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Abstract: Coronary artery disease (CAD) is a major global killer. Percutaneous coronary intervention (PCI) with drug-eluting
stents (DES) has improved CAD treatment. However, in-stent restenosis (ISR) remains a significant issue, especially for diabetic
patients. Objective: This study aimed to compare ISR rates between diabetic and non-diabetic patients after PCI in a Pakistani
hospital. Methods: We conducted a cross-sectional survey at Hayatabad Medical Complex, Peshawar, from January to December
2023. The study involved 273 patients aged 40-85 who underwent PCI with DES. Participants were split into diabetic and non-
diabetic groups. Those with chronic kidney disease, previous coronary artery bypass graft surgery, or incomplete follow-up data
were excluded. Data were gathered from medical records. ISR was marked by a luminal diameter reduction of more than 50%
within the stent or 5 mm of its edges. We used chi-square tests and logistic regression for analysis, employing SPSS version 26.0.
Results: The ISR rate was 23% overall. Diabetic patients showed a higher ISR rate (30%) than non-diabetic patients (16%).
Logistic regression revealed diabetes (OR = 2.1, 95% CI: 1.3-3.2, p < 0.01), hypertension (OR = 1.8, 95% ClI: 1.1-2.9, p < 0.05),
and smoking (OR = 1.6, 95% CI: 1.0-2.5, p < 0.05) as significant predictors of ISR. Conclusion: This study highlights a higher
ISR incidence in diabetic patients post-PCI. It underscores the need for meticulous monitoring and tailored strategies for this high-
risk group. Managing hypertension, smoking, and dyslipidemia is essential to lower ISR rates and enhance outcomes.
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Introduction

Cardiovascular diseases are a worldwide concern,
impacting lives and healthcare systems profoundly (1).
Coronary artery disease (CAD) is particularly prevalent,
often requiring interventions like percutaneous coronary
intervention (PCI). PCI, especially with drug-eluting stents
(DES), has revolutionized CAD treatment by significantly
reducing restenosis rates compared to bare-metal stents (2).
However, in-stent restenosis (ISR) still poses a big problem,
especially for people with diabetes (3).

Complex processes like neointimal hyperplasia and arterial
remodeling drive ISR. Diabetes makes these processes
worse, leading to higher ISR rates due to increased
inflammation, endothelial dysfunction, and damage from
high blood sugar (4). Despite advances in stent technology
and medications, tackling ISR in diabetic patients remains a
tough challenge, highlighting the need for targeted research
and personalized clinical strategies.

This study seeks to bridge the gap in ISR research among
diabetic and non-diabetic patients in Pakistan. We aim to
provide a comparative analysis in a tertiary care hospital
setting (5). Understanding local epidemiology and risk
factors is critical to developing effective prevention and
management protocols.

Our objective is clear: to compare ISR rates in diabetic
versus non-diabetic patients after PCI and to identify
significant risk factors. This analysis will illuminate the
unique impacts of diabetes on ISR outcomes, guiding better
clinical decisions.

The importance of this research cannot be overstated. It has
the potential to reshape clinical practices and improve
patient outcomes. By focusing on the higher ISR risk in
diabetic patients, the study underscores the need for
rigorous monitoring and  personalized  therapeutic
approaches for this vulnerable group (6). Moreover, it
highlights the necessity of managing co-morbid conditions
like hypertension, dyslipidemia, and smoking, which are
common in this cohort and worsen cardiovascular outcomes
(7). The findings from this study can help refine guidelines
and protocols, enhance patient care, and reduce ISR burdens
in diabetic populations undergoing PCI.

Methodology

This cross-sectional, observational study was conducted at
Hayatabad Medical Complex, Peshawar, Pakistan, from
January to December 2023. We aimed to compare in-stent
restenosis (ISR) rates in diabetic and non-diabetic patients
after percutaneous coronary intervention (PCI). Based on a
23% ISR prevalence reported by Shakir et al. (2022), the
sample size was calculated using the WHO sample size
calculator with a 95% confidence level and a 5% margin of
error, resulting in 273 patients.

The study took place at a tertiary care hospital in Peshawar.
We included patients aged 40-85 who underwent PCI with
drug-eluting stents (DES). Exclusion criteria were chronic
kidney disease, previous coronary artery bypass graft
surgery, and incomplete follow-up data.
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As an observational study, no specific intervention was
administered. We retrospectively collected data from
medical records and follow-up visits. ISR was monitored
through routine angiographic follow-ups six months post-
PCI, defined as a luminal diameter reduction of more than
50% within the stent or 5 mm of its edges.

The primary outcome was ISR incidence in diabetic and
non-diabetic patients post-PCIl. Secondary outcomes
included identifying risk factors for ISR, such as
hypertension, smoking status, previous myocardial
infarction (MI), dyslipidemia, and family history of
coronary artery disease (CAD).

We used a standardized form to record variables:
demographic info (age, gender), clinical characteristics
(BM, diabetes status, hypertension, smoking, previous Ml,
dyslipidemia, family history of CAD), and procedural
details (stent type, lesion characteristics). ISR incidence was
confirmed through follow-up angiographic findings.

Data analysis was performed with SPSS version 26.0.
Descriptive statistics summarized baseline characteristics.
Chi-square tests examined associations between ISR and
factors such as diabetes, hypertension, smoking, previous
MI, dyslipidemia, and family history of CAD. Logistic
regression identified independent ISR predictors. A p-value
of <0.05 was considered significant.

Table 1: Baseline characteristics of study participants.
Variable

Age (years) 62.4 (10.5) 63
Gender (Male/Female) - -
BMI (kg/m2) 278 (4.2) 275

Diabetes (Yes/No) - -
Hypertension (Yes/No) - -

Smoking Status
Smoker)
Previous MI (Yes/No) - -

(Smoker/Non- | - -

Dyslipidemia (Yes/No) - -
Family History of CAD (Yes/No) - -

Primary Outcome: Incidence of In-Stent Restenosis

The primary outcome measured was the incidence of ISR in
diabetic versus non-diabetic patients post-PCI. The overall
ISR rate was found to be 23%. Among diabetic patients, the

Patient Group
Diabetic Patients
Non-Diabetic Patients
Total

Figure 1 illustrates the comparative ISR rates between
diabetic and non-diabetic patients. The bar chart visually
demonstrates the significant difference in ISR incidence
between the two groups. Secondary outcomes included
identifying factors associated with ISR, such as
hypertension, smoking status, previous myocardial

Mean (SD) Median

The study received ethical approval from the Hayatabad
Medical Complex Ethical Review Board, Peshawar (IRB
No. 2023/123). All participants provided informed consent,
ensuring confidentiality and anonymity throughout the
study.

Results

The study enrolled 273 patients who underwent
percutaneous coronary intervention (PCI) at Hayatabad
Medical Complex, Peshawar, Pakistan. The sample size was
calculated based on Pakistan's 23% prevalence of in-stent
restenosis (ISR) (Shakir et al., 2022). The baseline
characteristics of the study population are detailed in Table
1. The mean age of the participants was 62.4 years (SD =
10.5), with a median age of 63 years. Of the participants,
62% were male and 38% were female. The mean body mass
index (BMI) was 27.8 kg/m? (SD = 4.2). Additionally, 52%
of the patients had diabetes, while 48% were non-diabetic.
Other comorbidities included hypertension (64%), smoking
(46%), and previous myocardial infarction (30%). Table 1
provides a comprehensive overview of the baseline
characteristics of the study participants.

Range Frequency (%)

40-85 -

- 169 (62) / 104 (38)
20.1- -

35.4

- 142 (52) / 131 (48)
- 175 (64) / 98 (36)
- 125 (46) / 148 (54)

- 82 (30) / 191 (70)
- 158 (58) / 115 (42)
- 97 (36) / 176 (64)

ISR rate was significantly higher at 30%, compared to 16%
in non-diabetic patients. Table 2 presents the detailed ISR
rates among the two groups. Table 2: Incidence of in-stent
restenosis (ISR) in diabetic and non-diabetic patients.

ISR Incidence (%)
30
16
23

infarction (MI), dyslipidemia, and family history of
coronary artery disease (CAD). The analysis revealed
significant associations between these factors and ISR
incidence, particularly among diabetic patients. Table 3
summarizes these associations.
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Figure 1: Comparative ISR rates between diabetic and non-diabetic patients.

Table 3: Factors associated with in-stent restenosis.

Factor ISR Incidence (%) p-value

Diabetes 30 <0.01

Hypertension 28 <0.05

Smoking 27 <0.05

Previous Ml 25 0.08

Dyslipidemia 26 <0.05

Family History of CAD 24 0.07
Figure 2 provides a detailed visual representation of the the comparative ISR rates among patients with different risk
factors associated with ISR incidence. This figure illustrates factors.

Factors Associated with In-5tent Restenosis
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Figure 2: Impact of various risk factors on ISR incidence, with diabetes showing the highest association.

Logistic regression analysis was performed to identify 1.6, 95% CI: 1.0-2.5, p < 0.05) were significant independent
independent predictors of ISR. The study revealed that predictors of ISR. Table 4 presents the logistic regression
diabetes (OR = 2.1, 95% ClI: 1.3-3.2, p < 0.01), hypertension analysis results.

(OR =1.8,95% CI: 1.1-2.9, p < 0.05), and smoking (OR =

Table 4: Logistic regression analysis for predictors of ISR.

Predictor Odds Ratio (OR) 95% CI p-value
Diabetes 21 1.3-32 <0.01
Hypertension 1.8 1.1-29 <0.05
Smoking 1.6 1.0-25 <0.05
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Previous Ml 1.3
Dyslipidemia 14
Family History of CAD 1.2

The study highlights a higher incidence of ISR in diabetic
patients compared to non-diabetic patients post-PCI. The
findings underscore the importance of targeted
interventions and rigorous monitoring for diabetic patients
undergoing PCI to mitigate the risk of ISR. Additionally,
the study emphasizes the need for comprehensive
management of other risk factors, such as hypertension,
smoking, and dyslipidemia, to reduce the incidence of ISR.
Healthcare providers should consider these findings when
developing treatment plans and follow-up protocols for
patients undergoing PCI.

Discussion

This study sheds light on in-stent restenosis (ISR) in
diabetic and non-diabetic patients after percutaneous
coronary intervention (PCI) in Pakistan. Our findings show
a higher ISR rate in diabetic patients (30%) versus non-
diabetic patients (16%), echoing global trends that point to
diabetes as a significant ISR risk factor (8).

Diabetes worsens ISR through various mechanisms.
Cassese et al. (2014) in Italy also reported a higher ISR risk
in diabetic patients due to factors like enhanced
inflammation and endothelial dysfunction (9). Similarly,
Sabaté et al. (2011) in the Netherlands identified diabetes as
a key ISR predictor linked to vascular damage from
hyperglycemia (10). Our results support these observations,
stressing the need for targeted interventions in diabetic
patients.

Hypertension, smoking, and dyslipidemia emerged as
significant ISR risk factors. Brener et al. (2013) found
hypertension promotes ISR by encouraging vascular
smooth muscle cell growth (11). Studies like Moses et al.
(2003) showed smoking accelerates neointimal hyperplasia,
raising ISR risk (12). Stone et al. (2004) noted that high lipid
levels worsen arterial remodeling, increasing ISR rates (2).
Logistic  regression analysis confirmed diabetes,
hypertension, and smoking as independent ISR predictors.
These findings align with Holmes et al. (2006), who
highlighted these factors' impact on ISR outcomes (13).
Managing these conditions comprehensively in PCI patients
can reduce ISR incidence.

Our study has crucial clinical implications. Given the higher
ISR rates in diabetic patients, healthcare providers should
adopt rigorous monitoring and personalized therapeutic
strategies. This includes optimizing blood sugar control and
managing hypertension and dyslipidemia. These measures
could lower ISR rates and improve long-term outcomes for
diabetic PCI patients (14).

Future research should focus on larger, multicenter studies
to validate our findings and examine different stent
technologies' effects on ISR in diabetic patients.
Investigating the molecular mechanisms of ISR in diabetes
could lead to targeted therapies. Exploring lifestyle changes
and pharmacological interventions to reduce ISR risk could
offer valuable clinical insights (15).

This study's limitations include its single-center design and
relatively small sample size, which may affect the
generalizability of the findings. The retrospective data
collection could introduce bias. Future studies should

08-21 0.08
09-22 <0.05
0.7-20 0.07

include more significant, more diverse populations and use
prospective designs.

Conclusion

This study highlights a higher ISR incidence in diabetic
patients compared to non-diabetic patients post-PCI in
Pakistan. These findings underscore the need for vigilant
monitoring and tailored therapeutic strategies for diabetic
patients.  Identifying  hypertension, smoking, and
dyslipidemia as ISR predictors further emphasizes
comprehensive risk factor management. Clinically, these
results advocate for personalized treatment plans and
follow-up protocols to improve patient outcomes. Future
research should focus on more extensive multicenter studies
and explore novel therapeutic approaches to reduce ISR risk
in high-risk groups.
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