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Abstract

AIM: Nonalcoholic steatohepatitis (NASH) is a severe form
of nonalcoholic fatty liver disease (NAFLD), and progresses
to the end stage of liver disease. Biochemical markers of
liver fibrosis are strongly associated with the degree of
histological liver fibrosis in patients with chronic liver disease.
However, data are few on the usefulness of markers in
NAFLD patients. The aim of this study was to identify better
noninvasive predictors of hepatic fibrosis, with special focus
on markers of liver fibrosis, type VI collagen 7S domain and
hyaluronic acid.

METHODS: One hundred and twelve patients with
histologically proven NAFLD were studied.

RESULTS: The histological stage of NAFLD correlated with
several clinical and biochemical variables, the extent of
hepatic fibrosis and the markers of liver fibrosis were relatively
strong associated. The best cutoff values to detect NASH
were assessed by using receiver operating characteristic
analysis: type VI collagen 7S domain ≥5.0 ng/mL, hyaluronic
acid ≥43 ng/mL. Both markers had a high positive predictive
value: type VI collagen 7S domain, 86% and hyaluronic acid,
92%. Diagnostic accuracies of these markers were evaluated
to detect severe fibrosis. Both markers showed high negative
predictive values: type VI collagen 7S domain (≥5.0 ng/mL),
84% and hyaluronic acid (≥50 ng/mL), 78%, and were
significantly and independently associated with the presence
of NASH or severe fibrosis by logistic regression analysis.

CONCLUSION: Both markers of liver fibrosis are useful in
discriminating NASH from fatty liver alone or patients with
severe fibrosis from patients with non-severe fibrosis.
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INTRODUCTION

The prevalence of overweight persons is increasing in developed
and developing countries[1,2]. Fatty metamorphosis in the liver
is common in these obese subjects and nonalcoholic fatty liver
disease (NAFLD) has become widespread with the increasing
prevalence of obesity[3-6]. In Japan, the prevalence of NAFLD
has been recently increasing[7], which may be attributable to
lifestyle change including physical inactivity and an increase
in daily fat consumption.
      Most patients with NAFLD have a benign clinical course,
but some patients progress to advanced liver disease, liver
cirrhosis or even hepatocellular carcinoma[3,8-10]. Nonalcoholic
steatohepatitis (NASH) is a severe form of NAFLD, and is
strongly associated with female gender, older age, obesity and
type 2 diabetes mellitus[3,4,11-15]. The definitive diagnosis of
NASH requires liver biopsy, but it is an invasive procedure
that may cause undesirable complications. Clinical indications
for liver biopsy should be limited in patients with NAFLD who
are likely to have NASH or significant fibrosis. Liver fibrotic
change is an important pathological finding to stage NAFLD
or to determine the prognosis of NAFLD[16,17]. NAFLD patients
with severe fibrosis have a poor prognosis[18].
      Many clinical variables have been proposed as predictors
of severe fibrosis in patients with NAFLD: old age, type 2
diabetes mellitus, obesity, serum transaminase levels, peripheral
platelet counts, etc.[19-22]. Biochemical markers of liver fibrosis
are strongly associated with the degree of histological fibrosis
in patients with chronic viral hepatitis[23-25]. However, data are
few on the usefulness of markers of liver fibrosis to evaluate
the degree of liver fibrosis among patients with NAFLD or for
distinguishing NASH from benign NAFLD[22].
       The aim of the present study was to identify better noninvasive
predictors of liver fibrosis, with special focus on the markers of
liver fibrosis.

MATERIALS AND METHODS

Patients
From January 1993 to August 2003, NAFLD was diagnosed in
112 patients who visited our hospital or affiliated hospitals.
The patients included 36 men and 76 women aged between 19
and 78 years, 87% were 40 years of age or older. All denied
regular alcohol use and definitions of nonalcoholic use were
30 g/d or less for men and 20 g/d or less for women. No patient
had conditions related to secondary NAFLD: regular use of
drugs known to produce steatosis (corticosteroids, tamoxifen,
amiodarone), previous gastrointestinal surgery, total parenteral
nutrition, etc.[3]. Other liver diseases were appropriately excluded:



chronic viral hepatitis, autoimmune hepatitis, drug-induced liver
disease, primary biliary cirrhosis, metabolic liver diseases. For all
patients, the body mass index (BMI; kg/m2) was calculated.

Methods
NAFLD was diagnosed histologically. All liver biopsy samples
were examined by two of us (HS, KK) who were unaware of the
clinical and biochemical conditions of each patient. Specimens
were fixed in 10% neutral buffered formalin and stained with
hematoxylin and eosin and Azan-Mallory. Fatty change was
defined as 10% or more fatty metamorphosis in the hepatocytes.
Histological criteria of NASH were based on steatosis (≥10%
of hepatocytes affected) and two of the following three: lobular
inflammation, ballooning degeneration, and pericellular fibrosis.
Different histological parameters were evaluated including
steatosis, pericellular fibrosis, portal/septal fibrosis, portal
inflammation, periportal necrosis, lobular inflammation,
ballooning, Mallory body. Pericellular fibrosis was graded on a
scale of absent, mild, moderate, severe fibrosis. Portal/septal
fibrosis was graded according to the histological criteria for
chronic viral hepatitis: 0, none; 1, portal expanding or periportal
fibrosis; 2, partial bridging fibrosis; 3, diffuse bridging fibrosis
with lobular remodeling, 4, cirrhosis. Histological staging was
done according to Brunt et al[16,17] with slight modifications:
stage 0, no fibrosis (fatty liver alone or fatty liver plus lobular
inflammation); stage 1, perisuinasoidal fibrosis without portal
fibrosis; stage 2, perisuinasoidal fibrosis plus portal fibrosis;
stage 3, presence of bridging fibrosis; stage 4, cirrhosis. Written
informed consent was obtained from all patients, and the study
was conducted in conformance with the Helsinki Declaration.
       Laboratory tests included peripheral blood cell counts, and
measurements of albumin, aspartate aminotransferase (AST),
alanine aminotransferase (ALT), -glutamyl transpeptidase
(GGT), alkaline phosphatase (ALP), fasting glucose, fasting
insulin, total cholesterol and triglyceride levels, glycosylated
hemoglobin A1c (HbA1c), free fatty acid (FFA), ferritin,
immunoglobulin G (IgG), IgA, IgM, type VI collagen 7S domain,
hyaluronic acid , hepatitis B surface antigen, antibody to hepatitis
C virus. Insulin resistance was calculated by homeostasis model
assessment (HOMA-R: fasting glucose (mg/dL) ×fasting insulin
(U/mL) ÷405). Standard liver tests were performed on a
multichannel autoanalyzer. Hepatitis B surface antigen was
measured by a commercially available enzyme immunoassay
(Enzygnost, Berling, Germany). Antibody to hepatitis C virus

was tested by a second generation enzyme immunoassay (Ortho
Diagnostics, Raritan, NJ).
      Type VI collagen 7S domain was measured with a type VI
collagen 7S domain RIA kit (Nippon CPC Co., Tokyo, Japan)
and serum hyaluronic acid was tested by sandwich binding
protein assay by using a commercially available kit (Chugai
Co., Tokyo, Japan).

Statistical analysis
The continuous variables were compared using the 2-tailed
Student’s t test. The correlation between these variables was
analyzed by Pearson’s correlation coefficient or Spearman’s
correlation coefficient. Categorical variables were compared
with Fisher’s exact test. The diagnostic values of the clinical
variables were assessed by calculating the areas under the
receiver operating characteristic (ROC) curves, which were used
to assess the best cutoff points to identify the presence of
NASH or severe fibrosis. The diagnostic accuracy was calculated
by sensitivity, specificity, and positive and negative predictive
values (PPV and NPV). Multivariate analysis was tested using
logistic regression analysis. The SPSS statistical software (Ver.
11.0) was used for statistical analysis. A P value less than 0.05
was considered statistically significant.

RESULTS

Of the 112 patients with NAFLD, 35 (31.3%) were classified as
stage 0, 12 (10.7%) as stage 1, 17 (15.2%) as stage 2, 39 (34.8%)
as stage 3 and 9 (8.0%) as stage 4. Seventy patients were
diagnosed as NASH, and all of them had liver fibrotic change
at stage 1 or at a more severe stage. The remaining 42 patients
were diagnosed as having nonalcoholic fatty liver. When the
112 patients were divided into two groups by the severity of
fibrosis (mild: stage 0-2 and severe: stage 3 and 4), women were
more frequently seen in the severe group (P = 0.04), (Table 1).
       Correlations were examined between the degree of fibrosis
or the stage of NAFLD and the following clinical variables:
age, BMI, blood pressure, peripheral platelet counts, serum
levels of albumin, total bilirubin, fasting blood glucose, AST,
ALT, GGT, ALP, total cholesterol, triglyceride, FFA, IgG, IgA,
IgM, type VI collagen 7S domain, hyaluronic acid, ferritin,
HbA1c, HOMA-R.
      The degree of all three histological criteria of fibrosis and
the following quantitative variables were significantly correlated:

Table 1  Correlation between degree of liver fibrosis and clinical and laboratory data (n = 112)

       Degree of liver fibrosis
Clinical/laboratory data

  Portal/Septal    Pericellular   Fibrosis stage

Age (yr) 0.265 (P = 0.005) 0.172 (P = 0.07) 0.302 (P = 0.001)

BMI 0.220 (P = 0.020) 0.236 (P = 0.012) 0.238 (P = 0.011)

Platelet            -0.331 (P<0.001)            -0.133 (P = 0.2)            -0.298 (P = 0.001)

Albumin            -0.295 (P = 0.002)            -0.078 (P = 0.4)            -0.291 (P = 0.002)

AST 0.306 (P = 0.001) 0.384 (P P<0.001) 0.340 (P<0.001)

AST/ALT 0.458 (P<0.001) 0.420 (P P<0.001) 0.438 (P<0.001)

IgG (n=100) 0.261 (P =0.009) 0.141 (P = 0.1) 0.208 (P = 0.038)

IgA (n=94) 0.281 (P<0.006) 0.285 (P = 0.005) 0.291 (P = 0.004)

IgM (n=100) 0.256 (P =0.010) 0.188 (P = 0.06) 0.266 (P = 0.008)

Type IV Ccollagen 7S 0.580 (P<0.001) 0.516 (P<0.001) 0.607 (P<0.001)

Hyaluronic acid 0.543 (P<0.001) 0.387 (P<0.001) 0.553 (P<0.001)

Ferritin (n = 98) 0.205 (P = 0.043) 0.120 (P = 0.2) 0.252 (P = 0.012)

HbA1c (n = 96) 0.309 (P = 0.002) 0.211 (P = 0.039) 0.315 (P = 0.002)

FFA (n = 80) 0.238 (P = 0.033) 0.271 (P = 0.015) 0.276 (P = 0.013)

HOMA-R (n = 82) 0.224 (P = 0.043) 0.164 (P = 0.1) 0.222 (P = 0.045)
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age, BMI, platelet counts, albumin, AST, AST/ALT ratio, IgA,
type VI collagen 7S domain, hyaluronic acid, HbA1c, FFA. Serum
IgG and IgM concentrations, ferritin and HOMA-R were
significantly correlated with either the degree of portal/septal
fibrosis or fibrosis stage, but were not significantly correlated with
the degree of pericellular fibrosis. Among these variables, the
markers of liver fibrosis, type VI collagen 7S domain and hyaluronic
acid, showed relatively high correlation coefficients. ALT, GGT,
ALP, total serum cholesterol, triglyceride, peripheral hemoglobin
concentration, systolic blood pressure, diastolic blood pressure,
and fasting blood glucose level were not significantly correlated
with any degree of the three histological criteria (Table 1).
      When the patients having fatty liver alone were compared
with the patients having NASH, the BMI, ALT, GGT, IgG, IgA,
fasting glucose, ferritin, and HOMA-R were not significantly
different, but several clinical variables were significantly
different between the two groups, particularly the differences
in AST level, AST/ALT ratio, and the markers of liver fibrosis
were highly significant (Table 2).

Table 2  Comparison between patients with fatty liver and
with NASH (mean±SD)

             Fatty liver alone      NASH        P value

Number 4 2            70

Age (yr)        45.2±13.6       53.8±14.4          0.002

Gender (female)       22 (52.4%)       54 (77.1%)          0.012

BMI        28.2±4.9        29.6±5.2           NS

Diabetes mellitus (%)         8 (19.0%)       26 (37.1%)          0.044

Platelet count (×104/L)     23.8±4.8        21.1±6.8          0.036

Prothrombin time (%)        98.5±11.1        91.6±13.6          0.009

Albumin (g/dL)          4.4±0.3          4.3±0.4          0.017

AST (IU/L)        56.7±30.8        87.5±48.1          <0.001

ALT (IU/L)      110.1±68.2      117.1±65.1           NS

AST/ALT ratio        0.56±0.2        0.82±0.4          <0.001

GGT (IU/L)      124.9±96.6      106.2±129.3           NS

IgG (mg/dL)   1 377.1±366.7  1 526.9±423.3           NS

IgA (mg/dL)      313.1±191.3     356.9±134.1           NS

IgM (mg/dL)      124.2±47.9      162.8±82.4          0.004

Type IV collagen 7S          4.1±0.9             6.0±2.0          <0.001

(ng/mL)

Hyaluronic acid (ng/mL)   29.0±20.0       103.4±116.8         <0.001

Fasting glucose (mg/dL)  107.8±34.4      120.2±51.8           NS

HbA1c (%)          5.4±1.0          6.2±1.7          0.005

Ferritin (ng/mL)      151.7±107.0     351.5±455.7          0.001

FFA (mEq/L)          0.6±0.2          0.7±0.3          0.022

HOMA-R          5.1±6.3          6.0±6.6           NS

      When the patients having stage 0-2 fibrosis were compared
with the patients having stage 3 and 4 fibrosis, the BMI, ALT
level, any subclass of immunoglobulins, fasting glucose and
HOMA-R were not significantly different. The frequency of
diabetes mellitus was not significantly different between these
groups, but the difference was significant between patients
having fatty liver alone and patients having NASH (Table 3).

Table 3  Comparison between NAFLD patients with stage 0-2
fibrosis and those with stage 3 and 4 fibrosis (mean±SD)

          Stages 0-2 fibrosis  Stages 3,4 fibrosis P value

Number 6 4 4 8

Age (yr)        47.8±14.5        54.3±14.0          0.02

Gender (female)       38 (59.4%)        38 (79.2%)          0.04

BMI                     28.3±4.8        30.1±5.4          NS

Diabetes mellitus (%)       15 (23.4%)        19 (39.6%)          NS

Platelet count (×104/L)     23.8±5.1        20.3±7.1          0.004

Prothrombin time (%)        96.9±11.1        90.1±14.7          0.018

Albumin (g/dL)          4.4±0.3          4.3±0.4          0.03

AST (IU/L)        67.0±37.5        87.9±51.2          0.02

ALT (IU/L)      113.1±65.2      116.3±67.9          NS

AST/ALT ratio        0.66±0.4        0.82±0.3          0.015

GGT (IU/L)      133.5±141.6       85.7±66.6          0.019

IgG (mg/dL)   1 408.1±367.0  1 555.5±446.4         NS

IgA (mg/dL)      316.3±172.3     371.0±133.5         NS

IgM (mg/dL)      137.2±79.1      163.8±64.9          NS

Type IV collagen 7S          4.6±1.5          6.3±2.0          <0.001

(ng/mL)

Hyaluronic acid (ng/mL)   50.4±74.3      108.8±118.7         0.004

Fasting glucose (mg/dL)  115.1±49.4      116.6±43.1          NS

HbA1c (%)          5.6±1.2          6.4±1.9          0.01

Ferritin (ng/mL)      253.8±52.6      320.1±373.0         NS

FFA (mEq/L)          0.6±0.3          0.8±0.3          0.007

HOMA-R          5.7±5.8          5.8±4.6          NS

       Relatively high correlation coefficients were seen between
the degree of hepatic fibrosis and the markers of fibrosis. We
therefore examined the diagnostic accuracy of the markers of
fibrosis for NASH and severe fibrosis. To detect NASH, the
area under the curves for type VI collagen 7S domain and
hyaluronic acid were 0.828 and 0.797, respectively, by ROC
analysis (Table 4). The best cutoff values to detect NASH were
also assessed using the ROC analysis, and sensitivity, specificity,
PPV, and NPV were calculated. Both markers had high PPV:
type VI collagen 7S domain, 86.0% and hyaluronic acid, 92.0%.
A combination of these markers was also useful to discriminate
NASH from fatty liver alone. If both markers combined were
positive, the PPV was high (97.1%) (Table 4). To detect severe
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Table 4  Diagnostic accuracy of the markers of liver fibrosis for NASH

       ROC analysis          Accuracy
Cutoff value

    AUC  (95% CI)   P value       Se (%) Sp (%)           PPV (%)          NPV (%)

(a) Type IV collagen 7S 0.828 (0.754-0.902)     0.000 ≥5.0 ng/mL        70.0   81.0 86.0 61.8

(b) Hyaluronic acid 0.797 (0.716-0.879)     0.000 ≥43 ng/mL        65.7   90.5 92.0 61.3

Combination of Markers a≥5.0 ng/mL        87.1   73.8 84.7 77.5

or b≥43 ng/mL

a≥5.0 ng/mL        48.6   97.6 97.1 53.2

and  b≥43 ng/mL

Abbreviations: ROC, receiver operating characteristic; AUC, area under the ROC curve; CI, confidence interval; Se, sensitivity;
Sp, specificity; PPV, positive predictive value; NPV, negative predictive value.



fibrosis, the type VI collagen 7S domain cutoff value for the
best compromise sensitivity-specificity was 5.0 ng/mL. This
value was the same as in detecting NASH. Type VI collagen 7S
domain and hyaluronic acid showed relatively high NPVs in
detecting severe fibrosis. If both markers were concomitantly
negative, severe fibrosis was unlikely to be present, the NPV of
either type VI collagen 7S domain ≥5.0 ng/mL or hyaluronic
acid ≥50 ng/mL in detecting severe fibrosis was high (95.2%)
(Table 5).
      Although several clinical variables were associated with
the presence of NASH or severe fibrosis by univariate analysis
(Tables 2, 3), these factors were too many to be evaluated in
logistic regression analysis. We therefore selected eight variables
(age, gender, BMI, peripheral platelet counts, AST/ALT ratio,
type VI collagen 7S domain, hyaluronic acid, presence of
diabetes) for logistic regression analysis. The cutoff values for
continuous variables (age, peripheral platelet counts, AST/ALT
ratio, type VI collagen 7S domain, hyaluronic acid) were
determined based on ROC analysis. The cutoff value for BMI
was adopted as ≥30 kg/m2. The logistic regression analysis
indicated that three (AST/ALT ratio ≥0.55, type VI collagen
7S domain ≥5.0 ng/mL, hyaluronic acid ≥43 ng/mL) out of the
eight variables were significantly and independently associated
with NASH. Odds ratios for the three independent predictors
of NASH were AST/ALT ratio 10.1, 95% confidence interval
(CI) 2.0-52.3, P = 0.006; type VI collagen 7S domain 6.9, 95% CI
2.1-23, P = 0.002; hyaluronic acid 12.7, 95% CI 3.0-54, P = 0.001.
The logistic regression analysis also indicated that two (type VI
collagen 7S domain ≥50 ng/mL, hyaluronic acid ≥50 ng/mL)
of the eight variables were significantly and independently
associated with severe fibrosis. Odds ratios of the two markers
of liver fibrosis were type VI collagen 7S domain 10.4, 95% CI
3.2-34, P = 0.000; hyaluronic acid 5.6, 95% CI 1.7-19, P = 0.005.

DISCUSSION
In this study, the markers of liver fibrosis (type VI collagen 7S
domain and hyaluronic acid) correlated well with the degree of
liver fibrosis among patients with NAFLD compared with
several clinical variables (age, serum AST level, AST/ALT ratio,
BMI, presence of diabetes mellitus, peripheral platelet count,
etc.) previously reported to be useful to diagnose NASH and
severe fibrosis. The performances of these markers in predicting
NASH and severe fibrosis were examined by either univariate
analysis, ROC analysis, or multiple logistic regression analysis.
The likelihood of having NASH could be 97% if patients showed
a positive level of serum type VI collagen 7S domain and
hyaluronic acid. Also, 96% of the NASH patients had a positive
level of either type VI collagen 7S domain or hyaluronic acid.
       Most NASH patients were asymptomatic, and had abnormally
increased ALT levels[4]. The diagnosis of NASH should be
suspected in people who have an asymptomatic increase in

liver enzymes, and increased liver echogenicity by ultrasound
examination. In Japan, health check-ups usually include
ultrasound examination. Persons with ultrasonographic
evidence of fatty liver and an increased ALT level unrelated to
chronic hepatitis virus infection are frequently found among
health check-up participants, and then are referred to
hepatologists. Some of them may have NASH and may include
cases of severe fibrosis, and others may have fatty liver alone
or fat plus inflammation despite of increased ALT levels. The
discrimination between NASH and fatty liver alone is difficult
without liver biopsy. However, liver biopsy is not always
justified in those cases. Clinicians need a sensible reason to
obtain agreement for liver biopsy from reluctant patients.
     The degree of liver fibrosis is important to evaluate the
prognosis in patients with NAFLD. Inter- and intra-observer
discrepancies in assessing the extent of liver fibrosis were small
compared with assessing the extent of inflammation[26]. Prediction
of liver fibrosis is challenging, and many investigations have
been made of patients with chronic hepatitis C[23-25,27-29].
However, such investigations have been limited to patients
with NAFLD[19-22]. Angulo et al[19] reported that age, presence
of diabetes, AST/ALT ratio were the predictors of severe
fibrosis in patients with NASH. However, these clinical
predictors were not useful to discriminate NASH from fatty
liver alone or patients with severe fibrosis from those with non-
severe fibrosis in this study.
       The usefulness of markers of liver fibrosis (type VI collagen
7S domain or hyaluronic acid) has been assessed for patients
with chronic viral hepatitis[23-25]. However, studies are few on
the clinical usefulness of markers of liver fibrosis to predict
severe fibrosis in patients with NAFLD[22]. The serum level of
type VI collagen 7S domain type, but not hyaluronic acid, was
reported to be significantly different between NASH patients
with severe fibrosis and those with mild to moderate fibrosis.
Platelet count and AST/ALT ratio might be more useful predictors
of the presence of severe fibrosis compared with markers of
liver fibrosis[22]. However, the fibrotic markers were more useful
predictors of NASH or severe fibrosis in this study.
      Our study showed discrepancies with other previous
studies[19-22] in the assessment of useful predictors of NASH or
severe fibrosis in patients with NAFLD. The discrepancies may
be attributed to a difference in percentage of patients with
severe fibrosis. The percentage of patients with liver cirrhosis
in this study was 8% (9/112), but in previous studies the
percentages of patients with liver cirrhosis among NASH
patients were 17[19] and 21%[22]. Only 10% of patients in this
study showed AST/ALT ratio>1, which was a useful predictor
in previous studies[19]. We experienced patients with cryptogenic
liver cirrhosis who were suspected of having sequelae of NASH,
but they were excluded from this study because of inadequate
fatty change (<10%).

Table 5  Diagnostic accuracy of the markers of liver fibrosis for severe fibrosis

         ROC analysis         Accuracy
Cutoff value

    AUC  (95% CI)   P value       Se (%) Sp (%)          PPV (%)         NPV (%)

(a) Type IV collagen 7S 0.817 (0.736-0.897)     0.000 ≥5.0 ng/mL        81.3    71.4 68.4           83.6

(b) Hyaluronic acid 0.797 (0.652-0.845)     0.000 ≥50 ng/mL        68.8    82.8 75.0           77.9

Combination of Markers a≥5.0 ng/mL        95.8    62.5 65.7           95.2

or  b≥50 ng/mL

a≥5.0 ng/mL        54.2    92.2 83.9            72.8

and b≥50 ng/mL

Abbreviations: ROC, receiver operating characteristic; AUC, area under the ROC curve; CI, confidence interval; Se, sensitivity;
Sp, specificity; PPV, positive predictive value; NPV, negative predictive value.

258             ISSN 1007-9327    CN 14-1219/ R      World J Gastroenterol    January 14, 2005   Volume 11   Number 2



       In conclusion, the biochemical markers of liver fibrosis, type
4 collagen 7S domain and hyaluronic acid, are useful predictors
to evaluate the degree of hepatic fibrosis in patients with
NAFLD. These markers are also useful to discriminate NASH
from fatty liver alone or patients with severe fibrosis from
patients with non-severe fibrosis.
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