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Coronary Artery Disease

Clinical Characteristics of Patients Less than Forty
Years Old with Coronary Artery Disease in
Taiwan: A Cross-Sectional Study
Wei-Che Tsai,1 Keng-Yi Wu,1,2 Gen-Min Lin,3 Sy-Jou Chen,4 Wei-Shiang Lin,1 Shih-Ping Yang,1
Shu-Meng Cheng1 and Chin-Sheng Lin1

Background: Coronary artery disease (CAD) rarely occurs in young adults. Our objective was to investigate the
baseline characteristics and outcomes of young patients with CAD.
Methods: We retrospectively enrolled patients aged < 40 years of age who underwent coronary angiography in a
tertiary hospital in Taiwan between 2002 and 2015. The baseline characteristics and in-hospital outcomes of
patients with acute coronary syndrome (ACS) and occlusive CAD (stenotic lesions > 50%) were compared with
those of patients without ACS and non-occlusive CAD, respectively.
Results: We enrolled 245 young patients including 131 (53.5%) with ACS and 178 with occlusive CAD. The median
age of the patients was 36.08 years and the mean follow-up period was 4.84 years. Of all study subjects, 220
(89.8%) were men and 140 (57.1%) were current smokers; there was an overall in-hospital mortality rate of 3.3%.
Furthermore, age, body mass index, smoking, total leukocyte count, neutrophil-to-lymphocyte ratio, total
cholesterol, and low-density lipoprotein were higher in patients with ACS and significant CAD than in those without
ACS and nonstenotic CAD. Interestingly, triglyceride (TG) levels and the TG to high-density lipoprotein ratio were
significantly higher in patients with ACS and occlusive CAD than in those without ACS and non-occlusive CAD.
Logistic regression analysis revealed that smoking is an independent predictor of ACS and occlusive CAD.
Conclusions: Our findings suggest that classical risk factors, obesity, and inflammation remain potent contributors
to occlusive CAD and ACS in young adults in Taiwan. Efforts to prevent or minimize these risk factors, such as
smoking cessation and aggressive lipid control, are necessary in young adults.
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INTRODUCTION
Coronary artery disease (CAD) is a major cause of
morbidity and mortality in the general population
worldwide. Although atherosclerosis, the main cause of
CAD, develops in the early stage of life, 1 symptomatic
CAD and acute coronary syndrome (ACS) rarely occur in
young adults less than 40 years of age. The incidence of
ACS in such young adults has been reported to account
for 0.4-19% of all ACS cases.2-12 Studies have suggested
that the early incidence of CAD is increasing in young
people because of their preference for high-fat diets
and unhealthy lifestyles, in addition to their increased
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incidence of metabolic syndrome, hypertension, and
dysglycemia.13-15 Moreover, studies have suggested that
conventional vascular risk factors encountered in the
middle-aged population in the Framingham study are
present in the young population.18 Smoking, hypercholesterolemia, and low high-density lipoprotein (HDL)
levels are associated with CAD in young patients. In addition, obesity, insulin resistance, and hypertriglycemia
are risk factors for CAD in the young population.19 In addition, nonatherosclerotic factors such as cocaine use,
high homocysteine levels, connective tissue diseases,
and hypercoagulopathy, including antiphospholipid syndrome and nephrotic syndrome, may precipitate CAD.20-24
An earlier study from Chu et al. involving 31 young
Chinese patients with catheterization-documented CAD
pointed out the most important risk factors of CAD are
male gender and smoking among.25 However, data regarding the analysis of baseline characteristics and clinical outcomes in young adults in Taiwan are lacking.
Therefore, in the current study, we investigated the
baseline characteristics and in-hospital outcomes of Taiwanese patients aged < 40 years of age, who were suspected of having CAD and thus underwent coronary
angiography.

sion was defined as a resting blood pressure of > 140/90
mmHg or the use of antihypertensive medications. Diabetes mellitus was defined as a fasting glucose level of >
126 mg/dL, random glucose level of > 200 mg/dL, or hemoglobin A1c level of > 6.5% or the use of oral hypoglycemic agents. In accordance with the reports of the
National Cholesterol Education Program (Adult Treatment Panels II and III), dyslipidemia was defined as a total cholesterol level of > 200 mg/dL, low-density lipoprotein (LDL) level of > 100 mg/dL, HDL level of < 40 mg/dL,
and triglyceride (TG) level of > 200 mg/dL. 27-28 Body
mass index (BMI) was defined as the body weight (kg)
divided by the height (m) squared. Obesity was defined
as a BMI of ³ 27 kg/m 2 . Warning symptoms included
chest discomfort or dyspnea requiring medical assistance. The study complied with the Declaration of Helsinki regarding investigations in humans, and was approved by the hospital’s Institutional Ethics Committee.

Statistical analysis
Statistical analysis was performed using the Statistical Package for Social Sciences software (Version 22.0)
for Windows (SPSS Inc., Chicago, IL, USA). Quantitative
data are presented as mean ± standard deviation for
continuous variables and as number of patients (percentage) for categorical variables. The baseline characteristics and in-hospital outcomes of patients with ACS
and CAD were compared with those of patients without
ACS or CAD. The Kolmogorov-Smirnov coefficient was
evaluated for continuous variables. The continuous variables were compared using the Mann-Whitney U test
and t test. Categorical variables were compared using
the chi-squared test and logistic regression. The odds ratios (ORs) and 95% confidence intervals were calculated.
A p value < 0.05 was considered significant.

METHODS
Study population and data collection
We included patients aged < 40 years of age who
underwent coronary angiography at Tri-Service General
Hospital between January 1, 2002 and March 31, 2015.
Indications for coronary angiography included ischemic
electrocardiographic changes in a treadmill exercise
test, perfusion defect results in a thallium scan, and ACS
presentation. Occlusive CAD defines as ³ 50% stenosis in
coronary lumen in coronary angiography. Non-occlusive
CAD is defined as angiographic stenotic severity less
than 50%. Exclusion criteria are patient age younger
than 18 years or older than 40 years.
On the basis of the European Society of Cardiology/
American College of Cardiology/American Heart Association/World Heart Federation taskforce, ACS diagnosis
was defined as the presentation of both ST- and nonST-segment elevation myocardial infarction (STEMI and
NSTEMI, respectively) and unstable angina.26 HypertenActa Cardiol Sin 2017;33:233-240

RESULTS
Baseline characteristics of the young patients with or
without CAD
We enrolled 245 young patients including 131
(53.5%) with ACS and 178 with occlusive CAD (Table 1,
Table 2). The median age of the patients was 36.08 years
(minimum: 18.25 years, maximum: 40.75 years). Of all
the patients, 220 (89.8%) were men. Among the classi234
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sive CAD, the most common etiology was myocardial
bridging (n = 67, 27.3%). In addition to myocardial bridging, possible causes of young patients presenting with
ACS who had non-occlusive CAD include coronary spasm
and pericarditis/myocarditis.

cal risk factors, current smoking (n = 140, 57.1%) was
the most prevalent, followed by hypertension (n = 73,
29.8%) and dyslipidemia (n = 71, 29%). Of all the patients, 5 had a history of cerebrovascular accident (CVA)
or transient ischemic accident (TIA), which was no statistically different between the ACS and non-ACS groups.

Baseline characteristics of the young patients with
ACS or occlusive CAD
STEMI was the most common presentation (n = 56,
42.7%), followed by NSTEMI (n = 48, 36.6%) and unstable angina (n = 27, 20.6%; Table 2). More than half of
the patients (n = 86, 65.6%) experienced no warning
symptoms or signs. Current smoking (n = 90, 68.7%, p =
0.000), followed by dyslipidemia (n = 40, 30.5%, p =
0.565) and hypertension (n = 37, 28.2%, p = 0.569) were
the most common classical risk factors for ACS (Table 1).

Coronary angiographic characteristics
Of all the patients, 67 (27.3%) had non-occlusive
CAD and 91 (37.1%) had single-vessel disease; the remaining patients had > 2-vessel disease. The left anterior descending artery (LAD) was the most frequently
occluded vessel (n = 141, 79.2%), followed by the right
coronary artery (n = 95, 53.4%) and left circumflex artery (n = 79, 44.4%). Only 3 (1.7%) patients had left
main CAD (Table 2). Among the patients with non-occluTable 1. Clinical characteristics and lab findings of young patients

Number
Age (years)
Male, n (%)
2
BMI (kg/m )
Previously known risk factors
Hypertension, n (%)
Dyslipidemia, n (%)
Diabetes, n (%)
Smoking, n (%)
Family history, n (%)
Stroke/TIA, n (%)
Warning sign/symptom, n (%)
Expired, n (%)
Lab findings
WBC (cells/mL)
Hb (gram/dL)
Platelet (billion/L)
N/L
PLR
2
eGFR (mL/min/1.73 m )
Uric acid (mg)
Total cholesterol (mg/dL)
LDL (mg/dL)
HDL (mg/dL)
TG (mg/dL)
TG/HDL

All

ACS

Non-ACS

p

245
33.5 ± 6.1
220 (89.8)
26.7 ± 4.2

131
35.0 ± 4.9
121 (92.9)
27.4 ± 4.2

114
31.8 ± 7.0
99 (86.8)
26.0 ± 4.2

0.036
0.154
0.011

73 (29.8)
71 (29).
35 (14.3)
140 (57.1)
37 (15.1)
5 (2).
148 (60.4)
8 (3.3)

37 (28.2)
40 (30.5)
17 (13)0.
90 (68.7)
22 (16.8)
2 (1.5)
45 (34.4)
6 (4.6)

36 (31.6)
31 (27.2)
18 (15.8)
50 (43.9)
14 (12.3)
3 (2.6)
103 (90.4)0
2 (1.8)

0.569
0.565
0.530
< 0.001 <
0.384
0.542
< 0.001 <

9203.5 ± 3346.9
14.9 ± 1.70
255.4 ± 73.60
3.0 ± 2.9
128.1 ± 136.4
0.103 ± 27.50
6.6 ± 2.1
187.4 ± 51.90
119.2 ± 41.90
37.7 ± 13.0
192.9 ± 247.7
06.3 ± 10.5

10508.9 ± 3531.90
15.1 ± 1.70
263.2 ± 87.70
3.6 ± 3.7
138.6 ± 181.2
100.4 ± 27.90
6.4 ± 2.2
195.6 ± 51.70
127.1 ± 43.20
35.0 ± 12.7
219.4 ± 274.0
08.0 ± 13.1

007703.3 ± 22364.7
14.6 ± 1.7
246.3 ± 51.8
02.2 ± 1.2
115.7 ± 40.8
106.1 ± 26.8
06.8 ± 2.0
177.3 ± 50.5
109.1 ± 38.0
041.2 ± 12.6
0160.3 ± 207.9
04.1 ± 4.6

< 0.001 <
0.019
0.064
0.004
1.000
0.474
0.220
0.008
0.003
0.001
< 0.001 <
0.003

ACS, acute coronary syndrome; BMI, body mass index; Hb, hemoglobin; HDL, high density lipoprotein; LDL, low density lipoprotein;
N/L, neutrophil to lymphocyte ratio; PLR, platelet to lymphocyte ratio; TG, triglyceride; TG/HDL, triglyceride to high density
lipoprotein ratio; TIA, transient ischemic attack; warning sign/symptom, chest discomfort causing caution for medical aids; WBC,
white blood cell count.
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Table 2. Angiography characteristics in ACS and Non-ACS

Number
STEMI
NSTEMI
Unstable angina
Non-occlusive CAD
Bridge
Coronary spasm
Autoimmune diseases
Pericarditis/myocarditis
Unknown/undifferentiated
Occlusive CAD
Single vessel disease
Double vessel disease
Triple vessel disease
Left main
LAD
LCX
RCA

All

ACS

Non-ACS

245
67 (27.3)
61 (61/67, 91)
3 (3/67, 4.5)
3 (3/67, 4.5)
2 (2/67, 3.0)
6 (6/67, 9.0)
178 (72.7)0
91 (37.1)
43 (17.6)
41 (16.7)
3 (3/178, 1.7)
141 (141/178, 79.2)
79 (79/178, 44.4)
95 (95/178, 53.4)

131
56 (42.7)
48 (36.6)
27 (20.6)
13 (9.9)0
13 (13/13, 100)
3 (3/13, 23.1)
0 (0)
2 (2/13, 15.4)
2 (2/13, 15.4)
118 (9)
55 (42.0)
32 (24.4)
29 (22.1)
2 (2/118, 1.7)
89 (89/118, 75.4)
53 (53/118, 44.9)
71 (71/118, 60.2)

114
54 (47.3)
48 (48/54, 88.9)
0 (0)
3 (3/54, 5.6)
0 (0)
4 (4/54, 7.4)
60 (52.6)
36 (31.6)
11 (9.6)0
12 (10.5)
1 (1/60, 1.7)
52 (52/60, 86.7)
26 (26/60, 43.3)
24 (24/60, 40)

Non-occlusive CAD is defined as angiographic stenotic severity less than 50%; occlusive CAD is defined as ³ 50% stenosis in
coronary lumen in coronary angiography; LAD, left anterior descending artery; LCX, left circumflex artery; NSTEMI, non-ST elevation
myocardial infarction; RCA, right coronary artery; STEMI, ST elevation myocardial infarction; autoimmune diseases include lupus
related vasculitis, Kawasaki disease, and Takayasu’s disease.

Furthermore, age, BMI, total leukocyte count, neutrophil-to-lymphocyte ratio, total cholesterol, LDL, TG levels; and TG-to-HDL ratio were higher in young adult patients with ACS and occlusive CAD than in those patients
without ACS or non-occlusive CAD (Table 1, Table 3). Finally, by logistic regression analysis, smoking is suggested to be an independent predictor of ACS and occlusive CAD (Table 4).

CAD and possible contributing variables to ACS in young
patients in Taiwan. Most of the enrolled 245 patients
were men, and smoking was the leading risk factor.
More than half of the patients presented with ACS, particularly STEMI. Moreover, most of the patients had single-vessel occlusion, particularly in the LAD, and did not
experience warning signs or symptoms before a heart
attack. In addition, age, smoking, and metabolic syndrome components such as BMI and high non-HDL and
low HDL levels differed between the ACS and non-ACS
groups. By logistic regression analysis, this study suggests that smoking is an independent predictor in young
patients with ACS and occlusive CAD.
Because of the differing lifestyles and dietary patterns between young and elderly people, specific consideration for CAD in young people is required. 16,17
Moreover, a combination of infrequent health checkups
and ignorance about CAD prevented the young population from seeking medical assistance.29 Therefore, early
diagnosis and risk factor modification are critical in this
patient population. Although classical risk factors such
as hypertension, diabetes, smoking, and dyslipidemia
contributed to CAD in the elderly patients, these factors

Clinical outcomes
In total, 22 (9%) patients underwent coronary artery
bypass grafting (CABG) in the same hospital, and 42
(17.1%) patients underwent revascularization either
through repeated percutaneous coronary intervention,
CABG, or heart transplantation during the follow-up period (data not shown). The overall mortality rate was
3.3%.

DISCUSSION
In this study, we evaluated the clinical presentation,
classical risk factors, and angiographic characteristics of
Acta Cardiol Sin 2017;33:233-240
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Table 3. Clinical characteristics between occlusive and non-occlusive CAD in young patients

Number
Age (years)
Male, n (%)
2
BMI (kg/m )
Known risk factors before heart attack
Hypertension, n (%)
Dyslipidemia, n (%)
Diabetes, n (%)
Smoking, n (%)
Family history, n (%)
Stroke/TIA, n (%)
Warning sign/symptom, n (%)
Lab findings
Platelet (billion/L)
N/L
PLR
2
eGFR (mL/min/1.73 m )
Uric acid (mg)
Total cholesterol (mg/dL)
LDL (mg/dL)
HDL (mg/dL)
TG (mg/dL)
TG/HDL

All

Occlusive

Non-occlusive

p value

245
33.5 ± 6.1
220 (89.8)
26.7 ± 4.2

178
35.0 ± 4.8
163 (91.6)
27.4 ± 4.2

67
29.6 ± 7.4
57 (85.1)
25.0 ± 3.9

< 0.001 <
0.134
< 0.001 <

73 (29.8)
71 (29)0.
35 (14.3)
140 (57.1)0
37 (15.1)
5 (2)0.
148 (60.4)0

63 (35.4)
59 (33.1)
31 (17.4)
114 (64.0)0
31 (17.4)
3 (1.7)
95 (53.4)

10 (14.9)
12 (17.9)
4 (6.0)
26 (38.8)
6 (9.0)
2 (3.0)
53 (79.1)

0.002
0.019
0.022
< 0.001 <
0.042
0.520
< 0.001 <

255.4 ± 73.60
3.0 ± 2.9
128.1 ± 136.4
0.103 ± 27.5
6.6 ± 2.1
187.4 ± 51.9
119.2 ± 41.9
37.7 ± 13.0
192.9 ± 247.7
06.3 ± 10.5

259.5 ± 79.40
3.2 ± 3.2
134.3 ± 157.1
101.0 ± 28.20
6.6 ± 2.2
196.2 ± 54.2
125.6 ± 44.0
36.9 ± 13.1
217.3 ± 278.6
7.1 ± 11.8

244.3 ± 54.3
02.3 ± 1.7
111.4 ± 45.6
108.1 ± 25.2
06.5 ± 2.0
161.0 ± 32.3
099.5 ± 26.2
040.1 ± 12.5
119.1 ± 73.6
03.9 ± 3.7

0.090
0.041
0.082
0.062
0.871
< 0.001 <
0.001
0.146
0.010
0.005

and vital role of these risk factors in CAD, regardless of
age.
Consistent with the suggestions of previous studies,
our study suggests that smoking is the leading risk factor for occlusive CAD and ACS in young patients.1,29-34
The relationship between smoking and myocardial infarction has been reported, with an OR ranging from
1.89 to 3.5,1,29-36 and persistent smoking increased the
rate of major adverse cardiac events by 4.8 times in
young Chinese patients.37 All of these studies have emphasized the importance of smoking cessation to help
prevent CAD.
One study from the Taiwanese Secondary Prevention for patients with AtheRosCLErotic disease (T-SPARCLE) Registry enrolled 2568 Taiwanese CAD patients
with a mean age of 65.9 years. Of them, 1911 (74.4%)
were male with a mean BMI of 26.2 kg/m 2 . 38,39 Our
study indicated that in Taiwanese CAD patients less than
40 years of age, 220 (89.9%) were male with a mean
BMI of 27.4 kg/m2 (Table 3). Such evidence supports the
gender difference in young patients with CAD. Moreover, although the most prevalent risk factors in CAD pa-

Table 4. Risk factors of occlusive CAD and ACS in logistic
regression analysis
Risk factors
Age

ACS
(95% CI)

1.109
(1.042-1.181)
Male
0.999
(0.297-3.365)
Hypertension
0.635
(0.284-1.421)
Dyslipidemia
1.088
(0.504-2.349)
Diabetes
0.715
(0.278-1.844)
Smoking
3.780
(1.726-8.279)
Family history
1.231
(0.488-3.104)
Stroke/TIA
0.441
(0.038-5.057)

p value
0.001
0.999
0.269
0.829
0.488
0.001
0.660
0.510

Occlusive CAD
p value
(95% CI)
1.121
< 0.001
(1.061-1.184)
0.668
0.458
(0.231-1.937)
2.120
0.103
(0.859-5.228)
1.094
0.834
(0.473-2.529)
1.947
0.275
(0.589-6.438)
2.208
0.027
(1.094-4.459)
1.846
0.268
(0.625-5.456)
0.276
0.213
(0.037-2.089)

also caused the occlusion of the coronary artery in the
young patients (Tables 1 and 3), indicating the universal
237
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We included few patients who had a history of
CVA or TIA. However, we did not observe a significant
association of CVA or TIA with either coronary artery
occlusion or ACS. This suggests that the pathophysiology of stroke and CAD may differ in the young population. Additional studies are necessary to confirm
this hypothesis.

tients in Taiwan are hypertension (n = 1856, 72.3%), followed by diabetes (n = 1088, 42.4%) and smoking (n =
1015, 40.9%),39 our study indicated that current smoking (n = 140, 57.1%) is the most prevalent factor, followed by hypertension (n = 73, 29.8%) and dyslipidemia
(n = 71, 29%) in CAD patients less than 40 years old (Table 3). These results highlight the critical role of smoking
in young patients with CAD.
Regarding the risk factor of dyslipidemia for CAD,
we observed significantly higher non-HDL and lower
HDL levels in the ACS group than in the non-ACS group;
these results are consistent with those reported from
China 30,36 and Japan. 40 Moreover, hypertriglycemia,
which was previously neglected, was significantly higher
in both the occlusive CAD and ACS groups than in the
nonocclusive CAD and non-ACS groups. Consistent with
our results, studies from several groups indicated hypertriglycemia is associated with premature CAD and young
patients with ACS.40-42 These findings indicate that the
role of intensive lipid control exceeds that expected in
young patients and that hypertriglycemia, in addition to
LDL, is a critical risk factor for CAD in young patients.
Studies have reported an established relationship
among inflammation, atherosclerotic processes, and
prothrombotic states.43,44 Several studies have focused
on biomarkers for risk estimation. Jayesh et al. reported
that the platelet-to-lymphocyte ratio (PLR) and neutrophil-to-lymphocyte (N/L) ratio were significantly higher
in patients with ACS compared with other patients. 45
Moreover, the N/L ratio was higher in young patients
with non-ST elevation ACS, including NSTEMI and unstable angina.46 We observed that the N/L ratio was higher
in the ACS group than in the non-ACS group (Table 1).
However, no significant difference was observed in PLR
between these groups. This difference in results may be
attributed to racial difference, indicating that the N/L ratio is an easily accessible inflammation biomarker for
the presentation of ACS in the general young population. In addition, histological studies have reported that
atherosclerotic plaques in young patients have a high
number of lipid-containing foam cells and relatively less
acellular scar tissue.47,48 These plaques are presented
more rapidly and can rupture easily compared with
those observed in elderly patients, which partly explains
the absence of warning signs before a heart attack in
young patients.
Acta Cardiol Sin 2017;33:233-240

Study limitations
Our study had several limitations that should be addressed. First, our study involved a single-center, retrospective design; therefore, selection bias may be present. Second, only conventional CAD risk factors and
laboratory findings were identified in our study without
a sequential follow-up. Widely used atherosclerosis
markers such as high-sensitivity C-reactive protein and
genetic factors were not evaluated.49 Third, the inclusion of few female patients with missing data such as
menopause may have caused a deviation in the analysis.
Fourth, certain lipid profile values were calculated using
the following formula: total cholesterol = HDL + LDL +
TG/5; hence, bias may be present associated with extreme hypertriglycemia. Moreover, because it is a retrospective study evaluating clinical characteristics of young
patients with coronary artery disease, the detailed cardiovascular outcome and survival analysis were not performed in the current study. Finally, adequate information regarding psychosocial stress, marriage status, and
physical activity was unavailable. Therefore, a prospective study with a larger population is required to confirm
our findings.

CONCLUSIONS
CAD diagnosed in young patients is an uncommon
condition. Age (particularly > 35 years), BMI, and smoking in combination with dyslipidemia (high non-HDL and
low HDL levels and hypertriglycemia) and inflammation
contribute to ACS in young patients. Among these risk
factors, smoking effectively predicted the occurrence of
occlusive CAD and ACS in the young patients. Our study
indicated that weight reduction, smoking cessation, and
intensive lipid control, particularly of both LDL and TG
levels, are crucial for preventing ACS and occlusive CAD
in the young population.
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