
icine®

AND META-ANALYSIS
Med
SYSTEMATIC REVIEW
Are Everolimus-Eluting Stents Associated With Better Clinical
Outcomes Compared to Other Drug-Eluting Stents in

Patients With Type 2 Diabetes Mellitus?
A Systematic Review and Meta-Analysis
n,
Pravesh Kumar Bundhun, MD, Manish Pursu

un

patients suffering from T2DM. However, further research comparing

EES with non-EE DES in insulin-treated and noninsulin-treated patients

with T2DM are recommended.

limited number of T2D
published studies, we a
outcomes between EES

Editor: Joshua Barzilay.
Received: February 3, 2016; revised and accepted: March 7, 2016.
From the Institute of Cardiovascular Diseases (PKB, M-YL), the First
Affiliated Hospital of Guangxi Medical University, Nanning, Guangxi,
China, and First Affiliated Hospital of Guangxi Medical University (MP,
ART), Nanning, Guangxi, China.
Correspondence: Man-Yun Long, Institute of Cardiovascular Diseases, the

First Affiliated Hospital of Guangxi Medical University, Nanning,
Guangxi, China (e-mail: 2015manyun@sina.com).

Funding: this work was supported by Health self-raising foundation of
Guangxi (No. Z2015528). There was no external source of funding
for this research.

No writing assistance was required and the authors declare no competing
interests.

The authors have no conflicts of interest to disclose.
Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.
This is an open access article distributed under the Creative Commons
Attribution License 4.0, which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly cited.
ISSN: 0025-7974
DOI: 10.1097/MD.0000000000003276

Medicine � Volume 95, Number 14, April 2016
ishikesh Teelu

and Man-Y

Abstract: Controversies still exist with the use of Everolimus-

Eluting Stents (EES) compared to other Drug-Eluting Stents (DES)

in patients with Type 2 Diabetes Mellitus (T2DM). Therefore, in order

to solve this issue, we aim to compare the 1-year adverse clinical

outcomes between EES and non-EE DES with a larger number of

patients with T2DM.

Medline, EMBASE, PubMed databases, as well as the Cochrane

library were searched for randomized controlled trials (RCTs) and

observational studies (OS) comparing EES and non-EE DES in patients

with T2DM. One-year adverse outcomes were considered as the clinical

endpoints in this study. Odd ratios (OR) with 95% confidence interval

(CI) were used to express the pooled effect on discontinuous variables

and the pooled analyses were performed with RevMan 5.3.

Ten studies consisting of a total of 11,981 patients with T2DM (6800

patients in the EES group and 5181 in the non-EE DES group) were

included in this meta-analysis. EES were associated with a significantly

lower major adverse cardiac events (MACEs) with OR: 0.83, 95% CI:

0.70–0.98, P¼ 0.03. Revascularization including target vessel

revascularization (TVR) and target lesion revascularization (TLR) were

also significantly lower in the EES group with OR: 0.62, 95% CI: 0.40–

0.94, P¼ 0.03 and OR: 0.74, 95% CI: 0.57–0.95, P¼ 0.02, respectively.

Also, a significantly lower rate of stent thrombosis with OR: 0.63, 95%

CI: 0.46–0.86, P¼ 0.003 was observed in the EES group. However, a

similar mortality rate was reported between the EES and non-EE DES

groups.

During this 1-year follow-up period, EES were associated with

significantly better clinical outcomes compared to non-EE DES in
MBBS, Abhishek R ck, MBBS,
Long, MD

(Medicine 95(14):e3276)

Abbreviations: DES = drug-eluting stents, EES = everolimus-

eluting stents, MACEs = major adverse cardiac events, Non-EE

DES = non-everolimus-eluting drug-eluting stents, PCI =

percutaneous coronary intervention, T2DM = type 2 diabetes

mellitus.

INTRODUCTION

A dverse cardiovascular outcomes have significantly
decreased with the introduction of drug-eluting stents

(DES). Repeated revascularization has also reduced in patients
undergoing percutaneous coronary intervention (PCI) with
DES.1 These are the possible reasons why first-generation
DES such as paclitaxel-eluting stents (PES) and sirolimus-
eluting stents (SES) were preferred to Bare Metal Stents
(BMS).2,3 Nowadays, many second-generation DES have also
been approved for use in PCI centers, among which everolimus-
eluting stents (EES) have shown to be associated with favorable
clinical outcomes in patients suffering from coronary artery
diseases (CAD).4 However, whether those favorable outcomes
apply to different subgroups such as in patients with Type 2
Diabetes Mellitus (T2DM) is still controversial.

Generally, patients with T2DM have worse clinical out-
comes after PCI.5 The rate of repeated revascularization in
patients with T2DM is also significantly higher compared to
patients without T2DM. Several studies have shown the head-
to-head comparison between EES and other DES in patients
with T2DM. For example, the study by Park et al showed that
EES were considered equally effective when compared to
zotarolimus-eluting stents (ZES) in patients with T2DM at 1
year after PCI.6 Moreover, another study by Stone et al, com-
paring EES with PES in patients with T2DM, did not show any
benefit associated with EES during a follow-up of 2 years.7

However, the study by Muramatsu et al comparing EES
with bioresorbable vascular scaffold (BVS) in patients with
T2DM showed a lower incidence of target lesion failure, cardiac
death, target lesion revascularization (TLR), and myocardial
infarction (MI) at 1 year after PCI-associated with EES.8 Also,
the recently published study by Kaul comparing EES with PES
in patients with T2DM showed the association of a significantly
lower rate of stent thrombosis (ST) with EES.9

As different results were reported when EES were com-
pared with different types of DES, at times favoring EES
whereas sometimes favoring the other DES, and because a
M patients were analyzed in previously
im to compare the 1-year adverse clinical

and non-EE DES using a larger number
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(d)
of patients with T2DM, in order to assess whether EES are
associated with better or similar adverse clinical outcomes
compared to other DES.

METHOD

Data Sources and Search Strategy
Medline, EMBASE, PubMed databases, as well as the

Cochrane library were searched for randomized controlled trials
(RCTs) and observational studies (OS) by typing the words or
phrases ‘‘everolimus-eluting stents and diabetes mellitus’’ and
‘‘drug-eluting stents and diabetes mellitus.’’ Abbreviations
such as ‘‘EES, DES, PCI, T2DM, DM’’ have also been used
during the search process. To further enhance this search, the
phrase ‘‘first-generation DES and second-generation DES’’
were also used. No language restriction was applied.

Bundhun et al
incl

(a)

TAB

Stud

ABS
ESS
EXC
Otsu
SCA
TIT
TUX
SOR
SPIR
SPIR

M
vess

2 |
Incl
usion and Exclusion Criteria

Studies were included if:
1. T
hey were RCTs or OS comparing EES with non-EE DES.
2. The comparison involved patients with T2DM.

3. They reported adverse clinical outcomes as their endpoints.
4. T
hey had a follow-up period of 1 year.
Studies were excluded if:
1. T
hey were neither RCTs nor OS.

The comparison did not involve patients with T2DM.
2.

3. E
ES were compared with BMS instead of other DES.
4. Adverse clinical outcomes were not reported among
their endpoints.

5. They had a shorter follow-up periods of several months.

Defining Terms, Outcomes, and Follow-Up
Non-EE DES: were defined as any type of DES excluding
EES:
u

E

A

A
e

for example, PES, SES, ZES, and BVS.
Adverse clinical outcomes analyzed in the present study

ded:

Major Adverse Cardiac Events (MACEs)—MACEs which
were also referred to as the composite endpoints, included

of to
was
indic

LE 1. Reported Outcomes and Follow-Up Periods

ies/Trials/Registries Reported Out

ORB Mortality, MI, ST, MA
NCE-DIABETES Mortality, MI, TLR, TV

ELLENT-RESOLUTE Mortality, MI, TLR, TV
ka2015 Mortality, MACEs, MI,
AR Mortality, ST
NIC Mortality, MACEs, MI,
EDO Mortality, MI, MACEs,
T OUT IV Mortality, MACEs, MI,
IT II-IV Mortality, MI, MACEs,
IT V Mortality, MI, TLR, TV

CEs¼major adverse cardiac events, MI¼myocardial infarction, ST¼ sten
l revascularization.
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d
eath, fatal or nonfatal MI, stroke or repeated target vessel
revascularization (TVR); or any other revascularization.
(b) A
ll-cause mortality (cardiac and noncardiac deaths).
(c) M
I which could be fatal, nonfatal MI, spontaneous MI, Q
wave and non Q wave MI.
Revascularization (TVR and TLR).

Stent Thrombosis (ST)—ST which was defined according
to the Academic Research Consortium (ARC) included
definite, probable or possible ST. However, if a clear
(e)

definition of ST was not provided, ST was assumed to have
been defined by ARC and these data have been included in
our meta-analysis.

Most of the included studies had a follow-up period of 1
year. Table 1 shows the reported outcomes and follow-up
periods of the included studies.

Data Extraction and Quality Assessment
Three authors (PKB, MP, and ART) independently

assessed whether the studies were eligible or not, and then
reviewed the data. Information regarding the study type, the
year of publication, the total number of patients with T2DM,
the patient characteristics, types of DES, the number of
patients associated with EES and non-EE DES, and the adverse
clinical outcomes reported as well as the follow-up periods
was systematically extracted. If one of the authors could not
reach a decision or disagreed about including certain studies,
disagreements were discussed among the authors, and if the
authors could not reach a consensus, disagreements were
resolved by another author (MYL). The bias risk of trials
was assessed with the components recommended by the
Cochrane Collaboration.10

Methodological Quality and Statistical Analysis
Recommendations of the Preferred Reporting Items for

Systematic Reviews and Meta-Analyses (PRISMA) statement11

were considered in this study. Heterogeneity across trials were
assessed using the Cochrane Q-statistic (P � 0�05 was con-
sidered significant whereas P> 0.05 was considered as statisti-
cally insignificant) and I2-statistic. I2 described the percentage
tal variation across studies; that is, whether the variation
due to heterogeneity rather than chance. A value of 0%
ated no heterogeneity, and increasing values indicated

comes Follow-Up Periods

CEs 1 year
R, MACEs, ST 1 year
R, ST, MACEs 1 year
TLR, ST 1 year

1 year
TLR, TVR, ST 1 year
TLR, TVR, ST 1 year
ST, TLR, TVR 18 months
TLR, TVR, ST 2 years
R, ST 1 year

t thrombosis, TLR¼ target lesion revascularization, TVR¼ target
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increasing heterogeneity. If I2 was >50%, a random effect
model was used. However, if I2 was <50%, a fixed effect
model used. Publication bias was visually estimated by asses-
sing funnel plots. We calculated odd ratios (OR) and 95%
confidence intervals (CIs) for categorical variables. The pooled
analyses were performed with RevMan 5.3 software.

Ethics: Ethical approval was not necessary as this study is a
systematic review and meta-analysis.

RESULTS

Study Selection
A number of 1456 articles have been identified from

Medline, EMBASE, PubMed databases, as well as from the
Cochrane library. After eliminating the duplicate studies and
studies not related to our topic, 124 full text articles were finally

Medicine � Volume 95, Number 14, April 2016
assessed for eligibility. Among those 124 studies, 56 articles
were further eliminated because they were meta-analyses, letter
to editors or case studies. Moreover, a further 35 studies were

FIGURE 1. The flow diagram for the study selection.

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.
eliminated because they did not compare the clinical outcomes
between EES and non-EE DES in patients with T2DM, but
instead, compared EES with non-EE DES in the general popu-
lation who underwent PCI. Another 23 studies were eliminated
for the following reasons: they did not report the corresponding
clinical endpoints, they had a shorter follow-up period, or their
data could not be used. Finally, 10 studies were selected and
included in this meta-analysis.9,12–19 The flow diagram for the
study selection has been illustrated in Figure 1.

A total of 11,981 patients with T2DM including 6800
patients in the EES group and 5181 patients in the non-EE DES
group were analyzed in this study. Table 2 represents the
general features of the included studies.

Baseline Features
Table 3 represents the baseline characteristics of the

EES and Non-EE-DES in T2DM
included studies. Patient age was almost similar in the exper-
imental and the control groups. SCAAR registry had the highest
number of patients with insulin-treated diabetes mellitus

www.md-journal.com | 3



TABLE 2. General Features of the Included Studies

Studies /Trials/Registries

Number of
Patients in EES

Group (n)

Number of
Patients in Non-EE

DES Group (n)
Type of

Non-EE DES
Year of

Publication Patient Type

ABSORB 882 136 BVS 2014 100% DM
ESSENCE-DIABETES 149 151 SES 2010 100% DM
EXCELLENT-RESOLUTE 1149 706 ZES 2014 100% DM
Otsuka2015 102 107 PES 2015 68% DM
SCAAR 1915 2103 PES, SES 2012 100% DM
TITANIC 90 83 TiNOX 2013 100% DM
TUXEDO 916 914 PES 2015 100% DM
SORT OUT IV 194 196 SES 2012 100% DM
SPIRIT II-IV 1188 681 PES 2011 100% DM
SPIRIT V 215 104 PES 2012 100% DM

BVS¼ bioresorbable vascular scaffold, DM¼ diabetes mellitus, EES¼ everolimus-eluting stents, non-EE DES¼ noneverolimus-eluting drug-
eluting stents, PES¼ paclitaxel-eluting stents, SES¼ sirolimus-eluting stents, TiNOX¼ titanium nitride oxide, ZES¼ zotarolimus-eluting stents.

TABLE 3. Baseline Characteristics of the Included Studies

Studies Age (yrs) Males (%) HT (%) Ds (%) Cs (%) ITDM (%)

EES/DES EES/DES EES/DES EES/DES EES/DES EES/DES
ABSORB 63.6/61.6 64.3/73.5 85.6/75.0 82.3/67.6 18.5/19.9 25.7/16.9
ESSENCE-DIABETES 63.2/63.5 52.3/65.6 68.5/72.8 41.6/35.1 20.8/27.2 18.1/12.6
EXCELLENT-RESOLUTE 64.5/64.9 64.3/63.5 74.5/75.4 69.7/74.9 26.5/25.3 12.2/16.3
Otsuka2015 69.0/68.1 71.6/72.0 91.2/93.5 34.3/43.0 10.8/13.1 21.6/22.4
SCAAR 66.7/66.7 70.2/68.8 82.3/78.6 77.9/77.9 64.0/59.7 47.2/50.9
SPIRIT II-IV 63.5/64.1 63.7/62.6 84.2/81.9 81.6/77.1 20.2/18.9 26.1/27.0
TITANIC 64.5/66.5 75.6/72.3 72.2/77.1 70.0/55.4 42.2/32.5 31.1/25.3
TUXEDO 58.3/58.4 76.0/74.5 65.9/67.1 77.5/76.8 15.8/14.0 41.7/39.9
SORT OUT IV 63.9/63.3 75.3/73.5 78.0/75.8 88.0/82.5 24.3/27.7 �
SPIRIT V 65.0/66.0 70.0/67.0 78.0/78.0 66.0/64.0 16.0/17.0 30.0/25.0

Cs¼ current smoker, DES¼ drug-eluting stents, Ds¼ dyslipidemia, EES¼ everolimus-eluting stents, HT¼ hypertension, ITDM¼ insulin-treated
diabetes mellitus, yrs¼ years.

TABLE 4. Results of this Meta-Analysis

Outcomes

Number of
Studies

Involved (n)

Number of
Patients

Involved (n) OR With 95% CI P Value I2 Value (%)

MACEs 8 7643 0.83 (0.70–0.98) 0.03 48
Mortality 10 11980 0.89 (0.73–1.08) 0.23 9
MI 9 7962 0.58 (0.46–0.74) < 0.00001 35
TVR 7 6736 0.62 (0.40–0.94) 0.03 56
TLR 8 6944 0.74 (0.57–0.95) 0.02 48
ST 10 11969 0.63 (0.46–0.86) 0.003 38

MACEs¼major adverse cardiac events, MI¼myocardial infarction, OR¼ odd ratio, ST¼ stent thrombosis, TLR¼ target lesion revascularization,
TVR¼ target vessel revascularization.

Bundhun et al Medicine � Volume 95, Number 14, April 2016
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FIGURE 2. Forest plot showing the adverse clinical outcomes between EES and Non-EE DES in patients with T2DM. EES¼ everolimus-
eluting stents, non-EE DES¼noneverolimus-eluting drug-eluting stents, T2DM¼ type 2 diabetes mellitus.

Medicine � Volume 95, Number 14, April 2016 EES and Non-EE-DES in T2DM
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points in patients with T2DM.17 Moreover, the meta-analysis
published by Palmerini et al comparing ST in patients treated
with EES and other DES also showed a significantly lower rate

FIGURE 3. Forest plot illustrating the result for target vessel revascularization between EES and non-EE DES in patients with T2DM.
ing

Bundhun et al Medicine � Volume 95, Number 14, April 2016
(ITDM) followed by the TUXEDO study. The percentage of
male patients was higher compared to female patients. SCAAR
registry had the highest number of smokers in both categories of
patients. The percentages of patients suffering from hyperten-
sion and dyslipidemia were high in majority of the studies.
Overall, there were no significant differences in the baseline
features among patients from the EES and non-EE DES groups.

Analyzed Data
Table 4 represents the results of this meta-analysis. A total

of 4669 patients from the EES group and 2974 patients from the
non-EE DES group were analyzed by a fixed effect model. EES
were associated with a significantly lower rate of MACEs with
OR: 0.83, 95% CI: 0.70–0.98, P¼ 0.03 compared to non-EE
DES. Among the 6799 patients in the EES group and 5181
patients in the non-EE DES group analyzed for all cause death, a
similar mortality rate has been reported with OR: 0.89, 95% CI:
0.73–1.08, P¼ 0.23. MI which was considered as one of the
components of MACEs, was also significantly lower in the EES
group with OR: 0.58, 95% CI: 0.46–0.74, P< 0.00001. TLR
was also significantly lower in the EES group with OR: 0.74,
95% CI: 0.57–0.95, P¼ 0.02. ST which was defined according
to the ARC, was also significantly lower in the EES group with
OR: 0.63, 95% CI: 0.46–0.86, P¼ 0.003. These results have
been illustrated in Figure 2.

Because heterogeneity was higher when comparing TVR
between these 2 DES groups, a random effect model was used
for the analysis of this outcome. Among 6736 patients analyzed,
TVR was also significantly lower in the EES group with OR:
0.62, 95% CI: 0.40–0.94, P¼ 0.03. This result has been illus-
trated in Figure 3.

For all of the above analyses, sensitivity analyses yielded
consistent results. Based on a visual inspection of the funnel plot
analyzing the adverse clinical outcomes, there has been almost
no evidence of publication bias for the included studies. The
funnel plot has been illustrated in Figure 4.

EES¼ everolimus-eluting stents, non-EE DES¼noneverolimus-elut
DISCUSSION
Our results showed that EES were associated with a sig-

nificantly lower rate of MACEs, revascularization and ST

6 | www.md-journal.com
compared to the non-EE DES. However, there was no significant
difference in mortality between these 2 groups. Possible reasons
explaining the better clinical outcomes associated with
EES, including a lower rate of ST, have previously been
discussed.20–23

Similar to our study, another meta-analysis including
13 RCTs involving >30% of patients with T2DM, and compar-
ing the outcomes between EES and non-EE DES in the general
population with CAD showed a significantly reduced ST, TVR,
and MI associated with EES compared to the non-EE DES
group.4 The study published by Kaul et al also supports our
results.9 His study which compared EES with PES in patients
with T2DM showed PES to be associated with a significantly
higher rate of MI (32.2% vs 1.2%), revascularization (3.4% vs
1.2%), and ST (2.1% vs 0.4%) compared to EES. The study
published by Lopez Minguez also showed EES to be superior to
titanium DES in terms of both clinical and angiographic end-

drug-eluting stents, T2DM¼ type 2 diabetes mellitus.
FIGURE 4. Funnel plot showing the sensitivity analysis.

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.



18. Jensen LO, Thayssen P, Junker A, et al. Comparison of outcomes in
of ST associated with EES during a follow-up period of at least
2 years.24

However, many other studies also showed results which
were completely different from our result. For example, Stone
et al investigated the differential clinical responses to EES and
PES in patients with and without T2DM and concluded that EES
were more effective and safe in nondiabetics; however, no
benefit was observed between these 2 DES in patients with
T2DM. The pilot study involving the Naples-Diabetes trial
suggested that EES were associated with a higher rate of
MACEs during a 3-year follow-up period compared to PES
and SES in patients with T2DM.25 However, his study included
patients with T2DM who had major complications such as
diabetic retinopathy or nephropathy and poor metabolic control.
Additionally, the study by Kereiakes comparing the outcomes in
patients with T2DM and non-T2DM treated with EES or PES
showed similar clinical outcomes between EES and PES during
a follow-up period of 1 year.26

This study is new in the way that it is the first study
comparing EES and non-EE DES with a larger number of
T2DM patients. All the other studies mentioned previously
included only a small population of patients with T2DM.
Moreover, our study did not include data from unpublished
studies. Finally, in contrast to other studies, this study did not
include participants from only 1 region, as reported in the study
by Kaul et al.9 Our study included patients from different parts
of the globe and obtaining results that can be applied
universally.

LIMITATIONS
This study has several limitations. First of all, due to the

small population size of patients with T2DM, the result of
this analysis could be affected to an extent. Moreover, we
have included a study which did not consist of 100% patients
with T2DM. However, as >60% of the patients had T2DM, and
because this study consisted of a very small number of
patients compared to the other included studies, and considering
the fact that the inclusion or exclusion of this study from our
meta-analysis will not have a great impact on our result, we
have included it in this current meta-analysis. In addition, 2
studies, 1 with a follow-up period of 18 months and the other
one with a follow-up period of 2 years, were also included in
this analysis.

CONCLUSION
During this 1-year follow-up period, EES were associated

with significantly better clinical outcomes compared to the non-
EE DES in patients with T2DM. However, further researches
comparing EES with non-EE DES in patients with ITDM and
NITDM are recommended.
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