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The Association between Dietary Lifestyles and Hepatocellular
Injury in Japanese Workers

Toyoto Iwata,' Kaori Arai,' Norimitsu Saito’ and Katsuyuki Murata'

lDepartment of Environmental Health Sciences, Akita University Graduate School of Medicine, Akita, Akita,
Japan
Research Institute for Environmental Sciences and Public Health of Iwate Prefecture, Morioka, Iwate, Japan

Elevated alanine aminotransferase (ALT) in serum, relevant to nonalcoholic fatty liver disease, has been
often reported from Asian countries and the U.S., and it may be associated with lifestyle behavior. To clarify
whether specific dietary behavior is associated with hepatocellular injury, we explored liver markers and
dietary lifestyles (e.g., breakfast-skipping, eating for lunch, and snacking) in 1,809 male employees, aged
19-59 years, belonging to a health insurance union of automobile dealerships in Japan. ALT,
y-glutamyltransferase, and asparate aminotransferase (AST) were positively correlated with age and body
mass index (BMI) (P < 0.0001). Odds ratios (ORs) of instant noodle ingestion for lunch to ALT elevation
(> 30 IU/L), after adjusting for possible confounders including age, BMI, and drinking, were 1.33 (95%
confidence interval, 1.01-1.75) at 1-2 times/week and 1.47 (1.07-2.01) at = 3 times/week, compared to
those who seldom ate instant noodles. Likewise, the OR of the ingestion at = 3 times/week to
y-glutamyltransferase elevation (> 50 1U/L) was 1.42 (1.02-1.99), but the OR to elevated AST (> 30 IU/L)
was not statistically significant. Habitual ethanol intake was significantly associated with hepatocellular
injury, though the threshold of daily ethanol intake differed among liver markers. Despite the low OR,
habitual instant noodle ingestion for lunch is associated with ALT elevation. Since the average content of
saturated fatty acids in instant noodles is considerably high among cereal foods in Japan, workers with this

habit should be advised to avoid having unbalanced diets.
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Introduction

The elevated activity of serum alanine aminotransfer-
ase (ALT) triggers the diagnosis of nonalcoholic fatty liver
disease (NAFLD), and the NAFLD can affect the onset of
type 2 diabetes mellitus, liver cirrhosis, and coronary heart
disease (Clark et al. 2002; Korenblat et al. 2008; Targher et
al. 2010; Cohen et al. 2011). In our experience of occupa-
tional health, busy workers with elevated ALT and
y-glutamyltransferase (GGT) often have been diagnosed
with fatty liver, but not viral hepatitis, by physicians using
abdominal ultrasonography, though they do not seem to
have been exposed occupationally or environmentally to
hepatotoxic chemicals such as carbon tetrachloride and per-
fluorinated chemicals. Apart from such diseases, ALT ele-
vation has been reported from Asian countries and the U.S.
(Clark et al. 2003; Lee et al. 2010; Zhang et al. 2011a). In
China, elevated ALT frequently occurs in male peasants and
small businessmen with increased income (Zhang et al.
2011b). Among American taxi drivers, long driving was

associated with elevated ALT (Lippmann et al. 2011). For
the prevention of liver injury in workers, it is crucial to
clarify the causal factors.

The associations of ALT elevation with dietary behav-
ior and exercise, along with age and body mass index
(BMI), have been scrutinized (Solga et al. 2004; Oh et al.
20006; Lee et al. 2011; Park et al. 2011; Finelli and Tarantino
2012; Keating et al. 2012; Tarantino and Finelli 2013), but
little is known about the specific cause of the elevation. In
Japanese workers, although dinner menu items are change-
able day by day, lunch menu patterns (e.g., box lunch,
meals at restaurants, instant noodles like cup ramen, and
rice-balls) seem to be generally unchanged; in this sense, it
may be easy to explore lunch menu patterns of them.
Accordingly, we formulated a hypothesis about dietary
behavior that habitual ingestion of a certain lunch menu
might lead to hepatocellular injury in Japanese workers and
drew up a project designed to test it.
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Methods

Subjects

In February-March 2012, a self-reported questionnaire was dis-
tributed to approximately 2,200 male employees belonging to a health
insurance union of motor vehicle dealerships in northeast Japan,
including salesmen, mechanics, and office clerks, but excluding the
managerial class. Of them, 1,857 men consented to our proposal and
returned the forms to the occupational health nurse of the union
(response rate, 84%). Forty-eight respondents were excluded: those
who did not undergo the mandatory health checkup, conducted under
the Industrial Safety and Health Law in Japan, in April-July 2012;
those who suffered from stroke, ischemic heart disease, chronic renal
failure, alcoholic dependency diagnosed by a psychiatrist, liver cir-
rhosis, or cancer; those whose serological tests for hepatitis B or C
infection were positive; and finally, those whose reported question-
naire forms contained imperfect information. The study population
consisted of 1,809 men aged 19-29 years (31.3%), 30-39 years
(39.1%), 40-49 years (19.1%), and 50-59 years (10.5%). This study
was conducted in accordance with the Declaration of Helsinki of
1964 as revised in 2000, after our study protocol was approved by the
Ethical Review Committee of the Akita University Graduate School
of Medicine.

Some mechanics of our subjects had underwent the specific
health examination for organic solvent workers under the Industrial
Safety and Health Law annually, and such workers had neither symp-
toms/signs of solvent poisoning nor abnormal findings in urinalysis.
Nonetheless, the job category was scored as “mechanic” = 1 and
“other worker” = 0.

Exposure and outcome variables

Breakfast, lunch, snack, and dinner, as well as smoking and
drinking habits, regular exercise, job stress, and sleep duration, were
inquired via the questionnaire on lifestyle behavior. Habits of break-
fast-skipping, snacking during work hours, and dinner time irregular-
ity were scored as “absence” = 0 and “presence” = 1. What each sub-
ject ate at lunch time on workdays, e.g., a home-made or takeout box
lunch, meals at restaurants, instant noodles, rice-balls (onigiri, i.e., a
ball of cooked rice usually formed by hand), etc., was also asked by a
method of multiple responses. In addition, one more question about
how often each ate instant noodles in a week was posed to the sub-
jects who indicated that they did consume such noodles for lunch.
Nocturnal sleep duration (min) was computed as the difference
between bedtime and wake time on workdays. The weekly amount of
each type of alcoholic beverage consumed was also asked as
described previously (Dakeishi et al. 2004, 2006); e.g., “How many
180 ml-cups (or 1,800 ml-bottles) of sake do you drink in a week?”
and “How many 350 ml-cans (500 ml-cans, or 633 ml-bottles) of beer
do you drink in a week?” Types of alcoholic beverages listed were
sake, beer, shochu (a Japanese distilled alcoholic beverage primarily
made from barley or sweet potatoes), whisky, wine, and others (e.g.,
plum wine, brandy, gin, or vodka). A total of 100% ethanol equiva-
lent dose (g/day) was calculated for each subject. Smoking habit was
scored as “nonsmoker” = 0 and “smoker” = 1. Regular exercise was
defined as at least one 30-min session at least once per week. The
responses of exercise and job stress were scored as “absence” = 0 or
“presence” = 1.

Data on liver markers, i.e., serum ALT, asparate aminotransfer-
ase (AST), and GGT, along with BMI (kg/m?), were obtained for each

subject from the annual health checkup record. ALT, AST, and GGT
were measured by the Akita Foundation for Healthcare (normal val-
ues were below 30 TU/L for ALT and AST, and below 50 IU/L for
GGT), according to the principles recommended by the Japan Society
of Clinical Chemistry (Kawai 1993). Based on a conventional value
reported by Prati et al. (2002), an ALT level of 30 IU/L was adopted
as an upper limit of normal value.

Concerning exposures to perfluorinated chemicals, medians and
95% confidence intervals (CIs) of serum perfluorooctanoic acid
(PFOA) and perfluorooctane sulfate (PFOS) concentrations in 35
male employees, aged 21-63 years, of this union with ALT of median
34 (95% CI, 11.5-78) IU/L in 2010, measured by the Research
Institute for Environmental Sciences and Public Health of Iwate
Prefecture (Harada et al. 2004, 2007; Jin et al. 2007), were 2.32 (95%
CI, 1.06-5.07) ng/ml and 7.03 (3.34-37.15) ng/ml, respectively, and
there were no significant relationships between ALT and either PFOA
or PFOS (P > 0.05). The PFOA and PFOS levels in the 35 men were
about a half of those in 1,076 American men from 1999-2000 and
2003-2004 National Health and Nutrition Examination Survey (Lin et
al. 2010), but were somewhat higher than those in 343 pregnant
women in Hokkaido, Japan (Okada et al. 2012).

Statistical analysis

Since ALT, AST, GGT, and daily ethanol intake did not show a
normal distribution, they were logarithmically transformed in using
simple regression analysis, and the median, minimum and maximum,
but not mean =+ standard deviation (s.n.), were employed in the tables.
The significance of the differences in liver markers between mechan-
ics and other workers was analyzed by the Mann-Whitney U test.
Multiple logistic regression analysis was used to calculate odds ratio
(OR) and 95% CI of lifestyle behavior (sleep duration, breakfast-
skipping, snacking, irregularity of dinner time, smoking, daily ethanol
intake, and regular exercise), lunch menu (box lunch, meals at restau-
rants, instant noodles, and rice-balls), and job category and stress,
along with compulsory variables (age and BMI), to elevated ALT,
AST or GGT. Concerning daily ethanol intake, since subgroups who
consumed an empirical range of ethanol (i.e., 0, 0.1-30.0, 30.1-60.0,
60.1-90.0, and > 90.0 g/day) had been utilized in the preceding alco-
hol research (Bellentani et al. 1997; Dakeishi et al. 2006), we
employed this categorization. All analyses, with two-sided P values,
were performed using the SPBS Ver. 9.65 (Murata and Yano 2002),
and the significance level was set at P < 0.05.

Results

Baseline characteristics of 1,809 workmen are shown
in Table 1. Proportions of abnormal liver markers among
them were 28.2% for ALT (> 30 IU/L), 14.2% for AST (>
30 TU/L), and 24.0% for GGT (> 50 IU/L). As exemplified
in Fig. 1, log-transformed ALT, AST, and GGT levels of the
workmen were positively related to age and BMI (these
Pearson product-moment correlation coefficients were
between 0.122 and 0.520, P < 0.0001), indicating that age
and BMI are inevitable confounders for assessment of liver
markers in humans (Prati et al. 2002; Clark et al. 2003;
Solga et al. 2004). Also, ALT, AST, and GGT levels of the
934 mechanics (median, 21, 21, and 25 IU/L, respectively)
were lower than those of the 875 other workmen (23, 22,
and 35 IU/L) (P < 0.0001, P = 0.0454, and P < 0.0001,
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Table 1. Baseline characteristics of 1,809 workmen.

Parameters Meg 1= 5.D.
(or, Median and range)
Age (years) 35+£9
Body mass index (kg/m?) 233 + 3.8
Mechanics/all workers (%) 51.6
Sleep duration (min) 419 + 55
Ethanol ingestion (g/day) 8 (0-243)
Liver markers in serum (IU/L):
ALT 22 (4-260)
AST 21 (10-128)
GGT 29 (7-1,573)
Lifestyle behaviors (%):
Eating for lunch*
Box Lunch 65.3
Meals at restaurants 9.7
Instant noodles 53.5
Rice-balls 13.4
Breakfast-skipping 25.7
Snacking during work hours 46.9
Irregularity of dinner time 59.8
Smoking 60.3
Drinking 68.2
Regular exercise 18.0
Job stress (%) 63.8

ALT, alanine aminotransferases; AST, asparate amino-
transferase; GGT, y-glutamyltransferase; SD, standard devi-
ation; range, (minimum - maximum).

*Multiple responses.

respectively). Of the workmen, 525 ate instant noodles 1 to
2 times/week and 443 did three or more times/week.

The associations between each lifestyle behavior and
elevated ALT, AST, and GGT after adjusting for the two
compulsory confounders are shown in Table 2. Elevated
ALT was associated positively with instant noodle ingestion
and ethanol intake of more than 90 g/day and negatively
with mechanics. AST elevation was associated positively
with ethanol intake of more than 30 g/day, sleep duration,
and regular exercise, and negatively with snacking.
Likewise, elevated GGT was related positively to meals at
restaurants, instant noodles, rice-balls, ethanol intake, sleep
duration, and smoking, and negatively to mechanics and
snacking.

Table 3 represents associations of lifestyle behavior
with elevated ALT, AST, and GGT with adjustment for all
parameters including age and BMI. All results, excluding
the ORs of meals at restaurants and smoking to GGT eleva-
tion, were similar to those of Table 2. In addition, ORs of
instant noodle ingestion at 1 to 2 times/week and at three or
more times/week to elevated ALT were significantly high,
as compared to the men who seldom ate instant noodles
(Table 4). Likewise, the OR of instant noodle ingestion at

three or more times/week to elevated GGT was 1.422 (95%
CI, 1.018-1.985).

Discussion

The principal finding of our study was that habitual
ingestion of instant noodles was associated with elevated
ALT and GGT in Japanese workmen without obvious hepa-
totoxic exposures, and these risk ratios seemed to raise with
the increased frequency of instant noodle ingestion. Such
dietary habits had continued over long periods prior to their
health checkups in 2012. These workmen did not always
have enough time for lunch because they were usually busy
with customers, who might walk into the showroom at any
moment. As a result, food readily to eat was very conve-
nient for them. Therefore, this may be the first report sug-
gesting that one cause of elevated ALT is habitual ingestion
of instant noodles.

Two explanations for the significant link between
habitual instant noodle ingestion and ALT elevation are
possible. Busy workers with heavy instant noodle ingestion
habits, as well as young Korean men with higher income
and education levels who preferred the noodle-bread dietary
pattern showing greater intake of noodles and bread (Lee et
al. 2011), may have had extremely unbalanced diets. Such
habitual ingestion can lead to excessive intake of fats and
energy (Park et al. 2011), because the average content of
saturated fatty acids was 7.31-8.72 g per 100 g instant noo-
dles and was the highest among cereal foods in Japan
(Ministry of Education, Culture, Sports, Science and
Technology 2005). In consequence, hepatic over-accumu-
lation of saturated fatty acids, triggering hepatocellular
apoptosis (Alkhouri et al. 2009), may result in ALT eleva-
tion; in fact, higher triglycerides were associated with ele-
vated ALT in NAFLD patients and non-NAFLD subjects
(Hou et al. 2011).

Another possibility is that some components of instant
noodles might affect the liver. Instant noodles contain vari-
ous kinds of food additives, e.g., acidity regulators, antioxi-
dants, preservatives, colorant, and flavor enhancers (Codex
Alimentarius Commission 2006), as well as other ingredi-
ents in the soup. In animal experiments, some food addi-
tives such as sodium nitrite, p-tert-butylcatechol, and
sodium glutamate have hepatotoxicity (Asahina et al. 1971;
Dunnick 2002; Collison et al. 2009). Additionally, food
additives and ingredients of instant noodles can be con-
verted into other chemicals, such as monochloropropane-
diol or acryl amide, after cooking or long-term preservation
(Gotoh et al. 2006; Xu et al. 2013). Thus, habitual instant
noodle ingestion may be said to constitute long-term expo-
sure to food additives at lower levels; whereas, it would be
difficult to confirm the effects of such chemicals on hepato-
cellular injury because of the uncertainties of accumulation
in the liver of humans, but not animals.

Snacking habit attenuated the risk of elevated AST and
GGT (Table 3), probably implying that it prevented workers
from overeating dinner. By contrast, eating rice-balls and
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Fig. 1. Effects of age and body mass index (BMI) on liver markers.
The liver markers were measured in 1,809 workmen: serum alanine aminotransferase (ALT), aspartate aminotransferase
(AST), and y-glutamyltransferase (GGT). These markers were logarithmically transformed (i.e., log;[ALT],
logio[AST], and log;o[GGT]), and results of linear regression showed that the markers had significant relations to age

and BMI (P < 0.0001).

meals at restaurants was associated with elevated GGT,
while these had no close relations to ALT or AST. Rice-ball
ingestion may in part have corresponded to instant noodle
ingestion, inasmuch as 192 (79.3%) of the workers eating
rice-balls ate instant noodles (but none of them had a home-
made box lunch). Actually, such noodle soup is often con-
sumed as a substitute for miso soup, or even beverages for
young Japanese workers. With regard to meals at restau-
rants, some workers may have consumed fast food because
of their limited lunch time. Nonetheless, these two lunch
items would be explained by the finding that higher carbo-
hydrate intake was associated with higher odds of hepatic
inflammation (Solga et al. 2004). Since certain dietary
behavior, as well as physical activity patterns (Finelli and
Tarantino 2012; Keating et al. 2012), can affect the liver
both beneficially and adversely, clinical physicians and
occupational health nurses should pay special attention to
dietary lifestyles of patients with elevated ALT.
Overdrinking affected liver markers, as shown in
Tables 3. The effect of daily ethanol intake is in accordance

with a study using the benchmark dose levels (BMDLs,
almost corresponding to the threshold when an effect starts
to emerge) calculated from different data of the same health
insurance union in 2002 (Dakeishi et al. 2004); i.e., the
BMDLs of daily ethanol intake were 94 g/day for ALT, 52
g/day for AST, and 36 g/day for GGT. In this sense, ALT
appears to be less sensitive to ethanol intake but also to be
more specific to habitual ingestion of instant noodles than
GGT and AST. Likewise, the influence of sleep duration on
GGT was observed in the present and past studies (Hsieh et
al. 2011). Taken together, daily ethanol intake and sleep
duration, in addition to age and BMI in Fig. 1, are consid-
ered to be essential confounders in evaluating liver enzyme
activities.

There may have been some limitations in the current
study. Since abdominal ultrasonography was not conducted
in the mandatory health checkups, we could not confirm
whether our subjects had NAFLD. However, we focused
on the impacts of dietary behavior on liver enzymes, but
not such diseases, among the 1,809 male employees of the
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Table 2. Odds ratios of each lifestyle behavior to liver markers in 1,809 workmen with adjustment for age and body mass index.
ALT (> 30 IU/L) AST (> 30 IU/L) GGT (> 50 IU/L)
Parameters Odds ratio 95%ir(13t(érr1\i]i£ence Odds ratio 95%igt(;1r1\f]i;11ence Odds ratio 95%5;;1335161]%
Mechanics 0.739 (0.583 - 0.937) 0.869 (0.653 - 1.156) 0.662 (0.521 - 0.841)
Sleep duration 1.001 (0.999 - 1.003) 1.003 (1.001 - 1.006) 1.005 (1.003 - 1.007)
Eating for lunch *
Box lunch 0.990 (0.779 - 1.256) 1.079 (0.809 - 1.439) 1.024 (0.805 - 1.302)
Meals at restaurants 1.245 (0.860 - 1.802) 1.234 (0.811 - 1.879) 1.527 (1.073 - 2.174)
Instant noodles 1.372 (1.088 - 1.730) 1.124 (0.825 - 1.483) 1.583 (1.250 - 2.006)
Rice-balls 1.063 (0.762 - 1.482) 0.901 (0.590 - 1.377) 1.438 (1.040 - 1.988)
Breakfast-skipping 0.868 (0.664 - 1.135) 0.791 (0.566 - 1.106) 0.908 (0.691 - 1.191)
Snacking during work hours 0.958 (0.762 -1.206) 0.585 (0.440 - 0.778) 0.437 (0.343 - 0.558)
Irregularity of dinner time 0.894 (0.708 - 1.128) 0.815 (0.617 - 1.077) 1.016 (0.803 - 1.286)
Smoking 0.961 (0.762 - 1.212) 0.891 (0.675 - 1.175) 1.427 (1.123 - 1.814)
Daily ethanol intake (g/day)
Nondrinkers 1.000 1.000 1.000
0.1-30.0 (n = 575) 1.018 (0.775 - 1.337) 1.400 (0.975 - 2.009) 3.560 (2.506 - 5.056)
30.1-60.0 (n = 798) 1.225 (0.857 - 1.749) 2.416 (1.578 - 3.698) 7.748 (5.157 - 11.62)
60.1-90.0 (n =276) 1.110 (0.632-1.951) 2.189 (1.157 - 4.141) 7.389 (4.222 - 12.93)
90.1- (n="18) 2.080 (1.215-3.558) 4.724 (2.671 - 8.354) 13.44 (7.611 -23.71)
Regular exercise 0.869 (0.643 - 1.173) 1.529 (1.098 - 2.129) 1.044 (0.773 - 1.410)
Job stress 1.125 (0.886 - 1.430) 0.911 (0.684 - 1.212) 1.130 (0.886 - 1.441)

See Table 1 regarding the above abbreviations.

*Multiple responses.

Table 3. Odds ratios of lifestyle behavior to liver markers in 1,809 workmen with adjustment for all parameters including age and body

mass index.
ALT (> 30 IU/L) AST (> 30 IU/L) GGT (> 50 IU/L)
Parameters Odds ratio 95%iri(érr1\i]igilence Odds ratio 95%igt(:;\i,i§ence Odds ratio 95%ir?t(21;\f/i£ence
Mechanics 0.756 (0.588 - 0.972) 0.973 (0.715 - 1.324) 0.745 (0.569 - 0.976)
Sleep duration 1.001 (0.999 - 1.003) 1.002 (0.999 - 1.005) 1.005 (1.002 - 1.007)
Eating for lunch *
Box lunch 1.107 (0.827 - 1.482) 1.053 (0.737 - 1.506) 1.316 (0.960 - 1.804)
Meals at restaurants 1.257 (0.824 - 1.916) 1.168 (0.712 - 1.916) 1.499 (0.969 - 2.318)
Instant noodles 1.382 (1.083 - 1.764) 1.080 (0802 - 1.453) 1.307 (1.004 - 1.702)
Rice-balls 1.004 (0.695 - 1.449) 0.910 (0.571 - 1.451) 1.498 (1.022 - 2.195)
Breakfast-skipping 0.826 (0.623 - 1.096) 0.865 (0.606 - 1.233) 0.855 (0.631 - 1.158)
Snacking during work hours 1.009 (0.796 - 1.279) 0.643 (0.478 - 0.864) 0.544 (0.419 - 0.705)
Irregularity of dinner time 0.914 (0.715-1.170) 0.918 (0.680 - 1.239) 1.155 (0.885 - 1.507)
Smoking 0.950 (0.747 - 1.209) 0.833 (0.623 - 1.115) 1.283 (0.986 - 1.670)
Daily ethanol intake (g/day)
Nondrinkers 1.000 1.000 1.000
0.1-30.0 0.948 (0.717 - 1.252) 1.286 (0.889 - 1.859) 3.042 (2.125 - 4.354)
30.1-60.0 1.124 (0.779 - 1.622) 2.152 (1.390 - 3.334) 6.263 (4.135-9.487)
60.1-90.0 1.012 (0.570 - 1.798) 1.906 (0.992 -3.661) 5.263 (2.954 - 9.378)
90.1- 1.788 (1.025 -3.121) 4.122 (2.272 - 7.480) 9.437 (5.208 - 17.10)
Regular exercise 0.810 (0.596 - 1.102) 1.482 (1.052 - 2.088) 1.005 (0.725 - 1.393)
Job stress 1.105 (0.863 - 1.415) 0.921 (0.683 - 1.241) 1.079 (0.827 - 1.410)

See Table 1 regarding the above abbreviations.

*Multiple responses.
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Table 4. Odds ratios of habitual instant noodle ingestion to liver markers in 1,809 workmen after adjusting for other parameters

including age and body mass index.

Instant noodle ALT (> 30 IU/L) AST (> 30 IU/L) GGT (> 50 IU/L)
_ingestion . 95% Confidence . 95% Confidence . 95% Confidence
(times/week) Odds ratio Dinterval Odds ratio Ointerval Odds ratio Ointerv al
0 1.000 1.000
1to2 1.330 (1.010 - 1.751) (0.739 - 1.457) 1.237 (0.919 - 1.666)
3 or more 1.467 (1.074 - 2.005) (0.784 - 1.674) 1.422 (1.018 - 1.985)

See Table 1 regarding the above abbreviations.

same occupational setting. Of course, none of them seemed
to have been exposed to hepatotoxic substances including
PFOA and PFOS occupationally or environmentally; that
is, ALT, AST, and GGT levels of the car mechanics were
lower than those of the other workmen. Although a self-
reported questionnaire might introduce bias, alcohol data in
this study showed a consistency with our past study
(Dakeishi et al. 2004) as mentioned above, and lunch menu
items, about which approximately 5% of the subjects were
directly asked by the occupational health nurse 5 months
after the mandatory health checkup in 2012, remained
unchangeable. Finally, various lifestyle behaviors such as
breakfast-skipping, snacking, irregularity of dinner time,
sleep duration, and drinking and smoking habits, as well as
age and BMI, were considered in the data analysis. Thus, it
is suggested that our data were not heavily influenced by
selection bias, measurement bias or confounders.

In conclusion, habitual ingestion of instant noodles
may induce elevated ALT despite the low risk ratio. Busy
workers with this habit should be advised to avoid having
unbalanced diets, e.g., to reduce the frequency of instant
noodle ingestion. On the other hand, since many instant
noodles are consumed in China, Indonesia, Japan, Vietnam,
Korea, India, and Thailand, as well as in the United States
(World Instant Noodles Association 2013), detailed infor-
mation on instant noodles and the food additives must be
made public. Not doing this may lead to instant noodles
containing unacceptable chemicals like benzopyrene (Food
and Drug Administration, Philippines 2012), being sold at
convenience stores.

Acknowledgements

This study was supported partly by a Grant-in-Aid for
Scientific Research (C) from the Japan Society for the Promotion
of Science. The authors thank Ms. Yumiko Kato at the health
insurance union of motor vehicle dealerships, for her assistance
in data collection.

Conflict of Interest

The authors declare no conflict of interest.

References

Alkhouri, N., Dixon, L.J. & Feldstein, A.E. (2009) Lipotoxicity in
nonalcoholic fatty liver disease: not all lipids are created
equal. Expert Rev. Gastroenterol. Hepatol., 3, 445-451.

Asahina, S., Friedman, M.A., Arnold, E., Millar, G.N., Mishkin,
M., Bishop, Y. & Epstein, S.S. (1971) Acute synergistic
toxicity and hepatic necrosis following oral administration of
sodium nitrite and secondary amines to mice. Cancer Res.,
31, 1201-1205.

Bellentani, S., Saccoccio, G., Costa, G., Tiribelli, C., Manenti, F.,
Sodde, M., Saveria Croce, L., Sasso, F., Pozzato, G.,
Cristianini, G. & Brandi, G.; the Dionysos Study Group.
(1997) Drinking habits as cofactors of risk for alcohol
induced liver damage. Gut, 41, 845-850.

Clark, J.M., Brancati, F.L. & Diehl, A.M. (2002) Nonalcoholic
fatty liver disease. Gastroenterology, 122, 1649-1657.

Clark, J.M., Brancati, F.L. & Diehl, A.M. (2003) The prevalence
and etiology of elevated aminotransferase levels in the United
States. Am. J. Gastroenterol., 98, 960-967.

Codex Alimentarius Commission. Codex Standard for Instant
Noodles, CODEX STAN 249-2006. [Cited: 2006]. http://
www.codexalimentarius.org/download/standards/10658/
CXS_249e.pdf [Accessed: September 5, 2013].

Cohen, J,C., Horton, J.D. & Hobbs, H.H. (2011) Human fatty liver
disease: old questions and new insights. Science, 332, 1519-
1523.

Collison, K.S., Magbool, Z., Saleh, S.M., Inglis, A., Makhoul, N.J.,
Bakheet, R., Al-Johi, M., Al-Rabiah, R., Zaidi, M.Z. &
Al-Mohanna, F.A. (2009) Effect of dietary monosodium
glutamate on trans fat-induced nonalcoholic fatty liver disease.
J. Lipid Res., 50, 1521-1537.

Dakeishi, M., Iwata, T., Ishii, N. & Murata, K. (2004) Effects of
alcohol consumption on hepatocellular injury in Japanese
men. Tohoku J. Exp. Med., 202, 31-39.

Dakeishi, M., Murata, K., Tamura, A. & Iwata, T. (2006) Relation
between benchmark dose and no-observed-adverse-effect level
in clinical research: effects of daily alcohol intake on blood
pressure in Japanese salesmen. Risk Anal., 26, 115-123.

Dunnick, J. (2002) NTP technical report on the toxicity studies of
p-tert-butylcatechol (CAS No. 98-29-3) administered in feed
to F344/N rats and B6C3F1 mice. Toxic. Rep. Ser., 70, 5-51.

Finelli, C. & Tarantino, G. (2012) Have guidelines addressing
physical activity been established in nonalcoholic fatty liver
disease? World J. Gastroenterol., 18, 6790-6800.

Food and Drug Administration, Philippines. Updates on Korean
Noodles Contaminated with Benzopyrene. [Cited: November
5, 2012]. http://www.fda.gov.ph/Advisory/DOH-FDA2012-
009.pdf [4ccessed: September 5, 2013].

Gotoh, N., Watanabe, H., Osato, R., Inagaki, K., Iwasawa, A. &
Wada, S. (2006) Novel approach on the risk assessment of
oxidized fats and oils for perspectives of food safety and
quality. I. Oxidized fats and oils induces neurotoxicity relating
pica behavior and hypoactivity. Food Chem. Toxicol., 44,
493-498.

Harada, K., Koizumi, A., Saito, N., Inoue, K., Yoshinaga, T., Date,
C., Fujii, S., Hachiya, N., Hirosawa, 1., Koda, S., Kusaka, Y.,
Murata, K., Omae, K., Shimbo, S., Takenaka, K., Takeshita, T.,
Todoriki, H., Wada, Y., Watanabe, T. & Ikeda, M. (2007)



Dietary Lifestyles and Liver Injury

Historical and geographical aspects of the increasing perfluo-
rooctanoate and perfluorooctane sulfonate contamination in
human serum in Japan. Chemosphere, 66,293-301.

Harada, K., Saito, N., Inoue, K., Yoshinaga, T., Watanabe, T.,
Sasaki, S., Kamiyama, S. & Koizumi, A. (2004) The influence
of time, sex and geographic factors on levels of perfluorooc-
tane sulfonate and perfluorooctanoate in human serum over
the last 25 years. J. Occup. Health, 46, 141-147.

Hou, X.H., Zhu, Y.X., Lu, H.J., Chen, H.F., Li, Q., Jiang, S.,
Xiang, K.S. & Jia, W.P. (2011) Non-alcoholic fatty liver
disease’s prevalence and impact on alanine aminotransferase
associated with metabolic syndrome in the Chinese. J.
Gastroenterol. Hepatol., 26, 722-730.

Hsieh, S.D., Muto, T., Murase, T., Tsuji, H. & Arase, Y. (2011)
Association of short sleep duration with obesity, diabetes, fatty
liver and behavioral factors in Japanese men. [Intern. Med.,
50, 2499-2502.

Jin, Y., Saito, N., Harada, K.H., Inoue, K. & Koizumi, A. (2007)
Historical trends in human serum levels of perfluorooctanoate
and perfluorooctane sulfonate in Shenyang, China. Tohoku J.
Exp. Med., 212, 63-70.

Kawai, T. (1993) Standardization of clinical examinations. Rinsho
Kensa, 37, 459-461.

Keating, S.E., Hackett, D.A., George, J. & Johnson, N.A. (2012)
Exercise and non-alcoholic fatty liver disease: a systematic
review and meta-analysis. J. Hepatol., 57, 157-166.

Korenblat, K.M., Fabbrini, E., Mohammed, B.S. & Klein, S.
(2008) Liver, muscle, and adipose tissue insulin action is
directly related to intrahepatic triglyceride content in obese
subjects. Gastroenterology, 134, 1369-1375.

Lee, J.E., Kim, J.H., Son, S.J., Ahn, Y., Lee, J., Park, C., Lee, L.,
Erickson, K.L. & Jung, I.K. (2011) Dietary pattern classifica-
tions with nutrient intake and health-risk factors in Korean
men. Nutrition, 27, 26-33.

Lee, J.K., Shim, J.H., Lee, H.C., Lee, S.H., Kim, K.M., Lim, Y.S.,
Chung, Y.H., Lee, Y.S. & Suh, D.J. (2010) Estimation of the
healthy upper limits for serum alanine aminotransferase in
Asian populations with normal liver histology. Hepatology,
51, 1577-1583.

Lin, C.Y,, Lin, L.Y., Chiang, C.K., Wang, W.J., Su, Y.N., Hung,
K.Y. & Chen, P.C. (2010) Investigation of the associations
between low-dose serum perfluorinated chemicals and liver
enzymes in US adults. Am. J. Gastroenterol., 105, 1354-1363.

Lippmann, S.J., Richardson, D.B. & Chen, J.C. (2011) Elevated
serum liver enzymes and fatty liver changes associated with
long driving among taxi drivers. Am. J. Ind. Med., 54,
618-627.

Ministry of Education, Culture, Sports, Science and Technology,
Japan. Standard Tables of Food Composition in Japan. Fifth
Revised and Enlarged Edition, 2005. [Cited: January 24, 2005]
http://www.mext.go.jp/b_menu/shingi/gijyutu/gijyutu3/
toushin/05031802.htm [Accessed: September 5, 2013].

Murata, K. & Yano, E. (2002) Medical statistics for evidence-

based medicine with SPBS users’ guide. Nankodo Publishers,
Tokyo.

Oh, S.Y., Cho, Y.K., Kang, M.S., Yoo, T.W., Park, J.H., Kim, H.J.,
Park, D.I., Sohn, C.I., Jeon, WK., Kim, B.I., Son, B.H. &
Shin, J.H. (2006) The association between increased alanine
aminotransferase activity and metabolic factors in nonalco-
holic fatty liver disease. Metabolism, 55, 1604-1609.

Okada, E., Sasaki, S., Saijo, Y., Washino, N., Miyashita, C.,
Kobayashi, S., Konishi, K., Ito, Y.M., Ito, R., Nakata, A.,
Iwasaki, Y., Saito, K., Nakazawa, H. & Kishi, R. (2012)
Prenatal exposure to perfluorinated chemicals and relationship
with allergies and infectious diseases in infants. Environ.
Res., 112, 118-125.

Park, J., Lee, J.S., Jang, Y.A., Chung, H.R. & Kim, J. (2011) A
comparison of food and nutrient intake between instant noodle
consumers and non-instant noodle consumers in Korean
adults. Nutr. Res. Pract., 5, 443-449.

Prati, D., Taioli, E., Zanella, A., Della Torre, E., Butelli, S., Del
Vecchio, E., Vianello, L., Zanuso, F., Mozzi, F., Milani, S.,
Conte, D., Colombo, M. & Sirchia, G. (2002) Updated defini-
tions of healthy ranges for serum alanine aminotransferase
levels. Ann. Intern. Med., 137, 1-10.

Solga, S., Alkhuraishe, A.R., Clark, J.M., Torbenson, M.,
Greenwald, A., Diehl, A.M. & Magnuson, T. (2004) Dietary
composition and nonalcoholic fatty liver disease. Dig. Dis.
Sci., 49, 1578-1583.

Tarantino, G. & Finelli, C. (2013) What about non-alcoholic fatty
liver disease as a new criterion to define metabolic syndrome?
World J. Gastroenterol., 19, 3375-3384.

Targher, G., Day, C.P. & Bonora, E. (2010) Risk of cardiovascular
disease in patients with nonalcoholic fatty liver disease. N.
Engl. J. Med., 363, 1341-1350.

World Instant Noodles Association. National Trends in Instant
Noodles Demands. [Cited: April 25, 2013]. http://instantnoo-
dles.org/noodles/expanding-market.html [Accessed: September
5,2013].

Xu, X.M., He, H.L., Zhu, Y., Feng, L., Ying, Y., Huang, B.F., Shen,
H.T., Han, J.L. & Ren, Y.P. (2013) Simultaneous determina-
tion of 3-monochloropropane-1,2-diol and acrylamide in food
by gas chromatography-triple quadrupole mass spectrometry
with coupled column separation. Anal. Chim. Acta, 760,
93-99.

Zhang, H., He, S.M., Sun, J., Wang, C.Y., Jiang, Y.F., Gu, Q., Feng,
X.W., Du, B., Wang, W., Shi, X.D., Zhang, S.Q., Li, W.Y. &
Niu, J.Q. (2011a) Prevalence and etiology of abnormal liver
tests in an adult population in Jilin, China. Int. J. Med. Sci., 8,
254-262.

Zhang, H., Jiang, Y.F., He, S.M., Sun, J., Gu, Q., Feng, X.W., Du,
B., Wang, W., Shi, X.D., Wang, C.Y., Zhang, S.Q., Li, W.Y. &
Niu, J.Q. (2011b) Etiology and prevalence of abnormal serum
alanine aminotransferase levels in a general population in
Northeast China. Chin. Med. J., 124, 2661-2668.

263



