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ABSTRACT 

Background: Drug-eluting stents (DESs) are associ- 
ated with lower restenosis rates. However, minimal 
data on the follow up results of premature coronary 
artery disease (PCAD) treated with DESs exist. This 
study was to evaluate clinical characteristics and one- 
year prognosis of PCAD implanted with DESs in a 
Chinese population. Methods: 282 patients with 
PCAD, of which 177 implanted with DESs and 105 
prescribed medicine alone were enrolled and ana- 
lyzed. Major adverse cardiovascular events (MACEs) 
and the use of medications for secondary prevention 
were collected and analyzed. Results: Compared with 
those receiving medicine alone, patients implanted 
with DESs had higher ratios of males than females, 
they also had acute coronary syndromes, multi-vessel 
disease, higher values of cardiac troponin I, longer 
hospital stays, higher aspirin and clopidogrel use (all 
P < 0.05); though these patients had higher use of 
aspirin and clopidogrel in the hospital and during 
follow-up and higher β-blockers and statins use dur- 
ing follow-up, they had higher ratios of recurrent an- 
gina and composite MACEs during one-year follow- 
up (all P < 0.05). Logistic regression analyses showed 
that obesity (OR 1.757, 95% CI: 1.031 - 2.995), acute 
coronary syndrome (OR 1.716, 95% CI: 1.011 - 2.913) 
and reduced left ventricular ejection fraction (OR 
2.539, 95% CI: 1.180 - 5.463) predict MACEs in a 
one-year follow-up among patients with PCAD. Con- 
clusions: PCAD patients implanted with DESs have 
more unstable clinical phenotypes and higher MACEs 
during a one-year follow-up period, though they were 
prescribed higher ratios of optimal therapeutic medi- 
cine. Further enhanced strategies should be made for 
secondary prevention. 
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1. INTRODUCTION 

Coronary artery disease (CAD) is one of the major 
causes of death throughout the world, including China. 
Although CAD is commonly recognized as a disease 
associated with age, young patients are also at a risk for 
coronary atherosclerosis in clinical situations [1,2]. Peo- 
ple who suffer from CAD during the early years (male < 
55 years, female < 65 years) are considered premature 
CAD [3]. Patients with premature CAD belong to a par- 
ticular subgroup deserving much more attention since the 
impact of premature CAD on individuals, families and 
society is particularly devastating [4-6]. 

Recently, significant advances in CAD treatment have 
taken place, mainly related to the availability and imple- 
mentation of evidence-based guidelines [7-11] and large 
scale clinical trials [12,13]. Drug-eluting stents (DESs) 
have also been shown to be associated with a lower res- 
tenosis rate in comparison with bare metal stents [14,15]. 
Systematic studies show that secondary prevention pro- 
grams can improve care, reduce hospital readmission and 
enhance the quality of life or functional status of patients 
with CAD undergoing percutaneous coronary interven- 
tion (PCI) [7]. 

Guidelines have been developed and updated to ensure 
coverage for all eligible patients for optimal treatment 
and secondary prevention [8,9]. However, the use of gui- 
delines, including recommended drugs such as aspirin, 
β-blockers, angiotensin converting enzyme inhibitors 
(ACEIs)/angiotensin II receptor blockers (ARBs) and 
statins, remains sub-optimal for secondary prevention in 
most countries [16-21]. Recently, a survey performed 
including 22 European countries revealed that cardio *Corresponding author. 
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protective medication usage among CAD patients was 
78% to 91% for β-blockers, antiplatelets and ACEIs/ 
ARBs [16]. These data are similar to that obtained in the 
United States [17]. Available data from India suggest that 
aspirin is prescribed in 91% of patients, compared with 
only 69% of patients prescribed β-blockers, 82% ACEIs/ 
ARBs and 69% statins [18]. This status of therapy needs 
to be increased in order to improve the quality of life, 
mid- and long-term prognosis of patients at a higher risk.  

However, there is only one small sample study [22] 
which has investigated the use of DESs in patients with 
premature CAD in the Chinese population. Our study 
was designed to assess adherence to secondary preventa- 
tive medications and provide follow-up outcomes during 
a one-year follow-up in a larger sample of premature 
CAD implanted with DESs. 

2. METHODS 

2.1. Study Population 

From October 2008 to January 2010, 282 patients with 
confirmed diagnosis of premature CAD (men < 55 years 
and women < 65 years) were enrolled in the present 
study within our cardiac department. All patients under- 
went coronary angiography (CAG) for the evaluation of 
coronary stenosis. Patients with ≥50% stenosis in at least 
one coronary artery were considered to have CAD. All 
patients were divided into two groups, coronary stenosis 
≥70% in main coronary arteries who underwent PCI and 
were implanted with DESs (paclitaxel-eluting stent or 
sirolimus-eluting stent at the discretion of the operator) 
combined with optimal medical therapy (OMT), and 
those with coronary stenosis <70%, without informed 
consent or with contraindications for aspirin and clopi- 
dogrel usage prescribed OMT. Myocardial infarction (MI) 
was defined according to the World Health Organization 
criteria and all of the patients with MI also had confir- 
matory CAG findings. Patients with congenital heart dis- 
ease, syndrome X, multiple aorto-arteritis, severe liver or 
kidney disease, or contraindications for heparin usage 
were excluded from the present study. The investigation 
conformed with the principles outlined in the Declaration 
of Helsinki. The study protocol was approved by the 
Medical Ethics Committee of the Affiliated Zhongda 
Hospital of Southeast University and written informed 
consent was obtained from all participants. 

2.2. Determination of Risk Factors and Data  
Collection  

A questionnaire was completed according to the medical 
records of all participants. Data were collected including 
hypertension, type 2 diabetes mellitus (T2DM), family 
history of CAD, and smoking status. Obesity was de- 

fined as body mass index (BMI) ≥ 28 kg/m2 [BMI was 
calculated as weight in kilograms divided by the square 
of the height in meters (kg/m2)] [23]. Two-dimensional 
echocardiography was used to calculate left ventricular 
ejection fraction (LVEF) according to the American Col- 
lege of Cardiology and American Heart Association gui- 
delines [24]. 

Plasma concentrations of total cholesterol, trigly- 
ceride, high-density lipoprotein cholesterol, low-density 
lipoprotein cholesterol, apolipoprotein A1 and apolipo- 
protein B were determined using standard methods with 
a chemical analyzer (Beckman Coulter Synchron Clini- 
cal System LX 20, Fullerton, CA, USA). TG was directly 
measured when the results were >4.52 mmol/L (400 
mg/dL). Cardiac troponin I (cTnI) was determined using 
a commercially available kit (Access AccuTnI, Beckman 
Coulter Inc.). 

All patients were followed from discharge to their first 
cardiac event or end of the study period (January 31, 
2011) by telephone or a visit at the outpatient clinic. The 
major follow-up issues included compliance with drug 
administration for secondary prevention and major ad- 
verse cardiac events (MACEs), including stroke, recur- 
rent angina, recurrent MI, and cardiac death.  

2.3. Statistical Analyses 

Statistical analyses were conducted using the SPSS 15.0 
software (SPSS, Inc., Chicago, IL). Continuous variables 
were expressed as mean ± SD, and a Student’s t test or 
chi-square test was used to analyze differences between 
the two study groups. Descriptive data were reported as 
numbers and percentages. Logistic regression analyses 
were performed to determine factors associated with 
MACEs during a one-year follow up. Two-tailed P < 
0.05 was considered statistically significant. 

3. RESULTS 

3.1. Baseline Characteristics 

The patient cohort consisted of 282 patients with con- 
firmed premature CAD, including 177 patients implanted 
with DESs combined with OMT (DESs + OMT) and 105 
patients with OMT alone. Patients treated with DESs + 
OMT had a higher ratio of males, multi-vessel disease, 
acute coronary syndrome (ACS), higher levels of cTnI, 
longer hospital stays, higher aspirin and clopidogrel use 
at discharge compared to OMT alone (all P < 0.05) (Ta- 
ble 1). 

3.2. Usage of Medicines for Secondary  
Prevention and Lifestyles during Follow-Up 

Compared to patients treated with OMT, patients treated 
with DESs + OMT had a higher usage of aspirin and 
clopidogrel during their time in the hospital, half- and 
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Table 1. Baseline characteristics of the study population. 

Characteristics 
PCAD treated 

with OMT  
(n = 105) 

PCAD treated with 
DESs + OMT 

(n = 177) 

Male, n(%) 44(41.9) 105(59.3)a 

Age, years   

Male 48.84 ± 4.34 48.97 ± 5.10 

Female 56.92 ± 5.20 56.63 ± 5.81 

Hypertension, n(%) 79(75.2) 136(76.8) 

Type 2 diabetes mellitus, n(%) 18(17.1) 43(24.3) 

Smoking, n(%) 30(28.6) 60(33.9) 

Obesity, n(%) 34(32.4) 59(33.3) 

Drinking, n(％) 13(12.4) 25(14.1) 

Family history of CAD, n(%) 20(19.0) 43(24.3) 

Cardiovascular risk factors per  
patient, n 

1.84 ± 1.36 2.10 ± 1.11 

ACS, n(%) 28(26.7) 83(46.9)a 

Single-vessel disease, n(%) 67(63.8) 62(35.0)a 

Multi-vessel disease, n(%) 38(36.2) 115(65.0)a 

cTnI, ng/mL 0.74 ± 2.65 4.54 ± 16.12a 

TC, mmol/L 4.61 ± 1.16 4.63 ± 1.28 

TG, mmol/L 1.58 ± 0.94 1.86 ± 1.8 

HDL-C, mmol/L 1.13 ± 0.57 1.12 ± 0.29 

LDL-C, mmol/L 2.92 ± 1.12 2.84 ± 0.90 

TC/HDL-C 4.27 ± 1.16 4.43 ± 1.49a 

LDL-C/HDL-C 2.58 ± 0.73 2.82 ± 1.22a 

Apo B/Apo A1 0.79 ± 0.29 0.85 ± 0.34a 

LVEF, % 0.64 ± 0.09 0.62 ± 0.10 

Length of hospital stay, days 6.67 ± 6.76 8.14 ± 5.22a 

Length of hospital stay after 
operation, days 

5.55 ± 5.78 6.98 ± 4.52a 

Medications at discharge 

Aspirin, n(%) 100(95.2) 176(99.4)a 

ACEI/ARB, n(%) 60(57.1) 105(59.3) 

β-block, n(%) 66(62.9) 132(74.6) 

Statins, n(%) 90(85.7) 164(92.7) 

Clopidogrel, n(%) 18(17.1) 174(98.3)a 

aP < 0.05, compared with PCAD treated with OMT. Data expressed as the 
number of individuals (percentage in parentheses) or the mean ± SD, as 
appropriate. ACS, acute coronary syndrome; Apo A1, apolipoprotein A1; 
Apo B, apolipoprotein B; cTnI, cardiac troponin I; DESs, drug-eluting stents; 
HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipopro- 
tein cholesterol; LVEF, left ventricular ejection fraction; OMT, optimal 
medical therapy; PCAD, premature coronary artery disease; TG, triglycer- 
ide; TC, total cholesterol. 

 
one-year follow-up, higher usage of β-blockers and stat- 
ins during half- and one-year follow-up (all P < 0.05). 
There was a comparable usage of ACEIs/ARBs in the 
hospital, during the half- and one-year follow-up be- 
tween the two groups (all P > 0.05). Smoking and drink- 
ing status was also similar in the hospital and during 
half- and one-year follow-ups between the two groups 
(all P > 0.05) (Table 2). 

3.3. MACEs during Follow-Up 

Compared to patients treated with OMT alone, patients 
treated with DESs + OMT had a higher ratio of recur- 
rence of angina and composite MACEs during half- and 
one-year follow-up (all P < 0.05) (Table 3). 

3.4. Predictors of MACEs 

Logistic regression analyses showed that obesity, acute 
coronary syndrome and reduced LVEF (<50%) inde- 
pendently predicted MACEs during a one-year follow up 
among patients with premature CAD (Table 4). 

4. DISCUSSION 

The present study showed that premature CAD patients 
implanted with DESs were clinically more complicated 
and unstable. The patients in the DES + OMT group had 
a higher ratio of multi-vessel disease, ACS and higher 
levels of cTnI before treatment compared to patients in 
the OMT group alone. Though these patients had a 
higher aspirin and clopidogrel use in the hospital and 
 
Table 2. Data on drugs for secondary prevention and lifestyles 
at baseline and follow-up. 

 
PCAD treated with 

OMT, n(%)  
(n† = 105/105/105) 

PCAD treated with 
DESs + OMT, n(%) 
(n† = 177/177/175)

In-hospital 100(95.2) 176(99.4)a 

Half-year 100(95.2) 177(100.0)a Aspirin 

One-year 98(93.3) 175(100.0)a 

In-hospital 66(62.9) 132(74.6) 

Half-year 62(59.0) 133(75.1)a β-blockers

One-year 68(64.8) 139(79.4)a 

In-hospital 60(57.1) 105(59.3) 

Half-year 62(59.0) 106(59.9) 
ACEIs/ 
ARBs 

One-year 67(63.8) 112(64.0) 

In-hospital 90(85.7) 164(92.7) 

Half-year 90(84.8) 164(92.7)a Statins 

One-year 92(87.6) 164(93.7)a 

In-hospital 18(17.1) 174(98.3)a 

Half-year 20(19.0) 174(98.3)a Clopidogrel

One-year 22(21.0) a 173(98.9)a 

In-hospital 30(28.6) 60(33.9) 

Half-year 8(7.6) 18(10.2) Smoking

One-year 7(6.7) 7(4.0) 

In-hospital 13(12.4) 25(14.1) 

Half-year 4(3.8) 10(5.6) Drinking

One-year 6(5.7) 7(4.0) 
aP < 0.05, compared with PCAD treated with OMT. Data expressed as the 
number of individuals (percentage in parentheses) or the mean ± SD, as 
appropriate. †Represents the available number of patients in hospital, half- 
year and one-year follow-up. ACEI, angiotensin converting enzyme inhibit- 
tor; ARB, angiotensin II receptor blocker; DESs, drug-eluting stents; OMT, 
optimal medicine therapy; PCAD, premature coronary artery disease. 
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Table 3. Follow-up results of MACEs. 

 
PCAD treated with 

OMT, n(%)  
(n† = 105/105) 

PCAD treated with 
DESs + OMT, n(%) 

(n† = 177/175) 

Half-year 2(1.9) 3(1.7) 
Stroke 

One-year 4(3.8) 3(1.7) 

Half-year 15(14.3) 47(26.6)a 
Recurrent angina 

One-year 18(17.1) 61(34.5)a 

Half-year 1(1.0) 1(0.6) 
Recurrent MI 

One-year 1(1.0) 3(1.7) 

Half-year 0(0.0) 2(1.1) 
Cardiac death 

One-year 0(0.0) 3(1.7) 

Half-year 18(17.1) 53(29.9)a Composite 
MACEs One-year 23(21.9) 70(40.0)a 

aP < 0.05, compared with PCAD treated with OMT. †Represents the avail- 
able number of patients in half-year and one-year follow-up. DESs, drug- 
eluting stents; MACEs, major adverse cardiac events; MI, myocardial in- 
farction; PCAD, premature coronary artery disease; OMT, optimal medicine 
therapy. 

 
Table 4. Logistic regression analysis on composite MACEs 
and predictors during one-year follow up. 

 B value EXP (B) 95% CI P value

Obesity 0.564 1.757 1.031 - 2.995 0.038 

ACS 0.540 1.716 1.011 - 2.913 0.045 

Decreased LVEF 0.932 2.539 1.180 - 5.463 0.017 

Therapy with DESs 0.554 1.740 0.994 - 5.463 0.052 

Logit P = −1.566 + 0.564 Obesity + 0.540 ACS + 0.932 LVEF + 0.554 
Therapy with DESs. ACS, acute coronary syndrome; DESs, drug-eluting 
stents; LVEF, left ventricular ejection fraction; MACEs, major adverse 
cardiac events. 

 
during follow-up and higher use of β-blockers and statins 
during follow-up, they still had longer hospital stays and 
higher ratios of composite MACEs during follow-up than 
those treated with optimal medical therapy alone. So it is 
reasonable that the worse outcome of patients treated 
with DES is due to more severe diseases at the time of 
diagnosis. Obesity, ACS and reduced LVEF independ- 
ently predicted MACEs during a one-year follow up. 

Recently, the benefits of OMT on the reduction of 
MACEs have been demonstrated in clinical trials [10,12, 
13]. Several studies of premature CAD focused on the 
association with traditional risk factors including smok- 
ing, dyslipidemia, hypertension, diabetes, family history 
of CAD and male sex [5,6], without determining DESs 
and the updated guidelines for secondary prevention. 

In our study, patients implanted with DESs were more 
likely to be male who had a higher prevalence of family 
history of CAD, multi-vessel disease and higher levels of 
cTnI, suggesting that these patients were clinically more 
complicated and had unstable clinical phenotypes. Com- 
pared to those treated with OMT alone, even though 
these patients had higher aspirin and clopidogrel use in 
the hospital during follow-up and higher β-blocker and 

statin use during follow-up, they still had longer hospital 
stays, higher ratios of composite MACEs during fol- 
low-up, suggesting that they had poor short- and mid- 
term prognoses. More effective measures should be 
taken to control modifiable risk factors in order to in- 
crease the ratio of optimal medication use and life-style 
interventions. Patients at a risk for heart failure with a 
LVEF ≤ 40% can make changes in their lifestyle to 
achieve similar medical and psychosocial benefits to 
patients with normal LVEF [25]. Also, a recent study 
showed that CAD patients with asymptomatic reduced 
LVEF can safely delay revascularization using lifestyle 
modification without increased risks for cardiac events or 
overt heart failure for three years [26]. 

Guidelines based on evidence from randomized con- 
trolled trails recommend that aspirin, β-blockers, ACEIs 
and statins be used in all patients with CAD. It has been 
the consensus that, if used optimally, these agents can re- 
duce long-term risks of cardiovascular events and mor- 
tality. However, there remains a low use of secondary 
preventative therapies throughout the world, including 
Europe [16], the United States [17,21], India [18] and 
Israel [19]. Recently, one study conducted in China 
showed that the use of aspirin, β-blockers and statins was 
91.4%, 66.5% and 67.4% respectively among ACS pa- 
tients with heart failure [27]. Compared with the data 
described above, our study revealed a remarkably higher 
ratio of drug administration in patients with premature 
CAD in the hospital and during the follow-up, with aspi- 
rin usage at 95.2% - 100%, β-blockers 59.0% - 79.40%, 
and statins 84.8% - 93.7% respectively. This may repre- 
sent a more appropriate use of evidence-based therapies 
at tertiary care clinics which might differ from that in 
primary and secondary care units. 

Some strengths and limitations of this study should be 
mentioned. Firstly, this was not a multi-center study, so 
it is unlikely that the subjects enrolled in our study ade- 
quately represented population characteristics included in 
other studies [16-21,28]. However, our study sample was 
routinely seen by practitioners in the real world and may 
well represent a few of the patients who came for medi- 
cal attention due to symptomatic CAD [4]. Secondly, 
since we did not mention the reasons why patients were 
not taking preventative drugs, it was not possible to as- 
sess the true status of contraindications or intolerance of 
certain drugs among these patients. However, these pa- 
tients underwent regular visits to our outpatient service 
and withdrew from medication usage were less likely to 
influence the comparison between the two groups. Fi- 
nally, our study only reported the mid-term outcomes of 
this study sample; long-term follow-up was warranted to 
acquire convincing data in this specific field.  

In summary, the present study showed that premature 
CAD patients implanted with DESs are clinically unsta- 
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ble without full usage of secondary preventive medica- 
tions, and have worse one-year outcomes. How to in- 
crease medication compliance, strengthen life-style per- 
fection and make best predictions between revasculariza- 
tion and optimal medicine therapy to improve the quality 
of patient life and long-term prognosis remains an im- 
portant issue [29,30]. Firstly, better awareness and im- 
plementation of guideline-recommended therapies must 
be raised among physicians to increase their implemen- 
tation and younger CAD patients implanted DESs must 
be motivated to adopt optimal preventative measures by 
their physicians. Secondly, regular nurse-led interven- 
tions, telephone monitoring and internet-oriented self- 
education should be strengthened to increase patients’ 
life-style interventions and drug compliance [25,26,31, 
32]. 
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LIST OF ABBREVIATIONS 

ACS: acute coronary syndrome 
ACEIs: angiotensin converting enzyme inhibitors 
ARBs: angiotensin II receptor blockers 
BMI: body mass index 
cTnI: cardiac troponin I 
CAG: coronary angiography 
CAD: coronary artery disease 
DESs: drug-eluting stents 
LVEF: left ventricular ejection fraction 
MACEs: major adverse cardiac events 
MI: myocardial infarction  
OMT: optimal medicine therapy 
PCI: percutaneous coronary intervention 
T2DM: type 2 diabetes mellitus 


