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Background: The Charlson Comorbidity Index (CCI) is widely used to assess comorbidity burden, its prognostic role in patients
undergoing percutaneous coronary intervention (PCI) remains underexplored. This study aimed to investigate the impact of CCI on in-
hospital adverse events and long-term major adverse cardiovascular and cerebrovascular events (MACCESs) in patients with coronary
artery disease (CAD) treated with PCIL.

Methods: A total of 572 consecutive CAD patients who underwent PCI between October 2016 and October 2020 were included.
Patients were divided into low (CCI < 4, n = 453) and high (CCI > 4, n = 119) comorbidity burden groups. Clinical characteristics, in-
hospital adverse events, and long-term MACCEs were compared. Multivariate logistic regression and Cox proportional hazards
models were used to identify independent predictors of outcomes.

Results: Compared to the low-CCI group, patients in the high-CCI group were older, more frequently male, and had higher rates of
diabetes, left main CAD, and multivessel disease (all p < 0.05). In-hospital adverse events were significantly more common in the
high-CCI group (13.4% vs 2.0%, p < 0.01). CCI was an independent predictor of in-hospital events (OR = 3.13; 95% CI: 1.40-7.02).
During a median follow-up of five years, the high-CCI group had a significantly higher incidence of MACCEs (51.3% vs 6.2%; HR =
2.72; 95% CI: 2.25-3.30, p < 0.01).

Conclusion: CCI is a significant and independent predictor of both in-hospital and long-term adverse outcomes in CAD patients
undergoing PCI.

Keywords: Charlson comorbidity index, coronary artery disease, percutaneous coronary intervention, in-hospital adverse events,

major adverse cardiovascular and cerebrovascular events, prognostic evaluation

Introduction

Coronary artery disease (CAD) is a leading public health issue globally. According to a recent worldwide study, CAD
accounted for 37.7% of all disability-adjusted life years attributable to cardiovascular diseases in 2021." Percutaneous
coronary intervention (PCI) is currently the most commonly used revascularization strategy for CAD, and this method
has significantly improved the clinical outcomes and quality of life of affected patients. However, despite the imple-
mentation of guideline-directed medical therapy, patients undergoing PCI remain at considerable risk for subsequent
cardiovascular adverse events.” Therefore, enhancing postoperative individualized risk stratification and optimizing
secondary prevention strategies are essential for reducing the incidence of mid- to long-term adverse events. Various
risk assessment tools have been widely applied in PCI patients, including the Global Registry of Acute Coronary Events
(GRACE) score, the Synergy between PCI with TAXUS and Cardiac Surgery (SYNTAX) score, the residual SYNTAX
score, the left ventricular ejection fraction (LVEF), and biomarkers such as the N-terminal prohormone of brain

https://doi.org/10.2147/TCRM.S559412 Therapeutics and Clinical Risk Management 2026:22 559412 |

Received: 1 September 2025 © 2026 Ma et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php

Accepted: 28 December 2025 AT 2nd incorporate the Creative Commons Attribution — Non Commercial (unported, v4.0) License (http://creativecommons.org/licenses/by-nc/4.0/). By accessing the work

Published: 14 January 2026 you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


http://orcid.org/0000-0001-7630-6960
http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/4.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com

Ma et al

natriuretic peptide and high-sensitivity C-reactive protein. Each of these indicators offers specific advantages and is
suited for distinct patient populations, aiding the development of personalized treatment plans. For example, the GRACE
score is often used to predict short-term mortality and reinfarction risk in patients with acute coronary syndrome; the
SYNTAX score evaluates coronary anatomical complexity to guide interventional strategies; and both the LVEF and
biomarkers play important roles in assessing cardiac function and systemic inflammation. Nevertheless, for certain
subgroups—such as older adults, patients with multiple comorbidities, or those with a history of repeated PCI—these
scoring systems present notable limitations in real-world clinical practice. Hence, there is an urgent need for a simple,
practical, and broadly applicable tool to achieve precise and individualized risk assessment and stratification in these
populations.

The Charlson Comorbidity Index (CCI) is a widely used scoring system for assessing the burden of comorbidities.
Originally developed in 1987 to predict 10-year mortality, the CCI has since demonstrated prognostic value for patients
affected by a variety of chronic diseases, including chronic respiratory disease, chronic kidney disease, metabolic
disorders, and malignancies. Patients with a high comorbidity burden often present with multiple systemic conditions,
such as diabetes, chronic kidney disease, and hypertension—metabolic and inflammatory disorders that are frequently
interrelated.®* In the context of cardiovascular disease, the impact of comorbidity burden is equally significant. Previous
studies have shown that high-risk comorbidities are highly prevalent among patients with common cardiovascular
conditions such as heart failure and atrial fibrillation—for instance, diabetes has a prevalence of up to 48%, and chronic
kidney disease affects approximately 22% of these patients.™® These comorbid states are closely associated with systemic
atherosclerosis and have been shown to markedly increase the risk of major adverse cardiovascular events.

Data from the US National Inpatient Sample indicate that more than 10% of patients undergoing PCI present with
a substantial comorbidity burden. This elevated burden increases perioperative risk and may influence key therapeutic
decisions, including the choice of antithrombotic regimens and strategies for contrast agent use.” As a result, comorbid-
ities may exert both direct and indirect effects on post-PCI outcomes.

Although previous studies have demonstrated the prognostic utility of the CCI in certain disease populations, its role
in risk stratification and outcome prediction among patients undergoing PCI remains insufficiently explored, and
supporting clinical data are limited. In particular, the mechanisms by which multiple comorbidities jointly influence
cardiovascular outcomes have yet to be fully elucidated. Therefore, evaluating the applicability of the CCI in the post-
PCI population may offer a more comprehensive assessment of patients’ overall health status and inform clinical
decision-making regarding revascularization strategies. The early identification of high-risk individuals through the
CCI might facilitate more targeted secondary prevention interventions, providing critical support for personalized care.
This approach is especially relevant for younger patients and those with complex comorbidity profiles, in whom
traditional risk models may be less effective for stratifying long-term cardiovascular risk.

This study aimed to investigate the association between the CCI and clinical outcomes following PCI. Although
a recent study by Balun et al identified CCI > 2 as an independent predictor of the 1-year mortality in elderly patients
undergoing PCI, their analysis using a CCI threshold of 2 did not concurrently evaluate short-term in-hospital outcomes
or long-term composite cardiovascular events.® Therefore, the goal of the current study was to evaluate the utility of the
CCI as a tool for risk stratification and prognostic assessment in patients undergoing PCI.

Materials and Methods

Study Population and Data Collection

This was a single-center, prospective cohort study, which was approved by the Ethics Committee of Xuanwu Hospital,
Capital Medical University (approval number: [2024]233-002 and AEEI-2024-359). The study population consisted of
patients who underwent PCI at Xuanwu Hospital, Capital Medical University, between October 2016 and October 2020.
The baseline demographic and clinical data were obtained through structured questionnaires and the hospital’s electronic
medical record system. Written informed consent was obtained from all participants. Collected variables included the
patients’ age, sex, medication use, comorbidities, laboratory test results, and details regarding their procedural and
pharmacological treatment. The CCI was calculated for each patient, and the median CCI score in this cohort was 4.
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Therefore, the patients were categorized into two groups based on their CCI: the low comorbidity burden group (CCI < 4)
and the high comorbidity burden group (CCI > 4). The exclusion criteria were as follows (Figure 1): (1) patients with ST-
elevation myocardial infarction, which was defined as persistent chest pain accompanied by newly developed ST-
segment elevation, with or without pathological Q waves, and a marked elevation of cardiac biomarkers such as troponin
or creatine kinase-MB;’ (2) patients with non-ST-elevation myocardial infarction, which was defined as acute ischemic
symptoms accompanied by ST-segment depression or T-wave inversion on an electrocardiogram and dynamic elevation
of troponin levels consistent with a diagnosis of myocardial infarction;’ (3) patients with incomplete clinical records or
substantial loss of follow-up data that precluded reliable evaluation; and (4) patients who declined to participate in the
study or were unable to complete follow-up assessments. The flow chart of this study is presented in Figure 1.

Calculation of the CCI
Upon hospital admission, the CCI was calculated by trained healthcare professionals based on each patient’s medical
history, physical examination findings, and relevant laboratory and imaging results. The CCI assigns weighted scores to
a range of chronic conditions—such as myocardial infarction, heart failure, peripheral vascular disease, stroke, diabetes,
chronic pulmonary disease, renal disease, liver disease, and malignancies—according to their severity. This index reflects
the overall comorbidity burden of the patient.

In this study, the scoring of comorbidities followed the original system proposed by Charlson et al and was further
adapted based on the modified version by Deyo et al, which maps comorbidities to the International Classification of

Diseases coding system for clinical application.'®

Patients who underwent PCI at Xuanwu Hospital between October
2016 and October 2020 were recruited (n = 572)

Exclusion criteria:

1) ST-elevation myocardial infarction (STEMI)

2) Non-ST-elevation myocardial infarction (NSTEMI)

3) Incomplete clinical records or substantial loss to
follow-up

4) Patients who declined to participate or unable to
complete follow-up

Calculation of Charlson Comorbidity Index

Low comorbidity burden group High comorbidity burden group
(CCI< 4, n=453) (CCI>4,n=119)

In-Hospital Adverse Events

46 lost to follow-up

Endpoints: Follow-Up and Long-Term Outcomes

Figure | The flowchart of this study.
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In-Hospital Adverse Events

In-hospital adverse events were defined as any unexpected clinical events occurring from the time of PCI admission to hospital
discharge. These included complications that necessitated changes in treatment strategy, prolonged hospitalization, or resulted
in significant clinical consequences. The major adverse cardiovascular events and systemic complications as well as other
serious adverse events were recorded. Specific definitions were as follows: (1) periprocedural myocardial infarction, an
elevation in cardiac troponin levels to at least five times the upper reference limit within 48 h after PCI, accompanied by new
pathological Q waves or new-onset left bundle branch block;” (2) access site complications, puncture site hematoma or other
vascular access-related events that interfered with vascular use or caused secondary infection;'' (3) acute left heart failure,
new-onset pulmonary congestion or pulmonary edema after PCI, presenting with dyspnea and radiographic evidence (eg,
chest X-ray or ultrasound) requiring clinical intervention;'? (4) malignant arrhythmias, life-threatening arrhythmias such as
ventricular fibrillation or sustained ventricular tachycardia that required immediate intervention;'* (5) acute kidney injury, an
increase in serum creatinine levels of >0.3 mg/dL or a relative increase of >50% from baseline within 48—72 h post-
procedure;'* (6) periprocedural stroke, ischemic or hemorrhagic stroke occurring intra- or postoperatively, characterized by
new-onset neurological deficits lasting more than 24 h;'® (7) hospital-acquired infections, clinically diagnosed infections such
as pneumonia or urinary tract infections that required antimicrobial therapy; (8) clinically significant bleeding events, bleeding

episodes that required blood transfusion, altered treatment strategy, or led to hemodynamic instability.'®

Follow-up and Long-Term Outcomes

Adverse events during follow-up were independently assessed and verified by two cardiologists. All discharged patients
were contacted for clinical follow-up at 6 and 12 months after hospitalization through outpatient visits and telephone
interviews. Follow-ups continued annually thereafter until the occurrence of a study endpoint or the end of the follow-up
period.

The primary long-term outcome of this study was the occurrence of major adverse cardiovascular and cerebrovascular
events (MACCEs) during the follow-up period, defined as the composite of the three following events:'” (1) all-cause
mortality, including both cardiac deaths (eg, sudden cardiac death, fatal arrhythmia, heart failure) and noncardiac deaths
(eg, death due to infection, malignancy, or other noncardiac causes); (2) nonfatal myocardial infarction, new myocardial
infarction events during follow-up that fulfilled the diagnostic criteria outlined in the Fourth Universal Definition of
Myocardial Infarction (2018) and did not result in death;'? (3) repeat revascularization, including PCI and coronary artery
bypass grafting as well as rehospitalization due to heart failure or unstable angina (defined as unplanned hospital admissions
resulting from acute decompensation of heart failure or worsening of unstable angina requiring inpatient care; (4) nonfatal

stroke, ischemic or hemorrhagic stroke confirmed by clinical assessment and imaging, without resulting in death.

Statistical Analysis
Continuous variables were expressed as the mean + standard deviation (SD) or median with interquartile range, as
appropriate. Categorical variables were presented as counts (n) and percentages (%). For between-group comparisons,
continuous variables were analyzed using the independent samples #-test or the Mann—Whitney U-test, while categorical
variables were compared using the Chi-squared test or Fisher’s exact test. A logistic regression model was used to
identify independent predictors of in-hospital adverse events. Kaplan—Meier survival curves were generated to estimate
event-free survival, and the Log rank test was used to compare survival distributions between groups. A Cox proportional
hazards regression model was applied to assess the association between the CCI and long-term MACCE:s after adjusting
for potential confounders. The proportional hazards assumption was evaluated using Schoenfeld residuals. The p-value
for trend analysis was determined to evaluate the linear relationship between increasing CCI scores and the risk of
MACCEs.

All statistical analyses were performed using SPSS version 26.0 (IBM Corp., Armonk, NY, USA). A two-sided
p-value < 0.05 was considered statistically significant.
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Results

Baseline Characteristics

A total of 572 patients with CAD who underwent PCI between October 2016 and October 2020 were included in this
study. The mean age of the patients was 61.0 £ 10.36 years, and 402 patients (70.3%) were male. The CCI ranged from 0
to 7. Figure 2 shows the distribution of comorbidities comprising the CCI in this cohort. Based on the median CCI score
of 4, the patients were divided into two groups: low comorbidity burden (CCI < 4, n = 453) and high comorbidity burden
(CCI > 4, n = 119). Compared with the low-CCI group, the patients in the high-CCI group were more likely to be male
(81.5% vs 67.3%, p = 0.003) and older (median age: 65.0 vs 62.0 years, p = 0.001). They also were more likely to have
longer hospital stays (8.9 vs 5.7 days, p < 0.001), a higher prevalence of diabetes (44.5% vs 29.1%, p = 0.001), and
higher serum creatinine levels (75.74 pmol/L vs 68.39 umol/L, p = 0.002) as well as present with left main CAD
(15.13% vs 7.95%, p = 0.017) or multivessel disease (62.18% vs 45.92%, p = 0.019) (Table 1).

In-Hospital Outcomes
The overall incidence of in-hospital adverse events was 4.4% (25 cases). The patients in the high comorbidity burden group had

a significantly higher rate of in-hospital events compared to those in the low-CCI group (13.4% vs 2.0%, p < 0.01). After
adjusting for baseline clinical variables—including age, sex, history of hypertension, diabetes, cerebrovascular disease, admis-
sion heart rate and blood pressure, lipid profile, LVEF, characteristics of coronary lesions, and major medications—the analysis
revealed that a higher CCI was independently associated with an increased risk of in-hospital adverse events [odds ratio (OR) =
3.13; 95% confidence interval (CI): 1.40-7.02, p <0.01]. In addition, a history of prior PCI (OR = 0.27; 95% CI: 0.08-0.89, p =
0.032) and an elevated heart rate (OR = 0.93; 95% CI: 0.88-0.97, p = 0.002) were also identified as independent predictors of in-

hospital outcomes (Table 2).
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Figure 2 Distribution of the diseases assessed by the Charlson Comorbidity Index in this study.
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Table | Baseline Demographic and Clinical Characteristics According to the Charlson Comorbidity Index

Variable Total (n = 572) CCIl <4 (n = 453) CCl>4(n=119) Statistic P
Age, years; M (Q), Q3) 62.00 (56.00, 68.00) 62.00 (56.00, 67.00) 65.00 (58.00, 70.00) Z = -24] 0.001
Male, n (%) 402 (70.28) 305 (67.33) 97 (81.51) ¥ =9.08 0.003
Smoking, n (%) 318 (55.59) 244 (53.86) 74 (62.18) X =2.64 0.104
Length of stay, days; mean * SD 6.34 £ 3.78 5.67 +2.62 8.90 + 5.87 t=-5.85 <0.001
HR, beats/min; mean + SD 71.67 + 14.13 71.73 £ 14.05 7146 + 1448 t=0.18 0.854
SBP, mmHg; mean + SD 133.94 + 18.28 13423 £ 18.16 132.82 £ 18.76 t=0.75 0.453
DBP, mmHg; mean + SD 76.61 +11.88 76.76 £ 11.77 76.03 + 12.30 t=0.59 0.552
NTproBNP, pg/mL; mean + SD 709.35 + 1878.27 567.09 + 1914.55 1075.93 + 1745.86 t=-1.67 0.097
ALT, IU/L; mean * SD 25.88 + 22.57 26.33 +24.18 2421 + 14.99 t=091 0.366
AST, IU/L; mean + SD 34.08 £ 38.19 33.97 + 35.68 34.52 + 46.65 t=-0.14 0.890
Uric acid, umol/L; M (Q), Q3) 341.00 (284.00, 398.00) 344.00 (286.25, 398.75) 331.00 (273.50, 396.00) Z=-1.10 0.272
TG, mmol/L; M (Q,, Q3) 3.88 (3.31, 4.59) 3.90 (3.35, 4.63) 3.75 (3.17, 451) Z=-184 0.066
TC, mmol/L; mean + SD 291 +18.30 2.73 + 18.01 358 £ 19.42 t=-045 0.652
HDL-C, mmol/L; mean * SD .11 £037 1.1l £0.36 1.08 + 0.41 t=10.87 0.385
LDL-C, mmol/L; mean + SD 2.36 + 0.80 2.39 + 0.8l 225 +0.74 t= 175 0.080
HCY, pmol/L; mean + SD 1581 + 8.63 15.54 + 7.96 16.81 £+ 10.75 t=-135 0.177
Creatinine, ymol/L; mean + SD 69.94 £ 19.33 68.39 + 17.49 75.74 £ 24.26 t=-3.09 0.002
Apo-a, g/L; mean + SD 1.21 £0.25 122 £ 0.26 I.16 £ 0.20 t =258 0.050
LVEF, %; mean + SD 63.62 + 7.94 6391 +7.54 62.54 + 9.23 t=148 0.140
Hypertension, n (%) 378 (66.08) 292 (64.46) 86 (72.27) x* =256 0.109
Diabetes mellitus, n (%) 185 (32.34) 132 (29.14) 53 (44.54) x* =102l 0.001
Cerebrovascular disease, n (%) 225 (39.34) 175 (38.63) 50 (42.02) x> =045 0.501
Prior percutaneous revascularization, n (%) 150 (26.22) 114 (25.17) 36 (30.25) =126 0.262
Left main disease included 54 (9.44) 36 (7.95) 18 (15.13) x> =5.68 0.017
Number of diseased vessels, n (%)

0-1 284 (49.65) 240 (52.98) 44 (36.97) x* = 10.00 0.019

22 282 (49.30) 208 (45.92) 74 (62.18)
Gensini score; mean * SD 23.49 + 25.78 22.00 + 24.76 29.15 + 28.76 t=271 0.007
DAPT, n (%) 260 (45.61) 199 (44.03) 6l (51.69) =222 0.136
Statin use, n (%) 272 (47.80%) 214 (47.45) 58 (49.15) ¥ =011 0.742

Abbreviations: ALT, alanine aminotransferase; Apo-a, apolipoprotein alpha; AST, aspartate aminotransferase; CCl, Charlson Comorbidity Index; DAPT, dual antiplatelet
therapy; DBP, diastolic blood pressure; HCY, homocysteine; HDL-C, high-density lipoprotein cholesterol; HR, heart rate; LDL-C, low-density lipoprotein cholesterol; LVEF,
left ventricular ejection fraction; M, Median; NTproBNP, N-terminal prohormone of brain natriuretic peptide; Q,, Ist quartile; Q3, 3rd quartile; SBP, systolic blood pressure;
SD, standard deviation; t, t-test; TC, total cholesterol; TG, triglycerides; Z, Mann—Whitney test; XZ, Chi-squared test.

Table 2 Univariate and Multivariate Regression Analysis of Factors Associated with Adverse Events During Hospitalization

Variable Univariate Analysis Multivariate Analysis

S.E y A p OR (95% CI) B S.E y A P OR (95% CI)
Male 053 | 056 | 090 | 0.342 | 1.70 (0.56-5.09)
Age 0.01 | 0.02 | 030 | 0.766 | 1.0l (0.96-1.06)
Smoking 0.19 | 046 | 042 | 0.674 | 1.21 (0.50-2.96)
Cccl 056 | 0.16 | 344 | <0.001 | .74 (1.27-2.39) | 1.14 | 041 | 2.77 | 0.006 | 3.13 (1.40-7.02)
Hypertension 043 | 052 | 0.84 | 0.400 | 1.54 (0.56—4.25)
Diabetes mellitus 0.04 | 051 | 008 | 0.936 | 1.04(0.39-2.81)
Cerebrovascular disease 090 | 0.51 1.76 0.078 | 2.47 (0.90-6.75)
Prior percutaneous revascularization | —0.65 | 0.64 | —1.02 | 0.306 | 0.52 (0.15-1.82) | —3.86 | 1.70 | —2.27 | 0.032 | 0.27 (0.08-0.89)
HR —0.03 | 0.0l | 266 | 0.008 | 0.93 (0.71-1.06) | —0.08 | 0.03 | 2.57 | 0.002 | 0.93 (0.88-0.97)
SBP —0.02 | 0.0l | —1.45 | 0.148 | 0.98 (0.96-1.01)
DBP —0.01 | 0.02 | -0.77 | 0.441 | 0.99 (0.95-1.02)

(Continued)
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Table 2 (Continued).

Variable Univariate Analysis Multivariate Analysis
B S.E y A p OR (95% CI) B S.E z P OR (95% ClI)
NT-proBNP 0.00 | 0.00 | I.I5 | 0.251 1.00 (1.00-1.00)
Creatinine 0.02 | 0.01 | 25l 0.012 | 1.02 (1.01-1.04)
LDL-C —0.26 | 0.30 | —0.86 | 0.388 | 0.77 (0.43-1.39)
Apo-a —0.61 | 1.06 | —0.58 | 0.564 | 0.54 (0.07-4.34)
LVEF —0.02 | 0.03 | —0.83 | 0.408 | 0.98 (0.93-1.03)
Left main disease included 0.28 | 9,63 | 045 0.655 | 1.33 (0.38-4.58)
Number of diseased vessels (22) —0.45 | 054 | —0.82 | 0411 | 0.64 (0.22-1.85)
Gensini score 0.00 | 0.01 | 035 0.728 | 1.00 (0.99-1.02)
DAPT —0.14 | 048 | —0.29 | 0.770 | 0.87 (0.34-2.21)
Statin use —0.50 | 0.49 | —1.03 | 0.302 | 0.6l (0.23-1.57)

Abbreviations: Apo-o, apolipoprotein alpha; CCl, Charlson Comorbidity Index; Cl, confidence interval; DAPT, dual antiplatelet therapy; DBP, diastolic blood pressure;
HR, heart rate; LDL-C, low-density lipoprotein cholesterol; LVEF, left ventricular ejection fraction; NTproBNP, N-terminal prohormone of brain natriuretic peptide; OR,
odds ratio; SBP, systolic blood pressure; S.E, standard error; Z, Mann—Whitney test.

Long-Term Outcomes
Among the enrolled patients, 526 completed follow-ups, while 46 were lost to follow-up, resulting in a follow-up loss

rate of 8.0%. There was no significant difference in loss to follow-up between the high and low comorbidity burden

groups (8.2% vs 7.6%, p = 0.502). During a median follow-up period of five years, Kaplan—-Meier survival analysis

showed that the cumulative incidence of MACCEs was significantly higher in the high-CCI group compared to the low-
CCI group (51.3% vs 6.2%, log-rank p < 0.001) (Figure 3).
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Figure 3 Kaplan—Meier survival curves illustrating freedom from major adverse cardiovascular and cerebrovascular events (MACCEs), stratified by the Charlson

Comorbidity Index.
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Cox Multivariate Models for Long-Term Outcomes

After adjusting for age, sex, comorbidity history, admission heart rate, blood pressure, lipid profile, LVEF, characteristics
of coronary lesions, and major medications, multivariate Cox regression analysis revealed that the CCI was indepen-
dently associated with the occurrence of MACCEs (HR = 2.72; 95% CI: 2.25-3.30, p < 0.001). Moreover, a history of
prior PCI (HR = 0.27; 95% CI: 0.08-0.89, p = 0.032), LVEF (HR = 0.93; 95% CI: 0.88-0.97, p = 0.002), and multivessel
disease (HR = 1.93; 95% CI: 1.03-3.59, p = 0.04) were also identified as independent predictors of long-term MACCEs
(Table 3). Furthermore, after adjusting for covariates in the Cox regression model (Table 4), a significant linear trend was
observed, indicating that the risk of MACCEs increased with higher CCI scores (p for trend < 0.05).

Table 3 Cox Regression Analysis on Major Adverse Cardiovascular Events in the Long Term

Variable Univariate Analysis Multivariate Analysis
B S.E z P HR (95% CI) [ S.E z P HR (95% ClI)
Male 0.67 | 0276 | 6.0l 0.01 1.96 (1.14-3.38)
Age 0.01 0.0l 1.08 0.28 1.01 (0.99-1.04)
Smoking 0.46 0.22 2.06 0.04 1.59 (1.02-2.46)
cal 232 0.23 10.16 | <0.001 10.22 (6.53-15.99) 303 | 047 | 64l <0.001 | 2.72 (2.25-3.30)
Hypertension 0.34 0.24 1.42 0.15 1.40 (0.88-2.22)
Diabetes mellitus 0.41 0.22 1.88 0.06 1.50 (0.98-2.29)
Cerebrovascular disease 0.63 0.24 2.66 0.04 1.89 (1.18-3.01)
Prior percutaneous revascularization 0.56 0.22 2.55 0.011 1.74 (1.14-2.68) —-1.32 | 0.62 | —2.15 0.032 | 0.27 (0.08-0.89)
Heart rate 0.01 0.0l 0.95 0.34 1.01 (0.99-1.02)
SBP -0.00 | 0.0l —-0.58 0.56 1.00 (0.99-1.01)
DBP 0.01 0.0l 0.58 0.57 1.01 (0.99-1.02)
NT-proBNP 0.00 0.00 1.06 0.29 1.00 (1.00-1.00)
Creatinine 0.01 0.00 2.73 0.03 1.01 (1.01-1.02)
LDL-C —0.03 | 0.14 | —0.21 0.83 0.97 (0.74-1.27)
Apo-a -086 | 045 | —1.91 0.06 0.42 (0.17-1.02)
LVEF -0.04 | 0.0l —-3.30 | 0.006 0.96 (0.94-0.98) —0.08 | 0.02 | —-3.14 | 0.002 | 0.93 (0.88-0.97)
Left main disease included 0.79 0.28 2.79 <0.001 2.21 (1.27-3.85)
Number of diseased vessels (22) 0.72 0.33 2.18 0.029 2.05 (1.07-3.89) 0.66 | 032 | 206 0.04 1.93 (1.03-3.59)
Gensini score 0.01 0.004 | 8531 0.006 1.011 (1.003-1.018)
DAPT 0.68 0.26 2.56 0.01 1.97 (1.17-3.31)
Statin use -0.43 | 0.5l -0.84 | 0.402 0.65 (0.24-1.78)

Abbreviations: Apo-a, apolipoprotein alpha; CCl, Charlson Comorbidity Index; Cl, confidence interval; DAPT, dual antiplatelet therapy; DBP, diastolic blood pressure; HR,
hazard ratio; LDL-C, low-density lipoprotein cholesterol; LVEF, left ventricular ejection fraction; NTproBNP, N-terminal prohormone of brain natriuretic peptide; SBP,
systolic blood pressure; S.E, standard error; Z, Mann—Whitney test.

Table 4 Risk Factor Analysis of the Charlson Comorbidity Index Using the Cox Proportional Hazards Regression Model

OR (95% CI) p-value for
Trend
Q (n=171) Q; (n = 144) Qs (n = 206) Q4 (n=51)
Model I. Crude, no adjustment 1.0 1.073 (0.571-1.973) 1.498 (0.807-2.546) 2.135 (1.051-4.325) 0.021
p-value 0.832 0.136 0.038
Model 2. Adjustment for age, gender, 1.0 0.936 (0.502-1.704) 1.294 (0.754-2.221) 1.850 (0.898-3.811) 0.024
smoking
p-value 0.834 0.350 0.095
Model 3. Adjustment for age, gender, 1.0 0.874 (0.468-1.631) 1.052 (0.584-1.895) 1.230 (0.723-2.163) 0.008
smoking, hypertension, diabetes mellitus,
cerebrovascular disease, prior percutaneous
revascularization
p-value 0.444 0.326 0.039
(Continued)
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Table 4 (Continued).

OR (95% CI) p-value for
Trend
Q, (n=171) Q2 (n = 144) Q; (n = 206) Q4 (n=51)
Model 4. Adjustment for age, gender, 1.0 0.942 (0.511-1.845) 1.251 (0.724-2.163) 1.775 (0.853-3.667) 0.012
smoking, hypertension, diabetes mellitus,
cerebrovascular disease, prior percutaneous
revascularization, length of stay, LVEF, NT-
proBNP, creatinine, LDL-C
p-value 0.172 0.063 0.027

Abbreviations: Cl, confidence interval; LDL-C, low-density lipoprotein cholesterol; LVEF, left ventricular ejection fraction; NT-proBNP, N-terminal prohormone of brain
natriuretic peptide; OR, odds ratio; Q), Ist quartile; Q,, 2nd quartile; Q3, 3rd quartile; Q4, 4th quartile.

Discussion

This prospective cohort study characterized the clinical features and prognostic impact of a high comorbidity burden in
patients undergoing PCI. We found that 20.8% of the enrolled patients had a high CCI, and this subgroup exhibited more
complex clinical profiles, including an older age, a higher proportion of males, prolonged hospital stays, elevated serum
creatinine levels, a higher prevalence of diabetes, and more frequent involvement of left main and multivessel CAD. The
CCI was identified as an independent predictor of in-hospital adverse events, with significantly higher event rates
observed in the high comorbidity group compared to the low comorbidity group. More importantly, during a median
follow-up period of five years, the high-CCI group demonstrated approximately twice the risk of MACCEs compared
with the low-CCI group. These findings suggest that the CCI, as a tool for quantifying the burden of multiple chronic
conditions, can effectively identify high-risk patients in the PCI population.

Comorbidity refers to the coexistence of two or more chronic diseases or pathological conditions in a single patient
that are clinically independent yet collectively exert a significant impact on their health status. As an important parameter
in clinical prognostic assessment, the comorbidity burden is commonly quantified using the CCI. This index assigns
weighted scores of 1-6 to nearly 20 underlying diseases based on severity, with the total score reflecting the overall
disease burden of the patient. Previous studies have confirmed the prognostic value of the CCI in various surgical and
oncology-related conditions. For example, in patients undergoing an esophagectomy for esophageal cancer, those with
a CCI score > 2 had a significantly lower three-year overall survival rate (59.7%) compared to those with a CCI < 1
(77.9%)."%'° Additionally, patients in the high-CCI group had a poorer nutritional status one month postoperatively, as
indicated by a lower Prognostic Nutritional Index, suggesting a greater nutritional risk during postoperative recovery.?’
Similarly, in non-small cell lung cancer patients, those with CCI > 1 had a five-year overall survival rate of 84%,
compared to 88% for those with CCI = 0, and their median postoperative hospital stay was longer (15 vs 11 days).*' In
the cardiovascular field, the CCI has been used to assess risk and predict outcomes in patients with conditions such as
heart failure and atrial fibrillation. In elderly patients with atrial fibrillation, the comorbidity burden also has been
identified as a key determinant of adverse clinical outcomes. One study reported a 41.6% incidence of all-cause mortality
or rehospitalization during a one-year follow-up period; patients in the event group had significantly higher CCI scores
than those without events (2.5 £ 1.9 vs 1.7 £ 1.3), and the incidence of heart failure was also higher (32.9% vs
17.4%).%>* These findings support the prognostic relevance of the CCI in both noncardiac and selected cardiovascular
populations. Nevertheless, systematic investigations of the prognostic utility of the CCI specifically in PCI populations—
particularly regarding long-term risk stratification—remain limited. Most existing studies have focused on short-term
outcomes such as rehospitalization, in-hospital complications, and healthcare costs. A study based on a US national
database reported that from 2004 to 2014, the proportion of PCI patients with a high comorbidity burden (CCI > 3)
increased from 5.3% to 14.2%. During hospitalization, patients without comorbidities had a mortality rate of 1.0%,
whereas that of patients with high CCI scores was three times higher (3.2%). Moreover, the total hospitalization costs
increased significantly with higher CCI scores.>* Despite these findings, whether the CCI can reliably predict long-term
MACCE:s after PCI remains insufficiently explored and warrants further investigation.
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In the risk assessment of CAD patients, traditional tools such as the Thrombolysis in Myocardial Infarction (TIMI)
score and the GRACE score have been widely used for prognostic evaluation in patients with acute coronary syndrome.
The TIMI score is favored for its simplicity and ease of use, enabling rapid estimation of the risk of ischemic events
within 30 days following an acute episode.”>*° However, it does not account for comorbid conditions, offers limited
insight into the patients’ chronic disease status and overall systemic health, and has relatively little utility for predicting
long-term outcomes such as MACCEs beyond one year. The GRACE score incorporates more comprehensive physio-
logical and clinical parameters, including heart rate, systolic blood pressure, serum creatinine, and Killip class, to provide
a broader risk assessment. Nonetheless, it still omits a wide range of chronic comorbidities—such as diabetic neuropathy
and chronic pulmonary disease—that may contribute to cumulative organ damage over time. Additionally, the complex-
ity of its calculation limits its practicality in routine clinical settings.

The SYNTAX score is another established tool designed to quantify the anatomical complexity of coronary lesions.?’
It is based on coronary angiographic findings, scoring lesion characteristics such as number, location, branch involve-
ment, occlusions, and calcification. While the SYNTAX score provides valuable guidance for selecting PCI strategies and
predicting procedural outcomes, it primarily focuses on anatomical and procedural factors, without accounting for the
patient’s systemic health or comorbidity profile, thus limiting its utility for long-term, holistic prognostic evaluation.
Similarly, the Gensini score, another angiography-based tool, offers advantages in quantifying the severity of coronary
artery stenosis and ischemic burden.”® However, like the SYNTAX score, it remains confined to anatomical parameters
and lacks integration of comorbidity burden or chronic disease status. In summary, although these scoring systems play
important roles in assessing coronary lesion complexity and short-term procedural risk, they fall short in evaluating
chronic comorbid conditions and overall systemic health. This limitation is particularly relevant for PCI patients with
a substantial comorbidity burden, where long-term risk prediction requires a more comprehensive and patient-centered
approach.

Against this background, the present study introduced comorbidity as a key indicator to reflect patients’ overall health
status. Although recent research has explored alternative tools such as the age-adjusted CCI (aCCI) and the Elixhauser
Comorbidity Measure, each with its own advantages, limitations remain.” The aCCI extends the original CCI by
incorporating age into the scoring system, thereby broadening its applicability. Meanwhile, the Elixhauser index includes
31 comorbid conditions and has demonstrated strong adaptability in large administrative database studies. However, the
aCCI merges age with the chronic disease burden into a single score, which may compromise the ability to discern the
independent impact of chronic diseases.”’ The Elixhauser score, while comprehensive, is complex, involving a large
number of variables and requiring intricate calculations, which limit its practicality in routine clinical settings.
Furthermore, validation of the Elixhauser model specifically in PCI populations is still lacking.

It is important to note that there is currently no universally accepted classification threshold for the CCI. Some
studies, based on clinical experience or prior literature, commonly use a CCI score of 2-3 as a cutoff to define high-risk
patients.”>*° This criterion has been applied in research involving populations with ischemic stroke, heart failure, and
other chronic disecases. However, studies specifically focusing on PCI patients remain relatively limited, and this
population differs significantly in terms of disease spectrum and clinical complexity. In practice, CCI classification
often varies depending on the study objective, characteristics of the study population, and specific clinical requirements,
resulting in inconsistencies in cutoff values. Given the relatively high comorbidity burden typically observed in PCI
patients, we adopted the median CCI score as the threshold for stratification in this study. This approach allowed for
a more accurate reflection of the clinical characteristics of our cohort and improved the precision of risk stratification.
Our findings also underscore the need for future research to refine and individualize CCI classification standards
according to specific disease profiles and population settings. Such optimization may enhance the clinical utility of the
CCI in prognostic evaluation and decision-making across diverse patient populations.

In recent years, the CCI has increasingly been used in combination with other key clinical indicators to improve the
accuracy of disease risk prediction. Previous studies have demonstrated that biomarkers such as cystatin C and pentraxin-
3, along with nutritional status indicators like the neutrophil-to-lymphocyte ratio and the prognostic nutritional index,
have significant prognostic value across a range of conditions, including heart failure and various malignancies.>'
Such integrated assessment approaches allow for a more comprehensive evaluation of a patient’s systemic condition,
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functional reserve, and chronic disease burden, highlighting the potential of multidimensional risk stratification in
personalized medicine. In our study, LVEF, history of prior PCI, and multivessel disease were also identified as
independent predictors of the long-term outcomes of PCI patients. These findings suggest that an increased comorbidity
burden may be closely associated with a diminished organ functional reserve and reduced compensatory capacity,
particularly in elderly patients. Furthermore, we observed that as the comorbidity burden increases, the complexity of
clinical management and follow-up also rises. This includes challenges such as drug—disease and drug—drug interactions
in those with chronic conditions as well as reduced patient adaptability to standard treatment regimens.

Therefore, our findings suggest that clinicians should consider incorporating the CCI into early risk stratification
strategies. For patients with a high comorbidity burden, more proactive interventions—such as optimized pharmacother-
apy, enhanced rehabilitation management, and regular follow-up—may be warranted to improve the long-term outcomes.
Ultimately, integrating comorbidity assessment into clinical practice may help to refine personalized care for patients
with cardiovascular disease.

Limitations

This study was conducted at a single center with a relatively limited sample size, which may limit the generalizability of
the findings. Future studies should aim to validate these results through large-scale, multicenter, prospective investiga-
tions. Second, the lack of standardized cutoff values for the CCI poses a challenge for consistent risk classification. There
is currently no universally accepted threshold to define a high CCI, and heterogeneity in cutoff selection across different
studies may lead to variability in reported outcomes. Third, the CCI is inherently a static scoring tool and does not
account for temporal changes in a patient’s comorbidity status. As comorbid conditions can evolve over time, incorpor-
ating dynamic measures—such as biomarker or imaging-based assessments—may improve the predictive performance of
future risk models.

Conclusion

This study systematically evaluated the prognostic utility of the CCI in patients undergoing PCI for CAD. The findings
demonstrate that patients with a higher comorbidity burden had significantly increased rates of MACCEs, underscoring
the clinical value of the CCI as a comorbidity assessment tool in the risk stratification and outcome prediction of PCI
patients.
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