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Table 2 Prevalence of esophagogastric varices in NASH
patients with severe fibrosis

All Bridging Cirrhosis
(n=72) fibrosis (n=47)
(n=25)
Esophageal varices 25 (34.7%) 4 (16.0%) 21 (44.7%)
Variceal form
F1 12 1 ¥
F2 7 (2)t 1 (1)t 6 (1)t
F3 6 (2)t 2 (1)t 4 (1)t
Red color sign 9/5/8/3 1/1/2/0 8/4/6/3
(-/+[A+++)
Gastric varices 9 (12.5%) 0 (0.0%) 9 (19.1%)
Variceal form
F1 1 0 1
F2 3 ()t 0 3 (1)t
F3 5 (1)t 0 5 (1)t
Red color sign 6/3 0/0 6/3
(-1+)
No varices 38 (52.8%) 21 (84.0%) 17 (36.2%)

tNumber of bleeding cases. Data are number of patients
(percentage).
NASH, non-alcoholic steatohepatitis.

61.5 years (P = NS). Among 38 patients without varices,
34 (89.5%) were classified as Child-Pugh class A.
Among 34 patients with varices, 18 patients (52.9%)
were Child-Pugh class A and 15 patients (44.1%)
Child-Pugh dass B. Thus, patients with varices were
more likely to be class B. Transaminases tended to be
lower in patients with varices than in patients without
varices. The median platelet count of the patients
with varices was 9.6 x 10*/mm?, while that of patients
without varices was 17.9 x 10°/mm®. Patients with

Table 3 Comparison of subjects with and without varices
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varices had a significantly lower platelet count than
those without varices (P < 0.0001) (Table 3).

Results of treatment of esophageal varices
in NASH patients

The cumulative recurrence-free probability at 24 months
after endoscopic treatment of esophageal varices was
63.6% in the NASH group, 45.7% in the alcoholic group
and 73.3% in the HCV group (Fig. 1). The cumulative
bleeding-free probability at 24 months was 90.9% in the
NASH group, 78.8% in the alcoholic group and 89.7%
in the HCV group (Fig. 2). The 5-year survival probabil-
ity was 100% in the NASH group, 82.8% in the alco-
holic group and 75.9% in the HCV group (Fig. 3). There
were no significant differences in these rates between the
NASH group and the alcoholic group or between the
NASH group and the HCV group. In the NASH group,
only one patient died of liver failure at 70 months after
treatment of the varices. In the alcoholic group, three
patients each died of liver failure and variceal bleeding.
In the HCV group, 23 patients died of liver failure and
13 patients died of HCC that developed during the
course of follow-up (Table 4).

DISCUSSION

N THE PRESENT study, we determined the incidence

and morphological features of esophagogastric
varices in NASH patients with bridging fibrosis (F3) or
cirthosis (F4). Of 72 NASH patients who were diag-
nosed as having severe fibrosis by liver biopsy, esopha-
gogastric varices were detected in 34 (47.2%) patients,
esophageal varices in 25 (34.7%) patients and gastric
varices in nine (12.5%) patients. Six of these patients
presented with variceal bleeding. Esophagogastric

Varices present Varices absent P-value
(n=34) (n=38)
Male/Female 17/17 18/20 NS
Age (years) 64.5 (39-82) 61.5 (16-89) NS
Child-Pugh dassification (A/B/C) 18/15/1 34/2/2 <0.05
Concomitant HCC 2 5 NS
Liver histology (bridging fibrosis/cirrhosis) 4/30 21/17 <0.05
AST (IU/L) 44.5 (12-132) 52.0 (9-392) NS
ALT (IU/L) 36.0 (9-212) 66.0 (5-740) <0.05
Platelet count (x10*/mm?) 9.6 (3.7-21.9) 17.9 (5.2-45.1) <0.0001

Data are number of patients or median (range). Mann-Whitney U-test.
ALT, alanine aminotransferase; AST, aspartate aminotransferase; HCC, hepatocellular carcinoma; NS, not significant.
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varices were found in four out of 25 (16.0%) patients
who had bridging fibrosis versus 30 out of 47 (63.8%)
patients who had cirthosis. Thus, the rate of esophago-
gastric varices is higher in patients with cirrhosis than in
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Figure 1 Kaplan-Meier analysis of
cumulative recurrence-free curves. The
cumulative recurrence-free probability
at 24 months after endoscopic proce-
dure for the non-alcoholic steatohepa-
titis (NASH) group (63.6%) was not
significantly different from that of the
alcoholic group (45.7%) or the hepati-
tis C virus (HCV) group (73.3%).

those with fibrosis. Development of varices did not cor-
relate with age and gender; no differences were detected
in these variables between 34 patients with varices
and 38 patients without varices. A high percentage of

HCV group (n = 152)

Alcoholic group (n = 67)

Figure 2 Kaplan-Meier analysis of
cumulative bleeding-free curves. The
cumulative bleeding-free probability at
24 months after endoscopic procedure
for the non-alcoholic steatohepatitis
(NASH) group (90.9%) was not signifi-
cantly different from that of the alco-
holic group (78.8%) or the hepatitis C
virus (HCV) group (89.7%).

Alcoholic group (n = 67)

HCV group (n = 152)

Figure 3 Kaplan-Meier analysis of sur-
vival curves. The survival probability
at 5years after endoscopic procedure
for the non-alcoholic steatohepatitis
(NASH) group (100%) was not signifi-
cantly different from that of the alco-
holic group (82.8%) or the hepatitis C
virus (HCV) group (75.9%).
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Table 4 Characteristics and prognosis of NASH, alcoholic and HCV patients with esophageal varices treated by endoscopic

procedures
NASH group Alcoholic group HCV group
(n=11) (n=67) (n=152)
Male/Female 4/7 64/3 82/70
Age (years) 68.0 (45-82) 56.0 (22-72) 62.5 (29-83)
Child-Pugh dassification (A/B) 3/8 25/42 44/108
Variceal form (F1/F2/F3) ¢ 1/4/6 4/40/23 16/88/48
Red color sign (-/+/++/+++) 0/1/7/3 0/14/35/18 2/32/78/40
Endoscopic treatment (ligation/sclerotherapy) 8/3 45/22 91/61
Indication for treatment (prophylaxis/bleeding) 8/3 38/29 125/27
Follow-up period (months) 21.0 (8-70) 28.0 (3-157) 45.5 (3-159)
Mortality 1(9.1%) 8 (11.9%) 46 (30.3%)
Causes of death
Liver failure 1 3 23
HCC 0 1 13
Variceal bleeding 0 3 1
Others, unknown 0 1 9

Data are number of patients (percentage) or median (range).

HCC, hepatocellular carcinoma; HCV, hepatitis C virus; NASH, non-alcoholic steatohepatitis.

patients with varices had cirrhosis, which meant that
they had advanced liver disease on histopathological
examination. The median platelet count of patients with
varices (9.6 x 10*/mm?®) was significantly lower than
that of patients without varices (17.9 x 10*/mm?).
Sanyal et al.*® evaluated 1016 patients with HCV infec-
tion who had advanced fibrosis. They found that 16% of
patients with bridging fibrosis and 39% of those with
cirrhosis had esophageal varices (P < 0.0001), while 2%
of patients with bridging fibrosis and 11% of those with
cirrhosis had medium to large esophageal varices. They
reported that the risk of esophageal varices in such
patients increased along with a decrease of the platelet
count, an increase of bilirubin and a higher interna-
tional normalized ratio (INR), and that the risk of
medium to large varices was negligible in the patients
with platelet counts >150 000/mm?®. We compared the
risk of esophagogastric varices in our NASH patients and
those with HCV infection reported by Sanyal et al.,?®
since the risk of development of esophagogastric varices
(approximately 16%) was similar in the two groups
with bridging fibrosis. Esophagogastric varices occurred
more frequently in our NASH patients who had cirrho-
sis and more than half of these patients had varices
classified as F2 or more severe. More NASH patients had
medium to large varices compared with patients suffer-
ing from HCV-associated cirrhosis. This is because
NASH is characterized by fibrosis around the central
veins that tends to cause portal hypertension. Zaman

et al.”? performed endoscopy in 98 patients to evaluate
their eligibility for liver transplantation, and they found
esophageal varices in 68% of the patients and gastric
varices in 15%. They also reported that a platelet count
of <88 000/mm* was a predictor for the presence of
esophagogastric varices. Levy et al.* detected esophageal
varices in 56 out of 113 patients (49.6%) with primary
biliary cirrhosis and reported that the frequency of
detection by screening endoscopy was 37% when 22
patients with variceal bleeding were excluded. A platelet
count of <140 000/mm* was regarded as an indepen-
dent predictor of esophageal varices.

Considered together, our results indicate that the inci-
dence of esophagogastric varices in NASH patients with
severe fibrosis is equivalent to or higher than that in
patients with advanced fibrosis and cirrhosis caused by
other liver diseases. In addition, NASH patients with
severe fibrosis often developed bleeding. Kaneda et al.*°
reported that high serum hyaluronic acid and low plate-
let count are useful indicators of fibrosis in NASH and
that the platelet count of patients with cirrhosis is
<160 000/mm?, with a median count of 130 000/mm?®.
We suggest that platelet count can be a predictor of
esophagogastric varices in NASH patients and that a
count of <96 000/mm? could be a marker of cirrhosis in
such patients, warranting endoscopy.

In general, the serum alanine aminotransferase (ALT)
level tends to decrease with the progression of liver
fibrosis (in cirthosis). In our patients, the ALT level
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varied widely during follow-up within a wide range
(5-740 IU/L). Although the statistical analysis found
ALT level to be a predictor of varices, we consider that
further investigation including a larger sample is needed
to analyze the reason for this finding.

The therapeutic outcome of endoscopically treated
NASH patients with esophageal varices was compared
with that of patients with alcohol- and HCV-associated
cirthosis. The NASH group included 11 patients, after
excluding one patient with HCC from the 12 patients
who underwent endoscopy. The control groups were the
alcoholic group (67 patients) and the HCV group (152
patients). All patients were Child-Pugh A and B without
HCC at the start of endoscopic treatment. The cumula-
tive recurrence-free probability at 24 months after endo-
scopic treatment of esophageal varices was 63.6% for
the NASH group, 45.7% for the alcoholic group and
73.3% for the HCV group. The cumulative bleeding-free
probability after 24 months was 90.9% for the NASH
group, 78.8% for the alcoholic group and 89.7% for the
HCV group. Thus, the NASH group had better bleeding-
free and recurrence-free probabilities than the alcoholic
group, although the differences were not significant.
Comparable results were noted for the NASH group and
the HCV group. The 5-year survival probability was
100% for the NASH group, 82.8% for the alcoholic
group and 75.9% for the HCV group. The NASH group
showed better survival, although the difference was not
significant. In the alcoholic group, three patients died of
variceal bleeding associated with liver failure. Many
patients with alcoholic cirthosis cannot stop drinking,
which leads to hepatopathy and gastrointestinal
mucosal damage. These events tend to be recurrent and
can readily cause bleeding, resulting in death from
variceal hemorrhage in some cases. The largest number
of deaths from liver failure was noted in the HCV group,
and there were also many deaths due to HCC that
occurred during the course of follow-up. In patients
with HCV-associated cirrhosis, liver failure and HCC are
important prognostic factors. In the NASH group, only
one patient died of liver failure and the prognosis was
better than that of alcoholic cirrhosis or HCV-associated
cirrhosis. A number of reports described NASH patients
who developed HCC, but the risk is considered to be
lower than that for patients with HCV-associated cirrho-
sis. Thus, the main cause of death in NASH patients
seems to be liver failure. In fact, Hui et al.’ reported that
liver failure was the most common cause of morbidity
and mortality in patients with NASH-associated cirrho-
sis. HCC appears to be less common in these patients
than in those with cirrhosis due to hepatitis C. Accord-

© 2008 The Japan Society of Hepatology
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ingly, the prognosis of NASH patients who develop cir-
rhosis appears to be similar to or better than that of
patients with HCV-associated cirrhosis. Sanyal et al.'°
have also reported that compensated cirrhosis due to
NASH is associated with a lower mortality rate than that
due to HCV and that there is also a lower risk of ascites,
hyperbilirubinemia and HCC. HCC can occur in
patients with NASH-related cirrhosis, but the risk is
lower than that reported for patients with cirrhosis due
to hepatitis C. However, cardiovascular mortality is
higher in NASH patients. Although our study included
only a small group of patients and should thus be
considered preliminary in nature, we can recommend
that patients with cirrhosis should be followed up to
monitor the progression of liver disease (function),
development of HCC and other complications. Lifestyle
modification including diet, physical activity and phar-
macological treatment should be the first line and main-
stay of management. NASH should be recognized as a
part of the metabolic syndrome and managed in a mul-
tidisciplinary approach that addresses liver disease in
the context of risk factors for diabetes and premature
cardiovascular disease.

CONCLUSION

N CONCLUSION, 47.2% of our NASH patients who

were diagnosed with severe liver fibrosis had esopha-
gogastric varices. In particular, 63.8% of the patients
with cirrhosis (F4) had esophagogastric varices. More
than half of NASH patients had varices classified as F2 or
more severe. The survival probability of NASH was
better than that associated with alcoholic cirrhosis or
HCV-associated cirrhosis. However, the cumulative
recurrence-free probability and bleeding probability of
NASH were similar to those of alcoholic cirthosis and
HCV-associated cirrhosis. The clinical status and course
of esophagogastric varices in NASH patients do not nec-
essarily improve after endoscopic treatment, compared
with alcoholic cirthosis or HCV-associated cirrhosis.
Therefore, NASH with esophagogastric varices needs to
be followed up carefully, like other chronic liver dis-
eases. We consider that NASH patients with treated
varices will increase in the future and their natural
history need to be defined by long-term follow-up.
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Abstract

We encountered three families that showed NASH accumulation. In family #1, a 21-year-old son and 10-
year-old daughter were diagnosed with nonalcoholic steatohepatitis (NASH). They shared two adiponectin-
gene single nucleotide polymorphisms (SNP). In family #2, a 51-year-old mother and 27-year-old son were
diagnosed with NASH and shared the SNPs of other genes. In family #3, a 66-year-old mother and 34-year-
old son were diagnosed with NASH and shared the SNPs of other genes. SNP sites differed among the three
families, suggesting that the genes associated with the occurrence of NASH might be different in each pa-

tient.
Key words: NASH, SNP, familial aggregation

(Inter Med 47: 405-410, 2008)
(DOI: 10.2169/internalmedicine.47.0476)

Introduction

In lifestyle-related diseases such as type 2 diabetes melli-
tus (DM/) hypertension, accumulation in a family is often
observed (1, 2). Hara et al reported that two single nucleo-
tide polymorphism (SNP) sites, Intron 2 and Exon 2 of the
adiponectin gene, are associated with DM onset and insulin
resistance (3). In addition, SNPs of the PPARY2 gene, cal-
pains 10 (intron polymorphism) gene and adrenergic recep-
tor (Trp64Ayg polymorphism) gene have been reported to
be associated with the onset of DM, suggesting that genetic
background might be associated with DM (4-6). In hyper-
tension, a polymorphism of the angiotensinogen gene (M235
T) is reported to be correlated with serum renin levels and
to related to hypertension (7). It is reported that insertion/de-
ficiency (/D) polymorphisms of the angiotensin-converting
enzyme (ACE) gene are correlated with the serum ACE
level, which is related to cardiovascular disease and essential
hypertension (8). These results suggested that the occurrence
and progression of lifestyle-related diseases are associated
with genetic background as well.

Non-alcoholic fatty liver disease (NAFLD) has recently
been recognized as a leading cause of abnormal liver func-

tion tests. Its spectrum ranges from simple fatty liver, which
is usually a benign and non-progressive condition, to non-
alcoholic steatohepatitis (NASH), which may progress to
cirrhosis (9, 10). Patients with NASH usually have insulin
resistance syndrome as well. In addition, NASH is increas-
ingly being recognized as a major cause of cryptogenic cir-
rhosis and as an indication for liver transplantation. Its etiol-
ogy remains unclear, but most investigators agree that devel-
opment of NASH requires underlying steatosis followed by
a “second hit” that induces inflammation, fibrosis, or necro-
sis (10). As NASH is included in metabolic syndrome, fa-
milial aggregation is suggested (11-13).

Genetic SNPs of the B3 adrenergic receptor gene, micro-
somal triglyceride transfer protein (MTP) gene, MnSOD
gene, and interleukin 1f gene are reported to be associated
with NASH (14, 15). We also demonstrated that SNPs of
the TNF promoter region might be associated with the “sec-
ond hit” of NASH (16). Here, we report three families in
which NASH accumulation was observed, and analyze the
disease course and gene polymorphisms of these patients.

Case Report

Between January 1991 and December 2005, 249 patients
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Table 1. Laboratory Data

Casel Case2 Case3 Cased Case5 Case 6 Unit
T-bil 0.7 1.5 0.3 0.8 0.6 08  (mg/dl)
AST 280 61 43 134 66 30 (un
ALT 504 154 98 292 69 65 aun
y-GTP 54 23 41 184 74 36 (IUN)
T-chol 205 139 256 211 249 186  (mg/dl)
TG 85 79 83 368 246 224 (mg/dl)
Plt 337 245 27.2 19.4 203 209  (10%mm’)
PT% 85.3 82.5 100 89.4 93.8 100 (%)
FBS 99 95 115 91 140 137 (mg/dl)
HbAlc 4.9 4.9 6.2 5.6 8.0 7.3 (%)
IRI 10.5 33 9.1 16.2 16.6 112 (uU/ml)
HOMA-R 2.57 0.77 2.58 3.64 5.74 3.79
HBsAg ) O] () ¢) Q)] Q)]
HCV Ab ) Q] ¢) Q] ) )
DM 8) 8 *) O @ *)
HT O] ) O] ) O] +)
Hyperlipidemia(-) () (+) (+) () (+)

were diagnosed as having biopsy-proven NASH at Tokyo
Women’s Medical University Hospital. Three families were
found to have NASH between siblings or between mother
and child. The diagnosis of NASH was based on the follow-
ing criteria: 1) the presence of steatosis (>10%), lobular in-
flammation, and ballooning, with or without Mallory bodies
and perivenular or pericellular fibrosis; 2) intake of less than
40 g of ethanol per week, as confirmed by physicians and
family members in close contact with the patient; and 3) ap-
propriate exclusion of other liver diseases such as alcoholic
liver disease, viral hepatitis, autoimmune hepatitis, drug-
induced liver disease, primary biliary cirrhosis, primary scle-
rosing cholangitis, biliary obstruction, and metabolic liver
diseases.

Family #1 (Case 1, 10-year-old girl; Case 2, 21-year-old
man)

In the summer of 1999, Case 1, a 10-year-old girl had
eaten ice cream every day and had gained 3 kg of body
weight in one month. Because her mother had type 2 DM, a
parent-and-child medical examination for DM was per-
formed, revealing hepatic dysfunction. Laboratory and
physical data show BMI 21.8 kg/m’, AST 280, ALT 504
(Table 1). Liver biopsy showed steatohepatitis (Stage 1,
Grade 2-3) according to Brunt’s NASH classification (17).
Thus, she was diagnosed with NASH. Diet and exercise
therapy was started, and her serum AST/ALT levels normal-
ized. Her older brother (Case 2) had had mild liver dysfunc-
tion since 1999. His body weight had increased by 5 kg
from 2002 to 2003, and his serum AST/ALT levels were
markedly increased. Laboratory and physical data showed
BMI 23.3 kg/m’, AST 61, and ALT 154 (Table 1). Liver bi-
opsy showed steatohepatitis (Stage 1, Grade 2), and he was
diagnosed with NASH. After diet and exercise therapy, his

serum AST/ALT levels improved to the normal range. We
investigated the lifestyle and food preference by question-
naires. In cases 1 and 2, both liked to eat snacks and ice
cream. Figure 1 shows the family tree of these cases. Their
mother had DM. Both her children (cases 1 and 2) were di-
agnosed with NASH at relatively young ages. In addition,
we investigated 10 SNP sites reported to be associated with
NASH or DM (3, 14-16), and found that both cases shared
two adiponectin-gene SNP sites that have been suggested to
be related to DM (Table 2).

Family #2 (Case 3, 51-year-old woman; Case 4, 27-year-
old man)

Case 3 had been treated for DM from 1990. Around
2000, liver dysfunction was discovered, and she was re-
ferred to our hospital in 2001. Laboratory and physical data
showed BMI 26.4 kg/m’, AST 43, ALT 98 (Table 1). Liver
biopsy showed steatohepatitis (Stage 0-1, Grade 2), and she
was diagnosed with NASH. Figure 2 shows her clinical
course. We recommended diet and exercise therapy, but her
body weight did not decrease. Serum AST/ALT levels in-
creased and decreased in direct proportion to the increase
and decrease in her body weight. In 2004, her serum AST/
ALT levels were markedly increased. A second biopsy was
performed, showing steatohepatitis (Stage 2, Grade 2-3), and
the fibrosis was observed to have progressed during the four
years since diagnosis. Her son (Case 4) had had hepatic dys-
function since his late teens. Serum AST/ALT levels, which
at one time were normalized, had increased again in 2004,
prompting a medical examination at that time. In 2005, his
serum AST/ALT levels were increased to 134/292 when his
body weight increased from 78 kg to 82 kg, as shown in
Fig. 2. Liver biopsy showed steatohepatitis (Stage 1, Grade
3). With his weight loss, liver function improved. In cases 3
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had type 2 diabetes mellitus (DM).

Table 2. SNP Analysis

The family tree of family #1. Cases 1 and 2 were diagnosed with NASH. Their mother

TNF-o. TNF-oo TNF-a TNF-o.  Adipo Adipo IL-18 B3-Ad MTP MnSOD
238 -308 -863 -1031 +45 +276 +511
Casel G/G G/G C/IC T/T GIT G/G T/T TrplArgT/G T/T
Case2 G/G G/G C/A C/T GIT G/G CT Tp/TipG/G C/T
Case3 G/G GIG C/A CT T/T GIG T/T TrplArgG/G C/T
Cased G/G GIG A/A CIC GIT GG CT ArgArgG/G T/T
Case5 G/G GIG C/IC T/T GT TG CT TrgTrgG/IG TIT
Case6 G/G GIG _C/IC_TT T/T TT T/T Trp/ArgG/G T/T

Shaded genotypes indicate those thought to contribute to the occurrence or progression

of NASH or DM.

TNF, tumor necrosis factor
Adipo, adiponectin

IL-1, interleukin-1

B3-Ad, B3-adrenergic receptor

MTP, microsomal triglyceride transfer protein

and 4, there was no common tendency of lifestyle or food
preference. Figure 3 shows the family tree of Cases 3 and 4.
DM and hypertension were found in 3 other relatives. In the
SNP analysis, both cases shared the SNPs of TNF-o. pro-
moter regions -1,031 and -863, which have been suggested
to be related to TNF-o production, and the SNPs of adi-
ponectin gene, the P3-adrenergic receptor and MTP genes,
reportedly related to NASH (Table 2).

Family #3 (Case 5, 34-year-old man; Case 6, 66-year-old
woman)

Case 5 had been obese since primary school age. At age
24, his serum AST/ALT levels were slightly increased and
his body weight had increased to 90 kg (BMI 28.7 kg/m®).
He was diagnosed with DM at age 29. As his control of
DM was poor, medical treatment was started. In 2004, he
was referred for hepatic dysfunction to our hospital. Labora-
tory and physical data showed BMI 33.5 kg/m’, AST 66,
ALT 69 (Table 1). Liver biopsy showed steatohepatitis

(Stage 3, Grade 3). We recommended diet and exercise ther-
apy, after which his serum AST/ALT levels decreased. His
mother (Case 6) had had hypertension from about age 50.
At about age 60, hyperlipemia, hyperuricemia, and fatty
liver were discovered. At age 63, therapy against DM was
started. She was referred to our hospital for continuous he-
patic dysfunction in 2005. Laboratory and physical data
showed BMI 26.6 kg/m®, AST 30, ALT 65 (Table 1). Liver
biopsy showed steatohepatitis (Stage 3, Grade 3). In cases 5
and 6, there was no common tendency of lifestyle or food
preference. Figure 4 shows the family tree of Cases 5 and 6.
DM and arteriosclerotic disease were found in 3 other rela-
tives. In SNP analysis, both cases shared the SNPs of the
MTP and MnSOD genes, which are reportedly related to
NASH (Table 2).
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Figure 2. Clinical courses of cases 3 and 4 as well as the serum AST/ALT levels and body weight
are shown. In case 3, the fibrosis stage progressed for 4 years. BW: body weight (kg).
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Figure 3. The family tree of family #2. Cases 3 and 4 were diagnosed with NASH. The mother of
case 3 and the father of case 4 had type 2 diabetes mellitus (DM).

Discussion

We encountered three families in which NASH occurred
in two siblings, or in both parent and child, similar to other
lifestyle-related diseases. In these families, DM and other
lifestyle-related diseases were frequently observed. The
NASH-associated SNP sites that were found in each family
were different, but all patients had some SNPs that are re-
portedly related to NASH or DM. For example, in family #
1, two SNP sites of adiponectin were shared between sib-
lings, and each patient had other genetic SNPs. In family #

2, both patients shared an adiponectin gene SNP associated
with DM, an economizing genotype of the f3-adrenergic re-
ceptor gene, a genotype of MTP that decreases the release
capacity of very low-density lipoprotein (VLDL), and SNPs
related to high TNF-o production. In family #3, both pa-
tients shared SNPs of the MnSOD gene and MTP gene,
which are associated with oxidative stress. It was not con-
firmed whether these SNPs actually contributed to the oc-
currence and progression of NASH in our patients. For ex-
ample, case 2 did not show insulin resistance, raising suspi-
cion as to whether the adiponectin gene contributed to the
pathogenesis of NASH in this case. The biological function
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Figure 4. The family tree of family #3. Cases 5 and 6 were diagnosed with NASH. The mother
and brothers of case 6 had type 2 diabetes mellitus (DM) or atherosclerotic diseases.

of adiponectin has been associated with not only insulin re-
sistance, but also anti-inflammatory and anti-liver fibrosis,
and it has been demonstrated that adiponectin is associated
with the occurrence and progression of NASH (18, 19). In
addition, Hara et al reported that adiponectin SNP might in-
fluence the production of adiponectin (3). These data sug-
gest that adiponectin and these SNPs are associated with
NASH. Among the SNPs which are reported to be related to
the pathogenesis and progression of NASH, only adi-
ponectin SNPs were shared in Cases 1 and 2. Therefore, we
suggest that adiponectin SNPs are associated with NASH. In
the future, SNP analysis and investigation of lifestyles in
other family members who have not developed NASH will
clarify which factors are more important.

Abdelmalek et al reported that NAFLD patients were
more likely to have DM and that insulin resistance and DM
occurred frequently in their first-degree relatives. In addi-
tion, a trend toward insulin resistance was noted in the
mothers, but not the fathers, of patients with NAFLD (11).
In our three families, all mothers had DM and/or NASH. In
addition, in families #2 and #3, the grandmothers had DM
or atherosclerotic diseases. Yatsuji et al reported that DM
was more prevalent in older female NASH patients and sug-
gested the possibility that female NASH patients might have
stronger genetic factors (20). At any rate, it is necessary to
pay close attention to children of mothers with DM or
NASH.

Familial aggregation has been reported for DM, insulin

resistance, and arteriosclerotic diseases (1, 2, 11). Here, in
three family members, DM, HT, and arteriosclerotic diseases
were frequently observed. These data support the hypothesis
that NASH is associated with genetic background of these
diseases and is part of the metabolic syndrome (12).

Case 5 was at stage 3 in young adulthood. In addition,
the fibrosis of Case 3 progressed in the four years after di-
agnosis. Genetic background and similar eating habits or
lifestyles might accelerate the progress of NASH. Consider-
ing the rapid progression of NASH in these patients, in ad-
dition to their family histories, amelioration of living habits
and pharmacotherapy should be started from a young age.

Even when NASH patients had a genetic background for
the disease, their liver function improved when body weight
was controlled. These results suggested that adiposis based
on living habits is the origin of NASH. We investigated the
lifestyle and food preference by questionnaires. In cases 1
and 2, both liked to eat snacks and ice cream. In cases 3
and 4, there was no common tendency of lifestyle or food
preference. Cases 5 and 6 also showed no common ten-
dency. More detailed investigations will be necessary, be-
cause the possibility could not be denied that a similar life-
style might be the cause of NASH among members of the
same family. As overeating is encouraged in contemporary
society, it is believed that the incidence of NASH will in-
crease in the future. It is also recommended for the entire
family of a NASH patient to undergo medical examinations.
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Abstract

Nonalcoholic fatty liver disease (NAFLD) and chronic kidney disease (CKD) share common features. Both are associated with visceral
obesity, type 2 diabetes mellitus, metabolic syndrome, and insulin resistance. However, the relationship between NAFLD and CKD is poorly
understood. We examined the prevalence of and risk factors for CKD in patients with NAFLD. We analyzed 174 Japanese patients with liver
biopsy—proven NAFLD using a cross-sectional design. Chronic kidney disease was defined as estimated glomerular filtration rate less than
60 mL/min per 1.73 m? and/or overt proteinuria. Of 174 NAFLD patients, 92 (53%) exhibited histologic characteristics of nonalcoholic
steatohepatitis (NASH), the progressive form of NAFLD; and 82 (47%) had non-NASH NAFLD. Chronic kidney disease was present in 24
(14%) of 174 NAFLD patients. The prevalence of CKD was significantly higher in NASH patients (19 of 92; 21%) than non-NASH patients
(5 of 82; 6%). The presence of CKD was associated with a higher body mass index and the presence of hypertension and NASH. Our results
demonstrated a high prevalence of CKD among patients with NASH.

© 2010 Elsevier Inc. All rights reserved.

1. Introduction

Nonalcoholic fatty liver disease (NAFLD) is one of the
most common causes of chronic liver disease. The incidence
of NAFLD continues to increase, and the prevalence of
NAFLD ranges from 17% to 33% in the general population
of Western countries [1]. The spectrum of NAFLD ranges
from a relatively benign accumulation of lipid (simple
steatosis) to progressive nonalcoholic steatohepatitis
(NASH) associated with fibrosis, necrosis, and inflammation
[2-4]. Nonalcoholic steatohepatitis can progress to cirrhosis
and hepatocellular carcinoma.

Chronic kidney disease (CKD) encompasses a spectrum
of different processes associated with abnormal kidney

* Corresponding author. Tel.: +81 75 251 5519; fax: +81 75 251 0710.
E-mail address: yasuik@koto.kpu-m.ac.jp (K. Yasui).

0026-0495/% — see front matter © 2010 Elsevier Inc. All rights reserved.
doi:10.1016/j.metabol.2010.07.022

function and a progressive decline in glomerular filtration
rate (GFR). The prevalence of CKD in American adults was
estimated to be 11% (19.2 million) [5]. Chronic kidney
disease is increasingly recognized as a major risk factor for
not only end-stage renal failure but also cardiovascular
disease [6,7].

Nonalcoholic fatty liver disease and CKD share some
common - features, including visceral obesity, type 2
diabetes mellitus, hypertension, and metabolic syndrome
[8-11]. Both diseases are also linked to an increased risk of
cardiovascular disease [6,7,11]. Common factors underly-
ing the pathogenesis of NAFLD and CKD include insulin
resistance, oxidative stress, activation of the renin-angio-
tensin system, and inappropriate secretion of inflammatory
cytokines [12,13]. However, the relationship between
NAFLD and CKD is poorly understood; and the
prevalence of and risk factors for CKD in patients with
NAFLD remain unknown.
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Whereas laboratory test abnormalities and ultrasound or
radiographic findings may be suggestive of NAFLD,
histologic evaluation remains the only means of accurately
assessing the degree of steatosis and the distinct necroin-
flammatory lesions and fibrosis of NASH; and it remains the
only means of distinguishing NASH from simple steatosis
[14]. In the present study, we therefore examined the
association between liver biopsy—proven NAFLD and CKD
using a cross-sectional design; and we investigated the risk
factors associated with CKD in patients with NAFLD.

2. Methods
2.1. Patients

The study included a total of 174 Japanese patients with
NAFLD who underwent liver biopsy between 2001 and
2009 at the Hospital of Kyoto Prefectural University of
Medicine (Kyoto, Japan) and Nara City Hospital (Nara,
Japan). The diagnosis of NAFLD was based on a liver
biopsy showing steatosis in more than 5% of hepatocytes,
along with exclusion of liver diseases of other etiology.
Patients had to be older than 18 years. Exclusion criteria
were as follows: patients consuming more than 20 g of
alcohol per day; positive for hepatitis B virus surface
antigen; positive for anti—hepatitis C virus antibody; other
types of liver diseases, including primary biliary cirrhosis,
autoimmune hepatitis, Wilson disease, or hemochromatosis;
treated with drugs known to produce hepatic steatosis,
including corticosteroids, high-dose estrogen, methotrexate,
or amiodarone within 6 months of enrollment; and a history
of gastrointestinal bypass surgery.

The Ethics Committees of the Kyoto Prefectural Univer-
sity of Medicine and Nara City Hospital approved this study.
Informed consent was obtained from each patient in
accordance with the Declaration of Helsinki.

2.2. Clinical assessment and laboratory tests

Body mass index (BMI) was calculated using the
following formula: weight in kilograms/(height in meters)>.
Obesity was defined as a BMI of at least 25 according to
the criteria of the Japan Society for the Study of Obesity
[15]. Diabetes was defined as a fasting plasma glucose
concentration of at least 126 mg/dL or a 2-hour plasma
glucose concentration of at least 200 mg/dL during an oral
glucose (75 g) tolerance test or the use of insulin or oral
hypoglycemic agents to control blood glucose [16,17].
Hypertension was defined as a systolic blood pressure of at
least 130 mm Hg, a diastolic blood pressure of at least 85
mm Hg, or the use of antihypertensive agents [18].
Dyslipidemia was defined as serum concentrations of
triglycerides of at least 150 mg/dL or high-density
lipoprotein (HDL) cholesterol less than 40 mg/dL and
less than 50 mg/dL for men and women, respectively, or
the use of specific medication [18].

Venous blood samples were taken in the mormning after
a 12-hour overnight fast. The laboratory evaluation
included a blood cell count and the measurement of
serum aspartate aminotransferase (AST), alanine amino-
transferase (ALT), 7y-glutamyl transpeptidase (y-GTP),
albumin, creatinine, total cholesterol, HDL cholesterol,
triglyceride, and fasting plasma glucose. These parameters
were measured using standard clinical chemistry techni-
ques. Proteinuria was detected by dipstick examination.
These clinical and laboratory data were collected at the
time of liver biopsy.

Kidney function was estimated using the Japanese equation,
which defines the estimated glomerular filtration rate (¢€GFR) as
follows: eGFR = 194 x (serum creatinine” %) x (age ") x
0.739 (if female) [19]. Chronic kidney disease was defined as
eGFR less than 60 mL/min per 1.73 m® and/or overt
proteinuria [20]. Both of these outcome measures had to be
confirmed in a least 2 consecutive tests. Stage of CKD was
defined according to the criteria proposed by the National
Kidney Foundation [21].

2.3. Histopathologic examination

Liver biopsy specimens were obtained percutaneously
from all patients for diagnostic purposes. The specimens
were fixed in formalin, embedded in paraffin, and stained
with hematoxylin and eosin, with Masson trichrome, and by
silver impregnation. The sections were analyzed by
experienced hepatopathologists (TO and YS) who were
blinded to the laboratory parameters and clinical data.
Patients with biopsy-established NAFLD were categorized
as NASH or non-NASH [2,22]. Nonalcoholic steatohepa-
titis was defined as steatosis with lobular inflammation,
hepatocellular ballooning, and Mallory hyaline (Mallory
body) or fibrosis [2,14,23,24]. Patients whose liver biopsy
specimens showed simple steatosis or steatosis with
nonspecific inflammation were identified as having non-
NASH NAFLD. The degree of fibrosis in NASH was
evaluated and scored according to the criteria proposed by
Brunt et al [24].

2.4. Statistical analysis

Results are presented as numbers with percentages in
parenthesis for qualitative data or as the medians and
ranges for quantitative data. Univariate comparisons were
made using a > test for qualitative factors or a Mann-
Whitney U test on ranks for quantitative factors with
nonequal variance. Logistic regression analysis was used
for multivariate analysis. P values < .05 from 2-sided tests
were considered to be significant. Variables that achieved
statistical significance on univariate analysis were entered
into multiple logistic regression analysis to identify
significant independent factors. All statistical analyses
were performed using SPSS 15.0 software (SPSS,
Chicago, IL).
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Table 1
Patient characteristics
Characteristic Total (n = 174) NASH (n = 92) Non-NASH (n = 82) P
Age (¥) 54 (18-78) 62 (24-78) 49 (18-78) <.001
Sex .009

Male 102 (59%) 45 (49%) 57 (70%)

Female 72 (41%) 47 (51%) 25 (30%)
BMI (kg/m?) 26.2 (18.6-43.4) 26.5 (19.1-39.4) 25.2 (18.6-43.4) .02
Obesity 106 (61%) 61 (66%) 45 (55%) .16
Diabetes 53 (31%) 33 (36%) 20 (24%) .14
Dyslipidemia 84 (48%) 44 (48%) 40 (49%) 1.00
Hypertension 59 (34%) 39 (42%) 20 (24%) .02
Platelet count (x10%/uL) 21.8 (4.6-37.3) 18.9 (4.6-35.1) 24.2 (12.3-37.3) <.001
AST (IUL) 49 (10-447) 61 (10-447) 39 (16-151) <.001
ALT (TUL) 77 (12-358) 79 (16-316) 75 (12-358) .14
v-GTP (IU/L) 73 (19-1681) 76 (19-1681) 69 (19-568) .59
Albumin (g/dL) 4.6 (2.9-5.5) 4.5(29-52) 4.8 (4.0-5.5) <.001
Fasting glucose (mg/dL) 102 (65-452) 103 (65-452) 99 (76-333) 17
Total cholesterol (mg/dL) 202 (52-344) 192 (52-288) 217 (99-344) 003
HDL cholesterol (mg/dL) 47 (25-79) 46 (25-79) 49 (35-77) 12
Triglyceride (mg/dL) 136 (35-1454) 131 (42-1454) 139 (35-410) .56
eGFR (mL/[min 1.73 m?]) 82.3 (46.5-161.8) 82.1 (46.5-161.8) 82.7 (53.8-137.9) 18
Proteinuria 17 (10%) 12 (13%) 5 (6%) .14
CKD 24 (14%) 19 (21%) 5 (6%) .007
Stage® .07

1 7 (4%) 6 (7%) 1 (1%)

2 9 (5%) 5 (5%) 4 (5%)

3 8 (5%) 8 (9%) 0 (0%)

4 0 (0%) 0 (0%) 0 (0%)

5 0 (0%) 0(0%) 0 (0%)

Values are median (range) or number (percentage). Where no other unit is specified, values refer to number of patients. All patients were of Japanese ethnicity.

® According to Levey et al [20].

3. Results

The characteristics of the 174 NAFLD patients included
in the study are summarized in Table 1. Of these 174
NAFLD patients, 92 (53%) exhibited histologic character-
istics of NASH; and 82 (47%) had non-NASH NAFLD. Five
patients had liver cirrhosis (fibrosis stage 4). Patients with
NASH, as compared with patients with non-NASH NAFLD,
were significantly older, were more often female, had a
higher BMI, more often had hypertension, had a higher AST,
and had lower platelet count, albumin, and total cholesterol
(Table 1).

Chronic kidney disease was present in 24 patients (14%),
including 7 (4%) with stage 1, 9 (5%) with stage 2, and
8 (5%) with stage 3. The prevalence of CKD was
significantly higher in patients with NASH (19 of 92;
21%) than in those with non-NASH NAFLD (5 of 82; 6%)
(Table 1). Patients with NASH tended to have a more
advanced stage of CKD than patients with non-NASH
NAFLD, although the difference was not statistically
significant (Table 1).

We evaluated the relationship between eGFR values and
the histologic severity of NASH (fibrosis stage). The median
(range) of eGFR values in NASH patients with fibrosis stage
1 (n=237),2 (=24),3 (n=26),and 4 (n=35) was 794
(46.5-122.8), 82.2 (57.0-161.8), 83.8 (48.4-144.1), and 85.0

(66.5-97.6) mL/min per 1.73 m?, respectively. The correla-
tion between eGFR values and the fibrosis stage was not
significant (P = .47).

Univariate correlations between variables and CKD are
shown in Table 2. The presence of CKD was associated with
a higher BMI and the presence of hypertension and NASH;
but it was not associated with age, sex, the presence of
diabetes or dyslipidemia, or levels of AST, ALT, or y-GTP.
Multivariate analysis revealed that the presence of hyper-
tension correlated independently with the presence of CKD
(Table 3).

Table 2

Univariate analysis of factors associated with CKD in NAFLD patients
Factor No CKD (n = 150) CKD (n = 24) P
Age (y) 55 (18-78) 54 (31-78) 19
Male 89 (59%) 13 (54%) .66
BMI (kg/m?) 25.6 (18.6-43.4) 28.3 (21.1-35.1) .003
Diabetes 42 (28%) 11 (46%) .10
Dyslipidemia 72 (48%) 12 (50%) 1.00
Hypertension 43 (29%) 16 (67%) .001
AST (IUL) 50 (10-210) 45 (21-447) .82
ALT (IU/L) 78 (12-358) 65 (18-254) 45
v-GTP (IU/L) 77 (19-568) 72 (29-1681) .87
NASH 73 (49%) 19 (79%) .007

Values are median (range) or number (percentage). Where no other unit is
specified, values refer to number of patients.
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Table 3
Multivariate analysis of factors independently associated with CKD in
NAFLD patients

Factor Odds ratio 95% Confidence interval P
BMI (kg/m?) 1.09 0.98-1.21 A1
Hypertension 3.90 1.42-10.71 .008
NASH 2.46 0.82-7.42 11

Data are from a total of 174 patients.

4. Discussion

Our results demonstrated a high prevalence (21%) of
CKD among patients with NASH. The prevalence of CKD
was significantly higher in NASH than in non-NASH
NAFLD.

It is important to identify factors that increase the risk for
CKD, even in individuals with normal GFR. In general,
known risk factors include hypertension, diabetes, autoim-
mune disease, older age, African ancestry, a family history of
renal disease, a previous episode of acute renal failure, or
structural abnormalities of the urinary tract [25]. Our results
showed that the risk factors associated with CKD in NAFLD
patients include obesity (higher BMI), hypertension, and
NASH. In particular, hypertension was an independent risk
factor for CKD.

Nonalcoholic fatty liver disease is closely associated with
obesity, hypertension, dyslipidemia, and type 2 diabetes
mellitus, which are all features of the metabolic syndrome.
This strongly supports the idea that NAFLD is the hepatic
manifestation of the metabolic syndrome [8]. The presence
of insulin resistance is recognized as the pathophysiologic
hallmark of NAFLD. A recent study show that NAFLD is
more prevalent in nondipper hypertensive patients than
dipper hypertensive patients, and a high prevalence of
NAFLD is associated with insulin resistance and low
adiponectin in the nondippers [26]. Similarly, growing
evidence suggests that the metabolic syndrome is an
important factor in the pathogenesis of CKD [27]; and
there is a positive relationship between insulin resistance and
CKD [10].

Relatively few studies have evaluated NAFLD and the
risk of CKD. Recent studies found that NAFLD is
associated with an increasing incidence of CKD in type
2 diabetes mellitus patients [28] and in nonhypertensive
and nondiabetic Korean men [29]. Although these findings
are important, their interpretation is limited by the fact that
the diagnosis of NAFLD was based on liver ultrasound
imaging. Whereas ultrasound is the commonly used for
diagnosing NAFLD in clinical practice, it cannot distin-
guish NASH from simple steatosis. Histologic evaluation
remains the only means of diagnosing NASH. To our
knowledge, our current study is the first to assess the
association between NASH and CKD.

A recent report showed a positive relationship between
microalbuminuria and liver fibrosis in nondiabetic patients
with NAFLD [30]. In this study, however, we did not find an

association between eGFR values and the degree of liver
fibrosis in NASH patients. The association of liver fibrosis
with low eGFR or proteinuria remains to be verified in future
prospective studies using a larger number of samples.

The underlying mechanisms by which NASH increases
the risk for CKD remain to be elucidated. It may simply
reflect the coexistence of underlying known risk factors.
Alternatively, NASH may be a stimulus for further increases
in whole-body insulin resistance, leading to the development
of CKD. Another possible underlying mechanism is
increased oxidative stress and chronic subclinical inflamma-
tion. The possible mediators linking NASH and CKD
include reactive oxygen species, tumor necrosis factor—a,
and other proinflammatory cytokines [11,31].

Certain limitations should be considered in the interpre-
tation of our findings. First, the cross-sectional study design
hinders the ability to draw inferences regarding causality
between NASH and CKD. Second, an eGFR was used
rather than more precise measures to identify and classify
kidney disease. However, equations that estimate GFR for
the evaluation of renal function are recommended for
epidemiological studies and for clinical practice [20]. Third,
the dipstick urinalysis has a lower sensitivity and specificity
in the diagnosis of proteinuria than 24-hour urine collection
or measurement of the albumin-to-creatinine ratio in a
random spot collection. Nevertheless, in most cases,
screening with urine dipsticks is considered acceptable for
detecting proteinuria [21]. Fourth, this was a hospital-based
study and therefore may be influenced by selection bias.
Finally, the study did not include a control group of
nonsteatotic subjects.

In summary, this study shows that it is important to assess
the risk of CKD in NASH/NAFLD patients. In addition, our
findings suggest that preventing and treating obesity,
hypertension, and NASH may help prevent NAFLD patients
from developing CKD. Moreover, our results suggest that a
higher BMI and the presence of hypertension and NASH are
associated with an increasing prevalence of CKD in NALFD
patients. Further prospective studies are warranted to
establish the causal relationship between NASH and CKD.
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Abstract

Background Hyperlipidemia, insulin resistance, and oxi-
dative stress can heavily contribute to the initiation and
progression of nonalcoholic fatty liver disease (NAFLD).
Currently, there is no established treatment for this disease.
Recently, several studies have shown that ezetimibe (EZ), a
lipid-lowering drug, attenuates liver steatosis in an exper-
imental NAFLD model. This study was designed to assess
the efficacy of long-term EZ monotherapy in patients with
NAFLD.

Methods A total of 45 patients with newly diagnosed liver
biopsy-proven NAFLD were treated with EZ (10 mg/day)
for 24 months. NAFLD-related biochemical parameters,
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imaging by computerized tomography, and liver biopsy
were studied before and after treatment.

Results Ezetimibe therapy significantly improved NA-
FLD-related metabolic parameters including visceral fat
area, fasting insulin, homeostasis model assessment of
insulin resistance (HOMA-R), triglycerides, total choles-
terol, low-density lipoprotein cholesterol (LDL-Ch), oxi-
dative-LDL, the net electronegative charge modified-LDL,
profiles of lipoprotein particle size and fatty acids com-
ponent, and estimated desaturase activity. EZ therapy also
significantly lowered serum alanine aminotransferase and
high-sensitivity C-reactive protein levels, whereas no
significant changes were found in serum type IV collagen
7S, adiponectin, leptin, and resistin levels. Histological
features of steatosis grade (P = 0.0003), necroinflamma-
tory grade (P = 0.0456), ballooning score (P = 0.0253),
and NAFLD activity score (NAS) (P = 0.0007) were
significantly improved from baseline. However, the fibrosis
stage was not significantly (P = 0.6547) changed.
Conclusion The results in this study suggest that the long-
term EZ therapy can lead to improvement in metabolic,
biochemical, and histological abnormalities of NAFLD.
Therefore, EZ may be a promising agent for treatment of
NAFLD.

Keywords Ezetimibe - NAFLD - Insulin resistance -
Lipid metabolism - Fatty acid metabolism

Introduction

Nonalcoholic fatty liver disease (NAFLD) is one of the
most common causes of chronic liver injury in the world
[1-3]. NAFLD is a metabolic condition which encom-
passes a wide spectrum of liver disease ranging from
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simple steatosis to nonalcoholic steatohepatitis (NASH).
Although the exact intricacies of the molecular and cellular
mechanisms responsible for progression from simple ste-
atosis to NASH have not been fully elucidated, hyperlip-
idemia, insulin resistance, and oxidative stress are major
contributors to the initiation and progression of NAFLD
[4-6]. A two-hit hypothesis has been proposed, whereby
steatosis (first hit) sensitizes the liver to a variety of meta-
bolic injuries (second hit) that lead to necrosis, inflamma-
tion, and fibrosis [6]. Several investigators have suggested
that NASH is the hepatic manifestation of the metabolic
syndrome [2-7]. While there are few proven beneficial
therapies for NASH, its association with insulin resistance
has provided the rationale for evaluation of medical ther-
apies that increase insulin sensitivity. Indeed, several pilot
studies have shown that treatment with the biguanides and
the thiazolidinediones, two classes of insulin-sensitizing
drugs, can lead to improvements in biochemical and his-
tological features of NASH [8-16].

Ezetimibe (EZ) is a useful lipid-lowering agent that
inhibits the absorption of dietary and biliary cholesterol by
selectively binding to the intestinal cholesterol transporter
Niemann-Pick C1-like 1 [17, 18]. Several recent studies in
an experimental NAFLD model have shown that EZ
monotherapy not only protects against diet-induced
hyperlipidemia, but also attenuates liver steatosis in an
experimental NAFLD model [19-21].

In the present study, we investigated the efficacy of
long-term EZ monotherapy in patients with NAFLD.

Patients and methods
Patients

The study protocol was approved by the ethical committee
of Saiseikai Suita Hospital and the Kyoto Prefectural
University of Medicine, and informed consent was
obtained from all subjects prior to enrollment in the study.
A total of 45 patients who had been newly diagnosed
histologically as having NAFLD at Saiseikai Suita Hospital
and Kyoto Prefectural University Hospital between 2007
and 2009 were evaluated in this study.

All liver biopsy specimens were examined by two expe-
rienced pathologists blinded to the patients’ clinical or lab-
oratory data or liver biopsy sequence. Histological features
of samples were interpreted as outlined by Brunt et al. [22].
The stage of fibrosis was classified as follows: stage 0 = no
fibrosis, stage 1 = zone 3 predominant pericellular fibrosis,
stage 2 = zone 3 fibrosis plus periportal fibrosis, stage
3 = bridging fibrosis, stage 4 = cirrhosis. Necroinflam-
mation was graded O (absent) to 3 (1, occasional ballooned
hepatocytes and no or very mild inflammation; 2, ballooning
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of hepatocytes and mild-to-moderate portal inflammation; 3,
intra-acinar inflammation and portal inflammation). The
grade of steatosis was defined as mild (<33%), moderate
(34-65%), and advanced (>66%). The NAFLD activity
score (NAS) was calculated as the unweighted sum of the
scores for steatosis (0-3), lobular inflammation (0-3), and
ballooning (0-2) as reported by Kleiner et al. [23], and as
shown in Table 1 was used to classify NAFLD into “not
NASH” (NAS <2), “borderline NASH” (NAS = 3—4), and
“definite NASH” (NAS >5).

Prior to evaluation of liver histology we excluded patients
with an alcohol intake exceeding 20 g/day and those who
reported any sign, symptom, and/or history of known liver
disease including viral, genetic, autoimmune, and
drug-induced liver disease, previous use of anti-diabetic
medication including insulin-sensitizing agents such as
metformin and pioglitazone. All patients received EZ
(10 mg/day) for 24 months.

Estimation of energy and nutrient intake
All patients were asked to adhere to a dietary plan tailored
to their energy requirements and metabolic control by a

registered dietitian and/or physician, using the current
Japan Diabetes Society recommendations. The patients

Table 1 Baseline anthropometrics and demographics

Male/female 24/21
Age (years) 50.2 £ 94
Body mass index (kg/m?) 26.9 +323
Waist circumference (cm) 923 +£5.7
Visceral fat area (cm?) 155.9 + 38.9
Subcutaneous fat area (cm?) 1709 £ 51.3
Obesity* (%) 41 (91.1)
Hyperlipidemia® (%) 45 (100)
Hypertension® (%) 23 (48.9)
75 g oral glucose tolerance test

NGT (normal glucose tolerance; %) 7 (15.6)

IGT (impaired glucose tolerance; %) 28 (62.2)

Diabetes (%) 10 (22.2)
NAFLD activity score (NAS)

NAS <2 4 (11.1)

NAS 34 3 (8.9)

NAS >5 38 (80.0)

NAFLD nonalcoholic fatty liver disease

* Obesity was defined as a body mass index of >25.1

® Hyperlipidemia diagnosed if serum total cholesterol level was
2220 mg/dl and/or serum triglyceride level was >160 mg/dl on at
least two occasions

¢ Hypertension was diagnosed if the patient was taking antihyper-

tensive medication and/or had a resting recumbent blood pressure
>140/90 mmHg on at least two occasions
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recorded their daily dietary intake in a diary by using the
calorie and lipid list in the Japan Diabetes Society rec-
ommendations guidebook. The dietary diary was collected
every month, and the results were reported back to the
subjects the following month. In addition, daily activity
and physical condition were recorded every month using a
checklist; and depending on the report, the physician
checked the patient’s condition and provided appropriate
advice.

Clinical and laboratory investigations

The intra-abdominal visceral (VSA) and subcutaneous fat
areas (SFA) were determined at the umbilical level by a
computed tomography (CT) scanning technique (TSX-
012A, X-Vigor, Toshiba Co. Ltd, Tokyo, Japan) using a
method described previously [24].

Blood samples were obtained in the morning after an
overnight fast. Plasma glucose (PG) was measured by the
glucose oxidase method and HbAlc was determined by
high-performance liquid chromatography (HPLC: Arkray
Inc., Kyoto, Japan). Plasma insulin immunoreactive insulin
(IRI) concentrations were measured by an immunoradio-
metric assay (Insulin-RIAbead II, Abbott, Japan). The
homeostasis model assessment of insulin resistance
(HOMA-R) was calculated from fasting insulin and plasma
glucose levels by the following equation: HOMA-R =
fasting IRI (uU/ml) x fasting PG (mg/dl)/405. Serum
aspartate aminotransferase (AST), alanine aminotransferase
(ALT), total cholesterol (T-Ch), high-density lipoprotein
cholesterol (HDL-Ch), low-density lipoprotein cholesterol
(LDL-Ch), and triglyceride (TG) were measured by enzy-
matic methods using a chemical autoanalyzer (Hitachi Co.,
Tokyo, Japan). Serum type IV collagen 7S was measured by
a radioimmunoassay kit (Mitsubishi Chemical Group,
Tokyo, Japan). Serum high-sensitivity C-reactive protein
(hs-CRP) was measured by nephelometry using a latex
particle-enhanced immunoassay (Dade Behering, Tokyo,
Japan). Serum oxidized LDL (oxLDL) was measured by an
enzyme-linked immunoassay (ELISA) kit (Kyowa Medex
Co., Ltd., Tokyo, Japan). The net electronegative charge
modified-LDL (emLDL) was analyzed by using an agarose
gel electrophoresis lipoprotein fraction system, according
to the manufacturer’s instructions (Chol/Trig Combo
System™; Helena Labs, Saitama, Japan). The percentage
frequency of emLDL was calculated on a computer from
the migration distance (b) of the LDL fraction in the
test samples and the migration distance (a) of normal con-
trol sera according to the following formula: emLDL
density = [b — a/a] x 100% .

Serum lipoproteins were also analyzed by an HPLC
system according to the procedure described by Okazaki
et al. [25], while lipoprotein particle size was determined

based on individual elution times that corresponded to
peaks on the chromatographic pattern of cholesterol frac-
tions. In this study, we defined 3 VLDL, 4 LDL, and 5
HDL subclasses according to lipoprotein particle size,
expressed as diameter.

Analysis of fatty acid composition in plasma cholesterol
esters (CEs) was as follows: total lipid was extracted from
plasma by using the method of Bligh and Dyer [26], followed
by separation of the CEs by thin-layer chromatography using
silica gel plates (Silica Gel 60, Merck, Darmstadt, Germany)
and a solvent system of petroleum ether/ethyl ether/acetic
acid (80:20:1, v/v/v). The spot corresponding to CEs was
scraped from the plate and transmethylated with 2 ml of
acetyl chloride/methanol (5:50, v/v) at 90°C for 2 h. Hepta-
decanoic acid (17:0) was used as an internal standard. Fatty
acid methyl esters were quantified by using a model GC14A
gas chromatograph (Shimadzu, Kyoto, Japan) equipped with
a 25-m x 0.5-mm capillary column (HR-SS-10, Shinwa
Chemical Industries, Ltd., Kyoto, Japan). Desaturase and
elongase activities were estimated as the ratio product to the
precursor of individual fatty acids in plasma CEs according
to the following: D9-16D = 16:1n-7/16:1, D9-18D = 18:
1n-9/18:1, D6D = 18:3n-6/18:2n-6, and D5D = 20:4n-6/
20:3n-6.

Statistical analysis

All statistical analyses were performed using Statview ver-
sion 5.0 (Abacus Concepts, Berkeley, CA, USA). Data were
summarized by frequencies and percentages for categorical
variables, and means =+ SD for continuous variables. Com-
parison of pre- and posttreatment of EZ data was carried out
using nonparametric Wilcoxon signed rank test. A P value
less than 0.05 was considered statistically significant.

Results

Effect of ezetimibe on clinical and laboratory
parameters

Compared to baseline, VFA level reduced significantly
from 155.9 + 38.9 to 146.5 + 34.8 (P < 0.05) at the end
of the study (Table 2). There were no significant changes in
body mass index (BMI), waist circumference, and SFA at
the end of the study. '

Mean ALT level decreased significantly by the end of the
study from 62 + 25 to 49 + 23 (P < 0.01), whereas the
AST level did not. The mean level of fasting insulin level
and HOMA-R decreased significantly (both P < 0.05),
although mean HbAIc and fasting glucose levels remained
unchanged at the end of the study. Regarding lipid metab-
olism, the mean levels of TG, T-Ch, LDL-Ch, oxLDL, and
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