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Nonalcoholic fatty liver disease is a risk factor
for glucose intolerance onset in men regardless
of alanine aminotransferase status
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Introduction: Fatty liver disease (FLD) is a surrogate condition for glucose intolerance
development. FLD may involve normal or abnormal liver enzyme levels. Whether FLD is a

risk factor for glucose intolerance, regardless of liver enzyme levels, remains unknown. We
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assessed relationships between the development of impaired fasting glucose (IFG) and
FLD, liver enzyme abnormalities, and alcohol consumption.

Materials and Methods: We retrospectively evaluated 8664 participants with more
than two annual health check-ups. Participants were classified according to sex, alcohol
consumption, alanine aminotransferase (ALT) levels, and fatty liver status.

Results: In univariate analyses, IFG onset among men was related to normal or high
ALT levels with FLD in the nonalcoholic and alcoholic groups (P-trend < 0.01). In multi-
variate analyses, IFG onset among nonalcoholic men was associated with normal or

high ALT levels with FLD, independent of potential confounding factors (P-trend < 0.01).

doi: 10.1111/jdi.13548

However, IFG onset was non-independently associated with any condition among alco-

holic men. In univariate analyses, IFG onset among women was related to normal or
high ALT levels with FLD in the nonalcoholic group (P-trend < 0.01) and high ALT
levels with FLD in the alcoholic group (P-trend < 0.05). In multivariate analyses, IFG
onset was independently associated with only normal ALT levels in nonalcoholic FLD

women.

Conclusions: Among nonalcoholic men and women, FLD was a risk factor for IFG
onset, including normal ALT concentrations. Care is needed for individuals with nonalco-
holic FLD, regardless of liver injury, possibly helping reduce glucose intolerance risk.

INTRODUCTION

The increase in the incidence of metabolic diseases is linked to
relatively recent lifestyle changes, such as poor diet and lack of
exercise. Among these metabolic diseases, diabetes significantly
increases the risk of serious progressive diseases such as
polyneuropathy, renal failure, visual loss, cardiovascular disease,
and hepatocellular carcinoma' . Therefore, it is important to
not only prevent the onset of diabetes but also treat patients
who already have diabetes.
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Several reports have described markers for prediabetes that
may help guide interventions to prevent the onset of diabetes.
Fatty liver disease (FLD) is one of the most efficient surrogate
conditions for identifying patients with an elevated risk of
developing prediabetes and diabetes® . In this context, FLD is
mainly categorized as nonalcoholic FLD (NAFLD) and alco-
holic FLD (AFLD). NAFLD is clearly linked to the onset and
presence of glucose intolerance® '°, although an AFLD is not a
clear risk factor for the development of glucose intolerance'' .
However, some patients with FLDs have normal liver enzyme
levels, while in others, the levels are abnormal, and it remains
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unclear whether NAFLD or AFLD, regardless of the liver
enzyme levels, is a risk factor for abnormal glucose tolerance.
Therefore, we retrospectively assessed the relationships between
the development of impaired fasting glucose (IFG) and FLD,
liver enzyme abnormalities, and alcohol consumption.

MATERIALS AND METHODS

Participants

This retrospective study evaluated the medical records of 9,817
community-based Japanese individuals (4,793 men and 5,024
women, age: 21-78 years) who had undergone more than two
annual health check-ups at the Ehime General Health Care
Association between April 2003 and March 2017. The study
protocol was approved by the Committee for Medical Ethics of
Ehime University Hospital (approval no.: 1709007, University
Hospital Medical Information Network ID: UMIN000016379)
and was conducted according to the tenets of the Declaration
of Helsinki and its later amendments. All participants were
assigned numerical codes to protect their identity and the
anonymized records were stored in a secure database. Informed
consent was not required due to the study being a retrospective
analysis of anonymized data.

After evaluating the laboratory data and medical background
from the first check-up, 1,153 participants were excluded for
the following reasons: (a) currently receiving anti-diabetic
agents (n = 131), (b) baseline FPG of > 6.11 mM (n = 698),
(c) alcoholic status plus normal ALT levels but without FLD
(n = 131), and/or (d) positivity for HBsAg (n = 131) or anti-
HCV antibody (n = 98) (Figure 1). Thus, a total of 8,664 par-
ticipants were considered eligible (3,964 men and 4,700
women) and categorized into five groups, with each group fur-
ther categorized according to sex: normal (men: n = 2,106,
women: n = 3,588), nonalcoholic normal ALT levels with FLD
(men: n = 551, women: n = 280), nonalcoholic high ALT levels
with FLD (men: n = 715, women: # = 235), nonalcoholic
abnormal ALT levels and non-fatty liver disease (non-FLD)

Subjects with >2 annual health check-ups
at the Ehime General Health Care Association
(N=9,817; 4,793 men and 5,024 women)

Excluded subjects (N=1,153)

a) Prescribed anti-diabetic agents (N=132)

L b) Fasting plasma glucose level of >6.11 mM (N=698)

) Alcoholic status plus normal ALT but without fatty liver (N=131)
d) Positive results for HBs-Ag (N=131) or anti-HCV antibody (N=98)

Subjects included in the longitudinal cohort study
(N=8,664; 3,964 men and 4,700 women)

Figure 1 | Flowchart of the study participant selection process. HBsAg,
hepatitis B surface antigen; HCV, hepatitis C virus.
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(men: n = 389, women: n = 538), alcoholic normal ALT levels
with FLD (men: n = 71, women: # = 15), alcoholic high ALT
levels with FLD (men: n = 68, women: n = 11), and alcoholic
abnormal ALT levels and non-FLD (men: n = 64, women:
n = 33). The average observation period was 5.61 + 3.52 years
(men: 542 * 3.52 years, women: 5.78 £ 3.51 years).

Examinations

The participants underwent physical examination and routine
testing to evaluate biochemical factors. Height and body weight
of the participants were assessed with light gowns on, without
shoes, and the results were used to calculate the body mass
index (BMI). Blood pressure was measured using an automated
sphygmomanometer while the participants were in the sitting
position. Blood samples were acquired in the morning after
a > 10-h fast and were used to determine the values for fasting
plasma glucose (FPG), hemoglobin A;. (HbA;), aspartate
aminotransferase (AST), ALT, serum creatinine (Cre), uric acid
(UA), total cholesterol (TC), triglycerides (TG), hepatitis B sur-
face antigen (HBsAg), and antibodies for the hepatitis C virus
(anti-HCV antibody).

Before the health check-up, public health nurses examined
the questionnaires for their medical history, prescribed medica-
tions, family history of diabetes within two relatives, exercise
habits (no habit or awareness of exercise vs. periodic exercise),
snacking (no snacking vs. snacking > 1 time/day), and average
frequencies and quantities of alcohol consumption for all the
participants'.

Patients were diagnosed with FLD using abdominal ultra-
sonography by trained technicians who did not know the
patients’ data. The diagnosis of FLD was made depending on
two types of evidence (hepatorenal contrast and liver bright-
ness) and four different criteria (hepatorenal echo contrast, liver
brightness, deep attenuation, and vascular blurring)'®"”.

Definitions

Baseline ALT levels were defined as “normal” (men: <30 U/L,
women: <20 U/L) or “high” (men: >30 U/L, women: >20 U/
1)'®. Alcohol consumption was categorized as “nonalcoholic”
(men: no drinking or < 210 g/week, women: no drinking
or < 140 g/week) or “alcoholic” (men: >210 g/week, women:
>140 g/week) (Table S1 for men and Table S2 for women).
IFG onset within the observation period was assessed as an
FPG level of > 6.11 mM at each health check-up'®*’. The ref-
erence group (“normal group”) was defined as nonalcoholic
with a normal ALT levels and without FLD.

Statistical analysis

For all statistical analyses, we used JMP software for Windows
(version 14.2; SAS Institute Japan, Tokyo, Japan). Normality
assumption was tested using Kolmogorov-Smirnov-Lilliefors
test, which revealed that none of the continuous variables were
normally distributed. Thus, inter-group comparisons of contin-
uous variables (i.e., age, BMI, blood pressure, and other routine
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biochemical variables) were performed using Mann—Whitney U
test and Steel-Dwass test. Chi-square test was used to evaluate
categorical variables, which included sex, baseline lifestyle
habits, and onset of IFG. Statistically significant differences were
considered if two-tailed P-values were < 0.05.

Univariate Cox proportional hazards regression analyses
using the forward likelihood ratio test were performed to assess
the variables’ relationship with the onset of IFG. Multivariate
Cox proportional hazards regression analyses were performed
to calculate the adjusted hazard ratios (HRs) and 95% confi-
dence intervals (CIs) for developing IFG. The multivariate
model was adjusted for the following baseline metabolic dis-
ease-related factors: age, sex, BMI, systolic blood pressure
(SBP), FPG, TC, TG, UA, Cre, exercise and snacking habits,
and family history of diabetes* >°. The trend of association
was assessed using a logistic regression model that assigned
consecutive integers to the categories of the exposure variables.
Spearman’s correlation coefficients were used to evaluate the
relationship between the ALT level at baseline and the ALT
level at endpoint in participants with the onset of IFG.

RESULTS

Characteristics at baseline

Tables 14 and Tables S3 and S4 show the participants’ base-
line characteristics according to the category of group.

Table 1 | Baseline characteristics of nonalcoholic men

http://wileyonlinelibrary.com/journal/jdi

Complete data were available for the vast majority of patients,
although data were missing regarding the BMI (one subject),
exercise habits (two participants), and snacking habits (two par-
ticipants).

Among nonalcoholic men, and relative to the normal group,
the groups that had normal ALT levels with FLD, especially
high ALT levels with FLD, and abnormal ALT levels without
FLD had significantly higher values for many metabolic mark-
ers such as BMI, SBP, DBP, FPG, HbA,. AST, UA, TC, TG,
and IFG onset rate (Table 1 and Table S3). Relative to the nor-
mal group, lower exercise rates were observed in the groups
that had normal ALT levels with FLD, and high ALT levels
with FLD, and abnormal ALT levels without FLD (Table 1 and
Table S3). Furthermore, relative to the normal group, high rates
of snacking were observed in the groups that had normal ALT
levels with FLD and high ALT levels with FLD (Table 1). The
metabolic markers were similar between the alcoholic and non-
alcoholic groups of men (Table 2 and Table S4).

Among nonalcoholic women, and relative to the normal
group, many metabolic markers had higher values in the groups
that had normal ALT levels with FLD, especially high ALT levels
with FLD, and abnormal ALT levels without FLD (Table 3 and
Table S5). Higher exercise rates were observed in the normal
group, relative to the groups with normal ALT levels with FLD,
high ALT levels with FLD, or abnormal ALT levels without FLD

Normal Normal ALT levels and fatty High ALT levels and fatty P

(n = 2,1006) liver disease (n = 551) liver disease (n = 715)
Age, years 42 (35-50) 45 (38-51) 42 (36-47) <0.01°%¢
BMI, kg/m2 222 (20.7-238) 248 (23.2— 265) 262 (243-283) <0012b¢
SBP, mmHg 113 (104-123) 119 (109-131) 121 (112-134) <005%P¢
DBP, mmHg 71 (64-79) 75 (67 ) 76 (69-85) <005
FPG, mM 516 (494-544) 3 (5.05-5.55) 533 (5.05-5.55) <001%°
HbA ., % 54 (5.1-56) 5 (53-5.7) 6( 4-58) <001
AST, IU/L 20 (17-22) 0 (18-22) 8 (25-35) <001°¢
ALT, 1U/L 18 (15-23) 2 (18-26) 45 (36-60) <0012b¢
Cre, uM 796 (70.7-83.1) 796 (70.7-884) 796 (70.7-86.6)
UA, uM 3509 (315.2-3985) 380.7 (333 1-4223) 3985 (356.9-446.1) <001%P¢
TC, mM 507 (4.53-5.64) 535 (481-595) 4 (4.89-595) <0010
TG, mM 2 (0.76-139) 148 (1.03-2.1) 6 (1.24-246) <0012b¢
Periodic exercise*, n 841 (39.9%) 172 (31.3%) 190 (26.6%) <001
Snacking habits**, n 959 (45.6%) 287 (52.1%) 380 (53.2%) <001
Family history of diabetes, n 1 (15.2%) 91 (16.5%) 0 (16.8%) 0542
Onset of impaired 138 (6.6%) 83 (15.1%) 137 (19.2%) <001

fasting glucose***, n

Data are presented as the median (interquartile range) or number (percentage). *Exercise habit: no habit or awareness of exercise vs. periodic exer-
cise. **Snacking habit: no snacking vs. snacking > 1 time/day. ***Onset of impaired fasting glucose: >6.11 mM during the observation period. The
Steel-Dwass test was used to analyze continuous variables, and the % test was used to analyze categorical variables. Differences were considered
significant at P < 005 @Normal vs. Normal ALT levels and fatty liver disease; PNormal vs. High ALT levels and fatty liver disease; “Normal ALT levels
and fatty liver disease vs. High ALT levels and fatty liver disease). AST, aspartate aminotransferase; ALT, alanine aminotransferase; BMI, body mass
index; SBP, systolic blood pressure; DBP, diastolic blood pressure; FPG, fasting plasma glucose; HbA;., hemoglobin A Cre, creatinine; UA, uric acid;
TG, total cholesterol; TG, triglycerides.
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Table 2 | Baseline characteristics of alcoholic men
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Normal Normal ALT levels and fatty High ALT levels and fatty P

(n = 2,106) liver disease (n = 71) liver disease (n = 68)
Age, years 42 (35-50) 8 41 ) 45 5 (39—50 3) <005*
BMI, kg/m? 222 (20.7-238) ( 27) 6 (24.1-27.8) <001
SBP, mmHg 113 (104-123) 126 ( 16—138) 130 (1 18—1 38) <001%°
DBP, mmHg 71 (64-79) 2 (74-91) 83 (74-91.5) <001°¢
FPG, mM 5.16 (494-544) 549 (533-5.77) 538 (5 1&5 66) <0012
HbA,., % 54 (51-5.6) 6 (54-5.8) 5 (5.2-57) <001%
AST, 1U/L 20 (17-22) 2 (18-25) 345 (28-42.75) <001°
ALT, 1U/L 18 (15-23) 2 (18-27) 5 (383-563) <0012b¢
Cre, uM 796 (70.7-83.1) 6 (67.2-79.6) 707 (69.2-796) <001°
UA uM 3509 (315.2-3985) 3807 (339-434.2) 4.253 (386.6-462.5) <0012b¢
TC, mM 507 (453-5.64) 3 (497-597) 556 (5.09-6.03) <001%P
TG, mM 102 (0.76-1.39) 1 76 (1.24-26) 1 94 (1.25-2.69) <001%°
Periodic exercise*, n 841 (39.9%) 6 (36.6%) 2 (324%) 04
Snacking habits**, n 959 (45.6%) 2 (169%) 6 (23.5%) <001
Family history of diabetes, % 321 (15.2%) 5(21.1%) 7 (25%) 004
Onset of impaired fasting 138 (6.6%) 1 (15.5%) 4 (206%) <001

glucose*** n

Data are presented as the median (interquartile range) or number (percentage). *Exercise habit: no habit or awareness of exercise vs. periodic exer-

cise. **Snacking habit: no snacking vs. snacking > 1

time/day. ***Onset of impaired fasting glucose: >6.11

mM during the observation period. The

Steel-Dwass test was used to analyze continuous variables, and the % test was used to analyze categorical variables. Differences were considered
significant at P < 005 @Normal vs. Normal ALT levels and fatty liver disease; PNormal vs. High ALT levels and fatty liver disease; “Normal ALT levels
and fatty liver disease vs. High ALT levels and fatty liver disease). AST, aspartate aminotransferase; ALT, alanine aminotransferase; BMI, body mass
index; SBP, systolic blood pressure; DBP, diastolic blood pressure; FPG, fasting plasma glucose; HbA;., hemoglobin A, Cre, creatinine; UA, uric acid;

TG, total cholesterol; TG, triglycerides.

(Table 3 and Table S5). Family history of diabetes was more
common in the group with high ALT levels with FLD, relative to
the normal group and the group with normal ALT levels with
FLD (Table 3 and Table S5). Among alcoholic women, and rela-
tive to the normal group, many metabolic markers except the
IFG onset rate had higher values in the groups that had normal
ALT levels with FLD, high ALT with FLD, and abnormal ALT
levels without FLD (Table 4 and Table S6). IFG onset rate had
higher values in the group that had abnormal ALT levels without
FLD than the normal group (Table S6). The rate of a snacking
habit was higher in the normal group than in the other three
groups (Table 4 and Table S6).

Risk of IFG onset in relation to FLD and ALT levels

The univariate analyses of men (Table 5) revealed that, relative
to the normal group, there were significantly increased risks of
IFG onset in the groups that had nonalcoholic normal ALT
levels with FLD {hazard ratio (HR): 2.54, 95% CI: 1.93-3.33}
and nonalcoholic high ALT levels with FLD (HR: 3.23, 95%
CL: 2.544.08) (P-trend < 0.01) (Table 5). Additionally, there
was an increased risk in the group with high ALT levels with-
out FLD (HR: 1.81, 95% CL 1.29-2.54) (P < 0.01) (Table S7).
Similarly, among the alcoholic groups of men, relative to the
normal group, there were significantly increased risks of IFG
onset in the groups that had normal ALT levels with FLD
(HR: 3.14, 95% CI: 1.7-5.8) and high ALT levels with FLD

(HR: 4.16, 95% CI: 2.39-7.22) (P-trend < 0.01; Table 5). How-
ever, there was no significant association in the group with high
ALT levels without FLD (Table S7).

Multivariate analyses of men were adjusted for age, BMI,
SBP, FPG, TC, TG, UA, Cre, exercise and snacking habits, and
family history of diabetes. The results revealed that, relative to
the normal group, independently increased risks of IFG onset
were observed in the groups that had nonalcoholic normal
ALT levels with FLD {adjusted hazard ratio (aHR): 1.54, 95%
CL: 1.15-2.06} and nonalcoholic high ALT levels with FLD
(@aHR: 1.78, 95% CI: 1.33-2.38) (P-trend < 0.01) (Table 5).
Additionally, there was an increased risk in the group with high
ALT levels without FLD (aHR: 1.54, 95% CIL: 1.07-2.23)
(P < 0.01) (Table S7). However, among the alcoholic groups of
men, none had elevated risks of IFG onset (Table 5 and
Table S7).

In the normal group, nonalcoholic normal ALT levels with
FLD group, and nonalcoholic high ALT levels with FLD group,
the 1-year IFG onset rates were 0.88%, 2.06%, and 1.87%; the
3-year IFG onset rates were 3.2%, 7.16%, and 11.36%; the 5-
year IFG onset rates were 5.83%, 13.12%, and 17.76%; and the
10-year IFG onset rates were 10.68%, 29.12%, and 30.34%,
respectively. In the nonalcoholic abnormal ALT levels without
FLD group, the 1-year IFG onset rate was 0.5%, the 3-year IFG
onset rate was 5.7% the 5-year IFG onset rate was 8.4%, and
the 10-year IFG onset rate was 21.98%.

© 2021 The Authors. Journal of Diabetes Investigation published by AASD and John Wiley & Sons Australia, Ltd
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Table 3 | Baseline characteristics of nonalcoholic women

Normal group Normal ALT levels and fatty High ALT levels and fatty P

(n = 3,5898) liver disease (n = 280) liver disease (n = 235)
Age, years 0 (34-46) 44 (37-50) 9 (42-54) <001*P¢
BMI, kg/m2 204 (19-22.1) 24.1 (218-265) 266 (23.8-29.1) <001%b¢
SBP, mmHg (96—114) 5(105—128) 9(109—134) <005%°¢
DBP, mmHg (5 ) 0 (63-79) 5 (66-82) <001%0¢
FPG, mM 488 (461-5.11) 508 (4.88-538) 527 (5-561) <001%b¢
HbA,, % 62 5@ 6 (54-58) 7 (55-59) <0012°¢
AST, IU/L (16—20) (16—20) 5 (21-30) <001°¢
ALT, IUL 3(11-16) 5(13-18) 0 24-42) <0012
Cre, uM 3 (53-619) 3 (53-619) 3 (513-619) <005°
UA uM 2498 (214.1-2796) 2736 (232-309.3) 3093 (267.7-3509) <0013°¢
TC, mM 509 (4.55-569) 535 (482-5.89) 574 (5.2-6.26) <00120¢
TG, mM 069 (054-093) 097 (069-142) 1 37 (1.01-191) <001%b¢
Periodic exercise*, n 952 (26.5%) 6 (23.7%) 9 (20.9%) 0.1
Snacking habits**, n 3,105 (86.5%) 248 (88.6%) 208 (88.5%) 045
Family history of diabetes, N 758 (21.1%) 1 (254%) 4 (31.5%) <001
Onset of impaired fasting 0 (2.2%) 6 (9.3%) 5 (14.9%) <001

glucose*** n

Data are presented as the median (interquartile range) or umber (percentage). *Exercise habit: no habit or awareness of exercise vs. periodic exer-
cise. **Snacking habit: no snacking vs. snacking > 1 time/day. ***Onset of impaired fasting glucose: >6.11 mM during the observation period. The
Steel-Dwass test was used to analyze continuous variables, and the %> test was used to analyze categorical variables. Differences were considered
significant at P < 005 ( Normal vs. Normal ALT levels and fatty liver disease; ® Normal vs. High ALT levels and fatty liver disease; © Normal ALT
levels and fatty liver disease vs. High ALT levels and fatty liver disease). AST, aspartate aminotransferase; ALT, alanine aminotransferase; BMI, body
mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; FPG, fasting plasma glucose; HbA,., hemoglobin A, Cre, creatinine; UA, uric

acid; TG, total cholesterol; TG, triglycerides.

Moreover, in men, the ALT level at baseline was correlated
with the ALT level at endpoint in participants with the onset
of IFG (r = 0.633, P < 0.01).

Univariate analyses of women (Table 6) revealed that, rela-
tive to the normal group, there were significantly increased
risks of IFG onset in the groups that had NAFLD {normal
ALT levels with FLD (HR: 4.6, 95% CI: 2.96-7.17) and nonal-
coholic high ALT levels with FLD (HR: 8.26, 95% CI: 5.54—
12.29) (P-trend < 0.01)}, and alcoholic high ALT levels with
FLD (HR: 9.82, 95% CI: 1.36-71.19). However, among women,
only the nonalcoholic normal ALT levels with FLD group had
independently elevated risks of IFG onset (aHR: 1.67, 95% CI:
1.03-2.7) (Table 6 and Table S8).

In the normal group and the nonalcoholic normal ALT
levels with FLD group, the 1-year IFG onset rates were 0.14%
and 1.11%; the 3-year IFG onset rates were 0.56% and 3.65%;
the 5-year IFG onset rates were 1.29% and 8.27%; and the 10-
year IFG onset rates were 3.88% and 15.03%, respectively.

In women, the ALT level at baseline was correlated with the
ALT level at endpoint in participants with the onset of IFG
(r = 0.635, P < 0.01).

DISCUSSION

The present study revealed that an elevated risk of IFG onset
was associated with nonalcoholic men who had normal or high
ALT levels with FLD and had high ALT levels without FLD,

and nonalcoholic women who had normal ALT levels with
FLD, independent of any potential confounding factors. How-
ever, among alcoholic men and women, as well as among non-
alcoholic women who had high ALT levels with and without
FLD, none of the subgroups exhibited an elevated risk of IFG
onset. Additionally, in men and women, the ALT level at base-
line was correlated with the ALT level at endpoint in partici-
pants with the onset of IFG. These results suggest that,
especially in men, FLD in nonalcoholic patients is a risk factor
for developing impaired glucose tolerance, even in individuals
with normal ALT levels.

Several studies have examined the relationship between the
onset of glucose intolerance and FLD. Mantovani et al. per-
formed a meta-analysis of the association between NAFLD and
the onset of diabetes based on data from 19 observational stud-
ies with 296,439 participants and a median follow-up of
5 years'’. The results revealed that relative to participants with-
out NAFLD, NAFLD was associated with the onset of diabetes,
and the more severe NAFLD that was identified using ultra-
sonography or a NAFLD fibrosis score, was related to a greater
risk of developing incident diabetes'®. However, it remains
unclear whether NAFLD patients with normal ALT levels have
an increased risk of developing glucose intolerance.

The association between NAFLD and the development of
IFG may be related to hepatokines, such as fetuin A, fetuin B,
retinol-binding protein 4, and selenoprotein P, which are
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Table 4 | Baseline characteristics of alcoholic women
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Normal Normal ALT levels and fatty High ALT levels and fatty P

(n = 3,589 liver disease (n = 15) liver disease (n = 11)
Age, years 40 (34-46) 44 (39-49) 47 (45-53) <001°
BMI, kg/m2 204 (19-22.1) 246 (223-285) 7 (24-29.7) <001%P
SBP, mmHg (96—1 14) 115 (106-125) 129 (116-144) <005*°
DBP, mmHg 64 (58-71) 3 (65-80) 84 (80-86) <005%°
FPG, mM 488 4.61-5.11) 505 (4.88-5.38) 532 (5.16-5.55) <005*°
HbA ., % 4 (5.2-56) 6 (54-58) 6 (54-59) <005°
AST, IU/L (16—20) 9 (17-21) 5 (23-29) <001°¢
ALT, UL 3(11-16) 5(11-17) 5 (22-30) <005°¢
Cre, uM 3 (53-619) 3 (495-619) 3 (442-619)
UA, uM 2498( 14.1-2796) 2796 (261.7-3509) 1 (267.7— 3569) <005*
TC, mM 509 (455-5.69) 4.73 (442-545) 566 (54-6.18) <005°¢
TG, mM 069 (054-093) 1.05 (052-153) A7 (1.15- 1 86) <005°
Periodic exercise*, n 952 (26.5%) 5 (33.3%) 2 (182%) 069
Snacking habits**, n 5 (86.5%) 9 (60%) 6 (54.6%) <001
Family history of diabetes, N 758 (21.1%) 7 (46.7%) 3 (27.3%) 0048
Onset of impaired fasting 0 (2.2%) 1 (6.7%) 1 (9.1%) 0.16

glucose*** n

Data are presented as the median (interquartile range) or number (percentage). *Exercise habit: no habit or awareness of exercise vs. periodic exer-
cise. **Snacking habit: no snacking vs. snacking > 1 time/day. ***Onset of impaired fasting glucose: >6.11 mM during the observation period. The
Steel-Dwass test was used to analyze continuous variables, and the % test was used to analyze categorical variables. Differences were considered
significant at P < 005 @Normal vs. Normal ALT levels and fatty liver disease; PNormal vs. High ALT levels and fatty liver disease; “Normal ALT levels
and fatty liver disease vs. High ALT levels and fatty liver disease). AST, aspartate aminotransferase; ALT, alanine aminotransferase; BMI, body mass
index; SBP, systolic blood pressure; DBP, diastolic blood pressure; FPG, fasting plasma glucose; HbA;., hemoglobin A, Cre, creatinine; UA, uric acid;
TG, total cholesterol; TG, triglycerides.

Table 5 | Univariate and multivariate analyses of the onset of impaired fasting glucose among men

Normal Normal ALT levels and High ALT levels and P for
fatty liver disease fatty liver disease trend

Nonalcoholic Incident rate (%) 138/2,106 (6.6%) 83/551 (15.1%) 137/715 (19.2%)
group Crude HR (95% Cl) 1.00 254 (193-333) 322 (254-4.08) <001
Adjusted HR* (95% Cl) 1.00 154 (1.15-2.06) 1.78 (133-238) <001

Alcoholic Incident rate (%) 11/71 (155%) 14/68 (20.6%)
group Crude HR (95% Cl) 1.00 3.14 (1.7-58) 416 (239-7.22) <001
Adjusted HR* (95% Cl) 1.00 092 (048-1.76) 1.08 (0.55-2.09) 093

*Multivariate Cox proportional hazards regression analysis was adjusted for age (years), BMI (kg/mz), SBP (mmHg), FPG (mM), Cre (uM), UA (uM), TC
(mM), TG (mM), exercise habits, snacking habits, and family history of diabetes. Differences were considered statistically significant for P < 0.05. HR,
hazard ratio; Cl, confidence interval; ALT, alanine aminotransferase; BMI, body mass index; SBP, systolic blood pressure; FPG, fasting plasma glucose;

Cre, creatinine; UA, uric acid; TG, total cholesterol; TG, triglycerides.

secreted from hepatocytes and upregulated in the state of hep-
atic steatosis. These proteins also induce insulin resistance by
suppressing the insulin-induced tyrosine phosphorylation of the
insulin receptor or inactivating adenosine monophosphate-acti-
vated protein kinase’®. FLD is also associated with increases in
diacylglycerols and ceramides, which are mediators of lipid-in-
duced hepatic insulin resistance®’. In this context, diacylglyc-
erols activate the protein kinase C isoforms and activation of
the € isoform leads to the phosphorylation of the insulin recep-
tor at Thr1160, which inhibits its tyrosine kinase activity.

Moreover, impaired hepatocellular insulin signaling decreases
glycogen synthesis and de novo lipogenesis, while increasing
gluconeogenesis. Ceramide-induced protein kinase C-{ activa-
tion also exacerbates the translocation of AKT to the plasma
membrane and prevents AKT from participating in insulin sig-
naling. Additionally, ceramide activates protein phosphatase 2A
and dephosphorylates AKT resulting in the inactivation of
AKT.

Interestingly, our results indicate that alcoholic fatty liver is
not a risk factor for the development of IFG, which is
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Table 6 | Univariate and multivariate analyses of the onset of impaired fasting glucose among women

Normal Normal ALT levels and High ALT levels and P for
fatty liver disease fatty liver disease trend

Nonalcoholic Incident rate (%) 80/3,588 (2.2%) 26/280 (9.3%) 35/235 (14.9%)
group Crude HR (95% Cl) 1.00 46 (296-7.17) 826 (554-1229) <001
Adjusted HR* (95% Cl) 1.00 167 (103-2.7) 1.03 (06-1.77) 008

Alcoholic Incident rate (%) 1/15 (6.7%) 1711 (91%)

group Crude HR (95% () 1.00 411 (057-2961) 9.82 (136-71.19) 003
Adjusted HR (95% Cl) 1.00 093 (0.11-79) 132 (0.15-1161) 09%

*Multivariate Cox proportional hazards regression analysis was adjusted for age (years), BMI (kg/m?), SBP (mmHg), FPG (mM), Cre (uM), UA (uM), TC
(mM), TG (mM), exercise habits, snacking habits, and family history of diabetes. Differences were considered statistically significant for P < 0.05. HR,
hazard ratio; Cl, confidence interval; ALT, alanine aminotransferase; BMI, body mass index; SBP, systolic blood pressure; FPG, fasting plasma glucose;

Cre, creatinine; UA, uric acid; TG, total cholesterol; TG, triglycerides.

supported by findings reported in previous studies. Fueki et al.
evaluated 1,029 men who had undergone medical check-ups
and reported that moderate alcohol intake improved insulin
resistance in healthy men, regardless of obesity'’. Akahane
et al. performed a cross-sectional study of 2,461 men who had
undergone regular health check-ups and also showed that
chronic alcohol intake was inversely related to insulin resistance
among Japanese men, regardless of the type of alcoholic bever-
age consumed'?. Furthermore, chronic alcohol intake increases
the hepatic levels of glutathione, which is known to increase
the production of the hepatic insulin sensitizing substance and
improve the sensitivity to insulin®**, Nevertheless, other stud-
ies have indicated that high alcohol intake increased the risk of
type 2 diabetes'>'* and impaired B-cell function®*!. Therefore,
further studies are needed to clarify these potential relation-
ships.

The differences we observed between men and women might
be associated with sex hormones and the distribution of adi-
pose tissue’ %, In this context, estrogen maintains glucose
homeostasis by reducing hepatic glucose production and pro-
tecting the pancreatic B-cell function/survival and insulin secre-
tion. Furthermore, estrogen affects adipose tissue biology and is
associated with the prevention of obesity and adipose tissue dis-
tribution®”, as men tend to accumulate visceral adipose tissue
and women tend to accumulate peripheral and subcutaneous
adipose tissue. Moreover, increased visceral adipose tissue exac-
erbates insulin sensitivity in the muscle and liver by decreasing
adiponectin production and increasing proinflammatory cyto-
kine production®**”. The present study included only a small
number of women, which may explain why nonalcoholic fatty
liver and abnormal ALT levels were not associated with the
development of IFG.

The strength of our study lies in the fact that it was based
on the general Japanese population and that data were nearly
complete (only five data points were missing). However, there
were also several limitations to consider. First, we identified
only 262 alcoholic individuals (203 men and 59 women),
which may be the reason for the lack of significant associa-
tions between IFG onset and FLD or high ALT levels. Second,

abdominal ultrasonography is a useful diagnostic modality
with fairly high sensitivity and specificity for fatty liver’>>.
However, it has low sensitivity to detect fatty liver with
advanced liver fibrosis such as burn-out NASH, and the actual
percentage of FLD may be underestimated***'. Additionally,
we did not have access to data regarding FLD severity, which
precluded an analysis of the association between FLD severity
and the onset of IFG. Third, self-reported data were used for
several of the investigated factors, which may decrease the
accuracy of our findings. Fourth, we could not examine the
relationship between FLD and the development of diabetes
mellitus because the total number of patients with diabetes
onset was 74, which was not sufficient to divide them into
seven groups by sex and examine the aforementioned relation-
ship. Fifth, we only collected data from annual health check-
ups, which means that the data were not truly continuous.
Finally, we only considered Japanese individuals, and studies
in other populations are necessary to confirm the generaliz-
ability of our results.

In conclusion, the present study revealed that FLD in nonal-
coholic patients increased the risk of developing glucose intoler-
ance, even if the ALT level was normal. Therefore, regardless of
their ALT levels, nonalcoholic patients with FLD require care
to prevent the onset of prediabetes and reduce the risk of the
development of diabetes and cardiovascular disease.
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