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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%
Cl, 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 Fundacién Clinica Médica Sur, A.C. Published by Elsevier Espafia, 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].

Abbreviations: AST, aspartate aminotransferase; ALT, represents alanine aminotrans-
ferase; BMI, body mass index; CKD, chronic kidney disease; cIMT, carotid intima-media
thickness; CVD, cardiovascular disease; eGFR, estimated glomerular filtration rate; FIB-4,
the fibrosis-4 index; FLI, the fatty liver index; HbA1c, hemoglobin Alc; HDL, high-density
lipoprotein; IMT, intima-media thickness; LDL, low-density lipoprotein; NAFLD, non-alco-
holic fatty liver disease; NASH, nonalcoholic steatohepatitis; OR, odds ratio
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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
N0:2013-1-103-1). 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

22.1. 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
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27,274 individuals
Without history of
- Liver cancer
- Hepatitis B or C

15,407 participants
- Missing platelets, eGFR, or max IMT
- Missing information of drinking habits
- Heavy alcohol drinker (above the criteria of NAFLD)

11,867 participants

Fig. 1. Flow chart showing the selection of study population for data analyses.

(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 mm was 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 m?) = 194 x Scr ~1%%* x age %287 (x 0.739 if
female).

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

An eGFR < 60 mL/min/1.73 m? 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 =

[60'953 x loge (triglycerides) + 0.139 x BMI + 0.78 x loge (y-glutamyltransferase) +

0.053 x waist circumference - 154745)] [1 + e0.953 x loge (triglycerides) + 0.139 x BMI

+ 0.718 x loge (y-glutamyltransferase) + 0.053 x waist circumference - 15.745] % 100:

where BMI represents the body mass index; triglyceride levels are
presented in mg/dL, y-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 x
AST)/(platelet count x [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 x? 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
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Table 1
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Anthropometric and biochemical characteristics of the study subjects by liver steatosis and fibrosis risk scores.

All study population Lower probability of

Higher probability of Lower probability of Higher probability of

(n=11,867) liver steatosisFLI < 30 liver steatosisFLI > 30 liver fibrosisFIB-4 < 1.30  liver fibrosisFIB-4 > 1.30

(n=7610) (n=4257) (n=7134) (n=4733)
Male, n(%) 5904 (49.8) 2944 (38.7) 2960 (69.5) * 2790(39.1) 3144 (66.4) ¢
Age, year 56.9 (15.1) 55.1(15.6) 60.0(13.6)° 48.8(13.5) 69.0(6.9)¢
BMI, kg/m? 23.1(3.4) 21.5(2.3) 26.0(3.0)° 23.1(3.5) 23.2(3.1)
smoker, n(%) 5917 (50.2) 3259(43.1) 2658 (62.9) ° 3448 (48.7) 2469 (52.4) ¢
Systolic blood pressure, mmHg ~ 127.4(18.0) 123.9(18.1) 133.6(16.2)° 122.9(17.3) 134.1(17.0)¢
Diastolic blood pressure, nmHg 77.7 (10.9) 75.8 (10.5) 81.2(10.7)° 77.3(11.1) 78.4(10.6) ¢
Total cholesterol, mg/dL 200.8 (34.6) 198.1(33.9) 205.6 (354)° 200.2 (35.6) 201.6(33.0)°
HDL cholesterol, mg/dL 62.5(16.6) 67.3(16.3) 53.8(13.5)" 62.3(16.5) 62.7(16.8)
LDL cholesterol, mg/dL 115.8 (30.0) 112.9(28.8) 120.9(31.3)° 115.8(31.0) 115.6 (28.3)
Blood glucose, mg/dL 89.7(18.4) 86.7 (14.5) 95.0 (22.8)° 87.4(16.5) 93.1(20.4) ¢
HbAlc, % 5.5(0.5) 5.5(0.4) 5.7(0.6)" 5.5(0.5) 5.6(0.5)¢
AST, IU/L 22.8(9.0) 20.8 (5.9) 26.3(12.0)° 20.6 (6.9) 26.2(10.6)¢
ALT, IU/L 21.5(14.9) 17.0(7.6) 29.5(20.5)° 21.1(15.2) 22.1(146)°
Type 2 diabetes, n(%) 419(3.8) 195 (2.6) 224(5.3)° 167 (2.2) 252(5.9)¢
Hypertension, n(%) 2513(22.5) 1116 (14.7) 1397 (32.8)° 991 (13.0) 1522 (35.8)¢
Hyperlipidemia, n(%) 1172 (10.5) 614(8.1) 558(13.1)° 522(6.9) 650(15.3) ¢

Data are means + SD. Categorical variables were compared by x? test. ALT = alanine aminotransferase; AST = aspartate aminotransferase; FLI = Fatty Liver Index;
HbA1c = hemoglobin Alc; HDL = high density lipoprotein; LDL = low density lipoprotein.

2 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.

¢ P<0.001 vs. Lower probability of liver fibrosis group in all study population.

4 P<0.0001 vs. Lower probability of liver fibrosis group in all study population.

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 Alc
(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 m?) 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 HbAlc 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
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Table 2
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Correlation between intima-media thickness and renal function and liver steatosis and fibrosis risk scores.

All study population (n=11,867)

Lower probability of Higher probability of Lower probability of Higher probability of
liver steatosis liver steatosis liver fibrosis liver fibrosis
FLI < 30 FLI > 30 FIB-4 < 1.30 FIB-4 > 1.30
(n=7610) (n=4257) (n=7134) (n=4733)
Max IMT Mean 0.72(0.18) 0.79(0.18) ¢ 0.69 (0.16) 0.84(0.18)"°
>1.1 mm 255(3.4) 269 (6.3)° 149 (2.1) 375(7.9)°
n(%)
eGFR Mean 113.3(24.6) 101.6 (21.9)° 118.8(23.3) 94.5(17.7)°
<60 mL/min/1.73m? 71(0.9) 99(2.3)° 36(0.5) 134(2.8)"
n(%)

Data are means =+ SD. eGFR = estimated glomerular filtration ratio; FLI = Fatty Liver Index; IMT = intima-media thickness.
¢ 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 m?

OR (95% CI) P OR (95% CI) P
Higher probability of liver steatosis ~ 0.976 (0.771-1.236)  0.841 1.786(1.186-2.690)  0.006
FLI > 30
Higher probability of liver fibrosis 1.029(0.816—1.298) 0.809  0.785(0.517-1.193)  0.257
FIB-4 > 1.30

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, HbAlc, and LDL

cholesterol.

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 m?) 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
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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
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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.

Funding
The TMM BirThree Cohort Study was supported by the Japan

Agency for Medical Research and Development (AMED), Japan [grant
number: JP21tm0124005].



T. Machida, T. Obara, M. Ishikuro et al.
Author contributions

Toshiya Machida: the conception and design of the study, analysis
and interpretation of data, and drafting of the article. Taku Obara: the
conception and design of the study, acquisition and analysis of data,
revising important intellectual content of the article, and final
approval of the version to be submitted. Mami Ishikuro: acquisition
and analysis of data, revising important intellectual content of the
article, and final approval of the version to be submitted. Keiko Mura-
kami: acquisition and analysis of data, revising important intellectual
content of the article, and final approval of the version to be submit-
ted. Fumihiko Ueno: acquisition and analysis of data, revising the
article, and final approval of the version to be submitted. Aoi Noda:
acquisition and analysis of data, revising important intellectual con-
tent of the article, and final approval of the version to be submitted.
Tomomi Onuma: acquisition and analysis of data, revising important
intellectual content of the article, and final approval of the version to
be submitted. Fumiko Matsuzaki: acquisition and analysis of data,
revising important intellectual content of the article, and final
approval of the version to be submitted. Jun Inoue: study supervision,
revising important intellectual content of the article, and final
approval of the version to be submitted. Shinichi Kuriyama: study
supervision, acquisition and analysis of data, revising important intel-
lectual content of the article, and final approval of the version to be
submitted. Nariyasu Mano: study supervision, revising important
intellectual content of the article, and final approval of the version to
be submitted. All of the authors are in agreement to be accountable
for all aspects of the work in ensuring that questions related to the
accuracy or integrity of any part of the article are appropriately inves-
tigated and resolved.

Declaration of interest

Toshiya Machida is an employee of Pfizer R&D in Japan. Toshiya
Machida is a research collaborator at Tohoku University, and he con-
tributed to the present study independently from the companies to
which they belong. Nariyasu Mano received honoraria from Daiichi
Sankyo Co. Ltd. The other authors have no conflicts of interest to
declare.

Acknowledgments

The authors wish to express their appreciation to the participants
of the TMM BirThree Cohort Study and staff members of the Tohoku
Medical Megabank Organization. The list of members is available at
https://www.megabank.tohoku.ac.jp/english/a210901/.

Supplementary materials

Supplementary material associated with this article can be found
in the online version at doi:10.1016/j.achep.2022.100761.

References

[1] Younossi ZM, Koenig AB, Abdelatif D, Fazel Y, Henry L, Wymer M. Global epidemi-
ology of nonalcoholic fatty liver disease-meta-analytic assessment of prevalence,
incidence, and outcomes. Hepatology 2016;64:73-84. https://doi.org/10.1002/
hep.28431.

[2] Huang DQ, El-Serag HB, Loomba R. Global epidemiology of NAFLD-related HCC:
trends, predictions, risk factors and prevention. Nat Rev Gastroenterol Hepatol
2021;18:223-38. https://doi.org/10.1038/s41575-020-00381-6.

[3] Ekstedt M, Franzén LE, Mathiesen UL, Thorelius L, Holmqvist M, Bodemar G, et al.
Long-term follow-up of patients with NAFLD and elevated liver enzymes. Hepa-
tology 2006;44:865-73. https://doi.org/10.1002/hep.21327.

[4] Hagstrom H, Nasr P, Ekstedt M, Hammar U, Stal P, Hultcrantz R, et al. Fibrosis
stage but not NASH predicts mortality and time to development of severe liver
disease in biopsy-proven NAFLD. ] Hepatol 2017;67:1265-73. https://doi.org/
10.1016/j.jhep.2017.07.027.

Annals of Hepatology 28 (2023) 100761

[5] Shao Pin Tang A, En Chan K, Quek J, Xiao J, Tay P, Teng M, et al. NAFLD increases
risk of carotid atherosclerosis and ischemic stroke. An updated meta-analysis
with 135,602 individuals. Clin Mol Hepatol 2022. https://doi.org/10.3350/
c¢mh.2021.0406.

[6] Targher G, Bertolini L, Padovani R, Rodella S, Zoppini G, Zenari L, et al. Relations
between carotid artery wall thickness and liver histology in subjects with nonal-
coholic fatty liver disease. Diabetes Care 2006;29:1325-30. https://doi.org/
10.2337/dc06-0135.

[7] Ismaiel A, Leucuta DC, Popa SL, Fagonee S, Pellicano R, Abenavoli L, et al. Non-
invasive biomarkers in predicting nonalcoholic steatohepatitis and assessing liver
fibrosis: systematic review and meta-analysis. Panminerva Med 2021;63:508-18.
https://doi.org/10.23736/S0031-0808.20.04171-3.

[8] Wong VWS, Adams LA, de Lédinghen V, Wong GLH, Sookoian S. Non-invasive bio-
markers in NAFLD and NASH - current progress and future promise. Nat Rev Gas-
troenterol Hepatol 2018;25:461-78. https://doi.org/10.1038/s41575-018-0014-9.

[9] Sesti G, Sciacqua A, Fiorentino TV, Perticone M, Succurro E, Perticone F. Associa-
tion between non-invasive fibrosis markers and cardio-vascular organ damage
among adults with hepatic steatosis. PLoS One 2014;9:e104941. https://doi.org/
10.1371/journal.pone.0104941.

[10] Pais R, Redheuil A, Cluzel P, Ratziu V, Giral P. Relationship among fatty liver, spe-
cific and multiple-site atherosclerosis, and 10-year framingham score. Hepatol-
ogy 2019;69:1453-63. https://doi.org/10.1002/hep.30223.

[11] Cicero AFG, Gitto S, Fogacci F, Rosticci M, Giovannini M, D’Addato, et al., et al.
Fatty liver index is associated to pulse wave velocity in healthy subjects: data
from the Brisighella heart study. Eur ] Inter Med 2018;53:29-33. https://doi.org/
10.1016/j.€jim.2018.03.010.

[12] Targher G, Bertolini L, Rodella S, Zoppini G, Lippi G, Day C, et al. Non-alcoholic
fatty liver disease is independently associated with an increased prevalence of
chronic kidney disease and proliferative/laser-treated retinopathy in type 2 dia-
betic patients. Diabetologia 2008;51:444-50. https://doi.org/10.1007/s00125-
007-0897-4.

[13] Pan LL, Zhang H]J, Huang ZF, Sun Q, Chen Z, Li ZB, et al. Intrahepatic triglyceride
content is independently associated with chronic kidney disease in obese adults:
a cross-sectional study. Metab: Clin Exp 2015;64:1077-85. https://doi.org/
10.1016/j.metabol.2015.06.003.

[14] Chang Y, Ryu S, Sung E, Woo HY, Oh E, Cha K, et al. Nonalcoholic fatty liver disease
predicts chronic kidney disease in nonhypertensive and nondiabetic Korean men.
Metab: Clin Exp 2008;57:569-76. https://doi.org/10.1016/j.metabol.2007.11.022.

[15] Targher G, Bertolini L, Rodella S, Lippi G, Zoppini G, Chonchol M. Relationship
between kidney function and liver histology in subjects with nonalcoholic steato-
hepatitis. Clin ] Am Soc Nephrol 2010;5:2166-71. https://doi.org/10.2215/
¢jn.05050610.

[16] Ochiai H, Shirasawa T, Yoshimoto T, Nagahama S, Sakamoto K, Azuma M, et al.
Hepatic steatosis index and chronic kidney disease among middle-aged individu-
als: a large-scale study in Japan. Dis Mark 2021;2021. https://doi.org/10.1155/
2021/9941834.

[17] Seko Y, Yano K, Takahashi A, Okishio S, Kataoka S, Okuda K, et al. FIB-4 index and
diabetes mellitus are associated with chronic kidney disease in Japanese patients
with non-alcoholic fatty liver disease. Int ] Mol Sci 2020;21:171. https://doi.org/
10.3390/ijms21010171.

[18] Musso G, Cassader M, Cohney S, de Michieli F, Pinach S, Saba F, et al. Fatty liver
and chronic kidney disease: novel mechanistic insights and therapeutic opportu-
nities. Diabetes Care 2016;39:1830-45. https://doi.org/10.2337/dc15-1182.

[19] Ishikuro M, Noda A, Murakami K, Onuma T, Matsuzaki F, Ueno F, et al. Families’
health after the great east Japan earthquake: findings from the Tohoku medical
megabank project birth and three-generation cohort study. Tohoku ] Exp Med
2022;256:93-101. https://doi.org/10.1620/tjem.256.93.

[20] Kuriyama S, Metoki H, Kikuya M, Obara T, Ishikuro M, Yamanaka C, et al. Cohort
profile: Tohoku medical megabank project birth and three-generation cohort
study (TMM BirThree Cohort Study): rationale, progress and perspective. Int ] Epi-
demiol 2020;49:18-19M. https://doi.org/10.1093/ije/dyz169.

[21] Ishikuro M, Obara T, Osanai T, Yamanaka C, Sato Y, Mizuno S, et al. Strategic meth-
ods for recruiting grandparents: the Tohoku medical megabank birth and three-
generation cohort study. Tohoku ] Exp Med 2018;246:97-105. https://doi.org/
10.1620/tjem.246.97.

[22] Kuriyama S, Yaegashi N, Nagami F, Arai T, Kawaguchi Y, Osumi N, et al. The
Tohoku medical megabank project: design and mission. ] Epidemiol
2016;26:493-511. https://doi.org/10.2188/jea.je20150268.

[23] Hozawa A, Tanno K, Nakaya N, Nakamura T, Tsuchiya N, Hirata T, et al. Study pro-
file of the Tohoku medical megabank community-based cohort study. ] Epidemiol
2021;31:65-76. https://doi.org/10.2188/jea.je20190271.

[24] Matsuo S, Imai E, Horio M, Yasuda Y, Tomita K, Nitta K, et al. Revised equations for
estimated GFR from serum creatinine in Japan. Am J Kidney Dis 2009;53:982-92.
https://doi.org/10.1053/j.ajkd.2008.12.034.

[25] Bedogni G, Bellentani S, Miglioli L, Masutti F, Passalacqua M, Castiglione A, et al.
The fatty liver index: a simple and accurate predictor of hepatic steatosis in the
general population. BMC Gastroenterol 2006;6:1-7. https://doi.org/10.1186/
1471-230x-6-33.

[26] Sterling RK, Lissen E, Clumeck N, Sola R, Correa MC, Montaner ], et al. Develop-
ment of a simple non-invasive index to predict significant fibrosis in patients
with HIV/HCV coinfection. Hepatology 2006;43:1317-25. https://doi.org/
10.1002/hep.21178.

[27] Shah AG, Lydecker A, Murray K, Tetri BN, Contos M]J, Sanyal AJ, et al. Comparison
of non-invasive markers of fibrosis in patients with nonalcoholic fatty liver dis-
ease. Clin Gastroenterol Hepatol 2009;7:1104-12. https://doi.org/10.1016/j.
cgh.2009.05.033.


https://www.megabank.tohoku.ac.jp/english/a210901/
https://doi.org/10.1016/j.aohep.2022.100761
https://doi.org/10.1002/hep.28431
https://doi.org/10.1002/hep.28431
https://doi.org/10.1038/s41575-020-00381-6
https://doi.org/10.1002/hep.21327
https://doi.org/10.1016/j.jhep.2017.07.027
https://doi.org/10.1016/j.jhep.2017.07.027
https://doi.org/10.3350/cmh.2021.0406
https://doi.org/10.3350/cmh.2021.0406
https://doi.org/10.2337/dc06-0135
https://doi.org/10.2337/dc06-0135
https://doi.org/10.23736/S0031-0808.20.04171-3
https://doi.org/10.1038/s41575-018-0014-9
https://doi.org/10.1371/journal.pone.0104941
https://doi.org/10.1371/journal.pone.0104941
https://doi.org/10.1002/hep.30223
https://doi.org/10.1016/j.ejim.2018.03.010
https://doi.org/10.1016/j.ejim.2018.03.010
https://doi.org/10.1007/s00125-007-0897-4
https://doi.org/10.1007/s00125-007-0897-4
https://doi.org/10.1016/j.metabol.2015.06.003
https://doi.org/10.1016/j.metabol.2015.06.003
https://doi.org/10.1016/j.metabol.2007.11.022
https://doi.org/10.2215/cjn.05050610
https://doi.org/10.2215/cjn.05050610
https://doi.org/10.1155/2021/9941834
https://doi.org/10.1155/2021/9941834
https://doi.org/10.3390/ijms21010171
https://doi.org/10.3390/ijms21010171
https://doi.org/10.2337/dc15-1182
https://doi.org/10.1620/tjem.256.93
https://doi.org/10.1093/ije/dyz169
https://doi.org/10.1620/tjem.246.97
https://doi.org/10.1620/tjem.246.97
https://doi.org/10.2188/jea.je20150268
https://doi.org/10.2188/jea.je20190271
https://doi.org/10.1053/j.ajkd.2008.12.034
https://doi.org/10.1186/1471-230x-6-33
https://doi.org/10.1186/1471-230x-6-33
https://doi.org/10.1002/hep.21178
https://doi.org/10.1002/hep.21178
https://doi.org/10.1016/j.cgh.2009.05.033
https://doi.org/10.1016/j.cgh.2009.05.033

T. Machida, T. Obara, M. Ishikuro et al.

[28] Adams LA, Anstee QM, Tilg H, Targher G. Non-Alcoholic fatty liver disease and its
relationship with cardiovascular disease and other extrahepatic diseases. Gut
2017;66:1138-53. https://doi.org/10.1136/gutjnl-2017-313884.

[29] Mantovani A, Csermely A, Petracca G, Beatrice G, Corey KE, Simon TG, et al. Non-
alcoholic fatty liver disease and risk of fatal and non-fatal cardiovascular events:
an updated systematic review and meta-analysis. Lancet Gastroenterol Hepatol
2021;6:903-13. https://doi.org/10.1016/s2468-1253(21)00308-3.

[30] Santos RD, Valenti L, Romeo S. Does nonalcoholic fatty liver disease cause cardio-
vascular disease? Current knowledge and gaps. Atherosclerosis 2019;282:110-
20. https://doi.org/10.1016/j.atherosclerosis.2019.01.029.

[31] Wang C, Cai Z, Deng X, Li H, Zhao Z, Guo C, et al. Association of hepatic steatosis
index and fatty liver index with carotid atherosclerosis in type 2 diabetes. Int ]
Med Sci 2021;18:3280-9. https://doi.org/10.7150/ijms.62010.

[32] Chen Y, Xu M, Wang T, Sun |, Sun W, Xu B, et al. Advanced fibrosis associates
with atherosclerosis in subjects with nonalcoholic fatty liver disease. Athero-
sclerosis  2015;241:145-50. https://doi.org/10.1016/j.atherosclerosis.2015.
05.002.

[33] Gentili A, Daviddi G, de Vuono S, Ricci MA, di Filippo F, Alaeddin A, et al. Non-alco-
holic fatty liver disease fibrosis score and preclinical vascular damage in morbidly
obese patients. Dig Liver Dis 2016;48:904-8. https://doi.org/10.1016/j.
dld.2016.04.004.

[34] Sinn DH, Cho S], Gu S, Seong D, Kang D, Kim H, et al. Persistent nonalcoholic fatty
liver disease increases risk for carotid atherosclerosis. Gastroenterol
2016;151:481-8 .e1. https://doi.org/10.1053/j.gastro.2016.06.001.

[35] Tamaki N, Kurosaki M, Takahashi Y, Itakura Y, Inada K, Kirino S, et al. Liver fibrosis
and fatty liver as independent risk factors for cardiovascular disease. ] Gastroen-
terol Hepatol 2021;36:2960-6. https://doi.org/10.1111/jgh.15589.

[36] Hagstrom H, Nasr P, Ekstedt M, Hammar U, Stal P, Askling ], et al. Cardiovascular
risk factors in non-alcoholic fatty liver disease. Liver Int 2019;39:197-204.
https://doi.org/10.1111/liv.13973.

[37] HuhJH, Kim JY, Choi E, Kim JS, Chang Y, Sun KC. The fatty liver index as a predictor
of incident chronic kidney disease in a 10-year prospective cohort study. PLoS
One 2017;12. https://doi.org/10.1371/journal.pone.0180951.

[38] Takahashi S, Tanaka M, Furuhashi M, Moniwa N, Koyama M, Higashiura Y, et al.
Fatty liver index is independently associated with deterioration of renal function
during a 10-year period in healthy subjects. Sci Rep 2021;11. https://doi.org/
10.1038/s41598-021-88025-w.

Annals of Hepatology 28 (2023) 100761

[39] SunK, Lin D, Li F, Qi Y, Feng W, Li Yan, et al. Fatty liver index, albuminuria and the
association with chronic kidney disease: a population-based study in China. BM]
Open 2018;8. https://doi.org/10.1136/bmjopen-2017-019097.

[40] Xu HW, Hsu YC, Chang CH, et al. High FIB-4 index as an independent risk factor of
prevalent chronic kidney disease in patients with nonalcoholic fatty liver disease.
Hepatol Int 2016;10:340-6. https://doi.org/10.1007/s12072-015-9690-5.

[41] Targher G, Chonchol M, Zoppini G, Abaterusso C, Bonora E. Risk of chronic kidney
disease in patients with non-alcoholic fatty liver disease: is there a link? ] Hepatol
2011;54:1020-9. https://doi.org/10.1016/j.jhep.2010.11.007.

[42] Crasto C, Semba RD, Sun K, Ferrucci L. Serum fibroblast growth factor 21 is associ-
ated with renal function and chronic kidney disease in community-dwelling
adults. ] Am Geriat Soc 2012;60:792-3. https://doi.org/10.1111/j.1532-
5415.2011.03879.x.

[43] Dogru T, Genc H, Tapan S, Aslan F, Ercin CM. Ors F. Plasma fetuin-A is associated

with endothelial dysfunction and subclinical atherosclerosis in subjects with non-

alcoholic fatty liver disease. Clin Endocrinol 2013;78:712-7. https://doi.org/
10.1111/j.1365-2265.2012.04460.x.

IX JH, Sharma K. Mechanisms linking obesity, chronic kidney disease, and fatty

liver disease: the roles of fetuin-A, adiponectin, and AMPK. ] Am Soc Nephrol

2010;21:406-12. https://doi.org/10.1681/asn.2009080820.

[45] Yilmaz Y, Eren F, Yonal O, Kurt R, Aktas B, Celikel CA, et al. Increased serum FGF21
levels in patients with nonalcoholic fatty liver disease. Eur J Clin Investig
2010;40:887-92. https://doi.org/10.1111/j.1365-2362.2010.02338 x.

[46] Menon V, Gul A, Sarnak M]J. Cardiovascular risk factors in chronic kidney disease.
Kidney Int 2005;68:1413-8. https://doi.org/10.1111/j.1523-1755.2005.00551.x.

[47] Eslam M, Valenti L, Romeo S. Genetics and epigenetics of NAFLD and NASH: clinical
impact. ] Hepatol 2018;68:268-79. https://doi.org/10.1016/j.jhep.2017.09.003.

[48] Targher G, Mantovani A, Alisi A, Mosca A, Panera N, Byrne CD, et al. Relationship
between PNPLA3 rs738409 polymorphism and decreased kidney function in chil-
dren with NAFLD. Hepatology 2019;70:142-53. https://doi.org/10.1002/hep.30625.

[49] Musso G, Cassader M, Gambino R. PNPLA3 rs738409 and TM6SF2 rs58542926
gene variants affect renal disease and function in nonalcoholic fatty liver disease.
Hepatology 2015;62:658-9. https://doi.org/10.1002/hep.27643.

[50] Di Contazo A, Belardinilli F, D’Erasmo L, Manfredini M, Baratta F, Pastori D, et al.
HDL-mediated cholesterol efflux and plasma loading capacities are altered in sub-
jects with metabolically but not genetically driven non-alcoholic fatty liver disease
(NAFLD). Biomedicines 2020;8:625. https://doi.org/10.3390/biomedicines8120625.

[44


https://doi.org/10.1136/gutjnl-2017-313884
https://doi.org/10.1016/s2468-1253(21)00308-3
https://doi.org/10.1016/j.atherosclerosis.2019.01.029
https://doi.org/10.7150/ijms.62010
https://doi.org/10.1016/j.atherosclerosis.2015.<?A3B2 re3j?>05.002
https://doi.org/10.1016/j.atherosclerosis.2015.<?A3B2 re3j?>05.002
https://doi.org/10.1016/j.dld.2016.04.004
https://doi.org/10.1016/j.dld.2016.04.004
https://doi.org/10.1053/j.gastro.2016.06.001
https://doi.org/10.1111/jgh.15589
https://doi.org/10.1111/liv.13973
https://doi.org/10.1371/journal.pone.0180951
https://doi.org/10.1038/s41598-021-88025-w
https://doi.org/10.1038/s41598-021-88025-w
https://doi.org/10.1136/bmjopen-2017-019097
https://doi.org/10.1007/s12072-015-9690-5
https://doi.org/10.1016/j.jhep.2010.11.007
https://doi.org/10.1111/j.1532-5415.2011.03879.x
https://doi.org/10.1111/j.1532-5415.2011.03879.x
https://doi.org/10.1111/j.1365-2265.2012.04460.x
https://doi.org/10.1111/j.1365-2265.2012.04460.x
https://doi.org/10.1681/asn.2009080820
https://doi.org/10.1111/j.1365-2362.2010.02338.x
https://doi.org/10.1111/j.1523-1755.2005.00551.x
https://doi.org/10.1016/j.jhep.2017.09.003
https://doi.org/10.1002/hep.30625
https://doi.org/10.1002/hep.27643
https://doi.org/10.3390/biomedicines8120625

	Liver steatosis and fibrosis markers´ association with cardiovascular and renal damage in Japanese adults: the TMM BirThree cohort study
	1. Introduction
	2. Methods
	2.1. Study Population
	2.2. Measurements
	2.2.1. cIMT
	2.2.2. Laboratory measurements
	2.2.3. Noninvasive indexes for liver fat accumulation and fibrosis

	2.3. Data analyses
	2.4. Ethical considerations

	3. Results
	4. Discussion
	5. Conclusion
	Funding
	Author contributions
	Declaration of interest
	Acknowledgments
	Supplementary materials
	References



