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Comparison of Outcomes Using Sirolimus-Eluting Stenting in
Diabetic Versus Nondiabetic Patients With Comparison of Insulin

Versus Non–Insulin Therapy in the Diabetic Patients

Ramon Kumar, MDa, Tobias T. Lee, MDa, Allen Jeremias, MDa, Christopher P. Ruisi, MDa,
Brett Sylvia, BSa, Jorge Magallon, MDa, Ajay J. Kirtane, MDa, Brian Bigelow, MDa,

Martin Abrahamson, MDb, Duane S. Pinto, MDa, Kalon K.L. Ho, MD, MSca,
David J. Cohen, MD, MSca, Joseph P. Carrozza, Jr., MDa, and Donald E. Cutlip, MDa,*

The effect of insulin therapy on adverse cardiovascular outcomes in diabetic patients has
been debated and a reduced benefit in clinical restenosis outcomes after sirolimus stenting
has been reported among diabetic patients requiring insulin therapy. We analyzed 297
diabetic patients receiving sirolimus-eluting stents, including 115 (39%) on insulin therapy,
and compared outcomes with 541 nondiabetic patients treated consecutively during the
same interval. The rates of target lesion revascularization (9.5% vs 3.5%, p � 0.003) and
cardiac death or myocardial infarction (MI, 7.1% vs 3.1%, p � 0.012) were significantly
higher for diabetic patients. Insulin treatment was independently associated with increased
risk for target lesion revascularization (odds ratio [OR] 2.48, 95% confidence interval [CI]
1.22 to 5.00) and cardiac death or MI (hazard ratio [HR] 2.85, 95% CI 1.41 to 5.77),
whereas the adjusted risk for diabetic patients not treated with insulin was not significantly
different from patients without diabetes for target lesion revascularization (OR 1.32, 95%
CI 0.66 to 2.62) or cardiac death or MI (HR 1.04, 95% CI 0.50 to 2.17). In conclusion,
diabetes mellitus is associated with increased risk for target lesion revascularization and
cardiac death or MI after receiving sirolimus-eluting stenting, and is significantly exagger-
ated by the requirement for insulin therapy. © 2007 Elsevier Inc. All rights reserved. (Am

J Cardiol 2007;100:1187–1191)
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rug-eluting stenting has demonstrated a significant risk
eduction in angiographic restenosis and target lesion revas-
ularization (TLR) for diabetic patients, which is similar to
he overall population,1,2 although the benefit was not evi-
ent for the small subgroup of diabetic patients requiring
nsulin therapy in the SIRolImUS-coated Bx Velocity bal-
oon-expandable stent in the treatment of patients with de
ovo coronary artery lesions (SIRIUS) trial.1 A negative
mpact of insulin therapy on cardiovascular outcomes in
iabetic patients has been debated, but most trials of coro-
ary stenting have not had adequate numbers of these pa-
ients for comparison.

ethods

ll consenting patients who underwent stent implantation
ith �1 sirolimus-eluting stents (Cypher, Cordis Corpora-

ion, Miami Lakes, Florida) at Beth Israel Deaconess Med-
cal Center in the first 6 months after approval were pro-
pectively enrolled in a follow-up registry to assess clinical
utcomes at 9 to 12 months. All patients provided informed,
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ritten consent to participate and the Institutional Review
oard approved the study. Diabetes was defined based on a
revious diagnosis requiring dietary or pharmacologic therapy
t the time of the stent procedure. All patients were premedi-
ated with 325 mg of aspirin to be continued indefinitely.
ntithrombotic regimens, including intravenous heparin, biva-

irudin, and glycoprotein IIb/IIIa inhibitors were at the discre-
ion of the treating physician. A loading dose of 300 mg
lopidogrel was typically given in the cardiac catheterization
aboratory, and 75 mg/day was recommended continuously for

3 months. Baseline clinical and procedural data were col-
ected prospectively. Follow-up was obtained at a minimum of

months after the procedure using telephone contact with the
atient and/or primary care physician and review of the elec-
ronic medical record.

A clinical events committee adjudicated all deaths, myo-
ardial infarction (MI), and repeat revascularization proce-
ures. All deaths were classified as cardiac unless a clear
oncardiac cause was documented. All patients underwent
ssessment of cardiac enzymes at �8 and �16 hours after
he procedure, and periprocedural MI was defined as crea-
ine kinase-MB �3 times the upper limit of normal; during
ollow-up, MI was defined as any elevation of creatine
inase-MB or troponin above normal with new onset of
schemic symptoms. TLR was defined as repeat percutane-
us repeat revascularization or surgical bypass performed
or restenosis of the stented segment, including the stent

lus the 5-mm proximal and distal margins. The composite
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nd point of major adverse cardiac events (MACEs) was
efined as the occurrence of cardiac death, MI, or TLR.
tent thrombosis was defined as acute ischemia with angio-
raphic documentation of stent occlusion or thrombus or
nexplained sudden death within 30 days.

Proportions were compared using chi-square or Fisher’s
xact tests. Continuous variables were compared using Stu-
ent’s t test. Event rates were calculated using the Kaplan-
eier method and compared using the log-rank test. Mul-

iple logistic regression was used to test the independent
ffects of insulin treatment and diabetes without insulin
reatment on TLR, and Cox proportional hazards regression
ith censoring at the sooner of 9 months or at the time of

he last follow-up was used to evaluate these effects on
ardiac death or MI and MACEs. Other variables tested in
he models were identified by baseline differences between
iabetic and nondiabetic patients or diabetic patients requir-
ng insulin treatment and other diabetic patients as well as
reviously identified and clinically logical predictors for
ach outcome. Variables that were significant at p �0.10 in
he univariate analyses were entered in the multiple variable
odel. For TLR, the tested variables included stent length,

ody mass index, stent diameter, chronic renal insuffi-
iency, and current cigarette smoking. For cardiac death or
I, the other tested variables were age, gender, left ven-

able 1
aseline patient characteristics

linical Characteristics Diabetes M

Yes
(n � 297)

N
(n �

ge 65 � 12 66 �
en 193 (65%) 395 (
istory of smoking 162 (55%) 248 (
urrent smoker 28 (9%) 79 (
ody mass index (kg/m2) 31.1 � 7.1 27.8 �
yperlipidemia 269 (91%) 434 (
ypertension 278 (94%) 414 (
enal insufficiency 60 (20%) 23 (
revious myocardial infarction 137 (46%) 159 (
eft ventricular ejection fraction (%) 49.5 � 11.9 53.4 �
cute coronary syndrome 128 (43%) 232 (

Values are means � SD or number of patients (percentages).

able 2
aseline procedure data

ariables Diabetes Mellitus

Yes
(n � 362 lesions)

No
(n � 660 le

ultilesion treatment 65 (18%) 119 (18%
revious restenosis 36 (10%) 57 (9%
tent length (mm) 22.6 � 14.3 23.0 � 1
inal diameter stenosis �30% 361 (99%) 658 (99%
inal TIMI 3 flow 361 (99%) 659 (99%
lycoprotein IIb/IIIa inhibitor 219 (74%) 416 (78%

Values are means � SD or number of patients (percentages).
TIMI � Thrombolysis In Myocardial Infarction.
ricular ejection fraction, body mass index, previous MI, B
ypercholesterolemia, hypertension, and chronic renal in-
ufficiency. Missing data for left ventricular ejection frac-
ion were imputed as the median value of nonmissing data
y diabetes group. All statistical analyses were performed
ith SAS for Windows version 6.12 (SAS Institute, Cary,
orth Carolina).

esults

Insulin Therapy

p
Value

Yes
(n � 115)

No
(n � 182)

p
Value

0.22 62 � 12 67 � 11 0.001
0.02 71 (62%) 122 (67%) 0.35
0.03 63 (55%) 99 (54%) 0.95
0.03 13 (11%) 15 (8%) 0.38
0.001 32.4 � 7.9 30.2 � 6.5 0.01
0.001 102 (89%) 167 (92%) 0.38
0.001 108 (94%) 170 (93%) 0.86
0.001 30 (26%) 30 (16%) 0.04
0.001 65 (57%) 72 (40%) 0.01
0.001 46.6 � 13.5 50.1 � 11.3 0.03
0.95 49 (43%) 79 (43%) 0.95

Insulin Therapy

p
Value

Yes
(n � 134 lesions)

No
(n � 227 lesions)

p
Value

0.98 20 (15%) 45 (20%) 0.44
0.48 9 (7%) 27 (12%) 0.11
0.62 24.1 � 18.1 21.8 � 11.4 0.14
0.17 133 (99%) 227 (100%) 0.99
0.33 133 (99%) 227 (100%) 0.99
0.14 103 (76%) 165 (73%) 0.45

able 3
econdary prevention medications at time of follow-up

edications Diabetes Mellitus p
Value

Yes
(n � 287)*

No
(n � 487)*

spirin 95% 95% 0.99
blocker 86% 88% 0.27
CE inhibitor or angiotensin
receptor blocker

54% 58% 0.34

tatin 81% 87% 0.04
lopidogrel �90 d 82% 87% 0.08
lopidogrel �9 mo 70% 70% 0.98

* Patients with concomitant medication data at 9 to 12 months of follow-up.
ACE � angiotensin-converting enzyme.
ellitus

o
541)

12
73%)
46%)
14%)

4.9
80%)
77%)
4%)
29%)

10.5
42%)
sions)

)
)
1.9

)
)
)

aseline patient characteristics are shown in Table 1. Dia-
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etic patients were more often women and had higher prev-
lence of hypercholesterolemia, hypertension, chronic renal
nsufficiency, and previous MI. Body mass index was higher
nd left ventricular ejection fraction lower in diabetic patients.
iabetic patients requiring insulin treatment were younger, had
igher body mass index, higher baseline percent hemoglobin
1C (8.1 � 1.4 vs 7.4 � 71.4, p � 0.002 ), and higher
revalence of chronic renal insufficiency and previous MI
ompared with diabetic patients not treated with insulin.

The number of narrowings treated and baseline proce-
ural characteristics were similar between diabetic and non-
iabetic patients (Table 2). These characteristics were not
ifferent between insulin-treated diabetic patients and those
ot treated with insulin.

During the follow-up period, compliance with secondary
revention pharmacologic treatments was high and similar
or diabetic and nondiabetic patients (Table 3). The excep-
ions were use of statins, which was higher among nondia-
etic patients, and use of angiotensin-converting enzyme
nhibitors or angiotensin receptor blockers, which were used
ess frequently by both groups.

Median follow-up was 419 days with 92% of patients
aving �270 days of follow-up. Diabetic patients had sig-
ificantly higher rates of cardiac death or MI and TLR,
esulting in significantly higher overall MACEs (Table 4).

As shown in Table 5, overall MACEs and each compo-
ent of MACEs were more frequent for insulin-treated di-

able 4
ine-month clinical events: diabetic versus nondiabetic patients

vents Diabetes Mellitus p
Value

Yes
(n � 297)

No
(n � 541)

ACEs 33 (11.8%) 28 (5.6%) 0.002
Cardiac death 5 (1.8%) 6 (1.2%) 0.80
MI 17 (6.0%) 11 (2.2%) �0.001
Cardiac death or MI 20 (7.1%) 16 (3.1%) 0.01
TLR 26 (9.5%) 17 (3.5%) 0.003
Stent thrombosis 6 (2.0%) 3 (0.6%) 0.049

All event rates determined by Kaplan-Meier method and compared using
og-rank.

Values are number of patients (percentages).

able 5
ine-month clinical events: insulin-treated diabetic patients versus others

vents Insulin Therapy p
Value

Yes
(n � 115)

No
(n � 182)

ACEs 19 (17.5%) 14 (8.2%) 0.001
Cardiac death 4 (3.7%) 1 (0.6%) 0.006
MI 9 (8.2%) 8 (4.6%) 0.06
Cardiac death or MI 11 (10.1%) 9 (5.2%) 0.01
TLR 14 (13.3%) 12 (7.1%) 0.04
Stent thrombosis 3 (2.6%) 3 (1.7%) 0.57

All event rates determined by Kaplan-Meier method and compared using
og rank.

Values are number of patients (percentages).
betic patients. Results of multiple logistic and Cox propor- c
ional hazard regression analyses are shown in Table 6.
nsulin-treated diabetes mellitus was independently associ-
ted with TLR and cardiac death or MI as well as the
ombined end point of MACEs. Diabetes mellitus without
nsulin treatment did not have a significant association with
ny of the end points. Although there was a 30% higher
djusted risk for TLR among diabetic patients not treated
ith insulin relative to nondiabetic patients, this difference
as not statistically significant and much less than the risk
bserved for insulin-treated patients. In an analysis re-
tricted to diabetic patients, there remained an independent
ssociation of insulin treatment with TLR (odds ratio [OR]
.24, 95% confidence interval [CI] 1.18 to 4.29, p � 0.014),
ardiac death or MI (OR 2.68, 95% CI 1.20 to 5.99, p �
.017), and MACEs (OR 2.72, 95% CI 1.45 to 5.49, p �
.002). Baseline hemoglobin A1C data were available for
55 patients (52%) and in separate models was not associ-
ted with any of the outcomes.

iscussion

n this study of unselected patients who underwent siroli-
us-eluting stent implantation, diabetic patients had signif-

cantly higher rates of cardiac death or MI and TLR com-
ared with nondiabetic subjects during the first 9 to 12
onths. The higher risk for diabetic patients compared with

ondiabetic patients is expected and similar to overall re-
ults of previous studies after balloon angioplasty and bare-
etal stenting.3–9 These previous studies, however, did not

valuate differences in outcomes within the diabetic sub-
roup based on insulin treatment.

In our study, the adverse outcomes of TLR as well as

able 6
esults of logistic and proportional hazards multiple variable regression

ariables Risk Ratio*
(95% confidence interval)

p
Value

LR
Diabetes requiring insulin 2.48 (1.22–5.00) 0.01
Diabetes not requiring insulin 1.32 (0.66–2.62) 0.42
Stent length (per 5 mm) 1.19 (1.09–1.30) �0.001
Body mass index 1.04 (1.00–1.08) 0.06
Hypertension 3.29 (1.00–10.84) 0.06
ardiac death or MI
Diabetes requiring insulin 2.85 (1.41–5.77) 0.003
Diabetes not requiring insulin 1.04 (0.50–2.17) 0.96
Left ventricular ejection

fraction (per 10%)
0.73 (0.57–0.94) 0.01

Age (per decade) 1.32 (1.03–1.70) 0.03
Chronic renal insufficiency 1.95 (1.01–3.80) 0.048
Hyperlipidemia 2.92 (0.90–9.41) 0.07
ACEs

Diabetes requiring insulin 2.34 (1.33–4.10) 0.002
Diabetes not requiring insulin 0.99 (0.55–1.79) 0.96
Stent length (per 5 mm) 1.12 (1.03–1.21) 0.02
Left ventricular ejection

fraction (per 10%)
0.82 (0.67–0.99) 0.048

Current smoking 0.42 (0.15–1.15) 0.09
Hyperlipidemia 2.18 (0.87–5.48) 0.10

* For target lesion revascularization � odds ratio; for cardiac death or
yocardial infarction and major adverse cardiac events � hazard ratio.
ardiac death or MI were significantly associated with in-
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ulin treatment, whereas diabetic patients not treated with
nsulin had TLR and cardiac death or MI outcomes that
ere not significantly different from nondiabetic patients.
here are several potential explanations for observing a
ignificant association between insulin therapy and adverse
utcome. Because insulin is prescribed in type 2 diabetes
ellitus when other measures of glycemic control have failed

nd usually late in the progression of disease due to an insulin
ecretory deficiency,10,11 such therapy may be a marker of
ore severe and longer term hyperglycemia. We did observe

igher baseline hemoglobin A1C among insulin-treated pa-
ients and the absence of an independent association of hemo-
lobin A1C and adverse outcomes among patients for whom
hese data were available does not exclude this possibility as a
ajor factor.
Nevertheless, there are several examples in animal and

uman studies where a direct effect of exogenous insulin on
ncreased cardiovascular events has been postulated. Exog-
nous insulin administration results in increased neointimal
roliferation after carotid artery balloon angioplasty in a rat
odel12 and increased gene expression of interleukin-6 and

umor necrosis factor-� in adipose tissue of healthy volun-
eers.13 More recently, insulin treatment in type 2 diabetes

ellitus has been associated with increased platelet aggre-
ation,14 a finding of particular concern given current con-
roversies about ongoing risk for stent thrombosis after
rug-eluting stenting.

The relative merits of insulin therapy for improved gly-
emic control and theoretical harmful effects on vascular
ndothelium continue to be debated and available studies do
ot allow for firm conclusions.15,16 Regardless of these
rguments, however, our study highlights the concern with
nalyses that include diabetes mellitus as a single variable.
espite numerous confounding variables, the requirement

or insulin therapy clearly distinguishes patients who have
ignificantly worse outcomes.

Outcomes stratified by insulin therapy have also been
eported from several other studies. In the randomized
IRIUS trial, insulin-requiring patients had higher observed
ates of TLR and MACEs than noninsulin requiring diabetic
atients.1 In the Taxus-IV trial of a paclitaxel-eluting stent,
igher rates of overall MACEs, but not TLR, were observed
or insulin-treated compared with non–insulin-treated dia-
etic patients.2 Inference from the randomized trials is lim-
ted, however, by very small numbers of insulin-requiring
atients and post-hoc analyses.

Several registry studies have reported conflicting results.
ng et al17 reported results in 293 diabetic patients from the
onconcurrent Rapamycin-Eluting Stent Evaluated At Rot-
erdam Cardiology Hospital (RESEARCH) and Taxus-Stent
valuated At Rotterdam Cardiology Hospital [T-SEARCH]

egistries who received either sirolimus- or paclitaxel-elut-
ng stents. Insulin-treated patients had a higher crude rate of
ajor adverse cardiac events at 1 year compared with other

iabetic patients (27.4% vs 14.6%, p � 0.008), but the
ifference was not significant after multivariable adjust-
ent. More recently, Berenguer et al18 reported higher re-

tenosis rates for insulin-treated diabetic patients after
irolimus-eluting stenting as well as a nonstatistically sig-
ificant difference for the clinical outcome of target vessel

ailure (death, MI, or target vessel revascularization, 17.4%
s 7.7%, p � 0.07). These investigators, however, also
oted that insulin treatment was not a significant indepen-
ent predictor of clinical outcome. Of note, these registry
tudies also had limited power to detect statistical signifi-
ance with only 72 and 46 insulin-treated patients, respec-
ively. In the largest reported study to date, the postmarketing
oluntary e-Cypher Registry of �15,000 patients, both insu-
in-dependent (OR 2.25, 95% CI 1.60 to 3.13) and non–
nsulin-dependent diabetes (OR 1.43, 95% CI 1.06 to 1.90)
ere predictors of MACEs, whereas insulin-dependent di-

betes was also a predictor of stent thrombosis (OR 2.76,
5% CI 1.71 to 4.29).19

The present study has several limitations. Angiographic
ollow-up was not obtained routinely and we cannot com-
ent on an association between occlusive restenosis and

ncreased risk for MI or cardiac death. We cannot exclude a
ype II error as the cause for failure to demonstrate a
ignificant difference for diabetic patients not treated with
nsulin relative to nondiabetic patients. The definition for
tent thrombosis required angiographic documentation and
etails of late deaths and MI were inadequate to exclude
tent thrombosis as a contributor to these late outcomes. We
lso do not have baseline insulin levels, and, although al-
ost all patients were diagnosed with type 2 diabetes mel-

itus, we cannot exclude an effect related to type 1 diabetes
ellitus. Finally, these results are limited to the sirolimus-

luting stent, as we did not include paclitaxel-eluting stents
n this cohort.
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