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Effects of Metabolic Syndrome on Fibrosis in Chronic Viral Hepatitis
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Background/Aims: Metabolic syndrome, comprising dia-
betes, hypertension, central obesity, and dyslipidemia, is
increasingly prevalent worldwide. We aimed to study the re-
lationship between metabolic syndrome and the risk of liver
fibrosis in patients with chronic hepatitis B (CHB) and chronic
hepatitis C (CHC). Methods: In total, 954 patients (CHB,
850; CHC, 104 patients) with liver biopsy were included in
the retrospective analysis. Extensive clinical and histologj-
cal data were available. Metabolic syndrome was defined
using the International Diabetes Federation definition of
metabolic syndrome, 2006 criteria. Histological lesions were
evaluated according to the histology activity index system.
Results: Metabolic syndrome was present in 6% of patients
and significantly more prevalent in patients with CHC than in
patients with CHB (5% vs 13%, p<0.001). Patients with met-
abolic syndrome were older among patients with CHB and
patients with CHC, and, as expected, were mainly overweight
or obese. Fibrosis was significantly more severe in patients
with metabolic syndrome than in those without, regardless
of whether they had CHB and CHC (CHB, 3.3+2.1 vs 2.4+
1.3, p=0.025; CHC, 2.6+1.5 vs 1.3+0.7, p=0.006). Liver
fibrosis (stages 3 to 4) was independently associated with
increased age, higher transaminase level and metabolic syn-
drome (odds ratio, 2.421; p=0.017). Conclusions: Metabolic
syndrome is associated independently with severe fibrosis
in patients with chronic viral hepatitis B and C. (Gut Liver
2013;7:469-474)
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INTRODUCTION

Metabolic syndrome, which has close association with insulin
resistance, consists of central obesity, type 2 diabetes mellitus

(DM), hypertension and hyperlipidemia, and the prevalence is
increasing.' There have been also reports that adipokines, such
as leptin and adiponectin, secreted in patients of metabolic
syndrome may cause liver fibrosis in chronic liver disease pa-
tients.”*

Various studies have already reported the association between
liver fibrosis and metabolic syndrome in nonalcoholic fatty liver
disease (NAFLD)*® and found that the components of metabolic
syndrome are independent risk factors of liver fibrosis.””

There are relatively less data on chronic viral hepatitis, how-
ever. With regards to chronic hepatitis C (CHC), studies have
reported that type 2 DM and other components of metabolic
syndrome negatively affects the efficiency of antiviral treat-

ments.'*"

According to previous report,” the prevalence of
diabetes and metabolic syndrome were raised in CHC patients,
with accelerated progression of liver fibrosis. There are even less
information regarding chronic hepatitis B (CHB) than CHC. Only
a few preliminary data suggested association between the com-
ponents of metabolic syndrome—obesity, diabetes, hypertension,
and hyperlipidemia—and liver fibrosis in CHB.'*"

The aim of this study was to determine the association be-

tween metabolic syndrome and liver fibrosis in CHB and CHC.

MATERIALS AND METHODS
1. Study population

CHB or CHC patients who received liver biopsy in the gastro-
enterology department of CHA Bundang Medical Center, CHA
University between May 2000 and May 2010 participated in the
study. Liver biopsy was done mainly to make a firm diagnosis
and to help provide information about the severity of chronic
viral hepatitis. Biopsies were often indicated in such patients
to exclude other causes of liver disease and to help provide
information about the severity of the viral hepatitis. The major
other causes of liver disease, which may be present instead of
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or in addition to chronic viral hepatitis, include alcoholic liver
disease, drug- or toxin-induced liver disease, fatty liver disease,
autoimmune liver disease, other inflammatory or infectious
liver disease including granulomatous hepatitis, and a variety
of metabolic diseases. Those with an evidence of other chronic
liver disease were excluded from the study. Patients less than
18 years old; patients with neoplasm including hemangioma,
liver cyst, and hepatocellular carcinoma; coinfection of hepatitis
B and C; hepatitis B healthy carrier with normal transaminase;
alcoholic liver disease (20 g/day or more for males, 10 g/day or
more for females); autoimmune hepatitis; and metabolic liver
diseases such as Wilson’s disease were other criteria of exclu-
sion.

2. Methods

1) Biological and clinical parameters

A retrospective, cross-sectional study was performed by col-
lecting clinical parameters, laboratory data and biopsy reports
from the search of medical records and electronic records. Medi-
cal records were referred for patients’ past medical histories such
as drug and alcohol use and family history. Diabetes, hyperten-
sion or hyperlipidemia was defined as a medical history when
they were clinically diagnosed and in need of medical therapy.
Heights and weights measured from each patient at visit were
used to calculate the body mass index (BMI; kg/m?). Morning
fasting blood samples was collected to measure biochemical
values of fasting glucose, aspartate aminotransferase (AST), ala-
nine aminotransferase (ALT), triglyceride (TG), total cholesterol,
low density lipoprotein, high density lipoprotein (HDL), albumin,
complete blood count, viral marker, y-glutamyl transferase, and
creatinine.

Metabolic syndrome was defined as having BMI of 30 kg/m’
or more and any two of the following four components, accord-
ing to the International Diabetes Federation consensus world-
wide definition of the metabolic syndrome, 2006.

(1) Fasting glucose >100 mg/dL

(2) TG >150 mg/dL

(3) HDL-cholestesterol <40 mg/dL in males, <50 mg/dL in fe-
males

(4) Blood pressure >130/85 mm Hg

2) Liver histology

Histologic findings were categorized based on the severity
of fibrosis, according to histology activity index (HAI) system.
With their 1981 publication, Knodell et al.'® introduced semi-
quantitative and reproducible histological scoring of liver bi-
opsies. Lesions were assigned weighted numeric values, which
resulted in a score, the HAI (Table 1)."” The HAI comprised three
categories for necroinflammation and one for fibrosis, with
points for the severity of the lesion in each category. The sum
total of points constituted the final score, or HAL In this study,
we used only fibrosis score. Fibrosis scoring was assessed by
one expert pathologist blinded to clinical information of pa-
tients.

3) Statistical analysis

PASW version 18.0 software (IBM Co., Armonk, NY, USA)
was used for statistical analysis. A t-test was used for com-
parison between groups, and logistic regression test was
used for multivariate analysis. The results were presented as
mean+standard deviation. A p-value of less than 0.05 was de-
fined as statistically significant.

RESULTS
1. Clinical characteristics of study population

Among a total of 954 patients who were included in the
analysis, 850 patients had CHB and 104 patients had CHC. The
63.3% of CHB patients and 57.5% of CHC patients were male.
The mean age was 43.2 and 48.7, respectively. Statistically
significant differences were not found between the two groups.
Clinical features of the overall patients are presented in Table 2.

Table 1. Grading and Staging of the Histopathological Lesion of Liver Biopsy: Histology Activity Index (HAI-Knodell Score)

Intralobular degeneration

Periportal bridging necrosis  Score . Score Portal inflammation Score Fibrosis Score
and focal necrosis

None 0 None 0 No portal inflammation 0  No fibrosis 0

Mild piecemeal necrosis 1 Mild 1 Mild 1 Fibrous portal expansion 1
with septae formation

Moderate piecemeal necrosis 3 Modeate 3 Modeate 3 Bridging fibrosis (portal- 3
portal or portal-central
linkage)

Marked piecemeal necrosis 4 Marked 4 Marked 4 Cirrhosis 4

Moderate piecemeal necrosis 5 - -
plus bridging necrosis

Marked piecemeal necrosis
plus bridging necrosis

Multilobular necrosis 10 - -
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Table 2. Baseline Characteristics of 954 Patients with Chronic Viral
Hepatitis

Table 3. Prevalence of Metabolic Syndrome in Patients with Chronic
Viral Hepatitis

Characteristic CHB CHC p-value Characteristic CHB (n=850) CHC (n=104) p-value
No. 850 104 - Metabolic syndrome 43 (5) 13 (13) <0.001
Male 538 (63.3) 59 (57.5) 0.074 Fasting glucose >100 mg/dL 304 (24) 19 (18) 0.041
Age, yr 4324152  48.7+9.8 0.064 BMI >30 kg/m® 102 (12) 10 (9) 0.058
BMI, kg/m’ 24.2+7.6 25.2+4.8 0.051 Hypertension 68 (8) 6 (5) 0.072
DM 96 (11.3) 14 (13.2) 0.056 Triglyceride >150 mg/dL 77 (9) 21 (20) 0.006
Hyperlipidemia 102 (12.3) 11(11.2) 0.069 HDL <40/50 mg/dL (M/F) 332 (39) 43 (41) 0.621
Hypertension 131(154)  18(17) 0.810 Data are presented as number (%).
Alcohol consumption 547 (64.4) 61 (58.7) 0.156 CHB, chronic hepatitis B; CHC, chronic hepatitis C; BMI, body mass
. » index; HDL, high density lipoprotein; M, male; F, female.
History of antiviral therapy 423 (49.8) 37 (35.6) 0.0612
Hemoglobin, g/dL 14.2+1.5 14.8+4.2 0.123
WRC, 10°/uL 5875524  6.42+4.54 0.765 and total bilirubin were not significantly different between the
Platelets, 10"/l 204487 190454 0,051 two groups. The e.xtent of liver fibrosis wa.s found more serious
when accompanying metabolic syndrome in both groups (CHB,
AST, TU/L 150+650 1394742 0.627
3.3+2.1 vs 2.4+1.3, p=0.025; CHC, 2.6+1.5 vs 1.3+0.7, p=0.006).
ALT, IU/L 1744987 163305 0.764
Total bilirubin, mg/dL 145+7.52 1984845  0.432 4. Predictors of liver fibrosis
Glucose, mg/dL 115456 107457 0.089 Predictors of liver fibrosis were analyzed in the patients with
Creatinine, mg/dL 1.12+£1.07  1.24+0.98 0.251 CHB and the patients with CHC. Patients in both groups were
Albumin, g/dL 4.19£0.52  4.05+0.15 0.468 stratified to stages O to 2 or 3 to 4, according to the extent of
Total cholesterol, mg/dL 172+64 184+45 0.091 fibrosis on the histologic findings, to compare differences be-
LDL, mg/dL 107.6+21.5  104+54.5 0.247 tween the groups using univariate analysis (Table 5). Old age,
HDL, mg/dL 50.7+14.5 48.4+8.5 0.154 BM], increased AST/ALT, and metabolic syndrome showed as-
Triglycerides, mg/dL 120466 1354108 0.142 sociation with advanced fibrosis (fibrosis stages 3 to 4) in both
Fibrosis stage, median 2.841.2 2.441.4 0.051 CHB group and CHC group. And in CHB, alcohol consumption

Data are presented as number (%) or mean+SD.

CHB, chronic hepatitis B; CHC, chronic hepatitis C; BMI, body mass
index; DM, diabetes mellitus; WBC, white blood cell; AST, aspartate
aminotransferase; ALT, alanine aminotransferase; LDL, low density
lipoprotein; HDL, high density lipoprotein.

2. Prevalence of metabolic syndrome and its components

The overall prevalence of metabolic syndrome was 6%
(56/954); the prevalence was lower in CHB than in CHC (5% vs
13%, p<0.001). Among the components of metabolic syndrome,
fasting glucose >100 mg/dL was more frequent in CHB (24%
vs 18%, p=0.041), while TG >150 mg/dL was more frequent in
CHC (9% vs 20%, p=0.006) (Table 3).

3. Comparison in terms of the presence of metabolic syn-
drome

Clinical features according to the presence of metabolic syn-
drome in CHB and CHC are presented in Table 4. Both CHB
and CHC were associated with older age and greater BMI in the
presence of metabolic syndrome. Both groups showed increased
frequency of diabetes, hyperlipidemia, hypertension, and fast-
ing glucose in the presence of metabolic syndrome; however,
alcohol consumption, history of antiviral therapy, AST/ALT,

was associated with advanced fibrosis (fibrosis O to 1, 42.4%; 3
to 4, 71.31%; p=0.042).

A multivariate analysis using the variables which showed as-
sociation in the univariate analysis was performed to determine
if the presence of metabolic syndrome, or its components, could
be independent factors of the advanced liver fibrosis (Table 6).
Metabolic syndrome was found as an independent predictor
of liver fibrosis in both CHB and CHC (CHB odds ratio, 2.421,
p=0.017; CHC odds ratio, 2.751, p=0.027), with at least two
times risk of developing liver fibrosis.

Another analysis was performed to determine if the risk of
liver fibrosis could be changed based on how many of the five
components of metabolic syndrome were met (Table 7) but no
significant association was found either in CHB or CHC.

DISCUSSION

The purpose of this study was to find association between
metabolic syndrome and liver fibrosis in CHB and CHC, which
are the most common causes of chronic liver disease. The asso-
ciation between chronic viral hepatitis and metabolic syndrome
was reported in several previous studies. One previous study®
reported that CHC increases the risk of type 2 DM through its
direct influence on glucose and lipid metabolism. Other report"
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Table 4. Characteristics of Metabolic Syndrome in Patients with Chronic Hepatitis B or Chronic Hepatitis C

CHB metabolic syndrome CHC metabolic syndrome
Characteristic
No (n=807) Yes (n=43) p-value No (n=91) Yes (n=13) p-value
Male 507 (63) 31(72) 0.054 52 (58) 7 (54) 0.052
Age, yr 43.2+12 55.4+10.3 <0.001 47.3+8.5 50.2+7.9 0.162
BMI, kg/mz 25.143.6 27.72+3.72 0.004 24.5+5.4 29.5+4.6 0.049
Alcohol consumption 526 (65.2) 21 (48.8) 0.052 54 (59.3) 7 (53.8) 0.062
History of antiviral therapy 403 (50) 20 (46.5) 0.067 32 (35.2) 5 (38.5) 0.864
DM 81 (10) 15 (35) 0.051 9 (10) 5(39) 0.027
Hyperlipidemia 89 (11) 13 (31) 0.043 4 (5) 7 (54) 0.041
Hypertension 107 (14) 24 (56) <0.001 10 (11) 8 (62) 0.058
AST, IU/L 64.4+159.9 63.7491 0.175 53.4+43.2 49.5+46.5 0.124
ALT, IU/L 75.3+£121.5 80.5+187.5 0.213 78.1+45.8 86.5+75.8 0.765
Total bilirubin, mg/dL 0.45+0.57 0.55+0.57 0.174 0.78+0.26 1.04+1.52 0.092
Fasting glucose >100 mg/dL 267 (33) 37 (86) <0.001 8(9) 11 (85) 0.043
HDL <40/50 mg/dL (M/F) 301 (38) 31(72) 0.001 34 (38) 9 (70) 0.023
Triglyceride >150 mg/dL 66 (9) 11 (26) 0.017 17 (19) 4(31) 0.042
Fibrosis, median 2.4+1.3 3.3+2.1 0.025 1.3+0.7 2.6+1.5 0.006

Data are presented as number (%) or mean+SD.
CHB, chronic hepatitis B; CHC, chronic hepatitis C; BMI, body mass index; DM, diabetes mellitus; AST, aspartate aminotransferase; ALT, alanine
aminotransferase; HDL, high density lipoprotein; M, male; F, female.

Table 5. Univariate Analysis of Factors Associated with Liver Fibrosis

CHB CHC
Characteristic Fibrosis 0-1 Fibrosis 3-4 Fibrosis 0-1 Fibrosis 3-4

(n=205) (n=645) p-value (n=37) (n=67) p-value
Male 109 (54) 429 (67) 0.075 17 (46) 42 (63) 0.061
Age, yr 41.3+15 51.4+11.3 <0.001 42.3+16 53.2+8.9 0.003
BMI, kg/m2 24.145.6 28.7+3.62 0.002 26.5+4.8 30.5+7.6 0.039
Alcohol consumption 87 (42.4) 460 (71.31) 0.042 20 (54.1) 41 (61.2) 0.056
History of antiviral therapy 98 (47.8) 325 (50.4) 0.146 13 (35.1) 24 (35.8) 0.219
DM 21 (11) 75 (4) 0.057 5 (14) 9 (14) 0312
Hyperlipidemia 89 (11) 13 (12) 0.057 4 (5) 7 (54) 0.041
Hypertension 44 (22) 87 (14) 0.135 6(17) 12 (18) 0.056
AST, IU/L 63.4+59.9 83.7491 <0.001 56.4+33.2 84.5+46.5 <0.001
ALT, IU/L 74.3+32.6 94.5+87.5 <0.001 76.1+55.8 98.5+75.8 <0.001
Total bilirubin, mg/dL 0.35+0.54 0.65+0.34 0.274 0.68+0.16 1.13+1.32 0.087
Fasting glucose >100 mg/dL 29 (15) 275 (43) 0.052 4(11) 15 (23) 0.061
HDL <40/50 mg/dL (M/F) 97 (48) 235 (37) 0.164 12 (38) 31 (47) 0.067
Triglyceride >150 mg/dL 25 (13) 52 (8) 0.061 16 (44) 27 (41) 0.234
Metabolic syndrome 4(2) 39 (6) 0.004 3(9) 10 (15) 0.021

Data are presented as number (%) or mean+SD.
CHB, chronic hepatitis B; CHC, chronic hepatitis C; BMI, body mass index; DM, diabetes mellitus; AST, aspartate aminotransferase; ALT, alanine
aminotransferase; HDL, high density lipoprotein; M, male; F, female.

concluded that the prevalence of diabetes and metabolic syn- compared to CHC, there was a report that women with CHB
drome were raised in CHC with increased risks of NAFLD and were more likely to have gestational diabetes,”® but there is still
liver fibrosis. Despite lack of data on the association with CHB no report that metabolic syndrome may interfere with the treat-
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Table 6. Multivariate Analysis of Factors Univariately Associated with Severe Fibrosis in Patients with Chronic Viral Hepatitis (Stage 3-4)

CHB CHC
Patient characteristic
OR (95% CI) p-value OR (95% CI) p-value
Age 1.042 (0.546-1.594) 0.014 1.067 (0.343-1.630) 0.043
Alcohol consumption 1.023 (0.453-1.540) 0.074 1.046 (0.563-1.546) 0.095
AST 1.327 (0.345-2.034) 0.015 1.292 (0.745-1.893) 0.014
ALT 1.548 (0.943-2.321) 0.024 1.671 (1.359-1.980) 0.018
Metabolic syndrome 2.421 (2.034-3.530) 0.017 2.751 (2.353-3.153) 0.027

CHB, chronic hepatitis B; CHC, chronic hepatitis C; OR, odds ratio; CI, confidence interval; AST, aspartate aminotransferase; ALT, alanine amino-

transferase.

Table 7. Risk of Severe Liver Fibrosis (Stage 3-4) according to the
Numbers of Five Components of the Metabolic Syndrome

CHB CHC
Component™® OR OR
(soocy  PVANE ooy Prvalue
0 Reference Reference
1 2.2 (0.8-5.5) 0.14 1.4 (0.9-1.7) 0.19

2 1.3 (0.3-4.0) 0.78
3 5.4 (1.2-27.8) 0.002
4 4.7 (1.9-21.8) 0.03
5 1.4 (0.2-20.8) 0.51

2.1(1.7-4.3) 0.26

2.5 (1.8-4.0) 0.075
1.8 (0.9-2.3) 0.312
2.5(1.9-8.4) 0.054

CHB, chronic hepatitis B; CHC, chronic hepatitis C; OR, odds ratio; CI,
confidence interval.
*Numbers of the five components of the metabolic syndrome.

ment of CHB.

In this study, the prevalence of metabolic syndrome was 6%
in overall, 5% in CHB, and more increased 13% in CHC. This
lower prevalence of metabolic syndrome in CHB compared
to CHC might be explained by lower BMI and age in the CHB
group (age, 43.2+15.2 vs 48.7+9.8; BMI, 24.2+7.6 vs 25.2+4.8)
although these datas were not statistically significant and higher
prevalence of TG >150 mg/dL in CHC (9% vs 20%, p=0.006).
Various epidemiologic studies have actually reported higher
prevalence of metabolic syndrome in groups with greater BMI

and older age.”*”

The overall prevalence of 6% in this study
was lower than that of general population. It is speculated that
hypocholesterolemia due to hypobetalipoproteinemia in CHC
patients” might have had influence on this result, which is why
this study in chronic viral hepatitis patients had lower preva-
lence than studies in general population.

The most significant conclusion of this study is the presence
of independent association between metabolic syndrome and
liver fibrosis in both CHB and CHC, which was also reported in
other previous studies. Previous study” reported that the feature
of NAFLD in CHC had an association with metabolic syndrome,
suggesting that it could be a predictor of advanced fibrosis;
however, they did not mention any correlation with histologic

severity or the difference in terms of the five components of
metabolic syndrome. In our study, not all five components of
metabolic syndrome showed independent correlation with liver
fibrosis nor was there a linear causality based on the number
of components a patient had, but the presence of metabolic
syndrome showed the most independent correlation with liver
fibrosis.

The most important limitation of this study is the compara-
tively small number of subsets satisfying the criteria of meta-
bolic syndrome, which could contribute to the possibility of
overestimation due to type 2 error. Being a retrospective, cross-
sectional study, we used the anthropometric and biochemical
data measured at liver biopsy for evaluation, which could have
made establishing causal relationship more difficult. A follow-
up study in a bigger sample is required to determine the change
of association with the predictor over time.

In conclusion, metabolic syndrome showed independent as-
sociation with liver fibrosis both in CHB and CHC. Clinicians
might need to monitor chronic viral hepatitis patients with the
possibility of metabolic syndrome in mind. Therapeutic inter-
ventions for metabolic syndrome, upon its diagnosis, could
improve the prognosis of the patient. Weight reduction, glucose
control and adequate control of the blood pressure and hyper-
lipidemia are recommended for chronic viral hepatitis patients
with signs of metabolic syndrome.
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