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Figure 3. Effects of exendin-4 (Ex-4) on hepatic long-chain saturated fatty acids (SFAs). (A) Palmitic acid, (B) stearic acid, (C) arachidic acid, (D) behenic acid,
and (E) lignoceric acid. P<0.05 was considered statistically significant. Control (CON), not significant (N.S.).
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Figure 4. Effects of exendin-4 (Ex-4) on hepatic n-6 polyunsaturated fatty acids (PUFAs). (A) Linoleic acid, (B) y-linolenic acid, (C) dihomo y-linolenic acid,
(D) arachidonic acid, and (E) A-5-desaturase index. P<0.05 was considered statistically significant. Control (CON), not significant (N.S.).
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Figure 5. A scheme for exendin-4 (Ex-4)-caused alterations in lipid
metabolism. Ex-4 may inhibit A-5-desaturase activity, resulting in ara-
chidonic acid production and subsequent pro-inflammatory eicosanoids.
Inhibition of A-5-desaturase activity also increases the hepatic content of
dihomo vy-linolenic acid and subsequent anti-inflammatory eicosanoids.

was approximately one-third of that in the CON group. Ex-4
treatment significantly reduced hepatic A-5-desaturase index
compared to the CON group (Fig. 4E).

Discussion
Results of this study have shown that Ex-4 inhibited body

weight gain and improved NASH in MCD diet-fed db/db
mice. Ex-4 also altered hepatic fatty acid composition with

a decrease in A-5-desaturase index. Thus, Ex-4 may improve
NASH by altering the hepatic fatty acid composition in a
murine model of NASH.

The effects of the GLP-1R agonist Ex-4 on NASH
were examined. The results showed that Ex-4 significantly
suppressed body weight gain and the NAFLD activity score
in MCD diet-fed db/db mice. GLP-1R expression is down-
regulated in a NASH rat model as well as in patients with
NASH (16). Moreover, GLP-1R agonist improves NASH in
various animal models, including high-fat diet-fed rats (16),
ob/ob mice (17,18), and diabetic male ApoE(-/-) mice (19). The
GLP-1R agonist also reduced body weight and the NAFLD
activity score in patients with NASH (39). Thus, our results
are consistent with previous reports in this regard. Possible
mechanisms for GLP-1R agonist-induced NASH improvement
include the upregulation of insulin sensitivity, peroxisome
proliferator-activated receptor o activity, and fatty acid
f-oxidation (15,16,40,41). However, the effects of GLP-1R
agonist in hepatic fatty acid composition remain unclear.

In general, long-chain SFAs promote inflammation and
progression of NAFLD (42,43). However, results of this study
have shown that Ex-4 significantly increased the hepatic
content of long-chain SFAs, in particular the arachidic and
lignoceric acids. Although the reason for the discrepancy
between previous reports and our findings remains unclear,
certain SFAs, including arachidic and lignoceric acids are not
correlated with insulin resistance, a feature of NASH (44).
Furthermore, arachidic acid improves lipid metabolism
by enhancing apoB secretion (45). Lignoceric acid is a
precursor of ceramide, thus an increase in hepatic lignoceric
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acid content indicates a decrease in ceramide synthesis.
Recently, Kurek et al showed that inhibition of ceramide
synthesis reduces hepatic lipid accumulation in a rat model of
NAFLD (46). This finding suggests that Ex-4 improves lipid
metabolism through alterations in arachidic and lignoceric
acids in a murine model of NASH.

Although hepatic MUFA content was not altered by
Ex-4 treatment, hepatic PUFA content was increased. Ex-4
increased the hepatic content of n-6 PUFAs such as linoleic
acid, y-linolenic acid, and dihomo y-linolenic acid. These n-6
PUFAs are precursors of pro-inflammatory eicosanoids and
are involved in the development of NASH (22,47). Thus, our
findings are different from those of previous studies. However,
a possible explanation for the discrepancy is an Ex-4-induced
alteration in n-6 PUFA metabolism. A-5-desaturase is a
rate-limiting enzyme of n-6 PUFA metabolism that increases
the production of pro-inflammatory eicosanoids (48). An
oligonucleotide microarray analysis using human liver
tissue showed that A-5-desaturase is upregulated in patients
with NASH (30). In this study, we have found that the
A-5-desaturase index was significantly reduced by Ex-4 treat-
ment, indicating that Ex-4 inhibits A-5-desaturase activity
and subsequently suppresses the production of pro-inflam-
matory eicosanoids (Fig. 5). In addition, the inhibition of
A-5-desaturase activity increases hepatic contents of dihomo
v-linolenic acid, which is a precursor of anti-inflammatory
eicosanoids (Fig. 5). Lépez-Vicario et al recently showed that
a A-5-desaturase inhibitor, CP-24879, significantly reduces
intracellular lipid accumulation and inflammatory injury in
hepatocytes in vitro (30), supporting our hypothesis. Thus, our
findings together with those of previous studies suggest that
suppression of A-5-desaturase activity could be a new thera-
peutic strategy for NASH.

In conclusion, the results of the present study have shown
that Ex-4 suppressed body weight gain and improved steato-
hepatitis in a murine model of NASH. Ex-4 also altered hepatic
fatty acid composition with a decrease in A-5-desaturase
index. These findings suggest that Ex-4 improves NASH by
modulating hepatic fatty acid metabolism.
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Abstract

Background & Aims: Metabolic disorders are frequently seen in hepatitis C
virus (HCV)-infected patients. Ghrelin, a gut hormone, regulates hepatic
metabolisms, and must be activated to exert its biological effects. The aims of
this study were to investigate changes in plasma active ghrelin levels and
identify independent factors associated with plasma active ghrelin levels in
HCV-infected patients. Methods: We enrolled patients with HCV infection
(n = 96), hepatitis B virus (HBV) infection (# = 49), non-alcoholic fatty
liver disease (NAFLD; n = 20) and healthy subjects (CON; # = 16). Plasma
active ghrelin levels were measured using ELISA. Factors associated with
plasma active ghrelin levels were assessed by multivariate and Spearman’s
correlation analyses. Results: Plasma active ghrelin levels were significantly
lower in relation to the severity of liver disease in both the HBV and HCV
groups. Furthermore, HCV infection was identified as an independent factor
associated with decreased plasma active ghrelin levels in the multivariate
analysis (OR —3.05; 95% CI —0.93 to —19.51; P = 0.0192). Plasma active
ghrelin levels were significantly correlated with serum albumin levels in the
HCV group (p = 0.497, P < 0.0001). Conclusions: We demonstrated that
liver cirrhosis and HCV infection were independent factors associated plasma
active ghrelin levels. Moreover, plasma active ghrelin levels were positively
correlated with serum albumin levels among HCV-infected patients. There-
fore, active ghrelin levels may be regulated by both progression of liver dis-
ease and HCV infection and could be involved in the regulation of serum
albumin levels in HCV-infected patients.

Various metabolic disorders are more frequently seen in
patients with chronic hepatitis C virus (HCV) infection
than in those with other hepatobiliary diseases (1, 2).
Metabolic disorders including insulin resistance and
hypoalbuminemia are risk factors for the development
of hepatocellular carcinoma and oesophageal varices,
and thus, for increased mortality (3, 4). These metabolic
disorders are seen even in early stage chronic liver dis-
ease (1, 5) and are partly caused by HCV-induced meta-
bolic dysregulation in multiple organs including the
liver, pancreas and intestine (6-8).

Ghrelin, a gut hormone, predominantly secreted
from X/A-like stomach cells, was originally identified as
a potent growth hormone secretagogue (9). Ghrelin also
regulates appetite and its downregulation is involved in
the development of malnutrition (10-12). Basic studies
have demonstrated that ghrelin plays a significant role
in glucose metabolism, fatty acid beta oxidation, hepatic
fibrosis and cell proliferation (13-17). Therefore,
changes in ghrelin could be associated with various met-
abolic disorders in HCV-infected patients.

1510

Ghrelin is secreted as a preprohormone; therefore, it
must be activated to exert its biological effects, which
are tightly regulated by a unique mechanism. Preprogh-
relin is acylated by ghrelin O-acyltransferase in the
serine-3 residue. The acylated peptide is then cleaved by
a processing protease prohormone convertase 1/3 to
produce active ghrelin (18, 19). Thus, ghrelin is classi-
fied into 2 isoforms: des-acyl ghrelin (the inactive form)
and acylated ghrelin, so-called “active ghrelin.” In
healthy adults, approximately 90% of serum ghrelin
exists in the inactive form and 10% exists in the active
form (20). Although several previous studies have
shown inconsistent results regarding serum total ghrelin
levels among patients with chronic liver diseases (12,
21-24), changes in plasma active ghrelin level and their
clinical association with metabolic disorders have not
yet been investigated in HCV-infected patients.

The aims of this study were to investigate changes in
plasma active ghrelin levels and identify independent
factors associated with plasma active ghrelin levels in
HCV-infected patients.

Liver International (2013)
© 2013 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd
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Subjects and methods
Ethics statement

The study protocol was approved by The Ethics Com-
mittee of Kurume University. All experiments were car-
ried out in accordance with the Declaration of Helsinki.
No subjects were institutionalized.

Materials

All reagents were purchased from Wako Pure Chemical
Industries (Osaka, Japan) unless otherwise indicated.

Patients

We enrolled consecutive patients with HCV-related liver
disease (HCV; n = 96), hepatitis B virus (HBV)-related
liver disease (HBV; n = 20), non-alcoholic fatty liver
disease (NAFLD; 1 = 49) and healthy control subjects
(CON; n = 16). All patients and controls were Asian.
All diagnoses were based on clinical, serological and/or
histological evidence. All data were collected on the
same day as collecting blood. Body mass index (BMI)
was calculated as body weight in kilograms divided by
the square of height in metres (kg/m?).

Laboratory tests

Venous blood samples were taken in the morning after
a 12-h overnight fast. Plasma glucose, serum aspar-
tate aminotransferase (AST), alanine aminotransferase,
lactate dehydrogenase, alkaline phosphatase, gamma-
glutamyl! transpeptidase, total protein, albumin, prothrom-
bin activity, blood glucose, immunoreactive insulin
(IRI), haemoglobin Alc, total cholesterol, free fatty acids,
total bilirubin, type IV collagen, hyaluronic acid, blood
urea nitrogen, creatinine, alpha-foetoprotein and protein
induced by vitamin K absence or antagonist-II levels
were measured using standard clinical methods (Depart-
ment of Clinical Laboratory, Kurume University Hospi-
tal) as previously described (25). Insulin resistance was
calculated on the basis of fasting levels of plasma glucose
and IRI using the homoeostasis model assessment for
insulin resistance (HOMA-IR) equation: fasting glucose
(mg/dl) x fasting IRI (mU/ml)/405 (26).

Determination of HCV genotype and measurement of
HCV viral load

HCV genotyping was performed using Okamoto’s
method (27), and genotypes were classified according to
Simmonds’ classification system (28). An Amplicor-
HCV-Monitor 1.0 (Roche Diagnostics K.K., Tokyo,
Japan) was used to quantify HCV RNA levels.

Diagnosis of cirrhosis

Cirrhosis was diagnosed by liver histology or AST to
platelet ratio index (APRI): serum AST level (U/L)/

Liver International (2013)
© 2013 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd
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upper limit of normal AST (33 U/L) x 100/platelet
count (x 10%/ml). APRI is a non-invasive index and can
predict both significant fibrosis and cirrhosis in patients
with chronic hepatitis C. Patients with APRI values
above 1.5 were diagnosed with cirrhosis as previously
described (29). In this study, out of 96 patients in the
HCV group, 18 patients were diagnosed by liver histol-
ogy and the remaining 78 patients were diagnosed by
APRI.

Plasma active ghrelin level assay

For measurement of plasma active ghrelin levels, 1 ml
of blood was collected in a tube containing 1.25 mg of
ethylenediaminetetraacetic acid and 500 KIU of aproti-
nin, a serine protease inhibitor. Each sample was imme-
diately centrifuged at 1500g for 15 min at 4°C and
treated with 10% vol/vol of 1 mM hydrochloric acid.
Quantification of active ghrelin in plasma samples was
accomplished with an Active Ghrelin ELISA Kit (SCETI
K.K., Tokyo, Japan) that specifically quantifies active
ghrelin. This ELISA kit consists of monoclonal antibod-
ies for both the C-terminal and the acylated N-terminal
of ghrelin. The absorbance (450 nm) of each well was
then measured with a Bio-Rad Model 550 microplate
reader (Bio-Rad, Hercules, CA, USA). Each serum sam-
ple was assayed in duplicate and the values were aver-
aged.

Statistical analysis

All data are expressed as the mean =+ standard deviation
(SD). Statistical comparisons among multiple groups
were performed by analysis of variance (anova) followed
by Scheffé’s post-hoc test. Stepwise forward-selection
multivariate linear regression analysis was used to iden-
tify any independent variables related to plasma active
ghrelin levels, as previously described (30, 31). Spear-
man’s correlation coefficient was calculated to test the
relationship between different quantities in a bivariate
regression model using JMP version 9.0 (SAS Institute,
Cary, NC, USA). P values < 0.05 were considered signif-
icant.

Results
Patient characteristics

The characteristics of enrolled patients are summarized
in Table 1. Although serum levels of AST and ALT
were significantly higher in the NALFD, HBV and
HCV groups than those in the CON group, these levels
were not significantly different among the NAFLD,
HBV and HCV groups. Serum albumin levels were sig-
nificantly lower in the HBV and HCV groups than in
the CON and NAFLD groups. Serum total cholesterol
levels revealed significant depletion in the HCV group
compared with the other groups. Significantly elevated

1511
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Table 1. Patient characteristics

Kawaguchi et al.

Reference value CON NAFLD HBV HCV
n 18.5-22 16 20 49 96
Age (yr) N/A 67.5+5.3 62.6 = 10.8 573 £3.1* 635+ 12.5
Sex (Female/Male) N/A 7/9 12/8 29/20 58/38
BMI (mZ/kg) 18.5-22 22.3+0.9 26.8 £ 2.2* 22.3+2.8 23.5+35
AST (U/L) 13-33 10.6 3.4 35.5 + 22.6+ 31.5 £ 23.8¢ 47.9 + 285+
ALT (U/L) 8-42 12.7 £ 5.1 41.2 £ 24.41 35.9 = 27.8% 45.2 £ 34.6%
LDH (U/L) 119-229 192 + 51 201 + 35 201 £ 52 210 £ 42
ALP (U/L) 115-359 242 +£ 53 262 + 106 261 +£ 125 281 + 119
GGT (U/L) 10-47 31.5+17.2 51.6 + 53.47 42.2 + 28.6F 53.2 + 68.1}
Total protein (g/dl) 6.70-8.30 8.1+05 7.7 +0.3 7.3 £0.57 7.1 £ 0.67
Albumin (g/dl) 4.00-5.00 4303 4305 3.8+ 0.7% 3.7 = 0.61
Prothrombin activity (%) 60-130 105.2 + 13.3 108.7 = 25.0 94.0 + 8.8% 91.6 = 19.3*
Total bilirubin (mg/dl) 0.30-1.50 0.6+0.2 09=+05 0.8+0.7 1.1+ 0.5}
C-reactive protein (mg/dl) <0.40 0.02 + 0.02 0.03 +0.02 0.02 + 0.01 0.02 +0.01
Total cholesterol (mg/di) 128-220 197 + 41 251 + 66* 199 + 42 163 + 42*
Free fatty acids (uEq/L) 100-540 286 + 75 383 + 18671 375 + 131% 665 £ 362*
Fasting blood glucose (mg/dl) 80-109 96 £ 5 121 + 35 103 = 127 109 + 31%
Haemoglobin A1c (%) 4.3-5.8 53+04 6.0+ 0.7* 56+04 53+09
IRI (uIU/ml) 5.0-20.0 6.1+2.3 9.5 + 6.5§ 7544 14.3 + 8.5§
HOMA-IR <25 13£04 2.6+ 1.6§ 20+ 1.1 3.8+ 1.5§
BUN (mg/dl) 8.0-22.0 145+7.1 142 +43 17.2+2.8 15.8 +4.3
Creatinine (mg/dl) 0.4-0.7 06 =03 0.6£0.2 0.7+0.3 0.6 +0.2
Hyaluronic acid (ng/mt) <50 N/A 31.6+£125 98.5 = 72.5|| 182.8 + 155.2%
Type IV collagen (ng/ml) <140 N/A 88 + 68 198 + 121] 252 & 146*
AFP (ng/ml) <87 N/A 3.4+12 7.8+ 2.1 14.8 + 36.2*
PIVKA-II (mAU/mi) <40 N/A 185+ 12.2 215+ 16.2 285+ 18.8

Data are expressed as mean =+ SD or number of patients.

*P < 0.05 compared to all of other groups.

+P < 0.05 compared to the CON group.

1P < 0.05 compared to the CON and NAFLD groups.
§P < 0.05 compared to the CON and HBV groups.
|lP < 0.05 compared to the HBV group.

CON, healthy control subjects; NAFLD, non-alcoholic fatty liver disease; HBV, hepatitis B virus; HCV, hepatitis C virus; N/A, not applicable; AST, aspar-
tate transaminase; ALT, alanine aminotransferase; LDH, lactate dehydrogenase; ALP, alkaline phosphatase; GGT, y-glutamyl transpeptidase; IR,
Immunoreactive insulin; HOMA-IR, homoeostasis model assessment for insulin resistance; BUN, blood urea nitrogen; AFP, a-foetoprotein; PIVKA-II,

protein induced by vitamin K absence.

serum insulin and HOMA-IR levels were observed in
the HCV group compared with those in the CON and
HBV groups. Serum levels of hyaluronic acid and type
IV collagen were significantly higher in the HCV group
than in the other groups.

Changes in plasma active ghrelin levels in chronic liver
disease

There were no significant differences in plasma active
ghrelin levels among the CON, NAFLD and HBV
groups. However, plasma active ghrelin levels were sig-
nificantly lower in the HCV group than in the other
groups (Fig. 1).

Changes in plasma active ghrelin levels in relation to the
progression of liver disease

In the HBV groups, plasma active ghrelin levels were
significantly decreased in relation to the severity of liver
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disease (compare with dotted lines in Fig. 2). Similarly,
significant decreases in plasma active ghrelin levels in
relation to severity of liver disease were seen in the HCV
group (compare with dotted lines in Fig. 2).

The association of plasma active ghrelin levels with
virological factors and disease severity in HCV-infected
patients

No significant differences in plasma active ghrelin levels
were seen among HCV genotypes 1b, 2a and 2b. There
was no significant correlation between plasma active
ghrelin levels and HCV viral load (p = 0.589,
P < 0.396).

Stage-matched comparisons of plasma active ghrelin levels

In patients with chronic hepatitis, plasma active ghrelin
levels were significantly lower in the HCV group than in
the HBV or NAFLD group (compare with solid lines in
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Fig. 1. Changes in plasma active ghrelin levels in the CON, NAFLD,
HBV and HCV groups. Values are expressed as mean + SD. Com-
parisons among groups were made using analysis of variance with
Scheffé’s post-hoc test. *, P < 0.01.
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Fig. 2. Changes in plasma active ghrelin levels stratified by aetiol-
ogy and progression of liver disease. Values are expressed as
mean + SD. Comparisons among the groups were made using
analysis of variance with Scheffé's post-hoc test. *, P < 0.05; **,
P < 0.01.

Fig. 2). In cirrhotic patients with Child-Pugh grade A, a
significant decrease in plasma active ghrelin levels was
also seen in the HCV group compared with the HBV
group (compare with solid lines in Fig. 2).

Multivariate analysis of plasma active ghrelin levels

In the multivariate analysis, the presence of cirrhosis
and low serum albumin levels were independent factors
associated with decreased plasma active ghrelin levels
(Table 2). In addition, the presence of HCV infection
was identified as the most significant independent factor
associated with lowering of plasma active ghrelin levels
(Table 2).

Liver International (2013)
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Table 2. Multivariate analysis of plasma active ghrelin levels

95% confidence

Variable Odds ratio  interval Pvalue
Liver cirrhosis ~1.82 -0.37 to —4.33 0.0359
Serum albumin levels 2.39 1.32107.95 0.0251
HCV infection -3.05 —-0.93t0 -19.51 0.0192

HCV, hepatitis C virus.

Correlations between plasma active ghrelin levels and
metabolic parameters in HCV-infected patients

A significant negative correlation was observed between
plasma active ghrelin levels and BMI (p = —0.137,
P =0.0171) (Table 3). Although plasma active ghrelin
levels were not significantly correlated with the parame-
ters indicated in Table 3, plasma active ghrelin levels
tend to be correlated with total cholesterol, total biliru-
bin, type IV collagen and creatinine levels. A significant
positive correlation was seen only between plasma active
ghrelin levels and serum albumin levels (p = 0.497,
P < 0.0001) (Table 3 and Fig. 3).

Discussion

In this study, we demonstrated that plasma active ghre-
lin levels were significantly decreased in relation to the
progression of liver disease in both HBV- and HCV-
infected patients. In addition, HCV infection was identi-
fied as the most significant factor associated with
decreased plasma active ghrelin levels, independent of
the presence of cirrhosis and serum albumin levels. In
HCV-infected patients, plasma active ghrelin levels were
positively correlated with serum albumin levels. Taken
together, these findings suggest that HCV itself, along
with cirrhosis, may be involved in decreasing plasma
active ghrelin levels, which could be linked to serum
albumin levels.

In this study, plasma active ghrelin levels were signifi-
cantly lower in the HCV group than in the other groups.
To assess the effect of advanced liver disease on the
plasma ghrelin levels, we performed stratified analyses
based on the severity of liver disease. The results indi-
cated that plasma active ghrelin levels significantly
decreased in relation to the severity of liver disease in
the HBV and HCV groups. The presence of cirrhosis
was also identified as an independent factor associated
with plasma active ghrelin levels in multivariate analysis.
Although changes in total ghrelin levels in cirrhosis
remain a controversial subject (12, 21, 24), we have
demonstrated that active ghrelin was decreased in
patients with cirrhosis. The causal relationship between
advanced cirrhosis and changes in active ghrelin levels
remains unclear. Plasma active ghrelin levels are regu-
lated by production of preproghrelin or activation of
ghrelin (11, 32, 33). Therefore, it is likely that chronic
liver injury may change X/A-like stomach cells and
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Table 3. Correlations between plasma active ghrelin levels and
variables

Variables p P

Age 0.048 0.6972
BMI -0.137 0.0171
AST —0.068 0.5083
ALT 0.021 0.8371
LDH 0.093 0.3660
ALP —-0.139 0.1788
GGT 0.142 0.1674
Total protein —0.049 0.6323
Albumin 0.497 <0.0001
Prothrombin activity 0.163 0.1621
Total bilirubin —0.210 0.0533
Total cholesterol 0.194 0.0595
Free fatty acids -0.190 0.4469
Fasting blood glucose -0.142 0.1682
Haemoglobin Alc 0.162 0.1201
IRI 0.160 0.2591
HOMA-IR 0.120 0.3968
BUN 0.077 0.4508
Creatinine 0.182 0.0766
Type IV collagen 0.378 0.0639
Hyaluronic acid 0.273 0.2910
AFP 0.106 0.3022
PIVKA-II 0.044 0.6835

BMI, body mass index; AST, aspartate transaminase; ALT, alanine ami-
notransferase; LDH, lactate dehydrogenase; ALP, alkaline phosphatase;
GGT, y-glutamyl transpeptidase; IRI, Immunoreactive insulin; HOMA-IR,
homoeostasis model assessment for insulin resistance; BUN, blood urea
nitrogen; AFP, a-foetoprotein; PIVKA-Il, protein induced by vitamin K
absence.
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Fig. 3. The association between plasma active ghrelin levels and
serum albumin levels. This association was analysed using the
Spearman'’s correlation coefficient in a bivariate regression model.

ghrelin-O-acyl transferase and/or prohormone conver-
tase 1/3.

We also examined the effect of HCV infection on
plasma ghrelin levels. HCV genotype and HCV viral
load were not associated with plasma active ghrelin
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levels, however; plasma active ghrelin levels were signifi-
cantly lower in the HCV group than in the NAFLD or
HBV group in stage-matched analyses. Moreover, HCV
infection was identified as the most significant factor
associated with lowering of plasma active ghrelin levels,
independent of the presence of cirrhosis. These findings
suggest that HCV itself may be involved in decreasing
plasma active ghrelin levels. Although the mechanisms
of HCV-related decreases in plasma ghrelin levels
remain unclear, serum leptin levels are known to be
high in HCV-infected patients (34, 35). Given that
leptin is a potent inhibitor of ghrelin secretion (36, 37),
HCV may suppress ghrelin secretion through up-regula-
tion of leptin.

Various metabolic disorders are frequently seen in
cirrhotic patients with HCV infection (38, 39). There-
fore, we investigated the correlation between plasma
active ghrelin levels and various metabolic parameters
in the HCV group. Consistent with the previous reports
(40, 41), in this study, plasma active ghrelin levels were
found to be negatively correlated with BMIL These
changes in plasma active ghrelin levels may represent a
physiological adaptation to the positive energy balance
associated with obesity. Furthermore, albumin was the
only serum parameter, which significantly positively
correlated with plasma active ghrelin levels in this study.
Serum albumin is a representative marker for both pro-
tein metabolism and the severity of liver disease (42);
however, other protein metabolism parameters such as
total protein level and prothrombin activity were not
correlated with plasma active ghrelin levels in this study.
Ghrelin is a potent stimulator for secretion of growth
hormone (33) and also elicits marked up-regulation of
the mammalian target of rapamycin (mTOR) signalling
pathway (43). Both growth hormone and activation of
mTOR signalling up-regulate albumin synthesis (39,
44). Taken together, these findings suggest that active
ghrelin has the novel biological effect on specifically reg-
ulating albumin synthesis in hepatocytes.

One limitation of this study is that we did not investi-
gate changes in HCV or HBV carriers with persistently
normal ALT levels. As these data may further elucidate
the mechanisms underlying the decrease in plasma
active ghrelin in patients with liver disease, further study
should be conducted while bearing these points in
mind.

In conclusion, this study showed that plasma active
ghrelin levels were significantly decreased with the
progression of liver disease in both HBV- and HCV-
infected patients. Moreover, HCV infection was identi-
fied as the most significant factor associated with
decreased plasma active ghrelin levels, independent of
cirrhosis. Furthermore, plasma active ghrelin levels were
positively correlated with serum albumin levels in HCV-
infected patients. These findings indicated that active
ghrelin may be regulated by both the progression of
liver disease and HCV infection, and could be related to
serum albumin levels.

Liver International (2013)
© 2013 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd

— 523 —



Kawaguchi et al.

Acknowledgements

Financial support: This study was supported by Health
and Labour Sciences Research Grants for Research on
Hepatitis from the Ministry of Health, Labour and Wel-
fare of Japan, and by a Grant from the Ishibashi Foun-
dation for the Promotion of Science, Japan. The funders
had no role in study design, data collection and analysis,
decision to publish or preparation of the manuscript.

References

1. Kawaguchi T, Yoshida T, Harada M, et al. Hepatitis C
virus down-regulates insulin receptor substrates 1 and 2
through up-regulation of suppressor of cytokine signaling
3. Am ] Pathol 2004; 165: 1499-508.

2. Sheikh MY, Choi J, Qadri I, Friedman JE, Sanyal AJ. Hep-
atitis C virus infection: molecular pathways to metabolic
syndrome. Hepatology 2008; 47: 2127-33.

3. Bslam M, Kawaguchi T, Del Campo JA, et al. Use of
HOMA-IR in hepatitis C. ] Viral Hepat 2011; 18: 675-84.

4. Nagao Y, Sata M. Serum albumin and mortality risk in a
hyperendemic area of HCV infection in Japan. Virol ]
2010; 7: 375.

5. Nishimura M, Yamamoto H, Yoshida T, et al. Decreases
in the serum VLDL-TG/non-VLDL-TG ratio from early
stages of chronic hepatitis C: alterations in TG-rich lipo-
protein levels. PLoS ONE 2011; 6: e17309.

6. Narita R, Abe S, Kihara Y, et al. Insulin resistance and
insulin secretion in chronic hepatitis C virus infection.
J Hepatol 2004; 41: 132--8.

7. Itou M, Kawaguchi T, Taniguchi E, et al. Altered expres-
sion of glucagon-like peptide-1 and dipeptidyl peptidase
IV in patients with HCV-related glucose intolerance.
] Gastroenterol Hepatol 2008; 23: 244-51.

8. Sakata M, Kawahara A, Kawaguchi T, et al. Decreased
expression of insulin and increased expression of pancre-
atic transcription factor PDX-1 in islets in patients
with liver cirrhosis: a comparative investigation using
human autopsy specimens. J Gastroenterol 2013; 48: 277—
85.

9. Kojima M, Hosoda H, Date Y, et al. Ghrelin is a growth-
hormone-releasing acylated peptide from stomach. Nature
1999; 402: 656-60.

10. Kojima M, Hosoda H, Kangawa K. Clinical endocrinol-
ogy and metabolism Ghrelin, a novel growth-hormone-
releasing and appetite-stimulating peptide from stomach.
Best Pract Res Clin Endocrinol Metab 2004; 18: 517-30.

11. Kojima M, Kangawa K. Drug insight: The functions of
ghrelin and its potential as a multitherapeutic hormone.
Nat Clin Pract Endocrinol Metab 2006; 2: 80-8.

12. Takahashi H, Kato A, Onodera K, Suzuki K. Fasting
plasma ghrelin levels reflect malnutrition state in patients
with liver cirrhosis. Hepatol Res 2006; 34: 117-23.

13. Cao C, Chen Y, Wang W, Liu Y, Liu G. Ghrelin inhibits
insulin resistance induced by glucotoxicity and lipotoxicity
in cardiomyocyte. Peptides 2011; 32: 209-15.

14. Moreno M, Chaves JF, Sancho-Bru P, et al. Ghrelin atten-
uates hepatocellular injury and liver fibrogenesis in
rodents and influences fibrosis progression in humans.
Hepatology 2010; 51: 974-85.

15. Rak-Mardyla A, Gregoraszczuk EL. ERK 1/2 and PI-3
kinase pathways as a potential mechanism of ghrelin

Liver International (2013)
© 2013 John Wiley & Sons A/S. Published by john Wiley & Sons Ltd

— 524 —

16.

17.

18.

19.

20.

21.

23.

24,

25.

26.

27.

28.

29.

30.

31

32.

The stomach-liver axis in HCV patients

action on cell proliferation and apoptosis in the porcine
ovarian follicular cells. J Physiol Pharmacol 2010; 61:
451-8.

Rigault C, Le Borgne F, Georges B, Demarquoy J. Ghrelin
reduces hepatic mitochondrial fatty acid beta oxidation.
] Endocrinol Invest 2007; 30: RC4--8,

Gauna C, Delhanty PJ, Hofland L], et al. Ghrelin stimu-
lates, whereas des-octanoyl ghrelin inhibits, glucose output
by primary hepatocytes. J Clin Endocrinol Metab 2005; 90:
1055~-60.

Takahashi T, Ida T, Sato T, et al. Production of n-octa-
noyl-modified ghrelin in cultured cells requires prohor-
mone processing protease and ghrelin O-acyltransferase,
as well as n-octanoic acid. | Biochem 2009; 146: 67582,
Sato T, Nakamura Y, Shiimura Y, et al. Structure, regula-
tion and function of ghrelin. J Biochem 2012; 151: 119-28.
Goodyear S], Mottershead M, Sung EZ, ef al. Dysregula-
tion of plasma ghrelin in alcoholic cirrhosis. Clin Endocri-
nol (Oxf) 2010; 73: 323-9.

Tacke F, Brabant G, Kruck E, er al. Ghrelin in chronic liver
disease. ] Hepatol 2003; 38: 447-54.

22. Diz-Lois MT, Garcia-Buela J, Suarez F, et al. Fasting and

postprandial plasma ghrelin levels are decreased in
patients with liver failure previous to liver transplantation.
Endocrine 2009; 35: 467-76.

Marchesini G, Bianchi G, Lucidi P, et al. Plasma ghrelin
concentrations, food intake, and anorexia in liver failure.
J Clin Endocrinol Metab 2004; 89: 2136—41.

Kalaitzakis E, Bosaeus I, Ohman L, Bjornsson E.
Altered postprandial glucose, insulin, leptin, and ghre-
lin in liver cirrhosis: correlations with energy intake
and resting energy expenditure. Am | Clin Nutr 2007,
85: 808-15.

Kawaguchi T, Sakisaka S, Sata M, Mori M, Tanikawa K.
Different lobular distributions of altered hepatocyte tight
junctions in rat models of intrahepatic and extrahepatic
cholestasis. Hepatology 1999; 29: 205-16.

Matthews DR, Hosker JP, Rudenski AS, et al. Homeostasis
model assessment: insulin resistance and beta-cell function
from fasting plasma glucose and insulin concentrations in
man. Diabetologia 1985; 28: 412-9.

Okamoto H, Sugiyama Y, Okada S, et al. Typing hepatitis
C virus by polymerase chain reaction with type-specific
primers: application to clinical surveys and tracing infec-
tious sources. ] Gen Virol 1992; 3: 673-9.

Simmonds P, Holmes EC, Cha TA, et al. Classification of
hepatitis C virus into six major genotypes and a series of
subtypes by phylogenetic analysis of the NS-5 region.
] Gen Virol 1993; 11: 2391-9.

Wai CT, Greenson JK, Fontana RJ, et al. A simple nonin-
vasive index can predict both significant fibrosis and cir-
rhosis in patients with chronic hepatitis C. Hepatology
2003; 38: 518-26.

Otsuka M, Uchida Y, Kawaguchi T, et al. Fish to meat
intake ratio and cooking oils are associated with hepatitis
C virus carriers with persistently normal alanine amino-
transferase levels. Hepatology Res 2012; 42: 982-9.
Taniguchi E, Kawaguchi T, Sakata M, et al. Lipid profile is
associated with the incidence of cognitive dysfunction in
viral cirrhotic patients: a data-mining analysis. Hepatol Res
2013; 43: 418-24.

Kojima M, Kangawa K. Ghrelin: more than endogenous growth
hormone secretagogue. Ann NY Acad Sci 2010; 1200: 140-8.

1515



The stomach-liver axis in HCV patients

33.

34.

35.

36.

37.

38.

Sato T, Nakamura Y, Shiimura Y, et al. Structure, regula-
tion and function of ghrelin. J Biochem 2012; 151: 119-28.

Giannini E, Botta F, Cataldi A, et al. Leptin levels in non-
alcoholic steatohepatitis and chronic hepatitis C. Hepato-
gastroenterology 1999; 46: 2422-5.

Eguchi Y, Mizuta T, Yasutake T, et al. High serum leptin
is an independent risk factor for non-response patients
with low viremia to antiviral treatment in chronic hepatitis
C. World journal of gastroenterol 2006; 12: 556-60.

Meier U, Gressner AM. Endocrine regulation of energy
metabolism: review of pathobiochemical and clinical
chemical aspects of leptin, ghrelin, adiponectin, and resi-
stin. Clin Chem 2004; 50: 1511-25.

Kalra SP, Ueno N, Kalra PS. Stimulation of appetite by
ghrelin is regulated by leptin restraint: peripheral and cen-
tral sites of action. J Nutr 2005; 135: 1331-5.

Angeli P, Wong F, Watson H, Gines P. Hyponatremia in
cirrhosis: results of a patient population survey. Hepatology
2006; 44: 1535-42.

1516

39.

40.

41.

42.

43.

44.

— 525 —

Kawaguchi et al.

Kawaguchi T, Izumi N, Charlton MR, Sata M. Branched-
chain amino acids as pharmacological nutrients in chronic
liver disease. Hepatology 2011; 54: 1063-70.

Tschop M, Weyer C, Tataranni PA, et al. Circulating ghre-
lin levels are decreased in human obesity. Diabetes 2001;
50: 707-5.

Shiiya T, Nakazato M, Mizuta M, et al. Plasma ghrelin
levels in lean and obese humans and the effect of glu-
cose on ghrelin secretion. J Clin Endocrinol Metab
2002; 87: 240-4.

Quinlan GJ, Martin GS, Evans TW. Albumin: biochemical
properties and therapeutic potential. Hepatology 2005; 41:
1211-9.

Martins L, Fernandez-Mallo D, Novelle MG, et al.
Hypothalamic mTOR Signaling Mediates the Orexi-
genic Action of Ghrelin. PLoS ONE 2012; 7: e46923.
Zachwieja JJ, Bier DM, Yarasheski KE. Growth hormone
administration in older adults: effects on albumin synthe-
sis. Am J Physiol 1994; 266: E840—4.

Liver International (2013)
® 2013 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd



IsH é

Hepatology Research 2013; 43: 418-424

Short Communication

doi: 10.1111/j.1872-034X.2012.01076 X

Lipid profile is associated with the incidence of
cognitive dysfunction in viral cirrhotic patients:

A data-mining analysis
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Aim: Cognitive dysfunction (CD) is frequently observed in
cirrhotic patients. However, the biochemical profiles associ-
ated with CD remain unclear. We investigated the biochemical
profiles associated with the incidence of CD in cirrhotic
patients by using multivariate analyses, including a decision-
tree algorithm.

Methods: In this study, 27 viral cirrhotic patients were
enrolled. All subjects underwent neuropsychiatric tests; two
or more abnormal results were defined as CD. A logistic
regression model was used for multivariate stepwise analysis.
A decision-tree algorithm was constructed, and the categori-
cal differences based on the decision-tree model were ana-
lyzed by y*tests.

Results: Multivariate stepwise analysis showed the levels of
total bilirubin, triglycerides and free fatty acids (FFA) as inde-
pendent bioparameters associated with the incidence of CD
in cirrhotic patients. The decision-tree algorithm showed that

among patients with FFA of 514 mEq/L or more, 77.8% had CD.
Meanwhile, among patients with FFA of less than 514 mEqg/L
and triglycerides of 106 mg/dL or more, 20.0% had CD. The
sensitivity, specificity and accuracy for the incidence of
CD using the lipid profile (FFA >514 mEq/L or triglycerides
<106 mg/dL) were 85.7% (12/14), 61.5% (8/13) and 74.1% (20/
27), respectively.

Conclusion: The levels of total bilirubin, FFA and triglycer-
ides are independently associated with the incidence of CD
in cirrhotic patients. In addition, a decision-tree algorithm
revealed that FFA of more than 514 mEqg/L or triglycerides of
less than 106 mg/dL is a profile associated with the incidence
of CD. Thus, this lipid profile could be a possible screening
bioparameter for CD in cirrhotic patients.

Key words: decision-tree algorithm, fatty acid, minimal
hepatic encephalopathy, neuropsychiatric test

INTRODUCTION

IRRHOSIS IS FREQUENTLY accompanied by
various complications, including esophageal varices
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and hepatocellular carcinoma.!? Cognitive dysfunction
(CD) is another frequent complication in patients with
chronic liver disease and is known as minimal hepatic
encephalopathy or subclinical hepatic encephalopa-
thy.>* CD predicts the development of hepatic encepha-
lopathy and poor prognosis.®® Moreover, CD itself
is associated with impaired health-related quality of
life™* and serious social issues such as falls and motor
vehicle accidents.'*'® Therefore, CD is one of the critical
complications of chronic liver disease.

Because bacterial overgrowth in the intestine and
delayed gastrointestinal transit time are associated
with the development of CD,"” ammonia and pro-
inflammatory cytokines derived from enteric bacterial
flora are thought to be pathogenic factors of CD. In fact,
treatment with gut-specific agents such as lactulose
and rifaximin can improve CD in cirrhotic patients.'®-*?

© 2012 The Japan Society of Hepatology
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However, CD is not always correlated with the severity
of liver disease, blood levels of ammonia or inflamma-
tion.® CD can also be caused by malnutrition, cere-
brovascular disease secondary to diabetes mellitus
and psychoactive agents.*'>?>?* These previous reports
suggest that complicated interactions between various
factors underlie the development of CD in cirrhotic
patients.

Data-mining analysis is a set of statistical techniques
used to reveal complex interactions within a dataset.?**
A decision-tree algorithm is an exploratory data-mining
analysis technique that is a series of rules for classifica-
tion by identifying priorities.”® This is a quantitative
systematic approach that allows clinicians to maximize
the net benefit to patients.”” Decision-tree algorithms are
now clinically applied to predict the following issues:
response to interferon treatment of hepatitis C virus
(HCV);*® severity of hepatic fibrosis;*® progression of
hepatocellular carcinoma;* safety of hepatic resection;*
outcome of patients with acute liver failure;*® and
dietary factors for normalizing serum alanine ami-
notransferase levels in patients with HCV infection.?®

The aim of this study is to investigate the profiles
associated with the incidence of CD by using multivari-
ate analyses, including the decision-tree algorithm in
cirrhotic patients.

METHODS

Subjects

IRRHOTIC PATIENTS WHO were followed up at

Kurume University Hospital were enrolled in this
study. The inclusion criteria were viral liver cirrhosis,
aged less than 70 year and able to undergo neuropsy-
chiatric (NP) tests. The exclusion criteria were a history
of overt hepatic encephalopathy and treatment for tran-
sjugular intrahepatic portosystemic shunt or esophago-
gastric varices. Finally, 27 subjects were enrolled in this
study.

Informed consent was obtained from all the subjects.
This study protocol conformed to the ethical guidelines
of the 1975 Declaration of Helsinki, as reflected in prior
approval by the Ethics Committee of the Kurume Uni-
versity School of Medicine. None of the participants was
institutionalized.

NP tests and definition of CD

The subjects underwent NP tests, including the block
design test, digit symbol test, and number connection
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tests A and B. Patients with two or more abnormal
results in these tests were defined as having CD, as
described previously.*?

Measurement of biochemical parameters

Venous blood samples were collected in the morning
after overnight fasting. Biochemical parameters were
measured by conventional clinical methods (Depart-
ment of Clinical Laboratory, Kurume University
Hospital), as described previously.?*3*

Statistical analysis

Data are expressed as mean * standard deviation. Non-
parametric multiple comparisons were made by the
Mann-Whitney U-test. Categorical comparisons were
made by Fisher's exact test. A logistic regression model
was used for multivariate stepwise analysis. A decision-
tree algorithm was constructed, and the categorical dif-
ferences in the decision-tree model were analyzed by
%>-tests, as described previously.?>*¢ The level of statisti-
cal significance was set at P < 0.05.

RESULTS

Analysis of bioparameters associated
with CD

HE CHARACTERISTICS OF patients with and
without CD are shown in Table 1. Univariate analy-
sis revealed no significant differences between cirrhotic
patients with and without CD in age, sex or Child-Pugh
grade. No significant differences were observed between
patients with and without CD in biochemical param-
eters such as the ammonia level, branched-chain amino
acid/tyrosine ratio, zinc level or Homeostasis Model of
Assessment — Insulin Resistance (HOMA-IR) value. In
addition, fasting glucose and HOMA-IR were not signifi-
cantly different between CD and non-CD patients with
fasting glucose of less than 140 mg/dL (P =0.9096 in
fasting glucose and P =0.7055 in HOMA-IR).
Multivariate stepwise analysis identified the levels of
total bilirubin, triglycerides and free fatty acids (FFA) as
independent bioparameters associated with the inci-
dence of CD (Table 2).

Decision-tree algorithm for CD

The decision-tree algorithm showed that all the subjects
were classifiable into three groups on the basis of
two variables (Fig. 1). FFA was selected as the initial
split variable with a cut-off value of 514 mEq/L. Among
the nine patients with FFA of 514 mEq/L or more, seven
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Table 1 Characteristics of all subjects

Hepatology Research 2013; 43: 418-424

n
Age
Sex (F/M)

Child-Pugh (A/B/C)
Aspartate aminotransferase (U/L)
Alanine aminotransferase (U/L)

Alkaline phosphatase (U/L)
v-Glutamyltransferase (U/L)
Total bilirubin (mg/dL)

Albumin (g/dL)

Prothrombin time (%)

Ammonia (pg/dL)

Fasting glucose (mg/dL)

Hemoglobin Alc (%)

Fasting immunoreactive insulin (tU/mL)

HOMA-IR

Total cholesterol (mg/dL)

Triglyceride (mg/dL)

Free fatty acids (mEq/L)

Iron (pg/dL)

Ferritin (ng/mL)

Zinc (pg/dL)

Branched-chain amino acids/tyrosine ratio

CcD No CD P value
14 13
59.8+8.0 62.8+6.1 N.S.
5/9 716 N.S.
12/2/0 7/5/1 N.S.
68.8:+27.4 63.4+24.7 N.S.
73.1+£74.8 56.0+29.8 N.S.
416.0 £400.2 366.6 £ 187.6 N.S.
87.2+£128.5 56.2 +39.6 N.S.
1.11£0.49 1.53+0.83 N.S.
3.46+£041 3.32+0.76 N.S.
86.4+10.2 74.5+17.3 N.S.
59.2+£25.2 58.1+£31.9 N.S.
136.4 £ 60.1 127.8 £56.4 N.S.
58+1.9 56%1.3 N.S.
16.8 +14.0 13.9£6.8 N.S.
6.20:+£7.41 4.92 +5.07 N.S.
157.2+31.3 152.54+29.7 N.S.
96.6+£33.9 11641472 N.S.
567.9 £272.9 453.5+229.1 N.S.
274.8 £560.0 160.4 +£63.0 N.S.
194.6 £248.3 129.5+115.5 N.S.
63.6 9.7 59.8+22.0 N.S.
3.54+1.26 3.54+1.60 N.S.

Data are expressed number of mean * standard deviation.

CD, cognitive dysfunction; HOMA-IR, Homeostasis Model of Assessment ~ Insulin Resistance; N.S., not significant.

(77.8%) had CD. Meanwhile, among the 18 patients
with FFA of less than 514 mEq/L, seven (38.9%) had
CD.

Triglycerides were selected as the second split variable
with a cut-off value of 106 mg/dL. Among patients with
FFA of less than 514 mEq/L, five patients (62.5%) had

Table 2 Logistic regression analysis for CD

OR 95% CI P-value
Total bilirubin 0.002 5.708e-7-0.154 <0.05
Triglyceride 0.889 0.748-0.964 <0.05
Fee fatty acids 1.015 1.004-1.037 <0.05
Total cholesterol 1.119 1.024-1.323 N.S.
HOMA-IR 2.053 0.889-7.631 N.S.
Zinc 0.915 0.784-1.010 N.S.
Fasting glucose 1.033 0.989-1.102 N.S.
Ammonia 1.063 0.964-1.186 N.S.

CD, cognitive dysfunction; CI, confidence interval; HOMA-IR,
Homeostasis Model of Assessment — Insulin Resistance; N.S., not
significant; OR, odds ratio.
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Model building
(n=27)

(’ 51.9%

2514 mEq/LIJ_I <514 mEqg/L
I {FFA} \
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0 77.8%
<106 mg/dL — - >106 mg/dL
Triglyceride

n=8 n=10

Figure 1 Decision-tree algorithm for cognitive dysfunction
(CD). The subjects were classified according to the indicated
cut-off values of the variables. The pie graphs indicate the
percentage of CD (black)/no CD (white) in each group. FFA;
free fatty acids.
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Table 3 Biochemical profiles and the incidence of CD

CD NoCD

FFA 2514 mEq/L or triglyceride <106 mg/dL. 12 5
FFA <514 mEq/L and triglyceride 2106 mg/dL 2 8

CD, cognitive dysfunction; FFA, free fatty acids.

CD among the eight patients with triglycerides of less
than 106 mg/dL, while two patients (20.0%) had CD
among the 10 patients with triglycerides of 106 mg/dL
or more.

The distribution of CD differed significantly between
the groups (P = 0.0325).

Categorical differences according to
the decision-tree algorithm for CD

According to the results of the decision-tree algorithm,
all subjects were classified into two groups: one group
with FFA of 514 mEq/L or more or triglycerides of less
than 106 mg/dL (n=17), and another group with FFA
of less than 514 mEq/L and triglycerides of 106 mg/dL
or more (n=10). The distribution of CD was signifi-
cantly different between the groups (P=0.0183)
(Table 3). The sensitivity, specificity and accuracy
using the cut-off values of FFA and triglycerides were
85.7% (12/14), 61.5% (8/13) and 74.1% (20/27),
respectively.

DISCUSSION

HE RESULTS OF this study show that FFA and trig-
lycerides were independent risk factors for CD in
cirthotic patients. Furthermore, data-mining analysis
revealed that FFA of more than 514 mEq/L or triglycer-
ides of less than 106 mg/dL is a profile associated with
the incidence of CD in cirrhotic patients.
Hyperammonemia and inflammation are known to
occur in the pathogenesis of CD in cirrhotic patients.>5-®
However, CD is not always correlated with the severity
of liver disease, blood levels of ammonia or inflamma-
tion,® suggesting the presence of other pathogenic
factors. In this study, we demonstrated that FFA and
triglycerides are associated with the incidence of CD in
cirrhotic patients. Although higher serum FFA levels and
lower serum triglyceride levels can be thought to reflect
hepatic insufficiency, serum albumin levels and blood
ammonia were not identified as risk factors for CD in
this study. Moreover, FFA and triglycerides were identi-
fied as independent risk factors. Although the precise

Cognition-related lipid profile in liver cirrhosis 421

causal relationship between these factors and CD
remains unclear, FFA and triglycerides vary with starva-
tion and meal uptake. Malnutrition is associated with
CD,* and eating breakfast is known to improve CD in
cirthotic patients.*® Taken together, changes in lipid
metabolism caused by starvation or meal uptake may
pleiotropically affect the development of CD in cirrhotic
patients.

Data-mining analysis provided FFA of more than
514 mEq/L as the initial classification, suggesting that
FFA is the most closely related factor to the incidence of
CD in cirrthotic patients. Although the relationship
between FFA and CD is unclear, there are some possible
explanations. Serum albumin is a carrier protein for
various substances, including FFA and tryptophan.®®4!
An increase in FFA-albumin binding results in the
dissociation of tryptophan from albumin and a sub-
sequent increase in serum-free tryptophan levels.*'~*
Tryptophan can be transported into the brain
across the blood-brain barrier and converted to 5-
hydroxytryptamine, which is a neurotransmitter known
to be associated with hepatic encephalopathy**** as well
as cognitive function.*®

In patients with FFA of less than 514 mEq/L, triglyc-
erides of less than 106 mg/dL was identified as the
secondary classification. Contrary to our results, hyper-
triglyceridemia is a previously established risk factor
for CD.*#% Although the reason for this discrepancy
remains unclear, it can be speculated that hypertriglyc-
eridemia may cause CD via the micro-impairment of
cerebrovascular circulation.*” Meanwhile, triglycerides,
particularly medium-chain triglycerides, are structured
lipids and good sources of energy in the brain.*®
In fact, patients with hypotriglyceridemia develop
complications such as neurological manifestations
with structural changes in the nerves.*** Moreover,
treatment with medium-chain triglycerides is reported
to improve cognitive functioning in older adults
with memory disorders.”® Thus, lower FFA levels
may cause CD via structural or functional nerve
impairment.

Cognitive dysfunction occurs in up to 80% of
patients at any stage of chronic liver disease*® and is
related not only to poor prognosis® but also to social
issues, including falls and motor vehicle acci-
dents. 01314165556 Although NP tests are reliable tools
for diagnosing CD in cirrhotic patients,>¥ they are
time-consuming (~30 min) and are affected by the edu-
cational status. Both electroencephalogram and critical
flicker frequency are rapid tests for diagnosing CD.
However, these tests require a trained personnel and
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specialized equipment.**® Therefore, a simple screening
tool for CD is required for patients with chronic liver
disease. In this study, we demonstrated that the lipid
profile of FFA of more than 514 mEq/L or triglycerides
of less than 106 mg/dL is associated with the incidence
of CD with high sensitivity. Because evaluating serum
FFA and triglyceride levels are simple objective assess-
ments, further studies will focus on the significance of
serum FFA and triglyceride levels as a screening biopa-
rameter set for the presence of CD in patients with
chronic liver disease.

The limitation of this study would be related to
inclusion criteria. Contrary to expectation, a lower
level of total bilirubin was identified as a risk factor. In
this study, only the cirrhotic patients with no incidence
of overt hepatic encephalopathy were enrolled.
Because overt hepatic encephalopathy is generally
seen in patients with decompensated cirrhosis or liver
failure, the odds ratio of total bilirubin may be influ-
enced by inclusion criteria. CD is also seen in cirrthotic
patients with the treatment for overt hepatic encepha-
lopathy; these patients should be included in further
study.

In conclusion, the results of this study show that the
serum levels of FFA and triglycerides are independently
associated with the incidence of CD in cirrhotic patients.
In addition, data-mining analysis revealed that FFA
of more than 514 mEq/L or triglycerides of less than
106 mg/dL is a profile associated with the incidence of
CD in cirthotic patients. Thus, the lipid profile could be
involved in the development of CD and could be con-
sidered as a possible screening bioparameter for CD in
cirrhotic patients.
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Fish to meat intake ratio and cooking oils are associated
with hepatitis C virus carriers with persistently normal
alanine aminotransferase levels
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Aim: Dietary habits are involved in the development of
chronic inflammation; however, the impact of dietary profiles
of hepatitis C virus carriers with persistently normal alanine
transaminase levels (HCV-PNALT) remains unclear. The
decision-tree algorithm is a data-mining statistical technique,
which uncovers meaningful profiles of factors from a data
collection. We aimed to investigate dietary profiles associated
with HCV-PNALT using a decision-tree algorithm.

Methods: Twenty-seven HCV-PNALT and 41 patients with
chronic hepatitis C were enrolled in this study. Dietary habit
was assessed using a validated semiquantitative food fre-
guency questionnaire. A decision-tree algorithm was created
by dietary variables, and was evaluated by area under the
receiver operating characteristic curve analysis (AUROC).

Results: In multivariate analysis, fish to meat ratio, dairy
product and cooking oils were identified as independent vari-
ables associated with HCV-PNALT. The decision-tree algorithm

was created with two variables: a fish to meat ratio and
cooking oils/ideal bodyweight. When subjects showed a fish
to meat ratio of 1.24 or more, 68.8% of the subjects were
HCV-PNALT. On the other hand, 11.5% of the subjects were
HCV-PNALT when subjects showed a fish to meat ratio of less
than 1.24 and cooking oil/ideal bodyweight of less than
0.23 g/kg. The difference in the proportion of HCV-PNALT
between these groups are significant (odds ratio 16.87, 95%
Cl 3.40-83.67, P =0.0005). Fivefold cross-validation of the
decision-tree algorithm showed an AUROC of 0.6947 (95% CI
0.5656-0.8238, P = 0.0067).

Conclusion: The decision-tree algorithm disclosed that
fish to meat ratio and cooking oil/ideal bodyweight were
associated with HCV-PNALT.

Key words: data-mining, diet, hepatitis C virus carriers with
persistently normal alanine transaminase levels, nutrition

INTRODUCTION

PPROXIMATELY 30% OF hepatitis C virus (HCV)
carriers show persistently normal aminotransferase
levels (HCV-PNALT)."* HCV-PNALT is associated with
less likelihood of developing hepatic fibrosis and
hepatocellular carcinoma (HCC) than in patients with
chronic hepatitis C (CHC).?>= Thus, the natural course of
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HCV-PNALT is different from that of patients with CHC
and this difference is considered to be caused by less
severe hepatic inflammation in HCV-PNALT.%"

Various epigenetic factors regulate inflammation.®®
Consumption of fish and vegetables is associated with
decreased inflammation in healthy adults,'®' while
meat consumption is associated with greater risk of
inflammation in patients with metabolic syndrome.*?
Thus, dietary habit is closely involved with the develop-
ment of inflammation. However, an association of the
dietary profiles with HCV-PNALT remains unclear.

Data-mining, a set of statistical techniques, uncovers
meaningful patterns from a data collection.”® The
decision-tree algorithm is an exploratory technique
of data-mining that represents a series of rules for

© 2012 The Japan Society of Hepatology
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classification by identifying priorities."*'® This is an
explicit, quantitative and systematic approach, and
allows clinicians to maximize the net benefit to
patients.”” Recently, a decision-tree algorithm has been
used to reveal the clinical feature profiles associated
with sustained virological response to antiviral therapy
against HCV'®* and disease progression of HCC.*" The
aim of this study is to investigate dietary profiles asso-
ciated with HCV-PNALT using a decision-tree algorithm.

METHODS

Ethics statement

HE STUDY PROTOCOL conformed to the ethical

guidelines of the 1975 Declaration of Helsinki, as
reflected by the approval of the Ethics Committee of
Kurume University School of Medicine. None of the
patients were institutionalized. We obtained written
informed consent from all participants involved in our
study.

Subjects

In this study, we enrolled 27 HCV-PNALT who had been
regulatly followed up at Kurume University School of
Medicine (median observation period 9.3 years). HCV-
PNALT was defined when the subjects met all of the
following five criteria: (i) positive result of serum HCV
RNA; (ii) never treated by interferon therapy; (iii) no
medication for hepatic inflammation; (iv) no morpho-
logical changes in the liver assessed by an abdominal
ultrasonography; and (v) less than upper normal limit of
serum alanine aminotransferase (ALT) levels on two or
more occasions over the 12-month period following
diagnosis. As a comparison to HCV-PNALT, we enrolled
a consecutive 41 patients with CHC, who showed
elevated serum ALT levels on two or more occasions over
the 12-month period following the diagnosis and were
consulted for interferon treatment. All of the diagnoses
were based on clinical, serological and/or histological
evidence. Cases complicated with other causes of liver
disease including hepatitis B virus infection, alcoholic
liver disease, autoimmune hepatitis, primary biliary cir-
rhosis or hemochromatosis were excluded. Although
intake of statins is known to reduce serum ALT levels,
none of the subjects were taking statins in this study.

Body mass index (BMI) and
body composition

Anthropometry and body composition were evaluated
by a direct segmental multifrequency bioelectrical
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impedance analyzer (DSM-BIA) (InBody720; Biospace,
Tokyo, Japan). BMI was calculated as bodyweight in
kilograms divided by the square of height in meters
(kg/m?*). Percent body fat was evaluated using the soft-
ware supplied with the DSM-BIA (Lookin'body 2.0;
Biospace). The accuracy and precision of the DSM-BIA
has been reported previously.**-**

Laboratory determinations

Venous blood samples were taken in the morning after
a 12-h overnight fast and were used for measurement of
platelet count and serum level of aspartate aminotrans-
ferase (AST), ALT, total bilirubin, albumin, low-density
lipoprotein (LDL) cholesterol and triglyceride. Hepatic
fibrosis was evaluated by FIB-4, a non-invasive index
calculated by the following formula: age (years) x AST
[U/L] / (platelets [10°/L] x [ALT [U/L]]*?). An FIB-4
index higher than 3.25 indicates the existence of signifi-
cant hepatic fibrosis.” We also evaluated HCV genotype
and viral load.

Assessment for dietary habits

Dietary habits were assessed using semiquantitative
food frequency questionnaire (SFFQ) tests of a dietary
questionnaire for 3 days as previously described.*® The
SFFQ was developed to assess recent Japanese food
habits by asking the frequency of intake of 67 food
items. The nutrient intakes of the SFFQ are reported to
be significantly correlated with the diet record.*® Each
dietary variable was normalized by ideal bodyweight
(IBW).

Caffeine consumption is known to reduce serum ALT
levels.?” Because green tea was a main source of caffeine
consumption in this study, caffeine consumption was
classified as “green tea and coffee”.

Univariate and multivariate stepwise
analyses, and decision-tree algorithm

A logistic regression model was used for univariate
and multivariate stepwise analysis to identify any
independent variables that are related to HCV-PNALT.
A decision-tree algorithm was constructed to disclose
dietary profiles associated with HCV-PNALT. Then, each
profile was compared by odds ratio, 95 % confidence
interval (CI) and P-value of the Wald test from the
logistic regression model. Finally, predictive accuracy
of the decision-tree model was validated by area
under the receiver operating characteristic curve analysis
(AUROC) using fivefold cross-validation as previously
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described.?® All statistical analyses were conducted using
SAS ver. 9.2 and JMP ver. 9.0 (SAS Institute, Cary, NC,
USA).

RESULTS

Characteristics of all subjects

HARACTERISTICS OF ALL subjects are summa-

rized in Table 1. There was no significant difference
in BMI and percent body fat between the CHC and
HCV-PNALT groups (Table 1). Although serum levels of
AST, ALT, albumin and ferritin were significantly higher
in the CHC group compared to those in the HCV-
PNALT group, total bilirubin level and platelet count
were not significantly different between the groups
(Table 1). Neither was any significant difference seen in
HCV genotype and viral load between the groups
(Table 1).

Univariate and multivariate analyses for
being HCV-PNALT

Dietary characteristics in the CHC and HCV-PNALT
groups are shown in Table 2 and results of univariate
logistic regression analysis for being HCV-PNALT are
presented in Table 3. None of the significant dietary
variables including iron, green tea and coffee consump-
tion were associated with HCV-PNALT (Table 3). In

Table 1 Characteristics of all subjects

Hepatology Research 2012; 42: 982-989

multivariate stepwise analysis, fish to meat ratio, dairy
product (g/IBW) and cooking oils (g/IBW) were identi-
fied as independent dietary variables associated with
HCV-PNALT (Table 4).

Decision-tree algorithm

A decision-tree algorithm was created, in which two
variables were able to classify all subjects into three
groups (Fig. 1). Fish to meat ratio was selected as the
variable of initial split with a cut-off value of 1.24. When
subjects showed a fish to meat ratio of 1.24 or more,
68.8% of the subjects were HCV-PNALT (group 1 in
Fig. 1). However, 30.7% of the subjects were HCV-
PNALT when subjects had a fish to meat ratio of less
than 1.24.

A cooking 0ils/IBW was selected as the second split
with a cut-off value of 0.23 g/kg. When subjects showed
a fish to meat ratio of less than 1.24 and a cooking
oils/IBW of 0.23 g/kg or more, 50.0% of the subjects
were HCV-PNALT (group 2 in Fig. 1). On the other
hand, 11.5% of the subjects were HCV-PNALT
when subjects showed a fish to meat ratio of less than
1.24 and a fat/IBW of less than 0.23 g/kg (group 3 in
Fig. 1).

In comparisons among the three groups in the
decision-tree algorithm, the proportion of HCV-PNALT
in group 3 was significantly lower than that in groups 1

Variable CHC HCV-PNALT P

n 41 27

Age (years) 54+9 57+ 14 N.S.
Sex (female/male) 26/15 19/8 N.S.
BMI 225+3.0 21.3+2.0 N.S.
Percent body fat (%) 26.2+64 27.1%6.2 N.S.
Aspartate aminotransferase (U/L) 50+ 55 255 <0.0001
Alanine aminotransferase (U/L) 67%78 205 <0.0001
Total bilirubin (mg/dL) 0.80 +0.26 0.71+0.26 N.S.
Albumin (g/dL) 43440.26 4.1540.19 <0.005
Platelet count (x10%/uL) 19.7+34 21.9£5.5 N.S.
FIB-4 index 1.72+0.72 1.62+£0.80 N.S.
Ferritin (ng/mL) 165.1£29.5 76.7:63.8 <0.01
HCV genotype (1b/2a/2b/not classified) 31/4/3/3 16/7/3/1 N.S.
Viral load (Log IU/mL) 6.3£0.9 6.1+0.8 N.S.
LDL cholesterol (mg/dL) 103.8£28.5 105.1+254 N.S.
Triglyceride (mg/dL) 109.5+£46.3 92.3+36.8 N.S.

Data are expressed as the mean + standard deviation or the number of patients. Differences between the two groups were analyzed

using the Mann-Whitney U-test. P < 0.05 was considered significant.

CHC, chronic hepatitis C; HCV, hepatitis C virus; HCV-PNALT, hepatitis C virus carriers with persistently normal alanine transaminase

levels; LDL, low-density lipoprotein; N.S., not significant.
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