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Background

The systemic immune-inflammation index (SII) is a novel marker of inflammation, and hepatic steatosis and fibrosis are associated with inflammation. This study aimed to investigate the possible relationship between SII and hepatic steatosis and fibrosis.



Methods

The datasets from the National Health and Nutrition Examination Survey (NHANES) 2017–2020 were used in a cross-sectional investigation. Multivariate linear regression models were used to examine the linear connection between SII and controlled attenuation parameter (CAP) and liver stiffness measurement (LSM). Fitted smoothing curves and threshold effect analysis were used to describe the nonlinear relationship.



Results

This population-based study included a total of 6,792 adults aged 18–80 years. In a multivariate linear regression analysis, a significant positive association between SII and CAP was shown [0.006 (0.001, 0.010)]. This positive association in a subgroup analysis was maintained in men [0.011 (0.004, 0.018)] but not in women. Furthermore, the association between SII and CAP was nonlinear; using a two-segment linear regression model, we found an inverted U-shaped relationship between SII and CAP with an inflection point of 687.059 (1,000 cells/µl). The results of the multiple regression analysis showed that the relationship between SII and LSM was not significant (P = 0.263).



Conclusions

Our findings imply that increased SII levels are linked to hepatic steatosis, but SII is not linked to liver fibrosis. To confirm our findings, more large-scale prospective investigations are needed.
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Background

Non-alcoholic fatty liver disease (NAFLD) is the most prevalent chronic liver disease worldwide and one of the primary causes of severe liver disease (1–3). NAFLD is defined as excessive fat infiltration into the liver in the absence of substantial alcohol intake or secondary causes (4), which includes a variety of histological alterations in the liver, ranging from simple steatosis through leukocyte infiltration and hepatocyte ballooning to severe liver fibrosis and cirrhosis (5, 6). Transient elastography is widely used in the screening of NAFLD due to its good accuracy and noninvasive feature (7, 8); controlled attenuation parameter (CAP) and liver stiffness measurement (LSM) were used to assess hepatic steatosis and fibrosis, respectively (9, 10).

The systemic immune-inflammation index (SII) is an integrated and novel inflammatory biomarker as reported in the study by Hu et al. (11) in 2014, which could reflect the local immune response and systemic inflammation in the whole human body (12–15). SII has been used in past studies to predict and evaluate the prognosis of various solid tumors, such as gastric cancer (16, 17), non-small cell lung cancer (18, 19), pancreatic cancer (20), and esophageal cancer (21, 22). In addition, SII also has a high value for the prognosis of cardiovascular disease (23–27). Inflammation is a hallmark of NAFLD progression, and the recruitment of circulating inflammatory cells and the upregulation of inflammatory mediators play an important role in hepatic steatosis and fibrosis (28–31). Fontes-Cal et al. (32) reported that plasma cytokines and clinical parameters of inflammation could serve as a new strategy for monitoring NAFLD progression. However, the relationship between SII and hepatic steatosis and fibrosis remains unclear.

As a result, we examined the relationship between SII and CAP and LSM in adults in this study, utilizing a large sample of people aged 18 to 80 years from the National Health and Nutrition Examination Survey (NHANES).



Methods


Study population

The NHANES is a representative survey of the US national population that uses a complicated, multistage, and probabilistic sampling methodology to provide a wealth of information about the general US population’s nutrition and health (33). The 2017–2020 continuous cycle of the US NHANES dataset was used for this investigation. We excluded 3,409 participants with missing SII data, 2,941 with missing CAP or LSM data, 90 hepatitis B antigen-positive and 132 hepatitis C antibody-positive or hepatitis C RNA-positive samples, 959 participants with significant alcohol consumption (ever have 4, 5, or more drinks every day), and 1,237 participants younger than 18 years from the 15,560 eligible individuals. The study eventually included 6,792 participants. Figure 1 illustrates the sample selection flowchart.




Figure 1 | Flowchart of participant selection. NHANES, National Health and Nutrition Examination Survey; SII, systemic immune-inflammation index; CAP, controlled attenuation parameter; LSM, liver stiffness measurement.





Study variables

The dependent variable in this study is the systemic immune-inflammation index, with CAP and LSM as the intended independent variables. In our analysis, SII was designed as an exposure variable. Lymphocyte, neutrophil, and platelet counts were measured by complete blood count using automated hematology analyzing devices (Coulter®DxH 800 analyzer) and presented as ×103 cells/ml. SII as an exposure variable was derived from platelet count × neutrophil count/lymphocyte count (11, 13, 34). CAP and LSM were designed as outcome variables to measure hepatic steatosis and liver fibrosis. The NHANES staff evaluated participants for Vibration controlled transient elastography (VCTE) using the FibroScan®-equipped model 502 V2 Touch. According to a recent landmark study, CAP values, also known as CAP, ≥274 dB/m was considered indicative of NAFLD status because of 90% sensitivity in detecting all degrees of hepatic steatosis (9). Based on two past studies, CAP ≥302 dB/m was defined in this study as having severe steatosis at the base of NAFLD (4, 35). Fibrosis grade was determined by liver stiffness with cutoff values of 8.2, 9.7, and 13.6 kPa for fibrosis grades ≥F2, ≥F3, and F4, respectively, and was optimized using the Jorden index (36, 37). Covariates included age, gender, race, Body Mass Index (BMI), education level, family income-to-poverty ratio, activity status, alanine transaminase (ALT), weight, alkaline phosphatase (ALP), waist circumference, aspartate aminotransferase (AST), total calcium, total cholesterol, direct High-Density Lipoprotein Cholesterol (HDL-C), Low-Density Lipoprotein Cholesterol (LDL-C), triglyceride, serum phosphorus, and smoking status.



Statistical analysis

The statistical study was carried out using the statistical computing and graphics software R (version 4.1.3) and EmpowerStats (version:2.0). Baseline tables for the study population were statistically described by CAP and LSM subgroups; continuous variables are described using mean values plus or minus standard deviation (SD) and weighted linear regression models. The beta values and 95% confidence intervals were calculated using multivariate linear regression analysis between the SII and CAP and LSM. The multivariate test was built using three models: model 1: no variables adjusted; model 2: gender, age, and race adjusted; model 3: adjusted for all covariates. By adjusting the variables, smoothed curve fits were done simultaneously. A threshold effects analysis model was used to examine the relationship and inflection point between SII and CAP. Finally, the same statistical study methods described above were conducted for the gender subgroups. It was determined that P < 0.05 was statistically significant. We used a weighting approach to reduce the significant volatility of our dataset.




Results


Baseline characteristics

In this study, 6,792 adults were included based on the inclusion and exclusion criteria, and the average age of the participants was 48.58 ± 18.50 years. Among these participants, 45.39% were men, 54.61% were women, 33.82% were non-Hispanic white, 25.28% were non-Hispanic black, and 12.38% were Mexican American, and 28.52% were from other races. The mean (SD) concentrations of CAP, LSM, and SII were 262.49 (62.84) dB/m, 5.84 (4.81) kPa, and 515.48 (341.66) (1,000 cells/µl), respectively.

Table 1 lists all clinical characteristics of the participants with CAP as a column-stratified variable. In comparison to the non-NAFLD group, the severe steatosis group is more likely to be men and older, with a higher proportion of non-Hispanic blacks and Mexican Americans; with higher smoking status; and higher levels of BMI, waist circumference, AST, ALT, ALP, total cholesterol, LDL cholesterol, triglyceride, LSM, and SII but lower levels of direct HDL cholesterol and serum phosphorus.


Table 1 | Weighted characteristics of the study population based on controlled attenuated parameter (CAP).



Table 2 lists all clinical features of the individuals with LSM as a column-stratified variable. In comparison to the normal group, the cirrhosis group is more likely to be men and older, with a higher proportion of non-Hispanic blacks and Mexican Americans; with higher smoking status; and higher levels of BMI, waist circumference, AST, ALT, ALP, LDL cholesterol, triglyceride, CAP, and SII but lower levels of HDL cholesterol, total cholesterol, and serum phosphorus.


Table 2 | Weighted characteristics of the study population based on median liver stiffness measurement (LSM).





Association between systemic immune-inflammation index (SII) and controlled attenuation parameter (CAP)

Table 3 showed the results of the multivariate regression analysis. In the unadjusted model [0.006 (0.001, 0.010)], SII was highly associated with CAP. However, after adjusting for gender, age, and race variables, this significant positive correlation became insignificant in model 2 [0.002 (-0.002, 0.007)]. After adjusting for all covariates, the relationship between SII and CAP became negative in model 3 [-0.002 (-0.009, 0.004)].


Table 3 | The association between SII and CAP.



In subgroup analyses stratified by gender, our results suggest that the positive association between SII and CAP is independently significantly positive in men [0.011 (0.004, 0.018)] but not statistically significant in all models for women. When we performed a subgroup analysis stratified by the degree of hepatic steatosis, the SII showed a strong positive correlation with both the NAFLD group and the severe steatosis group in both the unadjusted and partially adjusted models using the non-NAFLD group as the reference group.

We performed a smooth curve fit to describe the nonlinear relationship between SII and CAP (Figures 2, 3). Using a two-segment linear regression model, we found an inverted U-shaped relationship between SII and CAP with an inflection point of 687.059 (1,000 cells/µl). After stratifying the analysis by gender, an inverted U-shaped curve was also present in men and women, with inflection points of 591.000 (1,000 cells/µl) and 749.692 (1,000 cells/µl), respectively (Table 4).




Figure 2 | The association between SII and CAP. (A) Each black point represents a sample. (B) The solid red line represents the smooth curve fit between variables. Blue bands represent the 95% confidence interval from the fit. SII, systemic immune-inflammation index; CAP, controlled attenuation parameter.






Figure 3 | The association between SII and CAP stratified by gender. SII, systemic immune-inflammation index; CAP, controlled attenuation parameter.




Table 4 | Threshold effect analysis of SII on CAP using two-piecewise linear regression model.





Association between SII and LSM

The results of multiple regression analysis showed a positive but insignificant correlation between SII and LSM (Table 5). Moreover, the effect value was shown to be zero within three decimal places because the units of SII were too small [0.000 (-0.000, 0.001)]. Among all subgroup analyses, SII showed a statistically significant negative correlation with LSM only in the significant fibrosis group [-0.000 (-0.000, -0.000), P = 0.044]. The nonlinear relationship was characterized by smooth curve fittings (Figure 4).


Table 5 | The association between SII and LSM.






Figure 4 | The association between SII and LSM. (A) Each black point represents a sample. (B) The solid red line represents the smooth curve fit between variables. Blue bands represent the 95% confidence interval from the fit. SII, systemic immune-inflammation index; LSM, liver stiffness measurement.






Discussion

In our study sample, which is nationally representative of US adults, SII levels were positively correlated with hepatic steatosis and there was no significant correlation between SII levels and liver fibrosis. Notably, we found an inverted U-shaped association between SII and CAP, with an inflection point of 687.059 (1,000 cells/µl). This indicated that SII was an independent crisis factor for hepatic steatosis when the SII was less than 687.059 (1,000 cells/µl).

To our knowledge, this is the first study to investigate SII with hepatic steatosis and fibrosis. In previous studies on the liver, SII has often been used as a predictor of prognostic survival in patients with hepatocellular carcinoma or intrahepatic cholangiocarcinoma (ICC) (38–40). Ren et al. (41) reported that among 28 patients with ICC who received liver transplantation, the 1-, 3-, and 5-year survival rates were significantly lower in the high-SII group than those in the low-SII group, and that SII could be used to predict survival in patients with ICC who received liver transplantation. Similarly, another study from China showed that SII was a valid prognostic factor for predicting the prognosis of patients undergoing radical hepatectomy for ICC, while neutrophil-to-lymphocyte ratio (NLR), platelet-to-lymphocyte ratio (PLR), and lymphocyte-to-monocyte ratio (LMR) were not associated with clinical outcomes in these patients (42).

At present, many epidemiological studies have proven that inflammation is related to the progression of NAFLD (43–45). A large multicenter cohort of NAFLD patients from Italy and Finland showed that steatosis, ballooning, and lobular inflammation were independently associated with significant fibrosis. In addition, the authors found that a third of patients with significant fibrosis did not have non-alcoholic steatohepatitis (NASH) when they analyzed biopsy specimens taken from NAFLD patients at a single time point, a result that far exceeded expectations (46). The lack of significant association between SII and LSM found in our results may explain this phenomenon. Haukeland et al. (28) evaluated serum samples from 47 histologically validated NAFLD patients and showed that NAFLD patients are characterized by low-grade systemic inflammation. High chemokine (C-C motif) ligand 2 (CCL2)/monocyte chemoattractant protein 1 (MCP1) levels in NASH may be important for the transition from simple steatosis to NASH (28). Our results demonstrate a significant positive relationship between SII and CAP; in other words, inflammation has a strong positive correlation with hepatic steatosis. Not only that, but the positive association between SII and CAP differs significantly by gender. Men with NAFLD have more severe hepatic steatosis than women, and postmenopausal women have greater hepatic steatosis than premenopausal women, according to several studies, suggesting that the gender difference in NAFLD is related to sex hormones (47, 48). Furthermore, a recent experimental animal study found that Formyl Peptide Receptor 2 (FPR2) expression is higher in female mice than that in male mice, making females more resistant to the development and progression of NAFLD, and the severe damage seen in FPR2-depleted females supports FPR2’s protective role in female mice’s liver (49). In addition to sex, race, age, and other covariates may also be factors influencing the relationship between SII and CAP, and multiple factors interacting with each other may also be the reason why the relationship between SII and CAP in this study was not significant in model 2 and model 3.

NAFLD includes a disease continuum from steatosis with or without mild inflammation to NASH, characterized by necrotizing inflammation and faster fibrotic progression than NAFLD (50). The mechanisms behind the connection between inflammation and NAFLD progression are unclear. One theory is that nutrient overload is the primary cause of NAFLD, with excess visceral fat causing macrophage infiltration into tissue compartments, resulting in a pro-inflammatory state that increases insulin resistance. Inappropriate lipolysis in the presence of insulin resistance causes aberrant fatty acid transport to the liver, resulting in a decrease in metabolic capacity. Lipotoxic lipids are formed as a result of lipid metabolic imbalances, which cause cellular stress, inflammasome activation, and apoptotic cell death, as well as stimulation of inflammation, tissue regeneration, and fibrogenesis (51, 52). This may be the mechanism leading to the progression of hepatic steatosis and fibrosis (53). Another theory is that metabolic imbalance and inflammation in NAFLD are caused by the liver’s interdependence and interaction with other organs (54–56). For example, differences in gut microbiota composition have been observed in NAFLD patients compared to the general population, and some data suggest the presence of fecal microbiome signatures associated with advanced fibrosis (57). Furthermore, substances produced by bacteria or bile acid metabolism can influence liver inflammation and disease progression in NAFLD, although a clear causal relationship has not been established (50, 57).

Our study has some limitations. First, this is a cross-sectional analysis; thus, temporality cannot be ascertained. Furthermore, despite adjusting several relevant confounders, we were unable to rule out the impact of additional confounding factors; therefore, our findings should be interpreted with caution. Third, due to the limitations of the NHANES database, the covariates of this study did not include participants’ medications use, and anti-inflammatory medications are often used in patients with NAFLD; therefore, our findings may not fully reflect the true situation. Fourth, the degree of hepatic steatosis and liver fibrosis in this study was judged by transient elastography, and although several studies have demonstrated the extremely high accuracy of transient elastography (58–60), it still cannot be the same as biopsy; therefore, our results may not be the same as using biopsy as a judgment of hepatic steatosis and liver fibrosis. Despite these limitations, our study has several advantages. Because we used a nationally representative sample, our study is representative of a multiethnic and gender-diverse population of adults in the United States. In addition to this, the large sample size included in our study allowed us to perform a subgroup analysis.



Conclusion

Our findings imply that increased SII levels are linked to hepatic steatosis, but SII is not linked to liver fibrosis. To confirm our findings, more large-scale prospective investigations are needed.
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