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Abstract 

Background:  Fatty liver is frequently found in a general population, and it is critical to detect advanced fibrosis. FIB-4 
index is considered a useful marker for evaluating liver fibrosis but the distribution of FIB-4 index in the general popu-
lation remains unknown.

Methods:  This cross-sectional study included residents who underwent ultrasonography at health checkups in 
Hiroshima or Iwate prefectures. The distribution of FIB-4 index in the total study population (N = 75,666) as well as in 
non-alcoholic fatty liver disease (NAFLD) populations (N = 17,968) and non-drinkers without fatty liver populations 
(N = 47,222) was evaluated. The distribution of aspartate aminotransferase (AST) levels, alanine aminotransferase (ALT) 
levels was also evaluated.

Results:  The mean FIB-4 index in the total study population was 1.20 ± 0.63. FIB-4 index ≥ 2.67, which indicates a 
high risk of liver fibrosis, was found in 16.4% of those aged ≥ 70 years. In the NAFLD population, 58.1% of those in 
their 60 s and 88.1% of those ≥ 70 years met the criteria for referral to hepatologists by using the recommended FIB-4 
index cutoff value (≥ 1.3). The mean FIB-4 index in the NAFLD population (1.12 ± 0.58) was significantly lower than in 
the non-drinkers without fatty liver (1.23 ± 0.63, p < 0.0001). The non-drinkers without fatty liver tended to have higher 
AST relative to ALT levels (60.0% with AST/ALT > 1.0), whereas the results in the NAFLD population were opposite 
(14.8% with AST/ALT > 1.0). AST > ALT resulted in a higher FIB-4 index in non-drinkers without fatty liver due to the 
nature of FIB-4 index formula.

Conclusions:  The cutoff value of FIB-4 index (≥ 1.3) for triaging the elderly people with fatty liver for referral to hepa-
tologists should be reconsidered to avoid over-referral. Due to the impact of age and characteristics of AST/ALT ratios, 
there is no prospect of using FIB-4 index for primary screening for liver fibrosis in a general population of unknown 
presence or absence of liver disease, even though it can be easily calculated using routine clinical indices. It is desired 
to develop a non-invasive method for picking up cases with advanced fibrosis latent in the general population.

Keywords:  Fatty liver, Non-alcoholic fatty liver disease, Liver fibrosis, Indirect biomarker, Scoring system, 
Ultrasonography, Age effect, Aspartate aminotransferase, Alanine aminotransferase, Japan
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Background
Non-alcoholic fatty liver disease (NAFLD) is one of 
the most common diseases found by abdominal ultra-
sonography at health checkups. Of the 75,670 residents 
in Japan who underwent abdominal ultrasonography 
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at health checkups, 23.7% were diagnosed with NAFLD 
[1]. NAFLD is categorized into non-alcoholic fatty liver 
(NAFL), which typically does not progress, and non-
alcoholic steatohepatitis (NASH), which can progress 
to cirrhosis and liver cancer. Liver fibrosis is the most 
important factor associated with prognosis in patients 
with NAFLD [2]. It is critical to find cases with advanced 
fibrosis in NAFLD. Although histological assessment 
with liver biopsy is essential to distinguish NAFL from 
NASH and determine the liver fibrosis stage, it cannot be 
performed in all patients with fatty liver. Therefore, the 
use of clinical scoring tools such as the fibrosis-4 (FIB-
4) index has been recommended to non-invasively detect 
advanced liver fibrosis [3–5].

FIB-4 index is based on aspartate aminotransferase 
(AST) level, alanine aminotransferase (ALT) level, plate-
let count, and age. When evaluating liver fibrosis in 
patients with NAFLD, a FIB-4 index < 1.3 is categorized 
as low risk, while a FIB-4 index ≥ 2.67 is categorized 
as high risk of fibrosis [3, 6]. The recommendation for 
referral from primary care clinicians to hepatologists 
is a FIB-4 index ≥ 1.3 [3, 7]. However, there is a paucity 
of data on the distribution of FIB-4 index in the general 
population with fatty liver detected by ultrasonography 
at health checkups in Japan. In addition, since FIB-4 
index can be easily calculated using routine clinical and 
biochemical indices, it may be useful if it can be used for 
primary screening for advanced fibrosis in the general 
population. However, the characteristics of FIB-4 index 
distribution in the general population remain unknown 
[8]. This large-scale community-based cross-sectional 
study was conducted to present data on the distribution 
of FIB-4 index in a general population cohort in Japan.

Patients and methods
This study was designed as a cross-sectional study. 
Study participants underwent ultrasonography at health 
checkups in Hiroshima Prefecture or Iwate Prefec-
ture. Data from these participants were extracted from 
anonymized data of all residents who underwent health 
checkups provided by the Foundation for Community 
Health and Medicine Promotion in Hiroshima between 
April 2013 and July 2018 (5 years) (total number of indi-
viduals = 172,819; number of individuals excluding dupli-
cates = 58,652) and the Iwate Prefectural Preventive 
Medicine Association between April 2008 and March 
2019 (11 years) (total number of individuals = 3,644,951; 
number of individuals excluding duplicates = 797,644). 
After excluding duplicates, 856,296 individuals in Hiro-
shima and Iwate who received a health checkup during 
the study period were screened to determine if they met 
study inclusion criteria. Next, 1877 patients with hepati-
tis B virus (HBV) or hepatitis C virus (HCV) infections 

were excluded. Of the remaining 854,419 individuals, 
75,666 (44,420 males and 31,246 females) who under-
went ultrasonography at health checkups, completed 
an alcohol use questionnaire, and had laboratory test-
ing results were included in the analysis (Fig. 1). For this 
study, NAFLD was defined as fatty liver diagnosed with 
abdominal ultrasonography in those who did not test 
positive for HBV or HCV and did not consume more 
than 30 g/day of alcohol for men and 20 g/day for women 
based on the Japanese guidelines [3]. Fatty liver was diag-
nosed if any of the following four ultrasonic findings were 
present: bright liver, hepato-renal contrast, deep attenu-
ation, and vascular blurring [9]. A clinical laboratory 
technician made the primary diagnosis, and a radiologist 
reviewed the images to make the final diagnosis. Based 
on this definition, 17,968 (23.7%) individuals who under-
went ultrasonography were determined to have NAFLD. 
Non-drinkers without fatty liver by ultrasonography were 
47,222 (Fig.  1). FIB-4 index distribution (mean ± stand-
ard deviation, SD) at the time of first ultrasonography 
during the study period was calculated in the total popu-
lation who received ultrasonography (N = 75,666), the 
NAFLD population (N = 17,968), and the non-drinkers 
without fatty liver population (N = 47,222) using the for-
mula below:

After standardizing the number of age-specific popula-
tions, the proportion of age groups in each FIB-4 index 
value in the total population who received ultrasonogra-
phy (N = 75,666) was also calculated.

In addition, since FIB-4 index formula includes AST 
and ALT, we evaluated the distribution of AST levels, 
ALT levels, and AST/ALT ratios (AAR). As for the data 
of Iwate, only the aggregated value could be obtained 
according to the facility rule. Therefore, only the Hiro-
shima data, consisting of 5999 residents who received 
ultrasonography, including 1399 with NAFLD, and 
3781 non-drinkers without fatty liver, were used for this 
analysis.

Statistical analysis
Differences between two groups were evaluated using 
the Wilcoxon test for continuous variables and the Chi-
square test for categorical variables. The proportions 
of FIB-4 index ≥ 2.67, the cutoff value for high risk of 
liver fibrosis, were compared by age group in both non-
drinkers without fatty liver and NAFLD groups using the 
Cochran-Armitage test. The correlations between AST 
and ALT values in both groups were analyzed using the 
Pearson correlation method. Statistical analyses were 

FIB− 4index =

AST(IU/L)× Age(years)

Plateletcount(109/L)×
√

ALT(IU/L)
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conducted using JMP14.2.0 software (SAS Institute 
Inc., Cary, NC, USA), and p values less than 0.05 were 
regarded as statistically significant.

Results
The mean ± SD of FIB-4 index in the total popula-
tion who received ultrasonography at health checkups 
(N = 75,666) was 1.20 ± 0.63. FIB-4 index was higher 
in older groups: 0.82 ± 0.31 in those aged < 50  years, 
1.23 ± 0.44 in those aged 50–59  years, 1.60 ± 0.75 
in those aged 60–69  years, and 2.10 ± 0.75 in those 
aged ≥ 70  years (Table  1). FIB-4–index ≥ 2.67, which 
is the criterion for high risk of liver fibrosis, was found 

in 3.8% of those aged 60–69  years and 16.4% of those 
aged ≥ 70 years old in the total population (Table 1). The 
proportion of FIB-4 index ≥ 2.67 was significantly higher 
in the elderly age group using the Cochran-Armitage test 
(p < 0.0001). The proportion of age group in each FIB-4 
Index value is shown in Fig. 2. Among those with a FIB-4 
index value ≥ 2.67, 70% or more were 70  years or older. 
There was no significant difference in the distribution of 
FIB4-index by sex (p = 0.2200), as shown in Additional 
file 1: Fig. S1.

Among the NAFLD population (N = 17,968), FIB-4–
index < 1.3, which is the criterion for low risk of liver 
fibrosis, was found in 96.4% of those aged < 50  years, 

Fig. 1  Procedure for selecting study subjects. Flowchart of selecting study subjects from the health checkup database in Hiroshima (April 2013–
July 2018) and Iwate (April 2008–March 2019) prefectures. A total of 75,666 individuals without HBV or HCV provided blood samples, answers about 
alcohol consumption, and underwent ultrasonography for health checkups, and 17,968 residents were diagnosed as NAFLD. HBsAg hepatitis B 
surface antigen, Anti-HCV anti hepatitis C virus antibody, HBV hepatitis B virus, HCV hepatitis C virus, NAFLD non-alcoholic fatty liver disease
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73.7% of those aged 50–59 years old, 41.9% of those aged 
60–69 years old, and 11.9% of those aged ≥ 70 years old. 
FIB-4 index tended to be higher in older populations 

in both groups with and without NAFLD (p < 0.0001, 
p = 0.0008 respectively, Cochran-Armitage Test) (Table 1, 
Fig. 3). The mean FIB-4 index in the NAFLD population 

Table 1  Distribution of FIB-4 index in those who received abdominal ultrasonography at health checkups in Japan

SD standard deviation, NAFLD non-alcoholic fatty liver disease

The proportion of FIB-4 index ≥ 2.67, high risk of liver fibrosis, were compared by age group by the Cochran-Armitage test

Age (years) N FIB-4 index

Mean ± SD Median Min–Max FIB4-
index < 1.30 
(%)

FIB4-
index ≥ 2.67 
(%)

Cochran-Armitage test for 
the proportion of FIB-4 
index ≥ 2.67 by age group

Total population who 
received ultrasonography 
(N = 75,666)

< 50 32,103 0.82 ± 0.31 0.62 0.18–12.07 93.3 0.2 p < 0.0001

50–59 20,868 1.23 ± 0.44 1.16 0.17–15.39 68.9 0.8

60–69 16,854 1.60 ± 0.66 1.50 0.34–32.48 31.0 3.8

 ≥ 70 5841 2.10 ± 0.75 1.97 0.23–15.40 7.8 16.4

Overall 75,666 1.20 ± 0.63 1.07 0.17–32.48 65.3 2.3

Non-drinkers without fatty 
liver (N = 47,222)

 < 50 20,133 0.82 ± 0.28 0.78 0.21–6.64 94.9 0.1 p < 0.0001

50–59 11,946 1.24 ± 0.40 1.18 0.22–5.97 62.3 0.7

60–69 10,649 1.61 ± 0.63 1.53 0.44–32.48 27.9 3.4

 ≥ 70 4494 2.13 ± 0.75 2.01 0.23–15.40 6.8 17.3

Overall 47,222 1.23 ± 0.63 1.10 0.21–32.48 63.2 2.3

Non-drinkers with fatty liver 
(NAFLD) (N = 17,968)

 < 50 6934 0.75 ± 0.31 0.71 0.18–12.07 96.4 0.1 p = 0.0008

50–59 5559 1.13 ± 0.38 1.06 0.33–4.34 73.7 0.5

60–69 4350 1.48 ± 0.66 1.38 0.34–26.70 41.9 2.7

 ≥ 70 1125 1.92 ± 0.66 1.82 0.58–7.02 11.9 10.3

Overall 17,968 1.12 ± 0.58 1.01 0.18–26.70 70.9 1.6

Fig. 2  Proportion of age group in each FIB-4 index value in residents who underwent abdominal ultrasonography at health checkups in Japan 
(N = 75,666). This figure shows the proportion of age group in each FIB-4 index value in residents who underwent ultrasonography at health 
checkups in Japan. Blue color represents the age group under 50, orange represents the age group 50–59, gray represents the age group 60–69, 
and yellow represents the age group over 70. Most of the high FIB-4 values are in the 70 + age group
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(N = 17,968) was 1.12 ± 0.58, which is significantly lower 
than in the non-drinkers without fatty liver (N = 47,222, 
1.23 ± 0.63, p < 0.0001, Wilcoxon test) (Additional file  2: 
Table  S1). Comparing by age group, FIB-4 index value 
was significantly lower in the NAFLD population than 
in the non-drinkers without fatty liver in all age groups 
(p < 0.0001, respectively, Wilcoxon test) (Additional file 2: 
Table S1).

The mean AST level, ALT level, and AAR among 
those with NAFLD (N = 1399, Hiroshima) were 
28.0 ± 13.6  IU/L, 40.7 ± 26.2  IU/L, and 0.78 ± 0.26, 
respectively. Among the non-drinkers without fatty liver 
(N = 3781, Hiroshima), these values were 20.9 ± 9.8 IU/L, 
20.6 ± 14.6  IU/L, and 1.15 ± 0.39, respectively (Table  2). 
The percentages of AST ≥ 30  IU/L (30.8%) and 
ALT ≥ 30  IU/L (59.4%) in those with NAFLD were sig-
nificantly higher than in non-drinkers without fatty 
liver (7.6% for AST ≥ 30  IU/L, p < 0.0001 and 13.4% for 

ALT ≥ 30  IU/L, p < 0.0001). The percentage of AST/
ALT > 1.0 in those with NAFLD (14.8%) was significantly 
lower than in non-drinkers without fatty liver (60.0%, 
p < 0.0001) (Table 2). Scatter plots of ALT and AST dis-
tributions showed that the NAFLD population has higher 
ALT values over AST values than the non-NAFLD popu-
lation (Fig. 4).

Discussion
This is the first report of the distribution of FIB-4 index 
in a large-scale general population who received ultra-
sonography at health checkups. Two main new findings 
were identified. First, when using the recommended 
FIB-4 index cutoff of 1.3, the percentage of people who 
met the criteria for referral to hepatologists from health 
checkups facilities was quite different by age group. Sec-
ond, the FIB4-index in non-drinkers without fatty liver 
was higher than in the NAFLD population.

Fig. 3  Distribution of FIB4 index values by age in non-drinkers with or without fatty liver. This figure shows the distribution of FIB-4 index 
by age group in a non-drinkers without fatty liver by ultrasonography at health checkups (N = 47,222) and b non-drinkers with fatty liver by 
ultrasonography at health checkups (NAFLD) (N = 17,968). Light pink color areas represent high risk of liver fibrosis defined by FIB-4 index ≥ 2.67. 
Light blue color areas represent low-risk of liver fibrosis defined by FIB-4 index < 1.3. The proportions of FIB-4 index ≥ 2.67, the cutoff for high risk 
of liver fibrosis, were compared by age group in both non-drinkers without fatty liver and NAFLD groups using the Cochran-Armitage test. NAFLD 
non-alcoholic fatty liver disease



Page 6 of 10Sugiyama et al. BMC Gastroenterology          (2022) 22:241 

Ta
bl

e 
2 

A
ST

, A
LT

, a
nd

 A
ST

/A
LT

 ra
tio

 d
is

tr
ib

ut
io

n 
am

on
g 

H
iro

sh
im

a 
re

si
de

nt
s 

w
ho

 h
ad

 a
bd

om
in

al
 u

ltr
as

on
og

ra
ph

y 
du

rin
g 

ch
ec

k-
up

AS
T 

al
an

in
e 

am
in

ot
ra

ns
fe

ra
se

, A
LT

 a
sp

ar
at

e 
am

in
ot

ra
ns

fe
ra

se
, A

AR
​ A

ST
/A

LT
 ra

tio
, S

D
 s

ta
nd

ar
d 

de
vi

at
io

n,
 N

AF
LD

 n
on

-a
lc

oh
ol

ic
 fa

tt
y 

liv
er

 d
is

ea
se

;

*p
 v

al
ue

 o
f t

he
 W

ilc
ox

on
 te

st
 c

om
pa

rin
g 

th
e 

A
ST

 a
nd

 A
LT

 le
ve

ls
 a

nd
 A

ST
/A

LT
 ra

tio
s 

in
 n

on
-d

rin
ke

rs
 w

ith
ou

t f
at

ty
 li

ve
r a

nd
 n

on
-d

rin
ke

rs
 w

ith
 fa

tt
y 

liv
er

 (N
A

FL
D

)
#  p

 v
al

ue
 o

f t
he

 C
hi

-s
qu

ar
e 

te
st

 c
om

pa
rin

g 
th

e 
pe

rc
en

ta
ge

 o
f A

ST
 ≥

 3
0 

IU
/L

, A
LT

 ≥
 3

0 
IU

/L
, a

nd
 A

LT
/A

LT
 >

 1
.0

 in
 n

on
-d

rin
ke

rs
 w

ith
ou

t f
at

ty
 li

ve
r a

nd
 n

on
-d

rin
ke

rs
 w

ith
 fa

tt
y 

liv
er

 (N
A

FL
D

)

N
A

ST
 (I

U
/L

)
A

LT
 (I

U
/L

)
A

ST
/A

LT
 (A

A
R)

M
ea

n 
±

 S
D

M
ed

ia
n

M
in

–m
ax

A
ST

 ≥
 3

0 
IU

/L
 (%

)
M

ea
n 
±

 S
D

M
ed

ia
n

M
in

–m
ax

A
LT

 ≥
 3

0 
IU

/L
 (%

)
M

ea
n 
±

 S
D

M
ed

ia
n

M
in

–m
ax

A
LT

/A
LT

 >
 1

.0
 (%

)

To
ta

l p
op

ul
at

io
n 

w
ho

 
re

ce
iv

ed
 u

ltr
as

on
og

-
ra

ph
y

59
99

23
.4

 ±
 1

2.
0

21
8–

36
3

15
.4

%
26

.2
 ±

 2
0.

6
20

2–
50

3
26

.5
%

1.
06

 ±
 0

.3
9

1.
0

0.
26

–7
47

.8
%

N
on

-d
rin

ke
rs

 w
ith

ou
t 

fa
tt

y 
liv

er
37

81
20

.9
 ±

 9
.8

*
19

8–
36

3
7.

6%
#

20
.6

 ±
 1

4.
6*

18
2–

50
3

13
.4

%
#

1.
15

 ±
 0

.3
9*

1.
1

0.
26

–7
60

.0
%

#

N
on

-d
rin

ke
rs

 w
ith

 
fa

tt
y 

liv
er

 (N
A

FL
D

)
13

99
28

.0
 ±

 1
3.

6*
25

11
–1

67
30

.8
%

#
40

.7
 ±

 2
6.

2*
33

7–
29

1
59

.4
%

#
0.

78
 ±

 0
.2

6*
0.

73
0.

34
–2

.4
7

14
.8

%
#

p 
va

lu
e

<
 0

.0
00

1*
 <

 0
.0

00
1#

 <
 0

.0
00

1*
 <

 0
.0

00
1#

 <
 0

.0
00

1*
 <

 0
.0

00
1#



Page 7 of 10Sugiyama et al. BMC Gastroenterology          (2022) 22:241 	

Although it has been reported that the FIB4-index is 
age-dependent in patients with liver diseases [10, 11], 
it was also higher in the elderly in the total population 
who received ultrasonography at health checkups. FIB-4 
index ≥ 2.67, which is the criterion for high risk of liver 
fibrosis [3], was found in 3.8% of those aged 60–69 years 
and 16.4% of those aged ≥ 70  years, suggesting that age 
has a significant impact on FIB-4 index in the popula-
tion who received ultrasonography at health checkups. 
FIB-4 index was principally developed by analyzing 
patients with an average age of 40 ± 7  years [12]. It has 
been reported that the appropriate cutoff for FIB-4 index 
may vary by age because its formula includes this param-
eter [13, 14]. This study revealed that high FIB-4 index 
values were found predominantly in the elderly and that 
the effect of age is not negligible in those who received 
ultrasonography at health checkups. Therefore, it may 
be unsuitable as primary screening for liver fibrosis in 
the general population even though it can be easily cal-
culated using routine clinical indices. The guidelines [3, 
15] indicated that FIB-4 index should be used for patients 

with diagnosed liver disease. By using the recommended 
FIB-4 index cutoff of 1.3 [3, 7, 16], this study presented 
the percentage of people with fatty liver who can be reas-
sured that advanced fibrosis is ruled out: 96.4% in under 
50 s, 73.7% in 50 s, 41.9% in 60 s, and 11.9% over 70 years 
old. However, the percentage of people who met the cri-
teria for referral to hepatologists was unexpectedly high 
in the elderly (58.1% in the 60–69 age group and 88.1% 
in those ≥ 70 years). For the elderly, it would be better to 
re-establish the cutoff value of FIB-4 index in order to 
reduce unnecessary referrals. Because of its high negative 
predictive value (NPV), the FIB-4 index is regarded to be 
beneficial in excluding advanced hepatic fibrosis, but its 
positive predictive value (PPV) is not as high in detecting 
advanced fibrosis [8]. In a primary care referral pathway, 
there is a report recommending the use of a Fib-4 index 
below 1.0 as the cutoff to distinguish between F0 and 
F1-4, but it should be noted that the reference data were 
from young and healthy donors [17] Based on the results 
of our study, it is clear that the FIB4-index cutoff value 
should be set by age group. As for sex, no significant 

Fig. 4  Distribution of AST and ALT values in 5,180 non-drinkers undergoing abdominal ultrasonography at health checkups in Hiroshima. The 
correlations between AST and ALT values in non-drinkers without fatty liver and NAFLD groups were analyzed using the Pearson correlation 
method. Red dots represent non-drinkers with fatty liver (NAFLD) (N = 1399). Blue dots represent non-drinkers without fatty liver (N = 3781) AST 
alanine aminotransferase, ALT aspartate aminotransferase, NAFLD non-alcoholic fatty liver disease
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difference was found in this study. Regarding other fac-
tors, it has been pointed out that obesity and type 2 
diabetes may lower the FIB4-index [18–21]. Thrombocy-
tosis due to chronic inflammation may also influence the 
value of FIB4-index. On the other hand, when platelets 
decrease due to the influence of drugs or other reasons, 
FIB4-index value is suspected to increase.

We found that FIB-4 index was significantly lower in 
those with NAFLD than in the non-drinkers without fatty 
liver population in each age group, which indicates that 
NAFLD has a lower FIB4 value than non-NAFLD regard-
less of age. To explore the reason, AST/ALT distributions 
were examined since FIB-4 index formula contains AST 
in the numerator and ALT in the denominator. Non-
drinkers without fatty liver had higher AST levels rela-
tive to ALT levels (60% with AST/ALT > 1.0), with only 
7.6% and 13.4% having increased AST or ALT ≥ 30 IU/L, 
respectively. In contrast, in the NAFLD population, only 
14.8% had higher AST levels relative to ALT levels, with 
30.8% and 59.4% showing AST or ALT values of 30 IU/L 
or higher. This contrast in ALT and AST distributions 
in the two groups may have resulted in a higher FIB-4 
index in the non-drinkers without fatty liver than in the 
NAFLD population because of the nature of FIB-4 index 
formula.

In this study, 69.2% and 40.6% of NAFLD patients had 
AST and ALT levels within the normal ranges. However, 
increased AST and ALT levels, even within the normal 
ranges, and decreased AST/ALT ratios were reported to 
be associated with an increased risk of metabolic abnor-
malities and metabolic syndrome [22]. AST is distributed 
in the heart, lungs, liver, kidneys, muscles, and erythro-
cytes and has low liver specificity. ALT is located in abun-
dance in the cytoplasm of hepatocytes and has high liver 
specificity. Liver disorders cause increased serum AST 
and ALT levels. However, due to the difference in half-life 
between AST and ALT, patients with alcoholic liver dis-
ease or cirrhosis have AST > ALT, whereas patients with 
chronic hepatitis or fatty liver have ALT > AST [23, 24]. 
Although increased ALT level is considered a surrogate 
marker for NAFLD [25–27], ALT level is known not to 
correlate with histological findings and disease sever-
ity of NAFLD [28, 29]. FIB-4 index is a useful marker of 
liver fibrosis for patients with any liver disease because 
its formula contains AST in the numerator and ALT in 
the denominator. However, FIB-4 index might not be 
appropriate for the healthy population because it also has 
higher AST levels relative to ALT levels.

There are some limitations in this population-
based study. First, the result of liver biopsy is absent. 
Thereby, verification of FIB-4 index results against his-
tological findings could not be done. Although many 

hospital-based studies suggest that FIB-4 index is a 
highly accurate liver fibrosis marker [6, 15, 29–31], its 
accuracy in the general population, especially in the 
elderly, needs to be verified in the future. Second, the 
study subjects were limited to those who have under-
gone ultrasonography at health checkups. As people 
with liver disease tend to undergo ultrasonography, 
the control group without NAFLD could include peo-
ple with other liver diseases, thus altering the AST/
ALT ratio. However, since it is a population from health 
checkups, the frequency of including patients with seri-
ous liver disease is expected to be low. Third, the diag-
nosis of fatty liver was based on ultrasonography which 
is operator-dependent. Other non-invasive modalities 
such as transient elastography and magnetic resonance 
elastography were not commonly used during health 
checkups, and existing large-scale data could not be 
obtained for this study. It is desirable that transient 
elastography spread to health checkups facilities in 
the future, but at present, ultrasonography is common 
and conventional. Forth, since this study targeted only 
Japanese people, extrapolation to other ethnic groups 
should be cautious, and comparative studies are needed 
to confirm our findings. Fifth, it has been pointed out 
that obesity and diabetes affect the value of the FIB-4 
index [18–21], but this study did not evaluate it.

Conclusions
Fatty liver is one of the most frequent findings in 
abdominal ultrasonography at health checkups, and it is 
critical to find cases with advanced fibrosis. FIB-4 index 
is considered a useful marker for evaluating liver fibro-
sis. However, since in the NAFLD population, 58.1% of 
those in their 60 s and 88.1% of those ≥ 70 years met the 
criteria for referral to hepatologists (FIB-4 index ≥ 1.3), 
it would be better to re-establish the cutoff value for the 
elderly to avoid over-referral. In addition, for the gen-
eral population, due to the impact of age and character-
istics of AST/ALT ratios, there is no prospect of using 
FIB-4 index for primary screening for liver fibrosis even 
though it can be easily calculated using routine clinical 
indices. It is desired to develop a non-invasive method 
for picking up cases with advanced fibrosis latent in the 
general population.
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