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Table 2 Univariate analysis of prognostic factors in patients with Table 2 continued
hepatocellular carcinoma treated by transcatheter arterial infusion -
chemotherapy using cisplatin suspended in lipiodol n  Median 2-year  Hazard p value
survival survival ratio
n  Median 2-year  Hazard p value (years) (%)
survival survival ratio
(years) (%) <92 73 27 63 0.74 (0.44-124) 025
I LDH (U/L)
I-/I:)st—related variables 500 o 18 44
ggo(yem) G 2s o <500 85 25 64 0.76 (0.36-1.58)  0.46
>
- ’ Prothrombin time (%)
G<6(:l 27 2.6. 54 0.98 (0.60-1.59) 0.93 <10 4 24 58
Fen elr v 27 . >70 53 27 65 093 (0.60-1.45 076
cmale .
ICG RIS (%
Male 62 24 60 0.99 (0.61-1.56) 0.97 ~30 ¢ 0)46 29 52
lijo"d m“sm;‘;“ ys 6 <30 43 34 7 0.68 (0.43-1.07) 0.09
resent ’ , Tumor-related variables
Absent 66 2.7 63 0.77 (0.48-1.24) 0.28 - :
Alcohol abiise? Number of tumors
Prc° | a0 . Multiple 53 2.0 51
A;:::: 5 e o 063 @130 016 Single 41 28 76 0.63 (0.41-098) <0.05
e habit® - ) . ) Tumor distribution
S:: e ha ‘;3 ys i Bilateral 24 1.1 27
Pr:;':t st 34 o G0 B30T 03 Unilateral - 70 2.8 73 0.39 (0.24-0.65) <0.01
HBs A ’ ’ ’ ’ ’ Maximum tumor size (cm)
S Ag
>3.0 40+ 1.6 42
Negative 80 25 - 64 <30 54 32 76 0.41 (0.26-0.66) ~ <0.01
Positive 14 1.8 46 0.77 (0.40~1.49) 045 S T ' T ’
HCV Ab Portal vein invasion
Present 7010 17
Negative 18 1.9 47 Absent 87 26 65 0.36 (0.15-0.84)  <0.05
. 93 (0.53-1.64) 0.81 : B ’
:OS.IUVC 76 2.5 65 0.93 (0.53~1.64) Alpha-fetoprotein (ng/mL)
scites
>100 46 24 57
Present . 14 14 2 <100 48 26 67 0.66 (0:42-1.02) ~ 0.06
. 29 (0.16-0.5 0.01 : : R )
V;]A;i;m(tx s 80 3)2 8 69 0.29 (0.16-0.53) - <« PIVKA I (mAU/mL)
o "5‘1“ i 0 >100 4 11 34
<4, .
;4 o 13 éd 076 (049-1.19) 023 <100 80 2.7 67 0.53 (0.29-0.97) -+ <0.05
Hemoglobin (g/dL) p. values lesser than 0.05 are given in bold
<10 175 2.4 59 fv{%vc Aghl_ltepitlitisdB sltlxrface tanjg;m HaitVtAb hc?pag.tis (f: a.ntibl(l;‘ciy],w
wiite: biooda: cell: count, aspartate aminotransierase,
210 77:::2.6 63 0.69 (040-1.19)  0.18 alanine aminotransferase, LDH lactic dehydrogenase, ICG indocya-
Platelet (x 10*mm®) nine: green test, PIVKA Il protein induced by vitamin K absence or
<15 3625 67 . antagonist-II :
>75 58::2.5 59 0.89(0.57-1.37). = 0.59 *. Ethanol intake >80 g/day for >5 years
Total bilirubin (mg/dL) b 520 cigarettes/day for >10 years
>2.0 13 18 46 : _ g ’
<20 81 2.7 65 059 (0.32-1.09) 009 Ratlents. Neither severe'toxmty mclu‘dm.g renal. dysfunc-
Albumin (g/dL) tion or thrombocytopenia, nor complication or treatment
30 316 35 related death were seen in the present study.
>3.0 61 4.0 76 0.29 (0.18-0.47)  <0.01 s 5 :
AST (UIL) Univariate and multivariate analysis
>85 24 24 58 L . .
;8 5 028 6 0.63 (038-1.04)  0.07 The median survival times, two-year survival, hazard ratios
REFOL ' BECN ' and p values of the survival time for univariate analysis are
$65 oy e shown in Table 2. Among the host-related factors, absence

of ascites and a serum albumin level of >3.0 g/dL. were
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significantly associated with a longer survival time. Among
the tumor-related factors, single nodule, unilateral distri-
bution of tumors, maximum tumor size <3.0 cm, absence
of portal vein invasion, and PIVKA II level <100 mAU/mL
were significantly associated with a longer survival time. The
results of multivariate analysis using the Cox proportional
hazard model are shown in Table 3. In the multivariate
analyses, only those variables identified as significant by the
univariate analysis were entered. Serum albumin >3.0 g/dL,
maximum tumor size <3.0 cm, absence of ascites, and uni-
lateral distribution of the tumors were significantly associated
with favorable survival.

Risk groups based on the regression model

For the clinical application of these findings, a prognostic
index was calculated based on the regression coefficients
derived from the four variables identified by multivariate
analysis (Table 3), as follows: prognostic index = score
for. albumin (0 for >3.0, 1 for <3.0 g/dL) + score for
ascites (0 for absence, 1 for presence) + score for maxi-
mum tumor size (0 for <3.0; 1 for >3.0 cm) - score for
tumor distribution (0 for unilateral, 1 for bilateral).: The
index values ranged from 0. to 4. The patients were then
classified into: three groups -according: to the prognostic
index; as follows: good prognosis:group. (Group: A: prog-
nostic: index = 0, n = 31 patients) (equivalent to patients
with none of the four prognostic factors); intermediate

100 4

504

Proportion of survivors(%)

T T T T T T T

0 1 3 5 v/
Years after treatment

Fig. 1 Overall survival curve for all patients: with. hepatocellular
carcinoma treated by transcatheter arterial infusion' chemotherapy
using ‘cisplatin suspended in lipiodol. Tick marks indicate  censored
cases :

prognosis group (Group B: prognostic index = 1, n = 28
patients) (equivalent to patients with one of the four
prognostic factors); poor prognosis group (Group C:
prognostic index > 2, n = 35 patients) (equivalent to
patients with two or more of the four prognostic factors).
The survival curves for the three groups are shown in
Fig. 2: The median survival times in the good, intermedi-
ate, and poor prognosis groups were 4.3, 2.7, and 1.1 years,
respectively., There were significant differences in the
survival time among the three groups (p < 0.01).

Discussion

TAE has been widely used for cases with unresectable HCC
and is currently the mainstay of non-surgical treatment for
HCC, because it has been shown to exert a marked antitu-
mor effect against HCC and can be administered for any
type of HCC, regardless of the size, location or number of
tumors [1]. In addition, the survival benefit of this treatment
modality has been verified by two meta-analyses [2, 3] of
seven randomized controlled trials [4-10]. However, TAE
has deleterious effects on liver functions, thereby impairing
the baseline prognosis. On the other hand, TAI has milder
hepatotoxicity, but also shows a lower antitumor efficacy
against advanced HCC than TAE. However, in a-random-
ized controlled trial of TAE versus TAI with zinostatin-
stimalamer- and lipiodol, TAI' and. TAE were: reported to
yield comparable survival [16]. Moreover, the result of our
retrospective analysis of TAE versus TAI using cisplatin—
lipiodol suspension indicated similar outcomes for the two
modalities [17]. From the results of these two studies; we
could not"conclude that:-additional embolization- is  not
necessary for the treatment of advanced HCC, but there may
be a subset of patients of advanced HCC in which TAl alone
may - yield  sufficient treatment - efficacy - and . survival.
Therefore, this analysis: of prognostic factors was-carried
out to enable ‘identification: of appropriate: candidates: for
TAI using : cisplatin-lipiodol suspension 'among HCC
patients with no prior treatment. This single-institution
study was undertaken using a unified method for tumor
staging and-identical procedures: for treatment; follow-up,
and supportive care throughout the duration of the study, to
enable us to obtain reliable results for confirming important

Table 3 Significant prognostic
factors determined by
multivariate analysis with the

Cox proportional hazard model

Variable Coefficient Hazard ratio pivalue
(95% confidence intervals)

Albumin >3.0 g/dL 094 0.39 (0.23-0.66) <0.001

Maximum tumor size <3.0 cm 1.01 0.37 (0.19-0.69) 0.001

Absence of ascites 0.81 0.45 (0.11-0:40) 0.002

Unilateral tumor distribution 0.77 0.46 (0.27-0.79) 0.004
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Fig. 2 Survival curves for the three groups determined by a
prognostic index. Group A good prognosis (31 patients), Group B

intermediate prognosis (28 patients), Group C poor prognosis (35

patients). Tick marks indicate censored cases

prognostic factors, predicting life expectancy and designing
future clinical trials of TAI for HCC.

In this study, cisplatin was administered as the anti-
cancer agent for TAL Cisplatin has been reported to exert
its actions by binding to the DNA in cancer cells, inhibiting
DNA synthesis and subsequent cellular: division. It is one
of the key - drugs: for advanced HCC, that constituted a
component- of  the combined chemotherapeutic  regimen
used in three of the seven randomized controlled trials: of
TAE reported until date [6,.7, 9]. In' Japan, a:favorable
tumor response (33.8%): was reported in a clinical study of
intra-arterial administration of cisplatin for advanced HCC
[21],and the treatment has been approved for the treatment
of HCC by the Ministry: of Health, Labour and Welfare of

Japan. Lipiodol has been used as a: carrier for anticancer

agents in targeting chemotherapy [13-15], and ‘a- suspen-
sion of cisplatin powder in lipiodol was used in this study.
It has been -reported that ‘stronger -antitumor  effect is
-obtained by hepatic arterial administration of a combina-
tion of lipiodol and an anticancer agent than by that of an
anticancer agent alone [26]. Recently, a lipophilic cisplatin
derivative. that can be suspended. in- lipiodol, SM=11355,
was reported to show promising tumor efficacy (CR rate:
56%) in: a phase II trial, and further trial is ongoing [27].
Therefore, combined therapy with cisplatin and. lipiodol
has been expected to become established as a valid option
for the treatment of HCC. The response rate (51%: 95%
confidence interval; 41-61%) at one month obtained in this
study: was more favorable than that in a clinical study of
cisplatin alone, because TAI with an emulsion of an anti-
cancer agent and lipiodol could be expected to-exert more
potent effects than an anticancer agent alone. However,
follow-up at one month might be insufficient for evaluation
of the rate/pattern of recurrence of HCC.

The median survival time and survival rates at two years
in the current study were 2.5 years and 65.2%, respec-
tively. These results were comparable or superior to those

of TAE reported from the aforementioned seven random-
ized controlled trials [4-10]. Although the study was based
on a retrospective cohort design, the treatment efficacy of
TAI with cisplatin-lipiodol suspension was promising and
comparable to that of TAE for HCC.

In regard to the host-related factors, absence of ascites
and a serum albumin level >3.0 g/dL. were found to be
favorable prognostic factors by multivariate analysis.
Ascites and albumin are the most important factors to
consider when evaluating the hepatic reserve, being
included in both the Okuda staging system [28] and Child-
Pugh classification [29], and have been shown to be
prognostic factor in previous studies of patients with
advanced HCC [19, 20, 22-24]. In regard to the tumor-
related factors, a maximum tumor size <3.0 cm and uni-
lateral distribution of the tumors were identified as being
significantly associated with a longer survival time by
multivariate analysis.  Increased tumor size and bilateral
distribution- of tumors are the. well-known unfavorable
prognostic factors in HCC patients, and have been shown
to: be correlated with increased tumor volume and poorer
differentiation of HCC, which reflect a more advanced
stage and higher malignant potential of the tumors [22].
However, these prognostic factors for TAI with lipiodol in
this study were similar to those identified for TAT without
lipiodol [19-21] or TAE in previous reports [22-24], and
no specific prognostic factors for TAI could be identified in
this study.

For clinical application of these findings, we propose a
prognostic index based on the independent. prognostic
factors identified in this study. Patients could be classified
into three groups: those with good, intermediate, and poor
prognosis (p < 0.0001) (Fig. 2). This index consists of
both hepatic reserve and tumor stage, like the modified JIS
score [30]; and it differs' from the Child-Pugh stage or
TNM stage which- are, respectively, based on either only
the hepatic reserve or tumor stage. An index based on both
the hepatic reserve and tumor stage might enable a more
accurate prediction of life expectancy and stratification of
the group into more distinct prognoses. This index can be
easily calculated, because it is based on variables obtained
during routine examinations before TAL It can, therefore,
be used to stratify patients with HCC before TAI according
to the predicted survival. Accordingly, patients with good
prognosis may  obtain sufficient - treatment: efficacy and
survival with TAT alone. In contrast, patients with a poor
prognosis may be treated with supportive care only because
of the extremely short median survival (1.1 years) expec-
ted, or may be treated other more aggressive treatments,
such as more intensive chemotherapy. Recently, systemic
chemotherapy for advanced HCC has become an important
treatment modality, because sorafenib has been proven to
confer a survival benefit and to show promise as a standard
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treatment for patients with advanced HCC [31]. To
improve the treatment efficacy, further chemotherapy reg-
imens, such as the combination therapy comprising TAI
with cisplatin suspended in lipiodol and sorafenib or other
molecularly targeted agents, remain as challenges to be met
following further detailed investigations. These findings
may be helpful in predicting the life expectancy in HCC
patients treated with TAI and provide more information to
stratify patients in future TAI trials. It is also important to
validate this prognostic index by applying it to other pop-
ulations of HCC patients.

In conclusion, TAI with cisplatin suspended in lipiodol
exhibited favorable tumor efficacy and survival in patients
with HCC. Although no specific prognostic factors for TAI
could be identified in this study, the resuits of the prognostic
factors and the prognostic index may be helpful for pre-
dicting life expectancy, determining the most appropriate
treatment strategies, and designing future clinical trials.
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Abstract

Background 1t has been reported that angiotensin II type
1 receptor blocker (ARB) can ameliorate hepatic steatosis
and insulin resistance. Stearoyl-CoA desaturase 1 (SCD-1),
which catalyzes the cellular synthesis of monounsaturated
fatty acids, affects lipid metabolism. In this study, we
investigated whether SCD-1 gene expression is affected by
ARB treatment;

Methods: Obese fa/fa Zucker rats fed a high-fat diet were
treated  with - a potent 'ARB -and ' olmesartan,  and the
resulting changes in the components of serum and liver
were ' studied. - Gene - expression: of -hepatic SCD-1" was
assayed using real-time PCR.

Results - The serum glucose and insulin levels and hepatic
TG content of the obese Zucker rats fed a high-fat diet were
reduced after olmesartan administration; while the serum
adiponectin level was increased. Real-time PCR revealed
an increase of SCD-1 gene expression in the liver of these
rats; followed by a reduction after olmesartan administra-
tion, The ratio of stearic acid (C18:0) to oleic acid (C18:1)
in the liver ‘was increased’ by olmesartan, indicating a
reduction in the in vivo activity of SCD-1.

Conclusions = ARB - ameliorates - hepatic steatosis -and
insulin resistance in obese fa/fa Zucker rats fed a high-fat
diet. Gene expression of SCD-1 is decreased by olmesar-
tan, ‘suggesting that the beneficial effect is due partly to
suppression of the key enzyme for hepatic lipid metabolism
by ARB.
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Introduction

Metabolic syndrome is. a cluster of metabolic alterations
whose landmarks include visceral obesity, hyperlipidemia,
hepatic steatosis, and insulin resistance [1].: A diet with a
high carbohydrate and fat content is considered to be a
causative factor in the development of insulin resistance in
animals and humans. [2-6].

Several lines “of evidence have suggested that the
renin-angiotensin system . (RAS) participates in_insulin
resistance. Adipocytes are known: to secrete. angiotensin-
ogen and angiotensin Il (Ang II) as adipocytokines {7, 8].
Ang Il induces insulin resistance via. suppression. of
intracellular. signal transduction of insulin and dysregula-
tion of adipocytokines, including TNF-« and adiponectin
[9-12}

Recently, blockade of the Ang II signal by Ang Il type 1
receptor blocker (ARB) was reported to ameliorate insulin
sensitivity’ in- experimental animals - and hypertensive
patients [13-15], thereby possibly suppressing TNF-a
production by skeletal muscle. Also, ARB can ameliorate
insulin resistance in patients with essential hypertension by
increasing the level of serum adiponectin [16]. On the other
hand, large-scale randomized control studies have shown
that ARB can prevent the development of diabetes mellitus
in patients with essential hypertension [17-19].

Hepatic steatosis is associated with visceral obesity
and insulin resistance, and may progress: to nonalcoholic
steatohepatitis (NASH) under certain circumstances. A low
level of serum adiponectin: and decreased. sensitivity to
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leptin are common in hepatic. steatosis and NASH.
Recently, it was reported that ARB- is able to suppress
hepatic fibrosis by suppressing the activation of stellate
cells, which play a major role in production of the
extracellular matrix [20]. However, little is known about
how Ang II participates in insulin resistance and hepatic
steatosis and how ARB is able to ameliorate these
conditions.

Stearoyl-CoA desaturase-1 (SCD-1) is an enzyme that
desaturates palmitate, the saturated end-product of de novo
fatty acid synthesis. SCD-1 expression and monounsatu-
rated fatty acid levels are markedly increased in livers of
leptin-deficient ob/0b mice [21] and leptin receptor-defi-
cient (fa/fa) Zucker diabetic fatty (ZDF) rats [22]. Leptin
treatment reduces expression of the SCD-1 gene in these
animals, indicating that it has a regulatory role in SCD-1
gene expression. While elucidation of leptin’s role has
permitted a detailed view of the biology underlying energy
homeostasis, - most obese individuals"are- leptin-resistant
[23]. The ob/ob mice lacking SCD-1"are significantly less
obese than ob/ob controls and have histologically normal
liver with a significant reduction of both triglyceride (TG)
storage and production of very low density lipoprotein
(VLDL) [21]. Pharmacologic manipulation of SCD-1 may
be of benefit in the treatment of obesity, diabetes, hepatic
steatosis, and-other components of metabolic syndrome.
However, no study has yét investigated whether Ang I can
regulate SCD-1 gene expression.

In this study, we investigated whether a potent ARB,
olmesartan; is ‘able ‘to ameliorate hepatic steatosis ‘and
insulin resistance in obese fa/fa Zucker rats, which have a
defect in the leptin receptor, fed a high-fat diet, and whether
expression of the SCD-1 gene in the liver is affected
by olmesartan. The SCD-1 gene was found to be over-
expressed in the liver of obese rats fed a high-fat diet relative
to the level in obese rats fed a standard diet and showed
reduced expression following exposure to olmesartan for
4 weeks.

Materials and methods
Animals

Five-week-old male obese (fa/fa) Zucker rats: were pur-
chased “from Charles River Laboratories Japan  Inc.
(Kanagawa, Japan). All rats were housed in a temperature-
controlled room (20-23°C) with a 12-h light/dark cycle
(light on’ 06001800 hours), and had free access to a lab-
oratory standard diet and water. All animal studies were
done according to a protocol approved by the Animal
Experimentation Committee of Yamagata University
Faculty of Medicine, Japan.

@ Springer

Experimental design

At 6 weeks of age, the rats were divided into two groups:
obese rats fed a standard diet (n = 5) and obese rats fed a
high-fat diet (n = 15). These diets had the following
compositions (as a percentage of total calories): standard
diet (CRF-1, Charles River Laboratories Japan Inc., 10%
fat, 20% protein, and 70% carbohydrate); high-fat diet [no.
D12450B, Research Diets Inc., New Brunswick, NJ, 45%
fat (predominantly from lard), 20% protein, and 35% car-
bohydrate]. All animals were fed standard or high-fat diets
for 8 weeks until the end of the experiment. After 4 weeks
on the diets; the high-fat diet-fed obese rats (n = 15) were
further divided into three experimental groups (n = 5 rats
per group) treated with olmesartan at 1 or 10 mg/kg body/
day and treated with vehicle (0.5% carboxymethyl cellu-
lose) alone as the control. Olmesartan (CS-866), a potent
ARB, was kindly provided by Daiichi-Sankyo Co. Ltd.
(Tokyo, Japan). Standard diet-fed obese rats (n = 5 rats per
group) were: treated with vehicle alone. The drug was
administered once daily by oral gavage for 4 weeks.

Blood and liver tissue sampling

After the end of drug treatment, all 14-week-old rats were
fasted overnight (13-15 h, food removed at 1800 h) and
then killed under ether anesthesia. Blood was rapidly col-
lected from the inferior vena cava; and serum was prepared
by centrifugation (3,000 rpm; 10-min, 4°C) of the blood
and stored at —20°C until further analysis. The liver tissue
was immediately removed and snap-frozen: in- liquid
nitrogen, and stored at —80°C until further study.

Biochemical assay of serum components

Serum glucose (Glu), triglyceride (TG), and free fatty acid
(FFA) were measured using enzymatic assay kits (Shino-
Test Co., Tokyo; Wako Pure Chemical Industries Ltd.,
Osaka; Eiken' Chemical Co. Ltd;, Tokyo, Japan, respec-
tively) ‘on: a  Hitachi ‘Autoanalyzer 7181 (Hitachi- High-
Technologies Inc.; Tokyo, Japan). Serum levels of insulin
and adiponectin were respectively measured using a rat
insulin ELISA kit (Shibayagi Co. Ltd., Gunma, Japan) and
a rat adiponectin ELISA kit (Otsuka Pharmaceutical Co.
Ltd., Tokushima, Japan).

Measurement of triglyceride in liver

Lipid extraction was performed by a modified version of
the method described ' previously by Folch: [24]." Liver
tissues were homogenized with methanol/chloroform (1/2
viv, 20 ml/g tissue), and aliquots of the organic phase were
evaporated under nitrogen  gas.: The: dried lipid extracts
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were dissolved in isopropyl alcohol. TG content within the
lipid extracts was measured using an enzymatic assay kit
(Wako Pure Chemical Industries) on a Hitachi Autoana-
lyzer 7181 (Hitachi High-Technologies).

Analysis of liver fatty acid

The procedure used for lipid extraction was the same as
that for liver TG measurement [24]. Fatty acids in lipids
were analyzed using a modification of the method descri-
bed previously [25]. The dried lipid extracts were treated
with 5% KOH-ethanol/water (9/1 v/v) solution. The
hydrolyzed lipids were then mixed with n-hexane and
water, and extracted into the aqueous phase. Pentadecane
acid as an internal control was then added to the aqueous
phase. The aqueous phase was homogenized with 6 M HCI
and n-hexane, and the fatty acids were extracted into
n-hexane, then dried under nitrogen gas and transmethy-
lated with BF;—methanol/benzene/methanol (7/6/7 v/vlv)
solvent at 100°C, Fatty acid methyl esters were extracted
into n-pentane and analyzed on a gas chromatograph
(HP6890 series; Agilent Technologies Japan Ltd., Tokyo,
Japan) equipped with a capillary column (DB-WAX;
30 m x 0.32 mm, 0.25 um film, Agilent Technologies,
Japan). Fatty acid methyl esters were identified by com-
parison with the internal control, SCD-1 activity index was
calculated from the precursor-to-product ratio as stearic
acid to oleic acid (C18:0/C18:1).

Expression analysis of SCD-1 mRNA in liver

Liver mRNA levels of SCD-1 were measured by real-time
PCR with glyceraldehyde-3-phosphate = dehydrogenase
(GAPDH) as an internal control. Two-step real-time PCR
was. performed as- described previously [26, 27]. Total
RNAs were isolated from liver tissues. using an RNeasy
Plus Mini Kit (QIAGEN Inc., Hilden, Germany). A cDNA
was synthesized from 1 g of total RNA using a random
primer (Takara Bio Inc., Mie, Japan) and SuperScript® I
RNase H™ Reverse Transcriptase (Invitrogen) in"accor-
dance with the manufacturer’s instructions. Real-time PCR
reactions were performed using a Fast Start DNA- Master
SYBR I Kit (Roche Diagnostic AG, Basel, Switzerland) on
a LightCycler® 2.0 System (Roche Diagnostic). Specific
primers were designed using a Perfect Real Time Support
System (Takara Bio) and were as follows: SCD-1 (NM1
39192), GCTTGTGGAGCCACAGGACTTAC (forward),
ATCCCGGGCCCATTCATATAC - (reverse); . GAPDH
(NM017008), GACAACTTTGGCATCGTGGA (forward),
ATGCAGGGATGATGTTCTGG (reverse). PCR reactions
for all samples were run in triplicate. Data were analyzed
using the LightCycler Software program version 3.5
(Roche Diagnostic). The amounts of all mRNAs were

calculated using a standard curve constructed using serial
dilutions of a concentrated cDNA sample. The expression
level of SCD-1 was normalized with that of GAPDH.

Data analysis and statistics

All data in figures are expressed as mean = standard error
of the mean (SEM). For comparisons between two groups,
statistical analysis was performed using unpaired Student’s
or Welch’s ¢ test. Mann-Whitney U test was used when
appropriate. For comparisons among three groups, data
were analyzed by one-way ANOVA with the Tukey-
Kramer multiple comparisons test. Differences were con-
sidered significant at P < 0.05.

Results

Amelioration of hyperglycemia, hyperinsulinemia,
and insulin resistance by ARB administration

Obese fa/fa Zucker rats fed a high-fat diet showed severe
hyperglycemia and hyperinsulinemia. Administration of
olmesartan at a dose of 10 mg/kg/day for 4 weeks amelio-
rated the hyperglycemia and hyperinsulinemia in compari-
son with vehicle treatment in obese rats fed a high-fat diet
(glucose: 291.0 =+ 20.6 vs. 434.8 £+ 52.2 mg/dl, P < 0.05;
insulin: - 29.0+ 5.3 vs. 49.0 £+ 5.6 ng/ml, P < 0.05;
Fig. 1a, b). These data suggested that ARB is able to
ameliorate insulin resistance in obese Zucker rats fed a
high-fat- diet. The serum concentrations of glucose and
insulin in vehicle-treated obese Zucker rats fed a-stan-
dard diet were 283.8 & 19.4 mg/dl and 21.3 4.1 ng/ml,
respectively.

Decrease in serum FFA level, serum TG level,
and hepatic TG content by ARB administration

Olmesartan. administration at a dose of 10 mg/kg/day
decreased the serum level of FFA in comparison with vehicle
treatment in obese rats fed a high-fat diet (697.2 + 47.5 vs.
1,004.0 & 215.4 pEQ/; Fig. 2a), although the difference
was not statistically significant.. On the other hand, olme-
sartan administration did not change the serum level of TG
(vehicle: 154.6 £ 16.0 vs. olmesartan: 189.6 + 28.3 and
213.4 & 31.7 mg/dl; Fig. 2b). Histologically, the:hepato-
cytes of obese rats fed a high-fat diet contained fat droplets in
tliree zones of all hepatic lobules (data not shown). The
hepatic TG content was decreased dose-dependently by
olmesartan administration at 1 and 10 mg/kg/day (vehicle:
362.9 £ 27.8 vs. olmesartan; 252.8 £ 25.3 and - 215.1 +
21.2'mgfg liver, P-< 0.05 and P < 0.005; respectively;
Fig. 2c), suggesting that ARB worked to ameliorate fatty
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Fig. 1" Effect of olmesartan on serum levels of glucose and insulin in
obese Zucker rats fed a high-fat diet. Serum levels of (a) glucose and
(b) insulin in high-fat~ diet-fed obese Zucker rats treated with
olmesartan (1 or 10 mg/kg body/day) for 4 weeks and treated with
vehicle alone as the control, High-fat diet was fed to rats for 8 weeks
from 6 fo: 14 weeks of age. Values are mean £ SEM (n =35) for
these separate experiments. *P. < 0.05

liver in obese rats fed a high-fat diet. The serum concentra-
tions of FFA and TG, and the hepatic. TG content in
obese Zucker rats fed a standard diet were 650.4 % 80.7
UEQ/, 554.2 + 43.8 mg/dl, and 95.1 & 15.9 mg/g liver,
respectively.

Increase of serum' adiponectin level by ARB
administration

Olmesartan’ administration ‘at a dose of -10 mg/kg/day
increased the serum adiponectin level in comparison with
vehicle  treatment in obese rats fed “a high-fat diet
82+ 09 vs. 5.1'+ 0.5 ug/ml, P <0.05; Fig. 3), sug-
gesting a mechanism for improvement of glucose and fat
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Fig. 2 Effect of olmesartan on serum triglyceride, serum free fatty
acid, and liver triglyceride in obese Zucker rats fed a high-fat diet. (a)
Serum free fatty acid (FFA) level and triglyceride (TG) level in serum
(b) and liver (c) are shown, respectively, in groups of high-fat diet-fed
obese ratstreated with olmesartan (1:or: 10 mg/kg body/day) for
4 weeks and treated with vehicle alone as the control. High-fat diet was
fed to rats for 8 weeks from 6 to 14 weeks of age. Values are
mean < SEM (n'=5) for these separate experiments. *P < 0.05,
P <001
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Fig. 3. Effect of olmesartan: on. serum: adiponectin levels in obese
Zucker rats fed a high-fat diet. Serum adiponectin levels are shown in
groups of high-fat diet-fed obese rats treated with olmesartan (1 or
10 mg/kg body/day) for 4 weeks and treated with vehicle alone as the
control, High-fat diet was fed to rats for 8 weeks from 6.to 14 weeks
of age. Values are mean = SEM. (i = 5) for these separate exper-
iments. *P < 0.05

metabolism. The serum adiponectin level in obese Zucker
rats fed a standard diet was 7.9 & 0.6 ng/ml

Down-regulation of SCD-1 gene expression
by ARB administration

All data were expressed as the SCD-1/GAPDH mRNA
ratio in the same samples taken from obese Zucker rats fed
a high-fat diet, and that of vehicle-treated control obese rats
was set'as 1.00 (Fig. 4). Olmesartan administration at a
dose of 10 mg/kg/day decreased the level of SCD-1 mRNA
by 46% compared with that observed in the vehicle-treated
control rats fed a high-fat diet (1.00 % 0.12 vs. 0.46 +
0.15, P < 0.05; Fig. 4). The level of SCD-1 mRNA in
obese Zucker rats fed a standard diet was 0.55 £ 0.09.
To confirm the decrease of SCD-1 gene expression
induced by ARB in vivo, we examined the ratio of stearic
acid (C18:0) to oleic acid (C18:1) in the liver of obese
Zucker rats fed a high-fat diet. The ratio in vehicle-treated
control obese rats was set' as 1.0 (Fig. 5). Olmesartan
administration at a dose of ‘10 mg/kg/day increased the
ratio 1.4-fold relative to that observed in: vehicle-treated
control rats” fed “a  high-fat diet' (P < 0.01, Fig.'5),

08

06

SCD-1 mRNA (level vs. control)

04

02

0

Olmesartan -
(mg/kg body)

10

Fig. 4 Effect of olmesartan on SCD-1 mRNA level in liver of obese
Zucker rats fed a high-fat diet. Expression levels of SCD-1 in liver
were determined by real-time PCR and expressed as a ratio relative to
that of GAPDH mRNA as an internal control. Comparisons of SCD-1
mRNA expression in liver samples are shown for groups of high-fat
diet-fed: obese. Zucker rats: treated with' olmesartan (1 or 10 mg/kg
body/day) for 4 weeks and treated with vehicle alone as the control. A
high-fat diet was fed to rats for 8 weeks.from 6 to 14 weeks of age.
Values are mean & SEM (n = 5) for these separate experiments, and
that for a vehicle-treated control obese rat is set as' 1.0, *P < 0.05

suggesting a decrease of SCD-1 activity in the liver. The
ratio of C18:0 to C18:1 in the liver of obese Zucker rats fed
a standard diet was 2.64 £ 0.39.

Discussion

Obese faffa Zucker rats fed a high-fat diet showed more
severe hepatic steatosis and insulin resistance than obese
rats fed a standard: diet; suggesting that obese rats fed a
high-fat diet are a good model for examining whether ARB
administration can ameliorate hepatic steatosis and insulin
resistance. In' this study, olmesartan, a potent ARB,
markedly decreased fasting blood levels of glucose and
insulin, as well as the hepatic TG content, in obese Zucker
rats fed a high-fat diet. These observations are also con-
sistent with a previous study [28] of obese Zucker rats fed a
standard diet. Our present data indicate that olmesartan
ameliorates insulin’ resistance and hepatic  steatosis, sug-
gesting that the Ang II signal induces insulin resistance and
hepatic steatosis, as described previously for other ARB
agents [13-15]. ‘
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Fig. 5 Effect of olmesartan on fatty acid desaturation in liver of
obese Zucker rats fed a high-fat diet. Values are expressed as the ratio
of the levels of stearic acid (C18:0, saturated faity acid) to oleic acid
(C18:1, monounsaturated fatty acid) inliver. Comparisons of fatty
acid ratio are shown in groups of high-fat diet-fed obese rats treated
with olmesartan (1 or ‘10 mg/kg body/day) for 4 weeks and treated
with vehicle alonie as the conirol. High-fat* diet was fed to rats for
8 weeks from 6 to 14 weeks of age. Values are mean + SEM (n = 5)
for these separate experiments, and that for a standard diet-fed obese
rats is set as 1.0. *P < 0.05

Indeed, it is known that Ang II stimulates serine-
phosphorylation of the insulin receptor, insulin receptor
substrate 1 (IRS-1), and phosphatidylinositol (PI) 3-kinase
via the angiotensin II type 1 (AT1) receptor in insulin
signal transduction [10]. As a result, the inhibition of
insulin signaling induces insulin resistance, Therefore, our
data suggest that inhibition of Ang II signaling via the AT1
receptor by ARB results in recovery of insulin signal
transduction; thereby ameliorating insulin resistance.

Adiponectin, a hormone secreted by adipocytes, acts as
a major antidiabetic and atherogenic adipocytokine [29].
Plasma adiponectin [evels are decreased in obesity, insulin
resistance, and type 2 diabetes [29]. Decreased adiponectin
is implicated in the development of insulin resistance in
obesity, which is reversed by replenishment of adiponectin
[30-32]. This insulin-sensitizing effect of adiponectin
seems to be mediated by inhibition ‘of gluconeogenesis
and stimulation of fatty acid oxidation via activation of
AMP-activated protein kinase (AMPK) and peroxisome
proliferator-activated receptor (PPAR)-or [33-35]. In this
study, olmesartan administration increased the serum level
of adiponectin, an action that could partly explain the
amelioration of insulin resistance [16].
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To investigate whether SCD-1 gene expression is
affected by ARB via blockade of the AT1 receptor signal,
we used a real-time PCR assay. We noticed that expres-
sion of the SCD-1 gene was significantly increased in the
liver of obese rats fed a high-fat diet in comparison with
that in the liver of obese rats fed a standard diet. Real-
time PCR demonstrated that after olmesartan administra-
tion for 4 weeks at a dose of 10 mg/kg body/day, SCD-1
gene expression in obese rats fed a high-fat diet was
restored to the level observed in obese rats fed a standard
diet.

SCD-1 is the rate-limiting enzyme in the biosynthesis of
monounsaturated fatty acids, introducing a single double
bond into its substrates, palmitic (16:0) and stearic (18:0)
acids, to generate palmitoleic (16:1) and oleic (18:1) acids
as products [36, 37]. The enzyme is located predominantly
in the endoplasmic reticulum, where it undergoes rapid
turnover in response to a variety of nutritional and
hormonal signals [38]. The gene is also transcriptionally
regulated by a number of factors including sterol regulatory
element-binding protein 1 (SREBP-1) and polyunsaturated
fatty acid (PUFA) [39, 401.

Regulation of SCD-1 by leptin seems to be relatively
specific [22]; althiough the precise mechanism by which the
hormone represses the enzyme is currently  unknown.
Recent studies of SCD-1 have yielded many new insights
into the biology of lipid metabolism and have demonstrated
that mice lacking SCD-1 (SCD-=1"'" mice) are resistant to
high-fat diet-induced obesity and glucose intolerance {41].
A consequence of SCD-1 deficiency is activation of lipid
oxidation in addition to reduced TG synthesis and storage.
Furthermore, SCD-1""~ mice exhibit increased thermo-
genesis and insulin signaling in skeletal muscle and brown
adipose * tissue [42-44].- These: lines ‘of - evidence have
revealed: that SCD-1 is an important metabolic control
point in lipid metabolism and a promising drug target for
the treatment of metabolic syndrome:.

In vivo antisense. oligonucleotide . (ASO): reduction. of
target genes ‘is'a powerful tool for identifying novel met-
abolic drug targets and elucidating the role of various genes
in cellular metabolic pathways. Two recent studies have
shown that an ASO-mediated approach can prevent the
development of high-fat diet-induced obesity, hepatic. ste-
atosis; and insulin resistance [45, 46]. To examine whether
SCD-1activity is inhibited: by olmesartan in: vivo, we
analyzed the ratio of stearic acid (C18:0) to: oleic acid
(C18:1) in the liver of obese Zucker rats fed a high-fat diet.
The ratio was significantly increased by olmesartan, sug-
gesting that SCD-1 activity was suppressed in the liver.

This study showed that ARB :can. improve. insulin
resistance and hepatic steatosis in obese rats fed a high-fat
diet. This improvement may be partly explained by an
increase of adiponectin, as reported previously [33-35]. In
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addition, the present data suggest that the ARB-induced
decrease of SCD-1 gene expression in the liver partici-
pates in the improvement of insulin resistance and hepatic
steatosis independently of leptin signaling. However, it is
still unknown whether changes in SCD-1 occur as a direct
result of ARB on liver cells or as a consequence of
systemic changes or changes in body composition, and
whether SCD-1 is a direct target of Ang II or the AT1
receptor.

In addition, it has recently been reported that ARB can
reduce SREBP-1c gene expression [47]. Accordingly, it
would also be expected that SCD-1 gene expression may
be partly decreased via suppression of SREBP-1 gene
expression by ARB. This issue should be clarified by in
vitro experiments using primary hepatocytes or hepatoma
cells to examine whether they. show: direct regulation of
SCD-1 gene expression by ARB, and this is' currently
underway in our laboratory. In this study, ARB treatment
caused. an increase in the serum adiponectin level and
suppressed hepatic SCD-1 expression in obese Zucker rat
fed a high-fat diet. However, no previous report has indi-
cated that adiponectin is related to the regulation of SCD-1
gene expression: Therefore, further investigation is needed
to clarify whether adiponectin signaling suppresses SCD-1
gene expression.

Previous studies demonstrated that Ang II stimulation
via the AT1 receptor increases: the gene expression and
secretion of leptin in human or rat adipocytes [48, 49] and
that administration of ARB suppresses: leptin production
by inhibition of Ang II signaling [50]. In this study we
showed that the serum insulin level and hepatic TG
content of obese Zucker rats fed a high-fat diet were
significantly increased approximately two- and four-fold
relative to those fed a standard diet, respectively. Addi-
tionally, in lean Zucker rats fed a high-fat diet, the serum
insulin level and hepatic TG content: were also. signifi-
cantly increased ' approximately ' two- - and five-fold,
respectively (data not shown). After olmesartan adminis-
tration, the serum insulin level and hepatic TG content of
obese Zucker rats fed a high-fat diet were both decreased
to 60% of the values in the vehicle-treated control. On the
other hand; in lean Zucker rats, the serum insulin level
and hepatic TG content were decreased to approximately
40 and 27% (data not shown). These observations suggest
that the effects of ARB on insulin resistance and hepatic
steatosis were greater in lean Zucker rats than in obese
Zucker rats. The: differences in efficacy of ARB between
these two models may be partly due to the differences in
leptin action. In the case of the normal leptin receptor,
leptin signaling may also partly contribute to the effects
of "ARB on insulin- resistance :and hepatic - steatosis,
thereby increasing the effects of ARB in comparison with
leptin receptor deficiency.

In conclusion, our present study has shown that obese
fa/fa Zucker rats, which have a deficiency of the leptin
receptor, develop serious insulin resistance and hepatic
steatosis when fed a high-fat diet. Moreover, the mRNA
level of SCD-1, a key enzyme in hepatic lipogenesis, is
evidently increased in the liver. A potent ARB, olme-
sartan, was able to ameliorate insulin resistance and
hepatic steatosis and to suppress the gene expression of
hepatic SCD-1. These data suggest that olmesartan-
induced down-regulation of SCD-1 gene expression is
partly involved in the amelioration of insulin resistance
and hepatic steatosis.
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Abstract

Measurement of the serum alanine aminotransferase (ALT) level is used as an initial test for detection of liver diseases, and recent studies
have also highlighted its potential value as a measure of overall health and survival as a marker of an increased risk of metabolic disorder.
This study was designed to clarify the prevalence of elevated ALT levels in the Japanese population and to assess factors associated with ALT
elevation, The subjects were 2165 individuals aged 40 to 85 years who participated in a Japanese community-based study referred to as the
Takahata Study. Serum ALT levels and factors associated with ALT elevation were investigated. Among 2087 subjects who were negative for
hepatitis B and C, the rates of elevated ALT greater than 30 U/L in men and greater than 25 U/L in women were 217 (22.7%) of 957 and
239 (21.2%) of 1130, respectively. These ALT cutoff levels had a specificity of more than 80% for exclusion of subjects with none or 1 of
3 metabolic risk factors: hypertension, lipid metabolism abnormality, and hyperglycemia. Multivariate analysis revealed 5 factors with a
significant association with ALT elevation in men (n = 957): high y-glutamyltranspeptidase, low adiponectin, high low-density lipoprotein
cholesterol, high body mass index, and high homeostasis model assessment insulin resistance index. Similarly, 4 factors were significantly
associated with ALT elevation in women (n = 1130): high y-glutamyltranspeptidase, low adiponectin, high body mass index, and high
homeostasis model assessment insulin resistarice index. These results suggest that elevated ALT levels in the Japanese population older than
40 years have a strong association with metabolic syndrome-related features including obesity and insulin resistance.
© 2009 Elsevier Inc, All rights reserved.

1. Introduction required to prevent further spread of these diseases through
proper intervention in the general population.

Metabolic syndrome due to visceral fat obesity and Elevation of serum alanine aminotransferase (ALT) is a

increased insulin resistance has a risk for progression to a
broad spectrum of metabolic syndrome-related diseases,
including type 2 diabetes mellitus, hypertension, cardiovas-
cular disease, and nonalcoholic fatty liver disease (NAFLD)
[1,2], as well as to systemic cancer development [3]. There
has been a worldwide increase in the number of obese
individuals at risk of metabolic syndrome-related diseases,
and determination of risk factors for metabolic syndrome is

E-mail address: tasaitoh@med.id.yamagata-u.ac.jp (T. Saito).

0026-0495/$ — see front matter © 2009 Elsevier Inc. All rights reserved.
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sign of possible underlying liver disease, but an unexplained
prevalence of ALT elevation in the general population and a
strong association of elevated' ALT with NAFLD have also
been reported in Western countries [4-8]. In addition, several
studies have shown that elevated serum ALT levels have a
positive association with metabolic syndrome-related dis-
eases such as type 2 diabetes mellitus [9] and cardiovascular
diseases [10]; and several prospective studies suggest that
elevated ALT levels predict the development of metabolic
syndrome [11,12]. A close relationship between elevated
ALT and mortality has also been found in community
residents [13]. These reports suggest that the ALT level is a
good indicator of overall health, particularly in the context of
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lifestyle-related diseases in association with metabolic
syndrome [14]. Thus, measurement of ALT may identify
people in the general population with a risk of these diseases.
However, to date, there have been few comprehensive
studies of elevated ALT in association with many metabolic
factors including an insulin-sensitive adipocytokine in a
large population sample.

Recently, the number of people having metabolic
syndrome has rapidly increased in many countries. In
particular, Asian individuals have been observed to have a
high prevalence of visceral fat accumulation [15]. To
estimate the spread of metabolic risk for the occurrence of
metabolic syndrome—related diseases in the population and
to define preventive strategies, investigation of the pre-
valence of elevated ALT and determination of factors
associated with elevated ALT are required in a large
population sample. Therefore, we conducted a large-scale
cross-sectional study of ALT levels and factors associated
with elevated ALT in Japanese adult subjects representative
of the general population.

2. Materials and metheds
2.1, Subjects

This study was performed as a community-based survey
and consisted of a self-administered questionnaire on
lifestyle, measurement of physical status, and collection of
blood samples: from participants. The: subjects were the
general population aged 40 to 85 years in the town
of ‘Takahata; which- is* located" in  Yamagata Prefecture,
approximately 350 km north of Tokyo. From June 2004 to
November 2005, 2401 individuals (1055 men and
1346 women) took part in the research program. Of these
people, 236 for whom data were incomplete were excluded
from further analysis, leaving 2165 subjects (991 men and
1174 women) aged 40 to 85 years. We examined the
prevalence of elevated ALT in a large sample population and
determined: the factors currently associated with elevated
ALT in Japan. The study was approved by the institutional
ethics committee, and written informed consent was obtained
from all subjects.

2.2, Measurements

The subjects used a self-reported questionnaire to
document medical history, current medication, family
history, and clinical symptoms. The presence of a smoking
habit (current smoker, nonsmoker, or past smoker) and
alcohol intake (current drinker, nondrinker; or past drinker)
were determined through an interview. Systolic and diastolic
blood pressures were: determined using a mercury man-
ometer in a sitting position after resting for at least 5 minutes.
These measurements were performed twice, and the mean
was used for statistical analysis. Body mass index (BMI)
wag calculated from weight (in kilograms) divided by the
height squared (in square meters), and obesity was defined

as BMI of at least 25 kg/m?. Blood samples were collected in
the moming and shipped to a central laboratory to be
assayed. Ordinary biochemical tests for serum levels of ALT,
albumin, fasting blood glucose, total cholesterol, low-
density lipoprotein (LDL) cholesterol, high-density lipopro-
tein (FIDL) cholesterol, triglycerides, y-glutamyl transpepti-
dase (y-GTP), and cholinesterase were performed. Fasting
insulin was measured using a chemiluminescent immunoas-
say kit (Kyowa Medics, Tokyo, Japan). Insulin resistance
was calculated based on the homeostatic metabolic assess-
ment method (HOMA-IR), as follows: HOMA-IR = fasting
plasma insulin x fasting plasma glucose/405, where insulin
is expressed in microunits per milliliter and glucose in
milligrams per deciliter [16]. Insulin resistance was
considered to have changed when HOMA-IR was greater
than 2, as previously recommended [17]. Adiponectin was
measured using an enzyme immunoassay kit (Human
Adiponectin ELISA; Otsuka, Tokyo, Japan). Anti-hepatitis
C virus (HCV) antibody, hepatitis B surface antigen, and
antinuclear antibody were detected with a latex hemagglu-
tination kit (Ortho HCVAb: LPIA IiI; Ortho. Clinical
Diagnostics, Tokyo, Japan), a chemiluminescent immunoas-
say kit (Architect HBsAg QT; Abbott, Tokyo, Japan), and an
enzyme ' immunoassay kit (MESACUP ANA Test; MBL,
Tokyo, Japan), respectively.

2.3.-Metabolic risk factors

According to the National Cholesterol Education Pro-
gram Adult Treatment Panel I1I criteria [18] and the Japanese
diagnostic criteria for metabolic syndrome published in April
2005 [19], we defined the metabolic risk for the occurrence
of metabolic syndrome-related diseases as the presence of
2 or 3 of the following abnormalities: triglycerides of at least
150 ‘mg/dL and/or: HDL. cholesterol less: than 40 mg/dL,
systolic blood pressure of at least 130 mm Hg and/or
diastolic blood pressure of at least 85 mm Hg, and fasting
glucose of at least 110 mg/dL.

2.4. Statistical analysis

Alanine aminotransferase levels were analyzed as the
primary data to determine the prevalence of elevated ALT in
the subjects. Analysis of the following 17 factors was
performed to assess a potential association with elevated
ALT levels in 2087 subjects (957 men and 1130 women)
who were negative for viral markers for hepatitis B or
hepatitis C: age, serum albumin, antinuclear antibody, y-
GTP, cholinesterase, adiponectin, total cholesterol, LDL
cholesterol, HDL: cholesterol, triglycerides, BMI, fasting
glucose, fasting insulin, HOMA-IR, blood pressure, smok-
ing habit, and drinking habit. The relationship of each factor
with elevated ALT was assessed by univariate analysis with a
¥* test or Fisher exact test for categorical variables, Mann-
Whitney test for ordinal data, and unpaired ¢ test for
continuous variables. The factors of age and univariate
predictors with P less than .10 were included in a multiple
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Table 1
ALT levels and seroprevalence of viral hepatitis markers in the study population
Male (n = 991) Female (n = 1174) Total (n = 2165) P value Test*
n (%) n (%) n (%)

Age group

40-49 93 9.4) 128 (10.9) 221 (10.2) .034 M

50-59 220 (22.2) 294 (25.0) 514 23.7)

60-69 338 (34.1) 383 (32.6) 721 (33.3)

70-79 306 (30.9) 338 (28.8) 644 29.7)

>80 34 (3.4 31 2.6) 65 3.0)

Mean + SD 64.1 =102 63,0+ 10.1 63.5 % 10.1 011 T
Seroprevalence of hepatitis B and C

Both negative 957 (96.6) 1130 (96.3) 2087 96.4) 217 F

Positive for HCVAb 12 (L.2) 24 2.0) 36 1.7

Positive for HBsAg 22 2.2 19 (1.6) 41 1.9

Both positive 0 (0.0) 1 ©.1) 1 0.0)
ALT (U/L)

Mean £ SD 249 +13.8 208+ 11.0 227+ 125 <.001 T

Median 21 18 19

Minimum 6 4 4

Maximum 122 115 122

M indicates Mann-Whitney test; F, Fisher exact test; T, ¢ test; HCVAD, hepatitis C virus antibody; HBsAg, hepatitis B surface antigen.

2 Comparison of male with female subjects.

logistic regression model to identify factors associated with
elevated ALT levels. We estimated 95% confidence intervals

(Cls) with maximum likelihood procedure. A backward-
elimination procedure was adopted to remove the most

insignificant variable in the regression model at each step
until the P values for the variables that remained in the
working model were all less than . 10. The appropriateness of

the logistic regression models was confirmed by the Hosmer-

Lemeshow: test. A 2-tailed P value less than .05 was
considered statistically significant. Analyses were performed

3. Results

using SAS version 8.2 software (SAS Institute, Cary, NC) or
SPSS version 15.0 for Windows (SPSS, Chicago, IL).

3.1. ALT levels and seroprevalence of viral hepatitis
markers in the study population

The characteristics of the: subjects and ALT levels are
shown-in Table 1. Anti-HCV . antibody and hepatitis B

Table 2
‘Association between the humber of metabolic risk factors and ALT levels
No. of risk Male Female
ALT (U/L) 2o0r3 Oorl Accuracy 2or3 Oorl Accuracy
n =253 n =704 n:=188 n=942
Sensitivity Specificity Sensitivity Specificity
=17 83 28 43 73 42 47
=18 78 36 47 69 49 53
=19 72 41 49 63 56 57
220 66 47 52 58 62 61
=21 61 52 54 52 67 64
222 56 58 57 48 71 67
=223 53 62 60 43 75 70
=24 50 66 62 37 78 72
=25 46 69 63 34 81 74
=26 43 72 64 30 84 75
227 38 75 65 28 86 76
=28 36 77 66 25 87 71
=29 34 79 67 23 88 Yz
=30 32 81 68 20 89 78
=31 29 83 68 19 90 78
=232 28 85 70 17 92 79
=33 27 86 70 16 93 80
=34 26 88 71 15 94 80
235 24 88 71 13 94 81
=36 24 89 72 1t 95 81
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Table 3
Prevalence of elevated ALT levels in the study population
ALT 230 ALT 225 P value®
Male (n = 957) Female (n = 1130) Total (N = 2087)
n % n % n %
Age groups
40-49 29 31.5 18 144 47 21.7 .004
50-59 68 322 67 23.4 135 27.2 032
60-69 72 22.3 94 25.5 166 24.0 328
70-79 47 15.8 57 17.8 104 16.8 591
>80 1 2.9 3 10.0 4 6.3 333
All ages 217 227 239 21.2 456 21.8 281

 Fisher exact test for each age group and age-adjusted Cochran-Mantel-Haenszel ¥ test for all ages.

surface antigen were positive in 36 (1.7%) and 41 (1.9%) of
2165 subjects, respectively; and 1 subject (1/2165, 0.0005%)
was positive for both. The prevalence of anti-HCV antibody
and that of hepatitis B surface antigen did not differ between
men and women. The mean ALT levels in men and women
were (mean = SD) 249 + 13.8 and 20.8 = 11.0 U/L,
respectively; and ALT was significantly higher in men than
in women (P <.001).

3.2. Determination of normal ALT levels in subjects with
a low potential risk for liver injury

Normal ALT levels were determined in subjects with a
low potential risk of liver disease. These subjects met the
following criteria: normal BMI, normal LDL cholesterol,
and normal triglycerides, as described by van der Poorten
et al [20]. Subjects with high systolic blood pressure,
excessive alcohol consumption, and hepatitis B and C
infection were excluded, as defined by Prati et al [21]. For
the 120 men and 215 women in the study population who
met these criteria, the mean ALT levels were 20.2+ 7.4 U/L
(median, 19) and 17.5 £ 7.7 U/L (median, 16), respectively;
and the level was significantly. higher in men than in
women (P <.001).

3.3. Association between the number of metabolic risk
Sactors and ALT levels

The cutoff values of ALT levels for effective screening for
metabolic syndtome were determined based on the associa-
tion between the number of metabolic risk factors found in

2087 subjects who were negative for viral markers for
hepatitis B or C and ALT levels, as shown in Table 2. To
determine the cutoff required to identify people with a risk of
metabolic syndrome, we defined the upper limit of ALT as
that required to exclude subjects with none or 1 of the
3 metabolic risk factors (as described above) with a
specificity of more than 80%. These cutoff levels. were
determined to be 30 and 25 U/L for men and women,
respectively. Using these proposed upper limits, the
sensitivities for identifying subjects with 2 or 3 risk factors
were 32% and 34% in men and women, respectively.

3.4. Prevalence of elevated ALT levels in the study
population without hepatitis B or C

The rates of elevated ALT higher than the upper limits
(30 U/L in men and 25 U/L in women) were 217 (22.7%) of
957 men and 239 (21.2%) of 1130 women. The prevalence
of elevated ALT in women increased from 14.4% at 40 to
49 years old to 23.4% at 50 to 59 years old and to 25.5% at
60 to 69 years old, whereas those in men did not vary as
much with age, with a similar rate of more than 30% at both
40 to 49 and 50 to 59 years old. The rate of elevated ALT was
significantly higher in men than in women in the age groups
of 40 to 49 (P <.01) and 50 to 59 years (P <.05) (Table 3).

3.5 ALT levels in subjects classified by the number of.
metabolic risk factors

The number of subjects with 2 or 3 of the 3 metabolic risk
factors were 441 (21.1%) of 2087 total subjects, 253 (26:4%)

Table 4
ALT levels in subjects classified by the number of metabolic risk factors
Male Female

0 or 1 risk (n = 704) 2 or 3 risk (n = 253) P value® 0 or 1 risk (n = 942) 2 or 3 risk (n = 188) P value®
ALT (UL)
Mean 231 292 <.001 20.0 241 <001
SD 1.3 17.9 9.9 13.4
Median 20 24 18 21
Minimum 6 9 4 8
Maximum 116 122 111 115

# ¢ test (fog-transformed value).
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Table 5
Factors associated with clevated ALT levels in male subjects (clevated ALT, 230)
Normal ALT Elevated ALT Univariate P value Muliivariate test
n =740 n=217 fest OR® 95% CI P value
n (%) n (%) Upper Lower

Age group

40-49 63 (8.5) 29 (13.4) M <,001

50-59 143 (19.3) 68 (31.3)

60-69 251 (339) 72 (33.2)

270 283 (38.2) 48 22.1)
Albumin (g/dL)

Low (<3.7) 2 (.3) 0 0 F 1.000

Middle (3.7-5.5) 738 (99.7) 217 (100.0)

High (>5.5) 0 €0)] 0 (.0)
Antinuclear antibody

Negative 632 (85.4) 183 (84.3) C 696

Positive 108 (14.6) 34 (15.7)
y-GTP (U/L)

Low (<60) 654 (88.4) 118 (54.4) C <,001 1.00

High (=60) 86 (11.6) 99 (45.6) 5.57 3.80 8.16 <001
Cholinesterase (U/L)

Low (<3500) 26 (3.5) 4 (1.8) M 165

Middle (3500-8000) 707 95.5) 210 (96.8)

High (>8000) 7 (&) 3 (14)
Adiponectin (ug/mL)

Mean £ SD 82+42 6.1+3.7 T <.001 0.93 0.88 0.98 010
Total cholesterol (ing/dL)

Low (<150) 51 6.9) 11 5.1 M .005

Middle (150-219) 568 (76.8) 152 (70.0)

High (>219) 121 (16.4) 54 (24.9)
LDL cholesterol (mg/dL)

Low (<70) 29 3.9) 8 (X)) M 015 0.79 0.32 1.95 612

Middle (70-139) 565 (76.4) 148 (68.2) 1.00

High >139) 146 (19.7) 61 (28.1) 1.58 1.06 235 024
HDL. cholesterol (mg/dL)

High (=40) 667 (90.1) 189 (87.1) C .200

Low (<40) 73 9.9 28 (12.9)
Triglyceride (mg/dL)

Low (149} 618 (83.5) 142 (65.4) C <.001

High (2150) 122 (16.5) 75 (34.6)
BMI

Normal (<25) 554 (74.9) 113 (52.1) o <001 1.00

Obese (=225) 186 (25.1) 104 (47.9) 1.85 1.28 2.68 .001
Fasting blood glucose (mg/dL)

Low (<110) 649 87.7) 176 (8L.1) C 013

High (=110) 91 (12.3) 41 (18.9)
Insulin (uU/mL)

Low (<3) 149 (20.1) 16 (74) M <.001

Middle (3<18) 584 (78.9) 194 (89.4)

High (>18) 7 9) 7 3:2)
HOMA-IR

0-1.9 630 (85.1) 138 63.6) M <.001 1.00

2.0-3.9 94 (12.7) 63 (29.0) 1.93 1.25 2.98 .003

>4 16 2.2) 16 (7.4) 2.94 1.26 6.86 013
Blood pressure

Normal 189 (25.5) 61 (28.1) C 449

Hypertension 551 (74.5) 156 (71.9)
Smoking habit

Never 286 (38.6) 87 (40.1) C 469

Current 250 (33.8) 64 (29.5)

Former 204 (27.6) 66 (30.4)
Drinking habit

Never or former 209 (28.2) 54 (24.9) C 333

Current 531 (71.8) 163 75.1)

- 172 —

(continued on next page)



1072
Table 5 (continued)

Author's personal copy

T. Saito et al. / Metabolism Clinical and Experimental 58 (2009) 10671075

Normal ALT Elevated ALT Univariate P value Multivariate test
n=740 n=217 tost OR® 95% Cl P value
n (%) n (%) Upper Lower
Current medication®
No 719 97.2) 215 (99.1) F 132
Yes 21 (2.8) 2 0.9)
C indicatcsy? test,
* Multiple logistic regression analysis. Age group and the variables with P less than .1 on univariate analysis were included in the model.
b Current medication for hypertension, lipid metabolism abnormality, and diabetes was excluded.
Table 6
Factors associated with elevated ALT levels in female subjects (elevated ALT, >25)
Normal ALT Elevated ALT Univariate P value Multivariate test
n =891 n=239 fest OR® 95% CI P value
n % n % Upper Lower
Age group
40-49 107 (12.0) 18 (7.5) M .521 1.00
50-59 219 (24.6) 67 (28.0) 1.51 0.81 2.81 196
60-69 274 (30.8) 94 (39.3) 1.71 0.94 312 L081
>70 291 32.7) 60 (25.1) 1.1l 0.59 2,08 756
Albumin (g/dL)
Low (<3.7) 0 (.0) 0 0 F
Middle (3.7-5.5) 891 (100.0) 239 (100.0)
High (>5.5) 0 .0) 0 0
Antinuclear antibody
Negative 697 (78.2) 191 (79.9) C 572
Positive 194 (21.8) 48 (20.1)
v-GTP (U/L)
Low (<60) 875 (98.2) 198 (82.8) C <.001 1.00
High: (=60) 16 (1.8) 41 (17.2) 11.54 6.12 21.75 <.001
Cholinesterase (U/L)
Low (<3500) 19 @n 2 (.8) M 488
Middle (3500-8000) 848 95.2) 231 (96.7)
High (>8000) 24 @.7 6 2.5)
Adiponectin (ug/mL)
Mean'+ SD 11.5£55 95+55 T <001 0.97 0.93 1.00 047
Total cholesterol (mg/dL)
Low (<150) 23 (2.6) 0 0y M <001
Middle (150-219) 597 (67.0) 137 (57.3)
High (>219) 271 (30.4) 102 4.7
LDL cholesterol (mg/dL)
Low (<70) 11 (t2) 2 8 M <,001
Middle (70-139) 611 (68.6) 136 (56.9)
High (>139) 269 (30.2) 101 42.3)
HDL cholesterol (mg/dL)
High (=40) 857 (96.2) 225 94.1) C 165
Low (<40) 34 (3.8) 14 5.9
Triglyceride (mg/dL)
Low (<149) 794 (89.1) 194 (81.2) C .001
High (=150) 97 (10.9) 45 (18.8)
BMI
Normal (<25) 662 (74.3) 118 81.2) C <.001 1.00
Obese (=25) 229 25.7) 121 (18.8) 2.02 1.43 2.84 <,001
Fasting blood glucose (mg/dL)
Low (<110) 834 (93.6) 199 (83.3) C <001
High (=110) 57 6.4) 40 (16.7)
Insulin’ (uU/mL)
Low {<3) 84 9.4 11 4.6) M .003
Middle (3-18) 801 (89.9) 222 92.9)

- 173 =



