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Background: Using the CHA2DS2-VASc score to recognize the risk of stroke in patients with atrial fibrillation has been well-established. However, few studies have assessed whether the CHA2DS2-VASc score has a similar predictive value in recurrence after myocardial infarction (MI).

Methods: We conducted a retrospective observational cohort study of adult inpatients with MI. The CHA2DS2-VASc and modified CHA2DS2-VASc (MCHA2DS2-VASc) scores of all patients were calculated. The associations of both scores with recurrent MI were analyzed.

Results: A total of 6,700 patients with MI (60.0 ± 11.1 years, 77.2% men) were enrolled, and 759 (11.3%) presented a definite recurrence during hospitalization. After multivariable adjustment by logistic regression in patients with MI, the CHA2DS2-VASc and MCHA2DS2-VASc scores were independently associated with recurrence. The MCHA2DS2-VASc score showed a better predictive value for risk of recurrence than that of CHA2DS2-VASc in overall [area under the receiver operating characteristic curve (AUC) 0.757 vs. 0.676] or male patients (AUC 0.759 vs. 0.708). MCHA2DS2-VASc was superior to CHA2DS2-VASc for identifying “truly high-risk” patients with MI, regardless of overall patients or sex-specific subgroups. The two scores had a similar focus on the identification of “low-risk” patients in overall or women, but not in men.

Conclusion: The CHA2DS2-VASc and MCHA2DS2-VASc scores for predicting recurrence are validated in patients with MI. However, MCHA2DS2-VASc could be more helpful to secondary prevention than CHA2DS2-VASc after MI, especially in men. The superiority of MCHA2DS2-VASc compared with CHA2DS2-VASc in women is just more discriminatory for “truly high-risk” patients.
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Introduction

In recent years, morbidity and mortality from coronary heart disease (CHD) have been declining in most developed countries but rising in other low-and middle-income countries. Globally, death and disability rates from CHD in patients presenting with myocardial infarction (MI) remain high when the quality of medical and health services is improved remarkably (1). Patients with recurrent MI often have a poor prognosis, largely due to a reduction in cardiac pump activity and malignant arrhythmias, and even trigger sudden cardiac death (2, 3). Better management via risk stratification is imperative for short- and long-term secondary prevention of MI. A number of clinically applicable cardiovascular risk-stratification schemes have been proven as efficient tools for risk stratification and therapeutic decision-making, such as Thrombolysis in Myocardial Infarction (TIMI) risk score, which is based on nine clinical characteristics (4).

Major international atrial fibrillation (AF) guidelines recommend estimating stroke risk in patients with AF based on the CHA2DS2-VASc score, which summarizes common stroke risk factors. CHA2DS2-VASc score performs just modestly in predicting high-risk patients, and its advantage is better at identifying “truly low-risk” patients with AF who develop stroke and thromboembolism (5).

Many clinical stroke risk factors (e.g., obstructive sleep apnea, left atrium dilatation, and renal impairment) (6–8) as well as some biomarkers (e.g., troponin, natriuretic peptides, and von Willebrand factor) (9, 10) are closely related to the stroke risk, but they do not improve the predictive value of CHA2DS2-VASc score. Moreover, patients with MI seem to be at increased risk for recurrent major adverse cardiovascular events (MACEs), owing to their clinical characteristics, comorbidities, and biomarkers, such as elderly (especially older women) (11), diabetes mellitus (DM), heart failure (HF), renal dysfunction (12), and interleukin-1beta (13). Coincidentally, there are some concordant factors between stroke and recurrent MI, which are two different disorders. Therefore, this study was conducted to evaluate whether the CHA2DS2-VASc score could assess the risk of recurrence in patients with MI, presented overall and stratified by sex.



Materials and methods


Study population

A retrospective observational cohort of 6,700 adult inpatients in the First Affiliated Hospital of Nanjing Medical University, Affiliated Hospital of Xuzhou Medical University, and Xuzhou Central Hospital between January 2019 and December 2021 was evaluated. This study was conducted on inpatients with types 1–3 MI but not types 4–5 procedure-related MI, which occurred more than 28 days at enrollment (2). The history of MI was ascertained based on self-reporting or medical records. Patients with recurrent MI were enrolled who underwent acute myocardial infarction (AMI) during hospitalization. All patients had an MI attack for the first time during enrollment. Subjects with recurrent MI diagnosed prior to the enrollment were excluded. In addition, the study excluded patients who had congenital cardiovascular diseases, idiopathic cardiomyopathy, rheumatic mitral stenosis, mechanical or bioprosthetic heart valve, or mitral valve repair, malignant tumor, liver or kidney failure, major bleeding, and immune diseases. This study was approved by the Ethics Committee of the First Affiliated Hospital of Nanjing Medical University (2022-SR-062) under a waiver of informed consent, in accordance with ethical guidelines set up by the World Medical Association (The Declaration of Helsinki).



Data collection

Investigators collected epidemiological, demographic, clinical, and outcome data from electronic medical records, such as each patient’s age, sex, and history of hypertension, DM, HF, thromboembolism, dyslipidemia, and AF. All information was recorded on a computerized database using a standardized electronic data collection form, which serves as the data source of this study.



Definitions and outcome measures

Each patient’s CHA2DS2-VASc score ranging from 0 to 9 was calculated [patients were given 1 point for HF, hypertension, age 65–74 years, DM, vascular disease, and female sex and 2 points for age ≥ 75 years and prior stroke/transient ischemic attack (TIA)/embolus] using baseline characteristics. Modified CHA2DS2-VASc (MCHA2DS2-VASc) to give 1 point for age ≥ 75 years, DM, and dyslipidemia, 2 points for prior stroke/TIA/embolus and male sex, 3 points for hypertension, and 5 points for HF, ranged from 0 to 15. The optimal cutoff point of CHA2DS2-VASc was 3 and MCHA2DS2-VASc was 8 for predicting the incidence of recurrent MI, which was determined by receiver operating characteristic (ROC) curve, area under the curve (AUC) analysis, and Youden index. Patients were subsequently categorized into the low-risk group (0–2) and high-risk group (3–9) according to the CHA2DS2-VASc and low-risk group (0–7) and high-risk group (8–15) according to the MCHA2DS2-VASc.

The primary outcome of this study was the occurrence of AMI in hospitals. The definition of AMI based on the Fourth Universal Definition of Myocardial Infarction (2018) is as follows: a clinical (or pathological) event in the setting of evidence of acute myocardial ischemia (ischemic symptoms, ischemic electrocardiographic changes, coronary artery intervention, new wall motion abnormalities, or fixed defect on radionuclide scanning) in which there is the presence of acute myocardial cell death detected by abnormal cardiac biomarkers (14).



Statistical analysis

Baseline characteristics of patients were described using means and standard deviations (SDs) for normally distributed continuous data and numbers and percentages for categorical data. These characteristics were compared using Student’s t-tests, chi-square tests, or Kruskal–Wallis tests, as appropriate. The correlations between CHA2DS2-VASc and recurrence rate and MCHA2DS2-VASc and recurrence rate were evaluated using the test of Spearman’s rank-correlation coefficient. To identify the independent predictors of in-hospital recurrent MI, a multivariate logistic regression model was performed using the following variables: age, sex, hypertension, DM, HF, thromboembolism, dyslipidemia, and AF. The results of logistic regression analysis were reported as an odds ratio (OR) with a 95% confidence interval (CI). The predictive value of CHA2DS2-VASc and MCHA2DS2-VASc with regard to recurrence was assessed using AUC in the presentation of the ROC curve. The AUC used to quantify the discriminatory capacity of the two scores for recurrence is defined as excellent (0.9–1), good (0.8–0.89), fair (0.7–0.79), poor (0.6–0.69), or fail/no discriminatory capacity (0.5–0.59) (15). Statistical significance was accepted for two-sided p-values < 0.05. The statistical analyses were performed using SPSS version 22.0.




Results


Baseline characteristics

In this study, 1,530 (22.8%) women and 5,170 (77.2%) men were included (Table 1). A total of 759 (11.3%) patients experienced a recurrent MI. Age at entry ranged from 21 to 94 years (mean age 60 years). Patients with recurrent MI were older and had higher CHA2DS2-VASc and MCHA2DS2-VASc scores than those without such disorders. In the two groups, most recurrent patients were male (81.6 vs. 76.6%). Compared with the patients without recurrence, recurrent patients were more likely to have the comorbidities of hypertension, DM, HF, thromboembolism, dyslipidemia, and AF. Most recurrent patients were ≥65 years of age, whereas those aged ≤ 64 years were responsible for the majority of patients without recurrence.


TABLE 1    Baseline characteristics of myocardial infarction patients with or without recurrence.
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Patient characteristics and recurrent myocardial infarction

The independent predictors of recurrence analyzed by logistic regression are reported in Tables 2, 3. After multivariable adjustment, older age, male sex, hypertension, DM, HF, thromboembolism, dyslipidemia, and CHA2DS2-VASc and MCHA2DS2-VASc scores were strongly independently associated with recurrent MI. Contrary to the male sex, the female sex as a stroke-related factor in AF was not considered to be an independent recurrent MI risk factor by multivariable analysis.


TABLE 2    Multivariate regression analysis investigating independent predictors of recurrent myocardial infarction.
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TABLE 3    CHA2DS2-VASc and MCHA2DS2-VASc scores in predicting recurrence following myocardial infarction.

[image: Table 3]



Relationship between CHA2DS2-VASc, MCHA2DS2-VASc, and recurrent myocardial infarction

The frequency distribution of the CHA2DS2-VASc and MCHA2DS2-VASc scores, and the incidence of recurrent MI across the CHA2DS2-VASc and MCHA2DS2-VASc scores in the study cohort, stratified by sex, are shown in Figure 1. The overall incidence of recurrent MI increased from 2.0 to 33.3% when the CHA2DS2-VASc score increased from 1 to 9 (Figure 1A). In addition, patients confer an overall increased risk of recurrent MI from 1.4 to 61.5%, while the MCHA2DS2-VASc score increased from 0 to 15 (Figure 1B). The positive correlations between CHA2DS2-VASc and recurrence rate and MCHA2DS2-VASc and recurrence rate were observed, and the Spearman correlation coefficients were 0.198 (p < 0.001) and 0.283 (p < 0.001) separately. Further analyses revealed that the risk for recurrent MI incidence positively correlated with the CHA2DS2-VASc (Spearman correlation coefficient for men = 0.241 and women = 0.235) and MCHA2DS2-VASc (Spearman correlation coefficient for men = 0.294 and women = 0.237) among both women and men.
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FIGURE 1
Frequency distribution and incidence of recurrent myocardial infarction for congestive heart failure, hypertension, age 65–74 years, diabetes mellitus, vascular disease, female sex, age ≥ 75 years, and prior stroke/transient ischemic attack/embolus [CHA2DS2-VASc (A)] and age ≥ 75 years, diabetes mellitus, dyslipidemia, prior stroke/transient ischemic attack/embolus, hypertension, male sex, and congestive heart failure [MCHA2DS2-VASc (B)] scores’ strata, presented overall, male sex, and female sex.




Receiver operating characteristic curves for CHA2DS2-VASc and MCHA2DS2-VASc in predicting recurrent myocardial infarction

The ROC curves of CHA2DS2-VASc and MCHA2DS2-VASc scores were analyzed (Figure 2 and Table 4). The predictive value of MCHA2DS2-VASc for recurrence was fair, being 0.757 (0.739–0.774) with a cutoff value of 8, but CHA2DS2-VASc had just a poor effect on prediction, with the AUC of 0.676 (0.657–0.696) and a cutoff value of 3 (Figure 2A). Thus, for the secondary prevention of MI, MCHA2DS2-VASc was recommended to take into consideration the recurrence risk assessment because it significantly improved the predictive value compared with the CHA2DS2-VASc (Z = 6.02, p < 0.001).
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FIGURE 2
Receiver operating characteristic curve analysis comparing CHA2DS2-VASc and MCHA2DS2-VASc scores’ ability to predict recurrent myocardial infarction, presented overall (A), male sex (B), and female sex (C).



TABLE 4    Predictive ability, sensitivity, and specificity of CHA2DS2-VASc and MCHA2DS2-VASc scores for recurrent myocardial infarction development, presented overall, and stratified by sex.
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The AUCs of CHA2DS2-VASc and MCHA2DS2-VASc scores in predicting recurrent MI in male patients were 0.708 (0.687–0.730) and 0.759 (0.739–0.779), respectively. Both the two scores had a fair predictive value for recurrence, but the two predictors showed significant differences in risk assessment (Z = 3.43, p < 0.001) (Figure 2B). However, the superiority of the MCHA2DS2-VASc score among women yielded inconsistent findings. The AUCs of CHA2DS2-VASc and MCHA2DS2-VASc scores were 0.730 (0.688–0.771) and 0.736 (0.696–0.776), respectively. The predictive abilities of the two scores were both fair, and there was no significant difference between them (Z = 0.21, p = 0.836) (Figure 2C).



CHA2DS2-VASc, MCHA2DS2-VASc, and recurrent myocardial infarction risk stratification

Recurrent MI risk differentiation among patients presented overall and stratified by sex was classified as low risk and high risk, based on CHA2DS2-VASc and MCHA2DS2-VASc scores (Table 5). The overall patients classified as low-risk using CHA2DS2-VASc (score < 3) or MCHA2DS2-VASc (score < 8) had similarly low recurrence rates (5.4 vs. 4.6%). There was also no evidence of a statistical difference in the recurrence rates among those in women (MCHA2DS2-VASc < 8 vs. CHA2DS2-VASc < 4) identified as low risk. High-risk MCHA2DS2-VASc associated with a higher incidence of recurrent MI as compared with high-risk CHA2DS2-VASc was found in overall (19.4 vs. 15.1%), male (20.4 vs. 14.0%), and female (15.9 vs. 11.4%) patients.


TABLE 5    Comparison of CHA2DS2-VASc and MCHA2DS2-VASc scores for incidence of recurrent myocardial infarction, presented overall, and stratified by sex.
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Discussion

This study, based on a large cohort of patients with MI admitted with a duration longer than 28 days, has the following three main findings: (i) MCHA2DS2-VASc score is a fair predictor of recurrent MI, but only poor predictive accuracy of CHA2DS2-VASc score is available, (ii) MCHA2DS2-VASc score is significantly superior to CHA2DS2-VASc score in predicting male patients who develop recurrent MI, although the predictive value of the two scores is fair in both men and women, and (iii) MCHA2DS2-VASc score is better at identifying high-risk patients and is as good as CHA2DS2-VASc score in identifying patients at low-risk of recurrence among overall and female patients.

It has been reported that the CHA2DS2-VASc score is useful to predict many different diseases. In patients with CAD and sinus rhythm, CHA2DS2-VASc exhibited moderate accuracy in predicting the risk of stroke or TIA in the period following an episode of worsening HF and reduced ejection (15). In acute coronary syndrome patients treated with aspirin and clopidogrel following PCI, CHA2DS2-VASc (AUC = 0.59) was able to predict platelet reactivity (16). Gunduz et al. found the predictive value of CHA2DS2-VASc (AUC = 0.89) for mortality, intensive care unit (ICU) hospitalization, and length of stay in the ICU among COVID-19 patients (17). Similarly, another study also reported that CHA2DS2-VASc (AUC = 0.794) was significantly associated with all-cause mortality in COVID-19 patients (18).

A large number of people do not survive their first MI event, and if they do survive, their rate of adverse cardiovascular events, hospitalization, and mortality is greater than for the non-MI population. A risk stratification tool must be considered for each patient with MI in order to identify patients at high risk for disease progression. Notably, we found that many of the risk factors for incident MI recurrence were also risk factors for AF-related complications. Thus, we developed and tested the CHA2DS2-VASc score to predict the risk for recurrence after MI.

A total of 6,700 patients with MI were included in our analysis. Baseline characteristics showed significant differences between patients with or without recurrence, such as older age, female sex, hypertension, DM, HF, thromboembolism, dyslipidemia, and AF. Moreover, patients with recurrence had higher CHA2DS2-VASc scores. A positive linear relationship in both sexes of elevated CHA2DS2-VASc with recurrent events was found. After adjustment for baseline risk, higher CHA2DS2-VASc was independently associated with higher recurrent event rates. Every 1-SD increase in CHA2DS2-VASc was associated with a 29.5% increased risk. The AUC of CHA2DS2-VASc in predicting recurrence was 0.676 in overall, 0.708 in men, and 0.730 in women.

Despite being a predictor of recurrent MI, the CHA2DS2-VASc score has just poor accuracy. Thus, we analyzed risk factors for recurrence to improve model prediction. Our data indicated that older age, male sex, hypertension, DM, HF, thromboembolism, and dyslipidemia were independently significantly associated with a higher risk of recurrence. These risk factors were summarized in the clinical risk factor-based MCHA2DS2-VASc score. There was a positive linear relationship between MCHA2DS2-VASc and recurrence rate. Our observation of associations in both crude and comorbidity-adjusted analyses suggested that MCHA2DS2-VASc acted independently of other risk factors for recurrent events. Every 1-SD increase in MCHA2DS2-VASc was associated with a 40.8% increased risk. MCHA2DS2-VASc was able to predict recurrence with an AUC of 0.757. It was noteworthy that MCHA2DS2-VASc was possibly better than CHA2DS2-VASc in identifying patients with MI with a risk of recurrence.

Heart failure is a common complication in patients with AMI, ranging from 15 to 35% of cases. Patients with HF exist in a hypercoagulable state and are at increased risk for thromboembolic events, even when in sinus rhythm (19). The presence of symptoms of HF and/or left ventricular systolic dysfunction identifies a population of MI survivors at high risk for death, reinfarction, and worsening HF (20). Reduced left ventricular ejection fraction still remains the most powerful independent predictor of sudden arrhythmic death in patients with MI. Current direct evidence noted that prior MI in heart failure with preserved ejection fraction was associated with a 31-fold higher risk of cardiovascular death in the first 30 days and persistently elevated rates of HF hospitalization (21). In view of the above published clinical trials and our findings, it seems robust to give 5 points for HF as a component of the MCHA2DS2-VASc score.

Other risk factors involved in the MCHA2DS2-VASc score, such as older age, DM, and dyslipidemia, are established as risk factors for CHD reported in many studies. The number of aging patients with CHD is associated with increased morbidity and mortality but also medical treatment, stent placement, and coronary artery bypass graft (22). In the EMPA-REG OUTCOME trial, empagliflozin reduced the risk of MACEs in patients with DM and atherosclerotic cardiovascular disease (23). In addition to placing older adults at increased risk for CHD, dyslipidemia may cause a rapid aggravation of the long-term prognosis, such as frequent premature death, multiple ischemic recurrences, and multivessel disease, in younger adults who develop CHD early in life (24). Familial hypercholesterolemia also increased mortality and increased risk of recurrent AMI after the first AMI event (25). Thus, the US and European guidelines recommend for high-risk patients, such as those with a recent MI, to aggressively lower low-density lipoprotein cholesterol levels (26). From the above mentioned, therefore, we have every reason to believe that the same risk factors should be paid more attention to control in both primary and secondary prevention of CHD.

Patients with AF with a CHA2DS2-VASc score of 1 or more for men and 2 or more for women are likely to benefit from antithrombotic therapy. However, the female sex is an age-dependent stroke risk modifier rather than a risk factor per se (27). In our study, logistic regression analysis confirmed that the male sex was an independent risk factor for MI recurrence but not the female sex; therefore, 2 points were assigned to the male sex instead of the female sex in the MCHA2DS2-VASc score. One observational study indicates that rates of recurrent MI, recurrent CHD events, and mortality in the first year after MI were higher among men than women (28). However, another study found that women experienced a large excess risk of recurrence after MI, independently of clinical characteristics (29).

Possible reasons for sex differences in the predictive value of MCHA2DS2-VASc score for recurrent events include the complexities of the interactions of risk factors and the effects of certain risk factors stratified by sex are incompletely captured by available data. In addition, the number of male patients with MI in our study was significantly larger than that of women. In addition, low-risk factors often result in a low hospitalization rate. We confirmed that the value of MCHA2DS2-VASc would be more discriminatory for “truly low-risk” female patients with a rising population.


Limitations

Some limitations should be considered in our study. First, given the retrospective nature of our study, data are likely to have a certain extent of bias. Hospitalization for patients with MI with mild symptoms and few cardiovascular risk factors is much lower. Thus, the incidence of recurrent MI might be overestimated. Our analysis was conducted with the patients consecutively recruited from three large medical centers, which could partly reduce this selection bias. We also acknowledge that our data were based on electronic medical records from Hospital Information System that are not created for research purposes. However, since the system is routinely used in clinical practice, the data are sufficiently accurate, complete, and full for this study purpose. The degrees of underreporting and misdiagnosis rate for risk factors in hospital registers are often low, which leads to the data with high validity. In addition, the in-hospital duration and observation periods are not fully described, quantified, and compared. However, since the analysis was the occurrence of in-hospital AMI, which occurred less than 28 days, the results of our study were irrelevant to these missing data. Our retrospective results should be confirmed by prospective cohort studies. Second, recurrent MI risk is a continuum. The MCHA2DS2-VASc score has a fair predictive value of artificially categorizing patients with MI into low and high-risk strata, only with a greater focus on the identification of “high-risk” patients. To improve identifying “truly low-risk” patients, it is necessary to be more inclusive of common recurrence risk factors as part of the MCHA2DS2-VASc score. Third, our analyses were based on data from inpatients with MI, and the results may not be entirely generalizable to other settings where comorbidity is less prevalent. It seems to increase the relative risk estimates in the analysis of provoked MI recurrence. Similarly, since our study is limited to Chinese individuals, it may be difficult to extrapolate our findings to other populations. Fourth, given that the MCHA2DS2-VASc score should be applicable to most patients with MI for most of the time and situations in everyday clinical practice, our study did not cover treatment and laboratory data. Therefore, it is not possible to exclude the effects of the paucity of data on the risk of recurrence.




Conclusion

CHA2DS2-VASc and MCHA2DS2-VASc scores are both validated in recurrent MI prediction. However, MCHA2DS2-VASc has a better predictive value than CHA2DS2-VASc in overall and male patients with MI and, importantly, should be considered as being a similar predictive value to CHA2DS2-VASc in female patients. MCHA2DS2-VASc shifts toward a greater focus on the identification of high-risk patients with MI, and as good as CHA2DS2-VASc focus on identifying low-risk patients in women. The next step is to expand data collection for risk factors that are unique to and more common in women than men and to improve cardiovascular prevention models for women.
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