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ABSTRACT 

The advent of drug-eluting stents (DES) revolutionized percutaneous coronary interventions (PCI) by reducing restenosis 

rates compared to bare-metal stents (BMS). However, diabetes mellitus (DM), a known independent risk factor for 

cardiovascular diseases, complicates the therapeutic outcomes post-DES implantation. This meta-analysis systematically 

reviews and analyzes clinical outcomes to assess whether diabetes compromises the efficacy of DES, focusing on restenosis 

rates, target lesion revascularization (TLR), stent thrombosis (ST), and major adverse cardiac events (MACE). Data from 

randomized controlled trials (RCTs) and observational studies (2005–2024) were aggregated and analyzed. The findings 

suggest that while DES offers significant benefits to diabetic patients, they remain at a higher risk of adverse outcomes 

compared to non-diabetic patients, warranting careful patient selection and post-implantation management... 

1. INTRODUCTION 

1.1 Background 

Coronary artery disease (CAD) is a leading cause of morbidity and mortality worldwide, driven largely by atherosclerotic 

plaque buildup within the coronary arteries. Percutaneous coronary intervention (PCI), involving balloon angioplasty 

followed by stent placement, has become a cornerstone treatment for revascularization in patients with obstructive CAD. 

While bare-metal stents (BMS) initially provided mechanical support to prevent vessel recoil, their use was limited by high 

rates of in-stent restenosis (ISR) — a re-narrowing of the artery due to neointimal hyperplasia. This clinical challenge led to 

the advent of drug-eluting stents (DES) in the early 2000s, which released antiproliferative agents (e.g., sirolimus, paclitaxel) 

to inhibit smooth muscle cell proliferation and reduce restenosis rates. 

DES rapidly became the standard of care, significantly improving clinical outcomes by lowering the need for repeat 

revascularization and reducing rates of target lesion failure. Over successive generations, improvements in stent design, 

polymer coatings, and drug formulations have further enhanced their efficacy and safety profiles. 

However, despite these advancements, patient-specific factors continue to influence stent performance. Among them, 

diabetes mellitus (DM) stands out as a critical determinant of adverse outcomes post-DES implantation 

1.2 Diabetes Mellitus and Cardiovascular Risk 

Diabetes mellitus — particularly Type 2 diabetes (T2DM) — is a chronic metabolic disorder characterized by hyperglycemia, 

insulin resistance, and systemic metabolic dysfunction. Globally, over 537 million adults live with diabetes, and the number 

is projected to rise sharply in the coming decades (IDF Diabetes Atlas, 2023). 

Diabetes exerts a multifaceted impact on cardiovascular health, making it a well-established independent risk factor for the 

development and progression of atherosclerosis. The mechanisms by which diabetes amplifies cardiovascular risk include: 

Endothelial dysfunction leading to impaired vasodilation 

Increased systemic inflammation contributing to plaque instability 

Enhanced platelet aggregation promoting thrombosis 

Accelerated smooth muscle proliferation contributing to neointimal growth 

In the context of PCI, these pathophysiological alterations translate into a higher incidence of restenosis, stent thrombosis 

(ST), and major adverse cardiac events (MACE) in diabetic patients. 

Additionally, diabetic patients often present with diffuse, multivessel coronary disease, making interventional management 

more complex and outcomes more guarded. Even with second-generation DES, diabetic patients tend to exhibit a paradoxical 

risk pattern, benefitting from the technology yet remaining predisposed to complications  
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1.3 Rationale for Meta-Analysis 

Despite extensive clinical research and technological advances in stent design, the clinical outcomes of DES implantation in 

diabetic populations remain heterogeneous across studies. While some trials report comparable outcomes between diabetic 

and non-diabetic patients, others highlight a persistent risk differential, especially concerning ISR, TLR, ST, and MACE. 

Several factors contribute to this variability: 

Differences in patient demographics and comorbidities 

Variations in stent platforms and antiproliferative agents used 

The role of insulin dependence versus non-insulin-dependent diabetes 

Disparities in follow-up duration and endpoint definitions 

Geographic and healthcare system differences impacting post-PCI management 

Given these inconsistencies, a comprehensive meta-analysis is warranted to synthesize available evidence and provide 

clinicians with a clear, evidence-based understanding of: 

The extent to which diabetes mellitus affects DES efficacy 

Comparative risk estimates of clinical outcomes between diabetic and non-diabetic patients 

The performance of different DES generations within the diabetic subgroup 

This meta-analysis aims to bridge the knowledge gap by integrating data from randomized controlled trials (RCTs) and 

observational cohort studies, offering a robust evaluation of the impact of diabetes on DES outcomes. The findings are 

intended to inform clinical decision-making, optimize interventional strategies, and highlight areas for future research in 

managing coronary artery disease among diabetic populations. 

2. Methodology 

2.1 Meta-Analysis Methodology 

Search Strategy 

A comprehensive and systematic literature search was conducted to 

identify relevant studies evaluating the impact of diabetes on the efficacy of 

drug-eluting stents (DES). The databases searched included PubMed, EMBASE, 

Cochrane Library, and Google Scholar. The search covered the period from January 

2005 to December 2024, reflecting the era of widespread DES usage andtechnological advancements. 

The following search terms and Boolean operators were used in various 

combinations: 

 ("drug-eluting stents" OR "DES") AND ("diabetes mellitus" OR "type 2 diabetes" 

OR "diabetic patients") AND ("in-stent restenosis" OR "ISR") AND ("stent thrombosis" OR "ST") AND ("percutaneous 

coronary intervention" OR "PCI") AND 

("clinical outcomes" OR "MACE" OR "target lesionrevascularization"). 

1.Filters were applied to include only studies published in English, 

involving human subjects, and reporting original research. The reference lists 

of key studies and relevant review articles were also manually searched to 

identify any additional studies that met the inclusion criteria but were not indexed in the databases. 

2.The search strategy was designed to be broad enough to capture a wide 

range of relevant studies, including randomized controlled trials (RCTs), 

prospective and retrospective cohort studies, and large registries that 

provided subgroup analyses based on diabetic status. 

3.Duplicate articles were removed using reference management software (Zotero), and the final list of studies was screened 

independently by two reviewers to ensure relevance and adherence to inclusion criteria. 

2.2 Inclusion Criteria 
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Randomized Controlled Trials (RCTs), cohort studies, or meta-analyses 

Studies comparing DES outcomes in diabetic vs. non-diabetic patients 

Minimum follow-up: 12 months 

Reported at least one clinical endpoint: ISR, TLR, ST, MACE 

2.3 Exclusion Criteria 

Case reports, editorials, or animal studies 

Studies focusing exclusively on BMS or bioresorbable stents 

Inadequate data on diabetic subgroups 

2.4 Data Extraction and Quality Assessment 

Data Extraction Process 

The data extraction process was systematically designed to minimize bias and ensure uniformity in capturing relevant 

variables across selected studies. Two independent reviewers screened and extracted data using a standardized form. 

Discrepancies were resolved through discussion or consultation with a third reviewer. 

The following key variables were extracted from each included study: 

Study Design: Randomized Controlled Trial (RCT), Prospective Cohort, or Retrospective Observational Study 

Sample Size: Total number of patients enrolled, stratified by diabetic and non-diabetic subgroups 

Patient Demographics: Age, sex distribution, prevalence of comorbidities (hypertension, dyslipidemia), insulin dependency 

status 

Type of DES Used: First-generation (e.g., SES, PES) or second-generation (e.g., EES, ZES), including drug type and polymer 

characteristics 

Follow-up Duration: Minimum of 12 months, with data captured at the longest reported follow-up 

Clinical Outcomes Reported: 

In-Stent Restenosis (ISR) 

Target Lesion Revascularization (TLR) 

Stent Thrombosis (ST) — both definite and probable, per ARC definitions 

Major Adverse Cardiac Events (MACE) — composite of death, MI, TLR, and ST 

Statistical Measures Provided: Risk Ratios (RR), Hazard Ratios (HR), Confidence Intervals (CI), p-values 

Quality Assessment 

To evaluate the methodological quality and risk of bias: 

For Observational Studies: The Newcastle-Ottawa Scale (NOS) was used, focusing on selection, comparability, and outcome 

assessment criteria. 

Studies with high risk of bias or methodological flaws were flagged for sensitivity analysis. 

Inter-reviewer agreement for data extraction and quality assessment was measured using Cohen’s kappa coefficient, ensuring 

robustness in the meta-analytic process. 

2.5 Statistical Analysis 

A comprehensive statistical approach was employed to pool data and evaluate the association between diabetes mellitus and 

DES-related clinical outcomes. 

Effect Size Measurement 

Risk Ratios (RR) and Hazard Ratios (HR) with corresponding 95% Confidence Intervals (CI) were extracted or calculated 

from individual studies. 

When multiple effect measures were reported, HRs were preferred for time-to-event data, and RRs for binary outcomes. 

Data Synthesis Model 

The Random-Effects Model (DerSimonian and Laird method) was adopted, considering the clinical and methodological 

heterogeneity inherent across studies. 



Nandana Thekkepat Pillai  

pg. 7073 

Journal of Neonatal Surgery | Year: 2025 | Volume: 14 | Issue: 32s 

 

Fixed-Effects Model results were also computed for comparison but used only in sensitivity analysis. 

Heterogeneity Assessment 

I² Statistic quantified the proportion of total variability attributable to heterogeneity rather than chance. 

I² < 30%: Low heterogeneity 

30–60%: Moderate heterogeneity 

>60%: Substantial heterogeneity 

Chi-squared (Q) Test for statistical significance of heterogeneity was also performed. 

Subgroup Analyses 

Based on: 

DES Generation: First-generation vs. second-generation stents 

Insulin Dependency: Insulin-dependent diabetics vs. non-insulin-dependent diabetics 

Geographical Region: Asian vs. Western populations 

Duration of Follow-Up: <24 months vs. ≥24 months 

Publication Bias Assessment 

Funnel Plots visually inspected for asymmetry. 

Egger’s Regression Test and Begg’s Test performed to statistically evaluate the presence of publication bias. 

Software Utilized 

Review Manager (RevMan) 5.4 for meta-analysis plots (Forest plots, Funnel plots) 

STATA 17.0 for heterogeneity tests and bias assessment 

3. Results 

3.1 Study Selection and Characteristics 

Study Selection Process 

The initial search across the four databases yielded 3,217 articles. After removing duplicates, 2,745 unique articles were 

screened based on title and abstract. 

·       312 full-text articles were assessed for eligibility. 

·       32 studies met the inclusion criteria and were included in the final meta-analysis. 

The selection process adhered strictly to the PRISMA 2020 guidelines, with a PRISMA flow diagram illustrating the 

selection steps. 
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Characteristics of Included Studies Details 

Total Studies Included 32 

  • Randomized Controlled Trials (RCTs) 18 

  • Prospective Cohort Studies 8 

  • Retrospective Observational Studies 6 

Total Patients Analyzed 45,673 

  • Diabetic Patients 18,342 (40.1%) 

  • Non-Diabetic Patients 27,331 (59.9%) 

Geographical Distribution of Studies  

  • North America 12 studies 

  • Europe 8 studies 

  • Asia (India, China, Japan) 10 studies 

  • Other Regions 2 studies 

Types of Drug-Eluting Stents (DES) Evaluated  

  • First-Generation DES Sirolimus-Eluting Stents (SES), Paclitaxel-Eluting Stents 

(PES) 

  • Second-Generation DES Everolimus-Eluting Stents (EES), Zotarolimus-Eluting Stents 

(ZES) 

Follow-Up Period  

  • Minimum 12 months 

  • Maximum 5 years 

  • Median Follow-Up 2.8 years 
 

  

Baseline Patient Characteristics (Pooled): 

·    Mean Age: 62.4 years (range 45–82) 

·    Male Patients: 68% 

·    Hypertension Prevalence: 72% 

·    Dyslipidemia Prevalence: 65% 
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·    Current Smokers: 30% 

·    Insulin-Dependent Diabetics: 45% of diabetic subgroup 

Primary Outcomes Reported Across Studies: 

·       ISR: Reported in 30 studies 

·    TLR: Reported in 28 studies 

·    ST: Reported in 26 studies 

·    MACE: Reported in all 32 studies 

Quality of Included Studies: 

·       RCTs: Majority assessed as low risk of bias 

·       Observational Studies: Rated as moderate to high quality per NOS 

3.2 Key Outcomes 

 

Outcome Diabetic Patients 

(RR/HR) 

95% CI p-value Heterogeneity (I²) 

In-Stent Restenosis (ISR) 1.65 1.38 – 

1.97 

<0.001 45% 

Target Lesion Revascularization (TLR) 1.49 1.22 – 

1.83 

<0.01 37% 

Stent Thrombosis (ST) 1.42 1.11 – 

1.82 

<0.05 28% 

Major Adverse Cardiac Events (MACE) 1.55 1.31 – 

1.84 

<0.001 50% 

 

4. Discussion 

4.1 Interpretation of Results 

The findings from this meta-analysis clearly demonstrate that diabetes mellitus significantly compromises the efficacy of 

drug-eluting stents (DES). Diabetic patients exhibited a 65% higher risk of in-stent restenosis (ISR) and an almost 50% 

increased risk of target lesion revascularization (TLR) compared to non-diabetic counterparts. These results suggest a strong 

association between hyperglycemia-driven pathophysiological changes and adverse stent-related outcomes. 

Hyperglycemia accelerates neointimal hyperplasia, a proliferative response that counteracts the anti-proliferative effect of 

DES, thereby diminishing its intended efficacy. Furthermore, diabetic patients often present with diffuse atherosclerosis, 

endothelial dysfunction, and increased vascular inflammation, which may exacerbate restenosis even after DES deployment. 

The observed elevated stent thrombosis (ST) risk among diabetics points to impaired endothelial healing and a heightened 

pro-thrombotic state, likely fueled by chronic low-grade inflammation, hypercoagulability, and platelet hyperreactivity 

characteristic of diabetes. 

Finally, the finding of a 55% higher risk of major adverse cardiac events (MACE) despite advancements in stent technology 

reinforces the notion that diabetes remains a dominant predictor of poor outcomes in percutaneous coronary interventions 

(PCI). This consistent MACE burden across studies signals that DES alone cannot fully mitigate the systemic vascular risk 

posed by diabetes. 

 

4.2 Impact of DES Generation 
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A stratified analysis based on stent generation reveals critical insights. While second-generation DES—notably everolimus-

eluting stents (EES) and zotarolimus-eluting stents (ZES)—have outperformed first-generation stents in reducing rates of 

ISR and ST among diabetics, they still do not entirely close the gap in outcomes between diabetic and non-diabetic patients. 

The improved polymer biocompatibility, thinner struts, and optimized drug kinetics of newer-generation DES certainly 

contribute to better endothelial healing and reduced inflammatory response. However, the persistent disparity suggests that 

local stent improvements alone are insufficient to counteract systemic metabolic derangements inherent in diabetes. 

This underscores the multifactorial nature of restenosis and thrombosis in diabetic patients, implicating the need for 

integrated systemic management alongside technological advancement in stent platforms. 

4.3 Insulin-Dependent vs. Non-Insulin-Dependent Diabetes 

Subgroup analysis based on diabetes treatment modality further illuminates the heterogeneity within diabetic populations. 

Insulin-dependent diabetics (IDDM) exhibited a notably higher incidence of adverse events post-DES implantation compared 

to non-insulin-dependent diabetics (NIDDM). 

This observation may reflect a dose-response relationship between the severity of metabolic dysregulation and DES 

outcomes. Insulin dependency often corresponds with longer disease duration, greater glycemic variability, advanced 

vascular complications, and heightened inflammatory states, all of which can negatively impact vascular healing post-PCI. 

Moreover, insulin therapy itself may exert complex vascular effects, potentially promoting smooth muscle proliferation and 

neointimal formation. These findings warrant further research into the differential vascular responses in IDDM versus 

NIDDM, and highlight the necessity for tailored interventional strategies based on diabetes severity and treatment profile. 

4.4 Clinical Implications 

The findings of this meta-analysis carry significant implications for clinical practice. While DES deployment remains a 

cornerstone in the management of coronary artery disease in diabetics, it is evident that optimal outcomes hinge on 

comprehensive patient management beyond the stent itself. 

Key strategies include: 

Intensive Glycemic Control: Achieving and maintaining tight glycemic control is critical to reducing neointimal proliferation 

and thrombotic risks post-stenting. Emerging evidence also suggests that glycemic variability itself may influence vascular 

healing. 

Strict Adherence to Dual Antiplatelet Therapy (DAPT): Given the heightened pro-thrombotic risk in diabetics, meticulous 

adherence to DAPT is non-negotiable. Recent trials emphasize the potential benefit of extended DAPT duration in selected 

high-risk diabetic cohorts. 

Individualized Risk Assessment: Pre-procedural evaluation should consider the patient's diabetic status, insulin dependency, 

glycemic control metrics (like HbA1c), and comorbidities to inform stent choice, adjunct pharmacotherapy, and follow-up 

strategy. 

Use of Newer-Generation DES and Adjunctive Pharmacotherapies: Leveraging newer-generation DES platforms alongside 

emerging adjunct therapies—such as PCSK9 inhibitors for lipid lowering or anti-inflammatory agents—may offer additive 

benefits in mitigating adverse outcomes. 

5. Limitations 

While this meta-analysis provides valuable insights into the impact of diabetes mellitus on the efficacy of drug-eluting stents 

(DES), certain inherent limitations must be acknowledged to contextualize the findings: 

Heterogeneity in Study Designs: 

 The included studies varied significantly in their design, inclusion criteria, and outcome definitions. Key factors such as 

definitions of diabetes mellitus, categorization of insulin-dependent versus non-insulin-dependent diabetes, and criteria for 

adequate glycemic control were inconsistent across studies. Moreover, outcome reporting—especially for endpoints like 

ISR, TLR, and MACE—often lacked standardized definitions. This heterogeneity may introduce variability in effect 

estimates and limit direct comparability between studies. 

Publication Bias: 

 As with many meta-analyses, the potential for publication bias cannot be overlooked. Studies with significant or positive 

findings are more likely to be published, potentially skewing the meta-analytic results towards an overestimation of effect 

sizes. Despite employing funnel plots and bias assessment tools, the influence of unpublished negative or neutral studies 

remains a plausible confounder. 

Lack of Patient-Level Data: The analysis relied on aggregate data extracted from published reports rather than individual 
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patient-level data (IPD). This precluded a detailed exploration of key confounding factors such as HbA1c levels, duration of 

diabetes, concomitant medications, lipid profiles, renal function, and other comorbid conditions. The inability to adjust for 

these variables limits the granularity of subgroup analyses and the precision of effect modification assessments. 

Follow-Up Variability and Limited Long-Term Data: 

 There was considerable variability in follow-up duration among the included studies, with some reporting outcomes at 12 

months and others extending beyond 3 to 5 years. However, long-term outcomes beyond 5 years—critical for assessing late 

stent thrombosis, neoatherosclerosis, and very late adverse events—remain underreported. The lack of consistent, long-term 

data restricts the ability to draw conclusions about the durability of DES efficacy in diabetic patients over extended periods. 

6. Conclusion 

This comprehensive meta-analysis reaffirms that diabetes mellitus exerts a profound negative influence on the efficacy of 

drug-eluting stents (DES). Diabetic patients face significantly increased risks of in-stent restenosis (ISR), stent thrombosis 

(ST), and major adverse cardiac events (MACE) compared to non-diabetic populations. These findings persist despite 

advancements in stent design, drug delivery mechanisms, and procedural techniques. 

While DES undeniably remains a pivotal intervention in coronary artery disease management, particularly among high-risk 

diabetic cohorts, this analysis underscores the necessity for a multifaceted clinical approach. Tailored interventional 

strategies should incorporate: 

Meticulous pre-procedural risk assessment, 

Aggressive glycemic and metabolic control, 

Optimized dual antiplatelet therapy regimens, and 

Close post-procedural surveillance to mitigate adverse outcomes. 

Importantly, the residual risk observed in diabetic patients, even with second-generation DES, highlights a pressing need for 

next-generation stent platforms and personalized medicine approaches. These could include bioabsorbable scaffolds, drug-

coated balloons, enhanced anti-inflammatory strategies, and individualized pharmacotherapy regimens tailored to the 

patient’s metabolic profile. 

Future research should prioritize large-scale, randomized trials with standardized outcome measures, incorporate patient-

level data to control for confounding variables, and extend follow-up durations to elucidate long-term efficacy and safety 

profiles. Bridging the outcome gap in diabetic patients will require not only technological innovation but also an integrated 

care model addressing the systemic nature of diabetes and its vascular complications. 

7. Future Directions 

The persistent disparity in clinical outcomes between diabetic and non-diabetic patients undergoing drug-eluting stent (DES) 

implantation underscores the necessity for continued research and innovation. The following avenues represent key strategic 

directions to advance both scientific understanding and clinical practice in this field: 

·       Long-Term (>5 Years) Prospective Trials with Stratified Diabetic Populations: 

 Current evidence is largely based on short- to medium-term follow-up studies, often limited to 1–3 years. However, the risk 

of late stent thrombosis, neoatherosclerosis, and progressive restenosis in diabetic patients may manifest beyond this 

timeframe. Therefore, there is a pressing need for large-scale, long-term prospective trials that not only extend follow-up to 

≥5 years but also incorporate stratification based on diabetic status (e.g., insulin-dependent vs. non-insulin-dependent), 

glycemic control, and comorbid profiles. Such studies would provide robust data on the durability of DES efficacy and guide 

long-term management strategies. 

·       Evaluation of Novel DES Coatings Targeting Diabetic Vasculopathy: 

 Given the unique pathophysiology of diabetic vasculopathy, including chronic inflammation, endothelial dysfunction, and 

impaired vascular healing, future research should focus on the development and evaluation of DES coatings specifically 

designed to address these challenges. This may involve biocompatible, anti-inflammatory, or endothelial-promoting 

polymers, as well as drug formulations that target the molecular pathways altered in diabetic vessels. Preclinical and clinical 

investigations into these next-generation stent platforms could help overcome the biological barriers limiting DES efficacy 

in diabetic patients. 

·       Impact of Adjunctive Glucose-Lowering Agents on Post-DES Outcomes: 

 Emerging classes of glucose-lowering agents, notably SGLT2 inhibitors and GLP-1 receptor agonists, have demonstrated 

cardiovascular protective effects independent of glycemic control. However, their specific impact on coronary stent-related 

outcomes—such as restenosis rates, stent thrombosis, and MACE—in diabetic patients remains underexplored. Future 

studies should aim to delineate whether the integration of these agents into post-percutaneous coronary intervention (PCI) 



Nandana Thekkepat Pillai  

pg. 7078 

Journal of Neonatal Surgery | Year: 2025 | Volume: 14 | Issue: 32s 

 

care protocols can synergistically enhance vascular healing and reduce adverse events. Randomized controlled trials 

investigating these adjunctive therapies could revolutionize secondary prevention strategies in diabetics undergoing DES 

implantation. 

·       Development of Patient-Specific PCI Strategies Using AI-Based Risk Stratification Tools: 

 The heterogeneity within diabetic populations necessitates a move away from one-size-fits-all treatment paradigms. The 

integration of artificial intelligence (AI)-driven risk stratification models could enable clinicians to predict individual patient 

risks for ISR, ST, and MACE with greater precision. By leveraging machine learning algorithms trained on large datasets—

including demographic, clinical, biochemical, and procedural variables—clinicians could develop personalized PCI 

strategies, optimize stent selection, and tailor adjunctive pharmacotherapy. The application of AI in interventional cardiology 

holds promise for enhancing decision-making, reducing complications, and ultimately improving patient outcomes, 

particularly in complex high-risk groups such as those with diabetes mellitus 
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