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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 (n = 49), non-alcoholic fatty
liver disease (NAFLD; n = 20) and healthy subjects (CON; n = 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 (q = 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.

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.
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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; n = 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/m2).

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 A1c, 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) 9 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)/

upper limit of normal AST (33 U/L) 9 100/platelet
count (9 104/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 Scheff�e’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
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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

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 (q = 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

Table 1. Patient characteristics

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 57.3 ± 3.1* 63.5 ± 12.5
Sex (Female/Male) N/A 7/9 12/8 29/20 58/38
BMI (m2/kg) 18.5–22 22.3 ± 0.9 26.8 ± 2.2* 22.3 ± 2.8 23.5 ± 3.5
AST (U/L) 13–33 10.6 ± 3.4 35.5 ± 22.6† 31.5 ± 23.8† 47.9 ± 28.5†
ALT (U/L) 8–42 12.7 ± 5.1 41.2 ± 24.4† 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 ± 53.4† 42.2 ± 28.6† 53.2 ± 68.1†
Total protein (g/dl) 6.70–8.30 8.1 ± 0.5 7.7 ± 0.3 7.3 ± 0.5† 7.1 ± 0.6†
Albumin (g/dl) 4.00–5.00 4.3 ± 0.3 4.3 ± 0.5 3.8 ± 0.7‡ 3.7 ± 0.6‡
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 0.9 ± 0.5 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/dl) 128–220 197 ± 41 251 ± 66* 199 ± 42 163 ± 42*
Free fatty acids (lEq/L) 100–540 286 ± 75 383 ± 186† 375 ± 131† 665 ± 362*
Fasting blood glucose (mg/dl) 80–109 96 ± 5 121 ± 35† 103 ± 12† 109 ± 31†
Haemoglobin A1c (%) 4.3–5.8 5.3 ± 0.4 6.0 ± 0.7* 5.6 ± 0.4 5.3 ± 0.9
IRI (lIU/ml) 5.0–20.0 6.1 ± 2.3 9.5 ± 6.5§ 7.5 ± 4.4 14.3 ± 8.5§
HOMA-IR <2.5 1.3 ± 0.4 2.6 ± 1.6§ 2.0 ± 1.1 3.8 ± 1.5§
BUN (mg/dl) 8.0–22.0 14.5 ± 7.1 14.2 ± 4.3 17.2 ± 2.8 15.8 ± 4.3
Creatinine (mg/dl) 0.4–0.7 0.6 ± 0.3 0.6 ± 0.2 0.7 ± 0.3 0.6 ± 0.2
Hyaluronic acid (ng/ml) < 50 N/A 31.6 ± 12.5 98.5 ± 72.5k 182.8 ± 155.2*
Type IV collagen (ng/ml) < 140 N/A 88 ± 68 198 ± 121k 252 ± 146*
AFP (ng/ml) < 8.7 N/A 3.4 ± 1.2 7.8 ± 2.1k 14.8 ± 36.2*
PIVKA-II (mAU/ml) <40 N/A 18.5 ± 12.2 21.5 ± 16.2 28.5 ± 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.

‡P < 0.05 compared to the CON and NAFLD groups.

§P < 0.05 compared to the CON and HBV groups.

kP < 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, c-glutamyl transpeptidase; IRI,

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.
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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).

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 (q = �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 (q = 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

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
Scheff�e’s post-hoc test. *, P < 0.01.

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 Scheff�e’s post-hoc test. *, P < 0.05; **,
P < 0.01.

Table 2. Multivariate analysis of plasma active ghrelin levels

Variable Odds ratio
95% confidence
interval P value

Liver cirrhosis �1.82 �0.37 to �4.33 0.0359
Serum albumin levels 2.39 1.32 to 7.95 0.0251
HCV infection �3.05 �0.93 to �19.51 0.0192

HCV, hepatitis C virus.
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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

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 BMI. 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.

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.

Table 3. Correlations between plasma active ghrelin levels and
variables

Variables q 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 A1c 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, c-glutamyl transpeptidase; IRI, 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.
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