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Effectiveness of digital healthcare to
improve clinical outcomes in discharged
patients with coronary artery disease

Check for updates
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Xiaojin Gao1,3 & Yongjian Wu1,3

Post-discharge management of coronary artery disease (CAD) remains clinically challenging, with
digital healthcare’s efficacy underexplored. This study analyzed 16,797 CAD patients enrolled in the
HeartMed Digital Management System (June 2018–September 2022), comparing outcomes between
a digital management (DM, n = 4,713) and conventional management (CM, n = 12,084) cohort over 12
months.Coxmodels adjusted for confounders revealed significantly reducedall-causemortality in the
DM group (1.6% vs. 2.7%; HR 0.58, 95% CI 0.45–0.75, p < 0.001) and lower risks for major adverse
cardiovascular events (MACCE: 6.4% vs. 9.2%; HR 0.67, 0.59–0.77, p < 0.001), cardiovascular death
(HR 0.70, 0.51–0.95), myocardial infarction (HR 0.38, 0.29–0.50), recurrent angina (HR 0.75,
0.65–0.87), revascularization (HR0.84, 0.71–0.99), and readmissions (HR0.76, 0.68–0.84) (p < 0.05 for
all). Digital healthcare demonstrates superior post-discharge optimization of CAD outcomes,
significantly attenuating mortality and morbidity.

Global data underscore that coronary artery disease (CAD) remains a
leading cause of mortality worldwide1. While advances in medical care and
preventive strategies that have improved post-event survival, neglecting risk
factor control, unhealthy behaviors, poor drug compliance and ineffective
self-management continue to pose significant challenges affecting the
prognosis of patients with CAD2. These factors have been extensively
reported inmultiple studies as independent predictors of mortality in CAD
patients3. Therefore, the life-longmanagement of patients with CAD is very
essential. It is well recognized that the traditional outpatient follow-up
managementmode, reliant on regular hospital visits, has certain limitations.
Physicians are often unable to provide comprehensive and real-time
supervision of non-pharmacological treatments, such as lifestyle mod-
ifications and psychological support. Additionally, treatment compliance
can vary significantly among patients due to individual factors such as
culture, habits, geographic distance, and economic circumstances4. These
phenomena have a detrimental effect on disease prognosis and treatment
efficacy, including patients with CAD. Research data reveals that a sig-
nificant number of CAD patients in developing countries do not receive
adequate health guidance. Among these patients, 50% continue to have
persistent risk factors, 35% make no changes to their dietary habits, and
medication adherence rates are generally around 12%5,6. Therefore, it is
essential to implement a convenient, user-friendly, efficient, and widely

accessible intelligent out-of-hospital management system to address the
current shortcomings in secondary prevention for CAD patients.

With the rapid development of information technology, digital
healthcare has started to play an increasingly crucial role in themanagement
of chronic diseases7. Digital healthcare platforms, leveraging mobile media,
intelligent software, and wearable devices, have been reported to play a
positive role in enhancing the self-management behaviors of CAD
patients8,9. Digital healthcare has shown significant potential in the man-
agement of chronic diseases, yet its effectiveness among patients with CAD
remains under-researched and insufficiently evaluated. This study, there-
fore, aims to evaluate the role of digital healthcare management in patients
with CAD, with a focus on its improvement onmedications adherence, risk
factors, lifestyle behaviors, and long-term outcomes.

Results
Baseline characteristics
A total of 18565 patientswith cardiovascular diseasewere collected from the
“HeartMed Digital Management System” database between June 2018 and
September 2022. After excluding patients with coronary artery stenosis of
less than 50% or met other exclusion criterias (n = 1768), a final count of
16,797 patients with CAD were included in the study. The mean age of the
patientswas 63.4 years,withmales comprising69.7%and females 30.3%.All
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patients were divided into two groups based on their participation in the
digital management system: 4713 patients in the DM group and 12,084 in
the CM group. The proportion of lost follow-up was not significantly dif-
ferent between the two groups (1.5% vs. 1.6%).

Compared topatients in theCMgroup, patients in theDMgroupwere
older (63.9 ± 11.9 vs. 63.2 ± 11.5 years; p = 0.002) and had a higher mean
BMI (26.45 ± 4.60 vs. 25.67 ± 4.25 kg/m2; p < 0.001). A significantly greater
proportionof patients in theDMgrouphad ahistory of chronic heart failure
(17.7%vs. 15.8%; p = 0.002)or peptic ulcer (18.7%vs. 16.2%; p < 0.001), and
a higher percentage of them also developed hyperlipidemia (29.2% vs.
27.2%; p = 0.008). No significant differences were observed in the other
variables.

Patients in the DM group had significantly higher HRs compared to
the CM group (73.2 ± 10.4 vs. 67.7 ± 10.2bpm; p < 0.001) and exhibited
lower SBP levels (126.1 ± 15.6 vs. 130.2 ± 12.8 mmHg; p < 0.001). More-
over, echocardiographic evaluations revealed a slightly lower LVEF in the
DM group (54.8 ± 11.5% vs. 55.3 ± 11.5%; p = 0.016). In terms of
laboratory data, these patients also demonstrated significantly higher
levels of LDL-c (2.89 ± 1.43 vs. 2.78 ± 1.42 mmol/L; p < 0.001), but lower
levels of HbA1c (6.19 ± 1.98%vs. 6.29 ± 1.76%; p = 0.033). Additionally,
coronary angiography during hospitalization indicated a higher pre-
valence ofmultivessel coronary lesions in theDMgroup (40.2% vs. 35.0%;
p < 0.001), and a greater number of patients in the DM group underwent
interventional therapy compared to the CM group (62.4% vs. 55.9%;
p < 0.001), yet there were no significant differences in the length of hos-
pitalization between the two groups (p = 0.148). Detailed information is
presented in Table 1.

Patient characteristics of post-discharge follow-up
Post-discharge follow-up data of participants are presented in Tables 2–5.
For risk factor management (Table 2), the DM group showed more sig-
nificant improvements compared to the CM group. The smoking rate
decreasedmoremarkedly in theDMgroupat both the 3rdmonth (31.3%vs.
38.3%; p < 0.001) and the 12th month (28.2% vs. 39.1%; p < 0.001). These
intergroup differences mirrored intragroup trends: the DM group achieved
sustained smoking reductions from baseline to the 12th month (41.9% vs.
28.2%; p < 0.001), whileCMexhibited only a transient decline frombaseline
to the 3rd month (41.3% vs. 38.3%; p < 0.001), with no further reduction
observed thereafter up to the 12th month (38.3% vs. 39.1%; p = 0.197).
Similarly, BMI reductions were greater in the DM group at the 3rd month
(25.64 ± 4.61 vs. 25.47 ± 4.26 kg/m2; p = 0.031) and the 12th month
(24.95 ± 4.70 vs. 25.45 ± 4.27 kg/m2; p < 0.001), driven by progressive
weight loss in DM from baseline to the 12th month (26.45 ± 4.60 vs.
24.95 ± 4.70 kg/m2; p < 0.001) versusminimal CMchanges (25.67 ± 4.25 vs.
25.45 ± 4.27 kg/m2; p < 0.001). LDL-c levels also showed a more significant
decline in theDMgroupat the 3rdmonth (2.77 ± 1.27 vs. 2.69 ± 1.31mmol/
L; p = 0.001), although no significant difference was observed by the 12th
month (2.56 ± 1.05 vs. 2.54 ± 1.06mmol/L; p = 0.311). Longitudinal ana-
lysis revealed greater LDL-c reductions in the DM group from baseline to
the 12thmonth (2.89 ± 1.43 vs. 2.56 ± 1.05mmol/L; p < 0.001) compared to
CM (2.78 ± 1.42 vs. 2.54 ± 1.06mmol/L; p < 0.001). Glycemic control fol-
lowed a parallel pattern, with DM showing lower HbA1c at the 3rd month
(5.75 ± 1.70%vs. 5.93 ± 1.75%; p < 0.001) and sustained glycemic advantage
from baseline to the 12th month (6.19 ± 1.98% vs. 5.43 ± 1.78%; p < 0.001)
relative to CM (6.29 ± 1.76% vs. 5.46 ± 1.79%; p < 0.001), notwithstanding
equivalent intergroup values at the 12th month (5.43 ± 1.78% vs.
5.46 ± 1.79%; p = 0.285).

Hemodynamically, DM demonstrated sustained reductions in SBP
(126.1 ± 15.6 vs. 124.7 ± 12.6 mmHg; p < 0.001) and HR (73.2 ± 10.4 vs.
71.0 ± 9.4 bpm;p < 0.001) frombaseline to the 12thmonth,whereas theCM
group exhibited increased SBP (130.2 ± 12.8 vs. 130.9 ± 11.5mmHg;
p < 0.001) andHR (67.7 ± 10.2 vs. 69.0 ± 11.1 bpm; p < 0.001) over the same
period.

At the 3rd month post-discharge, medication adherence (Table 3) in
the DM group was significantly higher compared to the CM group for

aspirin/indopuphin (96.3% vs. 89.5%; p < 0.001), clopidogrel/ticagrelor
(88.9% vs. 85.9%; p < 0.001), β-blockers (70.1% vs. 66.0%; p < 0.001), ACEI/
ARB (61.2% vs. 57.4%; p < 0.001), and statins (96.2% vs. 91.5%; p < 0.001).
At the 12th months, the adherence remained higher in the DM group for
aspirin/indopuphin (89.4% vs. 78.4%; p < 0.001), clopidogrel/ticagrelor

Table 1 | Baseline demographic and clinical characteristics

Characteristic Total
(n = 16797)

DM group
(n = 4713)

CM group
(n = 12084)

P value

Patient demographics

Age, y, mean ± SD 63.4 ± 11.6 63.9 ± 11.9 63.2 ± 11.5 0.002

Age≥75 yrs 17.8% 20.4% 16.8% <0.001

Women 30.3% 30.6% 30.2% 0.602

Risk factors

BMI, kg/m2,
mean ± SD

25.89 ± 4.37 26.45 ± 4.60 25.67 ± 4.25 <0.001

Current smoker 41.5% 41.9% 41.3% 0.507

Alcohol
consumption

46.7% 47.3% 46.5% 0.346

Hypertension 60.8% 60.5% 60.8% 0.732

Diabetes 32.7% 32.9% 32.5% 0.626

Hyperlipemia 27.8% 29.2% 27.2% 0.008

Comorbidities

Chronic heart
failure

16.3% 17.7% 15.8% 0.002

Stroke 13.5% 14.3% 13.2% 0.055

Peripheral
vascular disease

3.9% 4.2% 3.8% 0.278

Renal failure 5.6% 6.0% 5.4% 0.128

Peptic ulcer 16.9% 18.7% 16.2% <0.001

Hospitalization characteristics

HR, bpm,
mean ± SD

69.3 ± 10.5 73.2 ± 10.4 67.7 ± 10.2 <0.001

SBP, mmHg,
mean ± SD

129.0 ± 13.8 126.1 ± 15.6 130.2 ± 12.8 <0.001

DBP, mmHg,
mean ± SD

74.9 ± 9.8 75.2 ± 9.7 74.8 ± 9.8 0.118

HbA1c, %,
mean ± SD

6.26 ± 1.82 6.19 ± 1.98 6.29 ± 1.76 0.033

LDL-c, mmol/L,
mean ± SD

2.82 ± 1.43 2.89 ± 1.43 2.78 ± 1.42 <0.001

Hemoglobin, g/L,
mean ± SD

131.4 ± 22.5 131.3 ± 22.6 131.4 ± 22.4 0.687

eGFR, ml/
min×1.73m2,
mean ± SD

87.1 ± 41.8 86.8 ± 41.2 87.3 ± 42.0, 0.874

LVEF, %,
mean ± SD

55.1 ± 11.5 54.8 ± 11.5 55.3 ± 11.5 0.016

ACS 87.9% 87.5% 88.0% 0.424

Multibranch
coronary lesions

36.5% 40.2% 35.0% <0.001

Interventional
therapy

57.7% 62.4% 55.9% <0.001

Length of stay; d,
mean ± SD

8.03 ± 4.02 7.95 ± 3.79 8.07 ± 4.10 0.148

Hospital level

Tertiary hospital 90.2% 90.7% 90.0% 0.201

ACS acute coronary syndrome, BMI body mass index, DBP diastolic blood pressure, eGFR
estimated glomerular filtration rate, HbA1c glycated hemoglobin, HR heart rate, LDL-c low-density
lipoprotein-cholesterol, LVEF left ventricular ejection fraction, SBP systolic blood pressure.
Values are presented as n%, mean ± standard deviation, or median (25th–75th percentile ranges).
The “DM group” refers to the Digital Management group, whereas the “CM group” represents the
Conventional Management group.
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(87.4% vs. 73.3%; p < 0.001), β-blockers (69.2% vs. 58.9%; p < 0.001), ACEI/
ARB (59.7% vs. 51.9%; p < 0.001), and statins (94.8% vs. 84.1%; p < 0.001).
Ezetimibe/hibomeibe was the exception, with adherence increasing in both
groups.

Endpoints
After 12 months, the incidence of adverse events was significantly lower in
theDMgroup compared to theCMgroup (Table 5). Specifically, the ratesof
all-cause death (1.6% vs. 2.7%; p < 0.001), MACCE events (6.4% vs. 9.2%;
p < 0.001), cardiovascular death (1.1% vs. 1.6%; p = 0.021), myocardial
infarction (1.2% vs. 3.0%; p < 0.001), recurrent angina (4.8% vs. 6.4%;
p < 0.001), revascularization (3.9% vs. 4.6%; p = 0.039), and readmission
(9.2% vs. 11.9%; p < 0.001) were all significantly lower in the DM group.
Additionally, the composite endpoint of death, non-fatal myocardial
infarction, non-fatal stroke, and re-hospitalization occurred at a sig-
nificantly lower rate in the DM group (10.6% vs. 13.6%; p < 0.001). No
significant differences were observed in the rates of stroke (0.7% vs. 0.8%;
p = 0.483) orheart failure (1.0%vs. 1.2%; p = 0.260) between the twogroups.

Figure 1 presents the Kaplan–Meier analysis of adverse clinical events,
comparing the two groups. The univariable Cox regression analysis

demonstrated a significant survival advantage for the DM group regarding
primary outcomes—all-cause death, with a HR of 0.582 (95% CI:
0.451–0.750; p < 0.001). Significant differenceswere also observed in several
secondary outcomes, including MACCE events (HR: 0.674, 95% CI:
0.593–0.766; p < 0.001), cardiovascular mortality (HR: 0.697, 95% CI:
0.511–0.949; p = 0.023), myocardial infarction (HR: 0.379, 95% CI:
0.285–0.504; p < 0.001), recurrent angina (HR: 0.751, 95% CI: 0.647–0.871;
p < 0.001), and revascularization (HR: 0.836, 95% CI: 0.707–0.989;
p = 0.037), yet no significant differenceswere observed in stroke (HR: 0.870,
95% CI: 0.590–1.284; p = 0.484) or heart failure (HR: 0.829, 95% CI:
0.599–1.148; p = 0.259). After adjusting for confounding factors such as age,
gender, BMI, smoking, hypertension, diabetes, heart failure, stroke, systolic
blood pressure, heart rate, creatinine, LDL-c, EF, and percutaneous cor-
onary intervention, the multivariable Cox regression analysis confirmed
that participation in the DM group remained significantly associated with a
reduction in these adverse events compared to theCMgroup.Notably, heart
failure also showed a significant reduction after adjustment (HR: 0.695, 95%
CI: 0.490–0.987; p = 0.042). The detailed results are presented in Table 6.

The subgroup analysis results show that the effect ofDMon improving
the MACCE endpoint remains consistent across different age groups,
genders, and types of CAD (p-interaction > 0.05). However, it is important
to note that in the non-ACS population, the effect of DM on the MACCE
endpoint lost statistical significance (HR 0.51 [95% CI 0.23–1.16],
p = 0.109), although there was a trend toward improvement (Fig. 2).

Discussion
Digital medical management after discharge represents a new approach to
chronic disease management, leveraging technologies such as the Internet,
mobile terminals, and intelligent cloud platforms10. Compared with the
conventional outpatient follow-up mode, this approach has emerged as a
cost-effective strategy with expanding utilization across therapeutic appli-
cations and is likely to solvemany problems such as the low completion rate
of secondary prevention of CAD and cardiac rehabilitation treatment11,12.
Our research demonstrated that digital healthcare systems can significantly
enhance post-discharge management of CAD by reducing the incidence of

Table 2 | Risk factors and clinical characteristics at each
follow-up visit

Characteristic Total DM group CM
group

P
value

Risk factors

Current smoker

3rd month 36.3% 31.3% 38.3% <0.001

12th month 36.0% 28.2% 39.1% <0.001

BMI, kg/m2, mean ± SD

3rd month 25.52 ± 4.36 25.64 ± 4.61 25.47 ± 4.26 0.024

12th month 25.31 ± 4.40 24.95 ± 4.70 25.45 ± 4.27 <0.001

LDL-c, mmol/L, mean ± SD

3rd month 2.71 ± 1.30 2.77 ± 1.27 2.69 ± 1.31 <0.001

12th month 2.55 ± 1.06 2.56 ± 1.05 2.54 ± 1.06 0.311

HbA1c, %, mean ± SD

3rd month 5.88 ± 1.74 5.75 ± 1.70 5.93 ± 1.75 <0.001

12th month 5.45 ± 1.79 5.43 ± 1.78 5.46 ± 1.79 0.285

Clinical characteristics

HR, bpm, mean ± SD

3rd month 69.9 ± 10.4 72.1 ± 9.2 69.0 ± 10.7 <0.001

12th month 69.6 ± 10.7 71.0 ± 9.4 69.0 ± 11.1 <0.001

SBP, mmHg, mean ± SD

3rd month 129.4 ± 11.6 125.5 ± 13.2 130.9 ± 10.5 <0.001

12th month 129.1 ± 12.2 124.7 ± 12.6 130.9 ± 11.5 <0.001

DBP, mmHg, mean ± SD

3rd month 74.3 ± 7.3 71.5 ± 8.5 75.5 ± 6.4 <0.001

12th month 73.0 ± 8.0 68.7 ± 5.8 74.9 ± 8.1 <0.001

eGFR, ml/min×1.73m2, mean ± SD

3rd month 94.0 ± 43.9 94.8 ± 44.5 93.6 ± 43.7 0.203

12th month 96.1 ± 42.4 96.7 ± 40.2 95.9 ± 43.1 <0.001

LVEF, %, mean ± SD

3rd month 57.9 ± 10.1 58.2 ± 9.9 57.7 ± 10.1 0.018

12th month 60.2 ± 8.5 60.6 ± 8.3 60.0 ± 8.6 0.001

BMI body mass index, DBP diastolic blood pressure, eGFR estimated glomerular filtration rate,
HbA1c glycated hemoglobin, HR heart rate, LDL-c low-density lipoprotein-cholesterol, LVEF left
ventricular ejection fraction, SBP systolic blood pressure.

Table 3 | Medication adherence and usage at each follow-
up visit

Characteristic Total DM group CM group P value

Medication

Aspirin/indopuphin

3rd month 91.4% 96.3% 89.5% <0.001

12th month 81.5% 89.4% 78.4% <0.001

Clopidogrel/ticagrelor

3rd month 86.8% 88.9% 85.9% <0.001

12th month 77.3% 87.4% 73.3% <0.001

β receptor blockers

3rd month 67.1% 70.1% 66.0% <0.001

12th month 61.9% 69.2% 58.9% <0.001

ACEI/ARB

3rd month 58.5% 61.2% 57.4% <0.001

12th month 54.1% 59.7% 51.9% <0.001

Statins

3rd month 92.8% 96.2% 91.5% <0.001

12th month 87.2% 94.8% 84.1% <0.001

Ezetimibe/Hybomibe

3rd month 38.9% 50.5% 34.4% <0.001

12th month 41.9% 52.5% 37.7% <0.001

ACEI angiotensin-converting enzyme inhibitors, ARB angiotensin receptor blocker.
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Table 4 | Comparison of baseline characteristics with each follow-up data

DM group

Characteristic Baseline 3rd month 12th month P1 value
(3rd VS baseline)

P2 value
(12th VS baseline)

P3 value
(12th VS 3rd)

Risk factors

Current Smoker

41.9% 31.3% 28.2% <0.001 <0.001 0.002

BMI, kg/m2, mean ± SD

26.45 ± 4.60 25.64 ± 4.61 24.95 ± 4.70 <0.001 <0.001 <0.001

LDL-c, mmol/L, mean ± SD

2.89 ± 1.43 2.77 ± 1.27 2.56 ± 1.05 <0.001 <0.001 <0.001

HbA1c, %, mean ± SD

6.19 ± 1.98 5.75 ± 1.70 5.43 ± 1.78 <0.001 <0.001 <0.001

Clinical characteristics

SBP, mmHg, mean ± SD

126.1 ± 15.6 125.5 ± 13.2 124.7 ± 12.6 0.081 <0.001 0.003

DBP, mmHg, mean ± SD

75.2 ± 9.7 71.5 ± 8.5 68.7 ± 5.8 <0.001 <0.001 <0.001

Heart rate, bpm, mean ± SD

73.2 ± 10.4 72.1 ± 9.2 71.0 ± 9.4 <0.001 <0.001 <0.001

eGFR, ml/min×1.73m2, mean ± SD

86.8 ± 41.2 94.8 ± 44.5 96.7 ± 40.2 <0.001 <0.001 0.064

LVEF, %, mean ± SD

54.8 ± 11.5 58.2 ± 9.9 60.6 ± 8.3 <0.001 <0.001 <0.001

Medication

Aspirin/indopuphin

97.0% 96.3% 89.4% 0.042 <0.001 <0.001

Clopidogrel/ticagrelor

90.8% 88.9% 87.4% 0.002 <0.001 0.031

β receptor blockers

71.4% 70.1% 69.2% 0.122 0.017 0.414

ACEI/ARB

62.4% 61.2% 59.7% 0.242 0.007 0.130

Statins

97.7% 96.2% 94.8% <0.001 <0.001 0.002

CM group

Risk factors

Current smoker

41.3% 38.3% 39.1% <0.001 <0.001 0.197

BMI, kg/m2, mean ± SD

25.67 ± 4.25 25.47 ± 4.26 25.45 ± 4.27 <0.001 <0.001 0.567

LDL-c, mmol/L, mean ± SD

2.78 ± 1.42 2.69 ± 1.31 2.54 ± 1.06 <0.001 <0.001 <0.001

HbA1c, %, mean ± SD

6.29 ± 1.76 5.93 ± 1.75 5.46 ± 1.79 <0.001 <0.001 <0.001

Clinical characteristics

SBP, mmHg, mean ± SD

130.2 ± 12.8 130.9 ± 10.5 130.9 ± 11.5 <0.001 <0.001 0.911

DBP, mmHg, mean ± SD

74.8 ± 9.8 75.5 ± 6.4 74.9 ± 8.1 <0.001 0.478 <0.001

Heart rate, bpm, mean ± SD

67.7 ± 10.2 69.0 ± 10.7 69.0 ± 11.1 <0.001 <0.001 0.864
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major adverse cardiac events and ultimately lowering patient mortality
through improving lifestyle modifications, controlling risk factors, mon-
itoring medication, etc.

Post-discharge management of CAD typically involves lifestyle
improvement, risk factor control, application of secondary preventive drugs
and symptom management13. There remain several challenges with the
current international application of digital healthcare in the long-term
management ofCAD. Firstly, only a limited number ofmobile health-based
interventions havemanagedmultiple risk factors related toCAD, and about
80% only focus on one of the lifestyles, such as diet, exercise, or smoking14,15.
Thedigitalmanagement systemneeds to comprehensively regulatemultiple
risk factors for patients, including complications, comorbidities, systemic
metabolism, psychology, nutrition, exercise, sleep, and other aspects. Only
comprehensive intervention can yield greater benefits16. Secondly, since risk
factors and conditions vary among patients, personalized management

plans, including tailored rehabilitation frequency, intensity, and specific
metrics, are essential. However, many digital healthcare solutions still
employ a ‘one-size-fits-all’ approach, where all patients follow a similar
programme17, and rarely reconstruct personalized content through real-
time feedback18. In addition, most digital healthcare trials have focused on
patients with acute coronary syndrome or those who have undergone
coronary artery procedures12,19, while their application in patients with
stable angina, who are often recommended for cardiac rehabilitation,
remains understudied. To enhance the overall effectiveness of CAD post-
discharge management, future studies should include these patient popu-
lations. Finally, most published studies have relied on surrogate endpoints,
such as peak exercise capacity andphysical activity20, while seldomreporting
on more critical outcomes like morbidity, readmission, or mortality17.
Consequently, there is a need for more robust data on these reliable end-
points to better demonstrate the effectiveness and value of digital healthcare
interventions.

Our investigation has systematically incorporated and optimized the
following dimensions to advance post-hospitalization care quality, ulti-
mately demonstrating marked efficacy in mitigating cardiovascular mor-
bidity and mortality rates: 1. Personalization: Recognizing the
heterogeneous nature of cardiovascular risk profiles and pathophysiological
presentations,we implementedprecisionmedicineprinciples.Digital health
enables highly personalized post-discharge management for CAD patients
by integrating real-time data, predictive analytics, and patient engagement
tools, with protocol adjustments facilitated through iterative feedback
mechanisms. 2. Sustained Longitudinal Care Continuum: Post-discharge
management for CAD patients is a prolonged and complex process.
However, many studies only cover the first few months post-discharge,
failing to provide support throughout the entire follow-up period. This
limited coverage often leads to decreased patient adherence and loss of
critical medical guidance. Our study implemented a 12-month long-term
management plan for CAD patients, continuously tracking disease pro-
gression and treatment efficacy. This paradigm ensured uninterrupted
clinical oversight, counteracting therapeutic non-compliance and guidance
discontinuity prevalent in prior models. 3. Multimodal Patient-Centric
Education Framework: Moving beyond conventional SMS-based health
communication limitations, which impose excessive reliance on patient

Table 4 (continued) | Comparison of baseline characteristics with each follow-up data

DM group

Characteristic Baseline 3rd month 12th month P1 value
(3rd VS baseline)

P2 value
(12th VS baseline)

P3 value
(12th VS 3rd)

eGFR, ml/min×1.73m2, mean ± SD

87.3 ± 42.0 93.6 ± 43.7 95.9 ± 43.1 <0.001 <0.001 <0.001

LVEF, %, mean ± SD

55.3 ± 11.5 57.7 ± 10.1 60.0 ± 8.6 <0.001 <0.001 <0.001

Medication

Aspirin/indopuphin

97.5% 89.5% 78.4% <0.001 <0.001 <0.001

Clopidogrel/ticagrelor

90.6% 85.9% 73.3% <0.001 <0.001 <0.001

β receptor blockers

70.2% 66.0% 58.9% <0.001 <0.001 <0.001

ACEI/ARB

62.3% 57.4% 51.9% <0.001 <0.001 <0.001

Statins

97.7% 91.5% 84.1% <0.001 <0.001 <0.001

ACEI angiotensin converting enzyme inhibitors, ARB angiotensin receptor blocker, BMI body mass index, DBP diastolic blood pressure, eGFR estimated glomerular filtration rate, HbA1c glycated
hemoglobin, HR heart rate, LDL-c low-density lipoprotein-cholesterol, LVEF left ventricular ejection fraction, SBP systolic blood pressure.

Table 5 | Endpoint events at 12-month post-discharge

Characteristic Total DM
group

CM
group

P value

Clinical events

All-cause death 2.4% 1.6% 2.7% <0.001

MACCE 8.4% 6.4% 9.2% <0.001

Cardiovascular death 1.4% 1.1% 1.6% 0.021

Myocardial infarction 2.5% 1.2% 3.0% <0.001

Recurrent angina 5.9% 4.8% 6.4% <0.001

Revascularization 4.4% 3.9% 4.6% 0.039

Stroke 0.8% 0.7% 0.8% 0.483

Heart failure 1.2% 1.0% 1.2% 0.260

Readmission 11.1% 9.2% 11.9% <0.001

Death + non-fatal MI + non-
fatal stroke + readmission

12.8% 10.6% 13.6% <0.001

MACCE composite endpoint event of all-cause death, myocardial infarction, revascularization, and
stroke;MI myocardial infarction.
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autonomy and inadequately convey complex clinical information, we
deployed a multi-channel health literacy strategy. Integration of mHealth
platforms, dedicated patient portals, social media interfaces, and voice-
activated AI systems was complemented by on-demand telecardiology
consultations, thereby optimizing therapeutic comprehension and beha-
vioral adherence. 4. Dynamic Monitoring and Feedback: Given the rapid

progression of CAD, in addition to active symptom reporting, we utilized
daily and professional monitoring devices to track patients’ vital signs in
real-time, dynamicallymonitoring health status. By continuously observing
these parameters and promptly alerting medical professionals to abnorm-
alities, potential crises can be anticipated, and adverse events mitigated.
Notably, the DM group had more risk factors and comorbidities at
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Fig. 1 |Kaplan–Meier analysis of adverse event rates.TheKaplan–Meier curves for
adverse clinical events comparing the Digital Management group and the Con-
ventional Management group, including all-cause death (a), MACCE (b), cardio-
vascular death (c), myocardial infarction (d), recurrent angina (e) revascularization

(f), stroke (g), and heart failure (h). The red line is the Digital Management group,
and the green line is the Conventional Management group. * MACCE composite
endpoint event of all-cause death, myocardial infarction, revascularization, and
stroke.

Table 6 | Univariable and multivariable Cox regression analysis of endpoint events

Clinical events HR (95%CI)
(CM VS DM)

P value Adjusted
HR (95%CI)

P value

All-cause death 0.582 (0.451–0.750) <0.001 0.273 (0.203–0.368) <0.001

MACCE 0.674 (0.593–0.766) <0.001 0.585 (0.510–0.672) <0.001

Cardiovascular death 0.697 (0.511–0.949) 0.023 0.346 (0.241–0.497) <0.001

Myocardial infarction 0.379 (0.285–0.504) <0.001 0.384 (0.285–0.518) <0.001

Recurrent angina 0.751 (0.647–0.871) <0.001 0.743 (0.633–0.871) <0.001

Revascularization 0.836 (0.707–0.989) 0.037 0.738 (0.616–0.884) 0.001

Stroke 0.870 (0.590–1.284) 0.484 0.750 (0.489–1.151) 0.189

Heart failure 0.829 (0.599–1.148) 0.259 0.695 (0.490–0.987) 0.042

Readmission 0.758 (0.680–0.844) <0.001 0.739 (0.658–0.830) <0.001

Death + non-fatal MI + non-fatal stroke + readmission 0.760 (0.687–0.841) <0.001 0.713 (0.640–0.794) <0.001

MACCE composite endpoint event of all-cause death, myocardial infarction, revascularization, and stroke;MI myocardial infarction.
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enrollment compared to the CM group, as well as worse cardiac function
and a higher rate of coronary interventions. Despite these disadvantages,
patients in the DM group demonstrated a better prognosis.

Regarding lifestyle improvements, the smoking cessation rate in the
DM group of our study was significantly higher than that of the CM group.
The smoking rate in the DM group showed a sustained decline throughout
the 12-month intervention. In contrast, theCMgroup exhibited a reduction
in smoking rate during thefirst 3months, but a slight reboundwas observed
by the 12th month. At the 12-month follow-up, smoking rates in the DM
group decreased by 13.7%, compared to a 2.2% decrease in the CM group.
This indicates that the risk factor management in the CM group was less
effective in maintaining the reduction in smoking rate over the long term.
Moreover, BMI was also better managed in the DM group, with a sig-
nificantly greater reduction compared to the CM group by the 3rd month,
highlighting the early effectiveness of theDMgroup inweightmanagement.
And the BMI in the DM group decreased from 26.45 to 24.95 (mean) over
12 months, while the CM group’s BMI remained almost unchanged. These
findings align with the conclusions of previous studies. Smoking is a major
modifiable risk factor that should be targeted as part of every primary and
secondary CAD prevention programme21. A Meta-analysis on the effec-
tiveness of Internet-based smoking cessation interventions reported that
participants receiving the text-messaging programs were almost twice as
likely to quit smoking at the 6th month compared with those who did not
receive the programme22. Besides, a systematic review evaluating the effec-
tiveness of health apps in managing patients with CAD showed improve-
ments inBMI,waist circumference, andphysical activity among appusers23.

In termsof risk factors, the systolic anddiastolic bloodpressure levels in
the DM group were significantly lower than those in the CM group at both
the 3rd and the 12th month. This underscores the efficacy of digital man-
agement in achieving optimal blood pressure control, a critical determinant
in mitigating cardiovascular risk. Although the heart rate in the DM group
remained elevated compared to theCMgroup throughout the study period,
it demonstrated a consistent downward trend. In contrast, the CM group
exhibited a mild rebound in heart rate. This pattern suggests that the DM
group’smanagement strategymay offer greater benefits for long-termCAD
management. At baseline, the LDL-c levels in the DM group were sig-
nificantly higher than those in the CM group. However, the DM group
showed a progressive decline in LDL-c levels at both the 3rd and the 12th
months. By the 12th month, LDL-c levels in both groups showed no sta-
tistically significant difference, indicating that the DM group achieved a
more pronounced reduction in LDL-c levels over time. The digital man-
agement approach in the DM group also resulted in a significant
improvement in glycemic control during the short term. Although the
improvement in glycemic control was similar between the DM and the CM
groups by the 12th month, the DM group achieved faster attainment of
glycemic targets compared to theCMgroup. Thisfinding suggests that early

and rapid optimization of risk factors represents amore effective strategy for
CAD management. In addition, the DM group demonstrated significant
improvements in both renal function, as assessed by estimated glomerular
filtration rate (eGFR), and cardiac function, as measured by LVEF. These
findings highlight the comprehensive efficacy of the digital management in
addressing multiple risk factors associated with CAD. The observed
improvements underscore the potential of digital management to provide
holistic cardiovascular risk reduction, enhancing bothpatient outcomes and
long-term prognosis. Consistent with our findings, a recent 3-month digital
medical-guided cardiac rehabilitation program reported an average
reduction in LDL-c levels of 11mg/dl24.Meanwhile, theHERB-DH1pivotal
study affirmed the potential of digitalmanagement to reduceblood pressure
through non-pharmacologic lifestyle changes in untreated patients with
primary hypertension25. A previous study on patients with diabetes also
demonstrated that digital management tools are effective in improving
glycemic control and reducing the risk of cardiovascular events, and have
been recommendedby theEuropeanSociety ofCardiology (ESC) guidelines
forDiabetes andCardiovascularDisease26.As formedicationadherence,our
study also obtained positive results, aligning with the conclusions of several
previous studies27,28.

This study is the largest cohort study on long-term management of
CADpatients by digital healthcare system, and it is the first article to discuss
the clinical benefits of digital post-discharge management on long-term
outcomes. Our DM group adopted comprehensive, real-time follow-up
approaches that encompassed lifestyle improvements, tighter control of risk
factors, increased adherence to secondary preventive medications, and
effective symptom management. These interventions ultimately con-
tributed to improved clinical outcomes.

Our analysis demonstrated that the all-cause mortality and cardio-
vascular mortality in the DM group were significantly lower than those in
the CM group, with the effect being more pronounced after adjusting for
confounding factors. In the multivariable analysis, the all-cause mortality
risk in theDMgroupwas further reduced by approximately 73% compared
to the CM group, with a 41% reduction in the risk of MACCE events and a
65% reduction in the risk of cardiovascular disease mortality. Meanwhile, a
similar trend was observed in other adverse events, including myocardial
infarction, angina, revascularization, and rehospitalization, where digital
management effectively reduced the risk of these events. The digital man-
agement consistently reduced MACCE risk across all analyzed subgroups,
with no statistically significant heterogeneity detected. These findings
reinforce its utility as a scalable strategy for secondary prevention. Our
findings are consistent with other research findings both domestically and
internationally. The TELE-ACS study showed that the approach of tele-
medicine tomanagepatients followingacute coronary syndromecan reduce
hospital readmissions, emergency department visits, unplanned coronary
vascularization, and symptom episodes29. A study of patients with chronic

Fig. 2 | Subgroup analyses of MACCE events.
Subgroup analyses of digital management efficacy in
MACCE events, stratified by sex, age, and ACS sta-
tus, are presented. *MACCE composite endpoint
event of all-cause death, myocardial infarction,
revascularization, and stroke; ACS acute coronary
syndrome.
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heart failure found that remotemonitoring can significantly reduce all-cause
mortality and hospitalization rate30. The Meta-analysis by Cruz-Cobo
suggests that mHealth has a positive impact on CAD patients in activity
capacity,medication adherence, readmission, physical andmental quality of
life31. These studies support our view that digital healthcare has significant
value in the management of chronic diseases. Moreover, there are some
potential benefits of our program that are difficult to quantify. For instance,
features such as campaign reminders, risk stratification, two-way infor-
mation exchange, and video education content likely contribute to enhan-
cing the quality of post-discharge management. Nevertheless, some studies
have held different attitudes towards digital healthcare management,
arguing that it has little significance to the improvement of long-term car-
diovascular events and mortality32–34. However, factors such as insufficient
sample size, short follow-up duration, and inadequate management may
have hindered the overall improvement in these studies.

Digital health management has demonstrated efficacy in managing
various chronic conditions35,36 such as diabetes, obesity, and chronic
obstructive pulmonary disease (COPD), with its application in CAD
offering unique advantages. In CADmanagement, digital health platforms
facilitate continuous remote monitoring of vital signs and symptoms,
enabling early detection of exacerbations and timely intervention. This real-
time data collection enhances risk stratification and personalized treatment
plans, improving patient outcomes. Moreover, digital tools promote med-
ication adherence through reminders and educational content, crucial for
secondary prevention in CAD. They also support lifestyle modifications by
tracking physical activity, diet, and weight, integral components of cardiac
rehabilitation. The integration of telemedicine allows for regular virtual
consultations, reducing the need for hospital visits and enabling healthcare
providers to adjust therapies promptly. Data analytics and artificial intelli-
gence further refine CAD management by predicting potential adverse
events and optimizing resource allocation. Patient engagement is bolstered
through interactive platforms that encourage self-management and provide
psychosocial support, addressing the holistic needs of individuals with
CAD. Interventional cardiologists can leverage digital health technologies to
enhance patient management by optimizing post-procedural care and
delaying theprogressionof arterial restenosis, thereby reducing thenecessity
for repeat interventional procedures. Through continuous remote mon-
itoring and timely early intervention, they effectively minimize hospital
readmissions caused by disease exacerbation. This proactive approach
enhances the utilization of healthcare resources, ensuring that they are
allocated efficiently and effectively to improve patient outcomes and
streamline the healthcare delivery process. In essence, digital health man-
agement in CAD offers a comprehensive, patient-centered approach that
enhances disease monitoring, treatment adherence, lifestyle intervention,
and predictive analytics, ultimately leading to improved quality of life and
reduced healthcare costs. Given its convenience and scalability, further
promotion and integration of digital medical technologies in clinical prac-
tice have great potential to optimize long-term CAD management.

This study has several limitations. First, this research is an observa-
tional study, which inherently carries limitations. Observational studies are
prone to confounding factors and cannot establish causality. The lack of
randomization may result in unmeasured variables influencing the out-
comes, thereby limiting the generalizability and robustness of the findings.
Secondly, from the perspective of baseline characteristics, there is a potential
for selection bias. Participants in the DM group were older, had more
comorbidities, and exhibited poorer baseline cardiac function. These factors
may have driven a greater urgency for post-discharge management gui-
dance and a stronger willingness to participate. In contrast, the CM group
consisted of younger patients who may have had insufficient awareness of
disease management, limited time and energy, or concerns regarding
privacy. These disparities in baseline characteristics could skew the results,
as the DM group might inherently benefited more from structured inter-
ventions. Therefore, in light of the above, future studies should consider
designing and conducting randomized controlled trials (RCTs) tominimize
bias and unify baseline differences, which could provide a more

comprehensive understanding of the true impact of digital health man-
agement in CAD patients. Thirdly, the digital management system used in
this study requires further enhancement, such as integratingmore wearable
devices for comprehensivemonitoring.With the rapidadvancement ofAI, a
more sophisticated management system is expected to achieve better out-
comes. Finally, this study is primarily basedonpatient data fromChina, and
the results may not be fully generalizable to patients in other countries and
regions. Therefore, future research should be conducted across different
populations and regions37 to validate the effectiveness of digital healthcare.

In conclusion, this study indicates that digital healthcare offers sig-
nificant advantages over conventional follow-upmode in thepost-discharge
management of CAD patients, effectively optimizing lifestyle, reducing risk
factors, and improving patient prognosis. Our study highlights the sig-
nificant reduction in all-cause mortality in patients with CAD. These
findings underscore the potential value of digital healthcare in enhancing
outcomes for CAD patients. Future research should continue to explore the
impact of digital healthcare across diverse patient groups and regions to
further validate its role and value in the management of chronic diseases.

Methods
Study population and data collection
The data of this study were obtained from “HeartMedDigital Management
System”, a comprehensive system for collecting, analyzing, andmonitoring
multidimensional clinical data designed to enable dischargemanagement of
CAD patients. Figure 3 provides a brief summary of the main functions of
the HeartMed system. Our research employs retrospective analysis of real-
world clinical implementation data collected from patients with cardio-
vascular disease enrolled between June 2018 and September 2022
(n = 18,565). Continuous follow-up was conducted for 12 months via the
digital system or telephone, with all information recorded in the system.
Inclusion criteria were as follows: (1) All patients aged 18 years or above,
with a definitive diagnosis of CAD. This diagnosis encompassesmyocardial
infarction, as well as unstable or stable angina. The diagnosis38 was con-
firmed either by coronary angiography showing stenosis of 50% or greater,
regardless of whether the patient required or did not require revascular-
ization procedures; or by coronary computed tomography angiography
(CCTA) demonstrating stenosis of 50% or more in at least one coronary
artery during their index admission. (2) Patients who provided informed
consent to enroll in the HeartMed Digital Management System. We
excluded women who were pregnant at the time of the clinical examination
and individuals who were hemodynamically unstable, had no Internet
access at their place of residence, or pre-existing comorbid diseasewith a life
expectancy of less than 1 year. Figure 4 shows the flow diagram of patient
screening.

The clinical data from the 12-month follow-upwere collected from the
system, including diagnosis, personal basic information, risk factors,
comorbidities, admission status, post-dischargehealthdata, laboratory tests,
and medication.

Ethics review
This study has undergone a rigorous review process by the Ethics Com-
mittee of Fuwai Hospital, Chinese Academy ofMedical Sciences, which has
granted approval for the conduct of the study (Approval Number: 2023-
2210). The study has been designed and conducted in accordance with the
principles outlined in the Declaration of Helsinki and other relevant ethical
guidelines.

Intervention and enrollment process
Patients were divided into the DM group and the CM group based on
whether patients enrolled in the digitalmanagement system. Both groups of
patients participated voluntarily, without any charges or compensation. In
the DM group, a refined post-discharge management approach will be
implemented by focusing on the following aspects, with specific manage-
ment standards adjusted in accordance with the latest relevant
guidelines39–46:
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1. Symptom management: After enrollment, each patient was provided
with a chip-implanted sphygmomanometer to monitor their blood
pressure and pulse in real time. Structured health education and
symptom management interventions were systematically delivered at
standardized post-discharge intervals (1-, 3-, 6-, and 12-month
timepoints) following a predefined clinical pathway. These interven-
tions were delivered through a combination of automated digital

platforms, including system-integrated mobile application notifica-
tions andWeChat-based communications. Health education contents
were presented in multimodal formats, such as text-based materials,
infographics, and short video modules, optimized for patient
engagement and comprehension. According to the specific conditions
of patients (such as age, gender, disease type and risk factors, etc.) and
needs, targeted health education plans were formulated to provide

Fig. 4 | Flow diagram of patient screening. After
excluding those who met the exclusion criteria, the
participants were divided into the digital manage-
ment group and the conventional management
group based on whether they enrolled in the digital
management system.

Fig. 3 | Operating diagram of heartmed medical digital management system.
“Heartmed medical digital management system” integrates smartphones, wearable
devices, and medical data platforms to achieve secondary prevention of coronary
heart disease. Through bidirectional data transmission between participants and
caregivers, the system facilitates the transmission of educational knowledge, real-
time assessment of risk factors, personalized reminders for lifestyle changes and

rehabilitation exercises, recording of medication usage, and reminders for follow-up
appointments. The system simultaneously adjusts the health management status
based on the risk stratification and providing personalized disease management
plans. *CAD coronary artery disease, GDMT guideline-directed medical therapy;
LDL low-density lipoprotein.
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personalized guidance and services. Symptom management encom-
passed symptom consultation, clinical assessment and medication
reconciliation; patients could report symptoms throughWeChatmini-
programordesignated system telephone. In addition to routine follow-
up, patients could also report symptoms tohealthmanagers at any time
according to the needs of the condition and generate alerts to health
managers. Through internal clinical decision-making algorithms, the
telemedicine team would conduct clinical evaluations and seek
decision guidance from clinical cardiologists if necessary. Supervisors
of symptom management included 142 cardiovascular specialists and
36 licensed physician assistants.

2. Clinical evaluation: The system stratified patients by risk levels. For
high-risk patients, the system intensified health education tailored to
the patient’s risk factors and recommended increasing the frequency of
symptom reporting and indicator monitoring (blood pressure, heart
rate, blood lipids, etc.). It also adjusted medication based on
corresponding risk factors. The digital management system auto-
matically transmitted abnormal data to a doctor’s assistant, with early
detection of life-threatening complications (such as bleeding) and
critical conditions. The assistant would then contact the patient and
address the issue promptly, either through the system or by phone.

3. Lifestyle intervention: The lifestyle intervention protocol encompassed
comprehensive management of dietary patterns, physical activity
regimens, body weight parameters, tobacco usage, alcohol consump-
tion, sleep hygiene, and psychological status. Personalized dietary
plans, exercise recommendations, weight management strategies, and
smoking cessation/alcohol moderation advice were delivered based on
individual patient characteristics. Drawing on the Dietary Guidelines
for Chinese Residents 2022 issued by the National Health Commission
of China, an artificial intelligence (AI) algorithm integrated with
Constraint Satisfaction Problem (CSP) reasoning algorithm generated
individualized daily recipes. This computational model dynamically
adapted to patients’ geolocation data, seasonal variations, and
comorbid conditions (e.g., hyperlipidemia, diabetesmellitus), ensuring
nutritional adequacy while addressing specific metabolic require-
ments. Based on each patient’s physical activity levels and disease
status, a tailored daily-exercise program was provided. Psychological
assessments utilized the Patient Health Questionnaire-9 (PHQ-9) and
Generalized Anxiety Disorder-7 (GAD-7) scales to evaluate anxiety
and depression status, with recommendations for psychological
interventions based on results. Sleep quality was assessed via the
Pittsburgh Sleep Quality Index (PSQI), informing decisions regarding
sleep interventions.
Post-discharge evaluations and guidance above were scheduled at
standardized intervals (1-, 3-, 6-, and 12-month timepoints) following
discharge, primarily delivered through aWeChatmini-program. If no
patient feedback was received after three consecutive notifications,
manual phone calls were initiated.

4. Risk factors control: For patients who smoked, the system offered
smoking cessation guidance and promoted relevant educational con-
tents. Meanwhile, the system implemented an image-based scanning
interface enabling patients to digitize laboratory reports (e.g., blood
glucose, lipid profiles) viamobile applicationupload. Integrated optical
character recognition (OCR) and clinical data extraction modules
automatically parsed quantitative biomarkers, which were subse-
quently routed to clinical teams for evidence-based clinical guidance.
Concurrently, the platform employed adaptive optimization algo-
rithms to dynamically update personalized nutrition regimens and
exercise prescriptions in real-time. This closed-loop feedback
mechanism fostered enhanced patient activation through gamified
health engagement metrics, thereby promoting sustained self-
management adherence and data-driven behavioral modifications.

5. Medication management: The system checked the type, name, and
dosage of drugs medication in each period of the day, regularly sent
reminders to patients every day, urged patients to take medication

correctly, recorded medication usage, reported feasible possible
adverse drug reactions, and made timely adjustments.

By contrast, the CM group received routine outpatient visits in
accordance with discharge instructions and personal medical needs. Doc-
tors provided the following medical services to patients: educating patients
on secondary prevention of CAD, guiding them on proper medication use,
and ensuring timely follow-ups.Besides, patientmedication, bloodpressure,
heart rate, and follow-up examinations were also recorded. The manage-
ment of patients byphysicianswas strictly conducted in accordancewith the
international guidelines for secondary prevention of CAD39–46. All partici-
pating physicians underwent standardized training to ensure uniformity in
the application of these guidelines.

Clinical outcome evaluation
All patients were followed up as planned for 12 months. The primary
endpoint was all-cause death. Secondary endpoints included Major
Adverse Cardiac and Cerebrovascular Events (MACCE, composite
endpoint event of all-cause death, myocardial infarction, revascular-
ization, and stroke47), as well as cardiovascular disease death, myocardial
infarction, recurrent angina, revascularization, stroke, heart failure, and
readmission.

Statistical analysis
The continuous variables with a normal distribution were statistically
described by means ± standard deviation (SD) and then compared
between groups and within groups by the t-test or t’-test depending on
their equal or unequal variances, respectively, while the non-normally
distributed continuous variables were statistically described by medians
(interquartile range [IQR]) and compared between groups by theMann-
Whitney U test. Count variables, described by number and percentage
(n,%), of two groupswere compared by the chi-square or Fisher test. The
threshold for retaining covariates with missing data was set at 5% to
ensure stability and accuracy in the analysis. Missing values were han-
dled using mode imputation for categorical variables and mean or
median imputation for continuous variables. The Kaplan–Meier survi-
val curve and the log-rank test were used to reveal and compare the 12-
month cumulative adverse events rates of both groups. The 12-month
risk of adverse events was analyzed through Cox regression modeling,
with results expressed as hazard ratios (HRs) and 95% confidence
intervals (CIs) in both univariable and multivariable analyses (adjusted
for potential influencing factors including age, gender, body mass index
(BMI), smoking, hypertension, diabetes, heart failure, stroke, systolic
blood pressure (SBP), heart rate (HR), creatinine, the low-density
lipoprotein-cholesterol (LDL-c), left ventricular ejection fraction
(LVEF) and percutaneous coronary intervention (PCI)). To further
explore the impact of DM on different populations, multiplicative
interaction analyses were conducted in three key subgroups—age, sex,
and coronary artery disease type—to assess the impacts of DM on
MACCE events across different demographic and clinical character-
istics. All tests for statistical significance were two-sided and variables
with differences of p < 0.05 were considered statistically significant; All
analyses were performed using SPSS (V.25.0).

Data Availability
The datasets generated and analyzed in the study are not publicly available
due to institutional policy and the privacy of study individuals but are
available from the corresponding author upon request under the data-
sharing agreements between institutions.

Code availability
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