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Objective: Inflammation and nutritional status are closely associated with the mortality risk of survivors of cardio-cerebrovascular events. This study aims to evaluate the relationship between inflammation and nutritional indices and mortality among, identifying the most predictive indices.

Methods: This study included cohort data of the survivors of major adverse cardiovascular and cerebrovascular events (MACCE) from the National Health and Nutrition Examination Survey (NHANES) in 1999–2010. MACCE is defined as a composite of myocardial infarction, heart failure and stroke, and at least one of the three events occurs. The main outcomes were all-cause mortality and cardiovascular mortality. Kaplan–Meier analysis and receiver operating characteristic curves were used to compare the correlation between seven inflammatory nutritional indices (such as Advanced Lung Cancer Inflammation Index, ALI) and mortality among the survivors. A multivariable-adjusted Cox regression and restricted cubic splines analysis identified the most predictive index, with the optimal number of nodes determined by the Akaike information criterion. Subgroup and sensitivity analyses were conducted to assess model stability.

Results: A total of 2,045 MACCE survivors were included. The higher levels of ALI and serum albumin were significantly associated with lower risks of all-cause and cardiovascular mortality among these individuals. Increases in C-reactive protein to Lymphocyte Ratio, Neutrophil to Serum Albumin Ratio, Neutrophil-to-Lymphocyte Ratio, Systemic Immune-Inflammation Index (SII), and C-reactive protein were similarly correlated with higher mortality risk. ALI outperformed other indices, displaying a distinct L-shaped nonlinear relationship with both all-cause and cardiovascular mortality among MACCE survivors, with an inflection point at 90 indicating the lowest risk. To the left of this inflection, each unit increase in ALI was associated with a 1.3% decrease in all-cause and cardiovascular mortality risk among MACCE patients. To the right, the risk might increase by 0.2%, although the change was not statistically significant. Subgroup analyses and sensitivity analyses showed that the association between ALI and risk of mortality remained stable in most MACCE survivor populations.

Conclusion: Routine and dynamic monitoring of ALI is helpful for clinicians to assess the mortality risk among MACCE survivors. Anti-inflammatory therapies and appropriate nutritional support are crucial for reducing mortality in these individuals.
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1 Introduction

Cardio-cerebrovascular diseases are among the principal causes of mortality worldwide (1). Despite a 34.9% reduction in the age-standardized mortality rate from cardiovascular diseases globally over the past 30 years, the absolute number of deaths has increased by 7.4 million, reaching 19.8 million in 2022 (2). Currently, ischemic heart disease and stroke are the primary threats to the health and longevity of the middle-aged and elderly populations (3), with patients in the terminal stages of various cardiovascular diseases exhibiting a five-year survival rate of only 50% (4). The related complications, such as cognitive and motor disorders, seriously affect patients’ quality of life (5).

Inflammation and nutritional status are closely associated with the risk of death from cardio-cerebrovascular diseases (6). Immune-inflammatory responses are a critical pathological mechanism in these diseases. Following a cardiovascular event, the interaction between circulating platelets and neutrophils initiates the immune-inflammatory response, directly causing endothelial dysfunction (7). Moreover, the local infiltration of monocytes, lymphocytes, and macrophages promotes the secretion of pro-inflammatory factors, triggering a cascade of inflammatory responses that exacerbate arteriosclerosis in the cardio-cerebrovascular system. Chronic inflammation can also induce immunosuppression, exacerbating cardiac remodeling and adversely affecting outcomes (8–10). Notably, inflammatory responses disrupt energy metabolism, as evidenced by the rapid consumption of oxygen and nutrients in myocardial infarction sites, presenting challenges for leukocyte-mediated tissue repair (11). Additionally, the long-term burden of disease can lead to nutritional imbalances in survivors of cardio-cerebrovascular events, characterized by excessive consumption and redistribution of proteins and other nutrients (12–14).

Some circulating immune inflammatory cells, serum albumin, body mass index (BMI) and other indicators reflecting the inflammation and nutritional status of the body are closely related to the prognosis of cardio-cerebrovascular diseases. Advanced Lung Cancer Inflammation Index (ALI) is a new index, which incorporates serum albumin (ALB), BMI and the neutrophil-to-lymphocyte ratio (NLR), are closely linked to the prognosis of cardio-cerebrovascular diseases and was initially used to assess inflammation, nutritional status and prognosis of lung cancer patients (15, 16). Recent studies have shown its relevance to the prognosis of acute coronary syndrome, heart failure, hypertension, and stroke (17–20). Furthermore, a cross-sectional cohort study involving 12,615 participants identified the C-reactive protein to Lymphocyte Ratio (CLR) as a potential new inflammatory marker for myocardial infarction (21). Additionally, the Neutrophil to Serum Albumin Ratio (NPAR), NLR, and ALB have been reported to correlate with mortality in heart failure patients (22–24). Some composite inflammatory indices, such as the Systemic Immune-Inflammation Index (SII), which integrate platelet and neutrophil counts along with other inflammatory cell parameters, as well as single indices, C-reactive protein (CRP), have been associated with the occurrence of stroke and adverse outcomes such as vascular recurrence (25–27).

The above research suggests that nutrition and inflammation are closely related to the occurrence of MACCE. However, research on the relationship between nutritional inflammatory state and the risk of cardiovascular mortality remains limited, particularly in MACCE survivors. Additionally, the predictive accuracy of certain composite nutritional inflammatory indices, such as the Advanced Lung Cancer Inflammation Index (ALI), compared to single indicators, C-reactive protein (CRP), remains unclear. Therefore, building on previous related studies, we conducted an analysis using data from the National Health and Nutrition Examination Survey (NHANES). This study included composite indices such as ALI, CLR, NPAR, NLR, and SII, along with single inflammation and nutritional markers CRP and ALB. The aim was to evaluate the effects of different nutritional and inflammatory states on all-cause mortality and cardiovascular mortality in MACCE survivors, and to determine the most valuable and predictive indicators. It could offer new insights for managing and treating these patients, potentially enhancing their overall health management strategies and reducing mortality risks.



2 Methods

The study utilized the NHANES database conducted by the National Center for Health Statistics (NCHS). NHANES is a comprehensive survey designed to gather nationally representative data on the health and nutritional status of the civilian U.S. population, encompassing demographic, socioeconomic, dietary, and health-related information. To ensure the diversity of its sample, NHANES employs a stratified, multistage probability sampling method to select participants from across the nation. The study protocol was approved by the NCHS Research Ethics Review Board, and all participants provided written informed consent. Detailed information on the survey methodology can be accessed on the NHANES website.


2.1 Data and sample sources

This study utilized publicly available data from NHANES spanning the years 1999–2010. The inclusion criteria for the study population were individuals who had survived major adverse cardiovascular and cerebrovascular events (MACCE), defined as a composite of myocardial infarction, heart failure and stroke, and at least one of the three events occurs (28). Screening criteria were as follows: (a) a clinical diagnosis of myocardial infarction; (b) a clinical diagnosis of heart failure; (c) a clinical diagnosis of stroke. Considering the reality of the NHANES database and requirements such as medical ethics, the following populations were excluded from this study. (a) individuals younger than 20 years old; (b) pregnant participants; (c) participants lacking data necessary to calculate Inflammation and nutritional indices; (d) unknow data of survival.; (e) participants missing any required covariates. In the NHANES database, the starting point of the adult group is often 20 years old, and in many regions and states of the United States, smoking and drinking are allowed only after 20 years old. After applying these criteria, a total of 2,045 individuals were included in the final analysis. The detailed screening process is illustrated in Figure 1.
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FIGURE 1
 Flow chart of the participants selection process.




2.2 Assessment of inflammation and nutritional indices

To comprehensively investigate the influence of inflammation and nutrition on health outcomes, this study incorporated seven indices related to inflammatory and nutritional status for comparative analysis. These included five composite indices and two conventional indices: ALI, CLR, NPAR, NLR, SII, CRP, and ALB. The formulae for calculating the composite indices are as follows:
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Subsequently, the most effective index (highest AUC value) was selected using time-dependent receiver operating characteristic (ROC) analysis. Based on the quartiles of this indicator, participants were divided into four groups (Q1, Q2, Q3, Q4), with the first quartile group (Q1) serving as the reference group.



2.3 Assessment of mortality rates

Mortality data was linked to the NHANES dataset using identifiers provided by NCHS. This linkage utilized the National Death Index (NDI) to ascertain participants’ survival status, with follow-up data complete through December 31, 2019. Participants not found in the NDI were considered to be alive. Mortality assessment was conducted using the latest available NDI public mortality dataset, with causes of death classified according to the International Classification of Diseases, Tenth Revision (ICD-10). Cardio-cerebrovascular disease-related death codes included I00-I09, I11, I13, I20-I51, I60-I69 (29).



2.4 Covariates

This study considered multiple variables that could influence the relationship between inflammation, nutritional status, and the risk of cardio-cerebrovascular and all-cause mortality. These variables encompassed a range of demographic characteristics such as age, gender, race, marital status, education level, and poverty-income ratio, as well as smoking and drinking habits, and comorbid conditions like kidney disease, diabetes, hypertension, and cancer. Smoking history was determined by whether an individual had smoked more than 100 cigarettes in their lifetime, while drinking history was based on whether they had consumed at least one 12-ounce beer, a 5-ounce glass of wine, or a 1.5-ounce shot of liquor within a year. Cancer and cardio-cerebrovascular disease statuses were ascertained through self-reported questionnaires, kidney disease was identified by an eGFR <60 mL/min/1.73 m2 and a UACR >30 mg/g, and diabetes was diagnosed based on self-reported surveys, glycosylated hemoglobin levels, and fasting glucose levels. Further details are available on the NHANES official website.



2.5 Statistical analysis

The statistical analysis strictly followed the recommended design methods of the NHANES database, employing appropriate weights for each study component. For variables that conformed to a normal distribution, data were described as mean ± standard deviation ([image: image] ± s); for non-normally distributed variables, frequency and percentage, median, and quartile ranges [M(P25, P75)] were used. Baseline differences in continuous variables were assessed using analysis of variance, while categorical variables were evaluated through the χ2 test, with results presented as percentages.

To determine the relationship between inflammation and nutritional statuses and mortality among MACCE survivors and to identify the most suitable indicators, the study initially employed Kaplan–Meier analysis to explore the relationships between seven inflammation and nutrition indices and all-cause and cardio-cerebrovascular mortality among MACCE survivors. ROC curve analysis was then used to compare the predictive value and efficacy of these indices for mortality. For the most effective index, a multivariable-adjusted Cox regression model further evaluated its association with all-cause and cardiovascular mortality among MACCE survivors, with results expressed as hazard ratios (HR) and 95% confidence intervals (CI). Three models were used for analysis: a crude model without any adjustments for confounders; Model 1 adjusted for demographic factors such as age, gender, race, poverty-income ratio (PIR), and education level; Model 2, which further adjusted for smoking, alcohol consumption, diabetes, hypertension, chronic kidney disease, and cancer history to control for these factors’ impact on the outcomes.

Additionally, the study combined restricted cubic spline (RCS) analysis and a multivariable-adjusted Cox regression model to evaluate the nonlinear relationships between inflammation, nutritional status and mortality rates among MACCE survivors, and determined the optimal number of nodes with Akaike information criterion. Recursive algorithms were used to determine inflection points in the presence of nonlinear relationships, further examining threshold effects. Subgroup analyses and sensitivity analyses were performed to evaluate factors that might affect model stability, ensuring the robustness and reliability of the findings. All analyses were conducted using R software (version 4.3.1), with a significance level set at p < 0.05 on a two-sided test.




3 Results


3.1 Baseline characteristics of participants

The study ultimately included 2,045 participants with an average age of 63.957 years, 54.657% of whom were male, and an average ALI of 63.396. Based on the quartiles of ALI, participants were subdivided into four groups (Q1, Q2, Q3, Q4). Compared to those in the lowest quartile (Q1 group), participants with higher ALI (Q2, Q3, and Q4 groups) were generally younger, had a higher proportion of females, and had higher average lymphocyte counts (LYM), body mass index (BMI), and albumin levels. However, they had a lower proportion of Caucasians, lower counts of neutrophils (NEU), C-reactive protein (CRP), CLR, NPAR, NLR, SII, and lower prevalence of chronic kidney disease and cancer, indicating lower risks of cardiovascular and all-cause mortality. There were no statistically significant differences among the four groups in terms of poverty-income ratio (PIR), educational level, platelet counts (PLT), smoking and drinking habits, or history of hypertension, diabetes, myocardial infarction, heart failure, and stroke. The detailed results are presented in Table 1.



TABLE 1 Characteristics of participants.
[image: Table1]



3.2 Diagnostic efficacy of indicators

To ascertain which inflammation and nutritional index most sensitively and effectively predicts mortality risk among MACCE survivors, we performed a time-dependent ROC analysis. The results revealed that the AUC values for ALI were superior in predicting both all-cause and cardiovascular mortality compared to composite indices such as NLR, NPAR, and CLR, as well as single indices like albumin and C-reactive protein. This proves that ALI is superior to the other indexes in predicting mortality risks. The specific results are illustrated in Figure 2.

[image: Figure 2]

FIGURE 2
 ROC analysis of various nutritional-inflammation indices: (A) ROC Curve of Nutritional-Inflammation Indices and ALL-cause mortality. (B) ROC Curve of Nutritional-Inflammation Indices and CVD-cause mortality.




3.3 Kaplan–Meier survival analysis

This study included data from 2,045 participants collected by NHANES from 1999 to 2010. During a median follow-up of 119 months for the participants at baseline, we identified 1,254 deaths from all causes, 517 deaths from CVD. To explore the health implications of inflammation, nutritional status on the MACCE population, the study initially employed Kaplan–Meier analysis to assess the association between seven inflammation, nutritional indices with all-cause and cardiovascular disease (CVD) mortality. The results revealed that the higher ALI level was significantly associated with lower risk of all-cause and CVD mortality (PALL < 0.0001, PCVD < 0.0001). In contrast, higher levels of composite inflammatory indices such as CLR, NPAR, NLR, and SII were associated with a higher risk of mortality, specifically CLR (PALL = 0.001, PCVD = 0.112); NPAR (PALL < 0.0001, PCVD = 0.009); NLR (PALL < 0.0001, PCVD < 0.0001); SII (PALL < 0.0001, PCVD = 0.034). The individual markers CRP and ALB also showed correlations with mortality risks, with CRP (PALL = 0.002, PCVD = 0.241) and ALB (PALL < 0.0001, PCVD = 0.005) respectively. Detailed results are depicted in Supplementary Figure 1.



3.4 Relationship between ALI and mortality

Upon establishing ALI as the best predictor of long-term prognosis among MACCE survivors, we utilized a multivariable Cox regression model to quantify the relationship between ALI and both cardiovascular and all-cause mortality within the population. Model 2, incorporating a comprehensive set of covariates potentially affecting exposures and outcomes, served as the primary focus, showing that higher levels of ALI are associated with lower risks of all-cause and cardiovascular mortality among MACCE survivors. Specifically, for each unit increase in ALI, there is a 0.4% reduction in all-cause mortality and a 0.6% reduction in cardiovascular mortality risk, with results from Model 1 consistent with those of Model 2 (Table 2). As shown in Table 3, this trend was also significant across ALI quartiles; compared to the Q1 group, the hazard ratios (HR) for Q2, Q3, and Q4 were 0.730 (0.596, 0.894), 0.670 (0.561, 0.800), and 0.595 (0.467, 0.757) for all-cause mortality (P for trend <0.0001), and 0.717 (0.538, 0.957), 0.763 (0.571, 1.018), and 0.561 (0.376, 0.836) for cardiovascular mortality (P for trend = 0.006). Thus, compared to the Q1 group, the Q4 group’s all-cause and cardiovascular mortality rates decreased by 40.5 and 43.9%, respectively. Results of the Cox multivariable regression analysis for the other indices are available in Supplementary Tables S1, S2.



TABLE 2 Relationship between ALI and mortality in different models.
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TABLE 3 Relationship between ALI quartile groups and mortality in different models.
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3.5 Nonlinear relationship between ALI and mortality

Cox multivariable regression analysis indicated a nonlinear relationship between ALI and the long-term prognosis of MACCE survivors. To further elucidate this nonlinear association with survivorship, we employed RCS analysis to calculate inflection points while examining threshold effects. Our findings suggest a nonlinear association between ALI and both all-cause and cardiovascular mortality among MACCE survivors, as detailed in Figure 3. Recursive algorithms determined the inflection point for ALI with all-cause mortality at 90; to the left of this point, each unit increase in ALI resulted in a 1.3% decrease in all-cause and cardiovascular mortality risk among MACCE patients. However, beyond this inflection point, the relationship between ALI and both all-cause and cardiovascular mortality became nonsignificant (p > 0.05), as shown in Table 4.

[image: Figure 3]

FIGURE 3
 RCS curves of ALI impact on long-term ALL-cause and CVD-cause mortality in MACCE survivors: (A) RCS Curve of ALI and ALL-cause Mortality. (B) RCS curve of ALI and CVD-cause mortality.




TABLE 4 Threshold effect analysis of ALI on ALL-cause and CVD-cause mortality in MACCE survivors.
[image: Table4]



3.6 Subgroup analysis

To ensure the stability of ALI’s predictive outcomes for the long-term prognosis of MACCE survivors, we conducted a subgroup analysis, basing it on the MACCE population to the right of the inflection point, and examining the death risk among different populations to the left of the inflection point. Figure 4 indicated that age, BMI, cancer, and chronic kidney disease might influence the predictive accuracy of ALI for all-cause mortality among MACCE survivors (P for interaction <0.05). Specifically, for individuals aged over 60, an ALI below 90 increased mortality risk by 38.6% [HR: 1.386, 95% CI (1.057, 1.186, p < 0.05)], but no such association was found in individuals under 60; for obese patients, compared to those with ALI above 90, all-cause mortality risk increased by 64.8% [HR: 1.648, 95% CI (1.211, 2.243, p < 0.05)], while no such relationship was observed in normal-weight or overweight individuals; patients with cancer and chronic kidney disease had 2.4 times [HR: 2.443, 95% CI (1.538, 3.880, p < 0.05)] and 74.7% [HR: 1.747, 95% CI (1.267, 2.408, p < 0.05)] higher all-cause mortality risk, respectively, compared to those without these conditions. In the subgroup analysis for cardiovascular mortality risk among MACCE survivors, ALI demonstrated robust stability, showing no significant interactions (P for interaction >0.05), as shown in Figure 5. Overall, ALI is a robust and reliable predictor of mortality risk among MACCE survivors.

[image: Figure 4]

FIGURE 4
 Subgroup analysis of ALI predicting ALL-cause mortality in populations with Non-fatal MACCE.
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FIGURE 5
 Subgroup analysis of ALI predicting CVD-cause mortality in populations with Non-fatal MACCE.




3.7 Sensitivity analysis

Considering the effects of age, cancer, and obesity, we excluded young adults younger than 40 years of age, individuals with comorbid cancers, and individuals with BMI ≥30 kg/m2, ultimately including 863 participants for the study. Similar to the main study, we analyzed the association between ALI and risk of mortality using three multivariate regression models. The results confirmed the persistence of the association between ALI and the risk of all-cause and cardiovascular mortality in MACCE survivors, suggesting that the association was stable, as detailed in Table 5.



TABLE 5 Relationship between ALI and mortality in middle-aged and elderly MACCE survivors without cancer and obesity.
[image: Table5]




4 Discussion

To our knowledge, this is the first study utilizing comprehensive and publicly accessible representative cohort data to compare the effects of ALI and alternative inflammation and nutritional indices (CLR, NPAR, NLR, SII, CRP, ALB) on all-cause and cardiovascular mortality in MACCE survivors. Our findings demonstrate a significant association between increased levels of ALI and ALB and reduced risks of all-cause and cardiovascular mortality. Conversely, elevated CLR, NPAR, NLR, SII, and CRP indices were correlated with higher mortality risks. Moreover, ROC results indicate that ALI is notably more effective in predicting risks of all-cause and cardiovascular mortality than other indices. RCS results establish a non-linear L-shaped relationship between ALI and all-cause mortality risk, with the lowest risk at an ALI of 90. To the left of this inflection point, each unit increase in ALI reduces all-cause and cardiovascular mortality risk by 1.3%. It should be noted that beyond this inflection point, the risk may increase by 0.2%, though this is not statistically significant. Subgroup analyses suggest potential interactions between age, BMI, cancer, and chronic kidney disease with ALI’s predictive accuracy for all-cause mortality; however, ALI’s robustness in predicting cardiovascular mortality risk shows no significant interactions.

Myocardial infarction, heart failure, and stroke are clinically significant cardio-cerebrovascular events. Globally, these events pose high mortality risks, and effective risk management for survivors is crucial for improving prognosis and enhancing quality of life. Recent insights recognize immune-inflammatory responses as a common critical pathological link among these events. Circulating immune cells such as macrophages, lymphocytes, and neutrophils and their secreted inflammatory mediators are extensively involved in the pathogenesis of atherosclerosis, endothelial dysfunction, and cardiac remodeling (7–10). Chronic inflammation can disrupt the intestinal microenvironment, leading to edema and permeability changes in the local gastrointestinal mucosa, affecting nutrient absorption.

Additionally, chronic inflammation can cause muscle wasting and insulin resistance, increases the risk of osteoporosis, accelerating the onset of malnutrition in survivors of cardio-cerebrovascular events, typically manifesting as weight and muscle mass loss and a frailty state, further increasing mortality risks (30–33). Notably, malnutrition can also influence inflammatory responses, creating a vicious cycle (34). Therefore, a comprehensive consideration of inflammation and nutritional status is vital for accurately managing mortality risks in survivors of cardio-cerebrovascular events.

ALI, calculated from NLR, ALB, and BMI, integrates both inflammatory and nutritional statuses. Our study preliminarily establishes that higher ALI is significantly associated with reduced all-cause and cardiovascular mortality rates, exhibiting a non-linear L-shaped relationship. This association likely reflects the organism’s immune-inflammatory and nutritional statuses. Neutrophils play a significant role in inflammation and innate immunity, while lymphocytes represent the adaptive immune system level, both closely related to the prognosis of cardio-cerebrovascular diseases (35). Their ratio, NLR, predicts mortality risk in patients with myocardial infarction, heart failure, and stroke (36–38). Serum ALB and related composite indicators are commonly used in clinical evaluation of nutritional status. Low levels of ALB not only indicates malnutrition, but also is related to inflammatory reaction, which can increase the risk of circulatory thromboembolism, and is a common biomarker for risk stratification of cardio-cerebrovascular diseases (39–41). Previous research has demonstrated that malnutrition states such as hypoalbuminemia and cardiac cachexia increase the risk of all-cause mortality among survivors of MACCE (42–44). In this study, the mean serum Neutrophil-to-Lymphocyte Ratio (NLR) of participants was 2.558, significantly higher than the average NLR of a healthy American population reported in previous studies, with an average serum Albumin (ALB) level of 4.177 g/dL. Our findings reveal a significant decrease in NLR levels from quartile 1 (Q1) to quartile 4 (Q4) among participants, accompanied by a notable increase in ALB levels, correlating with a substantial reduction in both all-cause and cardiovascular mortality. This suggests that reductions in NLR or increases in ALB levels are associated with decreased mortality risks among survivors of cardiovascular and cerebrovascular events.

BMI is a common indicator for assessing weight and nutritional status, typically defining obesity at a BMI ≥30 kg/m2 and underweight at BMI <18.5 kg/m2. Obesity is a risk factor for multiple cardiovascular and cerebrovascular diseases, such as myocardial infarction, heart failure, and stroke (45). However, multiple studies have indicated that, compared to those with healthy weight, individuals who are overweight or obese have a lower risk of mortality from these diseases, a phenomenon known as the “obesity paradox” (46, 47). Our study also finds that an increase in BMI is associated with reduced mortality risk. Subgroup analysis reveals that, compared to individuals with ALI greater than 90, obese patients had a 64.8% higher risk of all-cause mortality.

Further studies have pointed out a nonlinear relationship between BMI and mortality in patients with cardiovascular and cerebrovascular diseases. For instance, the relationship between BMI and all-cause mortality in heart failure patients exhibits a U-shape, with decreased mortality risk in overweight, Class I and II obesity compared to healthy weight; however, Class III obesity (BMI ≥40 kg/m2) shows a higher risk than that observed in the overweight category (48). An inverse J-shaped relationship was also found between BMI of 23.07 kg/m2 and the lowest risk of all-cause mortality in stroke patients (49). It’s noteworthy that high mortality risks associated with being underweight (BMI <18.5 kg/m2) in patients with cardiovascular and cerebrovascular diseases have been consistently observed in multiple studies (47–50). Based on this evidence, BMI may play a significant role in the L-shaped relationship between ABI and the all-cause and cardiovascular mortality among MACCE survivors. It’s important to note that BMI, as an indicator of weight status, has its limitations as it does not differentiate between fat mass, muscle mass, or edema-induced weight gain. Some researchers have proposed the use of a visceral obesity index (CVAI) to more accurately assess visceral fat content and identify potential risk for cardiovascular events (51). In addition, studies suggest that factors such as cardioprotective medications, duration of obesity, and smoking status may play roles in the obesity paradox (52).

In recent years, patients with cardiovascular diseases who also suffer from chronic kidney disease, metabolic disorders, and cancers have garnered increasing attention from scholars. The American Heart Association (AHA) has introduced the concept of the Cardiovascular-Kidney-Metabolic (CKM) syndrome, a cluster of interrelated diseases caused by the interactions between obesity, diabetes, chronic kidney disease, and cardiovascular conditions such as heart failure, coronary artery disease, and stroke, emphasizing the importance of managing cardiovascular diseases in conjunction with renal and metabolic disorders (53). Subgroup analyses in our study show that, compared to the MACCE survivors with ALI greater than 90, those with chronic kidney disease experienced a 74.7% increase in the risk of all-cause mortality. This may be related to the reduced renal function and excessive loss of albumin leading to malnutrition in patients with CKD. Additionally, subgroup analysis also indicates that MACCE survivors with concurrent cancer had a doubled risk of all-cause mortality, likely due to cancer being a chronic, debilitating illness often associated with varying degrees of frailty and malnutrition. Thus, it is imperative to enhance risk management for MACCE survivors with chronic kidney disease and cancer, with an emphasis on managing their comorbidities.

In conclusion, adequate nutritional support and anti-inflammatory treatments hold potential benefits for reducing the mortality risk associated with cardiovascular and cerebrovascular events. The Mediterranean diet pattern is a common anti-inflammatory diet, which consists of fats from fish, extra virgin olive oil, canola oil, and mixed nuts containing monounsaturated and polyunsaturated fatty acids (54). It has been shown by recent evidence to reduce the incidence of cardiovascular events and lower mortality risk (55–57). Other studies show that it is superior to a low-fat diet in preventing cardiovascular events (58). The anti-inflammatory diets play a role in modulating the intestinal microbiome, the intestinal mucosal barrier, and reducing endotoxin translocation into systemic circulation, thereby improving vascular endothelial function, ameliorating insulin resistance, and mitigating oxidative stress (59, 60). There is evidence of a bidirectional causal relationship between some gut flora and stroke, and regulating gut flora may reduce the potential risk (61). Currently, the Dietary Inflammatory Index (DII) has been utilized to guide risk prevention and control in relevant patients (62). Additionally, the use of low doses of medications such as colchicine, among other anti-inflammatory drugs, has been proven effective in reducing mortality risks in patients with cardiovascular and cerebrovascular diseases (63, 64). This underscores the importance of managing inflammation in risk management for survivors of cardiovascular events.



5 Strengths and limitations

The advantage of this study lies in using various statistical methods to evaluate and compare the sensitivity and efficacy of various inflammatory and nutritional indices, enhancing the objectivity and accuracy of the results. By employing multivariable-adjusted Cox analysis, subgroup analyses, and interaction analyses, the study minimizes confounding factors, bolstering the credibility of the findings. Additionally, as a novel index, ALI provides more precise guidance for risk management of cardio-cerebrovascular events due to its simple clinical operation and calculation, showing great potential for widespread application. Nonetheless, our study shares the limitations common to observational research, as it does not establish a causal relationship between ALI and mortality rates among cardio-cerebrovascular event survivors. In addition, the global applicability of the results needs to be further investigated because of the population limitations in the NHANES database. Further high-quality clinical evidence is needed to elucidate this causality. Future studies could explore changes in ALI over time and the predictive capability of dynamic ALI levels on mortality risks among survivors, aiming to better guide long-term risk management for patients.



6 Conclusion

The results of this study demonstrate that elevated ALI is significantly associated with reduced risks of all-cause and cardiovascular mortality among MACCE survivors. In a nationally representative sample of American MACCE survivors, we observed an L-shaped nonlinear relationship between ALI and both all-cause and cardiovascular mortality rates, with an inflection point (lowest mortality risk) at ALI 90. It should be noted that because of the limitations of this study, further investigation is still needed for the causal relationship between ALI and mortality risk and its applicability globally. Routine and dynamic monitoring of ALI is helpful for clinicians to assess the mortality risk in this population. Anti-inflammatory therapies and appropriate nutritional support are crucial for reducing mortality in these individuals.
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Crude model: no-adjust; Model 1: age, sex, race, PIR, educational level; Model 2: age, sex, race, PIR, educational level, smoke, drinking, DM, Hypertension, CKD, cancer.
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