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Abstract: Background: A risk assessment of in-stent restenosis (ISR) patients is critical for providing
adequate treatment. Nevertheless, the prognostic value of high-sensitivity CRP (hs-CRP) levels on
ISR has not been consistently demonstrated in clinical studies. In the current meta-analysis, we aim to
assess the predictive role of hs-CRP in patients treated with stenting. Methods: We searched PubMed,
Web of Science, Embase, and the Cochrane Registry through May 2022. We selected random control
trials that compared the effects of different interventions, and that revealed the effects of hs-CRP. Two
reviewers independently screened the articles, extracted the data, and assessed the quality of the
studies according to the PRISMA guidelines (Preferred Reporting Items for Systematic Reviews and
Meta-Analyses). The data were pooled using a random-effects meta-analysis. Results: Nine articles
were included in the meta-analysis. A total of 1.049 patients received stent implantation, and 185
ISR events were recorded during the 1–12-month follow-up period. Baseline hs-CRP levels were not
associated with the prediction of ISR among patients receiving stent implantation. The OR of hs-CRP
for ISR was 1.81 (0.92–2.69). In the subgroup analysis, 6–12-month hs-CRP levels, diabetes mellitus
(DM), and age ≥60(years)were associated with a higher risk of ISR. Conclusions: This meta-analysis
shows that higher levels of baseline hs-CRP are not associated with an increased risk of ISR in stented
patients. However, an increased risk of ISR was associated with hs-CRP levels at 6 to 12 months of
follow-up, which is higher in studies with diabetes mellitus patients and the elderly.

Keywords: high-sensitivity C-reactive protein; in-stent restenosis; meta-analysis

1. Introduction

Percutaneous coronary intervention (PCI) is one of the most important treatments
for atherosclerotic cardiovascular disease (ASCVD) patients [1]. Prompt revascularization
can save patients’ lives and improve their prognosis. However, problems with in-stent
restenosis (ISR) during follow-up diminish this benefit [2]. It is a fact that the clinical use
of drug-eluting stents (DESs) has significantly reduced the incidence of ISR compared to
bare-metal stents (BMS) [3]. On the other hand, the incidence rate for patients receiving DES
implantation is still 5% to 10% [4]. Moreover, cumulative stenting is becoming common
given the dramatic increase in the number of ASCVD patients [5]. ISR remains a significant
limiting factor for PCI.

The identification and control of risk factors are critical to improving the diagnos-
tic and treatment capabilities of ISR as well as prophylactic programs [6]. Our previous
research implies that the risk factors for DES-ISR and BMS-ISR are basically the same,
with age and diabetes being the most important factors of concern [7]. Additionally, a
considerable amount of literature has identified numerous risk factors that are known to
play a role in determining progress in ISR [8–10]. Those factors can be briefly distinguished
by inflammatory markers, operational technical characteristics, and coronary lesion char-
acteristics. One of the most common causes of ISR is vascular inflammation associated
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with atherosclerosis [11,12]. In such cases, inflammatory biomarkers are usually used to
help detect ISR and monitor its assessment, prognosis, and treatment delivery. Since 2010,
the plasma concentration of hs-CRP (high-sensitivity CRP) has been used as a biomarker
for disease prognosis in patients with ASCVD [13]. It could also be useful to establish a
high concentration limit for hs-CRP that could be used by physicians for the diagnosis
of acute myocardial infarction [14] and to predict cardiovascular events [15]. Hs-CRP is
more suitable than CRP in terms of risk stratification in vulnerable patient populations, and
hs-CRP can partially replace CRP in clinical use [16]. The advantages of hs-CRP over CRP
appear to be more clear in chronic inflammation statues [17]. The end cost/effectiveness of
hs-CRP screening is still an area of controversy, but making physicians aware of the positive
relationship between high hs-CRP and ASCVD is a priority to improve the median survival
and life quality of patients [18]. Some previous studies have pointed out that hs-CRP is an
independent risk factor for ISR [19], but some studies have reached opposite conclusions.
Additionally, baseline hs-CRP did not indicate more severe stenosis [7]. However, there
is, to date, only one systematic review of the clinical trials validating hs-CRP and ISR.
Therefore, we aim to investigate the prognostic value of hs-CRP to ISR.

Drugs, new-generation DESs, and drug-coated balloons were used to treat ISR and
reduce serum hs-CRP, therefore possibly contributing to its therapeutic effects [20]. Gaz-
tanaga J [21], Rosa W C [22], and Yao W [23] revealed the anti-inflammation effects of
oral medications on ISR outcomes. Jung J H [24], Kochiadakis G E [25], and Wang J [26]
evaluated the effects of modified stents on variations in ISR outcomes and plasma hs-CRP
levels. Hs-CRP screening has become a cost/effectiveness indicator of clinical trials [19].
A previous systematic review conducted by Zhu X et al. [19] only included retrospective
studies, and multiple factors (e.g., age, diabetes, and follow-up times) were not adequately
analysed. In order to obtain a clear answer, we re-examined the literature based on ran-
domised controlled clinical trials (or prospective cohort studies specifically evaluating the
diagnostic value of hs-CRP) to assess the diagnostic prediction value of hs-CRP in patients
undergoing stenting.

2. Materials and Methods

This systematic review and meta-analysis were conducted in accordance with the
PRISMA statement and was registered with INPLASY (registration URL: https://inplasy.
com accessed on 31 May 2022, ID: INPLASY202250170, DOI: 10.37766/inplasy2022.5.0170).

2.1. Search Strategy

A search strategy for the entire study was developed by Ke Xiao, and two authors
(Yi Ming and Lu Wu) independently searched the PubMed, Web of Science, Embase, and
Cochrane databases to identify relevant studies that had been published as of March 2022.
The search keywords were “Percutaneous coronary interventional“, “in-stent restenosis”,
and “high-sensitivity C-reactive protein”. The post-search literature was screened, and ref-
erences to the included studies were manually searched for additional relevant publications.
The specific literature search process is shown in Figure 1.

2.2. Inclusion Criteria

Studies were included if they met the following criteria: randomised controlled studies
or prospective cohorts clearly stating that hs-CRP was one of the main exposure factors for
ISR in patients undergoing PCI and a 95% confidence interval (CI) provided for the odds
ratio (OR) for mortality or for the reported case data for the intervention, and the use of
control groups to calculate these parameters.

https://inplasy.com
https://inplasy.com
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2.3. Endpoint

The primary endpoint of this systematic review was in-stent stenosis. Restenosis
was detected using coronary angiography [6], and higher hs-CRP levels were a positive
predictor of ISR events. Because the RCTs did not report ISR as a single endpoint, manual
retrieval of the incidence of ISR among composite endpoints was required. In addition,
prospective cohort studies with ISR as the target endpoint to evaluate the diagnostic
predictive value of hs-CRP were also included.

2.4. Quality Assessment

The Revman tool was used to assess the study quality of all of the included full-
text articles. We looked at (1) random sequence generation, (2) allocation concealment,
(3) participant and personnel blinding, (4) outcome assessment blinding, (5) incomplete
outcome data, (6) selective reporting, and (7) other potential sources of bias.
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2.5. Data Extraction

Yi Ming and Lu Wu extracted data from the included articles independently using
electronically extracted files based on predefined standardisations. The following infor-
mation was extracted from each of the articles used in the final review: investigator, year
of study, study design, number of participants, mean age, type of treatment, duration of
follow-up, biomarker testing method, whether diabetes was reported as a comorbidity,
OR and concomitant 95% confidence intervals, and information on the cases reported
in the intervention group and the case–control group. We contacted the corresponding
authors when the univariate or multivariate HR was not reported. Studies were excluded
if additional information could not be provided.

2.6. Statistical Analysis

OR or case data from the intervention and control groups were used to analyse di-
chotomous data. The heterogeneity among studies was assessed using the Cochrane Q
test and I2 test. When I2 > 30% or p < 0.05 indicated considerable heterogeneity, sensitiv-
ity and subgroup analyses were performed to determine the effect of each study on the
overall outcome. A random effects model was used to obtain pooled estimates. A funnel
plot and Egger’s test were used to assess potential publication bias. There are various
analytical methods for estimating the accuracy of the comprehensive tests. In this study,
cumulative receiver operating characteristic curve (SROC) analysis was used, also known
as SROC analysis. Statistical analysis was performed using Stata software version 16 (Stata-
Corp LLC, 4905 Lakeway Drive, College Station, TX, USA), and p < 0.05 was considered
statistically significant.

3. Results
3.1. Search Results and Study Characteristics

According to our designated retrieval strategy (Figure 1), 318 records were identi-
fied after removing duplicates. Based on the title and abstract screening, we excluded
287 articles. There were 31 articles that were chosen to have their full texts and perused,
and nine studies were eventually included in our systematic review and meta-analysis.
The studies included in this systematic review were published in nine articles between
2005 and 2020. Seven articles were randomised controlled trials [21–27], and two were
prospective study designs [28,29]. A total of 1049 patients who had undergone PCI and who
were stented were included. The mean age was 59.4 ± 9.5(years). There were 185 patients
who were diagnosed with ISR during follow-up (1–12 months). All of the investigators
completed baseline hs-CRP measurements during the perioperative period of PCI. Table 1
summarises the patient and study characteristics. Methodological assessments and quality
assessments of each included article can be found in Supplementary Figures S1 and S2.
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Table 1. Basic characteristics of include studies. N/A: not available.

Study Year Country/Area Design Sample size Age (Years)
Higher
hs-CRP
ISR/n

Higher
hs-CRP

non-ISR/n

Lower
hs-CRP
ISR/n

Lower
hs-CRP

non-ISR/n

Follow-Up
(Months) Comparision Time for Test

Gaztanaga, J. [21] 2015 USA RCT 52 56.6 ± 9.67 1 25 0 26 6

Higher hs-CRP vs.
Lower hs-CRP
5-lipoxygenase

inhibitor vs. placebo

0

Jung, J.H. [24] 2005 Korea RCT 125 59 ± 10.0 13 49 10 53 6

Restenosis vs.
non-restenosis

Carbon-implanted
surface stents vs.

Control stents

0/48 h/6 m

Kochiadakis, G.E. [25] 2007 Greece RCT 81 62 ± 11.0 6 37 1 37 1

Higher hs-CRP vs.
Lower hs-CRP Bare

Metal Stents vs.
Sirolimus-eluting

Stents

0/24 h/48 h/6 m

Rosa, W.C. [22] 2010 Brasil RCT 48 56.8 ± 13 8 3 0 12 2
Restenosis vs.

non-restenosis Oral
sirolimus vs. Placebo

0/24 h/7 d/
49 d/2 m

Wang, J. [26] 2020 China RCT 126 66.93 ± 5.25 17 46 6 57 12

Restenosis vs.
non-restenosis

Rapamycin-eluting
double stenting vs.

single stenting

0/3 m

Yao, W. [23] 2020 China RCT 194 55.1 ± 8.3 28 68 10 88 6
Restenosis vs.
non-restenosis

Valsartan vs. control
0/6 m

Yasuoka, Y. [27] 2014 Japan RCT 68 N/A 12 21 0 31 6

Restenosis vs.
non-restenosis Bare

Metal Stents vs.
Control

0/6 m

Yip, H.K. [28] 2005 China Cohort 248 61.3 ± 9.4 49 119 0 80 6

Restenosis vs.
non-restenosis

Unstable angina vs.
Risk control and
Normal control

0/21 d/3 m/6 m

Yip, H.K. [29] 2005 China Cohort 107 61.0 ± 10.3 22 55 0 30 7

Restenosis vs.
non-restenosis

Unstable angina vs.
Normal control

0/21 d/3 m/7 m
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3.2. The Risk of Higher Hs-CRP to ISR

All of the studies described the perioperative hs-CRP levels. We performed a random-
effects model for the meta-analysis and found that higher baseline hs-CRP levels in patients
with PCI stents were not significantly associated with increased ISR risk, with OR =1.81
(0.92–2.96) (Figure 2) and I2 = 58.26% (p < 0.001), indicating some heterogeneity among the
studies (Supplemental Figure S3).
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3.3. Summary Receiver Operating Characteristic Curve

The aim of this meta-analysis was to evaluate the diagnostic predictive value of hs-
CRP for ISR, so we plotted the HSROC for the total pooled volume of each study (Figure 3).
The overall sensitivity of the baseline hs-CRP was 0.95 (0.71–0.99), the specificity was 0.50
(0.45–0.5), the area under the ROC was 0.58 (0.53–0.62), and the diagnostic OR value was
18 (3–116). There was also significant heterogeneity in the diagnostic sensitivity specificity
of each trial (Q = 33.88, df = 2.00, p < 0.001).
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3.4. Sensitivity Analysis

We eliminated nine studies from sensitivity analysis step-by-step. No individual
study significantly affected the pooled effect size, indicating that the sensitivity of this
meta-analysis is low and that the results are reliable (Figure 4).
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3.5. Subgroup Analyses

First, we conducted a subgroup analysis according to age, and the results showed
that the OR = 2.16 (0.85–3.47) in the ≥60-year-old group and the OR = 1.61 (0.32–2.91) in
the <60-year-old group failed to show a significant correlation with ISR risk (Figure 5). A
subgroup analysis for age could not sufficiently explain this heterogeneity. Nevertheless,
the elderly patient subgroup (≥60-year-old) had a higher risk of ISR compared to the
<60-year-old subgroup. We then performed subgroup analyses based on hs-CRP levels
at baseline or at admission and at follow-up over the course of 6 months. The hs-CRP
level during the follow-up period was significantly associated with an increased risk of ISR
events, with OR = 3.04 (1.27–4.80), while the baseline hs-CRP level at admission was not
significantly associated with the risk of ISR events, with OR = 1.39 (0.62–2.17) (Figure 6).
The hs-CRP levels at different follow-up times partially reveal the heterogeneity in the
current meta-analysis and also indicate that hs-CRP can have a higher predictive value at
longer follow-up times. Finally, we conducted a subgroup analysis according to whether
the ISR patients had diabetes or not. The results showed that the hs-CRP level in the
diabetes subgroup was significantly associated with an increased risk of ISR events, with
OR = 3.77 (2.32–5.22), while the hs-CRP level in the non-diabetic group had no significant
correlation with the risk of ISR events, with OR = 1.03 (0.48–1.57) (Figure 7). The results
of the subgroup analysis showed that the hs-CRP levels observed after stent implantation
(≥6 months) were more effective in predicting the risk of ISR and were consistent after
adjusting for two established ISR risk factors (age and diabetes).
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C-reactive protein, ISR: in-stent restenosis, 0: without diabetes 1: complicated with diabetes [21–29].

3.6. Publication Bias

We assessed publication bias by drawing funnel plots and using Egger’s test. Both
Egger’s test (Supplementary Figure S4) and the funnel plots (Figure 8) suggest the presence
of publication bias in some of the analyses.
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4. Discussion

Hs-CRP is a marker of oxidative stress and has long been used as a marker of in-
flammatory diseases. Inflammation is a major determinant of both experimental and
clinical in-stent restenosis [30]. It is also an indicator that is used to evaluate the risk of
residual inflammation in cardiovascular disease [13]. Therefore, it is suitable to define
high-inflammation-risk groups and to predict the occurrence of ISR in the post-stent popu-
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lation. Through early detection and intervention, mortality can be reduced, and medical
resources can be saved. Many inflammatory markers have been found to be risk factors
for ISR [31], but hs-CRP is currently the most widely used and conveniently detected
inflammatory marker in clinical practice. Substantial evidence implicates hs-CRP as a risk
factor for ASCVD [32,33]. Hoshida et al. reported that persistently elevated hs-CRP was
associated with a risk of restenosis in patients with stable angina but not receiving statin
therapy. Gaspardone et al. [34] pointed out that inflammation plays an important role in
PCI complications. He explained that this is related to damage to the artery after either
balloon expansion or after stenting. In addition, a variety of inflammatory factors, such
as cytokines and chemokines, are involved in the neointimal tissue response at the site
of coronary stenting [34]. A previous meta-analysis suggested that high baseline hs-CRP
levels in patients following stent implantation were associated with an increased risk of
ISR [19], but it did not indicate whether long-term ISR, including after 6, 8, and 12 months,
could be predicted. At the same time, inflammation is an important pathological basis
for the pathogenesis of ISR, so reducing inflammation through drugs can theoretically
improve the prognosis of PCI. Another meta-analysis evaluating statin reduction in hs-CRP
further suggested that statin therapy can reduce inflammation, reduce hs-CRP levels, and,
ultimately, improve prognosis [35]. However, intensive lipid-lowering therapy for ISR
patients during PCI did not reduce the risk of ISR [36]. Meanwhile, simvastatin-eluting
stents or oral anti-inflammatory drugs have not shown a decrease in the risk of ISR along
while also lowering hs-CRP [37,38]. Then, by pooling the results of different studies in a
meta-analysis, it was possible to prove the diagnostic value of hs-CRP.

Our study does not support the findings of the previous meta-analysis [19]. The
current meta-analysis and systematic review revealed that baseline hs-CRP levels in the
perioperative period of PCI, including before the PCI and within 1 month after stenting,
did not accurately predict long-term restenosis events, but the HSROC curves that were
comprehensively constructed from the nine trials showed that the model with hs-CRP as
the only diagnostic factor still had high sensitivity, which further supports the inflamma-
tion pathology in ISR progress. It is interesting that the hs-CRP levels during follow-up
(≥6 month) were substantially related to an elevated risk of ISR after we adjusted for age,
follow-up time, and diabetes.

It was previously reported that ISR could result from inflammation [30]. The systematic
reviews of cohort studies [19,39] have reported many inflammatory biomarkers that are
easily available, including IL-6, TNF-γ, MCP-1, CD11b, CRP, and hs-CRP, and that have
been found to predict the risk of restenosis. On the other hand, there are contracted
findings showing that hs-CRP does not predict restenosis in PCI patients, although hs-CRP
is significantly increased in these patients at baseline levels [28,29]. In addition, Kocas et al.
suggested that statin nonadherence at follow-up in patients with PCI was associated with
an increased risk of ISR [40]. The current meta-analysis supports a chronic inflammatory
state compared to acute-phase inflammation when undergoing PCI, which can predict
the risk of ISR more effectively. Combined information regarding multiple inflammatory
biomarkers at follow-up rather than at baseline could be useful to evaluate the risk of ISR
in patients who have undergone PCI.

As reviewed in the current meta-analysis, the role of inflammation in the development
of restenosis provides opportunities for therapeutic intervention using anti-inflammatory
treatments. In patients presenting systemic evidence of inflammation as measured by an el-
evated hs-CRP level at baseline and follow-up, the administration of oral anti-inflammatory
therapy post-stenting dramatically reduces the rate of restenosis, as reported by Gaztanaga
J [21], Rosa W C [22], and Yao W [23]. Meanwhile, Jung J H [24], Kochiadakis G E [25], and
Wang J [26] reported that the profound impact of DES on restenosis prevention reflects both
its properties as an anti-proliferative as well as an anti-inflammatory agent. Such studies
underscore the important role of anti-inflammation in the attendant risks of restenosis or
thrombosis. However, heterogeneity was observed in the changes in the inflammatory
biomarkers accompanying the effectiveness of anti-inflammatory treatments [27]. Hon-Kan
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Yip [28,29] et al. reported the hs-CRP trends at baseline, 21 days, 3 months, and 6 months
in patients with unstable angina pectoris. Nonetheless, these trends were not useful for
predicting restenosis after coronary stenting. As an indicator of chronic inflammation,
Hs-CRP is not alone and is accompanied by diabetes and age. Combined information
regarding multiple risk factors at follow-up rather than admission could be useful for
evaluating the risk of ISR in patients who have undergone PCI. Additionally, with advance-
ments in interventional technology, whether this long-term anti-inflammatory treatment is
necessary is a point of controversy. The short-term release of anti-inflammatory agents from
drug-coated balloons can effectively block the inflammatory cascade and the occurrence
of persistent chronic inflammation [41]. In addition, the drug-intensive anti-inflammatory
efficacy was better during hospitalisation than during follow-up [40]. Therefore, the acute-
phase inflammation can be effectively controlled, and the inflammatory biomarker in the
follow-up period can better reflect the lesion’s progress.

The current meta-analysis shows a prognostic value of hs-CRP for ISR and that baseline
hs-CRP levels cannot define ISR in high-risk patients. More investigations may be required
in the future to determine the utility of hs-CRP during follow-up. At the same time, risk
factors for ISR management are becoming more well-recognised. It will be interesting to
construct a comprehensive model based on the numerous biomarkers and risk factors that
may increase the predictive value of hs-CRP.

There are a few limitations to our research. First, our study seems to have publication
bias, which could be due to the fact that positive outcomes are easier to report and publish.
Second, we were unable to describe the effects of different interventions on hs-CRP in the
meta-analysis due to a lack of data.

5. Conclusions

Overall, the current meta-analysis demonstrates that the hs-CRP levels at follow-up,
rather than those at baseline, are related to higher ISR risk, indicating that they could be
used as a prognostic marker during long-term follow-up. After adjusting for diabetes, age,
and follow-up time, this hazard was higher.
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2. Wańha, W.; Bil, J.; Januszek, R.; Gilis-Malinowska, N.; Figatowski, T.; Milewski, M.; Pawlik, A.; Staszczak, B.; Wybraniec,
M.; Tomasiewicz, B.; et al. Long-Term Outcomes Following Drug-Eluting Balloons Versus Thin-Strut Drug-Eluting Stents for
Treatment of In-Stent Restenosis (DEB-Dragon-Registry). Circ. Cardiovasc. Interv. 2021, 14, e010868. [PubMed]

3. Yabushita, H.; Kawamoto, H.; Fujino, Y.; Tahara, S.; Horikoshi, T.; Tada, M.; Amano, T.; Onishi, H.; Nakajima, A.; Warisawa, T.;
et al. Clinical Outcomes of Drug-Eluting Balloon for In-Stent Restenosis Based on the Number of Metallic Layers. Circ. Cardiovasc.
Interv. 2018, 11, e005935. [CrossRef] [PubMed]

4. Nakamura, D.; Dohi, T.; Ishihara, T.; Kikuchi, A.; Mori, N.; Yokoi, K.; Shiraki, T.; Mizote, I.; Mano, T.; Higuchi, Y.; et al. Predictors
and outcomes of neoatherosclerosis in patients with in-stent restenosis. EuroIntervention 2021, 17, 489–496. [CrossRef] [PubMed]

5. Magalhaes, M.A.; Minha, S.; Chen, F.; Torguson, R.; Omar, A.F.; Loh, J.P.; Escarcega, R.O.; Lipinski, M.J.; Baker, N.C.; Kitabata, H.;
et al. Clinical Presentation and Outcomes of Coronary In-Stent Restenosis Across 3-Stent Generations. Circ. Cardiovasc. Interv.
2014, 7, 768–776. [CrossRef] [PubMed]

6. Ullrich, H.; Olschewski, M.; Münzel, T.; Gori, T. Coronary In-Stent Restenosis: Predictors and Treatment. Dtsch. Arztebl. Int. 2021,
118, 637–644. [CrossRef] [PubMed]

7. Yi, M.; Tang, W.-H.; Xu, S.; Ke, X.; Liu, Q. Investigation Into the Risk Factors Related to In-stent Restenosis in Elderly Patients With
Coronary Heart Disease and Type 2 Diabetes Within 2 Years After the First Drug-Eluting Stent Implantation. Front. Cardiovasc.
Med. 2022, 9, 83730.

8. Shlofmitz, E.; Iantorno, M.; Waksman, R. Restenosis of Drug-Eluting Stents: A New Classification System Based on Disease
Mechanism to Guide Treatment and State-of-the-Art Review. Circ. Cardiovasc. Interv. 2019, 12, e007023.

9. Zeng, M.; Yan, X.; Wu, W. Risk factors for revascularization and in-stent restenosis in patients with triple-vessel disease after
second-generation drug-eluting stent implantation: A retrospective analysis. BMC Cardiovasc. Disord. 2021, 21, 446. [CrossRef]

10. Wang, P.; Qiao, H.; Wang, R.; Hou, R.; Guo, J. The characteristics and risk factors of in-stent restenosis in patients with percutaneous
coronary intervention: What can we do. BMC Cardiovasc. Disord. 2020, 20, 510. [CrossRef]

11. Inamdar, V.; Zviman, M.; Bratinov, G.; Fitzpatrick, E.O.; Gardiner, K.; Alferiev, I.S.; Levy, R.J.; Stachelek, S.J.; Fishbein, I. Abstract
P137: Hypercholesterolemia Aggravates In-stent Restenosis In Rabbits By Escalating Vascular Inflammation. Arterioscler. Thromb.
Vasc. Biol. 2021, 41 (Suppl. S1), AP137. [CrossRef]

12. Kelly, P.J.; Lemmens, R.; Tsivgoulis, G. Inflammation and Stroke Risk: A New Target for Prevention. Stroke 2021, 52, 2697–2706.
[CrossRef]

13. Castro, A.R.; Silva, S.O.; Soares, S.C. The Use of High Sensitivity C-Reactive Protein in Cardiovascular Disease Detection. J. Pharm.
Pharm. Sci. 2018, 21, 496–503. [CrossRef]

14. Gholoobi, A.; Askari, V.R.; Naghedinia, H.; Ahmadi, M.; Vakili, V.; Rahimi, V.B. Colchicine effectively attenuates inflammatory
biomarker high-sensitivity C-reactive protein (hs-CRP) in patients with non-ST-segment elevation myocardial infarction: A
randomised, double-blind, placebo-controlled clinical trial. Inflammopharmacology 2021, 29, 1379–1387. [CrossRef]

15. Ribeiro, D.R.P.; Ramos, A.M.; Vieira, P.L.; Menti, E.; Bordin, O.L., Jr.; De Souza, P.A.L.; De Quadros, A.S.; Portal, V.L.; Bordin, O.L.
High-sensitivity C-reactive protein as a predictor of cardiovascular events after ST-elevation myocardial infarction. Arq. Bras.
Cardiol. 2014, 103, 69–75. [CrossRef]

16. Hofer, F.; Perkmann, T.; Gager, G.; Winter, M.-P.; Niessner, A.; Hengstenberg, C.; Siller-Matula, J.M. Comparison of high-sensitivity
C-reactive protein vs. C-reactive protein for diagnostic accuracy and prediction of mortality in patients with acute myocardial
infarction. Ann. Clin. Biochem. 2021, 58, 342–349.

17. Vodolazkaia, A.; Bossuyt, X.; Fassbender, A.; Kyama, C.M.; Meuleman, C.; Peeraer, K.; Tomassetti, C.; D’Hooghe, T.M. A high
sensitivity assay is more accurate than a classical assay for the measurement of plasma CRP levels in endometriosis. Reprod. Biol.
Endocrinol. 2011, 9, 113. [CrossRef]

18. Bassuk, S.S.; Rifai, N.; Ridker, P.M. High-sensitivity C-reactive protein: Clinical importance. Curr. Probl. Cardiol. 2004, 29, 439–493.
19. Zhu, X.; Chen, Y.; Xiang, L.; You, T.; Jiao, Y.; Xu, W.; Chen, J. The long-term prognostic significance of high-sensitive C-reactive

protein to in-stent restenosis. Medicine 2018, 97, e10679. [CrossRef]
20. Wang, M.; Zhang, W.; Zhang, L.; Wang, L.; Li, J.; Shu, C.; Li, X. Roles of MicroRNAs in Peripheral Artery In-Stent Restenosis after

Endovascular Treatment. Biomed. Res. Int. 2021, 2021, 9935671. [CrossRef]
21. Gaztanaga, J.; Farkouh, M.; Rudd, J.H.; Brotz, T.M.; Rosenbaum, D.; Mani, V.; Kerwin, T.C.; Taub, R.; Tardif, J.-C.; Tawakol, A.;

et al. A phase 2 randomized, double-blind, placebo-controlled study of the effect of VIA-2291, a 5-lipoxygenase inhibitor, on
vascular inflammation in patients after an acute coronary syndrome. Atherosclerosis 2015, 240, 53–60. [CrossRef]

22. Rosa, W.C.; Campos, A.H.; Lima, V.C. Effect of oral sirolimus therapy on inflammatory biomarkers following coronary stenting.
Braz. J. Med. Biol. Res. 2010, 43, 786–793. [CrossRef]

23. Yao, W.; Wang, L.; Chen, Q.; Wang, F.; Feng, N. Effects of Valsartan on Restenosis in Patients with Arteriosclerosis Obliterans of
the Lower Extremities Undergoing Interventional Therapy: A Prospective, Randomized, Single-Blind Trial. Med. Sci. Monit. 2020,
26, e919977. [CrossRef]

http://www.ncbi.nlm.nih.gov/pubmed/34323122
http://www.ncbi.nlm.nih.gov/pubmed/34474584
http://doi.org/10.1161/CIRCINTERVENTIONS.117.005935
http://www.ncbi.nlm.nih.gov/pubmed/30354780
http://doi.org/10.4244/EIJ-D-20-00539
http://www.ncbi.nlm.nih.gov/pubmed/32985411
http://doi.org/10.1161/CIRCINTERVENTIONS.114.001341
http://www.ncbi.nlm.nih.gov/pubmed/25466551
http://doi.org/10.3238/arztebl.m2021.0254
http://www.ncbi.nlm.nih.gov/pubmed/34379053
http://doi.org/10.1186/s12872-021-02259-0
http://doi.org/10.1186/s12872-020-01798-2
http://doi.org/10.1161/atvb.41.suppl_1.P137
http://doi.org/10.1161/STROKEAHA.121.034388
http://doi.org/10.18433/jpps29872
http://doi.org/10.1007/s10787-021-00865-0
http://doi.org/10.5935/abc.20140086
http://doi.org/10.1186/1477-7827-9-113
http://doi.org/10.1097/MD.0000000000010679
http://doi.org/10.1155/2021/9935671
http://doi.org/10.1016/j.atherosclerosis.2015.02.027
http://doi.org/10.1590/S0100-879X2010007500071
http://doi.org/10.12659/MSM.919977


J. Cardiovasc. Dev. Dis. 2022, 9, 247 13 of 13

24. Jung, J.H.; Min, P.K.; Kim, J.Y.; Park, S.; Choi, E.Y.; Ko, Y.G.; Choi, D.; Jang, Y.; Shim, W.H.; Cho, S.Y. Does a carbon ion-implanted
surface reduce the restenosis rate of coronary stents? Cardiology 2005, 104, 72–75. [CrossRef] [PubMed]

25. Kochiadakis, G.E.; Marketou, M.E.; Arfanakis, D.A.; Sfiridaki, K.; Skalidis, E.I.; Igoumenidis, N.E.; Hamilos, M.I.; Kolyvaki, S.;
Chlouverakis, G.; Kantidaki, E.; et al. Reduced systemic inflammatory response to implantation of sirolimus-eluting stents in
patients with stable coronary artery disease. Atherosclerosis 2007, 194, 433–438. [CrossRef] [PubMed]

26. Wang, J.; Zeng, Y.; Zhu, H. Rapamycin-eluting single and double stenting on serum markers in coronary bifurcation lesions. J.
Coll. Physicians Surg. Pak. 2020, 30, 222–224. [CrossRef] [PubMed]

27. Yasuoka, Y.; Kitatoube, A.; Kume, K.; Nakashima, T.; Kosugi, M.; Kohama, Y.; Araki, R.; Matsutera, R.; Noda, Y.; Hattori, S.; et al.
Local release of inflammatory markers in coronary artery associated with the development of in-stent restenosis in patients with
acute coronary syndrome. Exp. Clin. Cardiol. 2014, 20, 2549–2578.

28. Yip, H.-K.; Wu, C.-J.; Yang, C.-H.; Chang, H.-W.; Fang, C.-Y.; Hung, W.-C. Serial Changes in Circulating Concentrations of Soluble
CD40 Ligand and C-Reactive Protein in Patients With Unstable Angina Undergoing Coronary Stenting Role of Inflammatory
Mediators in Predicting Late Restenosis. Circ. J. 2005, 69, 890–895. [CrossRef]

29. Yip, H.-K.; Hung, W.-C.; Yang, C.-H.; Chen, Y.-H.; Cheng, C.-I.; Chen, S.-M.; Yeh, K.-H. Serum concentrations of high-sensitivity
C-reactive protein predict progressively obstructive lesions rather than late restenosis in patients with unstable angina undergoing
coronary artery stenting. Circ. J. 2005, 69, 1202–1207. [CrossRef]

30. Demirtas, K. Inflammation and In-Stent Restenosis. Angiology 2018, 69, 89. [CrossRef]
31. Akboga, M.K.; Yilmaz, S. Predictors of In-Stent Restenosis. Angiology 2019, 70, 279. [CrossRef]
32. Zhang, W.; Speiser, J.L.; Ye, F.; Tsai, M.Y.; Cainzos-Achirica, M.; Nasir, K.; Herrington, D.M.; Shapiro, M.D. High-Sensitivity

C-Reactive Protein Modifies the Cardiovascular Risk of Lipoprotein(a): Multi-Ethnic Study of Atherosclerosis. J. Am. Coll. Cardiol.
2021, 78, 1083–1094. [CrossRef]

33. Ridker, P.M. From C-Reactive Protein to Interleukin-6 to Interleukin-1: Moving Upstream To Identify Novel Targets for Athero-
protection. Circ. Res. 2016, 118, 145–156. [CrossRef]

34. Gaspardone, A.; Versaci, F. Coronary stenting and inflammation. Am. J. Cardiol. 2005, 96, 65l–701. [CrossRef]
35. Kandelouei, T.; Abbasifard, M.; Imani, D.; Aslani, S.; Razi, B.; Fasihi, M.; Shafiekhani, S.; Mohammadi, K.; Jamialahmadi, T.;

Reiner, Ž.; et al. Effect of Statins on Serum level of hs-CRP and CRP in Patients with Cardiovascular Diseases: A Systematic
Review and Meta-Analysis of Randomized Controlled Trials. Mediat. Inflamm 2022, 2022, 8732360. [CrossRef]

36. Prasad, K. Do statins have a role in reduction/prevention of post-PCI restenosis? Cardiovasc. Ther. 2013, 31, 12–26. [CrossRef]
37. Herdeg, C.; Fitzke, M.; Oberhoff, M.; Baumbach, A.; Schroeder, S.; Karsch, K.R. Effects of atorvastatin on in-stent stenosis in

normo- and hypercholesterolemic rabbits. Int. J. Cardiol. 2003, 91, 59–69. [CrossRef]
38. Zago, A.C.; Matte, B.S.; Reginato, L.; Iturry-Yamamoto, G.; Krepsky, A.; Bergoli, L.C.; Balvedi, J.; Raudales, J.C.; Saadi, E.K.;

Zago, A.J. First-in-man study of simvastatin-eluting stent in de novo coronary lesions: The SIMVASTENT study. Circ. J. 2012, 76,
1109–1114. [CrossRef]

39. Li, J.-J.; Ren, Y.; Chen, K.-J.; Yeung, A.C.; Xu, B.; Ruan, X.-M.; Yang, Y.-J.; Chen, J.-L.; Gao, R.-L. Impact of C-reactive protein on
in-stent restenosis: A meta-analysis. Tex. Heart Inst. J. 2010, 37, 49–57.

40. Kocas, C.; Abaci, O.; Kocas, B.B.; Cetinkal, G.; Arslan, S.; Yildiz, A.; Ersanli, M. Impact of statin non-adherence on in-stent
restenosis following bare-metal stent implantation. Int. J. Cardiol. 2016, 203, 529–531. [CrossRef]

41. Tornyos, A.; Aradi, D.; Horváth, I.G.; Kónyi, A.; Magyari, B.; Pintér, T.; Vorobcsuk, A.; Tornyos, D.; Komócsi, A. Clinical outcomes
in patients treated for coronary in-stent restenosis with drug-eluting balloons: Impact of high platelet reactivity. PLoS ONE 2017,
12, e0188493.

http://doi.org/10.1159/000086688
http://www.ncbi.nlm.nih.gov/pubmed/16020923
http://doi.org/10.1016/j.atherosclerosis.2006.08.029
http://www.ncbi.nlm.nih.gov/pubmed/16997310
http://doi.org/10.29271/jcpsp.2020.02.222
http://www.ncbi.nlm.nih.gov/pubmed/32036837
http://doi.org/10.1253/circj.69.890
http://doi.org/10.1253/circj.69.1202
http://doi.org/10.1177/0003319717722103
http://doi.org/10.1177/0003319718776796
http://doi.org/10.1016/j.jacc.2021.07.016
http://doi.org/10.1161/CIRCRESAHA.115.306656
http://doi.org/10.1016/j.amjcard.2005.09.064
http://doi.org/10.1155/2022/8732360
http://doi.org/10.1111/j.1755-5922.2011.00302.x
http://doi.org/10.1016/S0167-5273(02)00588-0
http://doi.org/10.1253/circj.CJ-11-1125
http://doi.org/10.1016/j.ijcard.2015.10.085

	Introduction 
	Materials and Methods 
	Search Strategy 
	Inclusion Criteria 
	Endpoint 
	Quality Assessment 
	Data Extraction 
	Statistical Analysis 

	Results 
	Search Results and Study Characteristics 
	The Risk of Higher Hs-CRP to ISR 
	Summary Receiver Operating Characteristic Curve 
	Sensitivity Analysis 
	Subgroup Analyses 
	Publication Bias 

	Discussion 
	Conclusions 
	References

