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Objective: To explore the association between levels of remnant cholesterol (RC) and the incidence of non-alcoholic fatty liver 
disease (NAFLD) in the general population, ultimately leading to the assessment of a novel proposed model combining RC and waist 
circumference (R-W) as a predictor of NAFLD incidence.
Methods: A cross-sectional analysis was conducted of 4913 subjects undergoing physical examinations at Hebei General Hospital, 
with ultrasound findings being used to classify patients into individuals with and without NAFLD. Median RC values were used to 
separate subjects into those with low and high levels of RC, after which the predictive performance of RC and the novel R-W model 
when used to assess NAFLD risk was assessed through multifactorial logistic regression analyses and receiver operating characteristic 
curves.
Results: Subjects exhibiting higher RC levels were found to exhibit an elevated risk of NAFLD incidence with or without adjusting 
for confounding factors. The binary logistic regression analysis-based R-W model may thus offer utility as a tool to gauge the risk of 
NAFLD in the general population, as it outperformed RC or WC alone, particularly when assessing women or individuals < 45 years 
of age. The area under the ROC curve for this combined R-W model was 0.813 (0.802, 0.824), with respective sensitivity and 
specificity values of 83.86% and 63.91%, all of which were significantly higher than corresponding values for RC and WC (P < 0.001).
Conclusion: The present supports a strong association between RC levels and NAFLD in the general populace, and the combined 
R-W model exhibits greater utility as a tool to predict NAFLD incidence relative to RC or WC in isolation, particularly for individuals 
who are female or <45 years old.
Keywords: residual cholesterol, waist circumference, non-alcoholic fatty liver disease

Introduction
Liver disease is the 11th leading cause of mortality and the 15th most prominent cause of illness in the world. Non- 
alcoholic fatty liver disease (NAFLD) is the most common etiological form of liver disease, as it is more prevalent than 
autoimmune conditions, alcoholic hepatitis, or viral hepatitis.1 Since it was first identified in 1987, NAFLD incidence 
rates have risen dramatically.2 At present, NAFLD affects an estimated 30–32% of the global population, and it is 
thought to represent an increasingly important cause of liver-related morbidity, mortality, and transplantation.3 NAFLD is 
also independently associated with a greater risk of cancer, cardiovascular disease (heart failure, stroke, atrial fibrillation), 
type 2 diabetes, and chronic kidney disease.4–7 High NAFLD prevalence and progression rates impose a substantial 
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burden on societies and healthcare systems, yet treatment options for affected individuals remain limited. As such, there 
is a clear need for efforts to screen for NAFLD and to prevent its incidence in a timely manner.

NAFLD is defined as the presence of fat in the liver, seen on imaging and/or liver biopsy, after the exclusion of other 
obvious causes of liver damage (eg, excessive alcohol consumption, hepatotoxic medication, toxins, viral infections, and 
genetic hepatic diseases).8 NAFLD risk is closely related to lipid dysregulation as a result of visceral fat deposition. 
A higher waist circumference (WC) has been shown to be associated greater NAFLD risk.9 Relative to healthy subjects, 
NAFLD patients tend to exhibit elevated triglycerides (TG) and lower high-density lipoprotein cholesterol (HDL-C) 
levels.10 However, some patients present with normal TG, HDL-C, and WC values in the clinic such that further analyses 
are needed to clarify their association with NAFLD incidence.

Remnant cholesterol (RC) has been a growing focus of research interest in recent years, being defined as the 
cholesterol content of all triglyceride (TG)-rich lipoproteins.11 RC has been identified as a risk factor for cardiovascular 
events and atherosclerosis.12 There have been few reports, however, systematically evaluating whether RC can predict 
the incidence of NAFLD in the general population or whether this predictive performance can be improved by combining 
RC levels and WC values. The present study was thus designed with the goal of constructing a single, noninvasive, 
inexpensive index suitable for use in general screening and the early treatment of NAFLD.

Materials and Methods
Study Participants
This was a cross-sectional analysis performed at the Medical Examination Center of Hebei General Hospital in 
July 2023. In total, 6321 consecutive individuals were recruited for this study, which entailed the completion of 
a questionnaire, laboratory testing, anthropometric measurements, and liver ultrasonography. All participants who 
voluntarily agreed to participate provided written informed consent. The Ethics Committee of Hebei General Hospital 
approved this study (Ethics Committee No. 2023090), which was consistent with the Helsinki Declaration. In total, this 
study enrolled 4913 participants (Figure 1), of whom 2811 and 2102 were males and females, respectively, ranging from 
21–92 years of age.

Figure 1 Study subject flowchart.
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Data Collection
Anthropometric measurements, blood testing, and ultrasonography analyses of all participants were performed in the 
morning following overnight fasting. Basic participant characteristics including age, gender, smoking history, and history 
of alcohol consumption were collected with a survey. Measurements of weight, height, and waist circumference (WC) 
were taken while participants were standing barefoot in light clothing. WC was measured around the navel. Blood 
pressure measurements were only taken following a 10-minute rest period. Analyzed blood biomarkers included fasting 
blood glucose (FBG), total cholesterol (TC), TG, HDL-C, low-density lipoprotein cholesterol (LDL-C), aspartate 
aminotransferase (AST), alanine aminotransferase (ALT), and serum uric acid (SUA). Body mass index (BMI) = weight 
(kg) / height2 (m2). TC minus HDL-C and LDL-C to calculate RC.13

NAFLD Diagnosis
NAFLD assessments for the study population were performed via ultrasonography. Liver sonograms were generated by 
experienced technicians, and following these comprehensive assessments, final diagnoses were based on four criteria: 
deep enhancement, liver echo contrast, liver brightness, and vascular echogenicity. The criteria for diagnosing NAFLD 
using ultrasound are as follows: 1. Diffuse enhancement of near-field echoes in the hepatic region (stronger than in the 
kidneys and spleen) with gradual attenuation of far-field echoes. 2. Intrahepatic ductal structures are poorly visualized. 3. 
The liver is mild to moderately enlarged with rounded marginal angles. 4. Color Doppler flow imaging suggests that the 
intrahepatic color flow signal is reduced or not easily demonstrated, but the intrahepatic vascular course is normal. 5. The 
right lobe of the liver peritoneum and transverse septal echoes are poorly or incompletely displayed. Mild hepatic 
steatosis is defined as the presence of 1 and 1 out of 2–4 criteria; moderate hepatic steatosis is defined as the presence of 
1 and 2 out of 2–4 criteria; and severe hepatic steatosis is defined as the presence of 1 and 2 out of 2–4 criteria and 5th 
criterion.14

Statistical Analyses
Baseline data were compared between patients with and without NAFLD, or between patients with low and high RC 
levels when using the median RC value to divide patients into these two groups. Normally distributed and skewed 
continuous data were compared between groups with independent samples t-tests and Mann–Whitney U-tests, respec-
tively, and were presented as means ± standard deviation and medians (interquartile range). Categorical data were 
compared with χ2 tests and presented as percentages. Multifactorial logistic regression analyses were employed when 
assessing associations between RC levels and NAFLD under particular conditions, and this approach was used to 
establish a combined binary logistic regression incorporating both RC and WC. Receiver operating characteristic (ROC) 
curves were employed to gauge the predictive performance of this R-W model, RC, and WC when assessing NAFLD 
incidence in the overall study population and in subgroups of participants stratified according to age and gender using the 
DeLong test. P < 0.05 served as the cut-off for significance. SPSS 27.0 and MedCalc statistical software were used for all 
analyses, while figures were constructed with GraphPad Prism 8.0.

Results
Participant Characteristics as a Function of NAFLD Status
In total, this study enrolled 2634 and 2279 participants without and with NAFLD, respectively. Relative to subjects 
without NAFLD, those exhibiting comorbid NAFLD were significantly older (P<0.001) and more likely to be male, 
smoke, and drink alcohol (P<0.001). These patients with comorbid NAFLD also presented with higher WC, BMI, SBP, 
and DBP levels relative to patients without NAFLD (P < 0.001). Significantly higher FBG, TC, TG, LDL-C, ALT, AST, 
and SUA levels were also observed in patients with NAFLD (P < 0.001), whereas their HDL-C levels were significantly 
decreased as compared to patients without NAFLD (P < 0.001). This study also found for the first time that individuals 
with comorbid NAFLD exhibited significantly elevated RC levels (P<0.001). Baseline participant characteristics and 
clinical outcomes for these two groups are presented in Table 1, while RC and WC comparisons between these groups are 
presented in Figure 2.
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Participant Clinical Characteristics as a Function of RC Levels
Participants were divided into high- and low-RC groups according to the median RC value. The high-RC group 
exhibited a significantly higher percentage of males, age, smoking, and alcohol consumption than the low-RC 
group (P < 0.001). WC, BMI, SBP, DBP, FBG, TC, TG, LDL-C, ALT, AST, SUA, and NAFLD levels in the high- 
RC group were also significantly elevated as compared to the low-RC group (P < 0.001). The clinical character-
istics of these patients are shown in Table 2, and WC and the prevalence of NAFLD in these groups is shown in 
Figure 3.

Table 1 Participant Characteristics Grouped According to NAFLD Status

Variables Non-NAFLD (n=2634) NAFLD (n=2279) P value

Male (%) 1155 (43.8%) 1656 (72.7%) <0.001*
Age (yr) 49 (40, 59) 52 (43, 61) <0.001*

Age≥45yr 1595 (60.6%) 1618 (71%) <0.001*

Age<45yr 1039 (39.4%) 661 (29%)
History of alcohol consumption (%) 631 (24%) 931 (40.9%) <0.001*

Smoking history (%) 337 (12.8%) 591 (25.9%) <0.001*

WC (cm) 80 (73, 86) 90 (85, 96) <0.001*
BMI (kg/m2) 22.77 (20.96, 24.56) 25.93 (24.31, 27.95) <0.001*

SBP (mmHg) 116 (106, 127) 124 (114, 135) <0.001*
DBP (mmHg) 75 (69, 82) 80 (74, 88) <0.001*

FBG (mmol/L) 5.34 (5.04, 5.69) 5.69 (5.3, 6.27) <0.001*

TC (mmol/L) 4.94 (4.31, 5.6) 5.05 (4.45, 5.72) <0.001*
TG (mmol/L) 1.02 (0.75, 1.43) 1.58 (1.15, 2.24) <0.001*

HDL-C (mmol/L) 1.43 (1.24, 1.65) 1.21 (1.07, 1.4) <0.001*

LDL-C (mmol/L) 3.04 (2.62, 3.54) 3.24 (2.79, 3.7) <0.001*
ALT (U/L) 14.5 (11.3, 19.48) 20.7 (15.4, 29.8) <0.001*

AST (U/L) 19.9 (17.2, 23.7) 21.8 (18.6, 26.2) <0.001*

SUA (mmol/L) 318.2 (267.7, 379.35) 383.9 (329.2, 451.1) <0.001*
RC (mmol/L) 0.42 (0.27, 0.57) 0.56 (0.42, 0.74) <0.001*

Note: *P < 0.05. 
Abbreviations: NAFLD, nonalcoholic fatty liver disease; WC, waist circumference; BMI, body mass index; DBP, diastolic blood pressure; 
SBP, systolic blood pressure; AST, aspartate aminotransferase; ALT, alanine aminotransferase; TG, triglycerides; LDL-C, low-density 
lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; RC, residual cholesterol; TC, total cholesterol; FBG, fasting blood 
glucose; SUA serum uric acid.

Figure 2 Comparisons of WC and RC between individuals with and without NAFLD. (A) WC, (B) RC. 
Note: ***P < 0.001. 
Abbreviations: WC, waist circumference; RC, residual cholesterol; NAFLD, nonalcoholic fatty liver disease.
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Multifactorial Logistic Regression Analyses of the Relationship Between RC Levels and 
NAFLD Risk
Multivariate logistic regression analyses were next employed to additionally probe the association between RC and 
NAFLD incidence, revealing a strong association between the two (Table 3). Higher RC levels were significantly 
associated with greater NAFLD risk under Model 1 (unadjusted), Model 2 (adjusted for age and sex), Model 3 (further 
adjusted for smoking history, drinking history, WC, and BMI), and Model 4 (further adjusted for SBP, DBP, FBG, SUA, 
TC, HDL-C, LDL-C, ALT, and AST) (P < 0.001). The ORs for a 1-SD rise in RC under these four models were 14.333 
(11.06, 18.574), 12.58 (9.635, 16.425), 6.085 (4.546, 8.144), and 3.186 (2.082, 4.876), respectively.

Table 2 Participant Characteristics Grouped According to RC Levels

Variables Low-RC Group (n=2458) High-RC Group (n=2455) P value

Male (%) 1289 (45.9%) 1522 (54.1%) <0.001*
Age (yr) 49 (39, 60) 52 (43, 60) <0.001*

History of alcohol consumption (%) 695 (44.5%) 867 (55.5%) <0.001*

Smoking history (%) 368 (39.7%) 560 (60.3%) <0.001*
WC (cm) 82 (74, 90) 87 (80, 94) <0.001*

BMI (Kg/m2) 23.51 (21.31, 25.71) 25.01 (23.14, 27.1) <0.001*

SBP (mmHg) 117 (107, 129) 122 (112, 134) <0.001*
DBP (mmHg) 76 (70, 83) 79 (72, 86) <0.001*

FBG (mmol/L) 5.4 (5.06, 5.85) 5.57 (5.23, 6.09) <0.001*
TC (mmol/L) 4.51 (4.01, 5.01) 5.49 (4.96, 6.08) <0.001*

TG (mmol/L) 0.96 (0.72, 1.25) 1.66 (1.24, 2.32) <0.001*

HDL-C (mmol/L) 1.4 (1.2, 1.63) 1.25 (1.09, 1.46) <0.001*
LDL-C (mmol/L) 2.77 (2.39, 3.14) 3.52 (3.13, 3.93) <0.001*

ALT (U/L) 15.3 (11.7, 21.6) 18.5 (14, 26.8) <0.001*

AST (U/L) 20 (17.3, 24) 21.5 (18.5, 25.8) <0.001*
SUA (mmol/L) 329.6 (274.7, 391.35) 370.3 (308.3, 441) <0.001*

NAFLD (%) 825 (33.6%) 1454 (59.2%) <0.001*

Note: *P < 0.05. 
Abbreviations: NAFLD, nonalcoholic fatty liver disease; WC, waist circumference; BMI, body mass index; DBP, diastolic blood pressure; SBP, 
systolic blood pressure; AST, aspartate aminotransferase; ALT, alanine aminotransferase; TG, triglycerides; LDL-C, low-density lipoprotein 
cholesterol; HDL-C, high-density lipoprotein cholesterol; RC, residual cholesterol; TC, total cholesterol; FBG, fasting blood glucose; SUA serum 
uric acid.

Figure 3 Comparisons of WC and NAFLD prevalence among individuals with low and high RC levels. (A) WC, (B) NAFLD. 
Note: ***P < 0.001. 
Abbreviations: WC, waist circumference; NAFLD, nonalcoholic fatty liver disease; RC, residual cholesterol.

Diabetes, Metabolic Syndrome and Obesity 2023:16                                                                          https://doi.org/10.2147/DMSO.S429963                                                                                                                                                                                                                       

DovePress                                                                                                                       
3463

Dovepress                                                                                                                                                                Jia et al

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Evaluation of the Utility of RC as a Predictor of NAFLD Incidence
When used to predict NAFLD incidence in the overall study population, RC exhibited an area under the curve (AUC) of 
0.679 (0.666, 0.692) (P < 0.001), yielding a sensitivity of 62.97% and a specificity of 62.55% at a cut-off value of 0.48. 
Similarly, this model exhibited an AUC of 0.653 (0.636, 0.671) and 0.7 (0.68, 0.72) (P < 0.001) when predicting NAFLD 
incidence in males and females, respectively, with corresponding sensitivities of 62.44% and 61.8% and specificities of 
59.91% and 67.76%, at cut-off values of 0.48 and 0.5. When used to predict NAFLD incidence in subjects ≥45 and <45 
years of age, the respective AUC values for RC were 0.631 (0.614, 0.648) and 0.755 (0.735, 0.776) (P < 0.001), with 
corresponding sensitivity values of 63.04% and 71.41% and specificities of 55.58% and 67.37%, at corresponding cut-off 
values of 0.48 and 0.44 (Table 4, Figure 4). RC was a better predictor of NAFLD incidence in females and subjects < 45 
years of age as compared to males or subjects ≥ 45 years old (Figure 4) (P=0.004, P<0.001).

Table 4 Analyses of the Predictive Performance of RC, WC, and R-W for NAFLD in All Participant Subgroups

Variable AUC (95% CI) P value Sensitivity (%) Specificity (%) Youden Index Cutoff Value

Total

RC 0.679 (0.666, 0.692) <0.001* 62.97 62.55 0.255 0.48

WC 0.796 (0.785, 0.808) <0.001* 82.63 62.06 0.447 82
R-W 0.813 (0.802, 0.824)a,b,c <0.001* 83.86 63.91 0.478 0.38

Male

RC 0.653 (0.636, 0.671) <0.001* 62.44 59.91 0.224 0.48
WC 0.734 (0.717, 0.75) <0.001* 71.72 61.87 0.336 88

R-W 0.756 (0.739, 0.772)a,b,c <0.001* 65.84 72.01 0.379 0.6

Female
RC 0.7 (0.68, 0.72) <0.001* 61.8 67.76 0.295 0.5

WC 0.811 (0.794, 0.828) <0.001* 83.39 63.77 0.472 76

R-W 0.829 (0.811, 0.844)a,b,c <0.001* 79.19 73.27 0.525 0.28
Age≥45 years old

RC 0.631 (0.614, 0.648) <0.001* 63.04 55.58 0.186 0.48

WC 0.752 (0.737, 0.767) <0.001* 74.58 61.64 0.362 84
R-W 0.77 (0.755, 0.785)a,b,c <0.001* 83.47 56.01 0.395 0.4

Age<45 years old

RC 0.755 (0.735, 0.776) <0.001* 71.41 67.37 0.388 0.44
WC 0.865 (0.847, 0.881) <0.001* 88.62 70.63 0.593 81

R-W 0.877 (0.861, 0.892) a,b,c <0.001* 87.56 73.82 0.614 0.3

Notes: *P < 0.05. aThe AUC of RC and WC when used to predict NAFLD was significantly different; bThe AUC of RC and R-W when used to predict NAFLD was 
significantly different; cThe AUC of WC and R-W when used to predict NAFLD was significantly different. 
Abbreviations: AUC, area under the curve; RC, residual cholesterol; WC, waist circumference; R-W, a predictive model combining RC and WC.

Table 3 Multifactorial Logistic Regression Analysis of the Relationship Between RC and NAFLD 
Risk

Variables β SE Wald χ2 P value OR (95% CI)

Model 1 2.663 0.132 405.332 <0.001* 14.333 (11.06, 18.574)

Model 2 2.532 0.136 346.357 <0.001* 12.58 (9.635, 16.425)

Model 3 1.806 0.149 147.384 <0.001* 6.085 (4.546, 8.144)
Model 4 1.159 0.217 28.496 <0.001* 3.186 (2.082, 4.876)

Notes: *P < 0.05. Model 1: Unadjusted; Model 2: Adjusted for age and sex; Model 3: Adjusted for age, sex, smoking 
history, drinking history, WC, and BMI; Model 4: Adjusted for Model 3 covariates and SBP, DBP, FBG, SUA, TC, HDL-C, 
LDL-C, ALT, AST.
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Development and Validation of an R-W Predictive Model for NAFLD
To predict NAFLD incidence with even greater accuracy, RC and WC were combined in a binary logistic regression 
model, thereby enabling the formulation of a new R-W predictive model with the following equation: logit(R-W) = 
−11.342 + 1.894 × RC + 0.12 × WC (Table 5).

When used to predict NAFLD incidence in the overall population, this R-W model yielded an AUC of 0.813 (0.802, 
0.824) (P < 0.001), while the respective AUC values when it was used to evaluate males and females were 0.756 (0.739, 
0.772) and 0.829 (0.811, 0.844) (P < 0.001). Similarly, the AUC values when this model was used to assess individuals 
≥45 and <45 years of age were 0.77 (0.755, 0.785) and 0.877 (0.861, 0.892), respectively (P < 0.001) (Table 4, Figure 5). 
The R-W model was better able to predict NAFLD incidence in females and subjects < 45 years of age as compared to 
males or subjects ≥ 45 years old (Figure 5) (P < 0.001).

To better assess the performance of this R-W model when predicting NAFLD risk, the DeLong test was employed to 
compare AUC values for the RC, WC, and R-W models in the overall study population and in each subgroup (Figure 6). 
This analysis revealed significant differences in AUC values among these groups (P < 0.05), with the combined 
R-W model exhibiting superior predictive performance relative to RC and WC, yielding a sensitivity of 83.86% and 
a specificity of 63.91% at a cut-off value of 0.38 (Table 4).

Discussion
The present study is the first systematic evaluation of the association between RC and NAFLD in the general population, 
and it confirmed that RC can be used to predict the risk of NAFLD incidence. RC was then further combined with WC 
through the formulation of the noninvasive R-W model, which was subsequently found to exhibit greater predictive 
utility than RC or WC alone when used to gauge the odds of NAFLD incidence. The optimal R-W model cut-off values 
were additionally calculated for subgroups of individuals stratified according to age or sex, potentially enhancing the 
performance of this index when used to detect NAFLD in its early stages of development in the clinic.

Figure 4 ROC curves for the RC-based prediction of NAFLD status in the overall study population and in individual subgroups. (A) Total population, (B) sex subgroup, (C) 
age subgroup.

Table 5 Binary Logistic Regression Analysis for R-W Model Construction

Variable β SE Wald χ2 P value OR (95% CI)

RC 1.894 0.145 171.545 <0.001* 6.643 (5.004, 8.82)

WC 0.12 0.004 821.528 <0.001* 1.128 (1.118, 1.137)

Constants −11.342 0.364 971.803

Note: *P < 0.05. 
Abbreviations: RC, residual cholesterol; WC, waist circumference.
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Factors known to be strongly associated with NAFLD risk include elevated TG levels, lower HDL-C levels, and 
higher WC.15,16 When these values are within the normal range, however, their predictive utility is limited. While 
ultrasonography is often employed to diagnose NAFLD in the clinic, it is limited in its use as a means of screening large 
patient populations or conducting epidemiological surveys. This study was thus formulated to evaluate the predictive 
value of a non-invasive and clinically accessible index when used to gauge NAFLD risk in the general population. RC 

Figure 5 ROC curves for the R-W-based prediction of NAFLD status in the overall study population and in individual subgroups. (A) Total population, (B) sex subgroup, 
(C) age subgroup.

Figure 6 Comparisons of AUC values for the RC, WC, and R-W models when used to predict NALFD incidence in the overall study population and in each participant 
subgroup. (A) Total, (B) male, (C) female, (D) age ≥ 45 years, (E) age < 45 years.
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levels are closely tied to atherosclerosis, hypertension, cardiovascular disease, and diabetes,12 and there have been prior 
research efforts documenting the relationship between RC and NAFLD in healthy non-diabetic populations or younger 
individuals.17,18 Here, higher RC levels were significantly associated with greater NAFLD risk under both adjusted and 
unadjusted models. Dyslipidemia is a precursor to NAFLD, and insulin resistance is closely tied to the incidence of this 
disease.10 RC levels are also closely related to insulin resistance,19 potentially explaining the observed relationship 
linking RC levels and NAFLD. Excessive accumulation of lipids in hepatocytes resulting from disordered lipid 
metabolism is a pivotal factor in the onset and progression of NAFLD. Previous research suggests that Ophiopogonin 
D (OP-D), the main active component of Ophiopogon japonicus, can ameliorate NAFLD in obese mice by modulating 
lipid metabolism.20 Furthermore, inhibition of lymphocyte antigen 6 family member D (Ly6d), a primary regulator of 
hepatic steatosis, can also reduce hepatic steatosis in a diet-induced mouse model of NAFLD.21 In terms of abnormal 
lipid metabolism, the RC index, as a composite measure, maybe both more effective and reliable as a predictive indicator 
of NAFLD compared to relying on a single lipid index.

Previous research has demonstrated that individuals over 45 years of age are at an increased risk of NAFLD 
progression.22 In a meta-analysis of 10 peer-reviewed studies, including case series and retrospective cohort studies, 
Argo et al determined that age served as an independent predictor of advanced fibrosis in NAFLD. Younger patients were 
found to be less likely to develop advanced fibrosis.23 Furthermore, a study on 144 patients with non-alcoholic 
steatohepatitis (NASH) revealed that advanced age is a significant predictor of severe liver fibrosis (bridging/cirrhosis), 
with the optimal age threshold based on the ROC curve being 45 years.24 Therefore, we selected age 45 as the threshold 
to categorize the study population in this paper.

These results confirmed that WC exhibits good predictive performance when assessing NAFLD status, in line with 
prior reports. However, no published studies to date have examined the predictive performance of RC combined with 
WC in this setting, prompting an exploration of the predictive utility of the combined R-W model in this participant 
population. The resultant logistic regression-based R-W model was able to effectively identify patients with NAFLD 
while outperforming RC or WC alone, particularly among females and patients < 45 years old.

In conclusion, the present analysis offers many key advantages over prior studies. For one, this analysis confirmed the 
significant association between higher RC levels and greater NAFLD risk, suggesting that measuring RC may represent 
an effective means of predicting NAFLD risk in the general populace. Secondly, the R-W model developed herein is 
highly novel, and it exhibited superior predictive utility relative to RC or WC alone. This model is non-invasive, 
convenient, and economical such that it may prove invaluable as a tool for both the clinical detection of NAFLD and for 
large-scale epidemiologic analyses of NAFLD incidence rates in various populations.

The 2020 Panel recommended that NAFLD be redefined as metabolic-associated fatty liver disease (MAFLD), with 
the diagnosis of MAFLD based on a set of “positive” criteria, namely, hepatic steatosis accompanied by overweight/ 
obesity or type 2 diabetes mellitus (T2DM) or at least 2 of 7 metabolic abnormalities. MAFLD, in contrast to NAFLD, 
highlights the important roles of obesity, insulin resistance, dyslipidemia, T2DM, and metabolic inflammation in the 
pathogenesis of fatty liver disease and the importance of addressing these conditions to combat liver disease and its 
comorbidities.25 However, as we did not collect information on high-sensitivity C-reactive protein as part of the 
diagnostic criteria of MAFLD, we were unable to study the relationship between RC and R-W and MAFLD, but intend 
to do so in future investigations.

This study is subject to some limitations. As these analyses were cross-sectional in design, they cannot be used to 
assess the causality of the association between the R-W model and NAFLD risk. Secondly, data pertaining to other 
potentially relevant covariates such as dietary patterns and exercise were not collected for this study population. Thirdly, 
this was a single-center study. Lastly, ultrasonography exhibits limited sensitivity as a means of diagnosing NAFLD such 
that some patients with milder disease may have been overlooked. As such, additional large-scale prospective multicenter 
validation of these results will be essential to further reveal the predictive performance of RC and R-W when seeking to 
detect NAFLD.
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Conclusion
The present results reveal that higher RC levels in the general population are associated with a significant increase in 
NAFLD risk. The novel R-W model developed herein exhibited greater predictive utility than RC or WC alone when 
seeking to detect NAFLD, particularly when assessing women and adults < 45 years of age. Given the low costs 
associated with assessing this R-W biomarker, it may offer value as a diagnostic marker in the clinic, an index that can 
guide NAFLD early intervention efforts, and a tool for robust epidemiological investigation.
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