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Background: The aim of this study was to explore the relationship between systemic immune-inflammation (SII) index with non- 
alcoholic fatty liver disease (NAFLD) in the general population of the United States (U.S.).
Methods: We conducted a cross-sectional study of subjects in the National Health and Nutrition Examination Survey 2017–2018. For 
the analysis of the association between SII index and risk of NAFLD, the restricted cubic spline (RCS) plot, we performed 
multivariable logistic regression models and subgroup analysis. In addition, generalized additive models with smooth functions 
were conducted for the relationship between the SII index and the ZJU index, the BARD score, and the NAFLD fibrosis score.
Results: There were a total of 1197 individuals in our study. Taking into account known confounding variables, compared with the 
lowest quartiles, the odds ratios with 95% confidence intervals for NAFLD across the quartiles were 0.923 (0.585, 1.455), 0.563 
(0.351, 0.901), and 1.061 (0.669, 1.682), respectively. As shown by the RCS plot, the SII index was linked with NAFLD risk in 
a U-shaped pattern. Based on the results of subgroup analysis, SII index and NAFLD risk were U-curve correlated among participants 
in all age groups, male or female, with or without hypertension, with diabetes mellitus, and with a BMI of <30 or >30 kg/m2. The SII 
index was linearly positive with the ZJU index but negative with the NAFLD fibrosis score. However, the SII index and BARD score 
showed a trend of first decreasing, then increasing, and then decreasing.
Conclusion: The U-shaped relationships exist between SII index and risk of NAFLD, which highlighted that we should focus on the 
dynamic change of SII index.
Keywords: cross-sectional study, non-alcoholic fatty liver disease, systemic immune-inflammation index, United States

Introduction
Non-alcoholic fatty liver disease (NAFLD) is a clinical syndrome characterized by steatosis of the liver cells and 
excessive accumulation of lipids without any previous history of excessive alcohol consumption.1 The incidence of 
NAFLD continues to increase year by year due to changes in lifestyle, diet structure, reduced physical activity, and an 
accelerated pace of life, which has become a global public health concern.2 The exact incidence of NAFLD is unknown. 
The prevalence of NAFLD in the general population in each country is 10–24%, which is significantly higher in women 
than in men.3 Among them, the prevalence of NAFLD in the United States (US) is estimated at 16%–23%.4 The 
pathogenesis of NAFLD is very complex and involves intracellular biochemical metabolism.5 More and more researchers 
believe that NAFLD is a manifestation of metabolic syndrome in the liver. It may be related to islet resistance and fat 
oxidation disorders.6 When left untreated, this disease may develop into liver cancer, which is difficult to treat and may 
even lead to death.7 As a result, we should pay great attention to the early detection and treatment of this disease.

NAFLD is associated with an increased burden of inflammation.8,9 Moreover, it is related to metabolic disturbance.10 

Hu et al first developed the systemic immune-inflammation index (SII) in 2014, which integrated three types of 
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inflammatory cells, including platelets, neutrophils, and lymphocytes, and was calculated by platelet count × neutrophil 
count lymphocyte count.11 The SII index is dependent on various cell counts in the hemogram, such as neutrophils, 
lymphocytes, and platelets. The markers based on these cell counts were also reported to be associated with inflammatory 
conditions such as thyroid conditions,12 gastrointestinal diseases,13 thyroiditis,14 diabetes mellitus,15 irritable bowel 
disease,16 and COVID-19 infection.17 On the other hand, the SII index is considered a good and stable index that reflects 
both local immune responses and systemic inflammation in the body as a whole.18,19 It has been identified to predict 
outcomes in patients with multiple cancers, heart failure, acute ischemic stroke, and acute kidney injury.20–24 However, 
the effect of the SII index on NAFLD has not been fully elucidated. In addition, epidemiological research has not been 
able to determine whether the SII index is associated with the ZJU index, BARD score, NAFLD fibrosis score, or the risk 
of NAFLD in the general US population. Considering the detrimental effects of NAFLD, recognizing risk factors and 
devising measures to avoid or control the consequences as soon as possible are highly beneficial. As a result, we 
examined the association between the SII index and the prevalence of NAFLD by analyzing data from the Nutrition and 
Health Examination Survey (NHANES) for the 2017–2018 years.

Materials and Methods
Study Population
The NHANES database is a population-based cross-sectional survey designed to gather information about the health and 
nutrition of representative American households. It combines demographics, dietary, examination, laboratory, question
naire, and limited access data. For data users and researchers throughout the world, survey data are available on the 
internet.25 The NHANES data for the present study from 2017 to 2018 were used and analyzed. Among the 8897 
participants in the total sample, we excluded participants with insufficient NAFLD data (n = 2949) and SII index (n = 
257), respectively. Moreover, excluding participants who did not have data on the ZJU index, BARD score, or NAFLD 
fibrosis score (n = 3069) and participants with missing covariate data (n = 1425). Finally, a total of 1197 individuals were 
included in this research (Figure 1). The National Center for Health Statistics Ethical Review Board approved all 
protocols, and each participant provided written informed consent.26 Detailed study design proposals are publicly 
available online (https://www.cdc.gov/nchs/nhanes/).

Covariates
In the study, the covariates were as follows: age, sex (male, and female), race/ethnicity (Mexican American, Other 
Hispanic, Non-Hispanic White, Non-Hispanic Black, and Other Race), family poverty income ratio (PIR), education 
level (less than high school, high school, and more than high school), marital status (having a partner, no partner, 
unmarried), the complication of hypertension, and diabetes mellitus (DM), coronary heart disease (CHD), congestive 
heart failure (CHF), angina pectoris, heart attack, and stroke, smoker (no, former, now), drinker (never, mild, moderate, 
heavy), body mass index (BMI), waist circumference, fast glucose (FBG), glycosylated hemoglobin (HbA1c), hemoglo
bin (Hb), high-sensitivity C-reactive protein (hs CRP), alanine aminotransferase (ALT), aspartate amino transferase 
(AST), gamma-glutamyl transpeptidase (GGT), blood urea nitrogen (BUN), uric acid (UA), serum creatinine (Scr), 
estimated glomerular filtration rate (eGFR), high-density lipoprotein-cholesterol (HDL-C), total cholesterol (TC), 
triglyceride (TG), ZJU index, BARD score, and NAFLD fibrosis score.27–29 Participants self-reported data regarding 
their age, sex, race or ethnicity, educational level, marital status, smoking, and drinking habits during the home interview. 
These questions about the complications of CHD, CHF, angina pectoris, heart attack, and stroke were described in the 
NHANES dataset as 66 MCQ160b-e. In addition, data on FBG, HbA1c, Hb, hs CRP, ALT, AST, GGT, BUN, UA, Scr, 
eGFR, HDL-C, TC, and TG were obtained from laboratory examination. You can find more information about the 
variables in this study here https://www.cdc.gov/nchs/nhanes/.

Calculation of the SII Index, ZJU Index, BARD Score, and NAFLD Fibrosis Score
The blood samples were collected from fasting participants in the study. The automated hematology analyzing devices 
(Coulter® DxH 800 analyzer) was used to measure blood count (neutrophil, lymphocyte, and platelet counts). In this study, we 
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calculated SII index for each participant as follows: SII index (×109/L) = neutrophil count (×109/L)/lymphocyte count (×109/ 
L) × platelet count (×109/L).18,30 In addition, the ZJU index formula is expressed as follows: BMI (kg/m2) + FBG (mmol/L) + 
TG (mmol/L) + 3×ALT (IU/L)/AST (IU/L) ratio (+2, if female).27 The BARD score is calculated by weighted sum of three 
variables (BMI >28 = 1 point, AAR of >0.8 = 2 points, DM = 1 point).28 Finally, the NAFLD fibrosis score formula is 
expressed as follows: -1.675 + 0.037 × age (years) + 0.094 × BMI (kg/m2) + 1.13 × IFG/diabetes (yes=1, no=0) + 0.99 × AST 
(IU/L)/ALT (IU/L) ratio – 0.013 × platelet count (×109/L) – 0.66 × albumin (g/dl).29

NAFLD Measurement
NAFLD was defined using the US fatty liver index (FLI), a well-validated diagnostic index,31 which was employed 
utilizing NHANES III data and calculated as an equation according to a previous study32,33 that included information on 
BMI, GGT, TG, and waist circumference. All the information was collected concurrently with the status of iron 
metabolism. NAFLD was defined as an FLI score of ≥60. The FLI formula is expressed as follows:34 

Statistical Analysis
The weighted NHANES sample was used to calculate all estimates. The sample size caused by the missing covariate was 
deleted in this study. All statistical analyses were calculated using R version 3.6.4 (R Foundation for Statistical 
Computing, Vienna, Austria) and SPSS version 24.0 (SPSS Inc., Chicago, IL, USA). A P-value < 0.05 was considered 
statistically significant. Continuous variables were reported as mean ± standard deviation (SD), while categorical 
variables were presented as numbers (%). Continuous variables were analyzed by the weighted Student’s t-test or one- 
way ANOVA, and categorical variables were analyzed by the weighted chi-square tests. The SII index was divided into 

Participants of NHANES from 2017-2018 years (n = 8,897) 

Enrolled (n = 5,948)

Data for analyses (n = 1197)

Participants with missing data on NAFLD (n = 2949)

· Participants with missing data on SII index (n = 257)

· Participants with missing data on ZJU index, BARD score, and  NAFLD fibrosis score(n = 3,069)

Excluded (n  = 4,751)

· Participants with missing data on covariate (n = 1,425)

Figure 1 Study flow chart. 
Abbreviations: NHANES, National Health and Nutrition Examination Surveys; NAFLD, non-alcoholic fatty liver disease; SII index, systemic immune-inflammation index.
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quartiles (Q1: 50.000–292.000, Q2: 292.00–423.059, Q3: 423.060–602.735, and Q4: 602.736–3250.714), and the lowest 
quartile (Q1) served as the reference group (Q1). Firstly, we performed multivariable logistic regression models to 
explore the relationship between the independent variable SII index and the risk of NAFLD. Model 1 was adjusted for 
age and sex. Model 2 was adjusted for model 1 variables plus race/ethnicity, education level, marital status, family PIR, 
smoke status, drink status, the complication of hypertension, and DM. Model 3 was adjusted for model 2 variables plus 
the complication of CHD, CHF, angina pectoris, heart attack, and stroke, BMI, waist circumference, FBG, HbA1c, Hb, 
hs CRP, ALT, AST, GGT, UA, BUN, Scr, eGFR, TG, and HDL-C. Then, after adjusting all the covariates of Model 3 
above, restricted cubic spline models (RCS) were analyzed to assess the association between SII index and risk of 
NAFLD, and generalized additive models and smooth curve fitting were used to explore SII index, ZJU index, BARD 
score, and NAFLD fibrosis score. Finally, subgroup analyses were stratified by age, sex, hypertension, DM, and BMI to 
evaluate the association between the SII index and the risk of NAFLD.

Results
Baseline Characteristics
The basic clinical characteristics and laboratory examinations are shown in Table 1. The 1197 subjects were divided into 
four groups (Q1, Q2, Q3, and Q4) based on their SII index levels. We computed that the number of participants in this 
research may be representative of the total population of 64,268,398 in the United States. The prevalence of NAFLD in 

Table 1 Characteristics of the Study Population Based on SII Index Quartiles

SII Index Total (n=1197) Q1 (n=300) Q2 (n=299) Q3 (n=298) Q4 (n=300) P-value

Age, years 45.91 ± 0.84 44.42 ± 1.22 44.43 ± 1.54 47.11 ± 1.65 47.68 ± 1.51 0.483

Sex, % < 0.001
Male 584 (48.8%) 165 (13.8%) 166 (13.9%) 138 (11.5%) 115 (9.6)

Female 613 (51.2%) 135 (11.3%) 133 (11.1%) 160 (13.4%) 185 (16.5%)

Race/ethnicity, % 0.177
Mexican American 165 (13.8%) 34 (2.8%) 47 (3.9%) 43 (3.6%) 41 (3.4%)

Other Hispanic 108 (9.0%) 19 (1.6%) 32 (2.7%) 26 (2.2%) 31 (2.6%)

Non-Hispanic Black 287 (24.0%) 91 (7.6%) 75 (6.3%) 60 (5.0%) 61 (5.1%)
Non-Hispanic White 429 (35.8%) 87 (7.3%) 98 (8.2%) 120 (10.0%) 124 (10.4%)

Other race 208 (17.4%) 69 (5.8%) 47 (3.9%) 49 (4.1%) 43 (3.6%)

Family PIR 3.23 ± 0.09 3.35 ± 0.13 3.30 ± 0.12 3.28 ± 0.11 2.98 ± 0.14 0.104
Education level, % 0.423

Less than high school 172 (14.4%) 38 (3.2%) 45 (3.8%) 48 (4.0%) 41 (3.4%)

High school 276 (23.1%) 56 (4.7%) 69 (5.8%) 63 (5.3%) 88 (7.4%)
More than high school 749 (62.6%) 206 (17.2%) 185 (15.5%) 187 (15.6%) 171 (14.3%)

Marital status, % 0.338

Having a partner 724 (60.5%) 187 (15.6%) 174 (14.5%) 182 (15.2%) 181 (15.1%)
No partner 257 (21.5%) 60 (5.0%) 64 (5.3%) 65 (5.4%) 68 (5.7%)

Unmarried 216 (18.0%) 53 (4.4%) 61 (5.1%) 51 (4.3%) 51 (4.3%)

Hypertension, % 0.101
No 707 (59.1%) 173 (14.5%) 198 (16.5%) 167 (14.0%) 169 (14.1%)

Yes 490 (40.9%) 127 (10.6%) 101 (8.4%) 131 (10.9%) 131 (10.9%)

DM, % 0.052
No 964 (80.5%) 252 (21.1%) 247 (20.6%) 231 (19.3%) 234 (19.5%)

Yes 233 (19.5%) 48 (4.0%) 52 (4.3%) 67 (5.6%) 66 (5.5%)

Smoker, % 0.015
No 703 (58.7%) 182 (15.2%) 172 (14.4%) 190 (15.9%) 159 (13.3%)

Former 270 (22.6%) 65 (5.4%) 74 (6.2%) 67 (5.6%) 64 (5.3%)

Now 224 (18.7%) 53 (4.4%) 53 (4.4%) 41 (3.4%) 77 (6.4%)

(Continued)
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Table 1 (Continued). 

SII Index Total (n=1197) Q1 (n=300) Q2 (n=299) Q3 (n=298) Q4 (n=300) P-value

Alcohol user, % 0.724

Never 117 (9.8%) 38 (3.2%) 23 (1.9%) 31 (2.6%) 25 (2.1%)
Mild 559 (46.7%) 149 (12.4%) 143 (11.9%) 137 (11.4%) 130 (10.9%)

Moderate 258 (21.6%) 59 (4.9%) 62 (5.2%) 64 (5.3%) 73 (6.1%)

Heavy 263 (22.0%) 54 (4.5%) 71 (5.9%) 66 (5.5%) 72 (6.0%)
CHD, % 0.032

No 1158 (96.7%) 289 (24.1%) 293 (24.5%) 285 (23.8%) 291 (24.3%)

Yes 39 (3.3%) 11 (0.9%) 6 (0.5%) 13 (1.1%) 9 (0.8%)
CHF, % 0.098

No 1179 (98.5%) 295 (24.6%) 296 (24.7%) 292 (24.4%) 296 (24.7%)

Yes 18 (1.5%) 5 (0.4%) 3 (0.3%) 6 (0.5%) 4 (0.3%)
Angina pectoris 0.611

No 1175 (98.2%) 293 (24.5%) 293 (24.5%) 294 (24.6%) 295 (24.6%)

Yes 22 (1.8%) 7 (0.6%) 6 (0.5%) 4 (0.3%) 5 (0.4%)
Heart attack, % 0.102

No 1157 (96.7%) 291 (24.3%) 292 (24.4%) 287 (24.0%) 287 (24.0%)

Yes 40 (3.3%) 9 (0.8%) 7 (0.6%) 11 (0.9%) 13 (1.1%)
Stroke, % 0.372

No 1157 (96.7%) 291 (24.3%) 292 (24.4%) 287 (24.0%) 287 (24.0%)
Yes 40 (3.3%) 9 (0.8%) 7 (0.6%) 11 (0.9%) 13 (1.1%)

BMI, kg/m2 29.22 ± 0.37 27.04 ± 0.37 28.07 ± 0.57 30.66 ± 0.44 31.07 ± 1.00 < 0.001

Waist circumference, cm 99.56 ± 0.82 94.46 ± 1.01 96.15 ± 1.68 102.73 ± 0.87 104.80 ± 2.16 < 0.001
FBG, mg/mL 108.93 ± 1.42 105.35 ± 1.80 108.05 ± 2.27 113.56 ± 3.30 108.48 ± 1.77 0.207

HbA1c, % 5.59 ± 0.04 5.48 ± 0.06 5.55 ± 0.06 5.71 ± 0.06 5.62 ± 0.06 0.071

Hb, g/dL 14.44 ± 0.08 14.59 ± 0.14 14.65 ± 0.13 14.31 ± 0.16 14.20 ± 0.10 0.031
Hs CRP, mg/dL 3.37 ± 0.23 1.79 ± 0.20 2.04 ± 0.21 3.39 ± 0.29 6.30 ± 0.75 < 0.001

Plt, 1000 cells/ul 237.84 ± 3.22 203.14 ± 3.61 225.79 ± 4.78 242.25 ± 5.10 279.40 ± 5.93 < 0.001

Lym, 1000 cells/ul 2.06 ± 0.03 2.29 ± 0.06 2.14 ± 0.07 1.93 ± 0.05 1.88 ± 0.06 < 0.001
Neu, 1000 cells/ul 3.85 ± 0.08 2.56 ± 0.08 3.41 ± 0.08 4.01 ± 0.08 5.38 ± 0.13 < 0.001

Mean energy 2141.80 ± 30.40 2252.89 ± 78.90 2090.22 ± 77.39 2153.07 ± 56.42 2079.56 ± 66.04 0.329

Intake, kcal
Protein intake, g 82.41 ± 1.43 85.10 ± 2.20 83.80 ± 3.54 82.90 ± 2.48 77.84 ± 2.90 0.302

ALT, U/L 23.85 ± 0.79 25.93 ± 2.57 24.26 ± 0.99 23.02 ± 1.08 22.30 ± 1.29 0.658

AST, U/L 22.75 ± 0.63 25.81 ± 1.68 22.84 ± 1.02 21.53 ± 0.72 21.00 ± 0.78 0.083
GGT, U/L 29.22 ± 1.17 35.25 ± 3.68 26.99 ± 1.94 25.07 ± 1.43 30.14 ± 1.94 0.065

BUN, mg/dL 14.50 ± 0.20 14.16 ± 0.35 14.58 ± 0.28 15.07 ± 0.41 14.12 ± 0.42 0.195

UA, mg/dL 5.41 ± 0.06 5.51 ± 0.15 5.41 ± 0.12 5.38 ± 0.13 5.34 ± 0.10 0.693
Scr, mg/dL 0.86 ± 0.01 0.87 ± 0.01 0.88 ± 0.02 0.86 ± 0.01 0.82 ± 0.01 0.001

eGFR, mL/min/1.73m2 96.89 ± 1.10 98.54 ± 1.61 96.46 ± 1.74 95.67 ± 2.16 97.05 ± 1.72 0.654

HDL-C, mg/dL 187.50 ± 2.19 184.85 ± 3.10 191.95 ± 3.27 182.56 ± 3.73 190.34 ± 3.94 0.209
TC, mg/dL 108.76 ± 3.40 103.53 ± 8.21 107.08 ± 4.91 111.75 ± 7.55 112.47 ± 6.90 0.848

TG, mg/dL 54.80 ± 0.80 55.89 ± 1.32 55.76 ± 1.55 53.45 ± 1.04 54.13 ± 1.41 0.264

ZJU score 40.56 ± 0.42 37.80 ± 0.50 39.25 ± 0.72 42.39 ± 0.51 42.72 ± 1.07 < 0.001
BARD score 1.70 ± 0.03 1.56 ± 0.05 1.63 ± 0.04 1.81 ± 0.03 1.81 ± 0.07 0.001

NAFLD fibrosis score −1.60 ± 0.06 −1.48 ± 0.06 −1.69 ± 0.15 −1.41 ± 0.11 −1.82 ± 0.15 0.022

NAFLD, % 0.014
No 861 (71.9%) 225 (75.0%) 226 (18.9%) 227 (19.0%) 183 (15.3%)

Yes 336 (28.1%) 75 (6.3%) 73 (6.1%) 71 (5.9%) 117 (9.8%)

Abbreviations: SII index, systemic immune inflammation index; Q1, 50.000–292.000; Q2, 292.001–423.059; Q3, 423.060–602.735; Q4, 602.736–3250.714; family PIR, 
family poverty income ratio; DM, diabetes mellitus; CHD, coronary heart disease; CHF, congestive heart failure; BMI, body mass index; FBG, fast glucose; HbA1c, 
glycosylated hemoglobin; Hb, hemoglobin; Hs CRP, High-sensitivity C-reactive protein; AST, aspartate aminotransferase; ALT, alanine aminotransferase; GGT, gamma- 
glutamyl transpeptidase; Plt, platelet; Lym, lymphocyte; Neu, neutrophils; BUN, blood urea nitrogen; UA, uric acid; Scr, serum creatinine; eGFR, estimated glomerular 
filtration rate; HDL-C, high density lipoprotein-cholesterol; TC, total cholesterol; TG, triglyceride; NAFLD, non-alcoholic fatty liver disease.
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this study was 28.1%. There were significant differences in sex, smoker, the complication of CHD, BMI, waist, hs CRP, 
Scr, ZJU score, BARD score, and NAFLD fibrosis score among the different uric acid groups.

Association Between SII Index and ZJU Index, BARD Score, and NAFLD Fibrosis 
Score
We conducted generalized additive models with smooth functions to assess the association between the SII index and the 
ZJU index, the BARD score, and the NAFLD fibrosis score. The SII index was linearly positive with the ZJU index but 
negative with the NAFLD fibrosis score (Figure 2A and C). However, there is first a decrease in correlations between the 
SII index and BARD score, then an increase, and finally another decrease (Figure 2B).

Association Between SII Index and NAFLD
In the restricted cubic spline (RCS) plot, we can see the SII index is associated with a U-shaped association with the 
prevalence of NAFLD (P for nonlinearity <0.05, Figure 3). As the SII index increased, the risk of NAFLD decreased 
significantly. When the SII index reached 422.40, the risk of NAFLD was at its lowest, and then the curve showed an 
upward trend. Three multivariate logistic regression models (Model 1, Model 2, and Model 3) were constructed to 
investigate the relationship between the SII index and the prevalence of NAFLD (Table 2). After adjusting for interfering 
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Figure 2 Associations of SII index with ZJU index, BARD score, and NAFLD fibrosis score. (A) Association between SII index and ZJU index. (B) Association between SII 
index and BARD score. (C) Association between SII index and NAFLD fibrosis score. 
Abbreviations: SII index, systemic immune-inflammation index; NAFLD, non-alcoholic fatty liver disease.
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factors, compared with the lowest quartiles (Q1), the odds ratios (ORs) with 95% confidence intervals (CIs) for NAFLD 
across the quartiles were 0.923 (0.585, 1.455), 0.563 (0.351, 0.901), and 1.061 (0.669, 1.682).

Subgroup Analyses
We performed subgroup analyses stratified by age, sex, hypertension, DM, and BMI, to determine the link between SII 
index and risk of NAFLD are shown in Table 3, and Figure 4. The stratified analysis revealed the U-shaped associations 
of SII index with NAFLD were found among participants in all age groups, male or female, with or without hyperten
sion, with DM, and with BMI of <30 or BMI of > 30 kg/m2 (Figure 4A–E). We also observed that SII index positively 
associated with risk of NAFLD in participants without DM (Figure 4D). The test for interactions was not statistically 
significant for age, sex, hypertension, DM, and BMI (all P for interactions >0.05, Table 3).

Discussion
NAFLD is the most common cause of elevated liver enzyme levels in U.S. adults and the most common cause of 
cryptogenic cirrhosis.35 NAFLD has attracted increasing attention and research because it can progress to cirrhosis and 
even liver cancer.36 Inflammation is a feature of non-alcoholic fatty liver disease progression and plays an important role 
in hepatic steatosis and fibrosis.37 In addition, the pathogenesis and disease progression of NAFLD are closely related to 
the activation of innate immunity.38 However, its pathogenesis is still not fully understood.

In the study, firstly, we found that the SII index was linearly positive with the ZJU index but negative with the NAFLD 
fibrosis score. And the SII index and BARD score showed a trend of first decreasing, then increasing, and then decreasing. 
A correlation between the SII index and the ZJU index, the BARD score, and the NAFLD fibrosis score has not been studied 
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to date. Secondly, we revealed that the SII index is associated with a U-shaped association with the prevalence of NAFLD in 
the RCS plot. Wang et al found that genes associated with immune infiltration may serve as potential markers for therapeutic 
targets for NAFLD.39 Xie et al. Revealed that a high SII index is associated with hepatic steatosis but not with liver fibrosis.40 

In addition, Song Y and his team also found that U.S. adults with a high SII index had an increased risk of hepatic steatosis.41 

However, the findings of Ioannou GN showed that the presence and severity of hepatic steatosis were associated with 
increased pan-immune inflammation value levels but not with the SII index in obese children and adolescents.36 Additionally, 
the acute phase of inflammation plays a significant role in liver graft injury. Hong BJ and his team reveal that hepatic 
transplant rejection is attenuated by inhibiting the inflammasome activation pathway.42 In summary, this is consistent with 
the conclusion of this study. Reasonable control of inflammation in vivo can effectively reduce the occurrence of NAFLD. 

Table 2 Adjusted ORs for Associations Between SII Index and the Prevalence of NAFLD

SII Index Model 1 Model 2 Model 3
OR (95% CI) OR (95% CI) OR (95% CI)

Q1 Ref. Ref. Ref.

Q2 1.011 (0.691, 1.480) 1.100 (0.739, 1.637) 0.923 (0.585, 1.455)

Q3 0.873 (0.595, 1.282) 0.848 (0.567, 1.268) 0.563 (0.351, 0.901)*
Q4 1.770 (1.234, 2.538)** 1.816 (1.239, 2.662)*** 1.061 (0.669, 1.682)

P for trend 0.004 0.008 0.792

Notes: *P< 0.05; **P< 0.01; ***P< 0.001. Model 1: age and sex. Model 2: model 1 variables plus race/ethnicity, 
education level, marital status, family poverty income ratio, the complication of hypertension, and diabetes mellitus, 
smoke status, and drink status. Model 3 was adjusted for model 2 variables plus the complication of coronary heart 
disease, congestive heart failure, angina pectoris, heart attack, and stroke, body mass index, waist circumference, fast 
glucose, glycosylated hemoglobin, hemoglobin, high-sensitivity C-reactive protein, alanine aminotransferase, aspartate 
amino transferase, gamma-glutamyl transpeptidase, blood urea nitrogen, uric acid, serum creatinine, estimated glomer
ular filtration rate, high-density lipoprotein-cholesterol, total cholesterol, triglyceride. 
Abbreviations: SII index, systemic immune inflammation index; NAFLD, non-alcoholic fatty liver disease; Q1, 50.000– 
292.000; Q2, 292.001–423.059; Q3, 423.060–602.735; Q4, 602.736–3250.714; OR, odd ratio; CI, confidence interval.

Table 3 Subgroup Analysis for Associations Between SII Index and the Prevalence of NAFLD

SII Index Q1 Q2 Q3 Q4 P for Trend P for Interaction
OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)

Age 0.129

< 60 1.00 1.021 (0.566, 1.841) 0.613 (0.333, 1.130) 0.910 (0.506, 1.635) 0.496
≥ 60 1.00 0.779 (0.323, 1.878) 0.500 (0.202, 1.236) 2.302 (0.889, 5.959) 0.214

Sex 0.451

Male 1.00 0.919 (0.443, 1.907) 0.567 (0.245, 1.308) 1.115 (0.481, 2.585) 0.882
Female 1.00 0.873 (0.461, 1.651) 0.524 (0.281, 0.975)* 1.050 (0.577, 1.911) 0.923

Hypertension 0.647
No 1.00 0.947 (0.499, 1.798) 0.587 (0.295, 1.167) 1.133 (0.583, 2.201) 0.928

Yes 1.00 0.885 (0.429, 1.824) 0.515 (0.255, 1.042) 0.874 (0.436, 1.752) 0.445

DM 0.217
No 1.00 0.884 (0.528, 1.479) 0.470 (0.270, 0.817) 0.918 (0.537, 1.570) 0.382

Yes 1.00 1.221 (0.333, 4.480) 0.858 (0.254, 2.894) 2.522 (0.779, 8.171) 0.142

BMI 0.490
< 30 kg/m2 1.00 0.972 (0.529, 1.787) 0.376 (0.195, 0.728)* 0.922 (0.492, 1.729) 0.252

≥ 30 kg/m2 1.00 1.038 (0.464, 2.322) 0.837 (0.381, 1.840) 1.333 (0.612, 2.902) 0.490

Notes: *P < 0.01. Analysis was adjusted for age, sex, race/ethnicity, education level, marital status, family poverty income ratio, the complication of hypertension, and 
diabetes mellitus, smoke status, and drink status, the complication of coronary heart disease, congestive heart failure, angina pectoris, heart attack, and stroke, body mass 
index, waist circumference, fast glucose, glycosylated hemoglobin, hemoglobin, high-sensitivity C-reactive protein, alanine aminotransferase, aspartate amino transferase, 
gamma-glutamyl transpeptidase, blood urea nitrogen, uric acid, serum creatinine, estimated glomerular filtration rate, high-density lipoprotein-cholesterol, total cholesterol, 
triglyceride. 
Abbreviations: SII index, systemic immune inflammation index; NAFLD, non-alcoholic fatty liver disease; Q1, 50.000–292.000; Q2, 292.001–423.059; Q3, 423.060– 
602.735; Q4, 602.736–3250.714; OR, odd ratio; CI, confidence interval.
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Thirdly, the stratified analysis showed that the U-shaped associations of the SII index with NAFLD were found among 
participants in all age groups, male or female, with or without hypertension, with DM, and with a BMI of <30 or > 30 kg/m2. 
Additionally, we also observed that the SII index was positively associated with the risk of NAFLD in subjects without DM. 
Type 2 diabetes, obesity, and hyperlipidemia are considered to be important risk factors for NAFLD.43 Between 21% and 
45% of patients with NAFLD have type 2 diabetes.44 Among them, patients with NAFLD combined with type 2 diabetes are 
more likely to progress to cirrhosis, have an increased risk of cardiovascular disease and kidney disease, and have a higher 
mortality rate.45,46 In addition, the prevalence of NAFLD is 4–6 times higher in obese patients than in those of normal 
weight.47 Shi et al also found that obese children have low-grade chronic inflammation.48 In contrast, patients with type 2 
diabetes are significantly more likely to develop NAFLD, regardless of their BMI.49 Among hyperlipidemic patients, those 
with hypertriglyceridemia are at greater risk of NAFLD than those with hypercholesterolemia.50,51

NHANES database provides nationally representative estimates based on standardized protocols for data collection. 
Consequently, the current findings can be generalized widely. However, it is important to note that our study has several 
limitations. Firstly, the study only included the general population of the United States from of NHANES 2017–2018 
years, due to year limitations. Secondly, self-reported confounders may be biased due to self-reporting questionnaire. 
Finally, as a cross-sectional study, conclusions were limited to associations rather than causality.

Conclusion
In conclusion, the relationship between the SII index and the risk of NAFLD presented a U-shaped curve in the American 
population. A turning point for the SII index was observed, and the prevalence of NAFLD was lowest when the SII index 
was 422.40. The potential mechanisms of the SII index in NAFLD need further exploration.
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