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Background/purpose:Diabetes portends an increased risk of adverse early and late outcomes in patients undergo-
ing PCI. In this study, we aimed to investigate if the adverse effect of diabetesmellitus (DM) on early and late PCI
outcomes is reduced with drug-eluting (DES) compared to bare-metal (BMS) stents.
Methods/materials: We reviewed the Mount Sinai Beth Israel Hospital first PCI experience for multivessel coro-
nary artery disease (CAD, 1998–2009). Patients were excluded if they had single-vessel CAD, emergency, no
stent, prior bypass graft or myocardial infarction b24 h. Diabetes-effect was derived from 9-year all-cause mor-
tality and re-intervention risk-adjusted hazard ratios [AHR (95% confidence intervals)] for DES (N = 2679;
48% three-vessel; 39% DM) and BMS (N = 2651; 40% three-vessel; 33% DM) and then stratified based on stent
(DES/BMS) and vessel disease (two/three).

Results: Diabetes-effect on mortality was lower for DES (AHRDM/NoDM = 1.41 [1.14–1.74]) versus BMS
(AHRDM/NoDM = 1.71 [1.50–2.01]), but this was predominantly driven by two-vessel patients. This diabetes
effect was similar for first (DES1: AHRDM/NoDM = 1.43 [1.14–1.79]) and second (DES2: AHRDM/NoDM = 1.53 [0.77–
3.07]) generation DES. Re-intervention comparisons were similarly increased by diabetes in all sub-cohorts.
Conclusions:Our analysis of a large real-world PCI series indicates that diabetes is associatedwithworse 9-yearmor-
tality irrespective of stent type, albeit this is mitigated to varying degrees with DES, particularly in DES2 and in case
of 2-vessel disease. A complementary stent-effect analysis confirmed DES-to-BMS and DES2-to-DES1 superiority in
both diabetics and non-diabetics.

© 2017 Elsevier Inc. All rights reserved.
1. Introduction

Diabetes mellitus (DM) is a major and rapidly increasing risk factor
of cardiovascular disease, that affects one of every three patients under-
going coronary revascularization [1]. Diabetics are generally character-
ized by increased atherosclerotic burden and, consequently, a greater
likelihood of multivessel coronary artery disease (CAD) [2,3]. These fea-
tures of CAD in diabetes also portend an increased risk of adverse early
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and late outcomes following coronary revascularization whether
achieved by bypass graft surgery [4,5] or percutaneous coronary inter-
vention (PCI) [6,7].

Anti-proliferative and anti-inflammatory properties of drug eluting
intracoronary stents (DES) have effectively led to them replacing bare-
metal stent (BMS) as the PCI standard-of-care. Yet, the extent to
which DES is effective in reducing the intermediate to late term adverse
effects of diabetes on PCI outcomes is incompletely elucidated. Accord-
ingly, this study aimed to assess the hypothesis that DES use attenuates
the diabetes adverse effects on long term PCI outcomes in patients with
multivessel CAD. Here, we reasoned that the DES-derived benefit will
manifest in two complementary and related ways: (1) relatively lower
late adverse outcomes' diabetes-related hazard ratios (Diabetes Effect)
in DES compared to BMS treated patients, and (2) improved late out-
comes in diabetic patients treated with DES versus BMS (Stent Effect).
Toward this, we analyzed early-to-late mortality and re-intervention
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Fig. 1. Flowchart depicting implemented study design and patient stratification.
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rates from a large ‘real-world’ PCI experience in patients with
multivessel CAD.

2. Methods

This investigation is a retrospective analysis from the Mount Sinai
Beth Israel Medical Center (NY, USA) percutaneous coronary interven-
tion database. The database is collected and reported in accordance
with the New York State Department of Health, Division of Quality
and Patient Safety Cardiac Services Program. The institutional review
board approved the use of these data. The need of an informed consent
was waived since no additional review of the hospital records or
interviewing of patients was done.

We reviewed the PCI experience between January 1998 and Decem-
ber 2009 (Fig. 1). Consecutive adult patientswithmultivessel disease un-
dergoing their first, non-emergency PCI were included if they received at
least one intracoronary stent. BMS use decreased from 100% of patients
in 1998 to 11% in 2009. Alternatively, DES use increased from 59% in
2003 up to 89% in 2009. Multivessel disease was defined as presence of
significant stenosis (N50%) in vessels belonging to two or all three of
the left anterior descending (LAD), circumflex (LCX) and right coronary
artery (RCA) beds. Patients were excluded if they had single vessel dis-
ease, underwent emergency PCI, had prior coronary revascularization
(PCI or coronary artery bypass grafting, CABG), or had a myocardial in-
farction within 24 h prior to PCI. A total of 5330 out of 17,973 overall
PCI encounters (31%) were retained for analysis. A small number of pa-
tients who received both BMS and DES were considered as DES subjects
(n= 102). Both first (DES1: 2064 (76%) overall; 1386 (51%) paclitaxel/
678 (25%) sirolimus) and second (DES2: 615 (24%) overall; 444 (17%)
zotarolimus/171 (7%) everolimus) generation DES were used.

Outcomes of interest included 0–9 year survival after PCI and up to
9-year coronary re-intervention rates (PCI or CABG). Pre-planned addi-
tional PCIs were considered to be staged interventions and hence were
not reflected as re-intervention outcome events. All-cause mortality
was obtained from the hospital records and recurrent searches of the
Social Security Death Index (last search in 2013). Information about
re-intervention was obtained from the institutional cardiology-PCI and
cardiac surgery databases (December 31, 2010 only).

Categorical factors were summarized as counts and percentages,
whereas continuous variables were reported as mean± standard devi-
ation. Univariate comparisons were donewith chi-square (χ2) for cate-
gorical factors, and unpaired t-test or Mann–Whitney U test for
continuous variables as appropriate based on normality of data. Time-
to-event analyses truncated at a maximum of 9 years were calculated
using the Kaplan–Meier product limit method to estimate unadjusted
survival (or re-intervention) with between-groups comparisons (log-
rank test). Analyseswere performed to derive within stent type (Diabe-
tes Effect) and within diabetes status (Stent Effect) outcome compari-
sons based on the multiple stratification of the study population
paradigms shown in Fig. 1. The stent or diabetes based strata were
further partitioned into 2-vessel and 3-vessel subgroups. The studied ef-
fect was derived for each sub-stratum as the risk-adjusted diabetes
(AHRDM/NoDM [95% CI]) or the risk-adjusted stent (AHRDES/BMS [95% CI])
hazard ratio with the corresponding 95% confidence interval. AHRs



Table 1
Comparison of demographics and risk factors in diabetic (DM) versus non-diabetic (NoDM) sub-cohorts of BMS and DES treated patientsa

BMS (N = 2651) DES (N = 2679)

NoDM (1766) DM (885) NoDM (1629) DM (1050)

Continuous variables Mean ± SD Mean ± SD Mean ± SD Mean ± SD

BMI (kg/m2) 28.0 ± 5.2 30.2 ± 6.1⁎ 28.1 ± 5.3 30.0 ± 6.1⁎

BSA (m2) 1.89 ± 0.23 1.93 ± 0.25⁎ 1.89 ± 0.25 1.92 ± 0.24⁎

Ejection fraction (%) 50.5 ± 11.1 50.3 ± 11.5 53.4 ± 10.2 53.6 ± 10.9
Creatinine (mg/dL) 1.4 ± 1.2 1.3 ± 1.0⁎ 1.0 ± 0.7 1.0 ± 0.7

Categorical variables n (%) n (%) n (%) n (%)

Male 1210 (69) 485 (55)⁎ 1111 (68) 592 (56)⁎

Hispanic 233 (13) 228 (26)⁎ 271 (17) 286 (27)⁎

Race
White 1311 (74) 540 (61)⁎ 946 (58) 519 (50)⁎

Black 254 (14) 213 (24)⁎ 289 (18) 266 (25)⁎

Other 201 (11) 132 (15)⁎ 394 (24) 265 (25)⁎

COPD 109 (6.2) 76 (8.6)⁎ 55 (3.4) 41 (3.9)
Cerebrovascular disease 22 (1.2) 7 (0.8) 44 (2.7) 66 (6.3)⁎

Previous MI (N24 h) 725 (41) 308 (35)⁎ 379 (23) 211 (20)
CHF (within 2 weeks) 84 (4.8) 70 (7.9)⁎ 54 (3.3) 56 (5.3)⁎

CHF (N2 weeks) 72 (4.1) 63 (7.1)⁎ 37 (2.3) 41 (3.9)⁎

Priority
Elective 856 (49) 401 (45) 924 (57) 630 (60)
Urgent 910 (52) 484 (55) 705 (43) 420 (40)
Creatinine (N2.5 mg/dL) 67 (3.8) 25 (2.8) 22 (1.4) 15 (1.4)

Renal dialysis 60 (3.4) 19 (2.1) 19 (1.2) 12 (1.1)
CCS class

0 4 (0.2) 9 (1.0)⁎ 18 (1.1) 16 (1.5)
1 43 (2.4) 11 (1.2)⁎ 10 (0.6) 8 (0.8)
2 367 (21) 169 (19) 477 (29) 303 (30)
3/4 1352 (77) 696 (79) 1124 (69) 723 (69)

SD: standard deviation, BMI: body mass index, BSA: body surface area, COPD: chronic obstructive pulmonary disease, MI: myocardial infarction, CHF: congestive heart failure, CCS:
Canadian cardiovascular society.

a Patients: BMS (1998–2009) and DES (2003–2009).
⁎ Indicates statistically significant p-value (p b 0.05).
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were derived for both mortality and re-intervention outcomes at 1, 5
and 9 (or maximum) year follow-up for all multivessel patients and
then repeated for two and three vessel patients separately. The DES1
versus DES2 mortality and re-intervention analyses were truncated at
4 and 3 years, respectively, based on available follow-up. In all in-
stances, Cox regression analysis was used with comprehensive covari-
ate adjustment for the following clinical and angiographic factors: age,
gender, ejection fraction, procedure priority (elective or urgent), body
surface area, bodymass index category, previousMI, stroke, cerebrovas-
cular accident, peripheral vascular disease, current or past congestive
heart failure, chronic obstructive pulmonary disease, creatinine level,
renal dialysis, left main trunk disease, and proximal left anterior de-
scending artery disease. Diabetes, stent-type, and number of diseased
vessels were additionally used as necessary in non-stratified analyses.
The effect of DM versus NoDM was then estimated using propensity
score regression adjustment, where amultivariatemodelwith themen-
tioned clinical and angiographic covariates generated the propensity
score estimate. The estimate was then included as a separate covariate
in the above Cox regression model. Given the 1998–2009 study period,
we also adjusted for stent-type era [1998–2002 (BMS only) versus
2003–09 (BMS/DES)] and for DES generation (first versus second). A
two-sided p-value of 0.05 was adopted to indicate significance in all
cases. Analyses were done using SPSS version 21.0 software (IBM,
Armonk, NY, USA).

3. Results

The overall study population consisted of 5330 unique multivessel
CAD patients [3398 men (64%); 66.3 ± 11.7 years; 1935 diabetic (DM:
36%); 2346 three-vessel disease (44%)] undergoing a first PCI. Patients
were about equally divided to groups of 2651 BMSPCI (50%) and 2679
DESPCI (50%). The frequency of 3-vessel disease patients increased
systematically over the 12-year study period from 29% in 1998 up to
54% in 2008–9 indicative of changing PCI practices in the United
States. A similar increasing trend was observed in the proportion of
DM to NoDM, where diabetic patients increased from 28.0% in 1998
up to about 42% in 2008–9. Paralleling this, diabetes was more frequent
amongDES (n=1050; 39%) compared to BMS (n= 885; 33%) patients
[p b 0.001]. An appreciable fraction of PCI patients were both diabetic
and had 3-vessel disease (overall: n = 913; 17.1%) and this segment
nearly doubled over the study period from 12% (1998–9) up to 23%
(2008–9).

Compared to non-diabetic counterparts, diabetics were on average
1.1 years younger, relatively more female (DM vs. NoDM: 44% vs. 32%)
and non-white (44% vs. 33%), had higher body mass index, and had
more cerebrovascular and peripheral vascular disease (Table S-1; online
supplement). Demographic and risk factor data for the DM and NoDM
sub-cohorts are compared separately for BMS and DES treated patients
in Table 1.

Table S-2 summarizes the separate comparisons of CAD characteris-
tics and the first PCI details for DM versus NoDM patients within the
BMS and DES treated groups. DES patients, irrespective of diabetes sta-
tus, were more likely to have three-vessel disease (48% vs. 40%,
p b 0.001) and have LAD disease (92% vs. 86%, p b 0.001) including sig-
nificant proximal LAD lesions (44% vs. 39%, p b 0.001). For the BMS co-
hort, the CAD profiles were similar for the diabetic and non-diabetic
subgroups. In contrast, for the DES cohort, 3-vessel disease was more
frequent among the diabetic subgroup (53% vs. 44%; p b 0.001), while
other CAD characteristics were similar. For the index procedure or first
PCI, a larger number of stented lesions per patient were performed
among DES (NoDM: 1.58 ± 0.67; DM: 1.53 ± 0.65) compared to BMS
(NoDM: 1.37 ± 0.64; DM: 1.37 ± 0.62) treated patients (overall,
p b 0.001) as is expected given their greater propensity for three-
vessel disease. Overall, 48% of DES patients hadmultiple stented lesions



Fig. 2. Unadjusted 9-year Kaplan–Meier survival analysis comparing mortality (top) and re-intervention (bottom) for the overall DM versus NoDM groups (left), BMS versus DES groups
(middle) and two-vessel versus three-vessel disease (right).

268 S.A. Badour et al. / Cardiovascular Revascularization Medicine 18 (2017) 265–273
compared to only 30% in BMS counterparts (p b 0.001; Table S-2). LAD
stenting (including proximal) was relatively more frequent in DES pa-
tients particularly in non-diabetics (20% vs. 15%). Very few patients
have undergone complete revascularization (7.2%) with similar distri-
bution among DM and NoDM patients within the BMS and DES treated
groups.
Table 2
Diabetes effect adjusted hazard ratios estimated for early, intermediate and late survival and re

Counts Early (1-year)

NoDM/DM NoDM/DM (%) AHR [95% CI]

A. Mortality

BMS
Multivessel 1766/885 3.1/6.9† 2.51 [1.70–3.70]
2-vessel 1055/524 2.2/5.0⁎ 2.83 [1.51–5.32]
3-vessel 711/361 4.4/9.7⁎ 2.59 [1.54–4.36]

DES
Multivessel 1629/1050 2.5/3.0 1.45 [0.88–2.39]
2-vessel 907/498 2.1/2.2 1.23 [0.56–2.72]
3-vessel 722/552 3.1/3.6 1.79 [0.90–3.60]

B. Re-intervention

BMS
Multivessel 1766/885 13.7/17.4⁎ 1.18 [0.96–1.46]
2-vessel 1055/524 12.2/17.0⁎ 1.29 [0.97–1.72]
3-vessel 711/361 16.0/17.8 1.10 [0.79–1.53]

DES
Multivessel 1629/1050 15.3/18.2⁎ 1.16 [0.95–1.41]
2-vessel 907/498 11.7/14.2 1.21 [0.89–1.66]
3-vessel 722/552 19.9/21.9 1.12 [0.87–1.44]

AHR: adjusted hazard ratio (bold indicates statistically significant). Corresponding unadjusted
a Re-intervention follow-up for DES is available up to 8 years only.
⁎ Indicates statistically significant p-value.
The overall median (interquartile range) all-cause mortality and re-
intervention follow-ups (truncated at 9 years) were 7.3 (4.9–9.0) and
3.8 (1.5–7.2) years, respectively. The corresponding follow-up was ex-
pectedly lower for DES [6.4 (4.5–8.0) and 2.8 (1.3–5.1)] versus BMS
treated patients [9.0 (5.8–9.0) and 6.1 (1.9–9.0)]. Considering the over-
all study population, the 0-to-9 year survival was worse in diabetic
-intervention outcomes in BMS and DES treated patients.

Intermediate (5-year) Late (9-yeara)

NoDM/DM (%) AHR [95% CI] NoDM/DM (%) AHR [95% CI]

13.2/20.9⁎ 1.86 [1.52–2.28] 24.3/34.2⁎ 1.71 [1.50–2.01]
10.7/16.9⁎ 1.80 [1.34–2.42] 21.6/30.9⁎ 1.72 [1.39–2.14]
16.8/26.8⁎ 2.01 [1.51–2.68] 28.3/38.9⁎ 1.74 [1.37–2.21]
10.9/13.2⁎ 1.47 [1.61–1.87] 15.4/19.5⁎ 1.41 [1.14–1.74]
8.7/10.1 1.35 [0.91–2.01] 13.8/14.7 1.14 [0.81–1.61]
14.2/18.3 1.64 [1.21–2.21] 17.1/24.0⁎ 1.67 [1.26–2.22]

21.7/27.2⁎ 1.22 [1.03–1.48] 24.6/31.9⁎ 1.27 [1.08–1.50]
20.4/26.5⁎ 1.25 [0.99–1.57] 23.1/32.0⁎ 1.33 [1.07–1.65]
23.8/28.1 1.21 [0.92–1.59] 26.9/31.6 1.21 [0.93–1.58]
23.1/27.9⁎ 1.16 [0.98–1.38] 24.0/29.2⁎ 1.16 [0.98–1.37]
19.4/23.9 1.20 [0.93–1.55] 20.6/25.3 1.19 [0.92–1.53]
27.7/31.5 1.12 [0.90–1.40] 28.2/32.8 1.13 [0.90–1.41]

analysis is shown in Table S-3.
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versus non-diabetic patients (p b 0.001), in patients treated with BMS
versusDES (p b 0.001), and in patientswith 3-vessel versus 2-vessel dis-
ease (p b 0.001) (Fig. 2). During the available follow-up period, 2245 of
the 5330 patients had at least one or more coronary re-interventions
(42%) following their index PCI including: 996 (19%) were planned
(staged) PCIs, and thus were not considered events, versus unplanned
PCIs (n= 1158; 22%) or CABG (n= 91; 1.7%). The overall median (in-
terquartile range) for the first re-intervention was 5.0 (0.9–18.4)
months, and this was substantially earlier in case of DES versus BMS pa-
tients (median: 3.3 vs. 6.7 months; p b 0.001). Re-interventions were
relatively more frequent in diabetics whether treated with BMS [DM
vs. NoDM: 245 (25%) vs. 396 (22%), p b 0.001] or DES [DM vs. NoDM:
262 (25%) vs. 346 (21%), p = 0.011].

Time-to-event analysis between0 and 9 years (Fig. 2) showedworse
re-intervention rates in diabetic versus non-diabetic (p b 0.001) and 3-
vessel versus 2-vessel disease (p b 0.001) patients. Notably, re-
interventions were similar overall for BMS and DES recipients (p =
0.183).

3.1. Diabetes effect

The study population was divided into four sub-cohorts based on
vessel disease [2,3,or] and stent type (BMS or DES) combinations.
Nine-year unadjusted Kaplan–Meier survival and re-intervention
trends were compared for diabetics versus non-diabetics within each
sub-cohort. The observed early (1-year), intermediate (5-year) and
late (9-year) mortality and re-intervention estimates (%) are summa-
rized in Table 2, while corresponding unadjusted hazard ratios are pro-
vided in Table S-3 of online supplement. Briefly, in BMS patients,
diabetes was associated with worse overall survival irrespective of ves-
sel disease (Fig. 3(A, B); both p b 0.001), and the increased mortality
was significant for early, intermediate and late follow-up. Alternatively,
in DES, diabetics showed worse unadjusted survival only in case of 3-
vessel disease (p=0.026), and this became apparent in the intermedi-
ate to late term (Fig. 3(C, D)). Importantly, the latter when stratified to
DES1 and DES2, only showed a significant diabetes effect in case of 3-
vessel disease treated with DES1 (Fig. 3(C, D)). Re-interventions were
generally more frequent in the diabetics versus non-diabetics for all
comparisons, albeit to different extent and significance levels (Fig.
3(E–H)).

Comprehensively adjusted hazard ratios [AHRDM/NoDM] for the dia-
betes effect, derived for 1, 5 and 9 year follow-up for mortality and re-
intervention outcomes, are summarized in Table 2. Late term AHRs are
also shown in forest plot format (Fig. 4). Briefly, in BMS patients, diabe-
tes was associated with a substantial adverse mortality effect for all
follow-up intervals. This diabetes effect was comparable in 2-vessel
and 3-vessel disease, particularly for late 9-year morality (2-vessel:
AHR= 1.72 [1.39–2.14] and 3-vessel:1.74 [1.37–2.21]). In DES patients,
the adverse diabetes effect on overall 9-year mortality (Fig. 4) was sig-
nificant for multivessel disease overall (AHR =1.41 [1.14–1.74]), but
was noticeably less than the effect observed in BMS and was predomi-
nantly a 3-vessel disease effect (3-vessel: AHR = 1.67 [1.26–2.22] ver-
sus 2-vessel: AHR = 1.14 [0.81–1.61]). The multivessel DES results
were generally consistent for DES1 and DES2 (Table 3).

The corresponding array of risk-adjusted analyses for re-
intervention also showed a diabetes adverse effect, irrespective of vessel
disease, for both BMS and DES PCI, and at all follow-up intervals
(Table 2). However, for multivessel disease, our results suggested a rel-
atively reduced diabetes-related increase in re-interventions with DES
(Table 2) and particularly in DES2 (Table 3).

The area under the receiver operating curve for the propensity score
model had a value of 0.640 (95% CI 0.617 to 0.662, p b 0.001) for BMS
and 0.639 (95% CI 0.618 to 0.661, p b 0.001) for DES treated patients.
This resulted in relatively no change in diabetes effect adjusted hazard
ratios estimated for early, intermediate and late survival and re-
intervention outcomes (Table S-4).
3.2. Stent effect

A complementary analysis shown in the online supplement estimat-
ed the stent effect in the same study population based on sub-cohorts of
vessel disease (2 or 3) and diabetes status (DM or NoDM) combinations
(Tables S-5, S-6, S-7).

4. Discussion

The optimal coronary revascularization method is an intensely de-
bated topic both for surgical and percutaneous approaches. This is par-
ticularly true in certain higher risk patient groups such as diabetic and
multivessel coronary disease patients. Our retrospective analysis of a
large real world PCI experience aimed to quantify the intermediate-to-
late term effects of diabetes on mortality and on the need for repeat re-
vascularization following initial PCI treatment in patients with
multivessel CAD, and how this diabetes effect wasmodified by the tran-
sition to the DES platform.

The main study findings were: (1) PCI mortality was worse in dia-
betics versus non-diabetics, worse for BMS versus DES PCI, and worse
for 3-vessel versus 2-vessel disease patients; (2) coronary re-
intervention rates were worse in diabetics versus non-diabetics and in
3-vessel versus 2-vessel disease patients, but were mostly comparable
for BMS and DES; (3) for BMS, the diabetes adverse effect on mortality
was substantial and comparable in 2-vessel and 3-vessel disease pa-
tients; (4) for DES treated patients, the diabetes related increase inmor-
tality was essentially eliminated in case of 2-vessel disease and reduced
in case of 3-vessel disease but only for the early-term; and (5) diabetes
was associated with an increase in coronary re-interventions irrespec-
tive of extent of vessel disease, butmore so in BMS thanDES treated pa-
tients. Altogether, these observations support the inference that
diabetes is associated with worse 9-year adverse outcomes irrespective
of stent type used, albeit this effect is mitigated to varying degrees with
DES use depending on extent of vessel disease. This synthesis was cor-
roborated by additional stent effect analyses. The latter indicated that,
compared to BMS-PCI, use of DES was associated with superior 0-to-
9 year mortality outcomes irrespective of diabetes status or extent of
vessel disease and possibly more so in diabetic patients. The results of
the DES versus BMS re-intervention analyses were equivocal.

Studies that examined the diabetes effect on PCI outcomes are nu-
merous [4–14], but are restricted to early and intermediate mortality.
DES use in diabetics has generally been associated with decreased
need for repeat revascularization compared to BMS [6–9]. Yet, whether
this reduction in repeat revascularization translates to improved late
survival in diabetics with DES remains controversial [7,8,10].

In ameta-analysis of DES treated patients from18 randomized trials,
Kedhi et al. [12] reported a significantly higher 1-year mortality hazard
ratio of 1.91 [1.32–2.78] for diabetes. Our single institution real-world
registry analysis showed a lower diabetes 1-year hazard ratio of 1.45
[0.88–2.38] in DES patients that was not statistically significant possibly
due to the relatively small number of death events during the first year
after PCI in our series of non-emergency first revascularization patients.
Kedhi et al. [12] also reported significantly higher diabetes-related one-
year target lesion (1.50 [1.21–1.86]) and target vessel (1.54 [1.28–1.58])
revascularization rates which, although relatively greater, is in the same
direction as our trend for increased one-year re-intervention hazard
rates of 1.16 [0.95–1.41] in diabetics treated with DES (Table 2). The
DES safety in diabetic patients was questioned by Spaulding et al. [10]
in another meta-analysis where the authors reported worse 4-year
mortality in diabetic patients treated with DES compared to BMS. This
meta-analysis, however, was followed by other analyses with large
sample sizes [9,13] that failed to showany important safety concerns as-
sociated with DES use in diabetics compared to BMS.

Long-term PCI mortality studies are relatively scarce, and are mostly
available from larger studies that compared PCI of various modalities
(mostly balloon angioplasty and BMS) to other revascularization



Fig. 3.Unadjusted 9-year Kaplan–Meier survival (A–D) and re-intervention (E–H) analysis separately comparing DM versus NoDM groups in BMS and DES treated patients. These results
are shown stratified into their two-vessel (left) and three-vessel disease (right) subgroups.
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Fig. 4. Forest plot of 9-year “Diabetes Effect” or DM/NoDM unadjusted and risk-adjusted hazard ratios shown for all-cause mortality (panels A and B) and re-intervention (panels C and
D) outcomes.
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modalities (e.g., CABG and medical treatment). For example, Timmer
et al. [15], in an observational data set, and the authors of the MASS II
trial [16] suggest higher 10-year PCImortality rates in diabetes. The lon-
gest mortality follow-up comparing DES versus BMS is reported in a
sub-analysis of the SIRUS trial which compared SES (sirolimus) to
BMS in symptomatic coronary disease [17]. Interestingly, they showed
higher 5-year mortality in diabetics treated with SES (DM: 15.3% vs.
NoDM: 6.2%, p b 0.01) but not with BMS (DM: 9.5% vs. NoDM: 8.0%,
p = 0.60). Yet, the authors cautioned that their results should be care-
fully interpreted given the small number of diabetic patients enrolled
in their trial. In our observational study of PCI for multivessel CAD,
five-year mortality rates were higher in diabetics regardless of stent
type (BMS: 1.86 [1.52–2.28] and DES: 1.47 [1.21–2.21]) albeit with a
lower mortality diabetes effect in DES patients.



Table 3
Diabetes effect adjustedhazard ratios estimated for survival and re-intervention outcomes
in DES1 and DES2 treated.

Counts Latea

NoDM/DM UHR [95% CI] AHR [95% CI]

A. Mortality

DES1
Multivessel 2064 1.31 [1.06–1.63] 1.43 [1.14–1.79]
2-vessel 1118 1.07 [0.77–1.49] 1.08 [0.75–1.55]
3-vessel 946 1.44 [1.08–1.9] 1.81 [1.34–2.45]

DES2
Multivessel 615 1.30 [0.69–2.43] 1.53 [0.77–3.07]
2-vessel 287 2.37 [0.67–8.39] 3.14 [0.85–11.6]
3-vessel 328 0.97 [0.47–2.01] 1.29 [0.55–3.04]

B. Re-intervention

DES1
Multivessel 2064 1.26 [1.06–1.50] 1.20 [0.99–1.43]
2-vessel 1118 1.25 [0.96–1.62] 1.21 [0.92–1.58]
3-vessel 946 1.19 [0.94–1.51] 1.16 [0.91–1.49]

DES2
Multivessel 615 1.15 [0.76–1.73] 1.02 [0.66–1.58]
2-vessel 287 1.36 [0.65–2.86] 1.17 [0.51–2.68]
3-vessel 328 1.00 [0.61–1.64] 0.97 [0.57–1.66]

AHR: adjusted hazard ratio (bold indicates statistically significant).
a Mortality follow-up forDES2 is only available up to 4 years. Re-intervention follow-up

for DES1, DES2 are available up to 8 and 3 years respectively.
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Hillegass and colleagues [14] compared long-term PCI outcomes in
diabetic versus non-diabetic PCI patients for the elderlyMedicare cohort
of the National Cardiovascular Data Registry (2004–2008). Their 4-year
mortality and 18-month re-intervention analyses did not sub-select
multivessel disease, first revascularization and non-emergency PCIs.
They report that (1) diabetes was associated with higher mortality
and repeat re-intervention in both DES and BMS, and (2) the adverse
3-year diabetes effect on mortality was mitigated by the use of DES.
Our results, with nearly three-times longer follow-up in patients from
all age groups paralleled theirs. Hillegass et al. also showed decreased
repeat revascularization in diabetics treated with DES, although less
prominently than in randomized trials [14]. Our risk-adjusted 0-to-
9 year revascularization analysis showed no reduction in re-
intervention with DES (AHR= 1.00 [0.89–1.13]) and was similar in di-
abetics and non-diabetics (Fig. S-2(D)). However, when stratified by
vessel disease, these outcome comparisons varied such that there was
a trend for DES protection in case of two-vessel (AHR = 0.85 [0.72–
1.01]) versus an opposite trend for increased re-intervention rates
with DES in three-vessel (AHR= 1.16 [0.98–1.38]) disease.

Both the high rate of restenosis and the development of vulnerable
plaques outside the stented segment, compromise long term PCI out-
comes in diabetics [18]. Hence, when interpreting our re-intervention
findings, it is crucial to note that they reflect a patient-based and not a
stent or lesion based analysis. Accordingly, re-intervention could reflect
revascularization of either the previously stented lesion or other new
distinct lesion(s). A similar observation was reported in an analysis of
a real-world registry by Yock et al. [19], where the reported repeat re-
interventionwas reducedwithDES versus BMS for the stented segment,
even if to a lesser extent than has been reported in randomized trials.
This, however, was counterbalanced by an increase in re-intervention
to treat remote segments in DES versus BMS. Accordingly, Yock and
her colleagues reported an unchanged DES-to-BMS overall rate of one-
year re-intervention. The expected benefit of DES PCI over BMS in re-
gard to repeat interventions was not observed. This could be due to
unaccounted bias that our analysis did not adjust for. However, if such
bias does exist, it would similarly affect both our survival and re-
intervention findings.

The authors of the multicenter, randomized Norwegian Coronary
Stent Trial (NORSTENT) compared 6-year outcomes between CAD pa-
tients undergoing contemporary BMS versus DES [20]. They reported
no significant difference in the rates of death from any cause or nonfatal
spontaneous myocardial infarction between the two groups, but signif-
icantly lower rates of repeat revascularization in the group receiving
DES [20]. The NORSTENT trial, however, consisted mostly of single
vessel CAD patients without diabetes, but its findings refute the com-
mon claim that there is no longer a role for bare-metal stents in PCI
due to the presumed superiority of their drug-eluting counterparts.

5. Limitations

Our analysis has strengths as well as limitations. Strengths include
the longer 9-year follow-up, the real world practice aspect from a high
volume interventional center, and inclusion of all age groups. The pres-
ent analysis shares inherent limitations of other observational retro-
spective studies. Our database did not differentiate diabetic patients
into those requiring insulin or not and it did not account for diabetes
progression. Information on antiplatelet use post-PCI is unavailable
and may be relevant given the prothrombotic state and impaired re-
sponse to dual antiplatelet therapy in diabetics. Similarly, information
on concomitant utilization of disease modifyingmedications is unavail-
able and may be relevant given its known effect on survival.

We are unable to evaluate interventional complexity due to lack of
data detailing specific lesion characteristics and we are unable to quan-
tify the effect of change in PCI strategies during the long term follow-up
of this study (1998–2009). The relatively smaller number of patients
treated with second generation DES and their limited follow-up period
did not allow for ameaningful stratified sub-analysis based on DES gen-
eration. Tomitigate this, we included DES generation [1,2,or] as a covar-
iate in our comprehensive risk-adjustment. Another potential limitation
may be related to the potential risk of selection bias due to inclusion of
patients who received BMS after the emergence of DES in 2003. Yet, for
stent effect calculations, we (a) adjusted for stent era and (b) repeated
the analyses excluding the minority of patients that received BMS-PCI
after 2003. Thesemitigatingmeasures resulted in essentially unchanged
comparisons (Tables S-8 and S-9; online supplement).

6. Conclusion

In conclusion, this comprehensive and systematic analysis of a large
real-world PCI series indicates that diabetes is associated with worse 9-
year mortality irrespective of stent type, albeit this is mitigated to vary-
ing degrees with DES, particularly in DES2 and in case of 2-vessel
disease. Complementary stent-effect analyses confirmed DES-to-BMS
and DES2-to-DES1 superiority irrespective of vessel disease and in
both diabetics and non-diabetics. The results of the DES versus BMS
re-intervention analyses were equivocal.
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