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Background: Diabetics who undergo percutaneous coronary intervention (PCI) are at
increased risk for death, myocardial infarction, repeat revascularization, and stent
thrombosis. Methods: Our retrospective study includes 887 consecutive patients who
underwent PCI with drug-eluting stents (DES) at UCLA Medical Center. The cohort was
divided into four groups: group 1, no diabetes and no acute coronary syndrome (ACS);
group 2, no diabetes and ACS; group 3, diabetes and no ACS; group 4, diabetes and
ACS. Results: Survival at 1 year was the lowest in diabetics who presented with ACS
(90% in diabetics with ACS, 95% in diabetics without ACS, 95% in non-diabetics with
ACS, and 96% in the non-diabetics without ACS, P 5 0.03). At 1 year, age, diabetes,
chronic renal insufficiency, ejection fraction, and myocardial infarction were identified
as independent predictors for mortality. Conclusion: In the DES era, diabetics who
undergo PCI for ACS continue to have an excess risk of death and major adverse
cardiac events at 1 year. ' 2008 Wiley-Liss, Inc.

Key words: drug-eluting stents; diabetes; acute coronary syndrome

INTRODUCTION

Diabetes has reached epidemic proportions in the
United States, with a prevalence of 20.8 million peo-
ple, representing 7% of the population [1]. Despite
improvements in the treatment of atherosclerosis and
the subsequent reduction of mortality, diabetics who
undergo percutaneous coronary intervention (PCI) are
at increased risk for death, myocardial infarction,
repeat revascularization, and stent thrombosis [2–6].
Acute coronary syndrome (ACS) represents a spec-

trum of presentations including unstable angina, non-
ST-elevation myocardial infarction, and ST-elevation
myocardial infarction. In the United States, there are
� 2.3 million patients who develop ACS every year
[7]. Diabetics are at increased risk for coronary artery
disease and ACS when compared with non-diabetic
patients [8]. Diabetes is also an independent predictor
of increased mortality in non-ST-elevation ACS [9].
Among patients with a previous myocardial infarction,
diabetics have almost a threefold greater long-term
mortality compared with non-diabetics in the same
group [10].
Drug-eluting stents (DES) have been shown to

decrease in-stent restenosis when compared with bare-
metal stents [11–13]. Similarly, in diabetic patients,

DES decreased target vessel revascularization when
compared with bare-metal stents, although diabetes
was identified as an independent predictor of target
lesion revascularization [14–17]. However, the
randomized trials excluded patients with myocardial
infarction. PCI with sirolimus-eluting stents in dia-
betic patients was associated with a higher 1-month
mortality compared with non-diabetic patients [18].
We report our clinical outcomes of diabetic and non-
diabetic patients with and without ACS who under-
went PCI with DES.
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METHODS

Patient data was collected retrospectively on a

dedicated PCI database from medical records or tele-

phone interview with the patient’s physician. Repeat

angiography was performed if clinically indicated

due to recurrent ischemia or surveillance angiography

after unprotected left main coronary artery stenting

or in orthotopic heart transplant patients. The Social

Security Death Index, which lists more than 90%

of people who die, was used to determine patient

survival if hospital source documentation was not

available.
The primary endpoint was survival at 1 year. The

secondary endpoint was freedom from major adverse

cardiac events. Death was defined as all causes of mor-

tality. A myocardial infarction was defined as ischemic

symptoms associated with cardiac enzyme elevation

�three times the upper limit of the normal value. Tar-

get vessel revascularization was defined as a repeat re-

vascularization to treat a vessel. Major adverse cardiac

events were defined as a composite of death, myocar-

dial infarction, and target vessel revascularization.

ACS encompasses a spectrum of coronary artery dis-

eases, including unstable angina, ST-elevation myocar-

dial infarction, and non-ST-elevation myocardial in-

farction. Patients were diagnosed with unstable angina

if they had symptoms of angina at rest, new onset (<2

months) of exertional angina, or acceleration of pre-

ceding angina.

Statistics

Continuous variables are presented as mean 6 SD
and were compared by the ANOVA or Kruskal-Wallis
test. The v2 test or Fisher exact test was used to deter-
mine the significance of differences in categorical vari-
ables, as appropriate. Survival, target vessel revascular-
ization, and major adverse cardiac event curves were
generated by the Kaplan–Meier method, and the differ-
ences were assessed by the log-rank test. A multivari-
able Cox proportional hazard model was created with
the use of baseline clinical and angiographic character-
istics and procedure-related variables to identify inde-
pendent predictors of survival. Variables entered into
the multivariable models were age, gender, diabetes,
hypertension, hypercholesterolemia, prior bypass sur-
gery, prior PCI, smoker, chronic renal insufficiency
(creatinine >1.5 mg/dL), hematocrit, presentation with
myocardial infarction, peripheral arterial disease, prior
mitral or aortic valve surgery, restenotic lesions, total
stent length, number of diseased vessels, and use of
glycoprotein IIb/IIIa inhibitors. A P value <0.05 was
considered to indicate statistical significance. Statistical
analyses were performed using SPSS, version 10.0
(SPSS, Chicago IL).

RESULTS

Baseline Demographic, Angiographic, and
Procedural Characteristics

Of the total 887 patients, ACS was present in 585
patients (66%), and diabetes was present in 244

TABLE I. Baseline Demographic Data

No diabetes Diabetes

P value

No ACS

(n 5 217)

ACS

(n 5 426)

No ACS

(n 5 85)

ACS

(n 5 159)

Age (yrs)a 69 6 12 66 6 13 67 6 11 68 6 12 0.16

Male (%) 75 75 75 66 0.19

Hypertension (%) 69 65 87 86 <0.0001

Hypercholesterolemia (%) 76 71 90 81 0.0003

Current smoker (%) 3 15 10 9 <0.0001

Chronic renal insufficiency (Cr >1.5 mg/dL) (%) 10 10 25 30 <0.0001

Hemodialysis dependent (%) 1 1 4 9 <0.0001

Type of ACS 0.06

Unstable angina (%) NA 48 NA 57

Myocardial infarction (%) NA 52 NA 43

ST-elevation (%) NA 45 NA 40

Non-ST-elevation (%) NA 55 NA 60

Prior stroke (%) 8 7 10 8 0.70

Prior PAD (%) 16 10 24 23 <0.0001

Prior PCI (%) 29 25 37 30 <0.0001

Prior CABG (%) 23 14 32 26 <0.0001

Prior valve surgery (%) 1 2 5 2 0.19

Mean ejection fraction* 53 6 11 50 6 13 49 6 11 49 6 13 0.009

ACS, acute coronary syndrome; CABG, coronary artery bypass grafting; NA, not applicable; PAD, peripheral arterial disease; PCI, percutaneous coro-

nary intervention.
aData are presented as mean 6 SD.
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patients (28%). Baseline demographic data are pre-
sented in Table I, and baseline angiographic and proce-
dural data are presented in Table II. There were signif-
icant differences between the four groups in baseline
characteristics including hypertension, hypercholestero-
lemia, current smoking, chronic renal insufficiency,
need for hemodialysis, peripheral arterial disease, prior
percutaneous and surgical revascularization, mean ejec-
tion fraction, and mean number of diseased vessels.

One-Year Survival and Freedom From Major
Adverse Cardiac Events

Survival at 1 year was the lowest in diabetics who
presented with ACS (90% in the diabetics with ACS,
95% in diabetics without ACS, 95% in non-diabetics
with ACS, and 96% in the non-diabetics without ACS,
P 5 0.03) (Fig. 1). Freedom from major adverse
cardiac events was also the lowest in diabetics who
presented with ACS (81% in the diabetics with ACS,
85% in diabetics without ACS, 89% in non-diabetics
with ACS, and 92% in the non-diabetics without ACS,
P 5 0.001) (Fig. 2).

Multivariable analyses were performed to identify
predictors of mortality and major adverse cardiac
events at 1 year using the Cox proportional hazards
model. Age, diabetes, chronic renal insufficiency, ejec-
tion fraction, and myocardial infarction were identified
as independent predictors for 1-year survival (Table
III). Age, chronic renal insufficiency, peripheral arterial
disease, history of previous PCI, diabetes, and myocar-
dial infarction were identified as independent predictors
of 1-year major adverse cardiac events.

DISCUSSION

The main finding was that in a real-world experi-
ence with PCI with DES which included complex
lesions and patients across the full spectrum of ACS,
diabetics who presented with ACS had the highest 1-
year mortality and major adverse cardiac event rate.
Diabetes and myocardial infarction were also identified
as independent predictors of mortality and major
adverse cardiac events.
In the pre-DES era, diabetics had significantly lower

rates of 1-year event-free survival compared with non-

TABLE II. Baseline Angiographic and Procedural Data

No diabetes Diabetes

P value

No ACS

(n 5 217)

ACS

(n 5 426)

No ACS

(n 5 85)

ACS

(n 5 159)

Number of diseased vesselsa 1.2 6 0.6 1.2 6 0.4 1.4 6 0.6 1.3 6 0.5 0.002

Number of stentsa 1.8 6 1.1 1.6 6 0.9 1.7 6 0.8 1.9 6 1.2 0.33

Total stent length (mm) 35 6 24 33 6 20 33 6 17 38 6 24 0.28

Restenotic lesion (%) 7 7 6 13 0.14

Intravascular ultrasound (%) 9 7 14 8 0.14

Intraaortic balloon pump (%) 2 8 5 8 0.02

GP IIb/IIIa inhibitors (%) 42 50 37 41 0.05

aData are presented as mean 6 SD.

Fig. 1. Survival at one year.

Fig. 2. Freedom from major adverse cardiac events at one
year.
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diabetics (73.1% vs. 78.5%, P <0.001), lower rates of
survival free of myocardial infarction (89.9% vs.
94.4%, P < 0.001), higher rates of restenosis (37.5%
vs. 28.3%, P < 0.001), and higher rates of stent occlu-
sion (5.3% vs. 3.4%, P 5 0.037) [2]. Our study dem-
onstrated a decrease in 1-year survival in ACS patients
with diabetes compared with non-ACS patients without
diabetes. This is similar to the results of a substudy
analysis of the SYMPHONY and 2nd SYMPHONY
trials [19] which reported nearly a twofold increase in
1-year mortality in diabetics with ACS (6.0% vs.
3.4%, P < 0.001), as well as the substudy analysis of
the PAMI trials [20], which also reported a twofold
increase in 6-month mortality in diabetics who under-
went primary PCI for acute myocardial infarction
(8.1% vs. 4.2%, P < 0.001). A pooled analysis of
patients with ACS in 11 Thrombolysis in Myocardial
Infarction (TIMI) Study Group clinical trials reported a
significant association between diabetes and mortality
[21]. Although randomized studies with sirolimus- and
paclitaxel-eluting stents included single de novo lesions
in native coronary arteries, our study included patients
with long-complex lesions (mean total stent length
ranged from 33 to 38 mm) as well as patients with
myocardial infarction [11–13]. Our data provides
insight into the outcomes of current treatment strat-
egies for all-comers treated with DES rather than
highly selected populations that are enrolled in clinical
trials and which may not be representative of patients
encountered in everyday clinical practice.
PCI in diabetics may be associated with poorer out-

comes because of a greater prevalence of multivessel
disease and atherosclerotic plaque burden, prothrom-
botic state, decreased antithrombotic factors, and an
exaggerated process of neointimal proliferation [22–
24]. In addition, influences from endothelial dysfunc-

tion, negative vascular remodeling, increased protein
glycosylation, and increased vascular matrix deposition
contribute to diabetes-associated coronary artery dis-
ease and poor outcomes following revascularization
procedures [25,26]. The highest mortality was observed
in diabetics with ACS which may be explained by im-
portant differences in several baseline characteristics.
Diabetics with ACS were more likely to have chronic
renal insufficiency, increased atherosclerotic burden
(i.e., higher prevalence of peripheral arterial disease,
previous percutaneous and surgical revascularization,
and greater number of diseased vessels) and worse left
ventricular function, all of which increase the risk of
death after PCI. In addition, diabetes and presentation
with myocardial infarction were also identified as inde-
pendent predictors of survival.
Diabetics appear to be a group of patients who are

likely to derive a survival benefit with glycoprotein
IIb/IIIa inhibitors. Diabetics have larger platelets,
express increased numbers of glycoprotein IIb/IIIa
receptors, and have increased platelet binding to fibri-
nogen as well as increased platelet activation and
aggregation [27–29]. In a pooled analysis of 6,458 dia-
betics who presented with non-ST-elevation ACS from
six large clinical trials, treatment with glycoprotein
IIb/IIIa inhibitors reduced 30-day mortality by 26%
(4.6% vs. 6.2%, P 5 0.007) [29]. Diabetics who
underwent PCI with glycoprotein IIb/IIIa inhibition
derived a marked reduction in 30-day mortality of
70% (1.2% vs. 4.0%, P 5 0.002) [30]. Despite the
extensive data supporting the clinical benefit of GP
IIb/IIIa inhibition, the GRACE registry reported that
glycoprotein IIb/IIIa inhibitors were used in only 21%
of patients with non-ST-elevation ACS, and among
those patients who underwent PCI, only 53% received
glycoprotein IIb/IIIa inhibitors [31]. Diabetics who
underwent primary PCI had increased 1-year mortality
[32]. In our study, glycoprotein IIb/IIIa inhibitors were
used in less than half of our patients with ACS, thus
highlighting the underutilization of a therapy that
reduces mortality. Although glycoprotein IIb/IIIa inhib-
itors have not been extensively studied in the DES era
in randomized clinical trials, increased utilization,
especially in diabetics with ACS, may provide better
outcomes.
Two randomized clinical trials will help elucidate

the optimal treatment strategies in diabetics. The
Bypass Angioplasty Revascularization Investigation 2
Diabetes (BARI 2D) will not only compare insulin
replacement with insulin-sensitizing agents but also
evaluate medical therapy versus revascularization in
diabetics with multivessel disease [33]. The FREE-
DOM trial will compare PCI with DES and bypass
surgery in diabetics [34].

TABLE III. Predictors of 1-Year Mortality and Freedom From
Major Adverse Cardiac Events

Hazard ratio (95% CI) P value

One-year mortality

Variable

Age 1.10 (1.06–1.14) <0.0001

Diabetes 2.10 (1.06–4.16) 0.03

Chronic renal insufficiency 2.71 (1.40–5.24) 0.003

Ejection fraction 0.97 (0.95–1.00) 0.004

Presentation with myocardial

infarction

3.41 (1.37–8.45) 0.008

One-year risk of major adverse cardiac events

Variable

Age 1.02 (1.01–1.04) 0.009

Chronic renal insufficiency 2.07 (1.33–3.21) 0.001

Peripheral arterial disease 1.71 (1.10–2.68) 0.02

Diabetes 1.55 (1.03–2.30) 0.03

Myocardial infarction 2.33 (0.92–1.44) 0.0006

CI, confidence interval.
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Limitations

Our study was a single center, retrospective, non-
randomized registry with relatively small numbers.
Follow-up angiography was not available on all
patients. Although all efforts were attempted to obtain
complete follow-up including contacting referring
physicians and institutions, because of the retrospective
nature of the study, all clinical events may not have
been captured. The Social Security Death Index does
not state the cause of death, and therefore, we were
unable to determine whether patients died from cardio-
vascular or non-cardiovascular causes. Some patients
with unknown diabetes may have been misassigned to
the non-diabetic group. Glycated hemoglobin was not
available in all patients, and therefore, the level of glyce-
mic control of diabetes was not available for all patients.

CONCLUSION

Despite recent advances in technology and pharma-
cology, diabetics who undergo PCI for ACS continue
to have an excess risk of death and major adverse car-
diac events at 1 year, despite the utilization of DES.
Diabetes was also an independent predictor of mortal-
ity. Newer and more effective therapeutics are needed
to attenuate the negative impact of diabetes on cardio-
vascular disease. The results of randomized clinical tri-
als with long-term follow-up are needed to clarify the
optimal treatment strategies for these high-risk patients.

REFERENCES

1. Diabetes Statistics. National Institute of Diabetes and Digestive

and Kidney Diseases. National Diabetes Information Clearing

House. Available at http://diabetes.niddk.nih.gov/dm/pubs/statis-

tics/index.htm#7. Accessed March 8, 2008.

2. Elezi S, Kastrati A, Pache J et al. Diabetes mellitus and the clin-

ical and angiographic outcome after coronary stent placement.

J Am Coll Cardiol 1998;32:1866–1873.

3. Safley DM, Marso SP. Diabetes and percutaneous coronary

intervention in the setting of an acute coronary syndrome. Dia-

betes Vasc Dis Res 20052;128–135.

4. Kip KE, Faxon DP, Detrel KM, et al. Coronary angioplasty in

diabetic patients. The National Heart, Lung, and Blood Institute

Percutaneous Transluminal Coronary Angioplasty Registry. Cir-

culation 1996;94:1818–1825.

5. Marso SP, Giorgi LV, Johnson WL, et al. Diabetes mellitus is

associated with a shift in the temporal risk profile of inhospital

death after percutaneous coronary intervention: An analysis of

25,223 patients over 20 years. Am Heart J 2003;145:270–277.

6. Stein B, Weintraub WS, Gebhart SP, et al. Influence of diabetes

mellitus on early and late outcome after percutaneous transluminal

coronary angioplasty. Circulation 1995;91:979–989.

7. National Center for Health Statistics. 1999 National Hospital

Discharge Survey: Annual Summary with Detailed Diagnosis

and Procedure Data. Hyattsville, Maryland: US Dept of Health

and Human Services; 2001: Series 13, No. 151.

8. Goraya TY, Leibson CL, Palumbo PJ, et al. Coronary athero-

sclerosis in diabetes mellitus: A population-based autopsy study.

J Am Coll Cardiol 2002;40:946–953.

9. Malmberg K, Yusuf S, Gerstein HC, et al. Impact of diabetes on

long-term prognosis in patients with unstable angina and non-Q-

wave myocardial infarction: Results of the OASIS (Organization

to Assess Strategies for Ischemic Syndromes) Registry. Circula-

tion 2000;102:1014–1019.

10. Haffner SM, Lehto S, Ronnemaa T, Pyorala K, Laakso M. Mor-

tality from coronary heart disease in subjects with type 2 diabe-

tes and in nondiabetic subjects and without prior myocardial

infarction. N Engl J Med 1998;339:229–234.

11. Morice MC, Serruys PW, Sousa JE, et al. A randomized com-

parison of a sirolimus-eluting stent with a standard stent for cor-

onary revascularization. N Engl J Med 2002; 346:1773–1780.

12. Moses JW, Leon MB, Popma JJ, et al. Sirolimus-eluting stents

versus standard stents in patients with stenosis in a native coro-

nary artery. N Engl J Med 2003;349:1315–1323.

13. Stone GW, Ellis SG, Cox DA, et al. A polymer-based, pacli-

taxel-eluting stent in patients with coronary artery disease. N

Engl J Med 2004;350:221–231.
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