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ORIGINAL ARTICLE

ABSTRACT
Background: In-stent restenosis (ISR) is an event of coronary atherosclerosis re-budling following the stent 

implantation in percutaneous coronary intervention. The events of ISR have been significantly reduced since the 
introduction of drug-eluting stents. However, ISR could still occur, and factors affecting the incident have not 
yet been discovered. This study aims to evaluate the risk factors of coronary in-stent restenosis in drug-eluting 
stents. Methods: Studies on the factors and risks of ISR in patients with drug-eluting stents were systematically 
searched in databases (PubMed, ScienceDirect, Springer, Google Scholar, and ProQuest) on September 20th, 
2023. The odds ratio (OR) and mean difference (MD) were analyzed using Review Manager 5.4. Results: Diabetes 
mellitus (OR 1.73 [95%CI 1.56, 1.91] p < 0.00001) and smoking (OR 1.24 [95%CI 1.13, 1.36] p<0.0001) are 
the patients' clinical characteristics that are associated with ISR in DES. It is closely related to the contribution 
of diabetes mellitus in promoting platelet adhesion and smoking in enhancing intimal hyperplasia. As in the 
angiography characteristics, stent lesion at LAD (OR 1.20 [95%CI 1.07, 1.35] p = 0.002) and stent length (MD 
3.61 [95%CI 1.81, 5.42] p < 0.0001) are correlated with the events of ISR. Every millimeter excess of stent 
length significantly increases the risk of ISR. Therefore, reducing the excess stent length may contribute to the 
reduced risk of ISR in DES. Conclusion: The identification of risk factors contributing to ISR in DES may help 
cardiologists modify the attributable factors and prevent the occurrence of ISR.
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INTRODUCTION 
Percutaneous coronary intervention (PCI) 

has become one of the effective methods for 
the treatment of coronary heart disease (CHD). 
However, it is easy to have in-stent restenosis 
(ISR), even cardiovascular events after PCI, 
which affects the therapeutic effects. In-stent 

restenosis is a corollary of the improved 
durability of modern-day coronary inter. After 
performing percutaneous coronary intervention 
(PCI), patients are still at risk of developing 
new stenosis, such as intra‐stent restenosis 
(ISR).1 The widespread application of new 
anticoagulants and drug-eluting stents has 
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significantly decreased the incidence of coronary 
ISR. Nevertheless, large-scale clinical trials have 
confirmed that a 5% probability of restenosis 
exists despite the use of drug-eluting stents.2

The first and especially second-generation 
drug-eluting stents (DES) were specifically 
designed to reduce hyperproliferation within 
stents as a mechanism to overcome the high rate 
of ISR.3 Nevertheless, the prevalence of ISR is 
estimated to vary from 3 to 20% in the current 
DES era, depending on coronary anatomy, 
and patient- and procedure-related factors.3 
This suggests that the type of stent is only one 
factor to consider when searching for additional 
promoters of ISR. The results of previous 
research concluded that the factors associated 
with ISR after PCI have not been clearly defined. 
In previous studies, several risk factors for ISR 
have been found, but not much research data on 
risk factors for ISR in drug-eluting stents (DES). 
For this reason, we systematically review the 
latest evidence to detect the risk factors of in-
stent restenosis with drug-eluting stents (DES).

METHODS
This meta-analysis is conducted based 

on PRISMA (Preferred Reporting Items for 
Systematic Review and Meta-Analysis) 2020 
guidelines. This study had been registered on 
the PROSPERO database (CRD42023465249). 

Eligibility Criteria 
Studies were selected based on inclusion 

criteria, which are: (1) observational study 
with human subjects, (2) investigated the 
association between risk factors and ISR after 
stent implantation (DES), (3) ISR was defined 
as ≥50% diameter stenosis of the culprit lesion 
by quantitative coronary analysis. The exclusion 
criteria were: (1) CAD without implantation 
stent, (2) RCT study. Two independent reviewers 
screened for the included studies (PS and PBTS). 
Our senior reviewer (HS) made the final decision 
when there were differences in the screening 
results.

Search Strategy and Selection of Studied 
Electronic databases include PubMed, 

ScienceDirect, Springer, Google Scholar, and 

Proquest. The search terms have diabetes 
mellitus, ISR, in-stent restenosis, PCI, risk factor, 
and drug-eluting stent. Databases were searched 
using terms (('risk factors')) AND (('drug 
eluting stent')) AND (('in stent restenosis')) on 
September 20th, 2023. Newcastle-Ottawa Scale 
was used to evaluate the risk of bias for each 
study independently, with each bias assessment 
consisting of the selection of the study groups; 
the comparability of the groups; and the 
ascertainment of either the exposure or outcome 
of interest, with the assessment of good, fair, and 
low quality of a study. 

Data Extraction 

The following data: age, patient's status 
of hypertension, diabetes mellitus, smoking, 
dyslipidemia, and family history of CAD, and the 
paramount data of lesion at LAD, lesion at LCX, 
lesion at RCA, stent diameter, and stent length, 
each representing ISR and Non-ISR patients 
were collected and recorded in a formatted table. 

Statistical Analysis

The software Review Manager 5.4 was used 
to conduct statistical analyses, dichotomous 
data (risk ratio and odds ratio) used Mantel-
Haenszel statistical method for hypertension, 
diabetes mellitus, smoking, dyslipidemia, and 
family history of CAD, and the paramount 
data of lesion at LAD, lesion at LCX, lesion at 
RCA, and continuous data (mean difference) 
used inverse variance statistical method for 
stent length and diameter. Heterogeneity was 
analyzed using the DerSimonian and Laird 
random-effect model. 

Sensitivity analysis should also be done, by 
using the leave-one-out approach to detect study 
outliers and changes in heterogeneity (I2), with I2 
values of 0-50% representing low heterogeneity, 
50-75% representing moderate heterogeneity, and 
76-100% representing substantial heterogeneity. 
The data analysis employed either the fixed or 
the random effect model. All statistical analysis 
with a p-value < 0.05 was considered statistically 
significant. Leave-one-out sensitivity analysis 
was conducted to find the source of statistical 
heterogeneity and demonstrate how each study 
affected the overall result.
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RESULTS 

Characteristics of Studies

Among 12,526 studies gathered from 
databases, 28 articles were included.4-31 The risk 
of bias from 26 articles was assessed to be good, 
while the other 2 studies were fair. This study 
involved a total of 12.559 patients, where 2.701 
patients developed ISR and the rest 9.858 were 

non-ISR patients as controls. Most of the studies 
originated from China, while there was one 
study from Turkiye, one study from Japan, and 
the rest one study was from Italy. Data were 
collected from patients from 2004 to 2020. 
Moreover, the quality of the included studies 
was assessed using the Newcastle-Ottawa Scale 
and summarized in Supplementary Materials 
(Table S2).

Table 1. Characteristics of subjects.

No Outcomes No of Studies Type of TE TE (95% CI) P I2 P for I2

1. Hypertension 26 OR 1.23 (1.03, 1.47) 0.02 61% < 0.0001
2. Diabetes Mellitus 25 OR 1.73 (1.56, 1.91) < 0.00001 43% 0.01
3. Smoking 27 OR 1.24 (1.13, 1.36) < 0.0001 33% 0.05
4. Family history of CAD 10 OR 1.27 (1.02, 1.58) 0.03 0% 0.77
5. Dyslipidemia 19 OR 1.12 (0.89, 1.41) 0.33 71% <0.00001

Identification of studies via databases and registers

Records identified from 
databases and registers: (n =)
   Pubmed (n = 1.533)
   Science direct (n = 4.119)
   Google Scholar (n = 5.660)
   Springer (n = 41)
   Proquest (n = 3.153)

Records removed before 
screening:
   Duplicate records removed 
   (n = 7.965)

Records screened (title and 
abstract) after duplicates 
removed: (n = 4.561)

Records excluded**
   Obviously irrelevant topic 
   (n = 3609)
   Foreign language (n = 90)
   Wrong study design and 
   publication type (n = 318)
   Wrong outcome (n = 200)
   Wrong population (n = 190) 

Reports not retrieved
  Editorial comment (n = 10)
  Review (n = 15)
  Foreign language (n = 48)

Reports sought for retrieval
(n = 154)

Reports assessed for eligibility
(n = 81)

Reports excluded:
   Risk factors that occur other 
   than drug eluting stents in 
   patients with stent restenosis 
   (n = 51)

Studies included in meta-analysis
(n = 28)
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Figure 1. The study selection process in the PRISMA diagram
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p<0.00001). The research we have conducted 
from 27 articles states that there is a significant 
correlation between smoking and the incidence 
of ISR (OR 1.24; 95% CI 1.13-1.36; I2 33%; p 
<0.0001). Research conducted on 10 research 
articles found a significant relationship between 
ISR and family history of CHD (OR 1.27; CI 
95% 1.02-1.58; I2 0%; p= 0.03). Meanwhile, 
research between ISR and dyslipidemia stated 
that there was no significant relationship between 
the two (OR 1.12; CI 95% 0.89-1.41; I2 71%; 
p= 0.33) (Figure 2).  

26 articles discuss hypertension and the 
incidence of ISR. The results of the study 
stated that hypertension showed a significant 
relationship with the incidence of ISR (OR 1.23; 
CI 95% 1.03-1.47; I2 61%; p < 0.0001). However, 
the prevalence of hypertension between ISR and 
non-ISR was 2402 versus 9922, which shows an 
increased rate of restenosis in hypertension. In 
the diabetes mellitus variable, 25 articles discuss 
the relationship between diabetes mellitus and 
ISR incidence. This study found a significant 
correlation between diabetes mellitus and ISR 
events (OR 1.73; 95% CI 1.56-1.91; I2 43%; 

Hypertension
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Smoking
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Family history of CAD

Hyperlipidemia

Figure 2. Forest plot of the relationship between patient characteristics and ISR incidence

Table 2. Angiography characteristics

No Outcomes No of 
Studies

Type of 
TE TE (95% CI) P I2 P for I2

1. Lesion at LAD 21 OR 1.20 (1.07, 1.35) 0.002 39% 0.04
2. Lesion at LCX 19 OR 1.17 (1.02, 1.34) 0.02 47% 0.01
3. Lesion at RCA 21 OR 1.17 (1.04, 1.31) 0.008 31% 0.09
4. Stent Diameter 13 MD -0.12 (-0.22, -0.03) 0.009 94% <0.00001
5. Stent Length 13 MD 3.61 (1.81, 5.42) <0.0001 93% <0.00001

LAD is a lesion location that shows a 
significant correlation with the incidence of ISR 
(OR 1.20; 95% 1.07-1.35; I2 39%; p= 0.002). 
Apart from that, lesions located in the LCX also 

have a significant relationship with the incidence 
of ISR (OR 1.17; 95% 1.02-1.34, I2 47%; p = 
0.02). Lesions in the RCA were significantly 
correlated with the incidence of ISR (OR 1.17; 
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95% 1.04-1.31; I2 31%; p = 0.008). On the other 
hand, we have found that ISR is more likely to 
occur in patients with small stent diameters. The 
research we conducted on 13 articles stated that 
there was a significant relationship between stent 
diameter and ISR (MD -0.12; 95% CI –0.22, 

-0.03; I2 94%; p 0.009). The research we have 
conducted in 13 articles states that there is a 
significant relationship between stent length and 
the incidence of ISR (MD 3.61; 95% CI 1.81-
5.42; I2 93%; p <0.0001) (Figure 3).

Lesion at LAD

Lesion at LCX

Lesion at RCA 
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Stent Diameter

Stent Length

Figure 3. Forest plot of the relationship between angiography characteristics and ISR incidence
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Blood Parameters

Table 3. Blood parameters

No Outcomes No of 
Studies

Type of 
TE TE (95% CI) P I2 P for I2

1. Platelet Count 8 MD -6.07 (-25.52, 13.38) 0,54 97% <0.00001
2. NLR 4 MD 0.46 (-0.51, 1.44) 0.35 96% <0.00001
3. RDW 6 MD 0.48 (0.09, 0.87) 0.02 91% <0.00001
4. Creatinine 8 MD 0.20 (-0.12, 0.52) 0.22 78% <0.0001

Based on research that has been conducted 
from 8 articles, it is stated that there is no 
significant relationship between platelet count and 
the incidence of ISR (MD -6.07; CI 95% -25.52-
13.38; I2 97%; p=0.54). In addition, research 
conducted on the Neutrophil Lymphocyte Ratio 
stated that there was no significant relationship 
with the incidence of ISR (MD 0.46; CI 95% 

-0.51-1.44; I2 96%; p=0.35). Meanwhile, 
research on red cell distribution width (RDW) 
stated that there was a significant relationship 
with the incidence of ISR (MD 0.48; CI 95% 
0.09-0.87; I2 91%; p=0.02). Creatinine did 
not have a significant relationship with the 
incidence of ISR (MD 0.20; CI 95% -0.12-0.52; 
I2 78%; p=0.22) (Figure 4).

Platelet Count 

NLR 

RDW 
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Creatinine

Figure 4. Forest plot of the relationship between blood parameters and ISR incidence

DISCUSSION
Hypertension is a predisposing factor for 

coronary artery disease. High or fluctuating 
blood pressure causes acceleration of blood shear 
force on the vessel wall, therefore damaging 
the endothelial cells lining and stimulating 
restenosis.15,32 So, patients who underwent 
PCI are advised to strictly control their blood 
pressure to avoid restenosis. Both hypertension 
and diabetes mellitus complicate vascular 
lesions and unstable endothelial function.33 
During PCI intervention, coronary intimal tear 
or dissection tends to occur and promotes platelet 
adhesion.34 Additionally, blood glucose may 
directly disrupt coronary endothelial cells, thus 
promoting ISR occurrence.35 Unstable glucose 
metabolism activates an inflammation cascade 
in the endothelial wall, which is a predisposing 
factor for plaque formation. Inadequate blood 
glucose control following the PCI procedure 
will aggravate protein glycosylation and 
oxidation processes, thus stimulating ISR.36 
Moreover, cigarette smoking is closely related 
to the development and progression of coronary 
arterial disease. Our study reported a significant 
correlation between (OR 1.24; 95% CI 1.13-
1.36; I2 33%; p < 0.0001). This result is coherent 
with the study by Huang et al., which reported 
a microstructural change of the coronary artery 
after stenting in smoking vs non-smoking 
patients. Patients with persistent smoking 
demonstrated increased neointimal coverage, 
while smoking cessation retarded neointimal 
hyperplasia process.37 This phenomenon is 
expected due to the nature of nicotine in 
cigarettes, which has been proven to stimulate 

proliferation and migration of endothelial cells, 
therefore accelerating intimal hyperplasia.38,39 
Family history may provoke ISR due to 
differences in immune response and genetic 
factors.40 This study states that a family history 
of CAD has a significant effect on the incidence 
of ISR. This is in contrast to research conducted 
by Cheng et al, which stated that family history 
of CAD was not significantly related to the 
incidence of ISR (p>0.05).5 Dyslipidemia may 
also predispose to ISR, because, in particular, 
high LDL-C stimulates inflammation, damages 
endothelial cells, and promotes deposition of 
cholesterol in the blood vessel wall.40 

LAD is the lesion location that demonstrated 
significant correlation with ISR incidence 
(OR 1.20; 95% 1.07-1.35; I2 39%; p= 0.002). 
This result is similar to the previous studies, 
which also imply that the most common site of 
restenosis is the lesion in the LAD.41,42 Originally, 
bypass grafting was determined as superior 
compared to PCI in the LAD stenosis, because 
a significantly higher incidence of restenosis and 
revascularization was found in PCI compared 
to grafting.43-45 However, the start of DES has 
dramatically reduced the incidence of restenosis 
in LAD.46 But still, with the treatment of PCI 
using DES, the ISR event was found to occur 
mostly in LAD lesions. In a study conducted by,9 
stated that the incidence of ISR in ACS patients 
after successful PCI during angiographic follow-
up of more than 2 years. The average time from 
stent placement to the occurrence of ISR was 
32.8 months, and ISR tended to occur in LAD 
and LCX. Several other studies have shown 
that stent length is an important determinant of 
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ISR. Our study found a significant correlation 
between stent length and ISR incidence (MD 
3.61; 95% CI 1.81-5.42; I2 93%; p < 0.0001). It 
shows that patients with longer stent lengths are 
more likely to experience ISR. Previous studies 
have shown similar results, where stent length is 
described as an important risk factor for ISR.47 
Research conducted by Hong et al. found that stent 
length (>40 mm) was an independent predictor 
of the development of ISR.48 Mauri et al.49 stated 
that each 10 mm increase of stent length was 
associated with an absolute increase of 7.7% 
stenosis diameter (p<0.0001).49 On the other hand, 
we found that ISR was more likely to occur in 
patients with small stent diameter, however, this 
correlation is not significant (MD -0.12; 95% CI 
–0.22, -0.03; I2 94%; p= 0.009). HORIZONS-
AMI study reported that vascular caliber ≤3 mm 
increased ISR significantly.50 

The NLR (neutrophil count divided by 
lymphocyte count) is a potential biomarker of 
inflammation. Neutrophils play a major role in 
endothelial injury and platelet aggregation in 
acute coronary events. Lymphocytes represent 
the immunomodulatory response. Moreover, low 
lymphocyte counts in patients with CAD reflect 
the physiological stress of cortisol and correlate 
with a worse prognosis.51 NLR is an effective 
biomarker of systemic inflammation and is 
considered a predictor for the prognosis of different 
cardiovascular diseases, especially for CAD. CHD 
patients with high NLR have the potential for 
unstable plaque and inflammatory conditions.52 In 
a recent study, NLR was independently associated 
with early ISR after stent implantation in patients 
with femoropopliteal CTO.53 The study conducted 
by Turak et al investigated the relationship of 
NLR before PCI and found that the NLR value 
predicted a higher incidence of ISR in ACS 
patients 54 

Red blood cell distribution width (RDW) 
is a parameter that reflects the size of red 
blood cells. An increase in RDW indicates a 
greater heterogeneity of red blood cells in the 
peripheral blood.55 Red cell distribution width 
is a measurement of the variability and size 
of erythrocytes. By deforming the red cell 
membrane, Inflammation may induce changes in 
red blood cell maturation, leading to increased 

RDW.56 In a recent study, an increased RDW 
predicted BMS restenosis, suggesting potential 
as a useful screening tool to stratify patients by 
higher or lower risk of ISR.57 The mechanisms 
underlying the relationship between RDW 
restenosis and DES remain unclear. In this 
study, it was stated that RDW had a significant 
relationship with the incidence of ISR. This is 
different from research conducted by which 
stated that although RDW was higher in the 
ISR group, it did not show significance in 
multivariate analysis.31

Creatinine is a product of the hydrolysis 
reaction of phosphocreatine that occurs in 
muscles, which occurs with a fairly constant 
rhythm. A large amount of creatinine contained 
in the blood circulation will be filtered out with 
the urine, and not reabsorbed into the blood. 
Research conducted has found that serum 
creatinine in the ISR group was higher than 
in the non-ISR group, indicating that serum 
creatinine may be correlated with the occurrence 
of PCHD.26 Creatinine is considered an indicator 
that can reflect kidney function. Research by 
Okada58 found that serum creatinine was closely 
related to ISR in CHD patients.

Limitation the Study
Finally, this systematic review and meta-

analysis have several limitations. First, 
the included studies were predominantly 
observational. Second, the small sample 
size makes the trial underpowered to detect 
small differences in some risk factors, such 
as hyperlipidemia, platelet count, and NLR. 
At last, further well-powered studies with 
more extensive adjustment of confounders 
are warranted to address some limitations 
of our current meta-analysis.

CONCLUSION
From our study, we found that diabetes 

mellitus and smoking are associated with 
the incidence of ISR in DES. In addition, 
as the angiography characteristics, stent 
lesion at LAD, RCA, and stent length may 
contribute to ISR in DES. By identifying 
the risk factors of ISR in DES, cardiologists 
may modify the attributable factors. Thus, 
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ISR in DES could be prevented. Further 
studies need to be conducted to explain 
the mechanism behind each risk factor in 
contributing to the event of ISR. 
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