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Abstract: Objective: The aim of this study is to examine and compare the efficacy of everolimus-eluting stents (EES) 
and zotarolimus-eluting stents (ZES) in coronary heart disease in diabetic or non-diabetic patients. Methods: A total 
of 666 patients needed for percutaneous coronary intervention were randomly selected from June 2008 to June 
2013 in our hospital and were divided into two groups: (i) coronary heart disease with diabetes group and (ii) non- 
diabetes group. Patients in each group were further assigned to receive treatment of either EES or ZES. Then we ob-
served the major adverse cardiac events, including mortality, nonfatal myocardial infarction and non-fatal cerebro-
vascular events over the period of 15 months after initial stent implantation. Results: Compared to the non-diabetic 
group, more patients in diabetic group had received anti-hypotensive treatment (72% vs. 49%, P < 0.0001) and 
hypolipemic treatment (80% vs. 67%, P < 0.0001) before the percutaneous coronary intervention. In both diabetic 
group and non-diabetic group, patients received ZES treatment had a much greater incidence rate of major adverse 
cardiac events compared to the patients received EES treatment (P < 0.05). Meanwhile, target lesion revasculariza-
tion rate in the ZES group was also significantly higher than that in the EES group. The data showed big differences 
between ZES and EES groups with important statistical significance (P < 0.05). Conclusion: Patients with coronary 
heart disease and diabetes have a higher risk of major adverse cardiac events after stent implantation. EES treat-
ment is safer with higher efficacy in our study, being a more effective stent for the patients merged with diabetes.
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Introduction

Interventional stent therapy has become the 
main treatment for coronary heart disease due 
to the small trauma and high repetitiveness. 
Now, the most commonly used stent is drug-
eluting stents (DES). Compared to bare-metal 
stents (BMS), drug-eluting stents (DES) is more 
effective for diabetic patients with a higher 
safety [1, 2]. Drug-eluting stents with a metal 
platform and the controlled release of a thera-
peutic agent from polymer matrix has reduced 
the risk of restenosis [3, 4]. However, the first 
generation DESs still have biocompatible prob-
lems, they have been causing some reactions, 
such as allergic reactions and inflammation [5, 
6]. Incomplete strut endothelialization also led 

to early and late stent thrombosis [7, 8]. 
Zotarolimus-eluting stent (ZES) and everolimus-
eluting stents (EES) are used as a second-gen-
eration DES with lower rates of clinical resteno-
sis, lower targeting lesion failure for 12 months 
after surgery [9, 10]. The new-generation ZES 
was designed for a better mimicking the endo-
thelial lining in order to reduce thrombosis rate. 
Recently, Michael et al. found that ZES has 
lower efficacy and safety than EES in the treat-
ment of coronary heart disease [11]. The sec-
ond-generation DES has significantly improved 
the outcomes with percutaneous coronary 
intervention [12, 13]. Randomized trials and 
meta-analyses have shown that the use of EES 
greatly reduced mortality, nonfatal myocardial 
infarction, nonfatal cerebrovascular events, 
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restenosis, and stent thrombosis, suggesting 
that EES is safer and more effective than first 
generation drug-eluting stents [14, 15]. How- 
ever, few reports were found on comparing the 
efficacy between ZES and EES in the treatment 
of coronary heart disease in diabetic patients. 
Here we compared the efficacy of ZES and EES 
in coronary artery disease in diabetic and non-
diabetic patients, so as to provide future guid-
ance for clinical treatment.

Methods

Patients

From June 2008 to June 2013, we randomly 
recruited 666 adult patients with chronic, sta-

ble coronary artery disease or acute coronary 
syndromes, including myocardial infarction 
with or without ST-segment elevation. Patients 
were eligible if they had at least one coronary 
lesion with stenosis of more than 50% in a ves-
sel with a reference diameter of 2.25 to 4.0 
mm. No restriction was placed on the total 
number of treated lesions, treated vessels, 
lesion length, or number of stents implanted. 
Analysts and authors were excluded in the 
study. The patients were divided into two differ-
ent groups in this research. The first group is 
“non-diabetic group”. In this group, patients 
were randomly selected in Cardiology Depart- 
ment in our hospital, with the selection criteria 
showing below: (i) eligible patients were 18 
years age or older; (ii) patients had chronic cor-

Table 1. Patient and procedure characteristics in diabetic and non-diabetic patients treated with 
zotarolimus-eluting stent (ZES) or everolimus-eluting stents (EES)

Diabetic group Non-diabetic group
Variable ZES EES P value ZES EES P value
Patient (no.) 85 84 248 249
    Lesion number 0.59 0.27
        1 63 (74.12%) 58 (69.05%) 171 (68.95%) 177 (71.08%)
        2 15 (17.65%) 19 (22.62%) 50 (20.16%) 55 (22.09%)
        3 4 (4.71%) 7 (8.33%) 27 (10.89%) 20 (8.03%)
    Stent number 0.56 0.31
        1 69 (81.18%) 66 (78.57%) 196 (79.03%) 196 (78.71%)
        2 12 (14.12%) 16 (19.05%) 42 (16.94%) 45 (18.07%)
        3 4 (4.71%) 2 (2.38%) 10 (4.33%) 8 (3.21%)
Age (yr) 64 (54-73) 66 (56-74) 0.71 62 (55-71) 65 (57-72) 0.87
Male sex 61 (71.76%) 60 (72.61%) 0.89 183 (73.79%) 185 (74.30%) 0.079
Previous mcoyardial infarction 36 (42.35%) 30 (35.71%) 0.28 93 (37.5%) 96 (38.55%) 0.38
Previous stent therapy 24 (28.24%) 21 (25%) 0.49 46 (18.54%) 39 (15.66%) 0.041
ST segment elevation 4 (4.71%) 6 (7.05%) 18 (7.26%) 21 (8.43%)
Non-ST segment elevation 33 (39.29%) 35 (41.67%) 103 (41.53%) 109 (43.78%)
Stable angina 47 (55.29%) 41 (48.24%) 123 (49.6%) 118 (47.39%)
Others 1(1.18%) 2(2.38%) 4 (1.61%) 1 (0.4%)
Anti-hypotensive treatment 67 (78.82%) 64 (76.19%) 0.38 161 (64.92%) 157 (63.05%) 0.41
Hypolipematic treatment 59 (69.41%) 58 (69.05%) 0.91 122 (49.19%) 114 (45.78%) 0.09
Smoker 51 (60%) 38 (41.67%) 0.16 148 (69.68%) 152 (61.04%) 0.92
Body mass index 29.3 29.4 0.91 27.2 26.8 0.87
Coronary artery disease location 0.57 0.48
    Left main 2 (2.35%) 2 (2.38%) 5 (2.02%) 6 (2.41%)
    Left anterior descending 33 (39.19%) 32 (41.32%) 106 (43.08%) 99 (40.04%)
    Left circumflex 21 (24.35%) 21 (28.46%) 63 (25.46%) 67 (27.75%)
    Right coronary 29 (34.03%) 29 (38.29%) 74 (30.34%) 75 (30.37%)
Mean lesion length (mm) 17 (12-23) 17 (13-25) 0.68 17 (12-23) 17 (13-25) 0.26
Lesion diameter (mm) 3.2 ± 0.3 3.2 ± 0.5 0.37 3.2 ± 0.5 3.2 ± 0.4 0.41
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onary artery disease or acute coronary syn-
drome; and (iii) patients were eligible if they had 
at least one vascular lesion requiring interven-
tional stent therapy. 

The second group is named “diabetic group”. In 
this group, patients not only met all three crite-
ria showed above, but also, they had diabetes 
history before, and were being treated actively 
with insulin, oral hypoglycemic agents or diet 
therapy. The patient’s fasting blood glucose of 
less than 6.19 mmol/L during treatment is also 
required to be counted in this group. However, 
patients with life expectancy less than one 
year, patients allergic to everolimus or zotaroli-
mus, and patients with rare complex lesions 
were excluded in this study. All patients provid-
ed written informed consent before treatment. 
All patients were either censored at the time of 
death or followed up for 15 months. The study 

efficacy of stent therapy by observing patient 
death, cardiac death, myocardial infarction, 
stent thrombosis, vascular restenosis and tar-
get lesion revascularization within 15-month 
after stent therapy.

Statistical analysis

Data from the different groups were compared 
with the use of a two-sample t-test. Unless oth-
erwise specified, a two-sided p value of less 
than 0.05 was considered to indicate statistical 
significance. SPSS software, version 17.0, was 
used for all the statistical analyses.

Results

Patients

A total of 666 patients were randomly assigned 
in a ~1:1 ratio to receive either ZES (333 

Table 2. Comparing the clinical outcomes at 15 months of relative risk estimates for death, myocar-
dial infarction, and stent thrombosis in diabetic and non-diabetic patients treated with ZES (n = 333) 
or EES (n = 333)

Diabetic patients Non-diabetic patients

Outcome ZES EES Relative risk 
(95% CI) P Value ZES EES Relative risk 

(95% CI) P Value

Adverse cardiac events 16 (18.8%) 4 (4.8%) 4.95 (1.86-8.82) 0.0003 21 (8.5%) 8 (3.2%) 1.96 (1.37-2.69) 0.008

All-cause death 7 (8.2%) 4 (4.7%) 1.57 (0.47-3.28) 0.32 9 (3.6%) 6 (2.4%) 1.61 (0.87-2.37) 0.069

Cardiac death 3 (3.5%) 1 (1.2%) 3.12 (0.28-14.9) 0.21 3 (1.2%) 2 (0.8%) 1.32 (0.51-2.96) 0.71

Myocardial infarction 4 (4.7%) 1 (1.2%) 8.09 (1.32-64.7) 0.03 4 (1.6%) 2 (0.8%) 1.73 (0.39-3.95) 0.31

Stent thrombosis 1 (1.2%) 0 (0%) - - 2 (0.8%) 1 (0.4%) 1.79 (0.69-5.65) 0.39

Target lesion revascularization 12 (14.1%) 1 (1.2%) 11.7 (2.59-47.1) 0.002 13 (5.2%) 4 (1.6%) 2.85 (1.67-4.89) 0.001

Figure 1. Kaplan-Meier plots for adverse cardiac events over 15 Months 
of Follow-up, showing a big difference in the incidence of the adverse 
cardiac events between the ZES (solid line) and EES (dot line) group.

was approved by the Hospital 
Clinical Trials Assessment and 
Management Committee.

Study procedures

Eligible patients were randomly 
assigned in a ~1:1 ratio and divid-
ed into two groups, one group 
received everolimus-eluting stent 
(EES, Medtronic), and the other 
group received zotarolimus-eluting 
stent (ZES, Abbott). Before stent 
implantation, patients were pre-
treated with clopidogrel at a dose 
of 300-600 mg per day and hepa-
rin at a dose of 70-100 IU/Kg per 
day. After stent implantation, all 
patients received clopidogrel at a 
dose of 75 mg per day for at least 
12 months according to the 
instruction [16]. We evaluated the 
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patients) or EES (333 patients) as shown in 
Table 1. A total of 85 patients (25.5%) in the 
ZES group and 84 (25.2%) in the EES group 
were diabetic patients, leaving 248 patients in 
the ZES group and 249 patients in the EES 
group non-diabetic (Table 1). 

Baseline patient, procedure characteristics 
and lesion characteristics were listed in Table 
1, showing differences between the groups 
treated with ZES versus EES. In order to more 

patients treated with EES (4.8%, n = 4), relative 
risk 4.95, 95% CI 1.86 to 8.82, P = 0.0003. In 
non-diabetic group, the adverse cardiac events 
rate for patients received ZES (8.5%, n = 21) is 
also much higher than patients treated with 
EES (3.2%, n = 8), relative risk 1.96, 95% CI 
1.37 to 2.69, P = 0.008 (Table 2 and Figure 1).

Overall mortality after 15 months of follow-up 
was lower in patients received EES than that in 
patients received ZESs in both diabetic and 

Figure 2. Kaplan-Meier plots show the unadjusted risk of all-cause mor-
tality, showing a difference of mortality incidence between ZES (solid 
line) and EES (dot line) group.

Figure 3. Kaplan-Meier plots show the unadjusted risk of target lesion 
revascularization. Significant difference between ZES (solid line) and 
EES (dot line) groups were shown in incidence of target lesion revascu-
larization over 15 months of follow-up.

effectively compare zotarolimus-
eluting stent (ZES) and everolimus-
eluting stents (EES) in diabetic and 
non-diabetic treatment group, in 
general, we balanced the condi-
tions between the two groups, 
including patient’s age, sex, coro-
nary lesion location, number and 
average lesion length and diame-
ter, etc., there is no significant dif-
ference (P > 0.05) between the two 
groups as shown in Table 1. In dia-
betic group, more patients received 
anti-hypotensive treatment (72% 
vs. 49%, P < 0.0001) and hypolipe-
mic treatment (80% vs. 67%, P < 
0.0001) before percutaneous cor-
onary intervention compared to 
non-diabetic group. In addition, in 
diabetic group, patients received 
more times of percutaneous coro-
nary intervention (PCI) treatment 
(27% vs. 18%, P < 0.0001) and had 
higher body mass index (BMI, 29.6 
vs. 27.5 kg/m, P < 0.0001) com-
pared to non-diabetic group.

Clinical outcomes

Data on cardiac and non-cardiac 
deaths, myocardial infarction, and 
stent thrombosis are listed in Table 
2. Plots for adverse cardiac events 
over 15 months of follow-up are 
shown in Figure 1. The 15-month 
cumulative incidence of adverse 
cardiac events showed significant 
difference between ZES group and 
EES group. Numbers and relative 
risk for adverse cardiac events are 
listed in Table 2. In diabetic group, 
rate of adverse cardiac events for 
patients received ZES (18.8%, n = 
16) is much higher than that in 
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non-diabetic groups (Table 2 and Figure 2). 
This differences were not significant after 
adjustment for covariates (adjusted relative 
risk 1.57, 95% CI 0.47 to 3.28, P = 0.32) in dia-
betic group and (adjusted relative risk 1.61, 
95% CI 0.87 to 2.37, P = 0.069) in non-diabetic 
group. Analysis of all-cause deaths and cardiac 
death before and after 15 months showed simi-
lar trends in both diabetic and non-diabetic 
groups (Figure 2), however, the p values are 
greater than 0.05, suggesting that there is no 
significant difference between the EES and ZES 
groups in the risk of all cause death and cardi-
ac death. For the target lesion revasculariza-
tion, we also found significant difference 
between ZES group and EES group, data were 
shown in Table 2 and Figure 3. The cumulative 
incidence of target lesion revascularization 
(Figure 3) differs significantly between the ZES 
group and EES group after adjustment for 
covariates (Table 2). In diabetic group, target 
lesion revascularization within 15 months 
occurred much less frequently in patients 
received EES than those with a ZES treatment 
(1.2% vs. 14.1%; relative risk 11.7, 95% CI 2.59 
to 47.1, P = 0.002). In non-diabetic group, inci-
dence of target lesion revascularization was 
1.6% for patients received EES, which is much 
lower than 5.2% in ZES group, relative risk 
2.85, 95% CI 1.67 to 4.89, P = 0.001) (Table 2; 
Figure 3). In other end points of the events, the 
incidence rate of myocardial infarction in dia-
betic group received ZES is higher than that in 
diabetic group received EES (P < 0.05), but not 
for non-diabetic group. For other events, there 
was no significant difference between ZES and 
EES groups (P > 0.05) (Table 2).

Discussion

Diabetes is a high risk factor for coronary heart 
disease, in addition, diabetes is associated 
with more than 70% of coronary heart disease, 
which lead to a great number of patients com-
bined coronary heart disease with diabetes 
[17]. Stent implantation is the primary therapy 
method in the treatment of coronary heart dis-
ease, but now very few literatures were pub-
lished on the effect of diabetes on coronary 
stent treatment. The Cardiology Department in 
our hospital allowed us to include all patients 
treated in our city to ensure complete follow-up 
of patients and accurate linkage between coro-
nary heart disease and diabetes. Moreover, to 

our knowledge, our study is the first report on 
clinical outcomes in diabetic/non-diabetic 
patients after receiving EES and ZES treatment 
after a 15 months follow-up. We found signifi-
cant between-group difference by comparing 
diabetic group and non-diabetic group. 
Although we did not see significant between-
group difference in overall rates of stent throm-
bosis, there were significant differences in 
rates of adverse cardiac events, mortality, and 
target lesion revascularization. The patients 
with diabetes after stent treatment having a 
higher risk of major adverse cardiac events 
may be due to more severe vascular lesions in 
diabetic patients with atherosclerosis, result-
ing in a smaller diameter of blood vessels. 
Meanwhile, severe impairment in stem cell in 
vivo and endothelial cell function in diabetic 
patients, make it more difficult in the treatment 
and recovery of vascular injury after stent 
implantation [18]. Therefore, patients with both 
coronary heart disease and diabetes should be 
given special attentions, as a result, we should 
actively assess the condition and treat the 
patients with antihypertensive and hypolipemic 
agents before surgery, we also should closely 
observe any changes in patient’s condition 
after surgery and provide timely treatment at 
the time of the occurrence of adverse cardiac 
events.

Everolimus-eluting stents (EES) and zotarolim-
us-eluting stents (ZES) are the two new genera-
tion stents that commonly used in clinical trial. 
Park et al. [19] found that EES showed higher 
cumulative incidence rate of target lesion fail-
ure than ZES in diabetic patients, however, 
Mehilli et al. [20] reported that ZES had a slight-
ly higher cumulative incidence rate than EES at 
1-year follow-up. A large-scale clinical study 
[21] showed no significant differences between 
EES and ZES in treating patients with coronary 
artery disease. Meta-analysis of the results, 
however, suggests EES and ZES effectively 
reduce the rebuilding target vessel, and EES 
has a higher efficacy with a lower rate of stent 
thrombosis [22]. Our study is consistent with 
the Meta-anaylsis, we found that both in dia-
betic and non-diabetic group, the patients 
received EES had a much lower rate in major 
adverse cardiac events and target lesion revas-
cularization compared to the patients received 
ZES. In details, in comparison to ZES treatment, 
EES treatment in both diabetic and non-diabet-
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ic patients was associated with reduced 
adverse cardiac events, mortality, myocardial 
infarction and target lesion revascularization, 
but not stent thrombosis after 15 months of 
follow-up. In both ZES and EES groups, the 
patients with diabetes have a much higher  
risk of adverse cardiac events, much higher 
mortality, myocardial infarction, and target 
lesion revascularization than the non-diabetic 
patients, indicating that in both diabetic and 
non-diabetic patient populations, EES treat-
ment reduced target lesion revascularization 
without affecting the risk of stent thrombosis. 
In a pooled analysis of 666 patients who had 
been randomly assigned to ZES versus EES, an 
improvement in mortality rates was observed 
in favor of the EES group over the ZES group in 
the diabetic subpopulation (n = 333). In our 
non-diabetic population, which is as many as 
diabetic patients (n = 333), we did find that EES 
implantation was associated with decreased 
mortality, which is similar to our results for dia-
betic population (Table 2). However, we can’t 
conclude that diabetes is an independent risk 
factor for stent thrombosis in both ZES group 
and EES group from Table 2. This finding likely 
reflected the impact of diabetes on the higher 
risk of death and adverse cardiac events in dia-
betic patients. Therefore, we suggest that for 
coronary heart disease and diabetes, EES 
treatment has better safety and higher efficacy 
than ZES treatment.

Based on the 15 months follow-up in large 
patient populations, we showed definitive con-
clusions with sufficient statistical power to 
detect differences between ZES and EES. Our 
relative risk estimates were based on popula-
tion-based databases, largely ruling out referral 
and diagnostic biases. However, it is important 
to note that the follow-up period of 15 months 
may be insufficient to completely quantify pos-
sible long term risks associated with the use of 
EES and ZES in a diabetic population, so, a lon-
ger term follow-up will be required to confirm 
these 15 months follow-up results. 

In summary, our study shows that the patients 
with both coronary heart disease and diabetes 
have higher risk to develop major adverse car-
diac events after stent implantation. We con-
clude that the new-generation zotarolimus- 
eluting stent was found to be less safe and less 
effective as compared to the everolimus-elut-

ing stent in the patients with or without diabe-
tes. However, everolimus is a derivative of 
rapamycin, which may cause adverse effects in 
stent treatments, in future studies, we will fur-
ther investigate its clinical application in coro-
nary heart disease.
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