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ABSTRACT
Non-alcoholic fatty liver disease (NAFLD) is closely linked to insulin resistance and
related adverse health outcomes. We investigated the non-invasive index of NAFLD
that has the best performance in estimating the renal manifestations of metabolic
disturbances. This nation-wide, cross-sectional study included 11,836 subjects, using
various non-invasive assessments comprising routinely measured clinical and labora-
tory variables. The subjects were native Koreans aged 20 years or older and had no
diabetes, history of liver or kidney disease. All participants were divided into quintiles
according to their fibrosis-4 (FIB-4) results. Participants in the highest quintile were
more hypertensive and obese with greater glycemic exposure, poor lipid profiles, and
impaired kidney function, than those in the other quintiles. Multiple logistic regression,
adjusted for age, sex, smoking, systolic blood pressure, white blood cell, platelet, fasting
plasma glucose, and triglyceride, demonstrated that FIB-4, the hepatic steatosis index,
the aspartate aminotransferase/alanine aminotransferase (AST/ALT) ratio, Gholam’s
model for non-alcoholic steatohepatitis, and the BARD score were independently
associated with kidney dysfunction. ROC curve analysis revealed that FIB-4 (AUC =
0.6227, 95% CI [0.5929–0.6526], p= 0.0258) was the most precise in predicting kidney
dysfunction. Our findings suggest that FIB-4 may be a favorable screening tool for the
renal manifestation of hepatic metabolic disturbances.

Subjects Gastroenterology and Hepatology, Nephrology
Keywords Fibrosis-4, Non-alcoholic fatty liver disease, Chronic kidney disease

INTRODUCTION
Non-alcoholic fatty liver disease (NAFLD) is described as a clinico-histopathological entity
encompassing a spectrum of chronic liver diseases ranging from asymptomatic hepatic
fat accumulation to advanced liver diseases with clinical features that resemble those of
alcoholic liver disease, in the absence of excessive alcohol consumption (Choi et al., 2017;
Suzuki et al., 2005; Williams et al., 2011). Emerging evidence indicates that dysfunctional
hepatic fat accumulation and its related local inflammation (hepatic necro-inflammation),
together with insulin resistance, not only increase liver-related morbidity and mortality,
but also cause extrahepatic manifestation that affects distant organ dysfunction, such as
cardiovascular disease (CVD) and chronic kidney disease (CKD) (Bae et al., 2010; Choi
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et al., 2009; Kim et al., 2013; Targher & Byrne, 2017). The detection of a subject at risk of
NAFLD is critical to minimize these irreversible consequences.

The kidney is a well-known target organ of systemic inflammation related to insulin
resistance (De Cosmo et al., 2013). Previous clinical and experimental studies have
demonstrated that the increased release of multiple pro-inflammatory mediators from
dysfunctional hepatic adipose tissues can favor the initiation of low-grade systemic
inflammation, atherogenic dyslipidemia, hypercoagulability, hypofibrinolysis, and
increased blood pressure (BP); such pathologic reactions can contribute to vascular
endothelial dysfunction and may be a major cause of the functional and structural
derangement of various target organs (Byrne & Targher, 2015; Targher, Chonchol &
Byrne, 2014). Despite the increasing evidence linking NAFLD and low-grade systemic
inflammation, there is limited evidence of the negative impact of hepatic necro-
inflammation on the progression to overt kidney disease.

For the assessment of pathologic changes related to NAFLD, liver biopsy is currently
the gold standard (Rockey et al., 2009). Owing to its invasiveness, sampling variability,
economic problems, and patient’s burden, it is frequently unfeasible for routine clinical
practices (Machado & Cortez-Pinto, 2013; Poynard et al., 2004; Sanyal et al., 2011). To
overcome such limitations, several alternative, non-invasive strategies based on standard
laboratory tests and anthropometric parameters were recently introduced to assess hepatic
necro-inflammation and its related liver fibrosis in patients with presumed NAFLD (Forns
et al., 2002; Gholam et al., 2007; Lee et al., 2010; Raszeja-Wyszomirska et al., 2010; Wang et
al., 2015). However, there is still controversy over the association between biomarker-
based diagnosis of steatohepatitis and low-grade systemic inflammation. Furthermore,
these biomarker-based indices were not fully validated as a useful tool to assess the
extra-hepatic effects of NAFLD on the kidney, especially in the general population. To
solve this problem, we designed this nation-wide, population-based study to find a possible
association between non-invasive indices for NAFLD and impaired kidney function and
compare their discriminative power in predicting kidney disease.

METHODS
Study population
All data were obtained in the Korean National Health and Nutrition Examination Survey
(KNHANES) conducted by the Korea Centers for Disease Control and Prevention (KCDC)
among Korean non-institutionalized population. All the participants in the study were
provided written informed consent at study entry. Their records were properly anonymized
before analysis except for the date of the research. The Institutional Review Board (IRB)
of the KCDC approved the study protocol (IRB: 2011-02CON-06-C, 2012-01EXP-01-2C,
2013-07CON-03-4C, 2013-12EXP-03-5C). The study was undertaken in accordance with
the Helsinki Declaration of 1975.

A total of 35,954 individuals had participated in the KNHANES VI-IV. The exclusion
criteria were: incomplete anthropometric or laboratory data; age < 20 years; pregnancy;
a history of medical problems, such as kidney and/or liver disease; and missing results of
fibrosis-4 (FIB-4).
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Because our receiver operating characteristic (ROC) curves analysis demonstrated
that FIB-4 was the most precise in estimating the extra-hepatic manifestation of hepatic
necro-inflammation on the kidney function, we classified the final 11,836 participants, and
divided them into quintiles according to their FIB-4 results, stratified by sex (Fig. S1).

Anthropometric and clinical measurements
Well-trained examiners conducted anthropometric measurements. Participants wore a
lightweight gown or underwear. Height measurement was done to the nearest 0.1 cm with
a mobile stadiometer (Seriter, Bismarck, ND, USA). Weight was calibrated to the nearest
0.1 kg with a balance-beam scale (Giant-150N; Hana, Seoul, Korea). Measurement of waist
circumference was made with a flexible tape at the narrowest spot, midway between the
lowest costal border and the highest point of the iliac crest at the end of gentle expiration.
Body mass index was calculated as a person’s weight (kilograms) divided by height squared
(meters).

Three consecutive BP measurements were obtained using an auscultatory mercury
sphygmomanometer (Baumanometer; Baum, Copiague, NY, USA) while in a sitting
position, following a 5-minute rest period. The mean values of the three consecutive
systolic and diastolic BP readings were used in this analysis.

Laboratory tests
Venous blood collection were carried out after 8 h of overnight fasting. Fasting plasma
concentrations of glucose, triglyceride (TG), high-density lipoprotein cholesterol, and low-
density lipoprotein cholesterol were determined by a Hitachi Automatic Analyzer 7600
(Hitachi, Tokyo, Japan). Glycated hemoglobin levels were determined by high-pressure
liquid chromatography with an analyzer HLC-723G7 (Tosoh Corporation, Tokyo, Japan).
Serum creatinine (Cr) levels were measured colorimetrically (Hitachi 7600 automatic
analyzer, Hitachi, Tokyo, Japan) and estimated glomerular filtration rate (eGFR) was
measured using the Chronic Kidney Disease Epidemiology Collaboration equation (CKD-
EPI) (Levey et al., 2009). To obtain the Urine albumin/Cr ratio (UACR), urine albumin was
measured in spot urine by the immunoturbidimetric method and urinary Cr was measured
using the colorimetric method.

Hepatic necro-inflammation and related liver fibrosis were estimated based on 11
different non-invasive scoring systems including Gholam’s model, BARD scores, and
FIB-4 using routinely measured laboratory test and anthropometric parameters (Table S1).

Definition
According toKDIGO2012Clinical PracticeGuideline (Stevens & Levin, 2013), albuminuria
was defined as UACR of 30mg/g creatinine ormore and participants with CKDwas defined
as those with either eGFR below 60 mL/min/1.73 m2 or albuminuria.

Statistical analysis
All data, including social and demographic information, clinical findings, medical
conditions, anthropometric features, and laboratory results, were presented as mean ± SE
or frequencies (and proportions). Sampling weights were used to analyze multi-stage

Choi et al. (2019), PeerJ, DOI 10.7717/peerj.6524 3/16

https://peerj.com
http://dx.doi.org/10.7717/peerj.6524#supp-1
http://dx.doi.org/10.7717/peerj.6524#supp-2
http://dx.doi.org/10.7717/peerj.6524


stratified sampling data. A Kolmogorov–Smirnov test was used to test for normality of
the distribution. If the original data do not follow a Gaussian distribution, the natural
logarithmic (Ln) transformation was applied to make the distribution more normal.
Quantitative variables were compared by the generalized linear models. A Chi-square
test was used to compare proportions for categorical variables. The relationship between
conventional predictor variables and the non-invasive NAFLD indices was assessed by
linear regression analysis. The odds ratios (ORs) and 95% confidence intervals (CIs) were
calculated by multiple logistic regression models based on the presence of CKD (case vs.
control). ROC curve analysis was performed to compare the diagnostic performance of
most candidate non-invasive indices of NAFLD on kidney dysfunction and nonparametric
methods previously described by DeLong, DeLong & Clarke-Pearson (1988) were used for
comparing the areas under the ROC curves (AUCs).

A two-sided p <0.05 was regarded as statistically significant. Statistical analysis Software
(SAS) version 9.4 (SAS Institute Inc, Cary, NC, USA) was used for all of the analyses.

RESULTS
Baseline characteristics
The participants (n = 11,836) comprised 4,893 men and 6,943 women with a mean age of
44.4 ± 14.8 years. They were divided into five groups according to their FIB-4 results and
were categorized by sex. Participants in the highest FIB-4 quintile were older and more
obese than participants in the other quintiles. They had a tendency to have high systolic and
diastolic BP, increased glycemic exposure, and poor lipid profiles. The other demographic
data and clinical characteristics are presented in Table 1.

Relation of NAFLD with impaired kidney function and related risk
factors
We performed a linear regression analysis with age, sex, and smoking history as covariates
to find the possible relation of NAFLD with other clinical characteristics related to systemic
metabolic disturbance using FIB-4 as candidate non-invasive index for NAFLD. As shown
in the Table 2, FIB-4was relatedwith important components ofmetabolic syndrome (MetS)
and kidney dysfunction. Interestingly, our scatter plot analysis indicated that therewas some
difference in relationship to kidney function between non-invasive indices (Fig. 1). While
Gholam’s model for non-alcoholic steatohepatitis (β = 0.0675, r2= 0.0247, p< 0.0001)
had relation with Ln-UACR, hepatic steatosis index (HSI, β =−0.1581, r2 = 0.4823,
p< 0.0001) and FIB-4 (β =−0.5453, r2 = 0.4806, p< 0.0001) were more related to
eGFR. However, BARD score and aspartate aminotransferase/alanine aminotransferase
(AST/ALT) ratio were not significantly related to either Ln-UACR or eGFR.

Association of NAFLD with impaired kidney function
In the first step of multiple logistic regression analyses to estimate the association of non-
invasive indices with albuminuria, we found that HSI was an independent predictor of
albuminuria (adjusted OR= 1.071, 95% CI [1.031–1.113], Table 3), even after adjustment
for clinically important risk factors related to vascular endothelial dysfunction. In the
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Table 1 General characteristics grouped according to fibrosis-4 (FIB-4).

Quintile 1 Quintile 2 Quintile 3 Quintile 4 Quintile 5
FIB-4 in male participants ≥0.12,≤0.50 >0.50,≤0.69 >0.69,≤0.92 >0.92,≤1.30 >1.30,≤11.23
FIB-4 in female participants ≥0.18,≤0.50 >0.50,≤0.66 >0.66,≤0.85 >0.85,≤1.16 >1.16,≤10.02
Variables (n= 2,366) (n= 2,367) (n= 2,368) (n= 2,367) (n= 2,368)

Age (year) 22.7± 0.2 35.7± 0.2 43.7± 0.2 51.8± 0.2 62.8± 0.2
Sex (% male) 961 (41) 962 (41) 962 (41) 962 (41) 962 (41)
Current smoker (%) 594 (25) 569 (24) 501 (21) 436 (18) 341 (14)
Systolic BP (mmHg) 109.9± 0.2 112.4± 0.3 115.1± 0.3 119.2± 0.3 124.2± 0.3
Diastolic BP (mmHg) 70.5± 0.2 75.2± 0.2 76.7± 0.2 77.5± 0.2 75.6± 0.2
Body mass index (kg/m2) 22.5± 0.1 23.7± 0.1 23.7± 0.1 23.8± 0.1 23.8± 0.1
Waist circumference (cm) 75.7± 0.2 80.3± 0.2 80.8± 0.2 81.6± 0.2 82.2± 0.2
White blood cell (109/L) 6.47± 0.03 6.37± 0.04 6.21± 0.03 6.04± 0.03 5.71± 0.02
Hemoglobin (g/dL) 14.33± 0.03 14.33± 0.04 14.28± 0.03 14.26± 0.03 13.96± 0.02
Platelet (103/µL) 285.9± 0.9 267.8± 1.1 260.9± 1.1 246.7± 0.9 215.6± 0.8
eGFRa (mL/min/1.73 m2) 118.9± 0.3 104.3± 0.3 98.1± 0.3 92.4± 0.3 84.3± 0.2
Fasting plasma glucose (mg/dL) 91.0± 0.2 94.3± 0.3 97.9± 0.4 101.6± 0.5 102.3± 0.4
Hemoglobin A1c (%) 5.48± 0.01 5.58± 0.01 5.72± 0.01 5.86± 0.02 5.94± 0.01
Aspartate aminotransferase (U/L) 18.3± 0.1 19.7± 0.2 21.0± 0.2 22.3± 0.2 28.2± 0.3
Alanine aminotransferase (U/L) 18.7± 0.3 22.0± 0.5 22.1± 0.4 21.3± 0.3 24.0± 0.5
γ -Glutamyl transferase (U/L)a 22.0± 0.6 31.7± 1.5 35.2± 2.1 33.5± 1.1 43.6± 2.3
Triglyceride (mg/dL) 104.2± 1.4 131.1± 2.2 143.5± 2.7 147.5± 2.5 139.0± 1.6
HDL-cholesterol (mg/dL) 51.6± 0.2 51.1± 0.2 50.6± 0.2 50.3± 0.2 50.3± 0.2
LDL-cholesterol (mg/dL) 106.6± 1.2 119.1± 1.4 119.2± 1.6 116.3± 1.2 109.4± 1.1
25-vitamin D (ng/mL) 15.6± 0.2 16.0± 0.2 17.0± 0.2 17.8± 0.2 18.4± 02
UACR (mg/g Cr) 9.4± 1.6 10.9± 1.9 14.1± 1.8 20.3± 2.5 29.4± 2.5

Non-invasive indices of NAFLD
AST/ALT ratio 1.23± 0.01 1.12± 0.01 1.14± 0.01 1.19± 0.01 1.38± 0.01
Age/PLT Index 0.41± 0.01 1.14± 0.02 2.30± 0.02 3.27± 0.02 5.01± 0.02
APRI 0.165± 0.001 0.191± 0.002 0.207± 0.002 0.231± 0.002 0.351± 0.005
BARD score 0.94± 0.01 0.99± 0.01 1.11± 0.01 1.29± 0.01 1.42± 0.01
Fib-4 0.350± 0.002 0.587± 0.001 0.775± 0.001 1.040± 0.002 1.789± 0.011
Fibrometer 16.41± 0.03 17.98± 0.03 18.84± 0.03 19.78± 0.03 21.34± 0.03
FLIa 17.6± 0.8 27.4± 1.2 29.7± 1.1 29.6± 0.8 29.5± 0.81
Forns indexa 3.92± 0.04 5.10± 0.04 6.00± 0.04 6.71± 0.03 7.94± 0.03
Gholam’s model 7.91± 0.02 7.90± 0.02 8.07± 0.02 8.23± 0.02 8.50± 0.02
HSI 33.4± 0.1 33.7± 0.1 34.0± 0.1 34.7± 0.1 36.3± 0.1
ZJU index 33.4± 0.1 34.7± 0.1 35.2± 0.1 35.7± 0.1 36.2± 0.1

Notes.
The result is expressed as mean± SD or frequencies (and proportions).

aApplicable only to 2011.
bEstimated using the Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) equation.
BP, blood pressure; eGFR, estimated glomerular filtration rate; HDL, high-density lipoprotein; LDL, low-density lipoprotein; UACR, Urine albumin/Cr ratio; Cr, crea-
tinine; NAFLD, non-alcoholic fatty liver disease; AST, Aspartate aminotransferase; ALT, Alanine aminotransferase; APRI, AST to PLT ratio index; Fib-4, fibrosis-4; FLI,
fatty liver index; Gholam’s model, Gholam’s model for non-alcoholic steatohepatitis; HSI, hepatic steatosis index.
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Table 2 Linear regression for FIB-4.

Variable Crude Model I

Slope p Slope p

Age (year) 0.0260 <0.0001
Female (vs. male) −0.0258 0.0106
Smoker (vs. non-smoker) 0.0673 <0.0001
Systolic BP (mmHg) 0.0073 <0.0001 0.0013 0.0127
Diastolic BP (mmHg) 0.0032 <0.0001 0.0030 <0.0001
Body mass index (kg/m2) 0.0062 <0.0001 0.0168 <0.0001
Waist circumference (cm) 0.0018 <0.0001 0.0065 <0.0001
White blood cell (109/L) −0.0609 <0.0001 −0.0466 <0.0001
Hemoglobin (g/dL) −0.0133 <0.0001 −0.0024 0.6216
Platelet (103/µL) −0.0041 <0.0001 −0.0036 <0.0001
eGFRa (mL/min/1.73 m2) −0.0154 <0.0001 −0.0028 0.0100
Fasting plasma glucose (mg/dL) 0.0078 <0.0001 0.0042 <0.0001
Hemoglobin A1c (%) 0.2033 <0.0001 0.1933 0.0541
AST (U/L) 0.0156 <0.0001 0.0126 <0.0001
ALT (U/L) 0.0030 <0.0001 0.0028 <0.0001
γ -Glutamyl transferase (U/L)a 0.0026 <0.0001 0.0015 0.0011
Triglyceride (mg/dL) 0.0002 <0.0001 0.0003 <0.0001
HDL-cholesterol (mg/dL) −0.0001 0.9512
LDL-cholesterol (mg/dL) 0.0001 0.8365
25-vitamin D (ng/mL) 0.0142 <0.0001 0.0001 0.9937
Ln-UACR (mg/g Cr) 0.0171 0.0002 0.0133 0.1080

Notes.
aApplicable only to 2011.
Model I, adjusted for age, sex, and smoking.
Ln-UACR, logarithmic transformed urine albumin/creatinine ratio.

second step to find independent predictors of kidney dysfunction, the crude OR of the
FIB-4 for incipient CKD was 1.929 (95% CI [1.658–2.244]), and the adjustment for age,
sex, smoking, systolic BP, white blood cell, platelet, fasting plasma glucose, and TG did not
weaken this association (adjusted OR = 1.254, 95% CI [1.034–1.521], Table 4).

In the final step to compare the predictive capacities of non-invasive indices for incipient
CKD, we created ROC curves by performing logistic regression model using age, sex, and
smoking as covariates and systolic BP, white blood cell, platelet, fasting plasma glucose,
TG, and AST as predictors (Fig. 2). FIB-4 had the best predictive value for CKD (FIB-4,
AUC = 0.6227, 95% CI [0.5943–0.6511], p = 0.0256; HSI, AUC = 0.6015, 95% CI
[0.5746–0.6284], p = 0.5426; Gholam’s model for non-alcoholic steatohepatitis, AUC
= 0.5585, 95% CI [0.5296–0.5875], p = 0.1089; BARD score, AUC = 0.5409, 95% CI
[0.5257–0.5562], p = 0.0004) as compared with AST/ALT ratio (AUC = 0.5925, 95% CI
[0.5655–0.6195]). However, there was no significant difference between FIB-4 and HSI (Z
value for comparison among ROC: FIB-4—HIS, 1.247; FIB-4—Gholam’s model, 3.567;
FIB-4—BARD score, 5.382; FIB-4—AST/ALT ratio, 2.221).

Choi et al. (2019), PeerJ, DOI 10.7717/peerj.6524 6/16

https://peerj.com
http://dx.doi.org/10.7717/peerj.6524


Figure 1 Scatter plots showing the relationship of candidate indices of hepatic fibrosis with Ln-UACR
and eGFR. *Calculated by linear regression analysis using age, sex, and smoking as covariates Ln-UACR,
logarithmic transformed urine albumin/creatinine ratio; eGFR, estimated glomerular filtration rate; Gho-
lam’s model for non-alcoholic steatohepatitis; AST, aspartate aminotransferase; ALT, Alanine aminotrans-
ferase; HSI, hepatic steatosis index; FIB-4, fibrosis-4.

Full-size DOI: 10.7717/peerj.6524/fig-1

DISCUSSION
This study provides an in-depth overview of the diagnostic performance of non-invasive
indices of NAFLD to detect extra-hepatic effect on the kidney, showing that non-invasive
indices of NAFLD closely associated with clinically important components of MetS and
FIB-4 had best predictive ability to identify increased risk of incipient CKD in the general
population. These findings suggest that hepatic necro-inflammation intricately related to
incipient CKD and FIB-4 could be value in describing these pathologic links.

In this study, participants in the highest FIB-4 quintile were more obese and there was a
close relationship between FIB-4 and clinical parameters related with insulin resistance and
systemic inflammation. The liver plays a major role in glucose and lipid metabolism in our
body. In patients withMetS, hepatic necro-inflammationmay have a potent negative impact
on lipid metabolism, the innate and acquired immune systems, coagulation pathway, and
vascular endothelium via activation of various pro-inflammatory and pro-fibrotic signaling
pathways (Paquissi, 2016;Pasarin et al., 2012;Zhang et al., 2015). Such pathologic responses
contribute to the development of vascular endothelial dysfunction and increased risk of
various target organ damages, including cardiovascular disease and CKD (Choi et al., 2017;
Kim et al., 2012). Our results provide clinical evidence that potential communication and
cross-talk between abnormal lipid uptake and systemic inflammatory responses can be a
regulator of the development of target organ damage.
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Table 3 Multivariable logistic regression for albuminuria.a

Variable Crude Model I Model II Model III

OR 95%CI OR 95%CI OR 95%CI OR 95%CI

Age (year) 1.037 1.029–1.045
Female (vs. male) 1.931 1.501–2.483
Smoker (vs. non-smoker) 1.326 0.921–1.912
Systolic BP (mmHg) 1.029 1.016–1.043 1.022 1.009–1.035
Diastolic BP (mmHg) 1.011 0.995–1.027
Body mass index (kg/m2) 1.037 0.990–1.086
Waist circumference (cm) 1.011 0.995–1.026
White blood cell (109/L) 1.181 1.097–1.271 1.113 1.032–1.200
Hemoglobin (g/dL) 0.855 0.822–0.959 0.935 0.810–1.081
Platelet (103/µL) 1.003 1.001–1.006 1.003 1.001–1.006
Fasting plasma glucose (mg/dL) 1.035 1.020–1.050 1.027 1.012–1.042 1.021 1.006–1.036
Hemoglobin A1c (%) 1.490 0.984–2.257
Aspartate aminotransferase (U/L) 1.006 1.001–1.009 1.005 1.001–1.010 1.005 1.001–1.010 1.005 1.001–1.010
Alanine aminotransferase (U/L) 1.004 0.987–1.007
γ -Glutamyl transferase (U/L)b 1.001 0.996–1.006
Triglyceride (mg/dL) 1.001 1.001–1.002 1.001 1.000–1.002 1.001 0.999–1.002
HDL-cholesterol (mg/dL) 0.995 0.983–1.006
LDL-cholesterol (mg/dL) 1.011 1.003–1.020 1.008 0.999–1.017
25-vitamin D (ng/mL) 1.018 0.980–1.046
AST/ALT ratio 1.794 1.256–2.561 1.785 1.524–2.479 1.643 1.150–2.349 1.460 1.007–2.118
Age/PLT Index 1.242 1.229–1.325 1.027 0.906–1.163
APRI 1.234 0.897–1.697
BARD score 1.891 1.302–2.745 1.603 1.049–2.448 1.511 1.039–2.198 1.478 1.030–2.121
FIB-4 1.236 1.156–1.323 1.019 0.916–1.133
Fibrometer 1.194 1.073–1.328 1.043 0.842–1.293
FLIb 1.016 1.006–1.026 1.013 1.002–1.024 1.011 1.002–1.021 1.011 0.998–1.021
Forns indexb 1.248 1.011–1.539 1.031 0.741–1.436
Gholam’s model 1.210 1.075–1.362 1.203 1.057–1.370 1.201 1.054–1.369 1.186 1.039–1.353
HSI 1.106 1.076–1.137 1.080 1.040–1.121 1.072 1.032–1.113 1.071 1.031–1.113
ZJU index 1.104 1.067–1.142 1.082 1.039–1.127 1.058 1.016–1.101 1.046 1.003–1.092

Notes.
aDefined as an UACR of 30 mg/g Cr or more.
bApplicable only to 2011.
Model I, performed using age, sex, and smoking as covariates.
Model II, performed using age, sex, and smoking as covariates and systolic BP, white blood cell, and platelet as predictors.
Model III, performed using age, sex, and smoking as covariates and systolic BP, white blood cell, platelet, and fasting plasma glucose as predictors.
OR, odds ratio; CI, confidence interval.

Our scatter plot and logistic regression analysis showed that there is some difference in
discrimination power of candidate non-invasive indices to distinguish possible proteinuric
kidney injury or renal excretory dysfunction from the healthy state. Pathologic connection
of kidney injury-interstitial inflammation-renal fibrogenesis is generally accepted as a key
feature of progressive renal injury (Meng, Nikolic-Paterson & Lan, 2014). However, some
authors argued that the fate-determining mechanisms that affect vascular endothelium
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Table 4 Multivariable logistic regression for chronic kidney diseasea.

Variable Crude Model I Model II Model III

OR 95%CI OR 95%CI OR 95%CI OR 95%CI

Age (year) 1.048 1.039–1.057
Female (vs. male) 1.918 1.535–2.397
Smoker (vs. non-smoker) 1.538 1.093–2.165
Systolic BP (mmHg) 1.033 1.021–1.045 1.022 1.010–1.033
Diastolic BP (mmHg) 1.001 0.987–1.015
Body mass index (kg/m2) 1.026 0.981–1.072
Waist circumference (cm) 1.008 0.994–1.023
White blood cell (109/L) 1.208 1.129–1.293 1.127 1.053–1.206
Hemoglobin (g/dL) 0.855 0.800–0.913 0.988 0.876–1.114
Platelet (103/µL) 1.003 1.001–1.005 1.002 1.001–1.005
Fasting plasma glucose (mg/dL) 1.032 1.019–1.046 1.023 1.009–1.036 1.017 1.003–1.030
Hemoglobin A1c (%) 1.517 1.044–2.204 1.182 0.590–1.214
Aspartate aminotransferase (U/L) 1.006 1.001–1.010 1.006 1.001–1.010 1.005 1.001–1.010 1.005 1.001–1.010
Alanine aminotransferase (U/L) 1.003 0.988–1.007
γ -Glutamyl transferase (U/L)b 1.001 0.991–1.007
Triglyceride (mg/dL) 1.002 1.001–1.002 1.002 1.001–1.002 1.001 1.001–1.002
HDL-cholesterol (mg/dL) 0.994 0.984–1.005
LDL-cholesterol (mg/dL) 1.011 1.002–1.020 1.007 0.998–1.017
25-vitamin D (ng/mL) 1.011 0.988–1.036
AST/ALT ratio 1.981 1.443–2.718 1.944 1.524–2.479 1.783 1.291–2.462 1.543 1.103–2.160
Age/PLT Index 1.306 1.229–1.389 1.032 0.925–1.152
APRI 1.296 0.986–1.703
BARD score 1.952 1.415–2.693 1.652 1.135–2.404 1.575 1.129–2.197 1.548 1.122–2.135
FIB-4 1.929 1.658–2.244 1.814 1.425–2.309 1.785 1.393–2.288 1.254 1.034–1.521
Fibrometer 1.273 1.156–1.402 1.065 0.904–1.253
FLIb 1.018 1.009–1.027 1.013 1.004–1.023 1.010 1.002–1.018 1.008 0.996–1.021
Forns indexb 1.287 1.060–1.562 1.031 0.771–1.380
Gholam’s model 1.228 1.100–1.372 1.201 1.052–1.371 1.197 1.049–1.365 1.185 1.038–1.353
HSI 1.109 1.080–1.138 1.079 1.041–1.117 1.073 1.036–1.111 1.072 1.034–1.111
ZJU index 1.104 1.069–1.141 1.080 1.039–1.124 1.056 1.016–1.111 1.044 0.996–1.093

Notes.
aDefined as an eGFR less than 60 mL/min/1.73 m2 and UACR of 30 mg/g Cr or more.
bApplicable only to 2011.
Model I, performed using age, sex, and smoking as covariates.
Model II, performed using age, sex, and smoking as covariates and systolic BP, white blood cell, and platelet as predictors.
Model III, performed using age, sex, and smoking as covariates and systolic BP, white blood cell, platelet, fasting plasma glucose, and triglyceride as predictors.
OR, odds ratio; CI, confidence interval.

and kidney functions may be different from phase to phase (Kurts et al., 2013; Liu,
2011; Ueha, Shand & Matsushima, 2012; Weber, 2004; Wynn, 2007). In an exaggerated
inflammation state, circulatory pro-inflammatory mediators can alter glomerular filtration
barrier function and increase protein excretion into tubular lumen, which triggers a
cascade of tubulointerstitial inflammation (Lee & Kalluri, 2010). In addition to proteinuric
kidney injury, hemodynamic instability and hypoxic renal injury in patients with NAFLD
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Figure 2 ROC curves representing the prediction capacity of risk for chronic kidney disease***. As
compared with AST/ALT ratio (AUC*= 0.5925, 95% CI* [0.5655–0.6195]), FIB-4 had best predictive
value for CKD (FIB-4, AUC*= 0.6227, 95% CI* [0.5943–0.6511], p**= 0.0256; HSI, AUC*= 0.6015,
95% CI* [0.5746–0.6284], p**= 0.5426; Gholam’s model for non-alcoholic steatohepatitis, AUC*=
0.5585, 95% CI* [0.5296–0.5875], p**= 0.1089; BARD score, AUC*= 0.5409, 95% CI* [0.5257–0.5562],
p**= 0.0004). *Calculated by logistic regression analysis using age, sex, and smoking as covariates
and systolic BP, white blood cell, platelet, fasting plasma glucose, aspartate aminotransferase, and
triglyceride as predictors. **Estimated using nonparametric methods previously described by DeLong,
et. al. ***Defined as an eGFR less than 60 mL/min/1.73 m2 and UACR of 30 mg/g Cr or more. ROC,
Receiver-operating characteristic; AUC, areas under the ROC curves; CI, confidence interval.

Full-size DOI: 10.7717/peerj.6524/fig-2

contribute to more extensive renal fibrosis and progressive loss of kidney function (Guerrot
et al., 2012). To prevent the progression of kidney disease, the discrimination between
initiation of renal injury and progression of tubulointerstitial inflammation is important
in managing patients with kidney disease (Hodgkins & Schnaper, 2012; Parikh & Mansour,
2017). In this regard, proper combination of candidate non-invasive indices could help
monitor kidney disease progression by differentiation between renal injury initiation and
more extensive tubulointerstitial inflammation, which can alter treatment strategies to
reduce the risk of CKD and end-stage renal disease.

Our logistic regression analysis revealed that some non-invasive indices were
independently associatedwith impaired kidney function in the general population. Previous
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clinical studies showed that increased non-invasive indices of NAFLD, such as fatty liver
index and FIB-4, had a significant relationship with CKD defined by eGFR, but they did not
demonstrate whether minimal hepatic necro-inflammation, which could not be observed
by ultrasound, relates to initiation of systemic inflammation and development of kidney
damage presenting with microalbuminuria preceding the decrease in eGFR (Huh et al.,
2017; Wijarnpreecha et al., 2017; Xu et al., 2016). Our results suggest that systemic effects
of dysfunctional hepatic lipid uptake on kidney function may be prominent, even before
the appearance of overt CKD or NAFLD, and FIB-4 and some non-invasive indices could
be valuable for predicting the initiation of this pathologic communication.

In our ROC curve analysis, we found that FIB-4 and HSI had better precision in
estimating the risk of incipient CKD. However, the AUC values of candidate non-invasive
indices were lower than that in other previous reports (Huh et al., 2017; Xu et al., 2016).
One possible explanation is that the difference in study population between our study and
previous studies may be a cause of lower frequency of NAFLD and related extrahepatic
manifestations. Another explanation is that because conventional non-invasive methods
were originally designed to identify subjects at risk of severe hepatic steatosis and advanced
liver fibrosis, they may have possible limitations in the early detection of extrahepatic
organ injury, especially the kidney. Thus, there remains a compelling need of more reliable
diagnostic tools to assess pathologic processes of kidney injury or pharmacologic responses
to therapeutic interventions.

This study possessed several limitations. First, we did not have radiologic and pathologic
data concerning hepatic steatosis. Thus, a positive control with NAFLD and a negative
control without NAFLD were not included in the study because no liver biopsy was
performed. Serum liver function tests (LFTs) are not completely sensitive for NAFLD
diagnosis and the full spectrum of histopathologic findings could be observed in subjects
with normal LFT results (Anstee, Targher & Day, 2013; Chalasani et al., 2012). However,
recently designed non-invasive methods have improved precision in differentiating
steatohepatitis form simple steatosis without liver biopsy and some of them have adequate
diagnostic performance to substitute for radiologic and pathologic studies (Buzzetti et
al., 2015; Dyson, Anstee & McPherson, 2014; Pearce, Thosani & Pan, 2013). Such findings
suggest that the novel indices of NAFLD used in this study may be useful to predict early
liver necro-inflammation as well as indicate its related distant organ dysfunctions before
an increase in LFT levels in healthy patients and also those metabolic syndrome and no
identified steatohepatitis. Second, the initiation and progression of kidney disease are
influenced by various factors. Owing to the limitations of our study design, we could not
adjust for various factors other than age, sex, smoking history, systolic BP, white blood
cell, platelet, fasting plasma glucose, AST, and TG. Third, because of the self-reporting
of medication, medical history, and use of alcohol and tobacco, a social-desirability bias
cannot be excluded. It may be responsible for the discrepancy between present experiments
and previous research. Finally, participants may have forgotten certain relevant details.

In conclusion, our results indicate that there is a close relation between hepatic necro-
inflammation and impaired kidney function and FIB-4 may be superior in determining the
risk of metabolic disturbance and its related kidney dysfunction in the general population.
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A large, population-based, prospective, epidemiologic study is warranted to confirm these
findings.

ADDITIONAL INFORMATION AND DECLARATIONS

Funding
The authors received no funding for this work.

Competing Interests
The authors declare there are no competing interests.

Author Contributions
• Jong Wook Choi authored or reviewed drafts of the paper, approved the final draft.
• Chang Hwa Lee conceived and designed the experiments, approved the final draft.
• Joon-Sung Park conceived and designed the experiments, performed the experiments,
analyzed the data, contributed reagents/materials/analysis tools, prepared figures and/or
tables, authored or reviewed drafts of the paper, approved the final draft.

Human Ethics
The following information was supplied relating to ethical approvals (i.e., approving body
and any reference numbers):

The Institutional Review Board (IRB) of the KCDC approved the study
protocol (IRB: 2011-02CON-06-C, 2012-01EXP-01-2C, 2013-07CON-03-4C, 2013-

12EXP 03-5C).

Data Availability
The following information was supplied regarding data availability:

The research in this article did not generate any data or code. Data was retrieved from
https://knhanes.cdc.go.kr/knhanes/eng/index.do.

Supplemental Information
Supplemental information for this article can be found online at http://dx.doi.org/10.7717/
peerj.6524#supplemental-information.

REFERENCES
Anstee QM, Targher G, Day CP. 2013. Progression of NAFLD to diabetes mellitus,

cardiovascular disease or cirrhosis. Nature Reviews Gastroenterology & Hepatology
10:330–344 DOI 10.1038/nrgastro.2013.41.

Bae JC, Cho YK, LeeWY, Seo HI, Rhee EJ, Park SE, Park CY, Oh KW, Sung KC, Kim
BI. 2010. Impact of nonalcoholic fatty liver disease on insulin resistance in relation
to HbA1c levels in nondiabetic subjects. American Journal of Gastroenterology
105:2389–2395 DOI 10.1038/ajg.2010.275.

Choi et al. (2019), PeerJ, DOI 10.7717/peerj.6524 12/16

https://peerj.com
https://knhanes.cdc.go.kr/knhanes/eng/index.do
http://dx.doi.org/10.7717/peerj.6524#supplemental-information
http://dx.doi.org/10.7717/peerj.6524#supplemental-information
http://dx.doi.org/10.1038/nrgastro.2013.41
http://dx.doi.org/10.1038/ajg.2010.275
http://dx.doi.org/10.7717/peerj.6524


Buzzetti E, Lombardi R, De Luca L, Tsochatzis EA. 2015. Noninvasive assessment of
fibrosis in patients with nonalcoholic fatty liver disease. International Journal of
Endocrinology 2015:Article 343828 DOI 10.1155/2015/343828.

Byrne CD, Targher G. 2015. NAFLD: a multisystem disease. Journal of Hepatology
62:S47–S64 DOI 10.1016/j.jhep.2014.12.012.

Chalasani N, Younossi Z, Lavine JE, Diehl AM, Brunt EM, Cusi K, CharltonM, Sanyal
AJ. 2012. The diagnosis and management of non-alcoholic fatty liver disease: prac-
tice guideline by the American association for the study of liver diseases, American
college of gastroenterology, and the American gastroenterological association.
Hepatology 55:2005–2023 DOI 10.1002/hep.25762.

Choi SY, KimD, KimHJ, Kang JH, Chung SJ, ParkMJ, Kim YS, Kim CH, Choi SH, Kim
W, Kim YJ, Yoon JH, Lee HS, Cho SH, SungMW, Oh BH. 2009. The relation be-
tween non-alcoholic fatty liver disease and the risk of coronary heart disease in Kore-
ans. American Journal of Gastroenterology 104:1953–1960 DOI 10.1038/ajg.2009.238.

Choi JW, Oh IH, Lee CH, Park JS. 2017. Is there a J-shaped relationship between the
fatty liver index and risk of microalbuminuria in the general population? Clinica
Chimica Acta 481:231–237 DOI 10.1016/j.cca.2017.08.015.

De Cosmo S, Menzaghi C, Prudente S, Trischitta V. 2013. Role of insulin resistance
in kidney dysfunction: insights into the mechanism and epidemiological evidence.
Nephrology Dialysis Transplantation 28:29–36 DOI 10.1093/ndt/gfs290.

DeLong ER, DeLong DM, Clarke-Pearson DL. 1988. Comparing the areas under two or
more correlated receiver operating characteristic curves: a nonparametric approach.
Biometrics 44:837–845 DOI 10.2307/2531595.

Dyson JK, Anstee QM,McPherson S. 2014. Non-alcoholic fatty liver disease: a prac-
tical approach to diagnosis and staging. Frontline Gastroenterology 5:211–218
DOI 10.1136/flgastro-2013-100403.

Forns X, Ampurdanes S, Llovet JM, Aponte J, Quinto L, Martinez-Bauer E, Bruguera
M, Sanchez-Tapias JM, Rodes J. 2002. Identification of chronic hepatitis C patients
without hepatic fibrosis by a simple predictive model. Hepatology 36:986–992
DOI 10.1053/jhep.2002.36128.

Gholam PM, Flancbaum L, Machan JT, Charney DA, Kotler DP. 2007. Nonalcoholic
fatty liver disease in severely obese subjects. American Journal of Gastroenterology
102:399–408 DOI 10.1111/j.1572-0241.2006.01041.x.

Guerrot D, Dussaule JC, Kavvadas P, Boffa JJ, Chadjichristos CE, Chatziantoniou C.
2012. Progression of renal fibrosis: the underestimated role of endothelial alterations.
Fibrogenesis Tissue Repair 5:Article S15 DOI 10.1186/1755-1536-5-s1-s15.

Hodgkins KS, Schnaper HW. 2012. Tubulointerstitial injury and the progression of
chronic kidney disease. Pediatric Nephrology 27:901–909
DOI 10.1007/s00467-011-1992-9.

Huh JH, Kim JY, Choi E, Kim JS, Chang Y, Sung KC. 2017. The fatty liver index as a
predictor of incident chronic kidney disease in a 10-year prospective cohort study.
PLOS ONE 12:e0180951 DOI 10.1371/journal.pone.0180951.

Choi et al. (2019), PeerJ, DOI 10.7717/peerj.6524 13/16

https://peerj.com
http://dx.doi.org/10.1155/2015/343828
http://dx.doi.org/10.1016/j.jhep.2014.12.012
http://dx.doi.org/10.1002/hep.25762
http://dx.doi.org/10.1038/ajg.2009.238
http://dx.doi.org/10.1016/j.cca.2017.08.015
http://dx.doi.org/10.1093/ndt/gfs290
http://dx.doi.org/10.2307/2531595
http://dx.doi.org/10.1136/flgastro-2013-100403
http://dx.doi.org/10.1053/jhep.2002.36128
http://dx.doi.org/10.1111/j.1572-0241.2006.01041.x
http://dx.doi.org/10.1186/1755-1536-5-s1-s15
http://dx.doi.org/10.1007/s00467-011-1992-9
http://dx.doi.org/10.1371/journal.pone.0180951
http://dx.doi.org/10.7717/peerj.6524


KimD, Choi SY, Park EH, LeeW, Kang JH, KimW, Kim YJ, Yoon JH, Jeong SH, Lee
DH, Lee HS, Larson J, Therneau TM, KimWR. 2012. Nonalcoholic fatty liver
disease is associated with coronary artery calcification. Hepatology 56:605–613
DOI 10.1002/hep.25593.

KimD, KimWR, KimHJ, Therneau TM. 2013. Association between noninvasive fibrosis
markers and mortality among adults with nonalcoholic fatty liver disease in the
United States. Hepatology 57:1357–1365 DOI 10.1002/hep.26156.

Kurts C, Panzer U, Anders HJ, Rees AJ. 2013. The immune system and kidney disease:
basic concepts and clinical implications. Nature Reviews Immunology 13:738–753
DOI 10.1038/nri3523.

Lee SB, Kalluri R. 2010.Mechanistic connection between inflammation and fibrosis.
Kidney International Supplement 78:S22–S26 DOI 10.1038/ki.2010.418.

Lee JH, KimD, KimHJ, Lee CH, Yang JI, KimW, Kim YJ, Yoon JH, Cho SH, Sung
MW, Lee HS. 2010.Hepatic steatosis index: a simple screening tool reflect-
ing nonalcoholic fatty liver disease. Digestive and Liver Disease 42:503–508
DOI 10.1016/j.dld.2009.08.002.

Levey AS, Stevens LA, Schmid CH, Zhang YL, Castro 3rd AF, Feldman HI, Kusek
JW, Eggers P, Van Lente F, Greene T, Coresh J. 2009. A new equation to es-
timate glomerular filtration rate. Annals of Internal Medicine 150:604–612
DOI 10.7326/0003-4819-150-9-200905050-00006.

Liu Y. 2011. Cellular and molecular mechanisms of renal fibrosis. Nature Reviews
Nephrology 7:684–696 DOI 10.1038/nrneph.2011.149.

MachadoMV, Cortez-Pinto H. 2013. Non-invasive diagnosis of non-alcoholic
fatty liver disease. A critical appraisal. Journal of Hepatology 58:1007–1019
DOI 10.1016/j.jhep.2012.11.021.

Meng XM, Nikolic-Paterson DJ, Lan HY. 2014. Inflammatory processes in renal fibrosis.
Nature Reviews Nephrology 10:493–503 DOI 10.1038/nrneph.2014.114.

Paquissi FC. 2016. Immune imbalances in non-alcoholic fatty liver disease: from general
biomarkers and neutrophils to interleukin-17 axis activation and new therapeutic
targets. Frontiers in Immunology 7:Article 490 DOI 10.3389/fimmu.2016.00490.

Parikh CR, Mansour SG. 2017. Perspective on clinical application of biomarkers in AKI.
Journal of the American Society of Nephrology 28:1677–1685
DOI 10.1681/asn.2016101127.

PasarinM, LaMura V, Gracia-Sancho J, Garcia-Caldero H, Rodriguez-Vilarrupla A,
Garcia-Pagan JC, Bosch J, Abraldes JG. 2012. Sinusoidal endothelial dysfunction
precedes inflammation and fibrosis in a model of NAFLD. PLOS ONE 7:e32785
DOI 10.1371/journal.pone.0032785.

Pearce SG, Thosani NC, Pan JJ. 2013. Noninvasive biomarkers for the diagnosis of
steatohepatitis and advanced fibrosis in NAFLD. Biomarker Research 1:Article 7
DOI 10.1186/2050-7771-1-7.

Poynard T, MunteanuM, Imbert-Bismut F, Charlotte F, Thabut D, Le Calvez S,
Messous D, Thibault V, Benhamou Y, Moussalli J, Ratziu V. 2004. Prospective
analysis of discordant results between biochemical markers and biopsy in patients

Choi et al. (2019), PeerJ, DOI 10.7717/peerj.6524 14/16

https://peerj.com
http://dx.doi.org/10.1002/hep.25593
http://dx.doi.org/10.1002/hep.26156
http://dx.doi.org/10.1038/nri3523
http://dx.doi.org/10.1038/ki.2010.418
http://dx.doi.org/10.1016/j.dld.2009.08.002
http://dx.doi.org/10.7326/0003-4819-150-9-200905050-00006
http://dx.doi.org/10.1038/nrneph.2011.149
http://dx.doi.org/10.1016/j.jhep.2012.11.021
http://dx.doi.org/10.1038/nrneph.2014.114
http://dx.doi.org/10.3389/fimmu.2016.00490
http://dx.doi.org/10.1681/asn.2016101127
http://dx.doi.org/10.1371/journal.pone.0032785
http://dx.doi.org/10.1186/2050-7771-1-7
http://dx.doi.org/10.7717/peerj.6524


with chronic hepatitis C. Clinical Chemistry 50:1344–1355
DOI 10.1373/clinchem.2004.032227.

Raszeja-Wyszomirska J, Szymanik B, LawniczakM, Kajor M, Chwist A, Milkiewicz
P, HartlebM. 2010. Validation of the BARD scoring system in Polish patients
with nonalcoholic fatty liver disease (NAFLD). BMC Gastroenterology 10:67
DOI 10.1186/1471-230x-10-67.

Rockey DC, Caldwell SH, Goodman ZD, Nelson RC, Smith AD. 2009. Liver biopsy.
Hepatology 49:1017–1044 DOI 10.1002/hep.22742.

Sanyal AJ, Brunt EM, Kleiner DE, Kowdley KV, Chalasani N, Lavine JE, Ratziu V,
McCullough A. 2011. Endpoints and clinical trial design for nonalcoholic steato-
hepatitis. Hepatology 54:344–353 DOI 10.1002/hep.24376.

Stevens PE, Levin A. 2013. Evaluation and management of chronic kidney disease:
synopsis of the kidney disease: improving global outcomes 2012 clinical practice
guideline. Annals of Internal Medicine 158:825–830
DOI 10.7326/0003-4819-158-11-201306040-00007.

Suzuki A, Angulo P, Lymp J, Sauver JSt, Muto A, Okada T, Lindor K. 2005. Chrono-
logical development of elevated aminotransferases in a nonalcoholic population.
Hepatology 41:64–71 DOI 10.1002/hep.20543.

Targher G, Byrne CD. 2017. Non-alcoholic fatty liver disease: an emerging driving force
in chronic kidney disease. Nature Reviews Nephrology 13:297–310
DOI 10.1038/nrneph.2017.16.

Targher G, Chonchol MB, Byrne CD. 2014. CKD and nonalcoholic fatty liver disease.
American Journal of Kidney Diseases 64:638–652 DOI 10.1053/j.ajkd.2014.05.019.

Ueha S, Shand FH, Matsushima K. 2012. Cellular and molecular mechanisms of chronic
inflammation-associated organ fibrosis. Frontiers in Immunology 3:Article 71
DOI 10.3389/fimmu.2012.00071.

Wang J, Xu C, Xun Y, Lu Z, Shi J, Yu C, Li Y. 2015. ZJU index: a novel model for
predicting nonalcoholic fatty liver disease in a Chinese population. Scientific Reports
5:16494 DOI 10.1038/srep16494.

Weber KT. 2004. From inflammation to fibrosis: a stiff stretch of highway. Hypertension
43:716–719 DOI 10.1161/01.HYP.0000118586.38323.5b.

Wijarnpreecha K, Thongprayoon C, Scribani M, Ungprasert P, CheungpasitpornW.
2017. Noninvasive fibrosis markers and chronic kidney disease among adults with
nonalcoholic fatty liver in USA. European Journal of Gastroenterology & Hepatology
30:404–410 DOI 10.1097/meg.0000000000001045.

Williams CD, Stengel J, Asike MI, Torres DM, Shaw J, Contreras M, Landt CL,
Harrison SA. 2011. Prevalence of nonalcoholic fatty liver disease and nonal-
coholic steatohepatitis among a largely middle-aged population utilizing ul-
trasound and liver biopsy: a prospective study. Gastroenterology 140:124–131
DOI 10.1053/j.gastro.2010.09.038.

Wynn TA. 2007. Common and unique mechanisms regulate fibrosis in vari-
ous fibroproliferative diseases. Journal of Clinical Investigation 117:524–529
DOI 10.1172/jci31487.

Choi et al. (2019), PeerJ, DOI 10.7717/peerj.6524 15/16

https://peerj.com
http://dx.doi.org/10.1373/clinchem.2004.032227
http://dx.doi.org/10.1186/1471-230x-10-67
http://dx.doi.org/10.1002/hep.22742
http://dx.doi.org/10.1002/hep.24376
http://dx.doi.org/10.7326/0003-4819-158-11-201306040-00007
http://dx.doi.org/10.1002/hep.20543
http://dx.doi.org/10.1038/nrneph.2017.16
http://dx.doi.org/10.1053/j.ajkd.2014.05.019
http://dx.doi.org/10.3389/fimmu.2012.00071
http://dx.doi.org/10.1038/srep16494
http://dx.doi.org/10.1161/01.HYP.0000118586.38323.5b
http://dx.doi.org/10.1097/meg.0000000000001045
http://dx.doi.org/10.1053/j.gastro.2010.09.038
http://dx.doi.org/10.1172/jci31487
http://dx.doi.org/10.7717/peerj.6524


XuHW, Hsu YC, Chang CH,Wei KL, Lin CL. 2016.High FIB-4 index as an independent
risk factor of prevalent chronic kidney disease in patients with nonalcoholic fatty
liver disease. Hepatology International 10:340–346 DOI 10.1007/s12072-015-9690-5.

Zhang H, Yang H, Lai C, Xu X, Huang K, Fu J. 2015. Quantitative relationship between
liver fat content and metabolic syndrome in obese children and adolescents. Clinical
Endocrinology 83:43–49 DOI 10.1111/cen.12758.

Choi et al. (2019), PeerJ, DOI 10.7717/peerj.6524 16/16

https://peerj.com
http://dx.doi.org/10.1007/s12072-015-9690-5
http://dx.doi.org/10.1111/cen.12758
http://dx.doi.org/10.7717/peerj.6524

