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Background

Insulin resistance(IR) and inflammation have been regarded as common potential mechanisms in coronary heart disease (CHD) and non-alcoholic fatty liver disease (NAFLD). Triglyceride-glucose (TyG) index is a novel biomarker of insulin resistance, System immune-inflammation index(SII) and Systemic inflammation response index(SIRI) are novel biomarkers of inflammation, these biomarkers have not been studied in CHD with NAFLD patients. This study investigated the correlation between the TyG index, SII index, and SIRI index and CHD risk among NAFLD patients.





Methods

This cross-sectional study included 407 patients with NAFLD in the Department of Cardiology, The Second Hospital of Shanxi Medical University. Of these, 250 patients with CHD were enrolled in the NAFLD+CHD group and 157 patients without CHD were enrolled as NAFLD control. To balance covariates between groups, 144 patients were selected from each group in a 1:1 ratio based on propensity score matching (PSM). Potential influences were screened using Lasso regression analysis. Univariate and multivariate logistic regression analyses and the Least Absolute Shrinkage and Selection Operator (LASSO) regression were used to assess independent risk and protective factors for CHD. Construction of nomogram using independent risk factors screened by machine learning. The receiver operating characteristic(ROC) curve was used to assess the ability of these independent risk factors to predict coronary heart disease. The relationship between the Gensini score and independent risk factors was reflected using the Sankey diagram.





Results

The LASSO logistic regression analysis and Logistic regression analyses suggest that TyG index (OR, 2.193; 95% CI, 1.242-3.873; P = 0.007), SII index (OR, 1.002; 95% CI, 1.001-29 1.003; P <0.001), and SIRI index (OR,1.483;95%CI,1.058-2.079,P=0.022) are independent risk factors for CHD. At the same time, Neutrophils, TG, and LDL-C were also found to be independent risk factors in patients, HDL-C was a protective factor for CHD in patients with NAFLD. Further analysis using three machine learning algorithms found these independent risk factors to have good predictive value for disease diagnosis, SII index shows the highest predictive value. ROC curve analysis demonstrated that combining the SII index, SIRI index, and TyG index can improve the diagnostic ability of non-alcoholic liver cirrhosis patients with CHD.ROC curve analysis showed that the combined analysis of these independent risk factors improved the predictive value of CHD(AUC: 0.751; 95% CI: 0.704-0.798; P <0.001).





Conclusion

TyG index, SII index, and SIRI index are all independent risk factors for CHD in patients with NAFLD and are strongly associated with prediction and the severity of CHD.
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1 Introduction

Coronary heart disease (CHD) is one of the leading causes of death and disability worldwide, with a common cause being atherosclerosis (1). The formation and development of atherosclerotic plaques is the most important cause of CHD. Traditional risk factors include hypertension, dyslipidemia, smoking, diabetes, genetic predisposition and obesity (2). Recent studies have shown that Insulin resistance and inflammatory responses are also is involved in atherosclerotic plaque formation and remodeling independent of traditional risk factors (3). Despite significant progress in the treatment of CHD, further research is needed on early diagnosis and prevention. As an emerging field, increasing attention is being focused on the connection between IR, systemic inflammation, and the occurrence and development of CHD (4).

Non-alcoholic fatty liver disease (NAFLD) is one of the most common chronic diseases in the world (5). NAFLD has the potential to progress to more serious liver damage such as non-alcoholic steatohepatitis (NASH) (6).NASH is characterized by inflammatory changes that can lead to progressive liver damage, cirrhosis, and hepatocellular carcinoma (HCC) (7). Meanwhile, NAFLD is also a major risk factor for cardiovascular disease. An increasing number of studies have shown that NAFLD and CHD share common risk factors. Recent studies have shown that in addition to obesity, hypertension, dyslipidemia, diabetes, and genetic predisposition, Insulin resistance and inflammatory responses also play an important role in cardiovascular events in patients with NAFLD (8). Triglyceride-glucose index (TyG index) is a reliable indicator for the diagnosis of IR because of it performs better than the high insulin-glucose clamp test (9). SII index and SIRI index are two novel indicators of inflammation and immunity, that have been proven to be associated with the risks for CVDs and all-cause mortality (10), SII index was non-linear associated with all-cause mortality in individuals with NAFLD (11). A population-based study imply that the SII index and TyG index are related to NASH (12). however, the relationship between the SIRI index and CHD in NAFLD patients remains unclear. This study aims to analyze the potential associations between the TyG index, SII index, and SIRI index, and the occurrence as well as the severity of CHD in NAFLD patients.




2 Materials and methods



2.1 Experimental design and participant inclusion

This study is a retrospective study that included a total of 407 patients with NAFLD. These patients were divided into two groups, the non-alcoholic fatty liver disease group (NAFLD group) and the non-alcoholic fatty liver disease combined with coronary heart disease group (NAFLD+CHD group), coronary angiography was done at the Second Hospital of Shanxi Medical University. For patients with CHD, the Gensini score was further used to evaluate the severity of coronary stenosis (13). The diagnosis of NAFLD is based on the Asia-Pacific Working Party recommendations (14). Firstly, other factors that can cause fatty liver, such as excessive alcohol consumption, a history of viral hepatitis, and the use of hepatotoxic drugs, are excluded. Ultrasound technicians evaluate using standard methods (15).However, we cannot yet further confirm the presence of NASH patients among NAFLD patients because of the lack of liver biopsy results in the study. Additionally, this study excluded other potential confounding factors including congenital heart disease, a history of coronary heart disease, oral lipid-lowering medications, autoimmune diseases, malignancies, the use of anti-platelet drugs, quality of diabetes regulation, and patients with cerebrovascular accidents. This study has been approved by the Ethics Committee of Shanxi Medical University Second Hospital and all participating patients have signed informed consent forms.




2.2 Data collection and computation

This study retrospectively collected the basic information and laboratory indicators of enrolled patients from the electronic medical record system of the Second Hospital of Shanxi Medical University. The basic information includes gender, age, height, weight, history of hypertension (systolic and diastolic blood pressure), history of diabetes, coronary angiography report, smoking history, alcohol consumption history, and medication use. The body mass index (BMI), Triglyceride glucose product index (TyG), Systemic immune-inflammation index (SII), and systemic inflammation response index (SIRI) are calculated as follows: BMI = W(kg)/H(m)2, TyG = Ln[TG(mg/dL)×FBG(mg/dL)/2] (16); SII = (Plt×N/L) (17); SIRI = (N×M/L) (18).




2.3 Machine learning

This study used four machine learning methods to select variables and assess their importance in diagnosis and prognosis. Lasso regression analysis was used to address confounding factors that could potentially affect the results. Based on the potential influencing factors, the random forest model (RF), support vector machine model (SVM), and generalized linear model (GLM) were constructed using the ‘ caret ‘ R software package (version 6.0-86). Seven potential influences were used as explanatory variables and CHD as a response variable (19). The three models obtained were analyzed using the “explain” function in the’DALEX’ R package, and the cumulative residual distributions were plotted. The cumulative residual distribution was plotted to determine the best predictive model.RF, GLM, and SVM were further utilized to analyze the significance of various risk factors in disease occurrence. All these procedures were conducted using R (version 4.3.1).




2.4 Propensity score matching analysis

Propensity score matching analysis (PSM) is a recognized method for eliminating the influence of potential confounding factors, and after PSM adjustment, data can be considered free from interference by these confounding factors. In non-alcoholic fatty liver disease patients, this study used Lasso regression to obtain confounding factors (including BMI, lymphocytes, monocytes, serum creatinine, and total cholesterol) as independent variables to establish a model with the occurrence of CHD as the dependent variable. The caliper value of the model was set at 0.02. After adjusting for these confounding factors, the validity of PSM was assessed using quartiles and absolute standard deviations. The results showed a good balance between the CHD+NAFLD and NAFLD groups after performing 1:1 PSM matching.




2.5 Statistical analysis

Statistical analysis software IBM SPSS (version 23.0) and GraphPad Prism (version 8.0) were used to analyze the data in this study. Continuous variables were described using mean ± standard deviation (SD) or median (IQR), while categorical variables were expressed as percentages. The Shapiro-Wilk test was employed to assess the normality of continuous variables, and the independent sample t-test or Mann-Whitney test was used for between-group comparisons of continuous variables. Between-group comparisons of categorical variables were conducted using the chi-square test or Fisher’s exact test.




2.6 Receiver operating characteristic

First, Lasso regression analysis was used to screen confounding factors, followed by Propensity Score Matching (PSM) to correct for these confounders. Logistic regression analysis was then performed using the corrected data to further identify potential risk factors for CHD in NAFLD patients. Multivariate analysis was conducted to determine independent factors that can influence the occurrence of the disease. A nomogram was constructed using the selected risk factors, and receiver operating characteristic (ROC) curve analysis and area under the curve (AUC) values were used to evaluate their predictive ability for the disease (20). Additionally, Spearman correlation analysis was employed to assess the relationship between Gensini scores and several independent risk factors.





3 Results



3.1 Baseline characteristics of the NAFLD and NAFLD+CHD groups

This study collected a total of 407 patients with NAFLD, among whom 250 patients had CHD. Among these patients, the average age was 59 years for those with NAFLD-CHD and 55 years for those with NAFLD alone. As shown in Table 1, there were no significant differences in BMI, platelet count(Plt), lymphocyte count(L), and total cholesterol levels(TC) between the two groups. However, the proportion of male patients, with hypertension, diabetes mellitus, and smokers was higher in the NAFLD+CHD group (p<0.05). Additionally, neutrophil count(N), triglyceride level(TG), low-density lipoprotein level(LDL-C) and fasting blood glucose(Glu) level were higher in the NAFLD+CHD group compared to the NAFLD group (p<0.05), while lymphocyte count and high-density lipoprotein level were lower in the NAFLD+CHD group compared to the NAFLD group (p<0.05).


Table 1 | Demographic and clinical characteristics of participants by the presence of CHD.






3.2 Lasso regression screening for risk factors

Lasso regression analysis was used to identify potential risk factors for CHD from the aforementioned 16 variables. The results, as shown in Figures 1, 2, revealed that BMI, platelet count, lymphocytes, monocytes, creatinine, total cholesterol, and fasting random blood glucose were excluded from consideration as these seven indicators did not significantly impact CHD. The remaining nine indicators were considered potential risk factors for CHD (Supplementary Table 1).




Figure 1 | Variation of the 16 variables with the regularization parameter λ.






Figure 2 | Lasso regression analysis of the optimal regularization parameter λ.






3.3 Propensity score matching analysis

Propensity score matching analyses were then performed on the uncorrelated factors identified by the Lasso regression analyses to eliminate any potential effect of these confounding variables on the results. The results, as shown in Table 2, revealed that after propensity score matching, there were no statistically significant differences (p>0.05) between groups in terms of BMI, platelet count, lymphocyte count, monocyte count, creatinine level, total cholesterol level, and fasting random blood glucose. Additionally, after propensity score matching, there were also no statistically significant differences (p>0.05) between groups in terms of gender and smoking history.


Table 2 | Demographic and clinical characteristics of participants after PSM analysis.






3.4 Univariate and multivariate analysis of CHD-related factors in NAFLD

Univariate logistic regression analysis showed significant correlations between neutrophils, TG, HDL-C, LDL-C, TyG index, SII index, and SIRI index with the occurrence of CHD in NAFLD patients. Furthermore, multivariate logistic regression analysis revealed that neutrophils (OR 1.363; 95% CI 1.152 - 1.611; P <0.001), TG (OR 1.512; 95% CI 1.142 - 2.003; P =0.004), LDL-C (OR 1.601; 95% CI 1.114 -2.302; P =0.011), TyG index (OR,2.193;95%CI,1242-3.873;P=0.007),SII index(OR,1002;95%CI,10011-1003;P<0.001)and SIRI index(OR,1483;95%CI,1058-2079;P=002) remained are independent risk factors for NAFLD patients developing CHD while HDL-C (OR,0260;95%CI,0089-0762;p=014) was still an independent protective factor where elevated levels of HDL-C reduce risk of CHD in NAFLD patients (Table 3; Figure 3).


Table 3 | Univariate and multivariate analyses of factors associated with CHD and NAFLD.






Figure 3 | Forest plots of independent factors associated with CHD in NAFLD.






3.5 Machine learning models evaluate biomarkers

To further validate the accuracy of these risk factors in predicting the occurrence of CHD in NAFLD patients, this study used three machine learning algorithms to evaluate the importance of seven predictive factors in disease diagnosis. We chose Random Forest (RF), Support Vector Machine (SVM), and Generalize linear model(GLM) as our test models (21). We used the DALEX package to explore, interpret, and evaluate the models. The optimal model is selected for the next analysis based on the residual values. As shown in Figure 4A, the boxplot represents the accuracy of CHD prediction by the three machine.




Figure 4 | Machine learning models evaluate biomarkers. (A) Boxplots of the three machine learning models. (B) Three machine learning models to assess the importance of seven factors for CHD. (C) GLM model showing the importance of 7 factors for CHD prediction.



learning models, with the GLM model having the smallest residual and thus indicating the highest accuracy. Figure 4B illustrates the importance of CHD prediction by the three machine learning models, while Figure 4C displays the importance of each factor in CHD prediction within the GLM model. The results demonstrate that all seven influencing factors have significant value in predicting CHD, with SII index, LDL-C, neutrophils(N), HDL-C, SIRI index, TyG index, and TG being sequentially ranked according to their predictive importance.




3.6 Establishing a diagnostic nomogram for CHD in patients with NAFLD

Through univariate and multivariate logistic regression analysis, as well as validation using three machine learning models, this study discovered that seven factors have significant potential for diagnosing and predicting CHD. Therefore, this study utilized these seven factors to construct a clinical nomogram model.

(Figure 5A). The calibration curve in Figure 5B demonstrates that the actual risk aligns closely with the predicted risk after bias correction, indicating a high level of consistency between them. Additionally, in the diagnostic PR curve, all factors except LDL-C exhibit higher predictive ability than the baseline prediction line, indicating a high level of accuracy in these predictions (Figure 5C). As shown in Figure 5D, the predictive curves for all factors are mostly above both the ALL curve and None curve, suggesting a substantial net benefit for patients.




Figure 5 | Establishing a diagnostic nomogram for CHD in patients with NAFLD (A) nomogram for the diagnosis of CHD. (B) Calibration curve for prediction accuracy. (C), PR curve for diagnosis of CHD. (D), DCA curve for the diagnosis of CHD.






3.7 ROC analysis predicts factors

This study evaluated the accuracy of various predictive factors in predicting the occurrence of CHD in NAFLD patients using ROC curves (Figure 6A). The results showed that N (AUC = 0.679), TG (AUC = 0.595), HDL-C (AUC = 0.616), LDL-C (AUC = 0.598), TyG (AUC = 0.652), SII (AUC = 0.631), and SIRI (AUC = 0.656) had different levels of accuracy in prediction. Furthermore, this study assessed the diagnostic accuracy of all factors combined (Figure 6B) and found a significant improvement in predictive accuracy when using a combination of these seven predictive factors, with an AUC: 0.751 (CI: 0.704-0.798; P<0.001).




Figure 6 | ROC analyses of risk factor. (A) Analysis of subject work characteristics (ROC) curves for the predictive ability of each risk factor for CHD. (B) Overall prediction curves for the combined individual factors.






3.8 Association between predictors and coronary Gensini score

This study used Spearman’s correlation analysis to examine the relationship between Gensini score and neutrophils, TG, HDL-C, LDL-C, TyG, SII, and SIRI. The results showed no significant correlation between the Gensini score and LDL-C (r=0.082,P=0.121).The Gensini score was weakly correlated with neutrophils (r=0.19, P<0.001), TG (r=0.329, P<0.001), HDL-C (r=-0.203, P<0.001), SII (r=0.132, P=0.004), and SIRI (r=0.184, P= 0.025) but strongly correlated with TyG (r= 0.435,P <0001) (Figure 7).




Figure 7 | Sankey diagram reflecting the correlation between factors and CHD severity.







4 Discussion

NAFLD is an inflammation-associated metabolic disease, with steatosis as its most prominent feature. NAFLD is a continuum of disease with or without mild inflammation (non-alcoholic fatty liver) to non-alcoholic steatohepatitis (NASH) (5). NASH is characterised by a more rapid progression of necroinflammation and fibrosis than non-alcoholic fatty liver. NAFLD patients included in this study include non-alcoholic fatty liver and non-alcoholic steatohepatitis. Cardiovascular disease is one of the leading causes of death in NAFLD patients, and NAFLD patients are more likely to develop atherosclerosis, cardiovascular disease, and arrhythmias (22, 23). CHD is prevalent in patients with NAFLD, NAFLD is considered a high-risk group for CHD (8). NAFLD and CHD share many common pathogenic mechanisms, Many studies have suggested that IR and inflammation are underlying mechanisms common to both NAFLD and CHD.

IR is a systemic disease affecting multiple organs throughout the body, which makes it play an important role in the onset and progression of NAFLD and CHD (24). The cardiometabolic syndrome(CMS) is typically characterised by IR, IR may have an effect on cardiovascular disease through decreases in nitric oxide (NO) and increases in vascular stiffness (25). At the same time, IR is closely related to NAFLD, and IR is involved in various liver diseases such as steatosis, NASH and liver fibrosis (26). Patients with NAFLD have impaired liver function, resulting in an inability to suppress the production of glucose and fatty acids, Localised lipid and glucose accumulation leads to the onset and development of IR, IR leads to systemic disorders of glucose metabolism and lipid metabolism, ultimately leading to damage to the vascular endothelium (27), This explains why NAFLD is a high risk group for CHD. The TyG index is a reliable indicator of IR,A clinical study enrolling 62,443 Chinese individuals suggests that the TyG index is an independent risk factor for cardiovascular disease and may help identify individuals potentially at high cardiovascular risk (28). Another clinical study, which lasted follow-up 10 years and included 6,095 CVD patients with undiagnosed diabetes mellitus, demonstrated that the TyG index can be used as a clinical.

predictor of CVD and CHD in the non-diabetic population (29). This suggests that TyG index can still be an independent risk factor for CHD in low-risk populations. However, there are still fewer studies on the TyG index in populations at high risk of CHD. TyG index also has good diagnostic value in NAFL,A cross-sectional study including 10,761 patients suggests that the TyG index is effective in identifying people at risk of NAFLD (30). Wang et al. showed that TyG index was independently and positively associated with NAFLD in the general population (31). And another cohort study showed that TyG index showed good diagnostic performance for NASH in obese patients. Thus, TyG index is an independent risk factor for both NAFLD and CHD.

Systemic inflammation plays an important role in CHD and NAFLD development. Systemic inflammation is directly related to the development of atherosclerosis, it is well known that coronary atherosclerosis is the main cause of CHD, and immune cells and systemic inflammation play an important role in the accumulation of lipids in the matrix of intima of coronary arteries (2). Some studies have shown that patients with systemic inflammatory diseases have a much higher risk of CVD than the general population (32). Similarly, systemic inflammation can lead to IR, and promotes the development of NAFLD. By analysing 47 high-quality serum samples from patients with NAFLD, Haukeland et al. found that mild systemic inflammation was prevalent in patients with NAFLD and that CCL2 (chemokine (C-C motif) ligand 2) and MCP1 (monocyte chemoattractant protein) may play a key role in the disease (33). Lipids accumulation in hepatocytes leads to local inflammation and immune cell activation. On the one hand, activated immune cells cause systemic inflammation by releasing pro-inflammatory cytokines and chemokines (34). On the other hand, activation and recruitment of hepatic immune cells via signals from adipose tissue may promote inflammatory responses leading to cell injury and death, thereby promoting NAFLD disease progression (35). In summary, NAFLD can promote CHD through IR and systemic inflammation. NAFLD is not only associated with morbidity and mortality from liver disease, but is also an important risk factor for the development and progression of CHD. SII index and SIRI index are two novel systemic inflammatory biomarkers, A 20-Year Follow-Up Cohort Study of 42,875 US Adults found that high SII or SIRI increased adverse cardiovascular outcomes in the general population (36). Another cohort study has also shown that the SII index can be a useful marker for predicting the development of cardiovascular disease in middle-aged and older adults (37). Clinical studies have shown that inflammation is associated with the progression of NAFLD, A cross-sectional study of 6,792 adult Chinese on fatty liver showed a significant positive correlation between SII index and hepatic steatosis (17), NAFLD is an inflammation-related metabolic disease, and hepatic steatosis is the most prominent manifestation of the disease. Given that both IR and systemic inflammation lead to an increased risk of NAFLD with CVD and that NAFLD is a high-risk factor for CHD, both the TyG index, SII index, and SIRI index can predict NAFLD and CVD. There are no studies that have simultaneously explored the effects of IR and systemic inflammation on CHD in patients with NAFLD. Therefore, this work aims to explore this association.

Our findings suggest that TyG index, SII index, and SIRI index are all independent risk factors for CHD in patients with NAFLD. Neutrophils, TG, and LDL-C were also screened as independent risk factors for CHD by using three machine learning algorithms, while HDL-C was an independent protective factor for CHD, Of these, TG, LDL-C and HDL-C are all traditional independent risk factors for CHD (38), Interestingly, Neutrophil thought to cause CHD in NAFLD patients, There is still a lack of clarity regarding the role of neutrophil in NAFLD and CHD, Emerging evidence suggests that neutrophils are important players in several chronic diseases, such as atherosclerosis, nonalcoholic fatty liver disease and autoimmune disorders (39, 40). Neutrophils are normally the first responders to acute inflammation and contribute to the resolution of inflammation, However, in chronic inflammation neutrophils may promote inflammation through different mechanisms such as neutrophil accumulation within the tissue, protease release and NET formation (41). In addition, ROC analyses showed that TyG index (AUC = 0.652),SII index (AUC = 0.631),and SIRI index (AUC = 0.656) had average predictive power for CHD occurrence, this may be related to the sample size included in the study. By constructing a nomogram, this study designed a clinical diagnostic model for predicting CHD in patients with NAFLD, ROC analysis shows good diagnostic power for CHD on combined analysis of 7 independent risk factors (AUC: 0.751;CI: 0.704-0.798; P <0.001).

This study also has some limitations. Firstly, this is a retrospective study with a limited sample size included. Second, because of the lack of liver biopsy results, no distinction was made between NAFLD and NASH at the time of patient inclusion. Finally, because this was a cross-sectional study, the results showed that the TyG index, SII index, and SIRI index was positively associated with the occurrence of CHD in patients with NAFLD, but it was not able to determine whether it had predictive value. Although this study attempted to construct a diagnostic model to predict CHD, a large number of large-scale, multicentre prospective studies will be needed in the future to illustrate further the predictive value of these independent risk factors for the occurrence of CHD in patients with NAFLD.




5 Conclusion

This study found that in the NAFLD patient population, patients with concurrent CHD had significantly elevated levels of TyG index, SII index, and SIRI index in their serum. Furthermore, the TyG index, SII index, and SIRI index were positively correlated with the severity of CHD. This study also constructed a nomogram to help predict the occurrence of CHD by incorporating abnormal lipid metabolism and inflammation levels into the diagnostic system. Due to their simplicity, convenience, and non-invasive nature, these indicators have great value in routine clinical diagnosis as they can help identify high-risk cardiovascular patients within the NAFLD patient population. However, further research is needed to determine their clinical diagnostic value.
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