

Data are reported as number and percent (Student’s t-test).
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communication between peers regarding secondary pre-
vention experience provided emotional support, encourage-
ment, and comfort to each other, alleviating negative
emotions (13). On the other hand, CC was delivered via
telephone call, which might not be timely and effective due
to confusing descriptions about complications by patients,
missing calls, etc. (13). Taken together the findings indi-
cated that WERP was effective in attenuating anxiety and
depression in ULMCAD patients after CABG.

As for assessment of self-reported HRQoL, SF-12 is
one of the most commonly applied instruments (21). In the
present study, we found that WERP increased both SF-12
PCS and MCS scores in ULMCAD patients after CABG,
indicating that WERP improved HRQoL. As mentioned
above, the WeChat protocol provided timely solutions
regarding patients’ questions and offered necessary
emotional support to patients, which enhanced self-
management of disease, built-up confidence, and imp-
roved physical function and HRQoL (13).

In addition, we found that WERP showed a trend for
prolonging MACCE-free survival in ULMCAD patients
after CABG but without statistical significance. The
possible explanations for the lack of significance might

be the short follow-up duration and few ULMCAD patients
with MACCE, which might markedly decrease statistical
power. Besides, WERP attenuated loss to follow-up rate in
ULMCAD patients after CABG. Perhaps the advantages
explained above could cause WERP to increase the
adherence to rehabilitation programs and reduce loss to
follow-up rate compared with CC. Of note, the different
frequency and availability of rehabilitation guidance and
medical psychological counseling by nurses between CC
(monthly) and WERP (weekly) might impact our results.
It could be speculated that it actually took nurses more
time and resources for performing CC compared WERP
due to frequently missing calls, difficulties in collecting
information about rehabilitation guidance via phone call,
and imprecise descriptions about complications by patients.
However, the evaluation of total time and resources spent in
WERP and CC needs further investigation.

In spite of the interesting findings of the present study,
several shortcomings should be noted. First, ULMCAD
patients who were lost to follow-up were censored on the
date of last visit for the MACCE analysis, which might
cause potential bias. Second, anxiety and depression
were only assessed by HADS scale, and HRQoL was only
evaluated by SF-12, which needed other anxiety, depres-
sion and HRQoL assessment tools for further validation.
Third, since the study was not a blinded trial, both the
patients and the nurses were aware of intervention
assignment, which was subject to biases in the nurses’
assessment and patents’ self-reported outcomes. Fourth,
the effect of WERP on patient adherence to pharmaco-
logical and/or non-pharmacological measures and to
secondary prevention drugs was not evaluated; thus,
further study is needed. Lastly, enrolled patients were
required to be proficient in using WeChat mobile applica-
tion, which might result in selection bias.

In conclusion, WERP might be an effective approach
to relieve anxiety and depression, improve HRQoL, as
well as decrease loss to follow-up rate in ULMCAD
patients who underwent CABG, which offered new insight
for optimizing mental health care and promoting life quality
of these patients.
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