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Abstract : Background/Aims : Hepatic enzyme blood tests including analyses of serum aspartate
aminotransferase (AST) and alanine aminotransferase (ALT) and gammaglutamyl transpepti-
dase (7y-GTP) levels are widely performed as screening tests, however, the performance of such
tests remains controversial. The aim of this study was to evaluate the sensitivity and specific-
ity for a diagnosis of nonalcoholic fatty liver by AST, ALT, y-GTP and the body mass index
(BMI). Methods: Among the 5901 subjects without overt liver diseases who were confirmed by
health checkups provided by a commercial health care center in 1995 and 2000, a receiver operat-
ing characteristic (ROC) analysis was performed to evaluate the performance of AST, ALT, 7
—GTP and BMI for a diagnosis of fatty liver based on ultrasonography findings. Subjects with
hepatitis as diagnosed by HBs antigen positive or HCV antibody positive and excess alcohol
drinkers with a daily alcohol intake more than 180 ml of Japanese sake or equivalent and were
thus excluded from the analysis. Results : The area under the ROC curve of ALT was largest
among the four indexes. The area under the ROC curve of ALT was significantly greater than
that of the BMI for men. The cutoff values that minimized the misclassification for a diagnosis
of fatty liver of AST, ALT and 7 -GTP were lower than the current cutoff values used in health
checkups in both males and females. Conclusion : Based on our findings, ALT had better per-
formance for a diagnosis of fatty liver than BMI. The evaluation of the results of hepatic en-
zyme blood tests must be reconsidered.
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Introduction

The efficacy of health checkups using hepatic en-
zyme blood tests remains controversial. Infection
with hepatitis B and C (HBV and HCV respective-
ly), alcoholic hepatitis and fatty liver are consi-
dered to be the target diseases in the current liver
function screening program, Hepatic enzyme blood
tests including analyses of serum aspartate amino-

transferase (AST) and alanine aminotransferase

(ALT) and gammaglutamyl transpeptidase (7-—
GTP) levels to detect HBV, HCV, alcoholic hepati-
tis and fatty liver have a very low sensitivity
among Japanese male workers.P’? However, the
reference values for hepatic enzyme blood tests
usually used in a health checkup were established
in the 1980s but no such values have yet been
made for persons with nonalcoholic fatty liver
disease alone.¥

It is assumed that the prevalence of nonalcoholic

fatty liver disease is greater than that of hepatitis
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C virus infection in the United States.¥ Non-alco-
holic steatohepatitis (NASH) tends to occur in
obese patients and most cases of steatosis are also
totally asymptomatic.”"” However, nonalcoholic
steatosis may progress to liver fibrosis and
cirrhosis.?®®9  Many cross—sectional studies have
shown the associations between fatty liver and the
metabolic syndrome.!®71¥ In addition, subjects
with metabolic syndrome have a 4 to 11 times
higher risk for nonalcoholic fatty liver disease ac-
cording to a longitudinal study.!” A proper
screening test for fatty liver is important to avoid
a possible future epidemic of nonalcoholic fatty
liver disease and the metabolic syndrome. The
aim of this study was to evaluate the sensitivity
and specificity of hepatic enzyme blood tests for

the diagnosis of fatty liver.
Subjects and Methods

1. Subjects

The subjects were selected from 17,082 persons
who underwent health checkups provided by a com-
mercial health care center in 1995 and 2000. We se-
lected persons who took screening tests for both
hepatitis B virus antigen and hepatitis C virus anti-
body in 1995. The number of eligible subjects was
8,8417.

The results of AST, ALT, y—GTP, hepatitis B vi-
rus antigen or hepatitis C virus antibody, abdomi-
nal ultrasound examination, body mass index
(BMID), and self administrated questionnaires in-
cluding drinking habits and past history of liver
diseases were analyzed. BMI was calculated as
body weight (kg) divided by the square of body
height (m). Serum AST, ALT, y—GTP levels were
measured by an automatic biochemical analyzer
and their quality control was approved by the Ja-
pan Society of Health Evaluation and Promotion.

The drinking habits for each subject were as-
sessed by a questionnaire. The frequency of alco-
hol consumption during a typical week and the
total alcohol intake on each occasion and type of
beverage most often consumed. The total alcohol
intake on each occasion was based on the Japanese
quantity of one “GOU”, a traditional Japanese
drinking unit equivalent to 180ml of Japanese
SAKE, and its ethanol content is roughly equiva-

lent to that of a bottle of beer (663 ml), two single
shots of whiskey (70ml). One GOU corresponds
to 25 g of ethanol. We calculated the alcohol in-
take per week. This value was then divided by 7 to
obtain the average alcohol intake per day.

The diagnosis of fatty liver was evaluated by a
visual inspection of ultrasonography (US) ima-
ges. The US examination is performed regardless
of the results of the serum liver function
test. Fatty liver is considered to exist if the sub-
ject meets at least two of the following three crite-
ria 19 1) a bright liver, 2) increased echogenicity
of the liver in comparison to the adjacent struc-
ture, such as in the renal cortex, and 3) an in-
creased attenuation throughout the liver.

For the purpose of this study, those who met the
following criteria were excluded from the analysis.
1) hepatitis virus carriers diagnosed by HBs anti-
gen positive (n=184) ; 2) HCV antibody positive
(n=310) ; 3) subjects with hematolysis in blood
sample (n=2) ; 4) subjects with missing data (n=
940) ; 5) excess alcohol drinkers with a daily alco-
hol intake more than one GOU of Japanese sake or
equivalent (n=1496). 6) subjects with a history
of known liver disease or US images of suspected
neoplasms involving both the intrahepatic and ex-
trahepatic bile ducts, gallbladder cancer, cholangio-
carcinoma, cholangioma, and hepatocellular carci-
noma (n=14). Finally, the number of subjects
evaluated was 5,901 (male 3,674 ; female 2,227).

The names and the date of birth of subjects were
deleted from the database at the commercial health
care center to protect the confidentiality of the sub-

jects’ identities during the data analysis.

2. Data analysis

First, the proportion of subjects with abnormal
BMI, AST, ALT, and y—GTP levels by the current
cutoff values used in the commercial health care
center. The cutoff values of BMI was 25, AST and
ALT were 40. In addition, the v —GTP levels were
65 for males and 40 for females, respectively.
Next, the receiver operating characteristic (ROC)
curve was made for AST, ALT, y-GTP, and BMI
for a diagnosis of fatty liver as diagnosed by
US. Finally, the area under the ROC curve was
calculated and a cutoff value that minimized the

misclassification was determined. The cutoff
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value that minimized the misclassification was de-
fined so as to minimize the total number of false
positive and false negative cases in the diagnosis of
fatty liver as confirmed by a visual US images.

Two—sided values were used where a value of p<
0.05 was considered to be statistically significant.
The analyses were performed using the SPSS soft-
ware package (Version 13.0) and ROCKIT.!?

Results

Among the 5,901 subjects, the number of subjects
with nonalcoholic fatty liver was 989 (16.8%).
Men had a higher prevalence of fatty liver than did
women (22.6% vs. 7.2%). Table 1 shows the base-
line characteristics for the subjects with and with-

out fatty liver. The mean age of all subjects was
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53.610.2 (men 53.7%+10.2, women 53.51t10.2). For
women, the mean age was significantly greater in
the subjects with fatty liver although the mean age
was significantly greater in the subjects without
fatty liver for men. For both men and women, the
mean body mass index and the hepatic enzyme
blood tests were significantly greater in the sub-
jects with fatty liver. The sensitivity and the
false positive rate of BMI was the highest among
the four indicators. The sensitivity of BMI ex-
ceeded 50% although those of AST and y-GTP
were less than 20%. Except woman’s y-GTP, the
proportions of subjects with exceeded cutoff values
were significantly higher among the subjects with
fatty liver.

Table 2 shows the area under the ROC curve for

males and females. For both males and females,

Table 1. Characteristics of the subjects
Male Female
Fatty Liver (+) Fatty Liver (—) Fatty Liver (+) Fatty Liver (—)
(n=829) (m=2845 PVl G160 (n—2067) P value
mean SD mean SD mean SD mean SD
Age (years) 52.8 £ 9.7 o4 + 10 0.030 579 £ 8.2 53 + 10 <0.001
BMI (kg/m? 2568 = 2.6 23 + 24 <0.001 263 = 3.3 22 + 26 <0.001
AST (IU/L) 29.0 = 12 22 + 78 <0.001 288 £ 13 20 + 6.5 <0.001
ALT (dU/L) 434 £ 25 25 + 14 <0.001 36.9 £ 22 18 + 11 <0.001
y-GTP (IU/L) 448 =+ 33 35 + 36 <0.001 25,5 £ 15 17 + 15 <0.001
(sensitivity) (false positive) (sensitivity) (false positive)
High BMI (BMI>25) 482 (58.1%) 654 (23.0%) <0.001 96 (60.0%) 258 (12.5%) <0.001
High AST (AST >40) 103 (12.4%) 71 ( 2.5%) <0.001 20 (12.5%) 26 ( 1.3%) <0.001
High ALT (ALT >40) 364 (43.9%) 264 ( 9.3%) <0.001 47 (29.4%) 51 ( 2.5%) <0.001
High y-GTP* 134 (16.2%) 331 (11.6%) <0.001 15 (9.4%) 117 ( 5.7%) 0.055
BMI : body mass index ; AST : aspartate aminotransferase ; ALT : alanine aminotransferase ;
7-GTP : gammaglutamyl transpeptidase
*: High 7-GTP was defined separately for men (7y-GTP>65) and women (7y-GTP>40).
Table 2. Area under the receiver operating characteristic curve
AUC 95%CI difference 95%CI p —value
Male ALT 0.786 (0.768 - 0.804) 0.033 (0.011~0.053) 0.0026
BMI 0.753 (0.735-0.771) (reference) - -
AST 0.709 (0.688-0.730) —0.044 (—0.070~-0.022) 0.0002
7-GTP 0.658 (0.639-0.677) —0.095 (—0.117~-0.070) <0.0001
Female ALT 0.867 (0.839-0.894) 0.019 (—0.020~ 0.050) 0.4014
BMI 0.848 (0.820-0.876) (reference) - -
AST 0.783 (0.746 - 0.819) —0.065 (—0.109~-0.023) 0.0025
y-GTP 0.792 (0.764-0.819) —0.056 (—0.100~-0.024) 0.0014

AUC : Area under the receiver operating characteristic curve

95%CI : 95% confidence interval

BMI : body mass index ; AST : aspartate aminotransferase ;

ALT : alanine aminotransferase ;
7 —GTP : gammaglutamyl transpeptidase



ALT had the largest area under the ROC curve
among the three hepatic enzyme blood tests and
BMI. For men, ALT had a significantly greater
area under the ROC curve than the BMI. The area
under the ROC curve of AST and y—GTP were sig-
nificantly smaller than that of BMI for both men

and women.

Figures 1 and 2 show the ROC curve of the he-
patic enzyme blood tests and the BMI among males
and females, respectively. The distances between
the upper left corner and ROC curve obtained by
each index were arranged from smallest to largest
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as follows : ALT, BMI, AST, y—GTP for males and
ALT, BMI, y-GTP, and AST for females. For
each index, the distance between the upper left cor-
ner and the ROC curve of females is shorter than
that of males. The cutoff values that minimized
misclassification defined so as to minimize the sum
of false positive and false negative of BMI, AST,
ALT and y-GTP were 24.4, 23, 26, 26 for male and
23.2, 21, 21, 15 for female, respectively. For each
hepatic enzyme blood tests, the cutoff value which
minimized the misclassification for diagnosis of
fatty liver was around half of the current cutoff

values.
Discussion

The current study revealed the following three
points regarding the efficacy of hepatic enzyme
blood tests to detect fatty liver : 1) ALT showed a
significantly higher efficacy to detect fatty liver
than did the BMI for males ; 2) The BMI showed a
significantly higher efficacy to detect fatty liver
than y—GTP or AST for both males and females ;
and 3) the cutoff line of hepatic enzyme blood tests
currently used in general health checkupsV1® is
higher than the cutoff line which minimized mis-
classification for the diagnosis of fatty liver for
both males and females.

AST and y-GTP are less specific than ALT for
liver disease. ALT is present at its highest concen-
tration in the liver. AST is found, in decreasing
order of concentration, in the liver, cardiac muscle,
skeletal muscle, kidneys, brain, the pancreas,
lungs, leukocytes, and erythrocytes. y—GTP has
been localized to the entire hepatobiliary tree, from
hepatocytes to common bile duct, and to pancreatic
acini and ductules.!® Our results indicate that
ALT showed a significantly higher efficacy to de-
tect fatty liver than 7—-GTP and AST for both
males and females it is thus considered to be an ef-
fective diagnostic parameter.

Based on our findings, ALT had a significantly
better performance for the diagnosis of fatty liver
than BMI for males. Among 326 male workers in
a metal-working company, the area under the ROC
curve for the diagnosis fatty liver of ALT was
larger than that of BMI although it was not statis-
tically significant.? The study analyzed alcoholic
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fatty liver and nonalcoholic fatty liver simultane-
ously because the study excluded only excessive al-
cohol drinkers with a habitual daily alcohol intake
comparable to or more than 540ml of Japanese
sake. To focus on nonalcoholic fatty liver, this
study excluded excessive alcohol drinkers with a
daily alcohol intake of more than 180 ml of Japa-
nese sake or equivalent. For women, the area un-
der the ROC curve of ALT was larger than that of
BMI although it was not statistically signifi-
cant. The number of female subjects with fatty
liver is less than one fifth of the males with fatty
liver. The absence of statistical significance in for-
mer study? is due to their small sample size.

Since the data from the hepatic enzyme blood
tests for the AST, ALT, and y—GTP levels are con-
tinuous variables, there is no clear boundary re-
garding the shape of the distribution curve of
hepatic enzyme blood tests between the subjects
with fatty liver and those without. In this study,
the cutoff line was determined to simply minimize
the sum of false positives plus falsenegatives. It
is thus necessary to consider the characteristics of
the disease to set the cutoff line in order to avoid ei-
ther false—positive or falsenegative which could be
harmful for the screened subjects.2?

Furthermore, there have so far been few longitu-
dinal studies about subjects with an abnormal liver
function. The serum aminotransferase concentra-
tion has been reported to be associated with morta-
lity from liver disease, even within the current
normal range in Korea.!® A high AST or ALT
level in annual health checkups were predictive fac-
tors for all cause, cancer and stroke death for men
in Ibaraki prefecture, aged 40 to 79 years.2V A sig-
nificant interaction between the serum ALT levels
and the BMI was observed among Japanese Na-
tional Health Insurance beneficiaries in Shiga
prefecture.??

It 1s important to consider the type of liver di-
sease to interpret the results of hepatic enzyme
blood tests because the distribution of AST, ALT
and y—GTP are different. From the results of this
study, the optimal cutoff line for distinguishing
fatty liver was determined to be 26 for ALT, which
is much lower than the standard level usually used
in general health checkups.’™®!® From the ROC
curve for a fatty liver diagnosis, ALT is thus con-
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sidered to be a better diagnostic factor than the
BMI. When analyzing the hepatic enzyme blood
tests during a health checkup as a screening test, a
shifting cutoff level may change either the sensiti-
vity or specificity. When determining the cutoff
line for screening tests, the characteristics and
natural history of the target disease should thus
be considered.?)1820)23)-25)

There are some limitations in this study. First,
the subjects of this study were not necessarily rep-
resentative of the general population. Moreover,
only liver disease was investigated in the analy-
sis. It cannot be ruled out that the subjects may
have had other diseases which might have also
caused hepatic dysfunction. However, it is as-
sumed that the proportion of subjects with a seri-
ous disease was negligible since all subjects were
confirmed to be alive five years after the scree-
ning. Therefore, no major problems are thought
to have existed regarding the accuracy of the
screening using hepatic enzyme blood tests in these
subjects.

Next, ultrasonography may result in an incor-
rect diagnosis for fatty liver although it has a rela-
tively high sensitivity (82% to 94%) and specificity
(66% to 95%).2630 The US examination is per-
formed regardless of the results of the serum liver
function test so that any misclassification, if it oc-
curs, is non—differential. If so, the efficacy of he-
patic enzyme blood tests that has been computed
must be smaller than the real value and it has no
bearing on the conclusion of the present study, i.e.,
ALT is a useful method for detecting nonalcoholic
fatty liver.

The diagnostic capabilities of such hepatic en-
zyme blood tests as AST, ALT and y-GTP to diag-
nose fatty liver confirmed by US were evaluated in
this study. ALT was found to be a better factor
than the BMI from the ROC curve for a diagnosis
of fatty liver. Analyzing the hepatic enzyme
blood tests in a health checkup as a general screen-
ing test is therefore considered to have some
efficacy. The evaluation of hepatic enzyme blood
tests corresponding to the characteristics of the
disease and the results of longitudinal study

should thus be further discussed in the future.
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