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Long-Term Outcomes After Percutaneous Coronary Intervention in
Patients With and Without Diabetes Mellitus in Western Denmark

Lisette Okkels Jensen, MD, PhDa,*, Michael Maeng, MD, PhDb, Per Thayssen, MD, DMScia,
Anne Kaltoft, MD, PhDb, Hans Henrik Tilsted, MDc, Jens Flensted Lassen, MD, PhDb,

Knud Noerregaard Hansen, MDa, Morten Bottcher, MD, PhDb, Klaus Rasmussen, MD, DMScic,
Morten Madsen, MScd, Søren Paaske Johnsen, MD, PhDd, Henrik Toft Sørensen, MD, PhD, DMScid,

and Leif Thuesen, MD, DMScib

Patients with diabetes mellitus have worse outcomes after percutaneous coronary inter-
vention than patients without diabetes mellitus. We compared the risk of stent thrombosis,
myocardial infarction, death, and target lesion revascularization in diabetic and nondia-
betic patients after implantation of drug-eluting stents or bare metal stents. In the Western
Denmark Heart Registry, 12,347 consecutive patients (1,575 with and 10,772 without
diabetes) were identified and followed up for 2 years. The 2-year risk of definite stent
thrombosis was 0.52% in patients with diabetes mellitus and 0.71% in nondiabetic
patients (adjusted relative risk [RR] 0.74, 95% confidence interval [CI] 0.41 to 1.34, p �
0.321). The 2-year risk of myocardial infarction was greater in the diabetic patients
(6.9%) than in the nondiabetic patients (3.6%; adjusted RR 1.96, 95% CI 1.58 to 2.43;
p <0.001). The all-cause 2-year mortality rate was almost twice as great for the diabetic
patients compared to the nondiabetic patients (12.4% vs 6.7%; adjusted RR 1.91, 95% CI
1.63 to 2.23; p <0.001). The 2-year risk of target lesion revascularization was 8.5% in the
diabetic patients and 6.8% in the nondiabetic patients (adjusted RR 1.28, 95% CI 1.10 to
1.49; p <0.001). In conclusion, 2 years after drug-eluting stent or bare metal stent implan-
tation, diabetic patients had a greater risk than nondiabetic patients of myocardial infarc-
tion and death. Drug-eluting stent treatment reduced the risk of target lesion revascular-
ization compared to bare metal stent treatment, regardless of diabetes status. © 2010

Elsevier Inc. All rights reserved. (Am J Cardiol 2010;105:1513–1519)

b
t
T
l
u
r

M

D
t
o
2
p
S
a
h
S
o
s
d
r
p
t
R

Patients with diabetes mellitus have tended to have
orse outcomes after percutaneous coronary intervention

PCI) than nondiabetic patients.1 Angiographic and intra-
ascular ultrasound studies have suggested increased late
umen loss2 and intimal hyperplasia3 as potential mecha-
isms underlying the greater restenosis risk. A more diffuse
nd accelerated form of atherosclerosis in diabetic patients,
ccompanied by small vessel size, long lesions, and greater
laque burden, might contribute to their well-documented
ncreased risk of restenosis after stent implantation.4,5 Drug-
luting stents (DESs) have shown promising results in pa-
ients with and without diabetes mellitus.6–10 Although the
nitial use of DESs was not associated with safety concerns,
ecent studies have reported increased risks of stent throm-
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osis, myocardial infarction (MI), and death associated with
he use of DESs compared to bare metal stent (BMS) use.11

he present study examined the influence of diabetes mel-
itus on the long-term outcomes of patients treated with PCI
sing DESs or BMSs, with a recommended 12-month du-
ation of dual antiplatelet therapy.

ethods

We conducted the present follow-up study using Western
enmark’s healthcare databases, covering the region’s en-

ire population (approximately 3.0 million inhabitants; 55%
f the Danish population). All patients were followed up for
4 months. A detailed description of the databases has been
reviously reported.6 In brief, the Danish National Health
ervice provides universal tax-supported healthcare, guar-
nteeing patients free access to general practitioners and
ospitals. Our data came from the Danish Civil Registration
ystem, which has kept electronic records on gender, date
f birth, residence, date of emigration, and changes in vital
tatus since 1968.12 The information on vital status is up-
ated daily. The records include a unique 10-digit civil
egistration number that is assigned at birth and is used in all
ublic registries, allowing accurate record linkage. The Na-
ional Registry of Causes of Deaths and National Patient
egistry13 was used to obtain the causes of death and the

iagnoses assigned by the treating physician during hospi-
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alization and coded according to the International Classi-
cation of Diseases, eighth revision until the end of 1993

able 1
atient characteristics

ariable Dia

DES
(n � 593)

en 416 (70.2%)
ge (years)
Median 62.0
Interquartile range 56.0–70.0
amily history 234 (45.5%)
moker 170 (30.2%)
ypertension 345 (64.7%)
revious coronary bypass 57 (10.6%)
revious percutaneous coronary intervention 69 (13.5%)
revious myocardial infarction 187 (36.7%)
ipid-lowering therapy 364 (67.8%)
rocedure time (minutes) 31.0 � 19.9
louroscopy time (minutes) 11.1 � 8.5
ontrast (ml) 163.2 � 106.1
o. of treated lesions 1.6 � 0.9

ndication for percutaneous coronary intervention
Stable angina pectoris 314 (53.0%)
Non–ST-segment elevation myocardial

infarction/unstable angina pectoris
173 (29.2%)

ST-segment elevation myocardial infarction 84 (14.2%)
Other 22 (3.7%)
o-morbidity index score
0 295 (49.7%)
1–2 244 (41.1%)
3� 54 (9.1%)

able 2
rocedure characteristics

ariable Diabetic Patien

DES BMS

o. of lesions 978 1,323
essel
Right 173 (29.2%) 327 (33.3%
Left anterior descending 314 (53.0%) 385 (39.2%
Left circumflex 84 (14.2%) 237 (24.1%
Left main 22 (3.7%) 33 (3.4%
aphenous vein graft 17 (1.3%) 17 (1.7%
esion length (mm) 16.0 � 9.6 13.5 � 7.
esion type
A 217 (22.2%) 273 (20.6%
B1 378 (38.7%) 793 (20.6%
B2 79 (8.1%) 155 (11.7%
C 304 (31.1%) 102 (7.7%
estenotic lesion 11 (0.8%) 21 (2.2%
tent length (mm) 19.3 � 8.8 16.6 � 7.4
tents used (n) 1.2 � 0.6 1.2 � 0.5
aximum balloon pressure (atm) 16.3 � 4.1 15.3 � 3.6
aximum balloon diameter (mm) 3.3 � 0.5 3.4 � 0.6
eference segment (mm) 3.2 � 0.5 3.3 � 0.6
inimum lumen diameter (mm) 0.46 � 0.44 0.45 � 0.5

tenosis (% luminal diameter) 86.0 � 12.5 87.1 � 12

Data are presented as n (%) or mean � SD.
nd the tenth revision thereafter.13 T
We used the Western Denmark Heart Registry to identify
ll PCIs recorded from January 1, 2002 to June 30, 2005.

atients Nondiabetic Patients

MS
982)

p Value DES
(n � 2,906)

BMS
(n � 7,866)

p Value

66.0%) 0.087 2,117 (72.8%) 5,727 (72.8%) 0.993
�0.01 �0.001

6.0 62.0 64.0
–73.0 54.0–70.0 56.0–73.0
40.6%) 0.075 1,167 (46.5%) 2,860 (42.9%) 0.002
31.4%) 0.495 1,009 (40.6%) 2,809 (42.3%) 0.155
57.2%) 0.006 1,056 (41.7%) 2,573 (37.6%) �0.001
9.6%) 0.510 180 (7.1%) 400 (5.7%) 0.012
12.1%) 0.472 271 (11.2%) 638 (9.5%) 0.021
36.2%) 0.863 604 (24.8%) 2,035 (30.3%) �0.001
55.0%) �0.001 1,367 (53.7%) 2,849 (41.6%) �0.001
� 19.4 0.002 29.8 � 20.2 27.2 � 19.3 �0.001
� 9.7 0.070 10.6 � 8.4 10.1 � 9.9 �0.001
� 110.0 0.270 157.2 � 97.5 155.1 � 104.0 �0.001
� 0.7 �0.001 1.4 � 0.7 1.3 � 0.6 0.002

�0.001 �0.001
39.2%) 1,271 (43.7%) 2,589 (32.9%)
33.3%) 869 (29.9%) 2,383 (30.3%)

24.1%) 675 (23.2%) 2,709 (34.4%)
3.4%) 92 (3.2%) 184 (2.3%)

0.190 0.561
54.5%) 1,947 (67.0%) 5,234 (66.5%)
37.3%) 805 (27.7%) 2,169 (27.6%)
8.2%) 155 (5.3%) 462 (5.9%)

Nondiabetic Patients

p Value DES BMS p Value

4,439 10,396
�0.001 �0.001

1,078 (24.3%) 4,180 (40.2%)
2,359 (53.1%) 3,787 (26.4%)

846 (19.1%) 2,346 (22.6%)
156 (3.5%) 83 (0.8%)

0.463 39 (0.9%) 93 (0.9%) 0.927
�0.001 16.0 � 9.5 13.5 � 7.2 �0.001
�0.001 �0.001

932 (21.0%) 2,281 (21.9%)
1,789 (40.3%) 6,115 (58.8%)

437 (9.8%) 1,157 (11.1%)
1,281 (28.9%) 846 (8.1%)

0.018 107 (1.0%) 108 (2.4%) �0.001
�0.001 19.2 � 8.6 16.9 � 7.1 �0.001

0.005 1.2 � 0.6 1.2 � 0.5 �0.001
�0.001 15.9 � 4.1 15.2 � 3.5 �0.001
�0.001 3.3 � 0.5 3.5 � 0.6 �0.001

0.001 3.2 � 0.5 3.3 � 0.6 �0.001
0.02 0.41 � 0.47 0.43 � 0.53 0.499
0.002 87.8 � 12.4 87.8 � 12.7 0.124
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1515Coronary Artery Disease/Long-Term Outcomes After PCI in Diabetes
ient and procedure data for all interventions performed in
estern Denmark’s 3 coronary intervention centers (Odense
niversity Hospital, Aarhus University Hospital Skejby,

nd Aarhus University Hospital Aalborg). For each patient,
e included only the first PCI procedure performed during

he study period (the index procedure). The DES used was
ither a Cypher stent or a Taxus Express stent. We excluded
atients treated with balloon angioplasty only or a combi-
ation of BMSs and DESs (n � 645, 4.9%). The post-PCI
ntiplatelet regimens included lifelong acetylsalicylic acid
75 to 150 mg/day) and clopidogrel (loading dose of 300 mg
ollowed by 75 mg/day). Since November 2002, the recom-
ended duration of clopidogrel treatment has been 12
onths for both stent types. Patients were considered to

igure 1. Risk of (A) definite stent thrombosis, (B) overall stent thrombosi
LR among patients with and without diabetes mellitus treated with DES
ave diabetes if their Western Denmark Heart Registry t
ecords indicated receipt of dietary treatment, oral antidia-
etic medication, or insulin.

The study end points were the interval to stent throm-
osis (classified as definite, probable, or possible), MI,
ll-cause mortality, cardiac death, and target lesion re-
ascularization (TLR). The end point events were ascer-
ained from the Western Denmark Heart Registry, the
anish National Patient Registry,13 which tracks all hos-
italizations in Denmark, and the Danish Registry of
auses of Death.

We defined the types of stent thrombosis according to the
cademic Research Consortium definition, with a modifi-

ation for probable stent thrombosis.14 Probable stent
hrombosis was assumed for any unexplained death within

ite, probable or possible stent thrombosis), (C) mortality, (D) MI, and (E)
Ss.
s (defin
he first 30 days after intracoronary stenting.
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We defined a new MI as hospitalization for MI occurring
28 days after the index PCI.15 We ascertained the admis-

ions and readmissions for MI (International Classification
f Diseases, tenth revision, codes I21 to I21.9) from the
ational Patient Registry13 and deaths from the Civil Reg-

stration System.12 We validated the recorded cause of death
sing the original death certificates obtained from the Na-
ional Registry of Causes of Death and classified deaths
ccording to their underlying cause.

From the Western Denmark Heart Registry we ascer-
ained TLR, defined as repeat PCI of the index lesion or
oronary artery bypass grafting. For all cases of stent throm-
osis, we retrieved the relevant medical records and cathe-
erization films.

From the Western Denmark Heart Registry, we also
etrieved data on other potential predictors of subsequent
ardiovascular events. For each patient, we also obtained
ata on all hospital diagnoses from the National Patient
egistry and computed the co-morbidity scores using the
harlson Co-morbidity Index,16 which covers 19 major
isease categories, including diabetes mellitus, heart failure,
erebrovascular diseases, and cancer. The index value is a
eighted summary of the diagnoses, such that the weight is
ased on the 1-year mortality associated with each disease
n the original Charlson data set.16 The data for all key
atient and procedure characteristics were �95% complete,
nd the ascertainment of end points (stent thrombosis,
eath, MI, and TLR) was 100% complete.

The distributions of continuous variables in the 2 groups
with or without diabetes) were compared using either the
-sample t test or the Mann-Whitney U test, depending on
hether the data followed the normal distribution. We com-
ared the distributions of categorical variables using the
hi-square test.

We counted the end point events that occurred during the

able 3
elative risk (RR) estimates for death, myocardial infarction (MI), and st
nd without (n � 10,772) diabetes mellitus

ariable Diabetic Patients Nondiabet

DES BMS DES

ll-cause death 65 (11.0%) 131 (13.3%) 160 (5.5%)
�12 months 40 (6.7%) 96 (9.8%) 100 (3.4%)
�12 months 25 (4.5%) 35 (4.0%) 60 (2.1%)
ardiac death 28 (4.7%) 81 (8.2%) 78 (2.7%)
oncardiac death 30 (5.1%) 44 (4.5%) 66 (2.3%)
yocardial infarction 43 (7.4%) 61 (6.5%) 112 (3.9%)

28 days to 12 months 28 (4.8%) 45 (4.8%) 60 (2.1%)
�12 months 15 (2.8%) 16 (1.9%) 52 (1.9%)
efinite stent thrombosis 6 (0.6%) 6 (0.5%) 37 (0.8%)
verall stent thrombosis 22 (3.7%) 40 (4.1%) 59 (2.0%)
�30 days 5 (0.8%) 18 (1.5%) 27 (0.9%)
30 days to 24 months 17 (3.0%) 22 (2.4%) 32 (1.1%)
robable stent thrombosis 1 (0.2%) 15 (1.5%) 10 (0.3%)
ossible stent thrombosis 15 (2.5%) 20 (2.0%) 17 (0.6%)
arget lesion revascularization 64 (6.5%) 132 (10.0%) 224 (5.0%)

Covariates considered in multivariate analyses included age, gender, d
o-morbidities (and stent length and size of reference vessel in lesion-specifi
ecause inclusion of covariates determined by change-in-estimate method
ollow-up period and compared their rates for the 2 cohorts p
f patients, with and without diabetes mellitus. Follow-up
egan on the date of the index PCI procedure. In the anal-
ses with stent thrombosis, MI, or death as the outcome, the
ollow-up period continued until the date of the respective
vent, death, emigration, or 24 months after implantation,
hichever came first. We constructed Kaplan-Meier curves

or patients with and without diabetes, stratified by lesion
ype treated. We used the life-table method to compute the
-year risk of each end point (proportion of the population
t risk with the outcome of interest). We used Cox propor-
ional hazards regression analysis to estimate the relative
isk (RR) for each end point. Because the hazards were not
roportional throughout the follow-up period, we estimated
he RRs within the periods during which the proportionality
ssumption held. The RR in these analyses reflected the risk
mong patients alive and at risk of a specific end point at the
tart of each period (eg, after 30 days or 1 year of follow-
p). In all regression analyses, we included the age, gender,
iabetes mellitus status, clinical indication, procedure dura-
ion, number of stents, and co-morbidities (and stent length
nd size of the reference vessel in the lesion-specific anal-
ses). To maximize the precision of the RR estimates, we
sed the change-in-estimate method, which entailed retain-
ng only those variables that changed the RR estimates for
n outcome by �10%. The number of variables included in
he final regression models varied from 0 to 3. We used
tatistical Analysis Systems software, version 9.2 (SAS
nstitute, Cary, North Carolina).

esults

We included 12,347 consecutive patients with a total of
7,147 lesions. Of these 12,347 patients, 1,575 (12.8%; total
f 2,301 lesions) had diabetes mellitus. The median patient
ge was 64.3 years (range 56 to 72). The prevalence of

mbosis (definite, probable, and possible) in patients with (n � 1,575)

nts Adjusted RR (95% CI)
for Diabetes

vs No Diabetes

Adjusted RR (95% CI) for DES vs BMS

S Diabetic Patients Nondiabetic Patients

.2%) 1.91 (1.63–2.23) 0.80 (0.59–1.08) 0.90 (0.76–1.07)

.2%) 1.87 (1.55–2.26) 0.67 (0.47–0.98) 0.78 (0.63–0.97)

.1%) 1.98 (1.49–2.63) 1.43 (0.85–2.41) 1.03 (0.76–1.38)

.9) 1.99 (1.61–2.46) 0.63 (0.41–0.98) 0.83 (0.64–1.06)

.8) 1.69 (1.31–2.18) 1.09 (0.69–1.74) 0.81 (0.61–1.07)

.5) 1.96 (1.58–2.43) 1.14 (0.77–1.68) 0.83 (0.64–1.06)

.5%) 2.01 (1.55–2.61) 0.97 (0.60–1.56) 0.78 (0.63–0.97)

.0%) 1.85 (1.26–2.73) 1.62 (0.81–3.24) 1.84 (1.29–2.63)

.7%) 0.74 (0.41–1.34) 1.75 (0.55–5.53) 1.25 (0.84–1.86)

.3%) 1.59 (1.20–2.10) 1.01 (0.60–1.71) 0.89 (0.66–1.19)

.3%) 1.02 (0.65–1.59) 0.71 (0.25–2.00) 0.81 (0.53–1.24)

.1%) 2.56 (1.78–3.69) 1.24 (0.66–2.34) 1.12 (0.74–1.70)

.6%) 2.17 (1.25–3.77) 0.16 (0.02–1.27) 0.75 (0.38–1.48)

.8%) 3.19 (2.14–4.75) 1.20 (0.61–2.35) 0.74 (0.43–1.27)

.8%) 1.28 (1.10–1.49) 0.63 (0.47–0.85) 0.65 (0.56–0.75)

mellitus, clinical indication, procedure duration, number of stents, and
ses); number of covariates included varied from 0 to 3 between end points
ethods” section for details).
ent thro

ic Patie
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1517Coronary Artery Disease/Long-Term Outcomes After PCI in Diabetes
ithout diabetes (18.9% vs 18.6%, p � 0.756). The indi-
ations for PCI were ST-segment elevation MI (30.0%),
on-ST-segment elevation MI/unstable angina (30.4%), sta-
le angina (36.9%), and other (2.7%). The indication for
CI differed between those with and without diabetes. The

ndication for the diabetic patients was stable angina in
4.3%, non–ST-segment elevation MI in 31.7%, ST-seg-
ent elevation MI in 20.4%, and other in 3.4%. The indication

or the nondiabetic patients was stable angina in 35.8%, non–
T-segment elevation MI in 30.2%, ST-segment elevation MI

n 31.4%, and other in 2.6% (p �0.0001). The baseline patient,
rocedure, and lesion characteristics differed substantially be-
ween those with and without diabetes, and this difference was
lso seen after stratifying by treatment with DES versus BMS.
atients with diabetes were more likely to have a history of
evascularization, smaller vessels (3.2 � 0.6 vs 3.3 � 0.6
m; p �0.001) and a greater rate of DES treatment (42.4%

s 29.9%; p �0.001). They were also slightly older (median
ge 65.0 years, range 57 to 72 vs 64.0 years, range 56.0 to
2.0; p � 0.01) and included more women (32.4% vs
7.2%; p �0.01; Tables 1 and 2).

Comparing the patients with and without diabetes, we
ound no significant difference in the incidence of definite
tent thrombosis, with an occurrence in 12 lesions in 12
iabetic patients (2-year risk 0.52%) and in 106 lesions in
06 patients without diabetes (2-year risk 0.71%, adjusted
R 0.74, 95% CI 0.41 to 1.34). The risk of acute, subacute,
nd late definite stent thrombosis was also similar between
he 2 groups (Figure 1). Very late definite stent thrombosis
ccurred in 1 lesion in 1 patient with diabetes mellitus
2-year risk 0.04%) and in 17 lesions in 17 patients without
iabetes (2-year risk 0.11%). None of the 118 cases of
efinite stent thrombosis occurred in saphenous vein grafts.

Of the 118 patients who developed definite stent throm-
osis, 92 (78%) were receiving dual antiplatelet therapy
aspirin and clopidogrel) at the time of the thrombotic event.
f the 18 patients with very late stent thrombosis, 3 (17%)
ere receiving dual antiplatelet therapy, 11 (61%) were

eceiving aspirin only, and 4 (22%) had discontinued both
spirin and clopidogrel.

Definite, probable, or possible stent thrombosis was
ound in 62 patients with diabetes mellitus (2-year risk
.9%) and in 237 patients without diabetes mellitus (2-year
isk 2.2%, RR 1.83, 95% CI 1.38 to 2.42; Figure 1). Con-
rolling for covariates did not attenuate this estimate (ad-
usted RR 1.59, 95% CI 1.20 to 2.10; Table 3). Definite,
robable, or possible stent thrombosis did not vary accord-
ng to stent type.

The all-cause 2-year mortality rate was significantly
reater in patients with diabetes than in those without dia-
etes (12.4% vs 6.7%, p �0.001; Figure 1). The difference
emained after controlling for covariates (adjusted RR 1.91,
5% CI 1.63 to 2.23). Patients with diabetes were at a
reater risk than those without diabetes for both cardiac
eath (6.7% vs 3.6%, adjusted RR 1.99, 95% CI 1.61 to
.46; p �0.001) and noncardiac death (4.7% vs 2.6%, ad-
usted RR 1.69, 95% CI 1.31 to 2.18; p �0.001) during the
years of follow-up (Table 3). The risk profiles did not vary

ccording to stent type.
The patients with diabetes more likely than those without
iabetes to experience an MI during the follow-up period b
2-year risk 6.9% vs 3.6%, adjusted RR 1.96, 95% CI 1.58 to
.43, p �0.001; Figure 1 and Table 3). A significant increase
n the risk of MI after 12 months of follow-up occurred among
ES-treated patients without diabetes (Table 3).
TLR occurred more frequently in the patients with dia-

etes than those without diabetes (2-year risk 8.5% vs 6.8%,
djusted RR 1.28, 95% CI 1.10 to 1.49, p �0.001; Figure 1).
ESs were associated with a decreased risk of TLR com-
ared to BMSs in both diabetic (adjusted RR 0.63, 95% CI
.47 to 0.85) and nondiabetic (adjusted RR 0.65, 95% CI
.56 to 0.75) patients.

iscussion

In a “real-world” setting with 2 years of follow-up, we
ound an increased risk of MI, mortality, and TLR after PCI
ith DESs or BMSs in patients with and without diabetes.
he risk of definite stent thrombosis was low in those with
nd without diabetes and did not differ significantly between
he 2 groups. The risk of definite stent thrombosis after DES
ersus BMS implantation also did not vary by diabetic status.
owever, the incidence of very late definite stent thrombosis

nd MI was significantly greater only in nondiabetic patients
reated with DESs, because only 1 diabetic patient developed
ery late definite stent thrombosis.

Diabetes has been reported to be a predictor of both early
nd late stent thrombosis in patients treated with DESs.17

ccording to data from the Registro Regionale Angioplas-
iche dell’Emilia-Romagna (REAL Registry),18 definite
tent thrombosis occurred more frequently in diabetic pa-
ients treated with DESs than diabetic patients treated with
MSs. The difference was insignificant, however, and was
ttributable to late and very late stent thrombosis. In con-
rast, we did not find an increased rate of definite stent
hrombosis in diabetic patients compared to nondiabetic
atients or an increased risk of stent thrombosis among
iabetic patients treated with DESs compared to those
reated with BMSs. The patients in our study and in the
EAL Registry study differed with respect to the duration
f dual antiplatelet therapy. The patients in the REAL reg-
stry were given 2 to 6 months of dual antiplatelet therapy.
n contrast, in our study, the recommended treatment dura-
ion was 12 months. Our estimates differed from other
imilar studies, such as the e-Cypher19 or Évaluation
oût/efficacité du stent actif au sirolimus chez les patients
iabétiques et non diabétiques (EVASTENT).20 For ex-
mple, in the EVASTENT study,20 a matched multicenter
ohort registry, 844 diabetic patients were matched with 887
ondiabetic patients, and both groups underwent revascu-
arization exclusively with sirolimus stents. A total of 45
ases of stent thrombosis were observed during the fol-
ow-up period. Of these 45 cases, 30 were definite, 8 were
robable, and 7 were possible. At 1 year of follow-up,
tent thrombosis had occurred in 3.2% of the diabetic
atients and 1.7% of the nondiabetic patients. The great-
st rate of stent thrombosis was seen in the diabetic
atients with multivessel disease, although on multivar-
ate analysis, diabetes ceased to be a significant predictor
f stent thrombosis. Both EVASTENT20 and e-Cypher19

egistries reported the results for all types of stent throm-

osis combined, regardless of the certainty of the event.
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herefore, the extent of the contribution of definite, prob-
ble, and possible stent thrombosis in those estimates
ould not be assessed. The results from the EVASTENT20

egistry regarding all types of stent thrombosis combined
re consistent with our findings regarding the increased risk
f probable and possible stent thrombosis in diabetic pa-
ients. In the EVASTENT20 Registry, 1/4 of the stent throm-
osis cases (n � 11) were related to problems with the
anagement of antithrombotic treatment, because 8 of the

ases occurred 2 to 10 days after complete withdrawal of
ual antiplatelet therapy. Thus, the 12 months of dual anti-
latelet treatment might explain the lower rates of definite
tent thrombosis observed in our study.

In the diabetic patients, we found an overall increased
isk of MI that was not associated with DES use. In contrast,
ondiabetic patients treated with DESs had a greater risk of
I than their counterparts treated with BMSs. In studies

sing the data from the Ontario Registry21 and the REAL
egistry,18 the overall rate of MI among diabetic patients
id not differ significantly by stent type. In the Ontario
egistry study,21 patients treated with DESs received a
-year supply of clopidogrel only if they were �65 years.
espite the longer duration of dual antiplatelet therapy

mong patients in our study, we found a slightly greater
-year risk of MI than that reported from the Ontario
egistry,21 especially among diabetic patients treated
ith BMSs. Both studies showed a nearly twofold in-

rease in the risk of MI associated with the presence of
iabetes. The REAL Registry study did not report the
stimates of MI risk.

Our study’s results showed that the 2-year all-cause and
ardiac mortality was greater among the patients with dia-
etes than those without this condition, regardless of stent
ype. Our results agree with those from the Ontario Registry
tudy,21 except for their finding, that mortality was signifi-
antly lower for nondiabetic patients if they had been
reated with DESs instead of BMSs. A meta-analysis by
paulding et al17 showed an increased number of cardio-
ascular and noncardiovascular deaths among diabetic pa-
ients treated with sirolimus-eluting stents, with the rates of

I and stent thrombosis similar in the DES and BMS
roups. In the randomized Sirolimus-Eluting Stent Com-
ared With Paclitaxel-Eluting Stent For Coronary Revascu-
arization (SIRTAX) trial,22 mortality doubled among dia-
etic patients after 2 years, in agreement with our results.

Diabetes mellitus is a risk factor for restenosis after PCI,
nd DES use has been shown to reduce the restenosis rate in
hese patients.7,23–25 However, a meta-analysis of random-
zed trials26 and a registry study27 have generated evidence
hat the long-term benefit of DESs in diabetic patients might
e limited. Among those with diabetes27 in the Rapamycin-
luting Stent Evaluated At Rotterdam Cardiology Hospital

RESEARCH)28 and Taxus-Stent Evaluated at Rotterdam
ardiology Hospital (T-SEARCH)29 registries, neither

irolimus-eluting nor paclitaxel-eluting stents appeared su-
erior to BMSs in reducing TLR at 2 years. This contrasts
ith the findings in our study, in which the effectiveness of
ESs was similar in diabetic and nondiabetic patients. The
se of DESs was associated with a 47% reduction in clin-
cally driven TLR in diabetic patients and a 43% reduction

n TLR in nondiabetic patients after 2 years. Our results are

1

imilar to the DES-associated reduction in revascularization
ates among diabetic patients in the recently published Mas-
achusetts Data Analysis Center Registry.30

Our observational study had several limitations. The va-
idity of its findings depends on the data quality and the
bility to control for potential confounding. We used the
ata routinely compiled in computerized registries with
omplete nationwide coverage, which allowed us to study a
ell-defined, large population with complete follow-up.
owever, as with all observational studies, our study was
rone to biases from nonrandom assignment of exposure
nd unmeasured confounding and revascularization treat-
ent strategy was determined by the physician’s choice.
inally, we collected data during a 3-year period, during
hich the prevalence of using DESs increased from 0% to
3%. To reduce bias during this transition period, we fol-
owed up every patient for 24 months.
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