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The Impact of Cluster-Type Risk Factors on Adverse Clinical Prognosis in Patients with
Coronary Artery Disease: A Secondary Data Analysis
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Purpose: Identify the cluster-type risk factors when disease occurs in patients with coronary artery disease (CAD)
and examine the impact of the cluster-type on adverse clinical prognosis in CAD patients. Methods: Secondary data
analysis was utilized with data collected from electronic medical records of patients who underwent percutaneous
coronary intervention in a university hospital from 2011 to 2015 and who were on an outpatient follow-up visit as
of January 2020. The K-means cluster analysis was performed on seven cardiovascular risk factors. Major adverse
cardiac events (MACEs), including hospitalization due to restenosis or cardiac-related death, was required in clinical
prognosis. The Cox proportional-hazard regression and Kaplan-Meier survival analyses were used. Results: Cluster
analysis identified three clusters of ‘obesity and family history’ (n=150), ‘smoking and drinking’ (n=178), and ‘chronic
disease’ (n=190). The MACEs occurred in 10.4% of study subjects. When the ‘obesity and family history’ cluster
(62.94112.09 years) was used as a reference, the relative risk of MACEs was 2.57 times higher in the ‘smoking
and drinking’ cluster (62.63+13.31 years) and 2.41 times higher in the ‘chronic disease’ cluster (70.90+10.30
years). Conclusion: Cluster-type risk factors are necessary when considering secondary prevention strategies for
MACEs in patients with CAD. Patients with smoking, drinking, and chronic diseases are especially required to
improve their lifestyles and to regularly monitor their management of underlying diseases during follow-up periods.
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Table 1. General and Coronary Artery Disease Risk Factor of the Subjects (N=518)
Characteristics Categories n (%) or Mean+SD
Age (year) 27~96 65.75+12.53
Gender Men 354 (68.3)

Women 164 (31.7)
Marital status Married 376 (72.6)
Unmarried/Divorce/Widowed/Others 142 (27.4)
Education < Elementary school 170 (32.8)
Middle/High school 249 (48.1)
> College 99 (19.1)
Economic state High/Middle 418 (80.7)
Low 100 (19.3)
Profession/Office workers 85 (16.4)
Job type Self-employed/ Agri-Fishery 78 (15.1)
Drivers 32(6.2)
Housewife/Unemployed 252 (48.6)
Day workers/Others 71 (13.7)
Major diagnosis Acute myocardial infarction 274 (52.9)
Unstable angina 217 (41.9)
Others " 27 (5.2)
LVEF at the intervention, % 51.45+13.92
Lipid profile Triglyceride, mg/dL (R: 13~798) 134.33+£94.30
HDL-Cholesterol, mg/dL (R: 10~92) 40.94+9.84
LDL-Cholesterol, mg/dL (R: 31~220) 105.96+34.78
Risk factors (multiple response) Hypertension, yes 323 (62.4)
Diabetes mellitus, yes 194 (37.5)
Dyslipidemia, yes 340 (65.6)
Current smoking, yes 154 (29.7)
Alcohol drinking, >1 time/week, yes 212 (40.9)
Obesity, BMI >25 kg/m’, yes 224 (43.2)
CVD Family Hx, yes 64 (12.4)
MACEs during follow-up period MACEs 54 (10.4)
Cardiac death 17 (3.3)
Restenosis 37(7.1)

BMI=body mass index; CVD=cardiovascular disease; HDL=high density lipoprotein; Hx=history; LDL=low density lipoprotein; LVEF=left
ventricular ejection fraction; MACEs=major adverse cardiac events; SD=standard deviation; T Abdominal aortic aneurysm, atrial flutter,
cardiomyopathy, chronic heart disease, heart failure, peripheral arterial occlussive disease.
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Table 2. Distribution of Coronary Artery Disease Risk Factors by Cluster Type (N=518)
Cluster 1 Cluster 2 Cluster 3
Risk factorST (n=150, 290%) (n=178, 344%) (n=190, 366%) x2 14
n (%) n (%) n (%)
Hypertension, yes 112 (74.7) 41 (23.6) 169 (88.9) 180.84 <.001
Diabetes mellitus, yes 32 (21.3) 29 (16.3) 133 (70.0) 136.58 <.001
Dyslipidemia, yes 107 (71.3) 114 (64.0) 119 (62.6) 3.11 210
Current smoking, yes 40 (26.7) 111 (62.4) 3(1.6) 163.46 <.001
Alcohol drinking (>1 time/week), yes 87 (58.0) 111 (62.4) 14 (7.4) 140.40 <.001
Obesity (BMI>25 kg/m’), yes 148 (98.7) 28 (15.7) 48 (25.3) 267.65 <.001
CVD Family Hx, yes 28 (18.7) 18 (10.1) 18 (9.5) 7.80 .020
BMI=body mass index; CVD=cardiovascular disease; Hx=history; TMultiple response.
Cluster 1=obesity-family history; Cluster 2=smoking-drinking; Cluster 3=chronic disease.
Table 3. Characteristics of the Subjects by Coronary Artery Disease Risk Factor Cluster Type (N=518)
Cluster 1° Cluster 2° Cluster 3°
(n=150,29.0%) (n=178,344%) (n=190,36.6%) ,
Characteristics Categories x“orF p Scheffé
n (%) or n (%) or n (%) or
Mean+SD Mean+SD Mean+SD
Age (year) 27~96 62.94+12.09 62.631+13.31 70.90£10.30 2792 <.001 a,b<c
Gender Men 116 (77.3) 143 (80.3) 95 (50.0) 4698 <.001
Women 34 (22.7) 35 (19.7) 95 (50.0)
Marital status Married 121 (80.7) 132 (74.2) 123 (64.7) 11.02 .004
Unmarried/Divorced/ 29 (19.3) 46 (25.8) 67 (35.3)
Widowed/Others
Education < Elementary school 40 (26.7) 52 (29.2) 78 (41.1) 13.33 .010
Middle/High school 74 (49.3) 87 (48.9) 88 (46.3)
>College 36 (24.0) 39 (21.9) 24 (12.6)
Economic state High/Middle 116 (77.3) 151 (84.8) 151 (79.5) 3.22 199
Low 34 (22.7) 27 (15.2) 39 (20.5)
Job type Profession/Office workers 35 (23.3) 2 (20.2) 14 (7.4) 56.80 <.001
Self-employed/ Agri-fishery 25 (16.7) 35 (19.7) 18 (9.5)
Drivers 10 (6.7) 17 (9.6) 5(2.6)
Housewife/Unemployed 60 (40.0) 61 (34.3) 131 (68.9)
Day workers/Others 20 (13.3) 29 (16.3) 22 (11.6)
Obesity 148 (98.7) 28 (15.7) 48 (25.3) 267.65 <.001
(BMI >25 kg/m’)
LVEF, % 52.81+£12.56 50.57+14.21 51.19+14.64 1.10 332
Lipid profile, Triglyceride 143.53+£90.77  143.59+113.19  118.34%73.46 4.20 015 b>c
mg/dL HDL-Cholesterol 39.93+7.76 41.66+10.26 41.05+10.85 1.23 291 a b>c
LDL-Cholesterol 108.53+34.36  114.03+35.31 96.241+32.38 1273  <.001
MACEs, yes 15 (10.0) 18 (10.1) 21 (11.1) 0.12 .938

BMI=body mass index; HDL=high density lipoprotein; LDL=low density lipoprotein; LVEF=left ventricular ejection fraction; MACEs=major

adverse cardiac events; SD=standard deviation.

Cluster 1=obesity-family history; Cluster 2=smoking-drinking; Cluster 3=chronic disease.
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Cluster 1=obesity - family history; Cluster 2=smoking - drinking; Cluster 3=chronic disease.

Figure 1. Major adverse cardiac events-free survival curve.

Table 4. Cox Proportional Hazards Regression Modeling by Coronary Artery Disease Risk Factor Cluster Type (N=518)
Variables B SE HR 95% CI p
Cluster 1 Reference group .032
Cluster 2 0.94 0.38 2.57 1.20~5.48 .014
Cluster 3 0.88 0.39 241 1.12~5.21 .024
Age -0.01 0.01 0.98 0.96~1.01 224
Job type 0.13 0.15 1.14 0.85~1.54 .382

CI=confidence interval; HR=hazard ratio; SE=standard error.

Cluster 1=obesity-family history; Cluster 2=smoking-drinking; Cluster 3=chronic disease.
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