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Abstract Several reports have shown contrary results
regarding the efficacy of sirolimus-eluting stents (SES) and
paclitaxel-eluting stents (PES) in diabetic patients. The
association between hemoglobin Alc (Alc) before coro-
nary intervention and the midterm clinical outcomes of
patients treated with these stents is unclear. The enrolled
population was 415 patients with diabetes or impaired
glucose tolerance (IGT) who underwent follow-up angio-
graphy after being implanted with a SES (n = 282) or PES
(n = 133). The enrolled population was classified into the
optimal glycemic control group (n = 213) and suboptimal
glycemic control group (n = 202), and the predictors of
restenosis were examined in each group. In the optimal
glycemic control group, the use of PES was an independent
predictor of restenosis [odds ratio (OR) 9.98, 95% confi-
dence interval (CI) 3.08-38.9, p < 0.0001]; on the other
hand, the use of SES was a positive independent predictor of
restenosis prevention (OR 0.10, 95% CI 0.03-0.32,
p < 0.0001). In the suboptimal glycemic control group,
neither stent was predictive of restenosis. In a subanalysis,
preprocedural Alc (>7.0%) was found to be an independent
predictor of restenosis in the SES group (OR 3.61, 95% CI
1.14-12.8, p = 0.03), but not the PES group. Postproce-
dural Alc (>7.0%) was not an independent predictor of
restenosis in either stent group. This study showed that the
superiority of SES compared to PES was attenuated in the
suboptimal glycemic control group. Preprocedural Alc
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(=7.0%) was found to be an independent predictor of
restenosis in the SES group, but not in the PES group.
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Introduction

Diabetes mellitus (DM) is an important factor in the prog-
nosis of patients who undergo percutaneous coronary
intervention (PCI) [1, 2]. Drug-eluting stents (DES) display
a reduced incidence of stent restenosis compared with bare
metal stents (BMS) in diabetic patients [3-5]. There have
been various reports about the efficacy of sirolimus-eluting
stents (SES) (Cordis, Johnson & Johnson, Miami, FL., USA)
and paclitaxel-eluting stents (PES) (Boston Scientific,
Natick, MA, USA) in diabetic patients, and it is still dis-
puted whether SES and PES are equally effective at pre-
venting these patients’ conditions from worsening. A recent
prospective randomized trial demonstrated that SES
implantation is associated with a reduced risk of restenosis
compared with PES implantation in diabetic patients [6]. On
the other hand, recent meta analyses [7], retrospective
studies [8], and a large registry [9] revealed no difference
between these stents in terms of the frequencies of reste-
nosis and target lesion revascularization (TLR). As the late
loss was lower during treatment with SES than PES [10, 11],
it could be hypothesized that diabetic patients undergoing
PCI with SES would achieve better clinical outcomes than
those treated with PES. However, the attenuation of the
antimigratory effect of sirolimus observed under hypergly-
cemic conditions could reduce the efficacy of SES in
diabetic patients [12]. Thus, we considered that it was
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important to evaluate the midterm outcomes of patients
treated with each stent according to the degree of glycemic
control that they achieved. In this study, we investigated the
associations between the degree of glycemic control and
midterm outcomes after PCI, as well as the predictors of
restenosis, in patients with type 2 DM or impaired glucose
tolerance (IGT) that had been treated with SES or PES.

Methods
Study design

From May 2004 to July 2010, 817 patients who underwent
SES or PES implantation at Mie University Hospital had their
clinical, angiographic, procedural, and subsequent follow-up
data prospectively entered into our database. Among these
patients, 352 patients without type 2 DM or IGT and 50
patients who did not undergo repeat coronary angiography
were excluded. Finally, we extracted 415 patients with type 2
DM or IGT who had undergone repeat coronary angiography
after approximately 7 months (210 £ 53 days). Two hun-
dred and eighty-two patients who were treated with SES and
133 patients who were treated with PES were retrospectively
analyzed in this study. At first, we classified the enrolled
population (n = 415) into the optimal glycemic control group
(n = 213) and suboptimal glycemic control group (n = 202)
and examined the predictors of restenosis in each group by
multivariate analysis. Secondly, we performed a subanalysis
of the predictors of restenosis in the patients treated with each
stent. In this way, we examined whether the degree of
glycemic control was associated with restenosis. All patients
gave their informed consent for the procedure and angio-
graphic follow-up treatment, which were approved by the
hospital’s institutional ethics committee.

PCI

Before PCI, all patients underwent baseline laboratory
measurement, including measurements of their Alc and
lipid levels. All patients received 100 mg/day aspirin
indefinitely. Additional antiplatelet therapy involving either
75 mg/day clopidogrel (after a loading dose of 300 mg) or
200 mg ticlopidine twice daily was administered to all
patients and continued for at least 6 months in both stent
groups. Other adjunctive pharmacotherapies were admin-
istered at the discretion of the responsible physician. At the
beginning of the intervention, a heparin bolus of 5000 units
was administered after sheath insertion, and supplementary
doses were given to maintain an activated clotting time of
>250 s. In all cases, the interventional strategy, including
the choice of DES and the use of intravascular ultrasound
(40-MHz IVUS catheter, Boston Scientific Corp, Natick,

MA, USA), was at the discretion of the operator. All
patients were asked to return to the hospital to undergo a
coronary angiography at approximately 7 months after the
procedure (or earlier if symptoms occurred).

Angiographic analysis

Quantitative coronary angiography (QCA) was performed
using an automated edge-detection system (QAngioXA,
MEDIS medical imaging systems, Leiden, the Netherlands)
by a single observer, who was blinded to the patients’ clinical
details and outcomes. Calibration was performed based on
the dimensions of a contrast medium-filled non-tapered
catheter tip. The following parameters were measured in two
orthogonal projections before and after coronary interven-
tion: lesion length, reference vessel diameter (RVD), mini-
mum lumen diameter (MLD), and diameter stenosis (DS).
All lesions were classified in accordance with the American
College of Cardiology/American Heart Association (ACC/
AHA) classification scheme [13].

Definitions

The diabetic and IGT patients were identified as patients who
were undergoing treatment with diet therapy, oral hypogly-
cemic medication, or insulin. Seventy-five gram oral glucose
tolerance tests (OGTT) were performed in the patients who
had not been diagnosed with DM or IGT. DM was diagnosed
as a fasting plasma glucose level of >126 mg/dl or a plasma
glucose level at 2 h after the OGTT of >200 mg/dl. IGT was
diagnosed as a fasting plasma glucose level of >110 mg/dl
and <126 mg/dl or a plasma glucose level at 2 h after the
OGTT of >140 mg/dl and <200 mg/dl. The diabetic and
IGT patients were stratified into two groups based on their
preprocedural glycemic control. Optimal glycemic control
was defined as a preprocedural Alc value of <7.0%, and
suboptimal control was defined as a preprocedural Alc value
of >7.0%. In elective cases, the preprocedural Alc value was
measured on the day before coronary intervention, and in
urgent cases, it was measured on the day after coronary
intervention. Postprocedural glycemic control was defined
according to the Alc value at the 7-month follow-up angi-
ography, and the postprocedural Alc value was measured on
the day before angiography. The Alc values used in this
study were calculated using the internationally reco-
gnized definition of Alc outlined by the National Glycohe-
moglobin Standardization Program; i.e., by adding 0.4% to
the Alc value defined by the Japan Diabetes Society [14].
Angiographic success was defined as the achievement
of residual stenosis of <50% with a Thrombolysis in Myo-
cardial Infarction flow grade of at least 3. Procedural success
was defined as the achievement of angiographic success in
the absence of major in-hospital complications [death,
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myocardial infarction, TLR, or urgent coronary artery
bypass graft surgery (CABG)]. Acute gain (AG) was defined
as the difference between the MLD before and after coro-
nary intervention, and late loss was defined as the difference
between the MLD after coronary intervention and the MLD
at the follow-up examination. Myocardial infarction (MI)
was defined as the presence of new Q waves on the follow-
up electrocardiogram or the elevation of the creatine kinase
level to greater than three times the normal concentration.
Cardiac death was defined as death attributable to MI, heart
failure, or arrhythmia. Binary restenosis was defined as
lumen diameter stenosis of 50% or more in the target lesion
on follow-up angiography. TLR was considered to be clin-
ically driven if prompted by symptoms consistent with
myocardial ischemia, if preceded by an abnormal stress test
result consistent with myocardial ischemia, if there were
other electrocardiographic changes consistent with myo-
cardial ischemia, or if the lesion stenosis diameter was more
than 75% at the follow-up examination and was related to a
PCI performed to revascularize a restenotic lesion [15].
Major adverse cardiac events (MACE) were defined as a
composite of cardiac death, Q-wave MI, TLR, and CABG.
Stent thrombosis was defined according the recommenda-
tions of the Academic Research Consortium and divided
into acute (0-1 day), subacute (2-30 days), and late
(31 days to 1 year) thrombosis [16].

Statistical analysis

All statistical analyses were performed using JMP 9.0
(SAS Institute, Cary, NC, USA). Categorical variables are
presented as numbers or percentages and were compared
with the Chi-square test (or Fisher’s exact test). Continuous
variables are presented as the mean =+ standard deviation
and were compared with the unpaired 7 test. Univariate and
multivariate logistic regression analyses were performed to
investigate predictors of restenosis after PCI. Univariate
variables associated with p < 0.20 were entered into the
multivariate logistic models. The analysis results are shown
as odds ratios (OR) together with their 95% confidence
intervals (CI) and p values. A p value of <0.05 was con-
sidered to indicate a significant difference.

Results

Optimal glycemic control group versus suboptimal
glycemic control group

Baseline characteristics

Table 1 shows the baseline clinical characteristics of the
optimal glycemic control group and suboptimal glycemic
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control group. The mean age and the incidences of male
sex, previous coronary bypass, the use of renin-angiotensin
system blockers, and the use of calcium channel blockers
were significantly higher in the optimal glycemic control
group than in the suboptimal glycemic control group. Body
mass index, low density lipoprotein cholesterol levels, the
estimated glomerular filtration rate, and the incidences of
dyslipidemia and being a current smoker were significantly
higher in the suboptimal glycemic control group than in
the optimal glycemic control group. Naturally, the pre-
and post-procedural Alc, and the frequencies of oral

Table 1 Clinical characteristics

Optimal Suboptimal p value

glycemic glycemic

control group control group

(n = 213) (n = 202)
Age (years) 69.3 £ 7.7 64.8 £ 9.7 <0.0001
Male 187 (87.8%) 159 (78.7%) 0.013
Acute coronary syndrome 42 (19.7%) 42 (20.8%) 0.79

Hypertension 176 (82.6%) 168 (83.2%) 0.88
Dyslipidemia 151 (70.9%) 170 (84.2%) 0.001
Current smoker 63 (29.6%) 81 (40.1%) 0.024
BMI (kg/m?) 241+ 29 25.1 +43 0.008
Family history of CAD 60 (28.2%) 58 (28.7%) 0.90
Previous PCI 106 (49.8%) 89 (44.1%) 0.24
Previous MI 70 (32.9%) 66 (32.7%) 0.97
Previous coronary bypass 21 (9.9%) 7 (3.5%) 0.009
Hemodialysis 19 (8.9%) 22 (10.9%) 0.50
Ejection fraction (%) 60.1 £ 11.7 594 +11.2 0.56
Laboratory data
Preprocedural Alc (%) 6.26 £ 046 8.15+ 1.01 <0.0001
Postprocedural Alc (%) 6.36 +£0.61 7.47 £ 1.52 <0.0001
HDL-C (mg/dl) 478 £ 12.6 483 £ 13.0 0.71
LDL-C (mg/dl) 1024 £ 28.6 119.6 +39.5 <0.0001
Triglycerides (mg/dl) 138.0 £ 84.1 1450 £97.0 043
eGFR (ml/min/1.73 m®) 547 £21.3 603 £ 28.1 0.02
Medication
ARB/ACE-I 187 (87.8%) 156 (77.2%) 0.005
CCB 105 (49.3%) 65 (32.2%) 0.0004
p-blockers 99 (46.5%) 106 (52.5%) 0.22
Statins 162 (76.1%) 163 (80.7%) 0.25
Oral hypoglycemic 76 (35.7%) 114 (56.4%) <0.0001
agents
Insulin 21 (9.9%) 64 (31.7%) <0.0001

BMI body mass index, CAD coronary artery disease, PCI percuta-
neous coronary intervention, M/ myocardial infarction, HDL-C high
density lipoprotein cholesterol, LDL-C low density lipoprotein cho-
lesterol, eGFR estimated glomerular filtration rate, ARB angiotensin-
receptor blocker, ACE-I angiotensin-converting enzyme inhibitor,
CCB calcium-channel blocker

Data are presented as the mean = SD or number (percentages) of
patients
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CT}?al;LitZerig?‘ilographlc Optima.l Subopt%mal p value
glycemic glycemic
control group control group
(n = 213) (n = 202)
Treated vessel
Left main coronary artery 13 (6.1%) 5 (2.5%) 0.09
Left anterior descending artery 79 (37.1%) 85 (42.1%) 0.30
Right coronary artery 70 (32.9%) 54 (26.7%) 0.17
Left circumflex artery 51 (23.9%) 58 (28.7%) 0.27
Saphenous vein graft 2 (0.94%) 2 (0.99%) 1
Lesion location
Aorto-ostial 10 (4.7%) 8 (4.0%) 0.71
Bifurcation 34 (16.0%) 31 (15.4%) 0.86
Chronic total occlusion 7 (3.3%) 11 (5.5%) 0.28
Restenotic lesion 18 (8.5%) 10 (5.0%) 0.16
ACC/AHA lesion type B2 or C 113 (53.1%) 120 (59.4%) 0.19
Stent diameter 2.95 + 0.36 2.88 + 0.34 0.04
Stent length 24.1 £ 11.1 264 £ 133 0.06
Overlap stenting 43 (20.2%) 52 (25.7%) 0.18
Rotablator use 4 (1.9%) 5 (2.5%) 0.75
SES use 136 (63.9%) 146 (72.3%) 0.07
PES use 77 (36.1%) 56 (27.7%) 0.07
IVUS use 211 (99.1%) 200 (99.0%) 1
QCA
. Pre-PCI1
ACC American College of .
Cardiology, AHA American Lesion length (mm) 19.5 £ 9.1 20.1 £ 9.5 0.48
Heart Association, SES Reference vessel diameter (mm) 2.45 £+ 0.58 2.34 £ 0.52 0.046
sirolimus-eluting stent, PES Minimum lumen diameter (mm) 0.93 + 0.38 0.93 £ 0.35 0.91
f’;ﬁgﬁi’gil";:ﬁﬁfazg’éﬁdl ‘géSA Diameter stenosis (%) 614 + 138 60.0 + 13.0 0.30
quantitative coronary Post-PCI
angiography Minimum lumen diameter (mm) 242 + 047 2.33 + 043 0.04
Data are presented as the Diameter stenosis (%) 144 £9.1 13.3 £ 8.6 0.20
mean + SD or number Acute gain (mm) 1.48 + 0.48 1.40 + 0.43 0.06

(percentages) of patients

hypoglycemic agent use and insulin use were significantly
higher in the suboptimal glycemic control group than in the
optimal glycemic control group. Table 2 shows the
angiographic characteristics of the study groups. The stent
diameter, RVD, and post-PCI MLD were significantly
lower in the suboptimal glycemic control group than in the
optimal glycemic control group.

In-hospital and 7-month outcomes

Table 3 shows the in-hospital and 7-month outcomes. The
procedure success rate and in-hospital outcomes of the two
groups were similar. Angiographic analysis at 7 months
revealed that the incidences of binary restenosis, TLR, and
MACE were similar in both groups. No subacute or late
stent thrombosis occurred in either group. According to the
QCA results, the follow-up MLD was significantly lower in

the suboptimal glycemic control group than in the optimal
glycemic control group.

Analysis for predicting restenosis in the optimal
glycemic control group and the suboptimal glycemic
control group

Table 4 shows univariate and multivariate logistic regres-
sion analyses for predicting restenosis in the optimal gly-
cemic control group. Univariate analysis showed that
hemodialysis, the use of insulin, stent implantation in the
right coronary artery, the use of PES, and lesion length
(=25 mm) were predictors of restenosis. Multivariate
logistic regression analysis showed that the use of PES (OR
9.98, 95% CI 3.08-38.9, p < 0.0001) and lesion length
(>25 mm) (OR 5.01, 95% CI 1.61-16.5, p = 0.006) were
independent predictors of restenosis in the optimal
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Table 3 In-hospital and

7-month outcomes (g)l?/tclglnilc le; t)c(;ﬁtlli?al p value
control group control group
(n = 213) (n = 202)
In-hospital outcomes
Angiographic success 213 (100%) 202 (100%) -
Procedural success 213 (100%) 201 (99.5%) 0.49
Acute ST 0 (0.0%) 1 (0.5%) 0.49
Cardiac death 0 (0.0%) 0 (0.0%) -
Q-MI 0 (0.0%) 0 (0.0%) -
TLR 0 (0.0%) 1 (0.5%) 0.49
CABG 0 (0.0%) 0 (0.0%) -
In-hospital MACE 0 (0.0%) 1 (0.5%) 0.49
7-month outcomes
Binary restenosis 23 (10.8%) 30 (14.9%) 0.22
TLR 15 (7.0%) 21 (10.4%) 0.23
Subacute and late ST 0 (0.0%) 0 (0.0%) -
Cardiac death 0 (0.0%) 0 (0.0%) -
ST stent thrombosis, M1 Q-MI 0 (0.0%) 0 (0.0%) -
myocardi.al infarction, TLR. CABG 1 (0.47%) 2 (0.99%) 0.61
?f;éffjﬁ;;fﬁﬁzﬁrﬁ;ﬁ 7-month MACE 16 (7.5%) 23 (11.4%) 0.18
grafting, MACE major adverse 7-month QCA
cardiac events Minimum lumen diameter (mm) 2.21 £ 0.61 2.03 £ 0.62 0.003
Data are presented as the Diameter stenosis (%) 21.2 £ 15.3 23.1 + 204 0.29
mean + SD or numbers Late loss (mm) 0.20 =+ 0.50 0.30 + 0.60 0.09

(percentages) of patients

glycemic control group. Stent implantation in the left cir-
cumflex artery (OR 0.13, 95% CI 0.01-0.91, p = 0.04) and
the use of SES (OR 0.10, 95% CI 0.03-0.32, p < 0.0001)
were independent positive predictors of restenosis pre-
vention in the optimal glycemic control group.

Table 5 shows univariate and multivariate logistic
regression analyses for predicting restenosis in the subop-
timal glycemic control group. Univariate analysis showed
that hemodialysis, stent implantation for an aorto-ostial
lesion, and overlap stenting were predictors of restenosis.
Multivariate logistic regression analysis showed that
hemodialysis (OR 10.6, 95% CI 3.78-31.1, p < 0.0001),
stent implantation for an aorto-ostial lesion (OR 6.38, 95%
CI 1.16-36.5, p = 0.03), and overlap stenting (OR 4.09,
95% CI 1.24-13.7, p = 0.02) were independent predictors
of restenosis in the suboptimal glycemic control group.
PES use was not an independent predictor of restenosis in
the suboptimal glycemic control group.

Subanalysis for predicting restenosis in the SES
and PES groups

Figure 1 shows the incidences of binary restenosis
(A) and TLR (B), and the degree of late loss (C) associated
with SES and PES in the optimal and suboptimal glycemic
control groups. In the PES group, the incidences of
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restenosis and TLR, and the degree of late loss were similar
between the optimal and suboptimal glycemic control
groups, but in the SES group, they were significantly
higher in the suboptimal glycemic control group than in the
optimal glycemic control group. Therefore, we investigated
the predictors of restenosis in the SES and PES groups.

Table 6 shows univariate and multivariate logistic
regression analyses for predicting restenosis in the SES
group. Univariate analysis showed that hemodialysis, pre-
procedural Alc (>7.0%), postprocedural Alc (>7.0%), the
use of insulin, stent implantation for an aorto-ostial lesion,
and overlap stenting were predictors of restenosis. Multi-
variate logistic regression analysis showed that hemodialysis
(OR 18.3,95% CI5.51-67.7,p < 0.0001) and preprocedural
Alc (=7.0%) (OR 3.61,95% CI 1.14-12.8, p = 0.03) were
independent predictors of restenosis in the SES group.

Table 7 shows univariate and multivariate logistic
regression analyses for predicting restenosis in the PES
group. Univariate analysis showed that stent implantation
for an aorto-ostial lesion was a predictor of restenosis.
Multivariate logistic regression analysis showed that stent
implantation for an aorto-ostial lesion (OR 12.3, 95% CI
1.28-162.2, p = 0.03) was an independent predictor of
restenosis in the PES group. Unlike the SES group, neither
pre- nor post-procedural Alc (>7.0%) was a predictor of
restenosis in the PES group.



Preprocedural HbAlc and restenosis of drug-eluting stents 77
Table .4 LOngtl('I regression Parameter Univariate analysis Multivariate analysis
analysis for predicting 7-month
restenosis in the optimal OR 95% CI p value OR 95% CI p value
glycemic control group

Age (>70) 1.40 0.59-3.51 0.45

Male 0.62 0.21-2.29 0.44

Acute coronary syndrome
Risk factor
Hypertension
Dyslipidemia
Smoking
BMI (>25 kg/m?)
Hemodialysis
Ejection fraction (<40%)
Medication
Statins
Oral hypoglycemic agents
Insulin
Treated vessel
Left main coronary artery
Left anterior descending artery
Right coronary artery
Left circumflex artery
Lesion location
Aorto-ostial
Bifurcation
Chronic total occlusion
Restenotic lesion
Overlap stenting
SES use
PES use
QCA
Lesion length (>25 mm)

Reference diameter (<2.5 mm)

0.58 0.13-1.81 0.37

1.45 0.46-6.41 0.55
1.54 0.58-4.85 0.40

0.47 0.13-1.31 0.16 0.32 0.07-1.09 0.07
1.03 0.39-2.49 0.96
4.81 1.53-13.9 0.01 1.27 0.27-5.36 0.75

1.20 0.18-4.69 0.82

0.69 0.27-1.89 0.45
1.76 0.73-4.24 0.21

4.11 1.33-11.7 0.02 4.17 0.95-18.3 0.06
2.7 0.57-9.72 0.19 1.42 0.20-8.68 0.71
0.72 0.26-1.77 0.48

248 1.03-6.04 0.04 0.82 0.23-2.91 0.75
0.13 0.01-0.63 0.01 0.13 0.01-0.91 0.04
3.92 0.80-15.4 0.09 5.85 0.86-41.2 0.07

0.77 0.17-2.42 0.68

0.46 0.03-2.43 0.42
0.56 0.13-1.75 0.34

0.16 0.06-0.41 <0.0001 0.10 0.03-0.32 <0.0001
6.13 2.42-17.7 <0.0001 9.98 3.08-38.9 <0.0001
2.66 1.04-6.55 0.04 5.01 1.61-16.5 0.006

1.49 0.61-4.04 0.39

Discussion

The main findings of this study are: (1) There were several
differences in the background characteristics of the optimal
and suboptimal glycemic control groups, but their midterm
clinical outcomes were similar; (2) In the optimal glycemic
control group, the use of PES was an independent predictor
of restenosis, whereas the use of SES was a positive inde-
pendent predictor of restenosis prevention; (3) In the sub-
optimal glycemic control group, neither stent was a predictor
of restenosis; (4) In our subanalysis, preprocedural Alc
(=7.0%) was found to be an independent predictor of
restenosis in the SES group, but not in the PES group;
(5) Postprocedural Alc (>7.0%) was not an independent
predictor of restenosis in either stent group; (6) As for pre-
dictors of restenosis except preprocedural Alc (>7.0%),
hemodialysis and stent implantation for an aorto-ostial lesion
were extracted in the SES and PES group, respectively.

Efficacy of DES in diabetic patients

Coronary artery stenting in diabetic patients is associated
with higher rates of stent restenosis and repeat revascu-
larization compared with those seen in non-diabetic
patients [2, 17]. With the introduction of DES, the inci-
dence of angiographically detected stent restenosis was
markedly reduced [10, 11, 18-22]. In this study, there were
several differences in the clinical and angiographic char-
acteristics of the optimal and suboptimal glycemic control
groups (Tables 1, 2), but the incidences of restenosis, TLR,
7-month MACE, and late loss were similar in both groups
(Table 3). Our results agree with those of previous reports
that compared diabetic patients with non-diabetic patients
treated with DES. However, in the present conditions, in
which we can use various kinds of DES for patients with
coronary artery disease, it is necessary to evaluate which
DES is most effective and safe for diabetic patients.
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Table 5 Logistic regression

analysis for predicting 7-month Parameter Univariate analysis Multivariate analysis
restenosis in the suboptimal OR 95% CI p value OR 95% CI p value
glycemic control group
Age (>70) 142 0.63-3.12 0.39
Male 1.91 0.69-6.75 0.23
Acute coronary syndrome 1.48 0.57-3.49 0.40
Risk factor
Hypertension 1.37 0.49-4.90 0.57
Dyslipidemia 0.56  0.22-1.53 0.24
Smoking 099  044-2.18 0.99
BMI (>25 kg/m?) 1.02 047224 0.95
Hemodialysis 8.47 3.23-22.5 <0.0001 10.6 3.78-31.1 <0.0001

Ejection fraction (<40%)
Medication
Statins
Oral hypoglycemic agents
Insulin
Treated vessel
Left main coronary artery
Left anterior descending artery
Right coronary artery
Left circumflex artery
Lesion location
Aorto-ostial
Bifurcation
Chronic total occlusion
Restenotic lesion
Overlap stenting
SES use
PES use
QCA
Lesion length (>25 mm)

Reference diameter (<2.5 mm)

042  0.02-2.25 0.36

0.75 0.31-2.03 0.55
1.01 0.46-2.25 0.98
130 0.56-2.88 0.53

1.45 0.07-10.2 0.75
0.54 0.22-1.21 0.14 0.43
1.74 0.75-3.89 0.19 0.74
1.29 0.54-2.91 0.55

0.14-1.29 0.13
0.23-2.23 0.59

6.46 1.45-28.9 0.02 6.38
0.57 0.13-1.77 0.36
223 0.48-8.44 0.27
1.46 0.21-6.22 0.65
2.61 1.14-5.83 0.02 4.09
1.06 0.46-2.70 0.89
0.94 0.37-2.18 0.89

1.16-36.5 0.03

1.24-13.7 0.02

1.82 0.76-4.16 0.17 0.74
0.87 0.40-1.96 0.73

0.21-2.53 0.63

Differences in the restenosis predictors of SES and PES

Recently, the relative efficacies of SES and PES in diabetic
patients have been evaluated in several studies [6, 7, 15,
23-25]. Late loss is less common in patients treated with
SES than in those treated with PES [6, 10, 11], and some
studies have found that diabetic patients undergoing PCI
with SES have better clinical outcomes than those under-
going PCI with PES [6, 23], whereas other studies have
shown that in hyperglycemic conditions attenuation of the
antimigratory effect of sirolimus can reduce the clinical
efficacy of SES [12, 25]. The REALITY-diabetic subgroup
analysis found that diabetic patients undergoing PCI with
PES had better clinical outcomes than those undergoing
PCI with SES [15]. As these previous reports did not
consider the degree of glycemic control, this might have
been the cause of the different results regarding the efficacy
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of SES and PES in diabetic patients. Therefore, in this
study, we evaluated the efficacy of DES in patients with
DM or IGT according to their degree of pre- and post-
procedural glycemic control. As the incidence of coronary
artery disease in patients with IGT is similar to that in
patients with overt diabetes [26-28], we included patients
with IGT in our study population as well as patients with
overt diabetes. At first, multivariate analysis showed that
PES use and lesion length (>25 mm) were independent
predictors of restenosis in the optimal glycemic control
group (Table 4) and hemodialysis, stent implantation for an
aorto-ostial lesion, and overlap stenting were independent
predictors of restenosis in the suboptimal glycemic control
group (Table 5). Namely, these results showed that the
superiority of SES compared with PES was attenuated by a
preprocedural hyperglycemic state. Next, we performed
further analyses to evaluate the independent predictors of
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Fig. 1 Incidences of binary restenosis (a), TLR (b), and the degree of
late loss (c) associated with SES and PES in the optimal and the
suboptimal glycemic control groups

restenosis for each stent in detail. In our subanalysis, pre-
procedural Alc (>7.0%) was found to be an independent
predictor of restenosis in the SES group (Table 6), but not
in the PES group (Table 7).

Differences in the mechanisms of action of sirolimus
and paclitaxel

Sirolimus and paclitaxel prevent neointimal hyperplasia
and stent restenosis by inhibiting the cell cycle and
reducing smooth muscle cell proliferation [25, 29]. Several
experimental studies have reported the neointimal hyper-
plasia mechanisms responsible for the vascular response to
stent-induced injury in diabetes and the differences in the
insulin intracellular signaling pathways between the nor-
moglycemic and hyperglycemic state [30, 31]. Therefore,
the differences in the clinical outcomes of patients treated
with the two stents might have been caused by differences
in the mechanisms of action of sirolimus and paclitaxel

under hyperglycemic conditions. Patterson et al. [12]
reported a similar difference in their study, in which they
used smooth muscle cell cultures to compare the activities
of sirolimus and paclitaxel in a diabetic animal model.
Although both drugs activate mitogen-activated protein
kinase pathways similarly, sirolimus potently activates
AKT-dependent signaling, overriding the downregulation
of this pathway by insulin resistance. This effect is asso-
ciated with attenuation of the antimigratory effects of
sirolimus in the hyperglycemic state, which might account
for its decreased efficacy in patients with suboptimal gly-
cemic control [12, 25].

The importance of active medical treatment
from preintervention

If this mechanism affects midterm outcomes after stent
implantation, improvement of the patient’s hyperglycemic
state and depression of their inflammatory reactions by
active medical treatment from preintervention might be
important. Previous studies have demonstrated the critical
role of inflammation in the mechanisms of atherosclerosis
and restenosis [32, 33], and preprocedural systemic
inflammatory markers such as C-reactive protein (CRP) are
independent prognostic indicators of restenosis and cardiac
events [32]. Paiva et al. [34] reported differences in the
inflammatory response between patients with and without
diabetes mellitus after coronary stenting. In their report, the
diabetic and non-diabetic patients exhibited a temporary
inflammatory response after stenting, and the diabetic
patients presented higher preprocedural levels of inflam-
matory markers such as CRP and revealed an exacerbated
inflammatory response after stenting. DES implantation
induced a significantly reduced increase in CRP levels
compared with BMS [35] and was associated with reduced
stent restenosis compared with BMS in diabetic patients
[3-5]. However, diabetic patients have smaller vessels and
longer lesions than non-diabetic patients, and even when
using DES, the incidences of stent restenosis and cardiac
events are higher in diabetic patients than in non-diabetic
patients [36]. Previous studies have shown that anti-
inflammatory agents such as thiazolidinediones and statins
have preventative effects on in-stent neointimal hyperpla-
sia [37, 38]. This study detected attenuation of the effects
of sirolimus under a preprocedural hyperglycemic state;
therefore, in patients undergoing SES implantation, pre-
treatment with thiazolidinediones and statins, and intensive
glucose control might be beneficial for stent restenosis and
TLR, as well as patients treated with PES and next gen-
eration drug-eluting stents. In this study, no inflammatory
markers such as CRP were measured; therefore, prospec-
tive studies that assess inflammatory marker levels, medi-
cal treatment, and outcomes after PCI are required. In this
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Table 6 Logistic regression

analysis for predicting 7-month Parameter Univariate analysis Multivariate analysis
restenosis in the SES group OR 95% CI pvalue  OR 95% CI p value
(n = 282)
Age (>70) 0.75  0.32-1.66 0.49
Male 243 0.68-15.4 0.20
Acute coronary syndrome 1.35  0.54-5.68 0.99
Risk factor
Hypertension 124  0.49-3.83 0.67
Dyslipidemia 072  0.31-1.82 0.47
Smoking 1.52  0.67-3.34 0.31
BMI (>25 kg/m?) 090  0.40-1.99 0.80
Hemodialysis 17.6 6.47-49.7  <0.0001 18.3 5.51-67.7  <0.0001

Ejection fraction (<40%)
Preprocedural Alc (>7.0%)
Postprocedural Alc (>7.0%)
Medication
Statins
Oral hypoglycemic agents
Insulin
Treated vessel
Left main coronary artery
Left anterior descending artery
Right coronary artery
Left circumflex artery
Lesion location
Aorto-ostial
Bifurcation
Chronic total occlusion
Restenotic lesion
Overlap stenting
QCA
Lesion length (>25 mm)

Reference diameter (<2.5 mm)

132 0.20-5.08 0.73
384  1.60-10.7 0.002 3.61
328  1.48-7.67 0.003 1.63

1.14-12.8 0.03
0.57-4.84 0.37

057  0.25-1.39 0.21

1.51 0.69-3.35 0.30

2.85 1.22-6.43 0.02 0.69  0.21-2.01 0.51
1.01 0.54-5.68 0.99

0.65 0.28-1.44 0.29

1.41 0.56-3.28 0.45

122 0.51-2.76 0.64

4.54 1.16-15.1 0.03 3.94
0.61  0.14-1.83 0.40
1.32  0.20-5.08 0.73
132 0.20-5.08 0.73
243 1.07-5.39 0.04 1.64

0.77-17.9

0.10

0.48-5.52 0.43

224 0.97-5.00 0.06 1.61
1.06  0.48-2.47 0.89

0.47-5.37 0.44

study, thiazolidinediones and statins were administered to
about 20 and 78% patients, respectively; however, about
half of the patients were administered these drugs from
postintervention, and they did not necessarily receive
enough medication from preintervention.

An interpretation of other predictors of restenosis

In this study, regarding predictors of restenosis except
preprocedural Alc (>7.0%), hemodialysis and stent
implantation for an aorto-ostial lesion were found to pre-
dictors in the SES group and the PES group, respectively.
These results were similar to those of several previous
reports [39—-42]. In hemodialysis patients, the major causes
of restenosis are chronic vascular inflammation and
underexpansion of the stent due to severe calcification
[43, 44]. SES has a stainless steel closed-cell design, which
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displays low conformability and flexibility; therefore, non-
uniform drug distribution and disruption of polymers in
calcified lesions are associated with restenosis. Aorto-ostial
lesions are distinct from other lesions because of their
specific histopathological characteristics such as their
markedly increased fibrous cellularity and calcification
[40, 41]. These factors are associated with excessive neo-
intimal proliferation and stent recoil. In this study, the
presence of aorto-ostial lesions was not an independent
predictor of restenosis in the SES group; however, there
were not enough data to conclude whether SES or PES are
most effective for patients with these lesions.

To the best of our knowledge, this is the first study to
evaluate the impact of the degree of preprocedural glyce-
mic control on the outcomes of diabetic and IGT patients
that were treated with DES. Corpus et al. [45] reported that
optimal glycemic control was associated with a lower rate
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Table .7 LOngtl('I regression Parameter Univariate analysis Multivariate analysis
analysis for predicting 7-month
restenosis in the PES group OR  95% CI pvalue OR 95% CI p value
(n = 133)
Age (>70) 2.31 0.95-5.89 0.06 1.22  0.43-351 0.71
Male 0.76  0.28-2.31 0.62

Acute coronary syndrome
Risk factor
Hypertension
Dyslipidemia
Smoking
BMI (>25 kg/m?)
Hemodialysis
Ejection fraction (<40%)
Preprocedural Alc (>7.0%)
Postprocedural Alc (>7.0%)
Medication
Statins
Oral hypoglycemic agents
Insulin
Treated vessel
Left main coronary artery
Left anterior descending artery
Right coronary artery
Left circumflex artery
Lesion location
Aorto-ostial
Bifurcation
Chronic total occlusion
Restenotic lesion
Overlap stenting
QCA
Lesion length (>25 mm)
Reference diameter (<2.5 mm)

0.85  0.18-2.85 0.80

1.17  0.28-7.97 0.84
1.58  0.54-5.80 0.42
028  0.08-0.79 0.02 0.29
1.34  0.55-3.23 0.51
1.96  0.63-5.52 0.23
030  0.02-1.65 0.19 0.20
059  0.22-1.44 0.25
085  0.33-2.06 0.72

0.07-0.97 0.04

0.01-1.54 0.14

1.02  0.37-3.34 0.97
1.17 0.49-2.82 0.73
1.31 0.43-3.54 0.62

2.81 0.54-12.3 0.20
0.78  0.27-2.06 0.63

210  0.87-5.24 0.10 1.05 0.37-3.07 0.93
026  0.04-0.96 0.04 026  0.04-1.22 0.09
722 1.14-57.4 0.04 12.3 1.28-162.2  0.03

073  0.16-2.42 0.63
446  0.17-1153  0.32
037  0.02-2.03 0.29
0.89  0.24-2.68 0.85

252 0.91-6.67 0.08 2.45
1.22 0.50-3.12 0.66

0.08-7.24 0.11

of midterm events after PCI, but their report was written
before DES had been developed. Ueda et al. [46] reported
that Alc was a predictor of MACE after DES implantation
in diabetic patients, but they did not mention any associ-
ation between the type of DES and Alc levels. We con-
sider that this study provides important information about
the selection of DES according to preprocedural Alc, and
the necessity of preprocedural glycemic control and anti-
inflammatory treatment before coronary intervention in
diabetic and IGT patients. Further evaluations are required
to investigate whether more aggressive risk factor
management before coronary intervention would provide
benefits for the long-term outcomes of diabetic and IGT
patients treated with DES and whether the degree of pre-
procedural glycemic control influences the outcome of
patients treated with next-generation DES.

Study limitations

The present study had several limitations. (1) The study
was a single-center, retrospective study, not a randomized
controlled trial. (2) The number of study participants was
too small to allow us to clarify why the restenosis and TLR
rates of the PES subgroup of the optimal glycemic control
group were higher than those in the suboptimal glycemic
control group (Fig. 1), and why smoking was a positive
predictor of restenosis prevention in the PES group
(Table 7). (3) PCI was performed using a similar procedure
for both stents; however, there were several differences in
the clinical and angiographic characteristics of the two
stent groups. (4) We did not consider the diabetic mor-
bidity period or the medication being taken by the patients
before the intervention.
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Conclusion

In the optimal glycemic control group, PES use was an
independent predictor of restenosis; on the other hand, in
the suboptimal glycemic control group, neither stent was a
predictor of restenosis; i.e., it was shown that the superi-
ority of SES compared with PES was attenuated in the
hyperglycemic state. Preprocedural Alc (>7.0%) was an
independent predictor of restenosis in the SES group, but
not in the PES group. This study will facilitate the selection
of DES and highlights the necessity of intensive risk
management from preintervention, even in the DES era.
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