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Background: In-stent restenosis (ISR) is one adverse outcome of coronary stent implantation. Although using
drug-eluting stents has reduced the rate of ISR, it remains a major problem. Here, we have investigated the rela-
tionship between several patient characteristics including serum high sensitive C-reactive protein (hs-CRP)
and ISR.
Methods: This was a case-control study comprising 104 individuals with ISR and 202 patients without. Baseline
characteristics were collected using a questionnaire. Fasting blood glucose (FBG), serum triglycerides (TG),
total cholesterol (TC), high density lipoprotein cholesterol (HDL-C) and serumhigh sensitivity C-reactive protein
(hs-CRP) were measured using commercial kits on an auto-analyzer. Data were analyzed using SPSS software
and a p value ≤ 0.05 was considered significant.
Results: Diabetes mellitus (p b 0.001), stent type (p = 0.005), serum hs-CRP (p = 0.006), FBG (p = 0.038) and
serum TG (p=0.039) were significantly associated with ISR. The association between hs-CRP and ISR remained
significant after adjustment for stent type and DM. For patients with a serum hs-CRP b2.64 mg/dL, ISR was only
associated with diabetes mellitus (p = 0.016); while for individuals with a serum hs-CRP ≥2.64 mg/dL, ISR was
also associated with the presence of diabetes mellitus, serum triglycerides and stent type.
Conclusion: Higher levels of serum hs-CRP were significantly associated with the occurrence of ISR.

© 2018 Elsevier Inc. All rights reserved.
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Table 1
Baseline characteristic in relation with ISR and NISRs.

Variables NISR (N = 202) ISR (N = 104) p value

Age (y) 62.2 ± 9.2 60.8 ± 8.4 0.196
Sex % Male 138(68.3%) 77(74.8%) 0.101

Female 64(31.7%) 26(25.2%)
Smoking % 33(16.7%) 13(13.0%) 0.271
HTN % 131 (70.4%) 55(52.9%) 0.051
DM % 70(34.7%) 63(60.6%) b0.001
Dyslipidemia % 179(94.2%) 95(96.9%) 0.237
Statin % 185 (94.4%) 93 (95.9%) 0.235
Aspirin % 187(95.4%) 94(95.9%) 0.305
Clopidogrel % 171(87.7%) 88(90.7%) 0.234
NSAID % 3(1.6%) 3(3.1%) 0.253
Corticosteroids % 5(2.6%) 0(0.0%) 0.044
β blocker % 33 (16.3%) 18(17.3%) 0.474
ARB % 60(29.7%) 25(24.0%) 0.181
ACE inhibitors % 10(5.0%) 8(7.7%) 0.236
CCB % 18(8.9%) 4(3.8%) 0.078
Insulin % 19(9.4%) 11(10.6%) 0.444
Durationa (months) 36.00(12.00–60.00) 6.00(4.00–8.00) b0.001
Stent type % Bare 51(39.5%) 38(60.3%) 0.005

Drug-eluting 78(60.5%) 25(39.7%)
Stent number % 1 167(83.5%) 75(72.8%) 0.028

N1 33(16.5%) 28(27.2%)
De novo stenosis % 122(63.5%) 16(50.0%) 0.145
BMI % Normal 72(39.3%) 29(31.5%) 0.333

Overweight 85(46.4%) 45(48.9%)
Obese 26(14.2%) 18(19.6%)

%LVEF(Mean ± SD) 52.11 ± 10.25 51.94 ± 7.59 0.897
SBP (Mean ± SD) 125.4 ± 16.6 123.2 ± 12.5 0.352
DBP (Mean ± SD) 77.4 ± 8.8 78 ± 7.9 0.377
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1. Background

Coronary heart disease (CHD) is the major cause of deaths world-
wide, and the most common cause of disability [1]. Coronary angio-
plasty is a minimally invasive interventional for revascularization in all
phase of coronary atherosclerosis. In-stent restenosis (ISR) is an adverse
outcomeof stent placement and remains an important limitation of per-
cutaneous coronary intervention (PCI).Whilst stents reduce acute recoil
and facilitate arterial remodeling, they are associatedwith an increase in
neointimal hyperplasia [2]. In the development of neointimal hyperpla-
sia, stent implantation may enhance the inflammatory response, and
the release of reactive oxygen species (ROS), which leads to prolifera-
tion andmigration of smoothmuscle cells, leading to in-stent restenosis
[3,4]. Whilst, drug-eluting stents (DES) can reduced the ISR rate to 5%,
ISR remains an important problem after PCI. Hence, it is may be useful
to identify predictive biomarkers related to this condition.

Serum C-reactive protein (CRP), is an acute phase response protein,
synthesized and secreted by hepatocytes [5]. Hs-CRP is also used as a
biomarker of cardiovascular disease [6,7], with several studies showing
that serum hs-CRP is an independent risk factor of CHD [8]. Serum hs-
CRP has now been added to the ACCF/AHAGuidelines for identifying in-
dividuals for primary prevention of CHD [9]. Althoughmost of the stud-
ies have reported higher levels of serum hs-CRP in patients with ISR
[10–15], a few studies did not show this [16,17].

We aimed to investigate the relationship between ISR and factors at
baseline that may contribute to it, including serum hs-CRP, the first tie
in Iran.
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Fig. 1. ROC curve in our study groups testing for hs-CRP.

FBG (mg/dL) 109.9 ± 57.0 126.5 ± 66.9 0.038
TG (mg/dL) 108 (79–146) 127(78.5–192.5) 0.039
TC (mg/dL) 148.9 ± 39.8 153.7 ± 41.2 0.347
LDL-C (mg/dL) 89.3 ± 32.0 88.3 ± 30.3 0.807
HDL-C (mg/dL) 35.7 ± 10.7 35 ± 8.4 0.581
Hs-CRP (mg/dL) 2.3(1.3–4.2) 3.46(1.8–7.8) 0.006

Bold values indicate significance at p b 0.05.
a Duration between coronary stenting and subsequent angiography because of chest

pain or equivalent symptoms.
2. Material and methods

This case-control studywas conducted betweenDecember 2014 and
April 2017. We included 306 unrelated Iranian patients who previously
underwent coronary stent implanting at least one month ago and were
subsequently referred for angiography because of chest pain or equiva-
lent symptoms. Based on result of angiography, 104 patients who had
N50% stenosis within the stent were placed into the ISR group and 202
patients who had no or b50% stenosis were placed into the non-ISR
(NISR) group. The study protocolwas given approval by the Ethics Com-
mittee ofMashhad University ofMedical Sciences andwritten informed
consent was obtained from participants.

Demographic data including sex, age, smoking history, drug history,
past history of diabetes mellitus (DM), hypertension (HTN), dyslipid-
emia, and duration between coronary stenting and subsequent angiog-
raphy because of chest pain or equivalent symptoms were collected
from medical records. Patients with primary PCI, positive troponin, re-
stenosis in the first month after angioplasty due to thrombosis, autoim-
mune disorder, active cancer, thrombophilia or chronic kidney disease
were excluded.

Peripheral blood femoral or brachial catheter was drawn right after
entering the catheter before starting angiographic procedure into tube
with no anticoagulant. Serum was separated by centrifuging the blood
for 15 min at 1000 RCF speed (manufacturer's recommended speed).
Serum was stored at −80 °C prior to analysis. Hs-CRP levels was mea-
sured using a Biosystems assay kit on a BT-3000 auto-analyzer. Fasting
blood glucose (FBG), triglycerides (TG), total cholesterol (TC) and high
density lipoprotein cholesterol (HDL-C) were measured using Pars
Azmoon kits on a BT-3000 auto-analyzer. Low density lipoprotein cho-
lesterol (LDL-C) was calculated using the Friedewald formula.

Continuous variables were reported as mean ± standard deviation
(SD) and categorical variables were expressed as percentage of the
group. Logistic regression analyses were conducted to test the relation-
ship between ISR and the variables.

All analyses were performed using SPSS software (Chicago, IL, USA)
version 11 and P values b0.05 were considered statistically significant.
ROC curve analysis was done by MedCalc free trial software (Fig. 1).
2.1. Definitions

Duration means duration between stent implanting and subsequent
angiographic imaging for diagnosis of ISR individuals.

History of diabetes mellitus was defined as being treated with an
oral hypoglycemic agent or insulin.

Hypertensionwas diagnosed in individuals with systolic blood pres-
sure (SBP) at or above 140 mmHg and/or a diastolic blood pressure
(DBP) at or above 90 mmHg, or in individuals who were on anti-
hypertension medication.



Table 2
Baseline and biochemical characteristics categorized by hs-CRP level in relation with ISR and NISR.

Variable Hs-CRP b 2.64 mg/dL p value Hs-CRP ≥ 2.64 mg/dL p value

NISR ISR NISR ISR

Age (year) 62.32 ± 9.46 60.91 ± 9.13 0.450 62.48 ± 8.89 60.12 ± 8.35 0.126
Sex % Male 78(70.3%) 25(75.8%) 0.353 48 (63.2%) 41(71.9%) 0.190

Female 33(29.7%) 8(24.2%) 28(36.8%) 16(28.1%)
Smoking % 13 (12.0%) 3(9.4%) 0.171 16(21.3%) 7(12.5%) 0.139
HTN % 69(62.2%) 16(47.1%) 0.087 52(68.4%) 31(54.4%) 0.071
DM % 40(36.0%) 20(58.8%) 0.016 28(36.8%) 35(61.4%) 0.004
Dyslipidemia % 99(93.4%) 32(100.0%) 0.150 72(94.7%) 54(94.7%) 0.645
Statin % 103(96.3%) 27(90.0%) 0.127 69(92.0%) 55(98.2%) 0.119
Aspirin % 104(97.2%) 29(96.7%) 0.110 69(92.0%) 354(96.4%) 0.253
Clopidogrel % 98(91.6%) 26(86.7%) 0557 62((83.8%) 53(94.6%) 0.047
NSAID % 1(0.9%) 1(3.4%) 0.093 2(2.8%) 2(3.6%) 0.590
Corticosteroids % 3(2.8%) 0(0.0%) 0.105 2(2.7%) 0(0.0%) 0.212
β blocker % 19(17.1%) 5(14.7%) 0.486 13(17.1%) 11(19.3%) 0.458
ARB % 26(23.4%) 7(20.6%) 0.465 28(36.8%) 14(24.6%) 0.093
ACE inhibitor % 7(6.3%) 2(22.2%) 0.645 3(3.9%) 6(10.5%) 0.126
CCB % 9(8.1%) 1(2.9%) 0.271 8(10.5%) 2(3.5%) 0.116
Insulin % 8(7.2%) 4(11.8%) 0.299 10(13.2%) 5(8.8%) 0.307
Duration (months) 36.00(12.00–60.00 4.00(3.00–7.75) b0.001 36.00(12.00–60.00) 6.00(4.0–10.00) b0.001
Stent type % Bare 28(41.8%) 10(50.0%) 0.346 20(37.7%) 22(64.7%) 0.012

Drug-eluting 39(58.2%) 10(50.0%) 33(62.3%) 12(35.3%)
Stent number % 1 92(83.6%) 25(75.8%) 0.217 60(80.0%) 45(78.9%) 0.525

N1 18(16.4%) 8(24.2%) 15(20.0%) 12(21.1%)
De novo stenosis 71(67.0%) 7(70.0%) 0.576 42(58.3%) 7(43.8%) 0.216
BMI Normal 38(36.9%) 10(33.3%) 0.934 32(47.1%) 18(35.3%) 0.394

Over-weight 58(56.3%) 18(60.0%) 21(30.9%) 21(41.2%)
Obese 7(6.8%) 2(6.7%) 15(22.1%) 12(42.9%)

SBP (mmHg) 125.03 ± 16.33 123.61 ± 10.40 0.692 124.67 ± 16.91 123.36 ± 13.77 0.665
DBP (mmHg) 76.32 ± 8.40 77.57 ± 7.15 0.515 78.43 ± 9.09 78.00 ± 8.15 0.799
FBG (mg/dL) 106.56 ± 50.43 128.27 ± 63.28 0.078 113.79 ± 67.95 121.91 ± 69.99 0.506
TG (mg/dL) 111.00(82.00–138.00) 107.50(74.25–192.25) 0.439 102.00(71.00–164.50) 145.00(97.75–234.50) 0.026
TC (mg/dL) 144.19 ± 35.46 151.09 ± 34.55 0.333 155.82 ± 43.82 155.84 ± 45.45 0.998
LDL-C (mg/dL) 85.16 ± 29.45 89.23 ± 26.75 0.485 94.94 ± 34.01 87.19 ± 32.69 0.194
HDL-C (mg/dL) 34.72 ± 8.58 34.88 ± 7.38 0.924 37.37 ± 13.21 35.05 ± 8.78 0.257

Bold values indicate significance at p b 0.05.
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Dyslipidemia was defined as TC ≥ 200 mg/dL (5.18 mmol/L), LDL-C
≥ 130 mg/dL (3.36 mmol/L), or TG ≥ 150 mg/dL (1.69 mmol/L), or
HDL-C b 40 mg/dL (1.03 mmol/L) in men and b 50 mg/dL
(1.30 mmol/L) in women [18].
3. Result

Of total number of 306 participants, 202 were categorized into NISR
group and 104were categorized into the ISR group. As shown in Table 1
DM (p b 0.001), duration (p b 0.001), stent type (p= 0.016), FBG (p=
0.039), serum TG (p= 0.038) and hs-CRP were significantly associated
with the ISR occurrence. Table 2 shows the association between serum
hs-CRP and different characteristics in the study groups. A ROC curve
analysis with a cut-off of 2.64 mg/dL for hs-CRP was chosen, which
had a specificity of 59.36% and sensitivity of 62.64%. For a serum hs-
CRP of b2.64 mg/dL, DM (p = 0.016) and duration (p b 0.001) was sig-
nificantly associated with ISR. But in participants with hs-CRP
Table 3
DM, FBG, TG and hs-CRP in relation to ISR and NISR after adjustment.

Variables

Adjusted for duration and stent type DM
FBG
TG
Hs-CRP

Adjusted for duration and presence of DM Stent type⁎

FBG
TG
Hs-CRP

Bold values indicate significance at p b 0.05.
≥ 2.64 mg/dL, DM (p = 0.004), taking clopidogrel (p = 0.047), stent
type (p = 0.012) and TG (p = 0.014) were associated with ISR.

In patientswith ISR andDM, 15(46.9%) had hs-CRP b 2.64mg/dL and
33(57.9%) had hs-CRP ≥ 2.64 mg/dL. In individuals with ISR, there was
no association between DM and hs-CRP (p = 0.317).

Multivariate regression analysis adjusted for duration and stent type
and presence of DMhas shown in Table 3. Differentmodels of multivar-
iate regression adjusted for different variables have been indicated in
Table 4.
4. Discussion

To investigate the association between serum hs-CRP and occur-
rence of in-stent restenosis we studied 306 patients with a coronary
stent who subsequently underwent coronary angiography because of
recurrent chest pain or equivalent symptoms This group included 202
patients with NISR and 104 with ISR.
OR (CI 95%) p value

2.40(1.607–7.192) 0.001
1.005(0.999–1.010) 0.097
1.005(1.000–1.010) 0.046
1.128(1.009–1.261) 0.034
0.211(0.98–0.457) 0.003
0.998(0.993–1.003) 0.392
1.004(1.000–1.008) 0.042
1.104(1.013–1.202) 0.024



Table 4
Different models of multivariate regression for hs-CRP and ISR.

OR (CI 95%) p value

Hs-CRP Model 1 1.099 (1.011–1.195) 0.027
Model 2 1.128 (1.009–1.261) 0.034
Model 3 1.104 (1.013–1.202) 0.024
Model 4 1.111 (0.992–1.244) 0.070

Model 1, adjusted for duration;Model 2, adjusted for duration and stent type;Model 3, ad-
justed for duration and DM; Model 4, adjusted for duration, stent type and DM.
Bold values indicate significance at p b 0.05.
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ISR is an adverse outcome following coronary stent placement, and
is thought to occur due to inflammation and oxidative stress, leading
to proliferation of smooth muscle cells within the region of the stent.
This process is triggered by the vessel wall damage after stenting.
Local inflammation stimulateswith coronary stenting followed by a sys-
temic inflammatory response which is initially began with inflamma-
tory molecules, such as interleukin-1, interleukin-6, and tumor
necrosis factor-α. These molecules cause the liver to produce acute-
phase reactants (such as CRP) which could directly amplify the inflam-
matory stimulus [19,20].

Hs-CRP is awell-established risk factor for CHD. Considering de novo
stenosis we have found that ISR occurrence is significantly associated
with higher levels of hs-CRP even after the adjustment the effect of du-
ration, stent type. A meta-analysis on 9 prospective studies revealed
that elevated pre-procedural CRP is correlated with subsequent ISR
after stent implantation due to stable or unstable angina. They did not
consider diabetes and stent type for study selection [21]. Another
meta-analysis on nine prospective studies only on baremetal stent indi-
cated the same results [22]. But in another prospective study on predic-
tive value of hs-CRP in ISR, they did not find the association between ISR
and hs-CRP in patients undergoing elective coronary stenting. Unfortu-
nately, we did not consider the reason of previous stent implantation
whether stable angina or unstable angina but our findingwas compara-
ble with the two meta-analysis. Moreover, a recent study by Tan et al.
did not show any association between ISR and hs-CRP, although higher
levels of hs-CRP was associated with readmission and death [17]. An-
other recent study in China revealed the same result about hs-CRP and
ISR Qin et al. studied diabetic patients with drug-eluting stent [16].
Qin et al. findings were to some extent compatible with our 4th regres-
sion model adjusted for duration, stent type and DM.

The presence of diabetes mellitus appears to be the most important
independent risk factor of restenosis, so implanting drug-eluting stent
for coronary revascularization in these patients is strongly recom-
mended [23]. In this study we found that DM and a higher levels of
FBG are the most important associated factors in patients with ISR re-
spective of whether bare or drug-eluting stents were used. We also
found that even after using drug-eluting stents, DM was the most im-
portant risk factor for ISR. Furthermore, we revealed that hs-CRP was
not affectedwith diabetes mellitus in study groupswhilst it was related
positively related with obesity, similarly has been shown in previous
studies [24]. This findings strengthen the relation between ISR and hs-
CRP because DM is themost important independent determinant of ISR.

Using ROC analysis, we were able to define a cut-off value of
2.64 mg/dL for serum hs-CRP in this population sample of patients with
symptoms following stent placement. Although the sensitivity and speci-
ficity of serum hs-CRP using this cut-off was not optimum, it was compa-
rable to previously previous reports using 3 mg/dL as a cut-off for ISR,
although some studies reported 5 mg/dL and even N5 mg/dL [22].

In the group of patients with hs-CRP b 2.64 mg/dL, DM was the only
significant related factor to ISR. In individuals with a serum hs-CRP
≥2.64 mg/dL in addition to DM, TG and stent type was also associated
with ISR. Furthermore, in ISR occurred earlier in individuals with lower
levels of hs-CRP in compare with higher levels of hs-CRP. So, it seems
that some local factors were responsible for ISR in these patients. For in-
stance, Ge et al. through a cohort study indicated usage of final kissing
balloon post-dilation technique is associated to better long-termoutcome
[25]. According to 2011 ACCF/AHA/SCAI Guideline for Percutaneous Coro-
nary Intervention some procedural characteristics including stent diame-
ter and stent length are associated with increase of restenosis.

Asmentioned before hs-CRP is a novel biomarker of CHD and related
disorders. It has been considered in ACCF/AHA Guidelines since 2010
[9]. CRP levels in combination with important risk factor like DM
seems promising in predicting ISR after stenting in clinic but larger
andmore reliable studieswithmore sensitive and specific cut-off values
for hs-CRP could shed light on the implementation of this novel bio-
marker to guideline for percutaneous coronary intervention.

Unfortunately we did not have the complete data concerning stent
size and vessel caliber and thiswas an important limitation of our study.

5. Conclusion

The presence of DM, serum hs-CRP were positively associated with
ISR in individuals with bare or drug-eluting coronary stents.With sensi-
tivity and specificity of 62.64% and 59.36% respectively, we determined
the hs-CRP cut-off of 2.64 mg/dL. In patients with a serum hs-CRP less
than cut-off, stent related factors appeared to be more important in
the development of ISR, whilst in patients with a serum hs-CRP
≥2.64 mg/dL, systemic components were prominent.
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