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Abstract

Background Fib4 index (Fib4) is clinically used as a noninvasive marker of liver fibrosis. In this study, we aimed to pre-
liminarily investigate whether Fib4 can be used to detect individuals who need assessment for alcoholic liver disease
(ALD) in the general population by clarifying the detailed association of Fib4 with alcohol consumption and gamma-
glutamyl transferase (GGT) among male workers.

Methods We analyzed data sets on the comprehensive medical examinations of male workers as cross-sectional and
retrospectively longitudinal studies. We enrolled 10 782 males (mean age: 52.2 4+ 10.2 years) in FY2019 and 7845 males
(mean follow-up: 12.6 + 6.7 years) who could be consecutively followed up for 20 years from FY2000 to FY2019. Data
were evaluated using logistic regression and COX proportional analysis.

Results In the cross-sectional setting, the rate of Fib4 > 2.67 in heavy drinkers (> 40 g of ethanol/day) was increased
dose dependently in those over 65 years old, and that of body mass index > 30 kg/m? was increased in those over

60 years old, but not in those with fatty liver. The odds ratio (OR) (95% confidence interval [CI]) for heavy drinking

was 4.30 (95% Cl=1.90-9.72), and GGT > 200 IU/L was considerably high (OR =29.05 [95% C| = 17.03-49.56]). In the
longitudinal setting, heavy drinkers and those with GGT > 200 IU/L at 10 years after the baseline showed an increased
risk for Fib4 > 2.67 (hazard ratio=2.17 [95% Cl=1.58-2.98] and 7.65 [95% Cl 5.26-11.12], respectively).

Conclusions The development of Fib4 > 2.67 after 10 years was associated with heavy alcohol drinking and GGT
level > 200 IU/L. Therefore, Fib4 combined with GGT could indicate high risk of ALD. However, clinical examinations
and course observations are essentially needed.
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Background

The Fib4 index (Fib4) proposed by Sterling et al. has been
developed as a simple index of liver fibrosis that can be
calculated by adding platelets to age, aspartate ami-
notransferase (AST), and alanine aminotransferase (ALT)
[1]. Recently, nonalcoholic fatty liver disease (NAFLD)
has become a major concern in not only liver disease but
also metabolic syndrome and cardiovascular events [2].
NAFLD is divided into nonalcoholic fatty liver (NAFL)
and nonalcoholic steatohepatitis (NASH) [3]. Given
that patients with NASH are at risk of developing liver
fibrosis to hepatocellular carcinoma (HCC), Fib4 is rec-
ommended as a clinical marker for easily assessing the
degree of progression of liver fibrosis in patients with
NAFLD [4].

In the clinical setting of NAFLD management, Fib4 is
popularly used by hepatologists [5], and several studies
applied Fib4 in the general population [6, 7]. Regarding
workers’ health examinations in Japan, blood count tests
only collect data on red blood cells in order to assess ane-
mia. In contrast, platelet (and white blood cells) counts
are typically estimated automatically in blood count tests,
excluding information that could be clinically important.
Consequently, the current study was aimed to capitalize
on this platelet data among Japanese workers. Originally,
Fib4 was developed as a marker of fibrosis caused by
hepatitis C [1] and was subsequently associated with viral
hepatitis. However, liver fibrosis is not simply caused by
viral hepatitis or NASH. Fib4 changes can be caused by
other liver disorders, including alcoholic liver disease
(ALD), considering that 27% of deaths caused by cirrho-
sis or chronic liver disease were reported to be linked to
ALD [6]. Patients with ALD exhibit increased AST/ALT
ratio, markedly increased gamma-glutamyl transferase
(GGT), decreased cholinesterase, increased fibrosis
marker, and decreased PT levels [8].

Symptoms are unlikely to appear unless ALD pro-
gresses [8]. Thus, detecting individuals who are at an early
stage of ALD is necessary. ALD occurs in individuals
with long-term excessive drinking, that is, drinking bev-
erages containing > 60 g of ethanol per day for>5 years
[9]. However, Corrao et al. reported that people consum-
ing 25 g of ethanol per day have a significantly increased
risk for liver cirrhosis compared with abstainers [10].
Given that heavy drinkers frequently claim less alcohol
consumption [11, 12], objective evaluation by hearing
from a third party (family, friends, work colleagues, etc.)
is also required. However, hearing from the family is usu-
ally difficult during medical examination, the GGT level
is used as a popular marker of alcohol consumption in
some populations [13, 14]

The pathological progression of NASH and ALD is sim-
ilarly thought to be mediated by reactive oxygen species
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[15]. However, Fib4 as an effect marker of liver damage
by alcoholic consumption among the general population
remains unconfirmed. Therefore, to preliminarily inves-
tigate the significance of Fib4 in the general population
in detecting patients that need assessment for ALD, we
clarified the detailed association of Fib4 with alcohol
consumption and GGT by using cross-sectional and lon-
gitudinal methods with 20 years of follow-up period.

Methods

Subjects

This study was conducted at a health center affiliated to
a group of large-scale companies. Employees and their
spouses from approximately 30 affiliated companies
(30,000 employees) freely selected the timing and health
center for their comprehensive health examinations.
Details were described previously [16—20]. In the pre-
sent study, we analyzed two data sets of comprehensive
medical examinations as cross-sectional and longitudi-
nal studies in the following years, from fiscal year (FY),
which starts from April in Japan, 2000 to FY2019. First,
we obtained the most current data of 15,792 examinees
at FY2019, consisting of 13,700 males and 2092 females
(mean ageztstandard deviation [SD]=53.0+10.0).
Second, 16,408 examiners (males=13,701 and
females=2707; mean age=47.8+9.2 years) at FY2000
were obtained as the baseline and were followed up
yearly until FY2019.

Due to the small number of females available for fol-
low-up and their lower drinking habits, only men were
enrolled in this study. To identify liver dysfunction-
associated factors, such as ALT and AST, among 13,700
male examinees at FY2019, we established data set-1
(mean age+SD=53.14+10.3), which included 12,918
examinees. Those with a present or past history of malig-
nancy, hepatitis, dyslipidemia, positive HBsAg, or posi-
tive HCVAb were excluded. We excluded examinees
with a present or past history of malignancy because
some anticancer drugs may affect the platelet count. We
also excluded those with a present illness of dyslipidemia
because we preliminarily found possible associations
between HDL or LDL and Fib4. We defined dyslipidemia
as a person who is taking medication for dyslipidemia. In
the longitudinal analysis, out of 13,459 male examinees at
FY2000, 7845 were consecutively examined until FY2019,
constituting the data set-2 (mean age+ SD =46.7 1-8.4),
which had a mean follow-up period of 12.1+6.0 (SD)
years. Figure 1 presents the diagrams of the data sets.

Information on the present and/or past history of ill-
ness, smoking, and alcohol drinking was obtained using a
health questionnaire. Total amount of alcohol consump-
tion was calculated using data on weekly frequency and
daily amount of consumption of alcoholic beverages.
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Total examinees at FY2019,

N=15792
Duplicate = 28
Female = 2091
PI or PH of
Malignancy =467
Positive Data set-1
HBsAg and/or
HCVAD or other Male examinees at FY2019
hepatitis = 192 N=10782
Dyslipidemia = 1930 Age=52.2(10.2)

FY: Fiscal year

Fig. 1 Data set diagram. A Cross-sectional data set. B Follow-up data set

Then alcohol drinking was categorized to never-
drinker, < 20, 20-40, >40 g-ethanol/day, equivalent to<1,
1 to 2,>2 go of Japanese sake per day [21].

This study was approved by the Institutional Review
Board for Clinical Research in Tokai University (20R369)
and the Hitachi Review Board (2021-16).

Statistical analysis
Risk factors of Fib4 > 2.67 in a cross-sectional setting
Fib4 index was calculated using the following formula [1]:

Fib4 index =[Age (years) x AST(U/L)]
/Iplatelet (109/L)
x o/ALT(U/L].

A Fib4 index of < 1.3, 1.3-2.67, or > 2.67 was considered
as a low, moderate, or high risk for fibrosis, respectively
[22, 23]. The rate of patients with Fib4 > 1.3 or > 2.67 was
calculated by age group.

In the data set of FY 2019, the odds ratios (ORs) and
95% confidence interval (CI) of the risk for Fib4>2.67
(high risk) were calculated using the logistic model. The
selected variables were liver dysfunction-related factors,
such as body mass index (BMI), fatty liver detected by
ultrasonography, abdominal condition, alcohol drink-
ing, and GGT. According to a preliminary univariate
analysis, HDL and LDL showed a significant association,
thereby included as variables. Smoking history was also
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Total examinees at FY2000

N = 16408 -
Ape = 47.8 (9.2 Duplicate = 104
ge=47.8 0.2) years Female = 2703

l Malignancy PI & PH =127

Positive or missing
HBsAg and/or HCVAD = 450

Male subjects at FY2000
N=12684

Jump-by-step examination

or loss to follow-up
N=2353

Follow-up period < 2 years
N =2695
PI or PH of malignancy =451

PI of dyslipidemia = 1278 |

Data set-2
Consecutive examinees to
FY2019 at the longest N=6567
N = 7845 7| Age=46.8(8.6)

Age = 46.7(8.4)

considered as a variable because of its association with
fibrosis [2].

Risk factors of Fib4 > 2.67 in a retrospective cohort setting

To identify the risk factors for the outcome of Fib4 >2.67
even once from FY2000 to FY2019 in the data set-2, we
calculated the hazard ratio (HR) and 95% CI by using the
COX proportional hazard model. In particular, we calcu-
lated the HR and 95% CI of the variables age, BMI, alco-
hol drinking history, GGT, HDL, and LDL as covariates,
as examined in previous studies [5]. Finally, these vari-
ables were entered into the COX model. These variables
from the data obtained in FY2010 and FY2019 were also
entered. All statistical data were analyzed IBM-SPSS ver-
sion 28.

Results

In the cross-sectional setting, Fig. 2A (I and II) illus-
trates the rate of patients with Fib4>2.67 and>1.3 by
ALT or AST abnormality. The percentage of Fib4>2.67
in patients with both ALT and AST >40 IU/L per age
group was 3%, 0%, 3%, 9%, 7%, 25%, 38%, and 45%
in <39, 40-44, 40-45, 50-54, 55-60, 60-64, 65-69,
and >70 years, respectively. Figure 2B shows the rate
of patients with Fib4>2.67 and>1.3 by smoking his-
tory (pack years) and diabetes mellitus (DM). The rate
was not different in terms of the status of smoking his-
tory or present illness of DM. Figure 2C shows the rate of
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patients with Fib4 > 2.67 or > 1.3 by alcohol drinking and
GGT. The Fib4 > 2.67 rate was strictly elevated in heavy
drinkers (> 40 g/day) aged over 65 years. Meanwhile, the
Fib4>1.3 rate increased with each daily alcohol intake.
Furthermore, the GGT > 200 IU/L rate increased among
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patients aged>55 years. Figure 2D shows the rate of
patients with Fib4>2.67 or>1.3 by BMI and fatty liver
presence. In the age group of >60 years, the Fib4>2.67
rate was higher in those with a BMI > 30 kg/ m?2. However,
the rate was not different in terms of the fatty liver sta-
tus. Figure 2E shows the rate of patients with Fib4 >2.67
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Fig. 2 A Rate of patients with Fib4 > 2.67 (1) or > 1.3 (Il) by each status of ALT and AST abnormalities. Blue, orange, and red line presents ‘with normal
limit (WNL),"ALT > 40 (IU/1) or AST > 40 (IU/I), and ‘ALT > 40 (IU/I) and AST > 40 (IU/I), respectively. B Rate of patients with Fib4 > 2.67 (I) or > 1.3 (Il) by
each status of smoking and that with Fib4 > 2.67 (lll) or > 1.3 (IV) by each current status of DM (diabetes mellitus). In () and (ll), blue, orange, gray,
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Fib4 >2.67 (I) or> 1.3 (Il) by each status of BMI and that with Fib4 > 2.67 (lll) or > 1.3 (IV) by each status of fatty liver. In (I) and (1), blue, green, yellow,
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The OR of the risk for Fib4>2.67 was calculated by
logistic regression, and Table 1 lists the results. In the
table, models 1 and 2 show the alcohol drinking and GGT
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Fig. 2 continued

results. The risk for Fib4 > 2.67 was high in heavy alcohol
drinkers (OR=3.21, 95% CI=1.38-7.44) but consider-
ably high in patients with GGT >200 (OR=29.05, 95%
CI=17.03-49.56). The crude OR of HDL > 70 was 2.32
(95% CI=1.23-4.39), referred to as HDL<40. A higher
HDL showed an increased risk in the univariate analysis,
but the risk was not significant in the multivariate analy-
sis. Regarding LDL, the OR of LDL > 160 was 0.35 (95%
CI=0.16-0.77), referred to as LDL > 120.

Figure 3 shows the results of the retrospective cohort
setting obtained by using the COX proportional model.
Number of subjects who could be followed up is shown
in Additional file 1: Table S1. Figure 3A demonstrates
the accumulating rate of Fib4>2.67 in terms of alcohol
drinking and GGT. The HR was adjusted with age, BMI,
HDL, and LDL. Additional file 1: Tables S2 and S3 list
the detailed information. The HR of alcohol drinking at
20—40 and > 40 g/day was 1.63 (95% CI=1.32-2.17) and
2.17 (1.58-2.98), respectively. The HR is also shown in
the information obtained at FY2010 and FY2019. The
association between alcohol drinking and the Fib4 >2.67
rate did not change from baseline using the informa-
tion after 10 and 20 years. However, the relationship of
the Fib4 > 2.67 rate with GGT differed. The HRs of those
with a high GGT value (>200 IU/L) at baseline, 10 years,
and 20 years later were 3.57 (95%CI=2.36-5.41), 7.65
(95%CI=5.65-111.12), and 6.04 (95% CI=3.35-10.91),
respectively. Thus, the rate of Fib4>2.67 sharply
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increased among those with a high GGT value (>200) at
10 years after the baseline (Fig. 3A-II).

Figure 3B shows the accumulating rate of Fib4 > 2.67 by
the status of BMI and change of BMI (delta-BMI). The HR
was adjusted with age, HDL, LDL, and GGT, and detailed
information is shown in Additional file 1: Tables S4 and
S5. Patients with BMI>30 kg/m? at baseline or 10 years
later had a higher rate of Fib4 >2.67, but after 20 years, the
relationship was no longer observed. In BMI fluctuation,
the rate of Fib4 > 2.67 was higher in those who had a BMI
decreased by — 1 or less until 10 years after the baseline.

Figure 3C shows the accumulating rate of Fib4 > 2.67 by
the status of HDL and LDL. The rate was adjusted with
age, BMI, and GGT, and detailed information is shown
in Additional file 1: Tables S6 and S7. When HDL>70 or
LDL <120, the HR of Fib4>2.67 was high. In both HDL
and LDL cases, the association was seen in a dose-depend-
ent manner. The analysis including or excluding patients
with dyslipidemia did not affect the results.

The concordance rate of each category using the
kappa value between 4 categories of alcohol drinking
habits and 4 categories of GGT at FY2000, FY2010, and
FY2019 was 0.081, 0.079, and 0.073, respectively. The
concordance rates were 0.476 and 0.421 between alco-
hol drinking at FY2000 and that at FY2010 and between
alcohol drinking at FY2000 and that at FY2019, respec-
tively (Tables 2, 3, 4).
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Discussion
This study demonstrated that Fib4 could be an effect
marker in identifying patients who need assessment for
ALD by using GGT at the same time as an exposure and
effect marker for estimating alcohol consumption. In
ALD, the AST/ALT ratio increases and platelets decrease
as liver fibrosis progresses [8]; thus, theoretically, Fib4
could be an effect marker. In this study, when GGT
exceeded 200 IU/L in a group of patients after 10 years,
the rate of Fib4>2.67 considerably elevated. Currently,
it is unlikely that an examinee will consult a hepatolo-
gist solely due to a high GGT on health examinations. If
future clinical studies reveal alcoholic parenchymal dam-
age in the livers of patients with elevated levels of both
Fib4 and GGT, a follow-up program for subjects with
high GGT values would be developed.

In this study, although high BMI (> 30 kg/m?) indicated
a risk for Fib4 elevation, our results showed a difference
between such risk and the status of fatty liver, and Fib4
values were higher in those who lost weight than in those
who gained weight. According to our results and recent
findings [7], Fib4 may be difficult to interpret for NAFLD
in the general population. NAFLD is defined as the con-
sumption of <30 g of alcohol per day [22], but in the case
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of alcoholic liver injury,>60 g is consumed [22]. Dur-
ing our study period, numerous male workers consumed
alcohol at 30-60 g/day, and their health management
is also important. Fib4 seems to have a significance as a
marker for liver fibrosis because of the addition of plate-
let levels. Liver function tests, including ALT, AST, and
GGQGT, are strongly associated with fatty liver in conjunc-
tion with metabolic syndrome [24] or ALD [8]. Consider-
ing that the prevalence of viral hepatitis has reduced [25],
the interest has now shifted to NASH [22]. In addition,
ALD is categorized as addiction and is treated by a spe-
cial psychiatric field. From these points, ALD at a mild
stage is definitely overlooked [8].

GGT increases not only by alcohol consumption but
also by metabolic syndrome and enzyme-inducing drugs
[13]. Baseline GGT level is positively and strongly associ-
ated with the risk for metabolic syndrome in a nonlinear
dose—response manner [26, 27]. Several epidemiologic
studies have also demonstrated important advances in
the definition of the associations between serum GGT
level and the risk of overall mortality, coronary heart dis-
ease, type 2 DM, stroke, and chronic kidney disease [12,
28-30]. The regulatory mechanism of GGT expression
has been already been widely investigated. In addition,

s
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Fig. 3 Accumulating rate of Fib4 > 2.67 by Cox analysis. A Accumulating rate of Fib4 > 2.67 by each status of alcohol drinking (I) and GGT (Il)

at baseline (FY2000), FY2010, and FY2019). In (I), blue, green, purple, or orange line presents‘no habit of alcohol drinking, ‘<20 g (ethanol)/day;
'20-39 g, or‘ > 40 g, respectively. In (Il), blue, green, purple, or orange line presents‘GGT <40 (IU/l),'40 < GGT < 70,'70 < GGT <200, or ‘GGT > 200,
respectively. B Accumulating rate of Fib4 > 2.67 by each status of BMI (I) and delta-BMI (Il) at baseline (FY2000), FY2010, and FY2019). In (I), blue,
green, purple, or orange line presents ‘BMI<18.5 (kg/m?);"18.5 < BMI < 25,25 < BMI < 30, or' BMI > 30, respectively. In (), blue, green, or purple line
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and LDL (1) at baseline (FY2000), FY2010, and FY2019). In (I), blue, purple, or green line presents‘ HDL<40 (mg/dI),* 40 <HDL <70, or' HDL > 70,
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Fig. 3 continued

the 5-untranslated regions of mRNAs of the enzyme
differ in a tissue-specific manner but share a common
protein-coding region, and the tissue-specific and devel-
opmental stage-specific expression, as well as hepatic
induction, is conferred by different promoters [31]. By
light microscopy, alcoholic liver samples had a marked
GGT activity in the bile canaliculi and a diffuse activity
in the cytoplasm [32]. Recently, the GGT/albumin ratio

Follow-up period (year)

Follow-up period (year)

included gamma-glutamyl transpeptidase, and albumin
is a novel inflammatory marker [33]. These findings on
GGT are mainly involved in glutathione metabolism and
cellular protection against oxidative damage [13].

This study also found interesting results in lipid metab-
olism. For instance, Fib4 is associated with dyslipidemia.
Thus, we excluded patients with medication for dyslipi-
demia. Low HDL-C has been associated with NAFLD
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Table 2 Cross table of alcohol drinking and GGT at FY2000, FY2010, and FY2019
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Alcohol drinking at FY2000 GGT at FY2000 (baseline) GGT at FY2010 GGT at FY2019
>40 (U/l) 40-70 70-200 >200 Total >40 40-70 70-200 >200 Total >40 40-70 >200 Total
Never 1088 370 124 11 1593 850 183 66 7 1106 559 103 4 706
68.3% 232% 7.8% 07% 100% 769% 165% 6.0% 06% 100% 79% 15% 1% 100%
>20 g/day 1774 845 504 49 3172 1438 535 298 32 2303 992 325 23 1492
55.9% 266% 159% 15% 100% 624% 232% 129% 14% 100% 67% 22% 2% 100%
20-40 g/day 751 643 574 83 2051 653 425 350 64 1492 479 261 36 973
36.6% 314% 280% 40% 100% 438% 285% 235% 43% 100% 49% 27% 4% 100%
>40 g/day 240 311 386 66 1003 227 215 227 44 713 181 117 31 460
23.9% 310% 385% 66% 100% 31.8% 302% 318% 62% 100% 39.3% 254% 6.7%  100%
Total 3853 2169 1588 209 7819 3168 1358 941 147 5614 2211 806 94 3631
49.3% 277% 203% 27% 100% 56.4% 242% 168% 26% 100% 609% 222% 26%  100%
Kappa 0.081 0.079 0.073
Spearman’s coe cient 0.324 0.316 0.289
Table 3 Cross table of alcohol drinking at baseline, at FY2010, and FY2019
Alcohol drinking at FY2000 Alcohol drinking at FY2010 Alcohol drinking at FY2019
Never >20g/day 20-40g/day >40g/day Total Never >20g/day 20-40g/day >40g/day Total
Never 910 164 20 12 1106 553 120 26 7 706
82.3% 14.8% 1.8% 11% 100% 783% 17.0% 37% 1.0% 100%
>20 g/day 355 1524 364 60 2303 277 896 263 56 1492
154% 66.2% 15.8% 2.6% 100% 18.6% 60.1% 17.6% 3.8% 100%
20-40 g/day 49 479 749 215 1492 57 299 477 140 973
33% 321% 50.2% 14.4% 100% 59%  30.7% 49.0% 14.4% 100%
>40 g/day 17 100 261 335 713 15 55 183 207 460
24%  140% 36.6% 47.0% 100% 33%  12.0% 39.8% 45.0% 100%
Total 1331 2267 1394 622 5614 902 1370 949 410 3631
237% 404% 24.8% 11.1% 100% 24.8% 37.7% 26.1% 11.3% 100%
Kappa 0476 0421
Spearman’s coe cient 0.706 0.659

and end-stage hepatitis [34, 35]. Recently, the total cho-
lesterol/HDL-C ratio was reported to be a predictive
marker of NAFLD [36], and the triglyceride/HDL-C ratio
as a predictive marker of metabolic-associated fatty liver
disease (MAFLD) [37]. While the current study found
that Fib4 increment positively correlated with HDL-C, a
previous study reported an inverse relationship between
Fib4 and GGT/HDL ratio, which increases with MAFLD
[38]. One possible reason for these phenomena is the
inadequate model-based statistical adjustment for alco-
hol consumption, which can elevate HDL-C; HDL-C is
known to be an objective maker for alcohol consumption,
independent of self-report [39, 40]. According to our
findings, Fib4 might be associated with the risk of liver
disease by alcoholic consumption.

In ALD, alcoholic hepatitis progresses to alcoholic
steatohepatitis, leading to cirrhosis in some patients.
The vast majority (90-100%) of chronic heavy drink-
ers develop alcoholic fatty liver disease. However, only
10-20% develop advanced ALD, and individual differ-
ences in its susceptibility for ALD are still poorly under-
stood [8]. Although GGT levels are associated with
alcohol consumption, the reported levels only correlate
moderately with alcohol consumption (r=0.30-0.40
in males, 0.15-0.30 in females); additionally, GGT level
elevation is different between individuals with the same
amount of alcohol consumed [41]. In the present study,
the kappa value between the self-report of alcohol drink-
ing and the serum level of GGT was very low (0.081).
However, as mentioned above, GGT elevation indicates
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Table 4 Cross table of GGT at baseline, at FY2010, and FY2019
GGT at FY2000 (baseline) GGT at FY2010 GGT at FY2019
>40 (U/1) 40-70 70-200 >200 Total >40 40-70 70-200 >200 Total
>40 (U/l) 2354 344 92 1 2791 1505 236 67 3 1811
84.3% 12.3% 3.3% 0.0% 100% 83.1% 13.0% 37% 0.2% 100%
40-70 642 633 256 15 1546 500 333 163 21 1017
41.5% 40.9% 16.6% 1.0% 100% 49.2% 32.7% 16.0% 2.1% 100%
70-200 175 374 530 80 1159 202 227 249 48 726
15.1% 32.3% 45.7% 6.9% 100% 27.8% 31.3% 34.3% 6.6% 100%
>200 5 11 66 51 133 9 14 41 22 86
3.8% 8.3% 49.6% 38.3% 100% 105% 16.3% 47.7% 25.6% 100%
Total 3176 1362 944 147 5629 2216 810 520 94 3640
56.4% 24.2% 16.8% 2.6% 100% 60.9% 22.3% 14.3% 2.6% 100%
Kappa 0.630 0.306
Spearman’s coe cient 0.408 0.515

a risk for liver-related mortality [29]. Thus, GGT (GGT
responder) increase may be a good marker of individual
susceptibility for liver damage by oxidative stress, includ-
ing the alcohol metabolism in ALD. However, only GGT
abnormalities are found in health examinations, and any
follow-up measures have not been established. Clinically
clarifying the relationship between Fib4, GGT, and ALD
would increase the significance of GGT measurement in
health examinations.

Patients with ALD have been treated mainly by
addiction specialists in the psychiatric field as alco-
hol dependence. Recently, harm reduction by reducing
alcohol consumption, which has been used as a treat-
ment approach in Europe [42], has gained recognition
in Japan [43]. Treatment with anti-alcohol drugs, such
as nalmefene, has also advanced [44], and it can be pre-
scribed not only by specialized psychiatrists but also by
hepatologists. Therefore, when ALD is suspected from
the health examination results, patients must be actively
recommended to seek consultation to hepatologists. In
this study, analysis was performed using threshold values
of 2.67 for Fib4 [23] and 200 IU/L for GGT; nevertheless,
it will be necessary in the future to examine these cutoff
values among general workers.

Regarding the strength of this study, it was verified by
a cross-sectional study and a 20-year longitudinal study.
However, given that the limitation is a follow-up sur-
vey in the workplace, selection bias is possible because
a healthy-worker effect cannot be denied. In addition,
although GGT >200 IU/L and Fib4 > 2.67 are proposed,
clinical studies are required in this respect. Additionally,
clinically elastorgraphy verification, histopathological

examinations, and investigation on long-term outcomes
should be conducted.

In conclusion, Fib4 combined with GGT could be a
useful effect marker for alcoholic liver injury. Although
the examinee does not often refer to a hepatologist
merely because GGT is high in health examinations,
liver parenchymal injury might be considered if both
Fib4 and GGT increase. On the basis of our result, we
proposed that alcoholic liver injury occurs if the GGT
value exceeds 200 IU/L and Fib4 is 2.67 or more. Thus,
Fib4 could be an effect marker on alcoholic liver injury,
together with GGT in health examinations. However,
further clinical evaluation studies are required.

Abbreviations
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PH Past history

FY Fiscal year

Fib4 Fib4 index
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LDL Low-density lipoprotein cholesterol
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