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A B S T R A C T

Introduction and Objectives: Patients with non-alcoholic fatty liver disease (NAFLD) are at risk for cardiovascu-

lar and chronic kidney diseases. Liver steatosis and fibrosis were assessed using the fatty liver index and

fibrosis-4 index, respectively. This study aimed to examine the association between these two parameters in

patients with atherosclerosis and chronic kidney disease.

Materials and Methods: The two parameters were calculated for 11,867 adults who participated in the Tohoku

Medical Megabank Project Birth and Three-Generation Cohort Study. Intima-media thickness and estimated glo-

merular filtration rate were also measured. Logistic regression models were used to estimate the odds ratios (OR).

Results: Overall, 4257 (35.9%) and 4733 (39.9%) participants had a higher probability of liver steatosis and

fibrosis, respectively. The adjusted OR of higher fatty liver index compared to lower fatty liver index for ath-

erosclerosis and chronic kidney disease were 0.98 (95% confidence interval [CI], 0.77−1.24) and 1.79 (95% CI,

1.19−2.69), and those of higher FIB-4 compared to lower FIB-4 were 1.03 (95% CI, 0.82−1.30) and 0.79 (95%

CI, 0.52−1.19) for atherosclerosis and chronic kidney disease, respectively.

Conclusions: A higher FLI was associated with CKD independent of other risk factors. Further research is

required to identify the causal relationship between liver fat accumulation and CKD.

© 2022 Fundación Clínica Médica Sur, A.C. Published by Elsevier España, S.L.U. This is an open access article

under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/)
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1. Introduction

The number of patients with non-alcoholic fatty liver disease (NAFLD)

has been increasing, and NAFLD is now the most prevalent chronic liver

disease [1]. Some patients with NAFLD develop non-alcoholic steatohepa-

titis (NASH), which leads to cirrhosis, hepatocellular carcinoma, and liver

failure [2]. In addition to liver-related outcomes, cardiovascular disease

(CVD) is a major cause of mortality in patients with NAFLD [3,4].

Several studies have reported that atherosclerotic vascular damage,

a major risk factor for CVD, is associated with NAFLD. For example, a

meta-analysis examining the association between NAFLD diagnosed

by liver ultrasonography, computed tomography, or biopsy and carotid

atherosclerosis, detected by carotid intima-media thickness (cIMT) or

the presence of carotid plaque or stenosis, showed that the risk of ath-

erosclerosis in patients with NAFLD was significantly greater than that

in patients without NAFLD (odds ratio [OR] of 3.20) [5]. Liver fibrosis,

as defined by liver biopsy, is also associated with increased cIMT in

patients with NAFLD [6]. Although liver biopsy remains the diagnostic

gold standard for NASH, several non-invasive biomarkers for predict-

ing NASH and assessing liver fibrosis in NASH have been studied in

addition to assessing liver steatosis [7,8]. Some studies have reported

a relationship between the non-invasive biochemical index of liver

steatosis and fibrosis with atherosclerotic vascular damage [9−11].

The association between non-invasive markers and atherosclerosis in
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the general population is yet to be investigated, considering the conve-

nience of non-invasive markers and their applicability to populations

without specific health concerns.

NAFLD has also been linked to impaired renal function and failure.

The presence of NAFLD, defined by ultrasonography, is independently

associated with chronic kidney disease (CKD) in adults with type 2

diabetes [12], obesity [13], and in the healthy population [14]. Among

patients with NAFLD, the liver fibrosis stage was significantly corre-

lated with the deterioration of renal function, as measured by the

estimated glomerular filtration rate (eGFR) [15]. As in the case of ath-

erosclerosis, the association of CKD and worsening renal function

with non-invasive markers in the general population is yet to be

explored [16,17].

There is accumulating evidence of a relationship between NAFLD

and pathological changes in each extrahepatic organ; however,

investigation of the extrahepatic consequences of pathological

changes in the liver via other tissues or organs is insufficient. For

example, both NAFLD and CKD have been reported to be risk factors

for CVD [18]; however, the mechanistic links between NAFLD, CKD,

and cardiovascular diseases are poorly understood. To further eluci-

date the multi-organ effect of NAFLD, it is necessary to investigate

the extrahepatic effect of NAFLD on multiple organs in a single study.

In this cross-sectional study using large population-based cohort

data, we evaluated the association of non-invasive liver steatosis and

fibrosis markers with atherosclerosis and renal function. We aimed

to evaluate the association of both markers with each organ and

address the link between the extrahepatic effects of NAFLD and car-

diovascular and kidney diseases.

2. Methods

2.1. Study Population

This cross-sectional study was part of the Tohoku Medical Mega-

bank Project Birth and Three-Generation Cohort Study (TMM BirTh-

ree Cohort Study), which recruited 73,529 participants between July

19, 2013, and March 31, 2017, in Miyagi and Iwate prefectures, Japan.

The Institutional Review Board of Tohoku University Graduate School

of Medicine approved this cohort study (May 27, 2013; Approval

No:2013-1-103-1). The details of the TMM BirThree Cohort Study

have been described in earlier studies [19−22]. As follow-up is ongo-

ing, the present study implemented cross-sectional analyses of the

baseline data.

Among the cohort participants, 27,274 individuals aged ≥ 20 years

who did not retract informed consent and underwent blood testing

between June 2017 and January 2019 were included in this study.

Information regarding medical history and drug, alcohol and ciga-

rette use was also collected. Exclusion criteria included known liver

diseases, including liver cancer, hepatitis B and C, missing informa-

tion on platelets, eGFR, maximum intima-media thickness (IMT), and

questionnaire answers related to alcohol consumption and excessive

alcohol consumption, which are equivalent to the criteria for alco-

holic liver disease. Data from 11,867 participants were analyzed in

this study (Fig. 1).

2.2. Measurements

2.2.1. cIMT

Carotid ultrasound was performed using a real-time B-mode

ultrasound imaging unit (Toshiba Sonolayer SSA-250A; Toshiba,

Tokyo, Japan) with a 7.5 MHz annular array probe with an axial reso-

lution of 0.25 mm. Ultrasonography was performed by specially

trained doctors using a standardized technique. The study procedure

involved scanning the near and far walls of both common carotid

arteries, approximately 1 cm proximal to the carotid bulb on the lon-

gitudinal view. During each examination, different scanning angles

(anterior, lateral, and posterior) were used to identify the maximum

IMT on each wall. All participants were examined in a sitting position.

Maximum IMT of ≥ 1.1 mmwas used as an index of atherosclerosis.

2.2.2. Laboratory measurements

Blood samples were collected and measured, as previously

described [19,23]. We calculated the eGFR as an index of renal func-

tion. The new Japanese equation for glomerular filtration rate estima-

tion [24] was used to calculate eGFR.

eGFR (mL/min/1.73 m2) = 194 £ Scr �1.094
£ age�0.287 (£ 0.739 if

female).

The serum creatinine level (Scr) was determined using the enzy-

matic method.

An eGFR < 60 mL/min/1.73 m2 was used as an index of renal

impairment.

2.2.3. Noninvasive indexes for liver fat accumulation and fibrosis

The formula for fatty liver index (FLI) was as follows [25]: FLI =

[e0.953 £ loge (triglycerides) + 0.139 £ BMI + 0.78 £ loge (g-glutamyltransferase) +

0.053 £ waist circumference - 15.745)]/[1 + e0.953 £ loge (triglycerides) + 0.139 £ BMI

+ 0.718 £ loge (g-glutamyltransferase) + 0.053 £ waist circumference - 15.745] £ 100;

where BMI represents the body mass index; triglyceride levels are

presented in mg/dL, g-glutamyltransferase levels in U/L, and waist

circumference measurements in cm. The scores ranged from 0 to

100. An FLI value of ≥30 was used as the cutoff for suspected partici-

pants with hepatic steatosis.

The fibrosis-4 index (FIB-4) was calculated as follows: (age £

AST)/(platelet count £ [square root of ALT]), where AST represents

aspartate aminotransferase and ALT represents alanine aminotrans-

ferase [26]. FIB-4 ≥ 1.30 was used as the cutoff for suspected partici-

pants with liver fibrosis [27].

In this study, individuals with higher FLI values (≥ 30) were

assumed to have liver steatosis. Analyses were conducted to investi-

gate the association between liver fibrosis, atherosclerosis, and CKD

in individuals with liver steatosis.

In supplemental analyses, stratification of participants using

higher cutoff values (60 for FLI and 2.67 for FIB-4) was performed for

sensitivity analyses.

2.3. Data analyses

Continuous data were expressed as means § standard deviation

(SD) and compared using a two-tailed t-test. Categorical variables

were compared using the x2 test. Logistic regression analysis adjusted

for confounders was used to determine the association between non-

invasive liver markers and organ damage, vascular atherosclerosis, and

renal impairment. Information regarding medical intervention of the

Fig. 1. Flow chart showing the selection of study population for data analyses.
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participants, including the alimentary regimen, was not included in

the analyses owing to the limitation of data availability. Statistical sig-

nificance was set at a two-tailed P value of 0.05. All data were ana-

lyzed using SAS version 9.4 (SAS Institute Inc., Cary, NC, USA).

2.4. Ethical considerations

This study was approved by the institutional review board of the

Tohoku University Tohoku Medical Megabank Organization on Sep-

tember 14, 2020 (registration number:2020-4-061). Informed con-

sent was obtained from the TMM BirThree Cohort Study participants

[20,22], and those who withdrew their consent before the start of the

study were excluded from the analyses.

3. Results

The clinical and biochemical features of the study groups are pre-

sented in Table 1. The mean age of the study participants was

56.9 years (SD, 15.1 years) (Table 1). The prevalences of type 2 diabe-

tes, hypertension, dyslipidemia, and smoking at baseline were 3.8%,

22.5%, 10.5%, and 50.2%, respectively. The proportion of participants

with a higher probability of liver steatosis (FLI ≥ 30) was 35.9% (n =

4257) while that of those with a higher probability of liver fibrosis

(FIB-4 ≥ 1.30) was 39.9% (n = 4733). Among participants with a higher

probability of liver steatosis, the proportion of males was significantly

higher than that among those with a lower probability of liver steato-

sis. Compared to participants with a lower probability of liver steato-

sis, those with a higher probability of liver steatosis were older; had

higher BMI; systolic and diastolic blood pressure; total and low-den-

sity lipoprotein (LDL) cholesterol, blood glucose, hemoglobin A1c

(HbA1c), AST, and ALT levels; lower high-density lipoprotein (HDL)

cholesterol levels; and included more smokers and patients with

type 2 diabetes, hypertension, and hyperlipidemia (Table 1). Among

participants with a higher probability of liver fibrosis, the proportion

of males was significantly higher than that among those with a lower

probability of liver steatosis. Participants with a higher probability of

liver fibrosis were older, had higher systolic and diastolic blood pres-

sure, and total cholesterol, blood glucose, HbA1c, AST, and ALT levels

compared to those with a lower probability of liver steatosis. Partici-

pants with a higher probability of liver fibrosis also included more

smokers and patients with type 2 diabetes, hypertension, and hyper-

lipidemia compared to those with a lower probability of liver fibrosis

(Table 1).

Compared to participants with a lower probability of liver steato-

sis, those with a higher probability of liver steatosis had significantly

higher maximum IMT and lower eGFR (P < 0.001, Table 2). The pro-

portions of participants with atherosclerosis (max IMT ≥ 1.1 mm)

and renal impairment (eGFR < 60 mL/min/1.73 m2) were higher

among participants with a higher probability of liver steatosis than

among those with a lower probability of liver steatosis (P < 0.001,

Table 2). Compared to participants with a lower probability of liver

fibrosis, those with a higher probability of liver fibrosis had signifi-

cantly higher maximum IMT and lower eGFR (P < 0.001, Table 2). The

proportions of participants with atherosclerosis and renal

impairment was higher among participants with a higher probability

of liver fibrosis than among those with a lower probability of liver

fibrosis (P < 0.001, Table 2).

A logistic regression model adjusted for age, sex, smoking history,

BMI, systolic blood pressure, and HbA1c and LDL cholesterol levels

was used to estimate the risk of atherosclerosis and renal impairment

in participants with a higher probability of liver steatosis and fibrosis.

As shown in Table 3, a higher probability of liver steatosis (FLI ≥ 30)

significantly correlated with renal impairment (1.8-fold OR). In con-

trast, a higher probability of liver fibrosis (FIB-4 ≥ 1.30) was not sig-

nificantly correlated with atherosclerosis or renal impairment, and a

higher probability of liver steatosis was not significantly correlated

with atherosclerosis.

Sensitivity analyses were conducted using higher cut-off values to

identify individuals with a higher probability of liver steatosis or

fibrosis (Supplemental Table 1). As in the analyses using lower cutoff

values, individuals with a high probability of liver steatosis had sig-

nificantly higher maximum IMT and lower eGFR than those with a

low probability of liver fibrosis (Supplemental Table 2). The propor-

tions of participants with atherosclerosis and renal impairment were

higher among those with a higher probability of liver steatosis than

among those with a lower probability of liver steatosis (Supplemental

Table 2). In the logistic regression model, only a high probability of

liver steatosis was independently associated with lower eGFR, which

was consistent with the logistic regression model using lower cutoff

values of FLI and FIB-4 (Supplemental Table 3). In subgroup analyses

Table 1

Anthropometric and biochemical characteristics of the study subjects by liver steatosis and fibrosis risk scores.

All study population

(n=11,867)

Lower probability of

liver steatosisFLI < 30

(n=7610)

Higher probability of

liver steatosisFLI ≥ 30

(n=4257)

Lower probability of

liver fibrosisFIB-4 < 1.30

(n=7134)

Higher probability of

liver fibrosisFIB-4 ≥ 1.30

(n=4733)

Male, n(%) 5904 (49.8) 2944 (38.7) 2960 (69.5) a 2790 (39.1) 3144 (66.4) d

Age, year 56.9 (15.1) 55.1 (15.6) 60.0 (13.6) a 48.8 (13.5) 69.0 (6.9) d

BMI, kg/m2 23.1 (3.4) 21.5 (2.3) 26.0 (3.0) a 23.1 (3.5) 23.2 (3.1)

smoker, n(%) 5917 (50.2) 3259 (43.1) 2658 (62.9) a 3448 (48.7) 2469 (52.4) d

Systolic blood pressure, mmHg 127.4 (18.0) 123.9 (18.1) 133.6 (16.2) a 122.9 (17.3) 134.1 (17.0) d

Diastolic blood pressure, mmHg 77.7 (10.9) 75.8 (10.5) 81.2 (10.7) a 77.3 (11.1) 78.4 (10.6) d

Total cholesterol, mg/dL 200.8 (34.6) 198.1 (33.9) 205.6 (35.4) a 200.2 (35.6) 201.6 (33.0) b

HDL cholesterol, mg/dL 62.5 (16.6) 67.3 (16.3) 53.8 (13.5) a 62.3 (16.5) 62.7 (16.8)

LDL cholesterol, mg/dL 115.8 (30.0) 112.9 (28.8) 120.9 (31.3) a 115.8 (31.0) 115.6 (28.3)

Blood glucose, mg/dL 89.7 (18.4) 86.7 (14.5) 95.0 (22.8) a 87.4 (16.5) 93.1 (20.4) d

HbA1c, % 5.5 (0.5) 5.5 (0.4) 5.7 (0.6) a 5.5 (0.5) 5.6 (0.5) d

AST, IU/L 22.8 (9.0) 20.8 (5.9) 26.3 (12.0) a 20.6 (6.9) 26.2 (10.6) d

ALT, IU/L 21.5 (14.9) 17.0 (7.6) 29.5 (20.5) a 21.1 (15.2) 22.1 (14.6) c

Type 2 diabetes, n(%) 419 (3.8) 195 (2.6) 224 (5.3) a 167 (2.2) 252 (5.9) d

Hypertension, n(%) 2513 (22.5) 1116 (14.7) 1397 (32.8) a 991 (13.0) 1522 (35.8) d

Hyperlipidemia, n(%) 1172 (10.5) 614 (8.1) 558 (13.1) a 522 (6.9) 650 (15.3) d

Data are means § SD. Categorical variables were compared by x
2 test. ALT = alanine aminotransferase; AST = aspartate aminotransferase; FLI = Fatty Liver Index;

HbA1c = hemoglobin A1c; HDL = high density lipoprotein; LDL = low density lipoprotein.
a P<0.0001 vs. Lower probability of liver steatosis group in all study population.
b P<0.05 vs. Lower probability of liver fibrosis group in all study population.
c P<0.001 vs. Lower probability of liver fibrosis group in all study population.
d P<0.0001 vs. Lower probability of liver fibrosis group in all study population.
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by age and sex, the observed results were consistent with those of the

overall study population (Supplemental Tables 5 and 6). In addition,

the analyses using cutoff values of the outcomes to include earlier

stages of cardiovascular thickening and renal function decrease

(maximum IMT ≥ 0.6 mm and eGFR < 90 mL/min/1.73 m2) also

showed results that were consistent with those of the original analy-

ses (Supplemental Table 7). When participants were grouped based

on eGFR values (> 90, ≥ 60 and < 90, and < 60), the prevalence of

higher FLI significantly increased in accordance with worsening renal

function (Supplemental Table 8).

Among participants with a higher probability of liver steatosis

(liver steatosis group), the prevalence of higher probability of liver

fibrosis (FIB-4 ≥ 1.30) was 42.9% (n=1828, Supplemental Table 6).

Compared to participants with a lower probability of liver fibrosis in

the liver steatosis group, participants with a higher probability of

liver fibrosis had significantly higher maximum IMT and lower eGFR

(P < 0.001, Supplemental Table 5). The proportion of participants

with atherosclerosis and renal impairment was higher among indi-

viduals with a higher probability of liver fibrosis than among those

with a lower probability of liver fibrosis (P < 0.001; Supplemental

Table 5). In a logistic regression model adjusted for age, sex, smoking

history, BMI, systolic blood pressure, and HbA1c and LDL cholesterol

levels, a higher probability of liver fibrosis (FIB-4 ≥ 1.30) was not

independently correlated with either atherosclerosis or renal

impairment (Supplemental Table 6).

4. Discussion

To the best of our knowledge, this is the first study to evaluate the

associations of non-invasive markers of liver steatosis (FLI) and liver

fibrosis (FIB-4) with atherosclerosis and renal impairment in a large

cohort of Japanese men and women of a wide age range. The main

finding of this study was that a higher liver steatosis risk score was

independently associated with the presence of renal impairment,

although the liver fibrosis risk score did not show such an association.

Surprisingly, neither the liver steatosis risk score nor the fibrosis risk

score showed an independent association with atherosclerosis,

detected using ultrasound vascular echo.

Patients with NAFLD are at risk of CVD, and several studies have

suggested that liver fibrosis may be associated with CVD risk [28−30].

Atherosclerosis, one of the most well-investigated causes of CVD, is

also linked to NAFLD and liver fibrosis, as determined by both defini-

tive diagnostics [5,6] and non-invasive biochemical markers [9−11]. In

this study, atherosclerosis determined by cIMT was significantly more

prevalent among individuals with higher FLI or FIB-4; however, the

association between atherosclerosis and FLI or FIB-4 was not indepen-

dent when adjusted for sex, age, and metabolic factors that may affect

atherosclerosis. Some studies have reported an independent associa-

tion between FLI and cIMT [10,31]. The inconsistency in the results

from this study and previous reports may be due to differences in the

included population; one study included patients who were admitted

to the hospital for cardiovascular-related concerns [10] and another

included patients with type 2 diabetes [31], in contrast to the general

population included in this study. These differences in results suggest

that FLI may not be an independent predictor of increased cIMT in the

general population. Regarding non-invasive markers for liver fibrosis,

several studies have reported the independent association of FIB-4 or

NAFLD fibrosis score with cIMT in patients with NAFLD or obesity

[32−34]. In this study, FIB-4 was not independently associated with

atherosclerosis, which limits the application of non-invasive liver

fibrosis markers as an indicator of atherosclerosis in the general popu-

lation. In this study, FIB-4 did not show an independent association

with cIMT in individuals with higher FLI values, presumably in the

group with NAFLD. It is known that liver fat decreases with the pro-

gression of liver fibrosis, called “burn-out” NASH [35]. There is a possi-

bility that some individuals who developed liver fibrosis as a

consequence of NAFLD were included in the lower FLI group, which

may be the reason for the difference in our results compared to those

Table 2

Correlation between intima-media thickness and renal function and liver steatosis and fibrosis risk scores.

All study population (n=11,867)

Lower probability of

liver steatosis

FLI < 30

(n=7610)

Higher probability of

liver steatosis

FLI ≥ 30

(n=4257)

Lower probability of

liver fibrosis

FIB-4 < 1.30

(n=7134)

Higher probability of

liver fibrosis

FIB-4 ≥ 1.30

(n=4733)

Max IMT Mean 0.72 (0.18) 0.79 (0.18) a 0.69 (0.16) 0.84 (0.18) b

≥1.1 mm

n(%)

255 (3.4) 269 (6.3) a 149 (2.1) 375 (7.9) b

eGFR Mean 113.3(24.6) 101.6 (21.9) a 118.8 (23.3) 94.5 (17.7) b

<60 mL/min/1.73m2

n(%)

71 (0.9) 99 (2.3) a 36 (0.5) 134 (2.8) b

Data are means § SD. eGFR = estimated glomerular filtration ratio; FLI = Fatty Liver Index; IMT = intima-media thickness.
a P<0.0001 vs. Lower probability of liver steatosis group in all study population.
b P<0.0001 vs. Lower probability of liver fibrosis group in all study population.

Table 3

Adjusted risk of atherosclerosis and renal impairment according to probability of liver steatosis and fibrosis

risk scores in logistic regression model.

max IMT ≥ 1.1 mm eGFR < 60 mL/min/1.73 m2

OR (95% CI) P OR (95% CI) P

Higher probability of liver steatosis

FLI ≥ 30

0.976 (0.771−1.236) 0.841 1.786 (1.186−2.690) 0.006

Higher probability of liver fibrosis

FIB-4 ≥ 1.30

1.029 (0.816−1.298) 0.809 0.785 (0.517−1.193) 0.257

eGFR = estimated glomerular filtration ratio; FLI = Fatty Liver Index; IMT = intima-media thickness;

OR = odds ratio.

The models is adjusted for age, sex, smoking history, BMI, systolic blood pressure, HbA1c, and LDL

cholesterol.
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of studies that included biopsy-proven NAFLD [32,34]. In contrast to

studies reporting an independent association between NAFLD and

CVD or subclinical precursory signs, a few recent studies have reported

that the risk of CVD was not independently associated with NAFLD

itself or its histopathological indices; rather, it was dependent on other

metabolic risk factors for CVD [34,36]. The link between NAFLD and

cardiovascular diseases should be carefully considered, and our study

suggests that noninvasive markers of liver steatosis and fibrosis cannot

be considered indicators of atherosclerosis in the general population.

Attenuated renal function and CKD are also extrahepatic compli-

cations of NAFLD [28]. In the current study, a higher FLI was indepen-

dently associated with CKD, as determined by eGFR. Previous reports

have indicated an independent association between FLI and the pres-

ence or future incidence of CKD [37−39], and the results of the cur-

rent study are in line with these reports. In this study, non-invasive

markers of liver fibrosis were also tested in a large population-based

cohort study, which did not show an independent association with

the presence of CKD. A previous study demonstrated an independent

association between a higher FIB-4 and CKD in NAFLD patients

detected using ultrasound echo [40]. In contrast, the current study

suggests that the noninvasive marker of liver steatosis is useful for

estimating the presence of CKD in the general population rather than

that of liver fibrosis. In the current study, an independent association

between FIB-4 and CKD was not observed in participants with higher

FLI values. This might be due to the difference in population with

liver steatosis identified by either ultrasonography or non-invasive

biochemical markers, as in the case of the relationship between FIB-4

and atherosclerosis in our study. The current study suggests that risk

characterization by FIB-4 in individuals with liver steatosis deter-

mined by FLI is not an efficient screening procedure for CKD.

In the current study, we tested the association of FLI and FIB-4

with two extrahepatic organ damages that are well investigated for

their relationship, atherosclerosis, and CKD, in the same study popu-

lation and using the same method. This is the first study to show that

only the association between FLI and CKD was observed in combina-

tions of two non-invasive markers of liver pathophysiological

changes and two types of organ damage. Several mechanisms have

been hypothesized to link liver steatosis with CKD. Cardiometabolic

risk factors, such as obesity, insulin resistance, and dyslipidemia,

which are related to NAFLD, also increase the risk of CKD [41]. In the

current study, although FLI showed an independent association with

CKD, no independent association was observed with BMI, and HbA1c

and LDL cholesterol levels. This might indicate that the accumulation

of liver fat affects organ damage in the kidney independent of other

cardiometabolic factors. Although a direct link between NAFLD and

CKD has not yet been established, inflammatory and fibrogenic fac-

tors, including fibroblast growth factor-21 and feturin-A, which are

increased in patients with NAFLD, have been reported to potentially

promote kidney injury [42−45]. Population-based studies have

shown that both morbidity and mortality from CVD are increased in

patients with NAFLD [3,4,28] and that CKD is another well-estab-

lished risk factor for CVD [46]. In this study, an independent associa-

tion between CKD and FLI was observed; however, the association

between atherosclerosis and FLI was not independent after adjusting

for cardiometabolic risk factors. This suggests that the morbidity and

mortality caused by CVD among patients with NAFLD are, at least in

part, due to CKD, which is associated with NAFLD. Genetic factors are

also involved in the development and exacerbation of NAFLD [47].

The reason for the association of FLI with CKD, independent of other

risk factors of CKD and cardiometabolic risk factors, and the absence

of an association with atherosclerosis, may be attributed to genetic

polymorphisms associated with an increased risk of NAFLD. Recent

studies have indicated that patatin-like phospholipase domain-con-

taining protein 3 (PNPLA3), which is one of the most well-studied

genes related to NAFLD risk, is associated with reduced eGFR or CKD

independent of other renal risk factors and NAFLD [48,49]. In con-

trast, a recent study showed that genetic components are not

involved in the atherosclerotic damage associated with NAFLD [50].

Further studies, including observational studies with longer follow-

up periods and interventional studies for CKD in patients with

NAFLD, are required to confirm this hypothesis. However, the current

study highlights the importance of multi-organ screening for cardio-

vascular and renal diseases in patients with NAFLD.

This study has certain limitations. First, as FLI and FIB-4 are indi-

rect risk markers for pathological changes in the liver tissue, the

results of this study require careful evaluation. To establish the rela-

tionship between liver steatosis and damage to other organs, imaging

assessment of hepatic steatosis represented by ultrasonography

might be necessary; similarly, for liver fibrosis, assessment by mag-

netic resonance imaging or elastography is necessary. In this study,

these evaluations were not conducted because of operational and

logistical limitations when applied to large cohorts, including a

healthy population. Because the FLI is an index that uses some varia-

bles, it is possible that each component of the formula might be asso-

ciated with CKD [38]. In our analyses, none of the components used

to calculate FLI showed a meaningful association with CKD (Supple-

mental Table 4 for BMI and Supplemental Table 9 for other parame-

ters). Second, this was a cross-sectional observational study; the

findings should therefore be interpreted carefully, and no causal rela-

tionship can be confirmed. Further prospective and mechanistic stud-

ies are required to determine the relationship between FLI, CKD,

atherosclerosis, and CKD. Third, the study used data from a large pop-

ulation-based cohort in which family members were recruited

[19−22]. Supplemental analyses based on age groups (Supplemental

Table 6) showed that results were consistent across both younger

and older age groups, even though an independent association of

higher FLI with renal function was not observed because of the small

number of participants with renal impairment in the younger age

group. This finding supports the fact that the effect of the affinity

relationship on the study results is limited, even though the possibil-

ity of the effect cannot be fully excluded. Fourth, in the present study,

although we excluded patients with other chronic liver diseases,

including hepatitis B and C and liver tumors, a questionnaire was

used to identify these participants, and no diagnostic procedures

were performed to identify these liver diseases. In addition, patients

with other rare types of chronic liver diseases, such as autoimmune

hepatitis, might have been included in the analyses, although the

number of such patients is likely to be small. Fifth, although several

covariates were included in the adjustment, other potential media-

tors such as food intake, physical activity level, and medicines that

influence renal diseases need to be taken into consideration.

5. Conclusion

In conclusion, this cross-sectional study using a large cohort data-

base showed that FLI was associated with CKD independent of other

risk factors of CKD and cardiometabolic risk factors, although it was

not associated with atherosclerosis. Overall, FLI was identified as a

potential CKD marker. Further investigations using a prospective

design, quantitation of liver fat, and mechanistic studies are required

to identify the causal relationship between liver fat accumulation and

renal disease.
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