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Abstract
Objective Fatty liver disease is the most commonly encountered form of chronic liver dysfunction in routine medical care and is closely associated with type 2 diabetes. We aimed to elucidate how the use of new
medications affects the incidence of fatty liver disease and amount of visceral fat, both of which are associated with diabetes.
Methods Abdominal ultrasonography was performed to assess the preperitoneal fat thickness (PFT) and
presence of fatty liver. The PFT, body mass index (BMI) and waist circumference were used to investigate
the rate and development of fatty liver disease in each group. A multivariate analysis with multiple logistic
regression was performed using the PFT and presence of fatty liver disease as dependent variables.
Patients We evaluated 202 patients treated at the Onitsuka Clinic. The subjects were divided into three subgroups (non-diabetic and diabetic with or without treatment with antidiabetic medications).
Results Positive correlations between the PFT, BMI, and waist circumference were observed. No increases
in the prevalence of fatty liver disease were observed in the medicated diabetic group, even when the PFT
levels were high. A multivariate analysis with multiple logistic regression revealed that visceral fat accumulation was inhibited in women and those taking statins or thiazolidines and aggravated in men and those with
obesity or an increased waist circumference. Obesity was an aggravating factor for fatty liver disease, and
biguanides were useful as counteractants.
Conclusion Measuring the PFT is effective for screening metabolic syndrome and evaluating diabetes,
dyslipidemia and hypertension associated with fatty liver disease. Clinically, fatty liver progression to nonalcoholic steatohepatitis (NASH) may be prevented by tackling obesity and administering appropriate medications.
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Introduction
Fatty liver disease is the most commonly encountered
form of chronic liver dysfunction in routine medical care
and is closely associated with type 2 diabetes. Its prevalence
is increasing in Japan as more people adopt a Western lifestyle (1). The “two hits theory,” proposed in 1998, argues
that non-alcoholic steatohepatitis (NASH) arises in two

stages. The “first hit” involves the increased hepatocellular
uptake of free fatty acids, enhanced fatty acid synthesis associated with an increased flow of carbohydrates to liver
cells and the impaired synthesis or decreased release of
VLDL (very-low-density lipoproteins) in the liver, leading to
simple fatty liver disease. The “second hit” follows at a later
point and includes the following key processes that trigger
the onset of NASH: oxidative stress, free radical generation,
lipid peroxidation, inflammatory cytokine induction by en-
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Characteristics of Subjects (n=202)

A)
N.S
( Chi-square test )

non-DM
non-medicated DM
medicated DM

Age, p=0.9641. Ht, p=0.9534. Wt, p=0.0830. BMI, p=0.0118. W.C, p=0.0131. HbA1c, p<0.0001. LDL, p<0.0001. HDL, p=0.4456. TG, p=0.1046
(Kruskal-Wallis test)

male

female

Age

Ht(cm)

Wt(Kg)

37
9
33

65
17
41

72.2
72.3
72.5

153.9
154.3
153.6

58.7
62.5
61.3

BMI(kg/m/m) W.C (cm)
24.5
26.3
26.1

85
89.7
89.2

HbA1c(%) LDL(mg/dL) HDL(mg/dL) TG(mg/dL)
5.5
6.3
6.5

95
102.7
80.3

56.3
53.4
56.1

109.8
140.1
125

BMI, p=0.0038 . W.C, p=0.0058. HbA1c, p<0.0001. LDL, p<0.0001 . ( 1 way-ANOVA, Tuky-Kramer test )

B)
n
non-DM
non-medicated DM
medicated DM

ARB
56(54.9%)
16 (61.5%)
52(70.3%)

Ca-AT
45(44.1%)
15 (57.7%)
36(48.6%)

Esemitibe
8(7.8%)
2 (7.7%)
4(5.4%)

Statin
40(39.2%)
12(46.2%)
46(62.2%)

Fibrate
5 (4.9%)
1(3.8%)
1(1.4%)

TZD
21

BG
22

a-GI
5

Gurind
1

SU
15

N.S
( Chi-square test )

C)
medication
medicated DM

DPP-4
58

insulin
7

HT: Height, WT: Weight, BMI: Body mass index, W.C: Waist circumference, ARB: angiotensin II receptor blocker, Ca-AT: calcium antagonist, DPP-4: dipeptidyl-peptidase IV inhibitor, TZD: thiazolidinedione, BG: biguanide, a-GI: alpha-glucosidase inhibitor, SU: sulfonylurea

dotoxins, mitochondrial dysfunction and abnormal adipocytokine secretion (2).
Non-alcoholic fatty liver disease (NAFLD) refers to both
simple fatty liver disease and NASH. Although the ratio of
these diseases is generally considered to be 9:1, several reports have indicated that the proportion of NASH may actually be much higher (3). While NASH is relatively rare,
liver cancer can arise from the resultant cirrhosis, and performing early intervention at the simple fatty liver disease
stage, before progression to the second hit stage, is desirable.
Recently, NASH treatment has included Dipeptidyl
Peptidase-4 (DPP-4) inhibitors in the list of effective medications (4-6). However, there are currently no studies evaluating therapeutic options for treating simple fatty liver disease and NASH in the general clinic setting. Therefore, we
studied how these new medications affect the incidence of
fatty liver disease and amount of visceral fat, which are associated with diabetes and progression to the second hit
stage.

Materials and Methods
Subjects
All human investigations were performed after obtaining
ethical approval by the Human Investigations Committee of
the participating institutions. In this study, we examined a
total of 202 patients, of whom 79 were men and 123 were
women. The patients were divided into three groups. The
first group consisted of 102 non-diabetics (non-DM group)
who were primarily treated with essential medications for
disorders such as hypertension, dyslipidemia and gastroesophageal reflux disease (GERD). The second group comprised 26 patients with mild diabetes treated using diet and
exercise without antidiabetic medications who were concur-

rently being medically treated for either hypertension or
dyslipidemia (non-medicated DM group). The third group
comprised 74 diabetic patients taking antidiabetic medications (medicated DM group).
There were no differences in sex, age, height, weight or
the HDL-C (high-density lipoprotein cholesterol) or triglyceride levels between the groups. The BMI (body mass index) and HbA1c (glycosylated hemoglobin) values were significantly higher in the DM group (p<0.01), while the waist
circumference values were significantly higher in the medicated DM group. Interestingly, the LDL-C (low-density lipoprotein cholesterol) levels were the lowest in the medicated
DM group (Table 1A).
Statin treatment, consisting of either rosuvastatin, atorvastatin or pitavastatin, was more frequently administered in the
DM groups than in the non-DM group; however, none of
these medications significantly improved NASH. Furthermore, there were no differences between the groups treated
with other medications previously reported to improve
NASH, such as angiotensin receptor blockers, ezetimibe and
bezafibrates. There were also no differences associated with
the use of calcium antagonists for complications, such as
hypertension and angina (Table 1B). Table 1C shows the
medications taken by the patients in the medicated DM
group.
Methods
The cutoff points for waist circumference were in accordance with the guidelines used for metabolic syndrome
screening: !85 cm for men and !90 cm for women (7, 8). A
Prosound α10 (ALOKA, Tokyo, Japan) ultrasound machine
with a convex transducer was used for the ultrasound examinations. All ultrasound examinations and diagnoses were
performed by the same internal medicine and gastroenterology specialist. Fatty liver disease was diagnosed in the presence of a hyperechoic liver and hepatorenal echo contrast on
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Subcutaneous Fat Thickness
(SFT)

Abdominal Linea alba

Preperitoneal Fat Thickness
(PFT)

SFT1.4 PFT 0.8 Diagnosis by US: Fatty liver

Figure 1.
tient.

Measurement of the PFT and SFT using abdominal ultrasonography in a fatty liver pa-

the ultrasound examination, regardless of whether the patient
had abnormal liver function tests.
Ultrasound scanning was performed according to our
standard protocol. Following the procedure described by
Uchibori et al., a sagittal scan was obtained to visualize the
left hepatic lobe, and the abdominal linea alba was scanned
while keeping the surface of the liver as parallel to the skin
as possible. The subcutaneous fat thickness (SFT) and
preperitoneal fat thickness (PFT) were measured from the
center of the left hepatic lobe (Fig. 1). The cutoff point for
PFT was set at !
0.8 cm based on the assumption that !0.8
cm on an abdominal computed tomography (CT) scan corresponds to 100 cm2 of visceral fat (8-11).
Statistical analysis
The chi-square test was used to analyze differences in the
sex ratio and medications between the different groups. The
Kruskal-Wallis test and an analysis of variance (ANOVA)
were used to analyze height, weight, BMI and the HbA1c,
triglyceride (TG) and LDL levels. The Tukey-Kramer test
was then used according to the multiple comparison method
following a one way-ANOVA of BMI and the HbA1c and
HDL levels. The PFT was analyzed using a three-way
ANOVA before multiple comparison testing according to
Ryan’s method.
Due to the small number of cases (202), 90% confidence
intervals were used for the univariate analysis, multiple logistic regression analysis and multivariate analysis, while
95% confidence intervals were used for the other tests.

Results
1. A positive correlation was found between the PFT,
BMI and waist circumference.
Previous studies have indicated that the PFT is well correlated with the visceral fat volume and serum lipid levels.
Our results also showed a strong positive correlation between the PFT and both BMI (r=0.534, p<0.001) and waist
circumference (r=0.526, p<0.001) (Fig. 2A).

In the DM group, there was a weak positive correlation
between the PFT and BMI (r=0.449, p<0.001) as well as a
positive correlation between the PFT and waist circumference (r=0.387, p<0.001) (Fig. 2B).
2. No increases in the prevalence of fatty liver disease were observed in the medicated DM group,
even when the PFT was high.
The prevalence of fatty liver disease in the non-DM
(73.3%) and non-medicated DM (91.7%) groups was significantly increased in the patients with PFT !0.8 (p<0.0001);
this trend was particularly marked in the latter group. In
contrast, the prevalence of fatty liver disease remained the
same in the medicated DM group (52.9%), even when the
PFT values were high. Furthermore, the prevalence of fatty
liver disease was significantly lower in the medicated DM
group than in the non-medicated DM group (Fig. 3).
3. Statins and thiazolidinediones (TZD) reduced the
PFT, while biguanides reduced the prevalence of
fatty liver disease.
The low prevalence of fatty liver disease observed in the
medicated DM group suggests that some aspect of antidiabetic medication has an inhibitory effect on the prevalence
of fatty liver disease, as well as an effect in improving fatty
liver disease, in patients with obesity and visceral fat accumulation. The odds ratio for PFT and fatty liver disease was
calculated using a univariate analysis.
Factors decreasing the risk of PFT (particularly the volume of mesenteric visceral fat) included a female sex (OR=
0.466) and taking antidiabetic medications (OR=0.769); the
difference was significant for a female sex (p=0.0198). In
the diabetic patients, the aggravating factors were not taking
antidiabetic medications (OR=2.115), mild obesity (OR=
4.984), moderate or severe obesity (OR=14.057) and a waist
circumference over the established cutoff point (OR=5.714).
Significant differences were found in all items (p<0.0001),
with the exception of treatment with/without medications
(Fig. 4A). All medications for diabetes and hypertension had
an inhibitory effect in decreasing the amount of visceral fat.
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A) Correlation between PFT and BMI or WC in the non-DM group

Y = 21.846482+4.3838737X r = 0.534051 p < 0.001

Y = 77.311662+12.582394X r = 0.5262663 p < 0.001

B) Correlation between PFT and BMI or WC in the DM group

Y = 0.592268+89.12268X r = 0.3872349 p < 0.001 NS

Y = 0.592268+26.147423X r = 0.4491566 p < 0.001

Figure 2. A: Correlations between the PFT and BMI or WC in the non-DM group. A significant
correlation was observed between the PFT and BMI or WC in the non-DM group (r=0.53, p<0.001,
r=0.53, p<0.001, respectively). B: Correlations between the PFT and BMI or WC in the DM group. A
significant correlation was also observed between the PFT and BMI or WC in the DM group (r=0.45,
p<0.001, r=0.39, p<0.001, respectively). PFT: preperitoneal fat thickness BMI: body mass index WC:
waist circumference

*
*
(%)
100
90

***
***
**

80
70
60
50

PFT<0.8

40

PFTш0.8

30
20
10
0
non-DM(n=102)

non-medicated
DM(n=26)

medicated
DM(n=74)

***p < 0.001
*p < 0.05 (3 way-ANOVA - Ryan`s method)

Figure 3. Prevalence of fatty liver disease in the non-DM
group, non-medicated DM group and medicated DM group.
Although the prevalence of fatty liver in both the non-DM and
non-medicated DM groups was significantly increased among
the patients with a high PFT (≥0.8) compared with that observed in the patients with a low PFT (<0.8), no increases were
observed in the medicated DM group, even among the patients
with a high PFT. PFT: preperitoneal fat thickness

Of the antihypertensive agents, calcium antagonists had no
effect (OR=0.973), while angiotensin II receptor blocker
(ARB) therapy increased the risk of developing visceral fat
(OR=1.412). Significant differences were obtained with statin (p=0.0236) and TZD (p=0.0686) therapy (Fig. 4B).
The risk of fatty liver disease was significantly increased
by the following variables: the lack of antidiabetic medication (OR=2.192, p=0.0866), mild obesity (OR=3.474, p=
0.0001), moderate or severe obesity (OR=8.4, p=0.0002)
and waist circumference (OR=3.635, p<0.0001). The sex ratio had no effect on the risk of developing fatty liver disease
(Fig. 5A). Statins (OR=1.306) and ARBs (OR=1.271) aggravated fatty liver disease, whereas DPP-4 (OR=0.739), insulin (OR=0.188), ezetimibe (OR=0.753), sulfonylureas (SUs)
(OR=0.477), TZD (OR=0.517) and biguanide (BG)s (OR=
0.395) each had an inhibitory effect. A significant difference
was obtained for BGs (Fig. 5B). There was an insufficient
number of patients taking alpha-glucosidase (α-GI) inhibitors or fibrates to make an analysis.
As there were many causal factors, a multivariate analysis
with multiple logistic regression was performed using the
PFT and presence of fatty liver disease as dependent variables. The multiple logistic regression analysis of PFT demonstrated that the following factors lead to increased visceral
fat: diabetes, obesity, waist circumference over the cutoff
point and ARB therapy. The following had an inhibitory effect on visceral fat accumulation (Table 2): a female sex and
treatment with DPP-4, insulin, statins, ezetimibe, calcium
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A) Univariate analysis of PFT, dds ratio of subject characteristics
Sex (Female)*
Non-medicated DM
Medicated DM
25 < BM I < 30***
30 < BMI***
Waist circumference***

*p < 0.05
***p < 0.001

B) Univariate analysis of PFT, Odds ratio of therapeutic agents
DPP-4
insulin
StaƟŶ*
EzeƟmibe
ARB
Ca-AT
SU
TZD
a-GI
BG
Fibrate
p < 0.1
* p < 0.05

Figure 4. A: Univariate analysis: Odds ratios for the PFT based on the patient characteristics. Factors decreasing the risk of PFT included a female sex and medicated DM; the difference was significant for a female sex (p<0.05). Aggravating factors were established to be non-medicated DM, BMI
and WC. Significant differences were found for a BMI and WC over the criteria (p<0.0001). B: Univariate analysis: Odds ratios for the PFT based on therapeutic agents. All medications for diabetes
had an inhibitory effect on the PFT. Ca-ATs had no effect, while ARBs increased the risk of PFT.
Significant differences were observed for statins (p<0.05) and TZD (p<0.1). ARB: angiotensin II receptor blocker, Ca-AT: calcium antagonist, DPP-4 : dipeptidyl-peptidase IV inhibitor, TZD: thiazolidinedione, BG: biguanide, a-GI: alpha-glucosidase inhibitor, SU: sulfonylurea
A) Univariate analysis of fatty liver disease, Odds ratio of subject characteristics

Sex (Female)
Non-medicated DM
Medicated DM
25 < BM I < 30***
30 < BMI***
Waist circumference***
p < 0.1
*** p < 0.0001

B) Univariate analysis of fatty liver disease, Odds ratio of therapeutic agents
DPP-4
insulin
StaƟn
EzeƟmibe
ARB
Ca-AT
SU
TZD
a-GI
BG
Fibrate
p<0.1

Figure 5. A: Univariate analysis: Odds ratios for the incidence of fatty liver disease based on the
patient characteristics. The risk of fatty liver disease was significantly increased by the following factors: non-medicated DM (p<0.1) and both a BMI and WC over the criteria (p<0.0001). B: Univariate
analysis: Odds ratios for the incidence of fatty liver disease based on the therapeutic agents. Statins
and ARBs aggravated fatty liver disease, whereas DPP-4, insulin, ezetimibe, SUs, TZD and BGs each
had an inhibitory effect. A significant difference was obtained for BGs (p<0.1). ARB: angiotensin II
receptor blocker, Ca-AT: calcium antagonist, DPP-4: dipeptidyl-peptidase IV inhibitor, TZD: thiazolidinedione, BG: biguanide, a-GI: alpha-glucosidase inhibitor, SU: sulfonylurea
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Multi-logistic Analysis (PFT)

Variables
Estimate
SE
z value
p value
Signif.
Sex [ female ]
-0.840
0.434
-1.934
0.0531
non-medicated DM
0.817
0.579
1.411
0.1582
medicared DM
1.467
0.965
1.520
0.1286
25BMI<30
1.467
0.570
2.573
0.0101
*
30BMI
2.597
0.847
3.068
0.0022
**
Waistcircumference
0.918
0.556
1.653
0.0984
DPP-4
-1.449
0.976
-1.485
0.1376
Inslin
-1.299
1.297
-1.002
0.3166
Statin
-1.109
0.438
-2.532
0.0113
*
Ezetimibe
-0.760
0.981
-0.775
0.4382
ARB
0.565
0.484
1.167
0.2433
CaAT
-0.533
0.447
-1.192
0.2334
SU
-1.261
1.053
-1.198
0.2310
TZD
-2.196
1.006
-2.184
0.0290
*
a-GI
-0.296
1.624
-0.182
0.8553
BG
-0.388
0.850
-0.456
0.6482
Fibrate
-1.302
1.299
-1.003
0.3161
p< 0.1
* p< 0.05
** p< 0.01
ARB: angiotensin II receptor blocker, Ca-AT: calcium antagonist, DPP-4: dipeptidylpeptidase IV inhibitor, TZD: thiazolidinedione, BG: biguanide, a-GI: alpha-glucosidase
inhibitor, SU: sulfonylurea

Sex (Female)
25 < BMI < 30 **
30 < BMI **
Waist circumference

DPP-4
StaƟŶ*
TZD
Fibrate
p < 0.1
* p < 0.05
** p < 0.01

Figure 6. Stepwise method following a multiple logistic analysis (PFT). Aggravating factors for the
PFT included a BMI and WC over the criteria. The following factors had an inhibitory effect on the
PFT: a female sex and the use of DPP-4, statins, TZD or fibrates; significant differences were obtained for statins (estimate=-0.960, OR=0.383, p=0.0199) and TZD (estimate=-1.562, OR=0.21,
p=0.0635). DPP-4: dipeptidyl-peptidase IV inhibitor, TZD: thiazolidinedione

antagonists, SUs, α-GI inhibitors, BGs or bezafibrates.
The multivariate analysis revealed that the following factors significantly contributed to increased visceral fat accumulation: mild obesity (estimate =1.463, OR=4.319, p=
0.0066), moderate or severe obesity (estimate =2.483, OR=
11.977, p=0.0012) and waist circumference (estimate =
0.882, OR=2.415, p=0.0883). The following factors had an
inhibitory effect on visceral fat accumulation: a female sex

(estimate =-0.723, OR=0.485, p=0.0802) and DPP-4 (estimate =-0.716, OR=0.489, p=0.1218), statin (estimate
=-0.960, OR=0.383, p=0.0199), TZD (estimate =-1.562,
OR=0.21, p=0.0635) or fibrate (estimate =-1901, OR=0.149,
p=0.1053) use; significant differences were obtained for
statins and TZD (Fig. 6).
The multiple logistic regression analysis of fatty liver disease revealed that an increased incidence of fatty liver dis-
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Multi-logistic Analysis (Fatty Liver Disease)

Variables

Estimate

SE

z value

p value

Sex [ female ]
non-medicated DM
medicared DM
25BMI<30
30BMI
Waistcircumference
DPP-4
Inslin
Statin
Ezetimibe
ARB
CaAT
SU
TZD
a-GI
BG
Fibrate

0.314
0.812
1.038
1.017
1.858
0.736
-0.620
-1.616
0.452
-0.758
0.436
-0.526
-0.692
-1.170
-16.521
-1.365
1.408

0.386
0.532
0.775
0.450
0.769
0.461
0.772
1.280
0.362
0.741
0.387
0.372
0.803
0.695
902.120
0.722
0.959

0.815
1.527
1.340
2.262
2.417
1.594
-0.804
-1.262
1.250
-1.023
1.126
-1.415
-0.862
-1.683
-0.018
-1.892
1.469

0.4150
0.1267
0.1801
0.0237
0.0157
0.1108
0.4215
0.2070
0.2113
0.3065
0.2600
0.1570
0.3888
0.0925
0.9854
0.0585
0.1419

Signif.

*
*

p<0.1
* p<0.05
ARB: angiotensin II receptor blocker, Ca-AT: calcium antagonist, DPP-4: dipeptidylpeptidase IV inhibitor, TZD: thiazolidinedione, BG: biguanide, a-GI: alpha-glucosidase
inhibitor, SU: sulfonylurea

25 < BMI < 30 ***

30 < BMI ***

TZD

BG *

*p < 0.05
***p < 0.001

Figure 7. Stepwise method following a multiple logistic analysis (fatty liver disease). The multivariate analysis revealed that a BMI over the criteria was an aggravating factor, whereas the use of TZD
or BGs was an inhibitory factor; a significant difference was observed for BGs (estimate=-1.405,
OR=0.245, p=0.0227). TZD: thiazolidinedione, BG: biguanide

ease was correlated with the following factors: a female sex,
diabetic medication use, obesity, a waist circumference over
the cutoff point and statin, ARB or fibrate use. In contrast,
the following factors had an inhibitory effect: a male sex
and the use of DPP-4, insulin, ezetimibe, calcium antagonists, SUs, α-GI inhibitors or BGs (Table 3). The multivariate analysis revealed that mild obesity (estimate =1.392,
OR=4.024, p<0.0001) and moderate or severe obesity (estimate =2.516, OR=12.375, p<0.0001) were aggravating fac-

tors, whereas TZD (estimate =-0.867, OR=0.42, p<0.145)
and BGs (estimate =-1.405, OR=0.245, p<0.0227) both had
inhibitory effects; a significant difference was observed for
BGs (Fig. 7).

Discussion
The Onitsuka Clinic, a peripheral medical institution and
associated pharmacy, is located in the southern part of Na-
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gasaki City and serves a limited clinical population. In this
cohort, it is notable that there is a large number of elderly
patients as well as a preponderance of women. Adherence to
treatment is excellent because these patients inevitably go
regularly to the same clinic over many years due to the
large proportion of senior patients.
In this study, the medicated DM group had the lowest
LDL cholesterol levels, likely because these patients were
taking statins to prevent the development of vascular complications; although no significant differences were found, a
real trend was observed. In addition, many of the patients
were taking medications with a low risk of hypoglycemia,
allowing for good compliance; few patients were receiving
α-GI inhibitors or glinides that must be taken immediately
before eating, and comparatively few patients were receiving
SUs.
It is not possible to reach a conclusive diagnosis regarding a subject’s risk of fatty liver based on BMI or a waist
circumference of more than the standard value. However,
both a high BMI and large waist circumference are major
factors involved in the development of metabolic syndrome.
Moreover, whether the visceral fat thickness or subcutaneous
fat thickness is key cannot be accurately determined. However, instances of thick preperitoneal fat are often encountered during ultrasonography in diabetic patients with a normal BMI and waist circumference. Both preperitoneal and
typical visceral fat are thought to originate from mesenteric
fat. Therefore, an increased PFT corresponds to an increased
amount of visceral fat (8-11).
In studies by Ma, Liu et al. and others, the amounts of
subcutaneous fat, preperitoneal fat and mesenteric fat were
measured using ultrasonographic examinations of the navel
and the central part of the xiphoid process, and the thickness
of preperitoneal and subcutaneous fat was found to contribute to insulin resistance and an enlarged waist circumference. The immediate measurement of mesenteric fat assumes
that this parameter is a decisive element of metabolic syndrome based on the thickness of subcutaneous and preperitoneal fat in a similar way to the etiology of cardiovascular
disease in which the presence of disease can be predicted
based on measurements of the carotid intima-media thickness (IMT). It has also been reported that increased mesenteric fat is an independent determinant factor of fatty liver in
patients with polycystic ovary syndrome (PCOS) (12, 13).
Fatty liver is an emerging significant problem in PCOS patients in China, and the ultrasonic measurement of mesenteric fat has proven to be an independent determinant of
fatty liver in such patients. Additionally, PCOS patients have
been shown to have an increased risk of cardiovascular disease (12, 13). Certainly, it is believed that obtaining a direct
measurement of mesenteric fat is useful for evaluating the
presence of fatty liver and cardiovascular disease, and the
PFT is one indicator of the amount of mesenteric fat. However, time and skill are required to obtain accurate measurements using this technique, and there is a possibility of differences in the skill of the operator resulting in variation in

the measured values. In our study, the effect of the skill of
the operator on the measurement of PFT was small; therefore, we believe that the ultrasonic diagnostic apparatus is
suitable for widespread application, and, although it is inferior to the direct measurement of visceral fat, it is very useful for providing reasonably accurate results, and it also has
the advantage that testing can be performed at the bedside
during routine practice.
The prevalence of NAFLD/NASH will most likely increase in the future due to the continuing westernization of
the diet and the increasing prevalence of chronic liver disease (1). Therefore, we believe that it is increasingly important to establish methods for preventing and treating
NAFLD/NASH, particularly in the early stages of simple
fatty liver disease, in order to prevent progression to NASH.
Although weight loss achieved through proper diet and exercise is certainly the most effective approach, the administration of proper medications is essential.
In this study, the patients taking TZD had significantly
lower PFT values, and, although no significant differences
were found using a multivariate analysis, the prevalence of
fatty liver disease tended to be low. In addition, the prevalence of fatty liver disease was significantly decreased in the
patients taking BG. TZD inhibits fatty liver disease by acting as a ligand of peroxisome proliferator-activated receptor
(PPAR-γ) and activating adiponectin and subsequently
AMPK. BGs directly activate AMPK (5' adenosine
monophosphate-activated protein kinase) to inhibit fatty acid
synthesis (14-16). We believe that these drugs are highly
promising medications for treating fatty liver disease in diabetic patients, particularly those without and not at high risk
of developing obstructive sleep apnea syndrome or similar
conditions in which resultant obesity is undesirable, congestive heart failure in which sodium retention is undesirable or
bladder tumors (17, 18).
Although no significant differences were found, all other
antidiabetic medications also inhibited an increase in the
PFT and incidence of fatty liver disease. Therefore, lowering
blood sugar levels alone may likely have an inhibitory effect, and whatever the precise mechanisms underlying insulin resistance, reducing glucotoxicity appears to be effective.
It is also possible that there was an interaction between
the effects of the many medications used in this study. Several medications used to treat hyperlipidemia are known to
have positive effects on metabolism and the development of
NAFLD/NASH. We found that antidiabetic medication
clearly contributes to the inhibition of fatty liver disease and
visceral fat accumulation.
A female sex was found to be an inhibitory factor for
PFT, but not fatty liver disease. This finding may have been
due to the fact that many subjects were postmenopausal
women. Dramatic changes in iron metabolism together with
decreases in female hormones that would otherwise inhibit
fatty liver disease allow the prevalence of the disease to increase in postmenopausal women relative to that observed in
premenopausal women (19).
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The onset of NASH is influenced by a broad range of genetic factors, such as insulin resistance, as well as other factors, many of which still need to be studied. However, visceral fat, which secretes a variety of biologically active substances, is a known contributor to the onset of NAFLD/
NASH. Although obtaining accurate measurements with ultrasound is more difficult than with CT, in this study, ultrasound examinations were found to be simple, minimally invasive and useful in screening non-obese patients for visceral fat accumulation. Ultrasound can therefore play a role
in evaluating the effectiveness of treatments for conditions
other than diabetes that are influenced by visceral fat, such
as cardiovascular disease, hypertension and dyslipidemia, as
described by Liu et al. (12). This study also revealed that
several medications are beneficial. In the present study, antidiabetic medications inhibited the development of fatty
liver disease and visceral fat accumulation and ameliorated
the effects of fatty liver disease. TZD and statins were effective in improving visceral fat accumulation. Furthermore,
there is a possibility that DPP-4 and fibrates may also be
useful, although further investigation is necessary. The usefulness of BGs for treating fatty liver disease was confirmed
in this study, and our results suggested that TZD may also
be useful.
We believe that measuring the PFT using ultrasonography
can provide a more detailed understanding of the treatment
status, making it a part of the treatment routine in diabetic
patients, and, as such, this parameter could become a tool
for controlling the development of NASH and reducing the
incidence of the progression of hepatocellular carcinoma
from simple fatty liver.
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