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Purpose: To evaluate the prognostic value of the CHA,DS,-VASc score for 12-month major adverse cardiovascular events (MACE)
in Chinese patients with acute coronary syndrome (ACS) without atrial fibrillation (AF) undergoing percutaneous coronary interven-
tion (PCI).

Patients and Methods: This retrospective study included 992 consecutive ACS patients without AF who underwent PCI from
January 2019 to December 2022. Patients were stratified into low- (0—1), moderate- (2), and high-risk (>2) groups based on the CHA,
DS,-VASc score. The primary endpoint was MACE, defined as a composite of all-cause mortality, non-fatal myocardial infarction, and
non-fatal stroke. Multivariate Cox regression was used to evaluate the association between risk groups and outcomes.

Results: During the 12-month follow-up, MACE occurred in 12.7%, 21.4%, and 28.8% of the low-, moderate-, and high-risk groups,
respectively (P<0.01). After adjusting for confounders, the CHA,DS,-VASc score remained independently associated with MACE
(HR=2.27, 95% CI: 1.34-3.86 for moderate risk; HR=3.83, 95% CI: 1.90-7.69 for high risk; both P<0.01).

Conclusion: The CHA,DS,-VASc score independently predicts 12-month MACE in non-AF ACS patients after PCI, with risks 2.27-
fold higher in moderate-risk and 3.83-fold higher in high-risk patients compared with low-risk patients. This simple, readily available
tool may help identify patients at higher risk for MACE and inform secondary prevention strategies.

Keywords: CHA,DS,-VASc score, acute coronary syndrome, percutaneous coronary intervention, major adverse cardiovascular
events, risk stratification

Introduction

Acute coronary syndrome (ACS), comprising ST-segment elevation myocardial infarction (STEMI), non-STEMI
(NSTEMI), and unstable angina, continues to impose a substantial burden on public health." Each year, an estimated
7-9 million new ACS cases occur worldwide, with incidence rising due to aging populations and lifestyle-related risk
factors such as hypertension and diabetes.” Of particular note, the China Acute Myocardial Infarction (CAMI) registry
indicates that Chinese ACS patients experience significantly higher mortality rates compared to their Western counter-
parts, with in-hospital mortality reaching 4.9% for STEMI and 4.2% for NSTEMI.>* More concerningly, nearly 30% of
Chinese ACS survivors experience recurrent cardiovascular events within two years, highlighting the need for more
effective secondary prevention strategies.”

The CHA,DS,-VASc score, originally developed to assess stroke risk in patients with atrial fibrillation (AF), incorpo-
rates several key cardiovascular risk factors: congestive heart failure, hypertension, age >75 years, diabetes mellitus, prior
stroke/transient ischemic attack (TIA), vascular disease, age 65—74 years, and female sex. Recently, this score has attracted
interest for its potential utility in risk stratification among ACS patients.® Unlike established ACS-specific risk models such
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as the Global Registry of Acute Coronary Events (GRACE), Thrombolysis In Myocardial Infarction (TIMI), or Synergy
Between Percutaneous Coronary Intervention With TAXUS and Cardiac Surgery (SYNTAX) scores—which require multiple
laboratory, electrocardiographic, or angiographic parameters—the CHA,DS,-VASc score relies solely on routinely avail-
able clinical variables. This simplicity may make it particularly valuable in emergency or resource-limited settings where
rapid risk assessment is essential.

In the Chinese ACS population, the relevance of CHA,DS,-VASc may be especially pronounced due to the high
prevalence of its component risk factors. Over 50% of Chinese ACS patients have hypertension, and approximately 35%
have diabetes—both exceeding global averages.”® Moreover, given China’s high stroke burden, 15-20% of ACS patients
have a prior history of cerebrovascular events.” These unique epidemiological features suggest that the CHA,DS,-VASc
score may offer distinct prognostic value in this population, even in the absence of AF.

Therefore, this study aimed to evaluate the prognostic value of CHA,DS,-VASc score in Chinese ACS patients
without AF, with particular focus on its ability to predict long-term major adverse cardiovascular events (MACE).

Materials and Methods

Patients

This retrospective study included consecutive patients diagnosed with ACS who were admitted to our hospital between
January 2019 and December 2022. No selective sampling was performed. Patients were eligible for inclusion if they met
the following criteria: (1) age >18 years; (2) diagnosis of ACS, including unstable angina, NSTEMI, or STEMI, based on
clinical presentation, electrocardiography, and cardiac biomarkers; (3) no history or documented diagnosis of AF; (4)
underwent percutaneous coronary intervention (PCI) during hospitalization; and (5) complete data available to calculate
the CHA,DS,-VASc score at admission.

The PCI procedures were performed in accordance with standard clinical guidelines and performed by experienced
interventional cardiologists with extensive expertise in coronary interventions. A loading dose of aspirin (300 mg) and
either clopidogrel (300 mg) or ticagrelor (180 mg) was administered prior to the procedure, unless the patient had already
received antiplatelet therapy. After PCI, all patients were prescribed lifelong aspirin and a P2Y 12 inhibitor for at least 12
months. Coronary angiography and PCI were conducted using standard techniques. The procedural strategy—including
pre-dilatation, stent implantation, and the choice of specific balloons or stents—was determined at the discretion of the
operating cardiologist based on individual lesion characteristics and intraoperative findings.

The study was approved by the Ethics Committee of Changsha Central Hospital (approval No. 20240121). All
procedures were conducted according to the 1964 Declaration of Helsinki and its later amendments or comparable ethical
standards. Due to its retrospective nature, informed consent was waived by the Ethics Committee of Changsha Central
Hospital. All data were de-identified and handled in accordance with the Declaration of Helsinki and relevant national
ethical guidelines.

Data Collection

Baseline demographic data, clinical data, medical history, and laboratory measurements were collected from the
hospital’s electronic medical record system. Demographic data included age, sex, and body mass index (BMI).
Clinical data included smoking status, ACS types, and left ventricular ejection fraction (LVEF). Medical history included
hypertension, diabetes mellitus, dyslipidemia, prior stroke or TIA, heart failure, and documented vascular disease
(including previous myocardial infarction or peripheral artery disease). Laboratory measurements included brain
natriuretic peptide (BNP), lipid profile (total cholesterol, LDL-C, HDL-C, triglycerides), fasting plasma glucose
(FPQG), glycated hemoglobin (HbAlc), and serum creatinine.

The CHA,DS,-VASc score was calculated for all patients during the index hospitalization based on the presence of
the following clinical variables: congestive heart failure or left ventricular dysfunction (1 point), hypertension (1 point),
age >75 years (2 points), diabetes mellitus (1 point), prior stroke or transient ischemic attack (2 points), vascular disease
(including prior myocardial infarction, peripheral artery disease, or aortic plaque; 1 point), age 65—74 years (1 point), and
female sex (1 point). Each patient’s total score was obtained by summing the points corresponding to their individual risk
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factors. Patients were stratified into three groups according to their CHA,DS,-VASc score: 0—1 (low risk), 2 (moderate
risk), and >2 (high risk), as applied in previous studies evaluating this score in non-AF populations.

Primary and Secondary Outcomes

The primary outcome was the occurrence of MACE within 12 months of admission, defined as a composite of all-cause
mortality, non-fatal myocardial infarction, and non-fatal stroke. Secondary outcomes included individual components of
MACE, specifically all-cause mortality and non-fatal stroke. Outcome data were collected through review of follow-up
records and/or structured telephone interviews.

Statistical Analysis

A power analysis based on previous studies of 12-month MACE incidence indicated that the total sample of 992 patients
(high-risk = 369, moderate-risk = 234, low-risk = 389) provided >90% power at a two-sided alpha level of 0.05 to detect
a 10% difference in 12-month MACE incidence among groups.

Continuous variables were expressed as mean + standard deviation (SD) and compared using one-way analysis of
variance (ANOVA) across CHA,DS,-VASc score groups. Categorical variables were presented as frequencies and
percentages and compared using the chi-square test or Fisher’s exact test, as appropriate. Missing covariate data were
handled using multiple imputation to reduce potential bias. Patients who were lost to follow-up were censored at their last
follow-up date.

Kaplan—Meier survival curves were generated for each CHA,DS,-VASc risk group, and differences were assessed
using the Log rank test. Patients were censored at the time of death, loss to follow-up, or at 12 months after index
admission, whichever came first. The association between the CHA,DS,-VASc score and clinical outcomes was further
evaluated using multivariate Cox proportional hazards regression models, after adjusting for potential confounders
including baseline demographic data, clinical data, medical history, and laboratory measurements.

All statistical analyses were performed using SPSS version 27.0 (IBM Corp., Armonk, NY, USA). A two-tailed
P value of <0.05 was considered statistically significant.

Results

A total of 992 patients were included in this study; they were categorized into high- (n=369), moderate- (n=234), and
low-risk (n=389) groups based on their CHA2DS2-VASc scores. The baseline characteristics of patients in the three
groups are presented in Table 1. The high-risk group was significantly older, had a higher proportion of females, and

Table | Baseline Characteristics of the Study Population Stratified by CHA,DS,-VASc Score

Total CHA,DS,-VASc Score
Low-risk Moderate-Risk | High-Risk | P value
N 992 369 234 389
Age, years 692 +7.7 624 £ 4.0 70.0 + 6.1 753 £ 57 <0.01
Gender <0.01
Male, n (%) 478 (48.2%) | 239 (64.8%) 123 (52.6%) 116 (29.8%)
Female, n (%) 514 (51.8%) | 130 (35.2%) 111 (47.4%) 273 (70.2%)
BMI, kg/m? 24.1+ 2.3 240 £23 24.1 £24 24.1 24 0.89
Smoking habit, n (%) <0.01
Smoker 836 (84.3%) | 323 (87.5%) 205 (87.6%) 308 (79.2%)
Non-smoker 156 (15.7%) | 46 (12.5%) 29 (12.4%) 81 (20.8%)
LVEF, % 633 £ 46 66.0 + 4.6 62.7 £ 42 61.1 £35 <0.01
ACS types, n (%) 0.42
Unstable angina 735 (74.1%) | 264 (71.5%) 181 (77.4%) 290 (74.6%)

(Continued)
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Table | (Continued).

Total CHA,;DS,-VASc Score
Low-risk Moderate-Risk | High-Risk | P value

NSTEMI 138 (13.9%) | 53 (14.4%) 32 (13.7%) 53 (13.6%)

STEMI 119 (12.0%) | 52 (14.1%) 21 (9.0%) 46 (11.8%)

Medical history, n (%)
Hypertension 611 (61.6%) | 161 (43.6%) 139 (59.4%) 311 (80.0%) <0.01
Dyslipidemia 356 (35.9%) | 94 (25.5%) 69 (29.5%) 193 (49.6%) <0.01
Diabetes 177 (17.8%) 35 (9.5%) 32 (13.7%) 110 (28.3%) <0.01
Stroke or TIA 115 (11.6%) 15 (4.1%) 25 (10.7%) 75 (19.3%) <0.01
Heart failure 30 (3.0%) 3 (0.8%) 6 (2.6%) 21 (5.4%) <0.01
Vascular disease 114 (11.5%) 16 (4.3%) 27 (11.5%) 71 (18.3%) <0.01
Laboratory measurements

BNP, pg/mL 379+ 107 | 352+ 11.0 386 £ 10.1 40.1 £ 103 <0.01
Total cholesterol, mmol/L 4.1 +£06 4.1 +£06 4.1 +£06 4.1 +£06 0.51
LDL-C, mmol/L 24 %06 24 %06 2406 24 %06 0.57
HDL-C, mmol/L) 1.0 £03 1.0+03 1.0+0.3 1.0 £03 0.34
Triglyceride (mmol/L) 1.5+£03 1.5+03 1.5+03 1.5+03 0.91
FPG (mmol/L) 5904 56 %03 6.0+0.3 6203 <0.01
HbAlc (%) 6204 6.0+0.3 6203 6503 <0.01
Serum creatinine (mmol/L) 708 £ 48 706 £ 4.8 70.6 £ 4.6 71.1 £48 0.28

Abbreviations: ACS, acute coronary syndrome; BMI, body mass index; BNP, B-type natriuretic peptide; CHA,DS,-VASc,
congestive heart failure, hypertension, age 275 years, diabetes, stroke/TIA, vascular disease, age 6574 years, and sex category
(female); FPG, fasting plasma glucose; HbA I c, hemoglobin Alc; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density
lipoprotein cholesterol; LVEF, left ventricular ejection fraction; MI, myocardial infarction; MACE, major adverse cardiovascular
events; NSTEMI, non-ST-elevation myocardial infarction; STEMI, ST-elevation myocardial infarction; TIA, transient ischemic attack.

lower LVEF compared to the low-risk group (P<0.01). Comorbidities such as hypertension, diabetes, prior stroke/TIA,
heart failure, and vascular disease were more prevalent in the high-risk group (P<0.01). Laboratory findings showed
higher BNP, fasting glucose, and HbAlc levels in the high-risk group (P<0.01), while lipid profiles and renal function
were comparable across groups.

Among the 992 patients included, 11 (1.1%) were lost to follow-up during the 12-month period and were censored at
their last follow-up date, indicating a high follow-up completeness. As shown in Figure 1, the incidence of MACE during
the 12-month follow-up was significantly higher in the high-risk group (112/389, 28.8%) compared to the moderate-risk
(507234, 21.4%) and low-risk (47/369, 12.7%) groups (P<0.01). Notably, the rates of all-cause mortality (high-risk: 76/
389, 19.5% vs moderate-risk: 31/234, 13.2% vs low-risk: 26/369, 7.0%; P<0.01) and stroke (high-risk: 19/389, 10.0% vs
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Figure | Incidence of MACE, mortality, myocardial infarction (MI), and stroke across CHA,DS,-VASc risk categories in acute coronary syndrome patients without atrial
fibrillation.
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moderate-risk: 10/234, 4.3% vs low-risk: 6/369, 1.6%; P<0.01) were significantly higher in the high-risk group compared
to those in the moderate-risk group and low-risk group. Although the incidence of myocardial infarction was also higher
in the high-risk group (32/389, 8.2%) and moderate-risk group (15/234, 6.4%) than that in the low-risk group (16/369,
4.3%), the difference did not reach statistical significance (P=0.09). Kaplan-Meier survival curves (Figure 2) showed
that, compared to the low-risk group, the risks of MACE, all-cause mortality, myocardial infarction, and stroke were
significantly higher in those with high and moderate risks (all P<0.01).

Multivariate Cox proportional hazard regression analysis was performed to identify prognostic factors associated with
the risk of outcomes (Table 2). The proportional hazards assumption for Cox models was verified using Schoenfeld
residuals, and no significant violations were detected (P>0.05 for all models). After adjusting for potential confounding
factors, compared to the low-risk group, the hazard ratio (HR) of MACE occurrence was 3.83 (95% CI: 1.90-7.69;
P<0.01) for high-risk group and 2.27 (95% CI: 1.34-3.86; P<0.01) for moderate-risk group, respectively. Regarding the
individual components of MACE, the risk of all-cause mortality was significantly elevated in the moderate-risk group
(HR=2.14; 95% CI: 1.08-4.24; P=0.03) and further increased in the high-risk group (HR=3.32; 95% CI: 1.36-8.10;
P<0.01). For myocardial infarction, the high-risk group demonstrated a markedly higher risk (HR= 7.53; 95% CI:
2.13-26.59; P<0.01), while the moderate-risk group also showed a significant association (HR: 2.96; 95% CI: 1.15-7.61;
P=0.03). As for stroke, both the moderate-risk (HR=5.26; 95% CI. 1.09-25.51; P=0.04) and high-risk groups
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Figure 2 Kaplan—Meier survival curves for |-year risk of (A) MACE, (B) mortality, (C) myocardial infarction (M), and (D) stroke in acute coronary syndrome patients

without atrial fibrillation, stratified by CHA,DS,-VASc score. Patients with moderate (2) and high (>2) scores showed significantly higher risks compared to those with low
(0-1I) scores.
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Table 2 Univariate and Multivariate Cox Regression for Exploring the Association of
CHA,DS,-VASc Score and Prognosis at |2 months

CHA,DS,-VASc Univariate Analysis Multivariate Analysis
HR | 95% Cl | Pvalue | HR 95% ClI P value
MACE Low-risk Ref. Ref.
Moderate-risk 1.79 | 1.20-2.66 <0.01 227 1.34-3.86 <0.01
High-risk 249 | 1.77-3.49 <0.01 3.83 1.90-7.69 <0.01
All-cause | Low-risk Ref.
moreality Moderate-risk 1.95 | 1.16-3.29 0.01 2.14 1.08—4.24 0.03
High-risk 2.96 | 1.904.62 <0.01 3.32 1.36-8.10 <0.01
Mi Low-risk Ref.
Moderate-risk 1.57 | 0.77-3.17 0.21 2.96 1.15-7.61 0.03
High-risk 2.13 | 1.17-3.90 0.01 7.53 2.13-26.59 <0.01
Stroke Low-risk Ref.
Moderate-risk 2.50 | 0.73-8.55 0.15 5.26 1.09-25.51 0.04
High-risk 447 | 2.08-9.64 0.03 14.63 | 2.05-104.62 <0.01

Note: P<0.05 was considered statistically significant.

Abbreviations: CHA2DS2-VASc, congestive heart failure, hypertension, age275 years, diabetes mellitus, prior
stroke or transient ischemic attack, vascular disease, age 65-74 years, and female gender; MACE, major adverse
cardiovascular events; MI, myocardial infarction.

(HR=14.63; 95% CI: 2.05-104.62; P<0.01) had significantly higher risks compared to the low-risk group. These findings
suggest that the CHA,DS,-VASc score is independently associated not only with the overall risk of MACE, but also with
increased risks of its individual components, including mortality, myocardial infarction, and stroke.

A subgroup analysis by ACS type (STEMI and NSTEMI/unstable angina) demonstrated similar trends in the
association between CHA,DS,-VASc score and 12-month MACE across both subgroups. The adjusted hazard ratios
for high versus low risk were 3.54 (95% CI: 1.61-7.77; P<0.01) in STEMI and 8.47 (95% CI: 1.73-41.39; P<0.01) in
NSTEMI/unstable angina patients.

Discussion

In this retrospective cohort study involving 992 Chinese patients with ACS undergoing PCI and without AF, we
demonstrated that the CHA,DS,-VASc score was significantly associated with adverse cardiovascular outcomes over
a 12-month follow-up period. Patients classified as high- and moderate-risk according to the CHA,DS,-VASc score
exhibited significantly increased risks of MACE, including all-cause mortality, myocardial infarction, and stroke,
compared to their low-risk counterparts. These associations remained robust after adjusting for a broad range of clinical
and laboratory confounders, supporting the score’s prognostic utility beyond its traditional role in AF-related stroke risk
stratification.

Our findings align with and expand upon prior studies suggesting that the CHA,DS,-VASc score may have broader
cardiovascular applications. Several recent investigations have proposed that this scoring system, originally developed
for estimating thromboembolic risk in AF, may also predict cardiovascular events in patients without AF, particularly
those with established coronary artery disease. For instance, Song et al'® and Koene et al'' found that CHA2DS2-VASc
scores effectively predicted the risk of MACE in acute ischemic stroke patients without AF and in community-dwelling

individuals without AF, respectively. Recently, an increasing number of studies have explored the predicting value of
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CHA,DS,-VASc score in prognosis after ACS. In a Chinese study conducted by Ma et al.'? CHA,DS,-VASc score
(HR=1.15; 95% CI: 1.04-1.27; P=.007) remained a useful predictor of MACE after adjusting for potential confounding
factors; however, CHADS, score was no longer associated with increased risk of MACE. Similarly, an Israel study
conducted by Teodorovich et al'> showed that an elevated CHA,DS,-VASc score of >4 was independently associated
with higher mortality (HR=2.12, CI: 1.29-3.25, P=0.001). However, their cohort included both patients with and without
AF. Our study further validates and extends these findings by focusing exclusively on a well-defined cohort of ACS
patients without AF, thereby eliminating the potential confounding influence of AF and providing more targeted evidence
that the CHA,DS,-VASc score is a robust predictor of adverse cardiovascular events in this distinct subgroup. These
results underscore that the score’s prognostic utility extends beyond its original role in AF-related stroke prediction,
reflecting instead the cumulative impact of systemic vascular risk factors that are equally relevant in the broader ACS
population. By isolating patients without known arrhythmias, our study provides a clearer understanding of the score’s
independent predictive value and supports its potential application in routine risk stratification for non-AF ACS patients.

The prognostic value of the CHA,;DS,-VASc score in our study likely stems from its inclusion of multiple traditional
cardiovascular risk factors, such as advanced age, hypertension, diabetes mellitus, and prior stroke or vascular disease.
These factors are not only independently associated with adverse outcomes but also synergistically increase the risk of
plaque instability, thrombosis, and poor post-PCI recovery.'* Notably, the score includes both age-related and vascular-
related components, making it well-suited to capture the complex comorbidity burden in elderly ACS patients. Moreover,
the strong association we observed between high CHA,DS,-VASc scores and stroke—despite the absence of AF—may
reflect the presence of other underlying mechanisms, such as endothelial dysfunction or atherosclerotic burden, that
contribute to cerebrovascular risk in this population.

Previous research has demonstrated that traditional ACS-specific models such as the GRACE, SYNTAX and TIMI
scores provide reliable prognostic value but require multiple laboratory and hemodynamic parameters that may not be
readily available at all care levels.'>!¢ In contrast, the CHA,DS,-VASc score relies solely on routine clinical character-
istics and can be rapidly calculated at the bedside without additional tests, offering practical advantages, particularly in
resource-limited settings. Although our study did not directly compare its predictive accuracy with these established
models, prior reports have shown that the CHA,DS,-VASc score achieves comparable discrimination for long-term
mortality and MACE in ACS patients.'”'® Clinically, our findings support the use of CHA,DS,-VASc as a simple,
accessible, and complementary tool—rather than a replacement—for early risk stratification in ACS. It may help identify
high-risk patients who could benefit from intensified secondary prevention strategies, such as aggressive lipid lowering,
optimized glycemic control, or prolonged dual antiplatelet therapy, and could potentially enhance prognostic precision
when integrated with GRACE, SYNTAX or TIMI models in future studies.

Despite these strengths, several limitations should be acknowledged. First, this was a single-center, retrospective
study, which may limit the generalizability of our findings and introduce potential selection bias. Although multivariable
adjustments were performed, residual confounding cannot be completely ruled out. Second, despite the robust predictive
value for MACE, the wide confidence intervals for stroke reflect the relatively small number of cerebrovascular events,
suggesting limited statistical power for this endpoint. Larger multicenter studies are needed to confirm the predictive
consistency of CHA,DS,-VASc for individual outcomes, particularly stroke. Third, the CHA,DS,-VASc score was
calculated only at baseline and may not reflect dynamic changes in patient status over time.

Conclusion

In conclusion, CHA,DS,-VASc appears to be an independent predictor of 12-month adverse cardiovascular outcomes in
patients with ACS without AF. Given its simplicity and wide availability, this score may complement established ACS-
specific risk models such as GRACE, SYNTAX or TIMI in identifying high-risk individuals. In clinical practice, patients
with higher CHA,DS,-VASc scores may warrant closer follow-up and optimization of secondary prevention strategies,
including intensive lipid-lowering therapy, strict blood pressure and glucose control, and consideration of prolonged dual
antiplatelet therapy. Future multicenter, prospective studies are needed to validate whether management guided by CHA,
DS,-VASc-based stratification can improve clinical outcomes.
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