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Background: Nonalcoholic fatty liver disease (NAFLD) is estimated to affect approximately 30% 
population worldwide. However, there is yet a basic and generally implementable approach to define 
individuals at risk for NAFLD estimative of metabolic risk.
Methods: Total of 3,634 general participants without history of liver disease and alcohol consumption 
who received the Korean National Health and Nutrition Examination Survey between 2008 and 2010 were 
studied. Logistic regression was used to identify significant covariates indicative of NAFLD. Multivariable-
adjusted logistic regression was carried out for evaluation on estimative impact of the derived score on 
metabolic risks.
Results: Sex [female; odd ratio (OR), 2.492; 95% confidence interval (CI), 1.921–3.233; P<0.001], waist 
circumference (WC) (OR, 1.093; 95% CI, 1.077–1.110, P<0.001) systolic blood pressure (OR, 1.033; 95% 
CI, 1.025–1.040; P<0.001), fasting serum glucose (FSG) (OR, 1.032; 95% CI, 1.026–1.038; P<0.001), 
triglyceride (OR, 1.007; 95% CI, 1.006–1.009; P<0.001), and alanine aminotransferase (OR, 1.110; 95% 
CI, 1.097–1.124; P<0.001) were independently indicative of NAFLD, which constituted the derived scoring 
system. The system revealed a significant correlation with the NAFLD liver fat score, fatty liver index (FLI), 
body mass index, age, alanine aminotransferase, and triglycerides (BAAT) score, lipid accumulation product, 
and hepatic steatosis index. In addition, the derived score was significantly estimative of insulin resistance.
Conclusions: The developed score may be supportive of stratification of individuals at high risk of 
NAFLD, non-invasive fast diagnosis of NAFLD, and estimation of metabolic risk. Future studies that 
compare the derived score with standard diagnostic tests-validated data, such as ultrasonography of the liver, 
are needed.
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Introduction

Nonalcoholic fatty liver disease (NAFLD) is currently 
being considered a major cause of chronic liver diseases 
worldwide that affect approximately 30% of general 
population in most countries, including the United States 
and South Korea (1,2). In the United States, NAFLD 
is projected to expand from 83.1 million in 2015 to  
100.9 million in 2030 (3). This rising trend will lead to an 
increased burden of nonalcoholic steatohepatitis (NASH) 
and advanced fibrosis, culminating in hepatocellular 
carcinoma (HCC) and end-stage liver disease (4). 
Compared to other etiologic factors of HCC, NAFLD-
associated HCC occasionally occurs without cirrhotic liver 
when routine screening for HCC is yet conducted, thus 
presenting with more advanced stage and less amenable to 
curative approaches (5,6).

NAFLD has been regarded as the liver manifestation of 
the metabolic syndrome by some researchers considering 
its close associations with obesity, insulin resistance, 
hypertension, and dyslipidemia (7). Boza et al. (8) showed 
that NASH is present in more than 60% of patients 
with obesity undergoing gastric bypass surgery as found 
by histological examination, and suggested that insulin 
resistance is highly predictive of NASH. In addition, it 
was noticed that NASH also enhances insulin resistance 
leading to a vicious cycle, supporting close associations 
between NAFLD, metabolic syndrome, obesity, and insulin 
resistance (9).

Liver biopsy is considered reliable and sometimes 
essential for diagnosis of NAFLD by grading distinctive 
histological patterns, including steatosis, hepatocellular 
ballooning, lobular inflammation, and fibrosis (10). 
However, it is unpractical to perform liver biopsy for all 
population at risk for NAFLD due to its invasiveness 
and cost-effectiveness (11). Therefore, there has been an 
increasing interest in alternative diagnostic strategies for 
NAFLD using non-invasive assessments, such as transient 
elastography (12). In addition, further simplified methods 
without imaging approaches for application in a general 
population are increasingly required.

In 2009, NAFLD liver fat score, consisting of the 
metabolic syndrome, type 2 diabetes, fasting serum insulin 
(FSI), aspartate aminotransferase (AST), and AST-to-alanine 
aminotransferase (ALT) ratio, was derived and validated 
to be highly effective with 0.87 and 0.86 area under curve 
(AUC) values, respectively (13). They also confirmed 
that addition of genetic factors could only improve <1% 

of predictive accuracy. Although this score is reliable and 
easy to use, the inclusion of FSI limits its application in a 
number of hospitals and health check centers in terms of 
data availability and cost-effectiveness. Besides, the impact 
of non-invasive NAFLD scoring systems on the estimation 
of metabolic risks, including metabolic syndrome, obesity, 
and insulin resistance remains to be confirmed. 

Herein, we conducted this study to develop a simplified 
NAFLD score applicable to general population and 
health examination datasets composed of demographic 
and serologic characteristics, compared with preexisting 
scoring systems for estimation of NAFLD, including the 
NAFLD liver fat score, fatty liver index (FLI), body mass 
index, age, alanine aminotransferase, and triglycerides 
(BAAT) score, lipid accumulation product (LAP), and 
hepatic steatosis index (HSI), and testified its impact on the 
estimation of metabolic syndrome, metabolic risk factors, 
obesity, and the homeostatic model assessment for insulin 
resistance (HOMA-IR) in the Korean National Health 
and Nutrition Examination Survey (KNHANES) dataset  
(14-17). We present the following article in accordance with 
the STROBE reporting checklist. available at: http://dx.doi.
org/10.21037/atm-20-2951.

Methods

Study population

The KNHANES (http://knhanes.cdc.go.kr) dataset, which 
is a nationally representative cross-sectional surveillance 
system that has been evaluating the health and nutritional 
status of noninstitutionalized Korean civilians residing in 
Korea since 1998, was used in the present study (18). Due to 
unavailability of a diagnostic test results within the dataset, 
the NAFLD liver fat score, which is derived and validated 
using proton magnetic resonance spectroscopy, was used to 
operationally define NAFLD for the analyses (13). Based 
on availability of FSI, which is involved in the NAFLD liver 
fat score, participants who received examination between 
2008 and 2010 were studied. From 29,235 participants, 
5,816 adult participants were eligible for the NAFLD liver 
fat score, FLI, BAAT score, and LAP evaluations. Among 
them, participants with history of liver diseases, including 
hepatitis virus infection, liver cirrhosis, and cancer (n=137). 
Those with alcohol consumption (n=2,045), defined as 
more than once per month of frequency, were further 
excluded to rule out participants with potential liver injury 
induced by alcohol consumption. Finally, a total of 3,634 
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participants were included in this study (Figure S1). All 
participants of the KNHANES provided informed consent 
before the survey. The study was conducted in accordance 
with the Declaration of Helsinki (as revised in 2013). No 
approval from the Institutional Review Board was needed 
as KNHANES is publicly available from the Korea Centers 
for Disease Control and Prevention (https://www.cdc.
go.kr).

Data collection

The dataset is composed of health interview, health 
examination, and nutrition survey. Nutrition survey 
was carried out a week after health interview and health 
examination surveys, which were performed by trained 
medical staff and interviewers. Weight and height 
measurements were performed without socks or accessories. 
Body mass index (BMI) was calculated by dividing 
weight (kg) by height2 (m2). Obesity was defined as BMI  
≥25 kg/m2 according to the Asia-Pacific criteria (19). Waist 
circumference (WC) was measured from the mid-axillary 
line to the lower rib. Metabolic syndrome was defined 
when three or more of the following criteria are met: 
WC >102 cm for men and >88 cm women, systolic blood 
pressure ≥130 or diastolic blood pressure ≥85 mmHg, 
fasting triglyceride (TG) >150 mg/dL, fasting high-density 
lipoprotein cholesterol (HDL) <40 mg/dL for men or  
<50 mg/dL for women, and fasting serum glucose (FSG) 
>100 mg/dL according to the National Cholesterol 
Education Program-Adult Treatment Panel III (20).

Scoring system

The NAFLD liver fat score was calculated by 1.18× 
metabolic syndrome +0.45× diabetes (2, if yes; 0, if no) 
+0.15× FSI (mU/L) +0.04× AST (U/L) −0.94× (AST/
ALT) −2.89 (13). The FLI was calculated by [e0.953× Loge

(TG) 
+0.139× BMI +0.718× Loge

(γ-glutamyl transpeptidase; γ-GT) +0.053× WC 
−15.745]/[1+e0.953× Loge

(TG) +0.139× BMI +0.718× Loge
(γ-GT) 

+0.053× WC −15.745]×100 (14). BAAT score was calculated 
by the sum of the followings: BMI ≥28 (1 point), Age  
≥50 years (1 point),  ALT ≥2N (1 point),  and TG  
≥1.7 mmol/L (1 point) (15). LAP was calculated by (WC 
−65)× TG if men; (WC −58)× TG if women (16). The 
HSI was calculated by ALT/AST ratio ×8+ BMI (+2 for 
female; +2 for diabetes mellitus) (17). The cut-off values 
for NAFLD were >−0.640, <30, and ≥36 for the NALFD 
liver fat score, FLI, and HSI, respectively. In addition, the 

HOMA-IR was calculated by FSG × FSI/405 (21).

Statistical analysis

All statistical analyses were performed using SAS version 9.4 
(SAS Institute Inc.) and R Project for Statistical Computing 
(https://www.r-project.org/). Continuous variables and 
categorical variables were presented as mean [standard 
deviation (SD)] and number (%), respectively. All values 
were rounded to three decimal places. Univariable and 
multivariable analyses were performed using the logistic 
regression model, which were presented with odd ratio 
(OR), 95% confidence interval (CI), and concordance index 
(C-index). For evaluation on the effects of K-NAFLD 
score on metabolic risk, insulin resistance, and obesity, 
the multivariable model was adjusted for age, household 
income, and lifestyle factors, including smoking status and 
strength exercise. The cut-off values for highly indicative 
and moderately indicative C-indices were defined to 
>0.8 and >0.6, respectively. Correlations between factors 
in for each section were evaluated using the spearman 
correlation test. The cut-off values for NAFLD by the 
developed model were defined by the 95% of mean score. 
Pearson’s correlation test with scatter matrix was applied for 
visualization of correlations between the scoring systems. 
Correlations between the developed model and metabolic 
risk factors were described using the scatter plot with 95% 
predictive ellipse. Receiver operating curves (ROC) with 
AUC values were generated for sensitivity and specificity 
evaluation. The cases with missing variables were excluded 
from the analysis. P<0.05 was considered statistically 
significant.

Results

Participant characteristics

There were a total of 3,634 participants with a mean age 
of 46.8 years and a female proportion of 62.5% (Table 1). 
The mean BMI and WC were 23.5 kg/m2 (SD, 3.3 kg/m2)  
and 80.0 cm (SD, 10.0 cm), respectively. The average blood 
pressure was within the normal range. The mean FSG, FSI, 
total cholesterol, HDL, TG, and low-density lipoprotein 
cholesterol (LDL) were 95.9 mg/dL, 10.5 µIU/mL,  
187.1 mg/dL, 52.4 mg/dL, 120.7 mg/dL, and 112.8 mg/dL,  
respectively. The liver function test showed 20.9 IU/L, 
20.3 IU/L, and 26.0 IU/L for mean AST, ALT, and γ-GT. 
Regarding SD for γ-GT that was larger than the mean 
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value, the median value was also calculated, which was 
18.0 IU/L (interquartile range, 14.0–28.0). In the kidney 
function test, 13.7 mg/dL and 0.8 mg/dL of mean values 
were found for blood urea nitrogen and creatinine.

Univariable analysis for identification of significantly 
indicative factors for NAFLD

Twenty-four factors from 8 distinctive sections defined in 
the KNHANES, including demographic, measurement, 
blood pressure, diabetes mellitus test, dyslipidemia test, 
liver function test, kidney function test, and urine test, were 
evaluated in univariable analyses (Table 2). Results indicated 
that the involved factors are generally and significantly 
reflective of NAFLD, except for glycosylated hemoglobin 
type A1C (P=0.465). The highest C-index was found in 

FSI (0.846), followed by ALT (0.833), WC (0.818), γ-GT 
(0.796), BMI (0.789), TG (0.777), FSG (0.776), AST (0.751), 
weight (0.740), systolic blood pressure (0.733), HDL (0.717), 
diastolic blood pressure (0.705), age (0.635), LDL (0.610), 
and total cholesterol (0.601).

Quality control for covariate selection

In quality control, the following 3 terms were considered: 
(I) generalizability assessed by data availability at general 
health examination cohorts along with cost-effectiveness, (II) 
correlation assessed by the Spearman correlation test for 
evaluation of representativeness for other factors included 
within the same section, and (III) accuracy evaluated by 
C-index from univariable analyses. In the generalizability 
evaluation, FSI was considered to have less of a priority. In 
correlation analyses, WC, systolic blood pressure, diastolic 
blood pressure, FSG, TG, total cholesterol, ALT, AST, 
γ-GT, and blood urea nitrogen were found representative 
(Figure S2). In a term of accuracy, height, blood urea 
nitrogen, creatinine, urinary protein, urinary glucose, and 
urinary pH were excluded. Finally, age, sex, WC, systolic 
blood pressure, FSI, TG, and ALT were selected and 
enrolled for multivariable analysis.

Identification of independently indicative factors for 
NAFLD and development of K-NAFLD score

In multivariable analysis, all factors were found significantly 
and independently indicative of NAFLD, except for age 
(OR, 0.996; 95% CI, 0.987–1.005; P=0.425; Table S1). 
After excluding age from the model, all 6 factors revealed 
significance and independence, including sex (OR, 2.492; 
95% CI, 1.921–3.233; P<0.001), WC (OR, 1.093; 95% 
CI, 1.077–1.110; P<0.001), systolic blood pressure (OR, 
1.033; 95% CI, 1.025–1.040; P<0.001), FSI (OR, 1.032; 
95% CI, 1.026–1.038; P<0.001), TG (OR, 1.007; 95% 
CI, 1.006–1.009; P<0.001), and ALT (OR, 1.110; 95% CI, 
1.097–1.124; P<0.001), which constituted the KNHANES 
NAFLD (K-NAFLD) score (Table 3). Among the covariates, 
only FSG was missing in 10 participants. According to 
the intercept and estimate values, the score was formed as 
follows: 0.913× sex (2, if female; 1, if male) +0.089× WC 
+0.032× (systolic blood pressure + FSG) + TG ×0.007 + 
ALT ×0.105−20.929. The mean K-NAFLD scores for 
NAFLD and no NAFLD were 1.118 (95% CI, 0.884–1.351) 
and −3.349 (95% CI, −3.414 to −3.285), respectively. 
Therefore, the K-NAFLD score <−3.285 and >0.884 were 

Table 1 Baseline characteristics of the participants

Characteristic
Participant 
(n=3,634)

Age, years 46.8 (15.5)

Sex, female, n (%) 2,273 (62.5)

Height, cm 162.2 (8.9)

Weight, kg 61.9 (11.3)

Body mass index, kg/m2 23.5 (3.3)

Waist circumference, cm 80.0 (10.0)

Systolic blood pressure, mmHg 118.7 (17.4)

Diastolic blood pressure, mmHg 76.2 (10.5)

Fasting serum glucose, mg/dL 95.9 (20.9)

Glycosylated hemoglobin, type A1C, % 7.4 (1.6)

Fasting serum insulin, µIU/mL 10.5 (5.5)

Total cholesterol, mg/dL 187.1 (36.0)

High-density lipoprotein cholesterol, mg/dL 52.4 (12.6)

Triglyceride, mg/dL 120.7 (83.1)

Low-density lipoprotein cholesterol, mg/dL 112.8 (31.4)

Aspartate aminotransferase, IU/L 20.9 (9.4)

Alanine aminotransferase, IU/L 20.3 (15.6)

γ-glutamyl transpeptidase, IU/L 26.0 (29.2)

Blood urea nitrogen, mg/dL 13.7 (4.5)

Creatinine, mg/dL 0.8 (0.2)

Data are mean (standard deviation) unless indicated otherwise.

https://cdn.amegroups.cn/static/public/ATM-20-2951-supplementary.pdf
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Table 2 Univariable analysis of factors involved in the health examination

Variable Estimate OR (95% CI) P value C-index

Age, years 0.030 1.030 (1.025–1.036) <0.001 0.635

Sex, female −0.719 0.487 (0.412–0.576) <0.001 0.587

Measurement

Height, cm 0.012 1.012 (1.003–1.021) 0.011 0.525

Weight, kg 0.079 1.082 (1.074–1.091) <0.001 0.740

Body mass index, kg/m2 0.344 1.410 (1.367–1.455) <0.001 0.789

Waist circumference, cm 0.137 1.147 (1.133–1.160) <0.001 0.818

Blood pressure

Systolic blood pressure, mmHg 0.043 1.043 (1.038–1.049) <0.001 0.733

Diastolic blood pressure, mmHg 0.069 1.071 (1.062–1.080) <0.001 0.705

Diabetes mellitus test

Fasting serum glucose, mg/dL 0.051 1.053 (1.046–1.059) <0.001 0.776

Glycosylated hemoglobin, type A1C, % −0.016 0.984 (0.846–1.145) 0.465 0.465

Fasting serum insulin, µIU/mL 0.426 1.531 (1.479–1.585) <0.001 0.846

Dyslipidemia test

Total cholesterol, mg/dL 0.010 1.010 (1.008–1.012) <0.001 0.601

High-density lipoprotein cholesterol, mg/dL −0.069 0.933 (0.925–0.941) <0.001 0.717

Triglyceride, mg/dL 0.012 1.012 (1.011–1.013) <0.001 0.777

Low-density lipoprotein cholesterol, mg/dL 0.012 1.012 (1.007–1.016) <0.001 0.610

Liver function test

Aspartate aminotransferase, IU/L 0.139 1.149 (1.132–1.165) <0.001 0.751

Alanine aminotransferase, IU/L 0.114 1.121 (1.110–1.132) <0.001 0.833

γ-glutamyl transpeptidase, IU/L 0.033 1.034 (1.029–1.038) <0.001 0.796

Kidney function test

Blood urea nitrogen, mg/dl 0.056 1.057 (1.038–1.077) <0.001 0.577

Creatinine, mg/dl 1.551 4.718 (3.132–7.107) <0.001 0.596

Urine test

Urinary protein 0.343 1.410 (1.151–1.726) <0.001 0.519

Urinary glucose 0.798 2.221 (1.859–2.654) <0.001 0.546

Urinary pH 0.805 0.805 (0.722–0.899) <0.001 0.545

OR calculated by univariable logistic regression model. All variables are continuous, except for sex. OR, odd ratio; CI, confidence interval.
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set as cut-off values for no NAFLD and NAFLD.

Evaluation of the K-NAFLD score and comparison of the 
NAFLD-related scoring systems

The ROC curves of K-NAFLD, FLI, BAAT, and LAP for 
diagnosis of NAFLD indicated to be excellent since these 
systems were developed with intent to diagnose NAFLD 
(Figure 1). Among them, the K-NAFLD score was found 
most accurate (AUC =0.929), followed by FLI (AUC 

=0.870), LAP (AUC =0.841), and BAAT (AUC=0.782). 
The ROC contrast estimation and testing showed that 
K-NAFLD score is significantly different compared to 
FLI (estimate, −0.051; P<0.001), LAP (estimate, −0.080; 
P<0.001), BAAT (estimate, −0.141; P<0.001), and HSI 
(estimate, −0.282; P<0.001). The percent concordant 
for the K-NAFLD was 92.9, which was higher than 
FLI (87.0), BAAT (65.9), LAP (84.1), and HSI (66.7; 
Table S2). In addition, the positive predictive value and 
negative predictive value for K-NAFLD, FLI, and HSI 
were 0.990 and 0.860, 0.935 and 0.723, and 0.785 and 
0.182, respectively. Subsequently, we sought to confirm 
the extent of correlations among the scoring systems. As 
described in the scatter correlation matrix, K-NAFLD 
score was highly correlated with the NAFLD liver fat 
score (r=0.730), FLI (r=0.789), BAAT score (r=0.630), 
and LAP (r=0.672; Figure 2). Furthermore, the derived 
score was estimative of NAFLD in both BMI <25 kg/m2 
(OR, 2.712; 95% CI, 2.445–3.008; P<0.001) and BMI 
≥25 kg/m2 (OR, 2.681; 95% CI, 2.374–3.027; P<0.001) 
subgroups (Table S3).

Impact of K-NAFLD score on metabolic syndrome, 
metabolic risk factors, obesity, and HOMA-IR

To confirm potential applicability, we have testified whether 
the K-NAFLD score is informative of the metabolic 
risks by multivariable logistic regression adjusted for 
age, household income, smoking, and exercise (Table 4). 
The K-NAFLD score was highly estimative of metabolic 
syndrome (OR, 1.708; 95% CI, 1.623–1.797; P<0.001), WC 
(OR, 1.510; 95% CI, 1.440–1.584; P<0.001), blood pressure 
(OR, 1.311; 95% CI, 1.266–1.357; P<0.001), TG (OR, 

Table 3 Multivariable analysis-derived model for prediction of K-NAFLD

Covariate Estimate OR (95% CI) P value

Intercept −20.929 <0.001

Sex, female 0.913 2.492 (1.921–3.233) <0.001

Waist circumference, cm 0.089 1.093 (1.077–1.110) <0.001

Systolic blood pressure, mmHg 0.032 1.033 (1.025–1.040) <0.001

Fasting serum glucose, mg/dL 0.032 1.032 (1.026–1.038) <0.001

Triglyceride, mg/dL 0.007 1.007 (1.006–1.009) <0.001

Alanine aminotransferase, IU/L 0.105 1.110 (1.097–1.124) <0.001

Variables were tested by the logistic regression. All variables were continuous, except for sex. K-NAFLD, Korea National Health and 
Nutrition Examination Survey-derived nonalcoholic fatty liver disease; OR, odd ratio; CI, confidence interval.

Figure 1 Receiver operating curves evaluating indicative 
performance of K-NAFLD, FLI, BAAT, LAP, and HSI for 
NAFLD. K-NAFLD, Korea National Health and Nutrition 
Examination Survey-derived nonalcoholic fatty liver disease; BAAT, 
body mass index, age, alanine aminotransferase, and triglycerides; 
LAP, lipid accumulation product; HSI, hepatic steatosis index; 
NAFLD, nonalcoholic fatty liver disease. 
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Figure 2 Scatter matrix for evaluation of correlations between NAFLD liver fat score, K-NAFLD score, FLI, BAAT, LAP, and HSI. Each 
scatter represents an individual. The extents of correlations are evaluated with r values calculated by the Pearson’s correlation test, which 
were presented in the lower right corner of the graphs. P values are presented in the upper right corner of the graphs. Red and blue scatters 
are the NAFLD and non-NAFLD cases, respectively. K-NAFLD, Korea National Health and Nutrition Examination Survey-derived 
nonalcoholic fatty liver disease; FLI, fatty liver index; BAAT, body mass index, age, alanine aminotransferase, and triglycerides; LAP, lipid 
accumulation product; HSI, hepatic steatosis index; NAFLD, nonalcoholic fatty liver disease. 

1.600; 95% CI, 1.533–1.669; P<0.001), HDL cholesterol 
(OR, 1.178; 95% CI, 1.144–1.214; P<0.001), and FSG 
(OR, 1.507; 95% CI, 1.446–1.571; P<0.001), obesity (OR, 

1.824; 95% CI, 1.740–1.913; P<0.001), and HOMA-IR 
(OR, 1.666; 95% CI, 1.596–1.739; P<0.001). Furthermore, 
in order to identify range-dependent outcomes, the 
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K-NAFLD score was stratified into 4 quartiles, of which 
all variables were in direct proportion to the K-NAFLD 
score (Table S4). In addition, the adjusted means of WC, 
systolic blood pressure, TG, HDL cholesterol, FSG, BMI, 
and HOMA-IR were in direct proportion to the quartiles of 
the K-NAFLD score (Table 5). As for mono-metabolic risk 
factors, including BMI (r=0.622), systolic blood pressure 
(r=0.485), FSG (r=0.508), total cholesterol (r=0.317), the 
K-NAFLD score also revealed significant correlations with 
high concentrations within the 95% ellipse as confirmed by 
the Pearson’s correlation test (Figure 3).

Discussion

NAFLD is nearly reaching pandemic proportion in parallel 
with an increase in the prevalence of obesity-related 
complications, which led to an increased prevalence of 
NASH carrying a high risk of liver-related morbidity and 
mortality in a real-world since reliable biomarkers are yet to 
be detected (22,23).

In the present study, we derived K-NAFLD score 
indicative of NAFLD with no independent or external 
validation. From our point of view, benefits associated with 
deriving a model from the whole dataset are more effective 

Table 4 Performance of the K-NAFLD score for metabolic risk, obesity, and insulin resistance

Variable
Mean K-NAFLD score

OR (95% CI) P value
Yes No

Metabolic syndrome 0.789 −3.068 1.708 (1.623–1.797) <0.001

Waist circumferencea 0.466 −2.809 1.510 (1.440–1.584) <0.001

Blood pressureb −0.905 −3.210 1.311 (1.266–1.357) <0.001

Triglyceridec −0.140 −3.231 1.600 (1.533–1.669) <0.001

HDL cholesterold −1.553 −2.903 1.178 (1.144–1.214) <0.001

Fasting serum glucosee −0.038 −3.138 1.507 (1.446–1.571) <0.001

Obesity, BMI ≥25 kg/m2 −0.361 −3.398 1.824 (1.740–1.913) <0.001

HOMA-IR ≥ mean (2.533) −0.765 −3.398 1.666 (1.596–1.739) <0.001

Variables are dichotomous, which were presented with OR calculated by the multivariable logistic regression model after adjustments for 
age, household income, smoking status, and exercise frequency. Metabolic syndrome was defined when three or more of the following 
criteria are met: a, >102 cm for men and >88 cm for women; b, systolic blood pressure ≥130 or diastolic blood pressure ≥85 mmHg;  
c, >150 mg/dL; d, <40 mg/dL for men or <50 mg/dL for women; and e, >100 mg/dL. K-NAFLD, Korea National Health and Nutrition 
Examination Survey-derived nonalcoholic fatty liver disease; OR, odd ratio; CI, confidence interval; HDL, high-density lipoprotein; BMI, 
body mass index; HOMA-IR, homeostatic model assessment-insulin resistance.

Table 5 Adjusted means of metabolic risk factors according to the K-NAFLD score

Variable First quartile Second quartile Third quartile Fourth quartile P for trend

Waist circumference, cm 70.119 77.838 83.852 90.192 <0.001

Systolic blood pressure, mmHg 112.243 118.966 125.520 132.190 <0.001

Triglyceride, mg/dL 79.302 103.793 139.037 200.823 <0.001

HDL cholesterol, mg/dL 55.294 51.279 48.140 44.616 <0.001

Fasting serum glucose, mg/dL 88.123 90.401 94.285 110.155 <0.001

BMI, kg/m2 19.772 22.202 24.327 26.383 <0.001

HOMA-IR 1.671 2.063 2.466 3.658 <0.001

Mean values calculated after adjustments for age, household income, smoking status, and exercise frequency. K-NAFLD, Korea National 
Health and Nutrition Examination Survey-derived nonalcoholic fatty liver disease; HDL, high-density lipoprotein; BMI, body mass index; 
HOMA-IR, homeostatic model assessment-insulin resistance.

https://cdn.amegroups.cn/static/public/ATM-20-2951-supplementary.pdf
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Figure 3 Correlations between metabolic risk factors and the K-NAFLD score. (A) Body mass index. (B) Systolic blood pressure. (C) 
Fasting serum glucose. (D) Total cholesterol. All values were calculated using the Pearson’s correlation test. The ellipse shows the 
distribution of 95% cases. K-NAFLD, KNHANES NAFLD.

in terms of generalization and comprehensiveness compared 
to dividing the dataset into training and validation groups 
according to the characteristics of the dataset that is 
nationally representative of Korean citizens. Therefore, 
external validation is necessary for the K-NAFLD score to 
be applied in other countries.

There were a number of attempts with intent to 
predict disease progression to steatosis, such as BAAT 
and HSI (24). It is important to note that stratification 
of individuals at risk for advanced fibrosis is crucial to 
improve liver-related morbidity and mortality. However, 
it is also important to estimate those at increased risk 
for early NAFLD since it significantly effects economic 
burden. Furthermore, unlike previous studies developing 
predictive tools for NAFLD from Western countries, the 
study population had a mean BMI of 23.5, despite it refers 
to overweight according to the Asian criteria (25). In fact, 
there was no study non-invasively evaluating NAFLD with 
this much low BMI. In addition, there is yet a suitable 
model for the Eastern population considering influence of 
ethnicity on prediction of NAFLD (26). Hence, we sought 
to develop a new continuous scoring system estimative of 
metabolic risk for general population in real-world using a 

Korean representative dataset.
In the present study, FSG was selected alternatives to FSI 

in quality control for K-NAFLD score since the aim of this 
study was to define a simple, easily applied, and applicable 
to general cohort studies. In addition, FSI is absent in 
most large datasets, including the nationwide longitudinal 
cohort of health examination data of South Korea and the 
surveillance, epidemiology, and end results program of the 
United States, indicating limited generalizability. Despite 
an alternative covariate selection, the K-NAFLD score 
demonstrated 0.929 of AUC and 0.948 of true positive rate. 
From our point of view, the correlation (r=0.265) between 
FSG and FSI may have led FSG to reflect individualized FSI 
levels. Furthermore, glycosylated hemoglobin type A1C was 
found not to be significantly associated with the presence 
of NAFLD. A previous study from China has reported 
that glycosylated hemoglobin level is not significantly 
different between healthy and mild NAFLD groups, but 
it significantly increased in moderate and severe NAFLD 
groups, suggesting that the glycosylated hemoglobin is still 
important in terms of NAFLD and needs to be considered 
especially when evaluating the severity of NAFLD (27).

The K-NAFLD score included sex, WC, systolic blood 
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pressure, and TG, which are not involved in the NAFLD 
liver fat score. The proportion of female participants was 
62.5%, which is 9.5% higher than the NAFLD liver fat 
score study. The impact of sex difference on the risk of 
NAFLD among general population is conflicting. A study 
from Dallas demonstrated that white men had higher risk 
of NAFLD compared to women (28). On the contrary, a 
study from the University of North Carolina showed that 
women have higher prevalence of NAFLD in a setting 
of high visceral fat (29). From our point of view, we 
hypothesize that either of the following may be responsible 
for higher risk of NAFLD in female. First is the lifestyle 
disparities that physical activities might be less frequent in 
women compared to men or the extent of fat consumption 
may be relatively high among women as suggested by the 
study from North Carolina. However, the prevalence of 
NAFLD was dependent to the reproductive age among 
women that those within the reproductive age showed a low 
prevalence of NAFLD, thus interaction between sex and 
other covariates needs to be considered when interpreting 
structure of the derived model. Another concern is that sex-
based difference in body fat distribution may be responsible 
for high prevalence of NAFLD in Eastern women 
population. To ascertain our hypotheses, future studies with 
behavioral information analysis are necessary.

Another important concern is that why the K-NAFLD 
score is well correlated with all scoring systems, including 
the NAFLD liver fat score, FLI, BAAT score, LAP, and 
HSI despite the differences in covariate distribution, but 
the K-NAFLD score was most highly correlated with the 
NAFLD liver fat score. In our perspective, the FLI involved 
more than one covariate within a section, such as BMI and 
WC, that there may be a duplication-related error due to 
significant correlation despite a complex equation that is 
incalculable by hand. As for BAAT, this system may have 
insufficiently reflected NAFLD due to missing covariate 
reflecting diabetes mellitus test and blood pressure sections. 
In addition, LAP is even more simplified as this system was 
not developed with intent to diagnose NAFLD. Therefore, 
we suggest future studies to comprehensively identify 
all potentially NAFLD-reflective covariates and include 
for prediction of NAFLD for improvement in terms of 
discrimination and accuracy.

To date, most non-invasive methods relied on 2 
approaches, including a biological approach based on 
serologic biomarkers and a physical approach based on liver 
stiffness. These approaches are still complementary despite 
no strict liver-specificity and less accuracy compared to liver 

biopsy (30). The derived K-NAFLD score is highly easy 
to implement and has potential to be applied as a baseline 
approach for stratification of individuals who to undergo 
screening for NAFLD. Furthermore, the K-NAFLD score 
has another potential applicability that this continuous score 
may be informative for advanced fibrosis or steatosis, which 
awaits future studies to confirm.

Despite accurate and simple approach to estimate 
NAFLD along with metabolic risk, the K-NAFLD score 
has underlying limitations. First, no independent validation 
was performed since this score showed high correlations 
with already independently validated scoring systems. 
In addition, we are planning to validate applicability of 
the K-NAFLD score for estimation of cardiometabolic 
risk, as well as other outcomes in near future. Second, no 
liver biopsy nor imaging-based diagnostic information is 
involved, but applied the NAFLD liver fat score criteria for 
diagnosis of NAFLD because the NAFLD liver fat score 
was generated on the basis of the liver fat measurement by 
histology and proton magnetic resonance spectroscopy. 
Another concern is non-inclusion of potential predictive 
factors for NAFLD, such as dietary habits and regularity 
of sleeping, which awaits future studies to evaluate in the 
future. 

In conclusion, the K-NAFLD score, composed of 
sex, WC, systolic blood pressure, FSG, TG, and ALT, is 
significantly indicative of NAFLD, and shows significantly 
estimative impact on metabolic syndrome, metabolic risk 
factors, obesity, and insulin resistance. Future studies 
comparing the derived score with a standard diagnostic 
test-proven data, such as ultrasonography of the liver, 
magnetic resonance proton density fat fraction in the 
liver, FibroScan with controlled attenuation parameter, 
and liver biopsy, are necessary for the derived score to be 
implemented.
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