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Background: Patients with diabetes mellitus who undergo coronary stenting are at increased risk of restenosis. It
is known that inflammation plays a crucial role in restenosis.
Objective: We assessed the inflammatory response to elective coronary stent implantation (CSI) in stable diabetic
and nondiabetic patients.
Methods: C-reactive protein (CRP), soluble (s) P-selectin, and soluble intercellular adhesion molecule (sICAM)-1
plasma levels were determined in diabetic (n = 51) and nondiabetic (n = 56) patients before and 48 hours and
4 weeks after bare metal stenting (BMS).
Results: Diabetic patients presented significantly higher inflammatory marker levels before and after CSI. Nonetheless, diabetic and nondiabetic patients had postintervention peak of markers attained within 48 hours. At baseline,
diabetic and nondiabetic patients presented CRP levels of 5.0 ± 20.1 (P ≤ 0.04) and 3.8 ± 9.4 μg/ml and, at
48 hours postintervention, 22.0 ± 20.2 (P = 0.001; P = 0.002) and 12.6 ± 11.3 (P ≤ 0.0001) μg/ml. Regarding
sP-selectin, diabetic and nondiabetic patients obtained levels of, at baseline, 182 ± 118 (P ≤ 0.04) and 105 ±
48 ng/ml and, at 48 hours, 455 ± 290 (P = 0.001; P ≤ 0.01) and 215 ± 120 (P ≤ 0.04) ng/ml. For diabetic and
nondiabetic patients, sICAM-1 levels were, at baseline, 248 ± 98 (P ≤ 0.04) and 199 ± 94 ng/ml and, at 48 hours,
601 ± 201 (P = 0.001; P ≤ 0.01) and 283 ± 220 (P = 0.001) ng/ml. At 4 weeks, for all patients, markers returned
∗
to preprocedural levels: versus before PCI: P = 0.001, § P ≤ 0.0001; versus nondiabetic patients: # P ≤ 0.04,
¶ P = 0.002, ϒ P ≤ 0.01.
Conclusions: Diabetic and nondiabetic patients exhibited a temporal inflammatory response after an elective
BMS. However, diabetic patients present higher preprocedural levels of CRP, sP-selectin, and sICAM-1 and reveal
a further exacerbated inflammatory response after intervention. The differences in inflammatory response may
have implications in restenosis within these two sets of patients. (J Interven Cardiol 2008;21:403–409)

Introduction
Patients with diabetes mellitus who undergo percutaneous coronary intervention (PCI) are at increased
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risk of early and late complications, including restenosis.1,2 Previous studies have supported a critical role
of inflammation in the atherosclerotic3 and restenotic
processes.4 Several markers are known to represent the
systemic inflammatory status, among them C-reactive
protein (CRP), soluble(s) P-selectin, and soluble intercellular adhesion molecule (sICAM)-1.
Arterial injury caused by coronary intervention
results in the induction of several inflammatory
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components.5 Several clinical studies have shown that
the baseline levels of systemic inflammatory markers
such as CRP are independent prognostic indicators for
subsequent cardiac events and clinical restenosis.6,7
This study was based on the hypothesis that diabetic
patients present a higher degree of inflammatory response to coronary stenting than nondiabetic patients.
The aim of this study was to assess the inflammatory
response to coronary stenting in stable angina patients
with and without diabetes. Plasma concentrations of
CRP, sP-selectin, and sICAM-1 were determined for
this purpose.

Methods
Study Population. Between August 2003 and July
2004, 214 patients with stable angina underwent elective coronary stenting for clinical indications. A total of
107 patients were eligible for this study and had indication of coronary stenting independent of this study. The
study protocol was approved by the Ethics in Research
Committee and all patients gave informed consent before blood donation.
The present study population consisted of 107 stable
angina patients, divided according to the presence (n =
51) or not (n = 56) of diabetes mellitus.
The diagnosis of stable angina was based on the
presence of chest pain greater than 2 months of onset
with a positive stress test, and/or provoked by exertion.8
Diagnosis of diabetes mellitus was based on repeated
fasting plasma glucose levels ≥126 mg/dL previous
to the study.9 These patients had blood glucose levels reversed nearly to 126 mg/dL with treatment with
insulin and/or oral hypoglycemic agent for at least 1
month before the coronary intervention.
The patients’ baseline characteristics—including
demographic, laboratory, clinical, and angiographic
features—are shown in Table 1. As seen, patients with
diabetes were younger, had a greater incidence of arterial hypertension, presented more left ventricular dysfunction, and possessed smaller vessels to be treated.
Patients were excluded if one or more of the following situations were present: acute coronary syndrome
within 3 months before coronary intervention; hemodynamic impairment; need of urgent revascularization;
acute or chronic infection or inflammatory state; cancer; contraindication to the use of aspirin, heparin, or
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Table 1. Baseline Characteristics of the Study Population
With
Diabetes
(n = 51)

Without
Diabetes
(n = 56)

Demographic, laboratory, and clinical characteristics
Age (years)
60.8
67.0
Men (%)
43.9
69.6
Hypertension (%)
78.0
52.2
Current smoker (%)
7.3
17.4
Hypercholesterolemia (%)
68.3
45.7
116.0 ± 7.0
84.0 ± 5.0
Fasting glucose levels
immediately before
procedure (mg/dL)
White cell count
7.7 ± 1.8
7.6 ± 2.0
(per mm3 )
Platelets (per mm3 )
244 ± 62
239 ± 63
Creatinine (mg/dL)
1.0 ± 0.2
1.0 ± 0.2
Previous MI (%)
12.2
19.6
History of CABG (%)
9.8
10.9
Angiographic findings
LVEF < 0.40 (%)
0.0
4.3
Multivessel disease (%)
36.6
41.3
Treated vessel
LMA (%)
2.4
0
LADA (%)
40.0
56.9
LCA (%)
24.0
17.2
RCA (%)
28.0
24.1
Restenotic lesions (%)
0.0
0.0
Vessel size (reference
2.7 ± 0.6
3.1 ± 0.7
diameter, mm)
MLD of stenosis
0.8 ± 0.7
1.0 ± 0.7
preprocedure (mm)
2.5 ± 0.6
2.9 ± 0.7
MLD of stenosis
immediately
postprocedure (mm)
Bare metal stent type
Express (%)
94.0
89.7
Lekton (%)
6.0
10.3
Length of implanted stents 17.8 ± 8.0
15.3 ± 7
(mm)
Most common hospital medications
Aspirin (%)
87.8
95.7
Clopidogrel (%)
100
100
Insulin (%)
12.2
0
Oral hypoglycemic agent
87.8
0
(%)
Beta blockers (%)
41.5
43.5
ACE inhibitors (%)
48.8
39.1
Statins (%)
22.0
26.1

P

0.006
0.016
0.01
NS
0.07
0.01

0.48
0.16
NS
NS
NS
NS
NS
NS
NS
NS
NS
0.02
NS
0.005

NS
NS
NS

NS
NS
NS
NS
NS
NS
NS

Hypercholesterolemia was defined as total cholesterol levels
>200 mg/dL. MI = myocardial infarction; CABG = coronary
artery bypass graft surgery; LVEF = left ventricular ejection
fraction; LMA = left main artery; LADA = left anterior descending
artery; LCA = left circumflex artery; RCA = right coronary artery;
MLD = minimal luminal diameter; ACE = angiotensin-converting
enzyme. Data expressed in mean ± SD. NS = not significant.
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clopidogrel; clear indication of glycoprotein IIb/IIIa
inhibitor treatment.
Stent Placement and Adjunctive Therapy. The
stent placement technique was according to the American College of Cardiology/American Heart Association10 and Brazilian Society of Cardiology11 Guidelines. Bare metal stents (BMS) were employed in this
series. At the moment of the procedure, all patients
were on aspirin (100 mg/day) and clopidogrel (loading
dose of 300 mg followed by 75 mg/day)—these medications were initiated once coronary intervention was
recommended based on the diagnostic coronary angiography, and at least 12 hours before the procedure.
The usual waiting interval between diagnostic coronary angiography and the elective PCI was 1 week.
During the intervention, the patients received heparin
intravenously according to their coagulation time.
Patients with diabetes taking metformin had this
agent discontinued for at least 48 hours before the procedure, and reinitiated 48 hours later. During the period
without metformin the diabetes control was done with
insulin.
Experimental Protocol. For all patients, peripheral venous blood samples were obtained after a
12-hour overnight fast, immediately before the loading
dose of clopidogrel and initiation of coronary stenting
procedure. Additional samples were collected over the
24 hours, 48 hours, and 4 weeks after coronary stenting.
Ethylenediaminetetraacetic acid was used as an anticoagulant. All blood samples were processed within
2 hours of collection.
CRP was immediately measured with a highsensitivity assay that had an analytic sensitivity of
0.175 μg/mL (Dade Behring, Marburg, Germany). The
intra-assay variability for the lower assay range was
<0.165 μg/mL. CRP levels above 3.0 μg/mL were
defined as increased.
For measuring the adhesion molecule P-selectin
and ICAM-1 concentrations, plasma was separated
by centrifugation of the blood samples from each
patient and was stored at –70 ◦ C. Commercial enzymatic immunoassays (ELISA) and multiplex assays (R&D Systems, Minneapolis, MN) were used.
In order to avoid platelet activation, an important
source of P-selectin, care was taken on blood sampling for sP-selectin ELISA measurements. The first
2 ml of blood, drawn by venipuncture through a
21-gauge needle, were discarded. Then, blood was
collected and subsequently centrifuged at 1,500g for
20 minutes.
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Soluble P-selectin and sICAM-1 were measured, in
duplicate, at the same time by the same ELISA, to avoid
variation of assay conditions. Plasma levels expected
for healthy subjects of ELISA assays for sP-selectin12
and sICAM-113 were, respectively, 51–113 and 115–
306 ng/mL. The lower limits of detection for these
inflammatory markers and the coefficient of variation
for these measurements for sP-selectin and sICAM-1
were, respectively, 0.5 and 15.6 ng/mL.
Follow-Up. The study follow-up protocol consisted of a clinical visit at 4 weeks and a telephone interview at 1 year. Information on the subsequent adverse
clinical events was obtained: occurrence of angina, fatal and nonfatal myocardial infarction, cardiovascular
death, stroke, and hospitalization for coronary bypass
graft surgery.
Statistical Methods. The number of participants
required to test our hypothesis was based on prior studies3,6 reporting the relation between CRP increase and
coronary intervention in a patient population. These
studies indicate that 50 patients with stable angina and
diabetes were needed to detect a 20% increase in CRP
and adhesion molecule expression, based on a power
of 0.90 and an alpha of 0.05. We, therefore, recruited
diabetic and nondiabetic patients until we had 50 individuals in each group and then exceeded it for extra
confidence.
Means, standard deviation, and percentages were
used to describe the variables under study. Comparisons in baseline characteristics of patients with diabetes and without were analyzed using Student’s ttest for continuous variables or Fisher’s exact test
for categoric variables. SAS programs were employed
for statistical analysis.14 The preprocedural concentrations of CRP, sP-selectin, and sICAM-1 in patients
with diabetes and those without were compared using Wilcoxon’s rank sum test. Differences between
baseline and each time point were calculated for each
patient with and without diabetes and marker and the
mean differences were compared to zero using repeated
measure analysis of variance of the log-transformed
data.
A P value of <0.05 was considered significant for
all statistical analysis.

Results
Angiographic and Procedural Results. A summary of the coronary angiographic and interventional
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greater than threefold the upper limit of normal—three
were diabetic patients.
Also as seen in Table 1, patients with diabetes had a
lesser diameter stenosis. After the procedure, diameter
stenosis increased similarly for diabetic and nondiabetic patients: 2.54 ± 0.58 mm and 2.92 ± 0.70 mm, respectively; P < 0.005 for both diabetic and nondiabetic
patients, when compared to preprocedural diameters.
Periprocedural Concentrations of Inflammatory Markers. As shown in Fig. 1A–C, CRP, sPselectin, and sICAM-1 concentrations were determined throughout the study. Three findings are of
interest. First, all markers presented a similar pattern
of changes during the serial blood samples taken after
the PCI. Regarding diabetic and nondiabetic patients,
the peak of postintervention for all markers was attained within 48 hours after the procedure. Second, at
4 weeks postprocedure, all markers had returned close
to baseline levels.
Finally, patients with diabetes, at all measurements, presented significantly higher inflammatory
marker levels than those without diabetes—including
at baseline.
Clinical Outcome. At 4 weeks, one patient with
diabetes presented ischemic symptoms and needed to
repeat PCI. Patients without diabetes did not develop
adverse events at this time period.
Complete 1-year follow-up data were available in
49 (96%) of the diabetic patients and 53 (95%) of
the nondiabetic patients. Table 2 shows that, after
1 year, 11 diabetic patients had suffered an adverse

Table 2. Adverse Clinical Events at the 1-Year Follow-up Period
of Coronary Stenting
With Diabetes Without Diabetes
(n = 49)
(n = 53)

Figure 1. (A–C) Levels of inflammatory markers before and after
(24-hour, 48-hour, and 4-week) PCI in patients with (n = 51) and
without diabetes (n = 56). (A) C-reactive protein (CRP). (B) Soluble (s) P-selectin. (C) Soluble (s) intercellular adhesion molecule
(sICAM)-1.

characteristics is shown in Table 1. All subjects
enrolled in the study underwent successful stent
implantation. Five patients had an asymptomatic postprocedural increase in their creatinine kinase-MB to
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N
Recurrence of angina
AMI∗ (%)
Nonfatal (%)
Fatal (%)
Cardiovascular death (%)
Stroke (%)
Need for repeated PCI∗ (%)
Need for CABG∗ (%)

11 (22.0)
3 (6.0)
1 (2.0)
1 (2.0)
0
1 (2.0)
1 (2.0)
6 (12.0)
1 (2.0)

3 (6.0)
0
0
0
0
2 (3.7)
0
0
1 (1.9)

P
0.03
NS
NS
NS
NS
NS
NS
NS

Data expressed in n and (%). AMI = acute myocardial infarction;
PCI = percutaneous coronary intervention; CABG = coronary
artery bypass graft surgery. ∗ Adverse clinical events related directly
to the PCI-treated artery. NS = not significant.
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clinical event compared to three nondiabetic patients
(P = 0.03). Three diabetic patients needed to repeat
coronary stenting—clinical restenosis (angina) and angiographic restenosis (diameter stenosis ≥ 50%) were
confirmed in these patients.

Discussion
The current study is based on the hypothesis that patients with diabetes may present different levels of systemic inflammation as a response to elective coronary
stenting when compared to nondiabetic patients. In
fact, the inflammatory response could explain, at least
partially, the differences in clinical and angiographic
outcome found between diabetic and nondiabetic patients that undergo contemporary coronary stenting for
stable angina.15,16
The main findings of our study verify similarities
and distinctions between patients with diabetes and
those without in the inflammatory response related to
elective coronary stenting. Both diabetic and nondiabetic patients presented temporal increases in CRP,
sP-selectin, and sICAM-1 values after coronary intervention. However, at preprocedural conditions, patients
with diabetes comprised higher levels of markers than
those without diabetes. In addition, patients with diabetes presented a higher degree of inflammatory response than nondiabetic patients following coronary
stent implantation (CSI)—even at 4 weeks where levels
are close to preprocedural levels. Highest postintervention levels of markers were at least at 48 hours—since
later time periods were not assessed.
Moreno et al.17 have published data indicating that
atherectomy specimens from patients with diabetes
have an increased concentration of macrophages in
atheromatous plaques, suggesting increased inflammation. These data, to a certain extent, corroborate
with our study where patients with diabetes, before
coronary manipulation, possessed superior levels of
CRP, sP-selectin, and sICAM-1 than patients without diabetes—reflecting a higher inflammatory status
among diabetic patients. Nevertheless, it is important
to point out that macrophages are not a direct source
of CRP, sP-selectin, and sICAM-1.
After vascular intervention, cell adhesion molecules
such as P-selectin and ICAM-1 are fundamental in inflammatory processes, specifically in the early stages
of leukocyte recruitment.18 In particular, P-selectin expression has been reported in platelets, endothelial
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cells, and vascular smooth muscle cells (SMCs) in response to vascular injury or diseased arterial walls,
and recently, in macrophages.19 Regarding ICAM-1,
this adhesion molecule is also strongly expressed
within macrophage-rich areas in atherosclerotic lesions.19 Due to the fact that macrophages are abundantly present in spontaneous atherosclerotic plaques
from diabetic patients, we judge that a potential source
of both sP-selectin and sICAM-1 observed in our
study may well be arterial macrophages—activated
after stent implantation. As reported by Li et al.,19
macrophage expression of P-selectin and ICAM-1 may
modulate a number of cellular functions related to
vascular injury, including macrophage production of
proinflammatory mediators and growth, apoptosis, and
inflammatory activation of vascular SMCs and endothelial cells.
Recent studies20,21 from both our laboratory and others demonstrated an increase in circulating levels of
markers of inflammation, denoted by CRP, interleukin
(IL)-6, IL-8, tumor necrosis factor-alpha, and of cellmediated immunity, represented by serum-soluble IL-2
receptor, after CSI. Furthermore, there is evidence that
the magnitude of the increase in CRP and IL-8 levels after coronary stenting is related to clinical restenosis.21
However, to our knowledge, no other clinical investigation has shown such noticeable changes on inflammatory markers, such as soluble adhesion molecules
P-selectin and ICAM-1, after coronary stenting within
diabetic patients.
Our findings are in contrast to the ones presented
by Aggarwal et al.,22 who noted that patients without
diabetes had a relatively greater but absolutely comparable peak activation of inflammation after stenting compared to those with diabetes. We believe that
the mechanical plaque rupture provoked by coronary
stenting on extremely macrophage-rich atheromatous
plaques of patients with diabetes results in a superior
inflammatory burst than observed within plaques of
nondiabetic patients.
A variety of investigations have found that post-PCI
inflammation is powerfully related to the pathogenesis
of intimal hyperplasia after arterial injury and subsequent late lumen loss.23,24 In diabetes, evidence is
mounting that after coronary stenting, an exaggerated
inflammatory response within the blood vessel wall
contributes to restenosis.25,26 The magnitude of vascular inflammatory response to injury after coronary
stenting may play a central role in the degree of neointimal proliferation and be correlated with adverse late
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clinical outcomes.27 Clinical studies in support of the
anti-inflammatory effects of abciximab and statins by
modulating atherosclerotic plaque stability have been
reported.28 We judge, based on the findings of our
study, that the degree of the inflammatory response
to coronary stenting, as assessed by the changes of
CRP, sP-selectin, and sICAM-1, may participate in the
mechanisms implicated in in-stent restenosis in patients with diabetes.
It is important to point out that the interpretations of the findings of this study may present some
limitations—in part due to the sample size, which decreases statistical power and the predictive value with
regard do clinical outcome. Also due to the sample size,
the effects of different hypoglycemic strategies, glycoprotein IIb/IIIa inhibition, statins, and drug-eluting
stents (DES) on the inflammation status of patients
with diabetes were not clearly determined. Additionally, any expressive insights into clinical events are
restricted since no systematic angiographic follow-up
was performed.
Our observations are also restricted by the detail that
no DES were employed. A favorable impact of DES,
compared to BMS, on the management of diabetic patients with stable obstructive coronary artery disease is
well acknowledged by most interventionalists.29

Conclusions
The present study for the first time demonstrates
that patients with diabetes, compared with those without diabetes, possess higher preprocedural levels of
CRP and of soluble adhesion molecules P-selectin and
ICAM-1 and reveal a further exacerbated inflammatory
response after intervention. The differences in inflammatory response may have implications in restenosis
within these two sets of patients.
Acknowledgments: We gratefully thank Hans J. Rapold, M.D.,
PH.D. for editorial assistance.
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