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Abstract

Background The prevalence of diabetes mellitus (DM)
has been increasing. The present study was carried out to
examine the relationship between this increase and fatty
liver.

Methods Japanese participants who underwent regular
health examinations in 1991, 1996, 2001, 2006, and 2011
were enrolled. Fatty liver was diagnosed using ultraso-
nography. DM was defined as requiring the use of medi-
cation for DM, having a fasting blood glucose level
>126 mg/dl, or hemoglobin Alc level >6.5 %.

Results Logistic regression analysis on data from 11,235
participants (6,882 men and 4,271 women) in 2011
revealed that the association between fatty liver and DM
was independent of age, body composition, and other
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confounders [odds ratio (OR) 1.97, 95 % confidence
interval (95 % CI) 1.66-2.32 in men, and OR, 3.12; 95 %
CI, 2.29-4.26 in women]. In 2006, 5,318 participants did
not have DM and were able to be followed up in 2011.
Fatty liver in 2006 was an independent predictor of DM in
2011 [OR 1.73 (95 % CI 1.20-2.50) in men, 4.13
(2.16-8.10) in women]. The prevalence of DM increased
significantly during the 20-year period examined among
both men (6.0, 8.9, 10.0, 10.8, 12.0 %, P < 0.001) and
women (3.3,4.5,4.2,4.1,5.1 %, P = 0.004), accompanied
with an increased prevalence of fatty liver among both men
(10.8, 26.3, 33.8, 36.7, and 38.0 %, P < 0.001) and women
(6.5, 16.7, 22.2, 21.3, and 20.8 %, P < 0.001).
Conclusion Fatty liver independently predicts both pres-
ent and future DM. Fatty liver may play an important role
in the recent increases in the prevalence of DM.

Keywords Diabetes mellitus - Prevalence - Fatty
liver - NAFLD - Risk factor - Japanese

Introduction

The increasing prevalence of diabetes mellitus (DM) is a
worldwide problem that is also occurring in Japan [1].
Obesity is recognized as the major driving force in the
development of DM [2, 3]. However, in Japan, the preva-
lence of obesity has been increasing at a slower rate in men
and has started to decline in women recently [4].

The liver plays a central role in nutrient homeostasis,
because it stores glucose after a meal as glycogen or con-
verts excess glucose to fatty acids, and oxidizes fatty acids
to provide energy for gluconeogenesis during fasting to
maintain a stable blood glucose level. Exaggerated gluco-
neogenesis in the liver is one of the major causes of
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hyperglycemia in type 2 DM patients [5]. Accumulating
evidence suggests that fatty liver predicts the presence of
DM cross-sectionally [6] and longitudinally [7-10]. Fur-
ther, it has been reported that hepatokines such as fetuin-A
[11, 12] and selenoprotein P [13, 14] are associated with
insulin resistance and type 2 DM. Thus, the liver has
attracted great attention as a key player in the pathogenesis
of DM.

In the present study, we examined the relationship
between DM and candidate factors such as fatty liver in a
Japanese population during a 20-year timeframe, with the
goal of identifying the association between fatty liver and
DM.

Materials and methods

Japanese participants aged 30-79 years who received reg-
ular health checkups in 1991, 1996, 2001, 2006, or 2011
were enrolled in this study. This study was conducted at
Kagoshima Kouseiren Medical Health Care Center, and
was approved by the ethics committee of the Kagoshima
Prefectural Federation of Agricultural Cooperatives for
Health and Welfare, and the Kagoshima University Grad-
uate School of Medical and Dental Sciences.

The diagnosis of fatty liver was made using ultraso-
nography (SSA-250A in 1991, 1996, and 2001; SSA-700A
in 2006 and 2011; SSA-680 in 2011; and SSA-790 in 2011,
Toshiba, Ibaraki, Japan; Logic 400 in 2001 and 2006, GE
Yokogawa, Tokyo, Japan) based on the presence of a
bright liver (increased echogenicity) with liver—kidney
contrast (increased echogenicity of the liver compared to
the right kidney). Subjects were classified into five brackets
according to age: 30-39, 40-49, 50-59, 60—69, and 70-79.
Body mass index (BMI) was calculated using the standard
equation: body weight (kg)/height® (m?). Body composi-
tion was categorized according to the Western Pacific
Region of WHO criteria pertaining to obesity (WPRO
criteria): BMI <18.5 kg/m” (underweight), 18.5-22.9 kg/
m’ (normal weight), 23.0-24.9 kg/rn2 (overweight), and
>25 kg/m* (obese). Venous blood samples were obtained
from all subjects before 9:00 a.m. after an overnight fast
and analyzed immediately. Serum concentrations of total
cholesterol (TC), triglycerides (TG), and blood glucose
levels were measured using standard laboratory proce-
dures. HDL-C levels were determined using detergents and
direct homogeneous assays of serum samples (Daiichi
Chemicals, Takaoka, Japan). To express hemoglobin Alc
values using the National Glycoprotein Standardization
Program (NGSP) format, hemoglobin Alc values were
calculated using the following regression equations using
values based on the standardization program of the Japan
Diabetes Society (JDS): NGSP-value (%) = 1.02 x JDS-

value (%) + 0.25 (%) [15]. Serological testing for hepatitis
B surface antigen (HBsAg) and hepatitis C virus antibodies
(HCV-Ab) was performed using an enzyme immunoassay
and an enzyme-linked immunosorbent assay, respectively.
Hypertension was defined by the use of medication for
hypertension, systolic blood pressure >130 mmHg, or
diastolic blood pressure >85 mmHg. Dyslipidemia was
defined by the use of medication for dyslipidemia,
TC >220 mg/dl, TG >150 mg/dl, or HDL-C <40 mg/dl.
DM was defined by the use of medication for DM, fasting
blood glucose >126 mg/dl, or hemoglobin Alc >6.5 %.

Statistical analysis

Continuous variables were analyzed using t-tests or one-
way analysis of variance (ANOVA). Categorical variables
were examined using the chi-square test or the Cochran—
Armitage test for trend. We used the Cochran—-Mantel—
Haenszel test to compare categorical variables across age
brackets and body composition categories. The maximum
likelihood estimates of the odds ratios (ORs) for the risk of
fatty liver and 95 % confidence intervals (95 % Cls) were
calculated using logistic regression models. All P values are
two-sided. P values <0.05 were considered statistically
significant. Statistical analyses were performed using JMP
version 7 (SAS Corp., Cary, NC, USA) and R version 2.13.0
(R Foundation for Statistical Computing, Vienna, Austria).

Results
Fatty liver predicts present DM

The association between DM and components of the met-
abolic syndrome was examined in the participants (6,882
men and 4,271 women) from 2011. In this population,
serological testing for HBsAg and HCV-Ab was performed
in 9,064 subjects. Among them, 147 subjects (98 men and
49 women) were positive for HbsAg and negative for
HCV-Ab; 165 subjects (84 men and 81 women) were
negative for HBsAg and positive for HCV-Ab, and four
subjects (three men and one woman) were positive for
both. For this analysis, DM was defined as treatment for
DM, fasting blood glucose >126 mg/dl, or hemoglobin
Aic =6.5 %.

Baseline characteristics and differences between the DM
(=) and DM (4) groups are summarized in Table 1. The
prevalence of DM was 13.3 % in men and 6.1 % in
women. Mean age was significantly higher in the DM (+)
group than in the DM (—) group among both men and
women (both Ps < 0.001). For men and women, mean
BMI and the prevalence of obesity were significantly
higher in the DM (+) group than in DM (—) group (all
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Table 1 Characteristics of subjects in 2011

Men Women
Overall DM (-) DM (+) P value® Overall DM (-) DM (+) P value®
(n = 6,882) (n = 5,965) (n =917) (n =4,271) (n = 4,055) (n = 216)
Age (years) 54.3 £+ 10.7 53.7 £ 10.8 58.1 £9.2 <0.001 55.8 £ 109 555+ 109 61.9 + 9.1 <0.001
BMI (kg/m?) 23.8 £32 23.6 £ 3.0 25.0 £ 3.6 <0.001 226 £ 3.5 225+ 34 249 + 39 <0.001
Obesity (%) 31.1 28.9 45.6 <0.001 20.5 19.2 40.0 <0.001
Hypertension (%) 44.6 423 59.4 <0.001 31.9 29.9 63.1 <0.001
Dyslipidemia (%) 50.7 48.8 62.8 <0.001 39.6 38.1 62.7 <0.001
Fatty liver (%) 38.0 35.2 56.1 <0.001 20.9 19.0 51.5 <0.001
Smoking status (%)
Never 294 30.0 25.6 0.002 91.1 90.9 93.1 0.116
Former 41.7 40.9 47.0 5.0 5.0 54
Current 28.8 29.1 27.4 4.0 4.1 1.5
Alcohol consumption (%)
None 13.1 12.8 15.2 0.116 59.0 58.5 69.9 0.003
<20 g/day 54.6 54.9 52.0 38.8 39.3 27.8
>20 g/day 323 322 32.8 2.2 22 2.3

DM is defined as the use of medications for DM, fasting blood glucose >126 mg/dl, or hemoglobin Al >6.5 (%). Continuous variables are
expressed as mean + SD and compared using the 7 test. Categorical variables are expressed as percentages (%) and compared using the chi-

square test
“ DM (=) vs. DM (+)

Ps < 0.001). In addition, the prevalence of hypertension,
dyslipidemia, and fatty liver in DM (4) subjects was sig-
nificantly higher than in DM (—) subjects.

As for smoking status, DM (+4) men had a significantly
higher proportion of former smokers. Significant differ-
ences were not detected in women. DM (+) women had a
significantly higher percentage of patients with no alcohol
consumption. However, a significant difference was not
detected in men.

As shown in Table 2, logistic regression analysis
revealed that DM is independently associated with aging,
obesity, hypertension, dyslipidemia, and fatty liver for both
men and women. ORs (95 % CI) for fatty liver were 1.97
(1.66-2.32) in men and 3.12 (2.29-4.26) in women. This
significant association between fatty liver and DM was
detected even when subjects were limited to those who
were HBsAg (—), HCV-Ab (—), and not on medication for
hypertension and dyslipidemia [men, OR (95 % CI), 2.33
(1.78-3.05); women, 4.25 (2.51-7.20)]. In addition, posi-
tive associations between DM and former [OR (95 % CI),
1.22 (1.02-1.46)] and current smoking [1.42 (1.16-1.74)]
were detected among men, but not among women [former
smoking, OR (95 % CI), 1.46 (0.77-2.61); current smok-
ing, 0.65 (0.19-1.64)]. Further, there was a negative
association between DM and drinking alcohol >20 g/day
[OR (95 % CI), 0.76 (0.60-0.96)] among men.

@ Springer

Fatty liver predicts future DM

The association between fatty liver and future DM was
estimated (Table 3). Of 5,318 subjects (3,351 men and
1,967 women) who participated in both 2006 and 2011,
4,842 did not have DM in 2006. Of this group, 631 subjects
(496 men and 135 women) were diagnosed with DM as of
2011. When the risk for DM in 2011 was estimated by
logistic regression analysis using the variables in Table 3
and age as co-variables, only fatty liver [OR (95 % CI),
1.64 (1.13-2.41) in men, 2.83 (1.51-5.46) in women] and
obesity [OR (95 % CI), 4.12 (2.53-6.93) in men, 4.89
(2.19-11.80) in women] in 2006 independently predicted
the presence of DM in 2011. In this population, serological
testing for HBsAg and HCV-Ab was performed in 4,480
subjects, and 93 subjects (60 men and 33 women) were
positive for HbsAg and negative for HCV-Ab, while 93
subjects (45 men and 49 women) were negative for HBsAg
and positive for HCV-Ab, and one subject (male) was
positive for both in 2006. When subjects were limited to
those who were HBsAg (—), HCV-Ab (—), and not on
medication for hypertension and dyslipidemia, similar
results were obtained: fatty liver and obesity in 2006
independently predicted the presence of DM in 2011. ORs
(95 % CI) for fatty liver were 1.76 (1.11-2.80) in men and
1.84 (0.85—4.22) in women, respectively.
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Table 2 Estimated risk of DM
among the 2011 study
participants based on
multivariate analysis

Data are expressed as odds
ratios (95 % confidence
intervals). Logistic regression
analysis was carried out using
variables in this table as co-
variables

* Subjects limited to those who
were HBs-antigen (—), HCV-
antibody (—), and not on
medication for hypertension and
dyslipidemia

Table 3 Estimated risk of
future DM

Data are expressed as odds
ratios (95 % confidence
intervals). Logistic regression
analysis was carried out using
variables in this table and age as
co-variables

* Subjects limited to those who
were HBs-antigen (—), HCV-
antibody (—), and not on
medication for hypertension and
dyslipidemia

All subjects

Limited subjects*

Men (n = 6,882)

Women (n = 4,271)

Men (n = 3,705)

Women (n = 2,549)

Age (years)
30-39
40-49
50-59
60-69
70-79

Body composition

Underweight

Normal weight

Overweight

Obese
Hypertension
Dyslipidemia
Fatty liver
Smoking status

Never

Former

Current

1 (referent)

2.38 (1.49-3.94)
5.03 (3.23-8.27)
7.64 (4.85-12.70)
7.35 (4.53-12.54)

1.17 (0.67-1.92)
1 (referent)

1.59 (0.95-1.41)
1.70 (1.40-2.07)
1.39 (1.19-1.62)
1.35 (1.16-1.58)
1.97 (1.66-2.32)

1 (referent)
1.22 (1.02-1.46)
1.42 (1.16-1.74)

Alcohol consumption

None
<20 g/day
>20 g/day

1 (referent)
0.82 (0.67-1.02)
0.76 (0.60-0.96)

1 (referent)

0.52 (0.21-1.33)
1.38 (0.68-3.20)
2.32 (1.14-5.40)
3.02 (1.43-7.16)

0.70 (0.29-1.44)
1 (referent)

1.58 (1.11-2.25)
1.52 (1.05-2.19)
2.19 (1.65-2.91)
1.44 (1.09-1.91)
3.12 (2.29-4.26)

1 (referent)
1.46 (0.77-2.61)
0.65 (0.19-1.64)

1 (referent)
0.75 (0.55-1.01)
1.24 (0.41-3.01)

1 (referent)

2.15 (1.13-4.55)
5.17 (2.81-10.7)
7.83 (4.17-16.41)
7.86 (3.86-17.42)

1.38 (0.67-2.57)
1 (referent)

1.21 (0.89-1.65)
1.52 (1.05-2.19)
0.94 (0.72-1.21)
1.14 (0.89-1.45)
2.33 (1.78-3.05)

1 (referent)
1.30 (0.96-1.76)
1.63 (1.19-2.26)

1 (referent)
0.78 (0.55-1.01)
0.79 (0.56-1.13)

1 (referent)

0.36 (0.12—-1.11)
1.06 (0.47-2.71)
1.35 (0.59-3.51)
1.88 (0.59-5.29)

1.25 (0.46-2.87)
1 (referent)

1.77 (1.00-3.10)
1.20 (0.63-2.26)
2.24 (1.39-3.55)
0.89 (0.56-1.41)
4.25 (2.51-7.20)

1 (referent)
1.25 (0.42-3.02)
0.38 (0.02-1.88)

1 (referent)
0.62 (0.37-1.01)
1.10 (0.17-4.06)

All subjects

Limited subjects*

Men (n = 2,965)

Women (n = 1,877)

Men (n = 2,174)

Women (n = 1,371)

Body composition

Underweight

Normal weight

Overweight

Obese
Hypertension
Dyslipidemia
Fatty liver

3.91 (1.12-10.62)
1 (referent)

1.88 (1.10-3.25)
4.12 (2.53-6.93)
1.06 (0.75-1.50)
1.31 (1.16-1.58)
1.64 (1.13-2.41)

2.69 (0.59-9.24)
1 (referent)

1.59 (0.59-4.22)
4.89 (2.19-11.80)
1.36 (0.75-2.45)
1.72 (0.93-3.32)
2.83 (1.51-5.46)

4.68 (1.31-13.22)
1 (referent)

2.11 (1.16-3.90)
3.28 (1.84-6.05)
0.94 (0.61-1.42)
1.43 (0.92-2.26)
1.76 (1.11-2.80)

3.42 (0.71-13.27)
1 (referent)

2.12 (0.64-7.00)
7.22 (2.66-21.72)
0.97 (1.39-3.55)
1.49 (0.71-3.27)
1.84 (0.85-4.22)

The prevalence of both fatty liver and DM increased
in the past 20 years

Characteristic features of subjects in 1991, 1996, 2001,
2006, and 2011 are summarized in Table 4 and Fig. 1. In
this analysis, DM was defined as patients under treatment
for DM, fasting blood glucose >126 mg/dl, or both. The
mean age of enrolled subjects gradually rose among both
men and women (Table 4, P < 0.001 for both). There was
a significant difference in BMI across the five groups
among men (Table 4, P < 0.001). The prevalence of
obesity also increased significantly among men (Fig. la,

P for trend <0.001). On the contrary, both BMI (Table 1,
P < 0.001) and the prevalence of obesity (Fig. la, P for
trend <0.001) decreased significantly among women.

The prevalence of DM approximately doubled during
the past 20 years among both men (P for trend <0.001) and
women (P for trend =0.003) (Fig. 1a). Differences were
significant even after matching for the 10-year age bracket
among both men (Mantel-Haenszel test, P < 0.001) and
women (Mantel-Haenszel test, P = 0.044) or for body
composition among both men and women (Mantel-
Haenszel test, both Ps < 0.001). The prevalence of
hypertension increased significantly among men (P for

@ Springer
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Table 4 Change in

characteristics during the Sex 1991 1996 2001 2006 2011 P value
20-year period examined Number
Men 5,467 6,258 6,804 7,146 6,970
Women 3,332 3,651 4,054 4,420 4,304
Age (years)
Men 52.1 £ 10.5 52.0 £ 10.8 52.6 £ 10.7 53.8 £ 10.7 54.2 £ 10.7 <0.001
Women 52.8 +94 535 +938 54.5 £ 10.2 552 £ 105 55.8 £ 10.9 <0.001
BMI (kg/m?)
Men 234 +£28 236 £2.38 233+ 27 233 £ 2.7 23.8 £3.2 <0.001
Women 23.1 &+ 3.0 232 £+ 3.1 22.8 +£35 227 £33 22.6 + 3.5 <0.001
Obesity (%)
Men 27.0 29.0 28.4 30.5 31.1 <0.001
Women 23.4 25.2 22.6 21.1 20.5 <0.001
Diabetes mellitus (%)
Men 6.0 8.9 10.0 10.8 12.0 <0.001
Women 3.3 4.5 42 4.1 5.1 0.004
Hypertension (%)
Men 35.6 41.5 44.3 459 444 <0.001
Women 30.4 322 33.1 31.6 31.7 0.181
Dyslipidemia (%)
Men 54.5 49.8 50.8 56.2 51.7 <0.001
Women 41.0 49.3 47.7 54.7 47.0 <0.001
Fatty liver (%)
Men 10.8 26.3 33.8 36.7 38.0 <0.001
Women 6.5 16.7 22.2 21.3 20.8 <0.001
Smoking status (never/former/current smoker, %)
Continuous variables are Men 30.1/26.5/43.4  31.6/26.5/42.0 31.0/29.5/39.5 29.7/36.2/34.1 29.4/41.7/29.0 <0.001
zzgirg:izj 3Zinmgeele:|(:)\S/2and Women 95.4/1.2/3.4 95.2/1.3/3.4 93.7/2.5/3.8 93.6/2.7/3.8 91.0/5.0/4.0 <0.001
Categorical variables are Alcohol consumption (none/<20 g/day/>20 g/day, %)
expressed as percentages (%) Men 11.3/33.2/55.6  10.9/32.7/56.4  14.3/45.5/40.2 11.4/50.6/38.0 13.2/54.6/32.3 <0.001
and compared using the chi- Women 72.2/257/2.1 652320029  642/34.0/1.8  58.9/39.4/1.8  58.8/38.923  <0.001

square test

trend <0.001), but not women (P = 0.181). On the con-
trary, the prevalence of DL increased significantly among
women (P for trend <0.001), but did not among men (P for
trend =0.441) (Fig. 1a).

The prevalence of fatty liver increased significantly in
both men and women (Fig. 1a, both Ps for trend <0.001).
Significant differences were observed even after matching
for age and body composition, respectively, among both
men and women (Mantel-Haenszel test, all Ps < 0.001).
The prevalence of current smokers decreased among men
(P < 0.001), but the prevalence of non-smokers decreased
among women (P < 0.001) (Table 4). The prevalence of
light alcohol consumption (ethanol <20 g/day) increased
significantly among both men and women (Table 4, both
Ps < 0.001). As shown in Fig. 1b, only the prevalence of
fatty liver and DM increased significantly among both men
and women during the examined time frame, even when
subjects were limited to those who did not consume more
than 20 g of ethanol per day.

@ Springer

Discussion

The present study showed that the prevalence of DM had
approximately doubled among both men and women dur-
ing the examined period. A significant difference was
observed even after matching by age bracket. Thus, the
prevalence of DM certainly increased, even considering
Japan’s systemic problem of decreasing birthrate and aging
society. Obesity has been recognized as the major driving
force in the development of DM. However, the prevalence
of obesity decreased significantly among women. Signifi-
cant differences in the prevalence of DM were detected
from 1991 to 2011, even after matching for body compo-
sition. It seems possible that some factor other than obesity
is needed to explain the recent increasing prevalence of
DM.

Obesity may play a central role in the pathogenesis of
fatty liver [16, 17] and DM [2, 3]. On the other hand,
Kantartzis et al. [18] reported that the amount of fat in the
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liver increases steeply as one moves from normal glucose
tolerance towards isolated impaired fasting glucose (IFG),
isolated impaired glucose tolerance (IGT), or both, even
more so than with visceral fat. Previous epidemiological
studies have reported that fatty liver is an independent
predictor of DM [6-10]. In the present study, we also
demonstrated this relationship using cross-sectional
(Table 2) and longitudinal (Table 3) analyses. In addition,
we provided evidence from a viewpoint that differs from
previous studies in that the prevalence of only fatty liver
and DM increased significantly among both men and
women during the long time period examined (Fig. ).
Considering our results in an integrated fashion, we
strongly suspect that the prevalence of DM has increased in
association with an increasing prevalence of fatty liver.
Empirically, it is recognized that some lifestyle condi-
tions exacerbate both fatty liver and DM, even without
body weight gain. Late-night snacking is an example.
Recently, when the unique mechanism of insulin receptor
substrate (IRS)-2 expression in the liver was revealed, it
offered a possible explanation as to why late-night snack-
ing is harmful. Late-night snacking may give rise to pro-
longed activation of sterol regulatory element binding
protein (SREBP)-1c, which not only promotes de novo

lipid synthesis but also suppresses the expression of IRS-2
protein [19, 20]. The action of insulin via hepatic IRS-2,
including the suppression of gluconeogenesis, becomes
inadequate, resulting in hyperglycemia. Unbalanced diets
containing excess carbohydrates, especially fructose, may
also cause both fatty liver and DM [21, 22]. One major
mechanism may be that carbohydrates stimulate hepatic
lipogenesis via the activation of carbohydrate response
element binding protein and SREBP-1c. Cholesterol is also
reported to activate the SREBP-1c pathway in the liver,
resulting into hepatic steatosis even in non-obese individ-
uals [23]. We consider that some lifestyle changes, such as
diet, have been occurring in Japan, in which impaired liver
metabolism results in not only hepatic steatosis but also in
the progression of DM, regardless of obesity. In addition,
an association between hepatokines, such as fetuin-A [11,
12], selenoprotein P [13, 14], and fibroblast growth factor
21 [24], insulin resistance, and type 2 DM has been
reported. It is possible that hepatokines play a role in the
scenario where the presence of fatty liver influences the
development of DM.

We previously reported that cigarette smoking may be a
risk factor for fatty liver [25]. In addition, it had been
reported elsewhere that smoking is an independent
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predictor of DM [26]. In the present study, the risk for DM
was significantly higher in men who are current and former
smokers compared to men who have never smoked
(Table 2). During the time frame examined, the prevalence
of men who were current smokers decreased, and the
number of men that were former smokers increased by the
same amount. So the influence of smoking status seems to
be small, if any, because the overall prevalence of current
plus former smokers did not change. Among women, the
prevalence of current plus former smokers increased.
Therefore, it is possible that a change in smoking status
influenced the prevalence of DM in women. In addition, it
is well-known that smoking cessation can lead to sub-
stantial weight gain, which is associated with increases in
both fatty liver [25] and DM [27]. Therefore, additional
analysis is needed to clarify this issue.

Alcohol consumption is also a lifestyle factor that is rele-
vant to the risk of fatty liver and DM. We previously reported
an inverse association between alcohol consumption and fatty
liver [28]. Several studies have reported a J-shaped or U--
shaped association between alcohol consumption and DM
[29]. Some investigators reported that moderate alcohol intake
plays a protective role against fatty liver, but not the metabolic
syndrome [30]. In the present study, similar results were
obtained, whether the subjects included all enrolled individ-
uals (Fig. 1a) or only those with less than or equal to 20 g of
alcohol consumption daily (Fig. 1b). Although drinking
habits may have changed during the past 20 years in Japan, it
seems unlikely that trends in alcohol consumption contribute
to the increasing prevalence of DM.

There are several limitations in the present study. First,
fatty liver was diagnosed using ultrasonography. Diagnosis
by ultrasonography may overlook a subset of advanced
AFLD or NAFLD, sometimes called “burnt-out steatohep-
atitis,” in which there is less fatty steatosis. In addition, the
diagnostic ability of ultrasonography had improved in the
past 20 years. However, the prevalence of fatty liver in the
present study was similar to those reported elsewhere in
Japan [31]. Second, DM was defined by the presence of
treatment for DM, fasting glucose levels (with or without
hemoglobin A;c), or both, which may be insufficient to
represent the whole spectrum of DM. Third, analyses were
carried out using age, body composition based on BMI,
smoking status, alcohol consumption, and the presence of
hypertension, dyslipidemia, and fatty liver as parameters. It
is possible that additional factors for which we did not adjust
may have influenced the results. For example, it is insuffi-
cient to estimate the influence of visceral obesity only using
BML. In addition, weight gain or loss, rather than absolute
body weight, may influence the development of fatty liver
and DM. It might be important to gather information on
physical activity and diet. However, this information was not
available in our study. Finally, there is no information on
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medication use; some medicines, such as angiotensin II
receptor blockers and pioglitazone, are known to reduce
levels of hepatic steatosis and insulin resistance.

In conclusion, the prevalence of DM has been increasing
during the last 20 years in a Japanese population, regard-
less of body composition. Fatty liver might play a pivotal
role in this increasing prevalence of DM. In addition to
measures against obesity, it seems worthwhile to explore a
strategy against fatty liver. Further studies are needed to
better understand the pathogenesis of DM and management
strategies for DM with respect to fatty liver.
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