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Abstract

Background: Non-alcoholic fatty liver disease (NAFLD) is a common cause of chronic hepatitis, which can lead to cirrhosis and
hepatocellular carcinoma.
Objectives: The aim of the study was to evaluate the correlation between serum adipocytokines and the histologic findings of the
liver in patients with non-alcoholic fatty liver disease (NAFLD).
Patients and Methods: This case-control study was performed on those with persistent elevated liver enzymes and with evidence of
fatty liver in ultrasonography. After exclusion of patients with other etiologies causing abnormal liver function tests, the resulting
patients underwent liver biopsies. NAFLD was diagnosed based on liver histology according to the Brunt scoring system.
Results: Waist circumferences and levels of blood glucose (after fasting), insulin, triglycerides, alanine aminotransferases (ALT),
and aspartate aminotransferases (AST) were higher in patients with NAFLD than in those in the control group. ALT, AST, and gamma
glutamine transferase (GGT) levels were lower in patients with liver steatosis of a grade of less than 33% than those with higher
degrees of steatosis. Serum low-density lipoprotein (LDL), cholesterol, and hepcidin levels were significantly higher in those with
lobular inflammation of grade 0 - 1 than in those with inflammation of grade 2 - 3 (Brunt score). Meanwhile, AST was significantly
lower in those with lobular inflammation of grade 1 than in those with grade 2-3. Hepcidin and resistin levels were significantly
higher in patients with moderate to severe fibrosis than in those with mild fibrosis.
Conclusions: It seems that surrogate liver function tests and adipocytokine levels were correlated with the histologic findings of
the liver.
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1. Background

Non-alcoholic fatty liver disease (NAFLD) is a common
cause of chronic hepatitis, which can lead to cirrhosis and
hepatocellular carcinoma (1, 2). This disease is considered
to be a representation in the liver of insulin resistance or
metabolic syndrome. The prevalence of the disease is in-
creasing, which is mainly due to its close relationship with
obesity and diabetes mellitus (3). NAFLD is increasingly be-
coming known as the main cause of liver-related mortality,
and insulin resistance is a key factor in the development of
a fatty liver (4).

Liver ultrasonography is usually used as a screening
tool in diagnosing NFLD. The precision of the method de-
pends on the sonographer; however, the method itself
cannot detect slight changes in liver fat. Therefore, this
method cannot be used in follow-up checks of NAFLD pa-
tients. Moreover, this method cannot differentiate be-
tween fibrosis and fatty changes (5).

The exact pathogenesis of the disease and the pro-
gression mechanisms are not clearly known. However,
it is worth noting that insulin resistance and the role of
adipocytokines secreted from the visceral adipose tissue
have been taken into serious consideration in the course
of disease pathogenesis (3). Studies have been conducted
on adiponectin and leptin (6-8), but few studies have ex-
amined other adipocytokines such as visfatin, resistin, and
hepcidin. Considering the role of the mentioned biomark-
ers in the pathogenesis of NAFLD as discussed in previous
studies, it seems reasonable to consider that their relation-
ship with the extent of liver damage may be in line with the
common serum levels in the patients.

Clinical, imaging and laboratory findings are re-
stricted in their ability to predict the severity of the dis-
ease. Liver biopsy is the gold standard of diagnostic meth-
ods and the best indicator of the extent of liver damage;
nevertheless, possible complications due to its invasive na-
ture have placed limitations on its application.
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2. Objectives

The present study aims at examining the relationship
between the new specialized biomarkers of NAFLD and
liver tissue pathologic findings.

3. Patients and Methods

This case-control study was conducted on patients
more than 18 years of age who were referred to the gas-
troenterology clinic of a general hospital. Patients with
constant increases in liver enzymes along with evidence
of a fatty liver in sonography were enrolled in the study.
Those with positive viral markers (HBc Ab, HBs Ag, HCV
Ab), indications of metabolic disorder (decreased serum
ceruloplasmin, transferrin saturation > 45%), evidence of
autoimmune hepatitis (including serum gamma globulin
> 1.2 g/dL and positive FANA), daily alcohol consumption
> 20 g, hepatotoxic medication in the last three months,
chronic disabling diseases (e.g., heart failure, chronic ob-
structive pulmonary disease, cirrhosis, chronic renal fail-
ure), or any form of cancer were excluded from the study.
Liver biopsy was performed in the remaining patients for
confirmation of NAFLD. The possible complications of this
diagnostic method, as well as the steps involved in con-
ducting the study, were explained to the patients. After ob-
taining informed consent, liver biopsies were performed.

In order to study steatosis/inflammation and fibrosis
in the samples, hematoxylin-eosin staining and trichrome
and reticulin stains were used. Liver tissue samples with
at least five portal spaces were considered appropriate and
were studied according to the Brunt scoring system (9).
One single pathologist studied the liver biopsies to prevent
inter-observer variability bias in interpreting the findings.
Certain people were selected from among those referring
to the GI Clinic with reasons other than liver problems and
companies of the patients. The case and control groups’
ages and sexes were matched by an epidemiologist. The
control group had normal liver enzymes and ultrasonog-
raphy with no evidence of liver diseases in their physical
examinations and laboratory tests. Taking into account 5%
type I error (alpha) and 95% power with reference to the
previous studies, 18 persons were assigned to each group.

Waist circumference (cm) and BMI (weight/m2) were
measured for all patients. Levels of fasting blood sugar
(FBS), insulin, alanine aminotransferases (ALT), aspar-
tate aminotransferases (AST), alkaline phosphatases (ALP),
gamma-glutamyl transferases (GGT), triglycerides (TG),
cholesterol, and high and low-density lipoproteins (HDL
and LDL), as well as serum levels of visfatin, resistin, and
hepcidin, were measured in the blood samples using the
enzyme-linked immunosorbent assay (ELISA).

The mean (± standard deviation) was determined for
all quantitative data. A t-test was used to compare the
mean values of the studied variables between cases and
controls. Binary logistic regression was applied for evalu-
ating the correlation between the factors under study and
the findings of the liver biopsies. The data were statistically
analyzed using SPSS, ver. 17. A P value < 0.05 was considered
significant.

This study was approved by the ethics committee of
the Tehran University of Medical Sciences (registration No.:
9111160013).

4. Results

The mean age of the participants in the study was 34.50
(± 8.85) years (range: 19 - 50 years). The results of studying
the demographic and laboratory variables are presented in
Table 1.

There were 13 (72%) patients with less than 33% and
five (28%) with more than 33% steatosis in the liver biopsy.
Grade 0 - 1 lobular inflammation was observed in 9 (50%)
patients, and the other half had lobular inflammation of
grade 2-3. Mild fibrosis was found in 11 (61%) patients, and 7
(39%) had moderate or severe fibrosis.

Clinical and laboratory findings (mean ± SD) among
cases with hepatocyte steatosis < 33% and > 33%, lobular
inflammation of grade 0 - 1 and grade 2 - 3, as well as mild
and moderate/severe fibrosis are demonstrated in Table 2.
The correlation between steatosis, inflammation, and liver
fibrosis in NAFLD patients with clinical and laboratory in-
dications can also be seen in Table 3.

5. Discussion

According to the results of this study, the waist circum-
ferences and levels of insulin, TG, ALT, and AST of the pa-
tients in the NAFLD group were higher than the numbers
of those in the control group. Serum levels of LDL and
hepcidin in lobular inflammation of grade 0/1 was signif-
icantly higher than the levels among those in the inflam-
mation grade 2/3 group. Meanwhile, the serum levels of
AST in the lobular inflammation grade 0/1 group were con-
siderably lower than those in the grade 2/3 group. Further-
more, the serum levels of hepcidin and resistin in the mod-
erate/severe liver fibrosis group were remarkably higher
than the numbers in those with cases of mild fibrosis. How-
ever, no relationship was found between the laboratory
findings including adipocytokines and the variables stud-
ied in the liver pathology according to the multivariate
correlation study. Nevertheless, one of the advantages of
the present study was the presence of liver biopsy data
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Table 1. Clinical Specifications and Laboratory Findings in the Studied Groupsa

Demographic
and Laboratory
Variables

Control Group (18
Persons)

NAFL Group (18
Persons)

P Value

Age 30.44 ± 10.11 34.50 ± 8.85 0.20

Sex -

Male 13 (72) 13 (72)

Female 5 (28) 5 (28)

Waist
circumference,
cm

99.5 ± 2.28 102.72 ± 2.94 0.001

BMI, kg/m2 29.28 ± 3.89 31.58 ± 3.94 0.087

FBS, mg/dL 90.50 ± 5.46 104.33 ± 12.28 0.001

Insulin, mU/L 7.64 ± 2.95 12.9 1±5.09 0.001

TG, mg/dL 81.07 ± 23.39 129.63 ± 57.13 0.002

Cholesterol,
mg/dL

156.56 ± 33.19 165.52 ± 26.38 0.37

HDL, mg/dL 47.48 ± 20.12 45.66 ± 7.45 0.59

LDL, mg/dL 92.86 ± 23.27 96.71 ± 23.04 0.62

ALT, U/L 25.11 ± 15.68 57.61 ± 35.67 0.001

AST, U/L 24.47 ± 5.59 39.48 ± 17.40 0.001

ALP, U/L 166.10 ± 34.59 147.69 ± 22.92 0.06

GGT, U/L 35.33 ± 22.16 34.76 ± 25.65 0.94

Visfatin, ng/mL 12.45 ± 13.42 20.67 ± 15.96 0.10

Hepcidin, ng/mL 0.77 ± 0.42 0.83 ± 0.90 0.79

Resistin, mg/mL 2.66 ± 1.17 2.06 ± 1.10 0.12

Abbreviations: ALP, alkaline phosphatases; ALT, alanine aminotransferases; AST,
aspartate aminotransferases; BMI, body mass index; FBS, fasting blood sugar;
GGT, gamma-glutamyl transferases; HDL, high density lipoproteins; LDL, low
density lipoproteins; TG, triglycerides.
aValues are expressed as mean ± SD or No. (%).

through which the severity of NAFLD and the relationship
with the level of adipocytokines and the other mentioned
parameters was determined.

The present study showed no meaningful relationship
between the serum levels of visfatin and liver fibrosis sever-
ity. This was contrary to the findings of the previous study
conducted on patients with morbid obesity and NAFLD;
the increased visfatin level was observed in the liver for all
cases, and was significantly higher in patients with fibrosis
(10).

The same study showed no relationship between
steatosis, inflammatory activity of the liver, and visfatin
(10). In this study, the rate of visfatin in steatosis < 33% was
higher than steatosis >33%, but the difference was not sta-
tistically significant. However, in a study (11) designed for
measuring visfatin levels in the adipose tissue of NAFLD
patients, visfatin levels were high in the non-NAFLD group

and reduced in the mild steatosis, moderate steatosis, and
non-alcoholic steatohepatitis groups, respectively. Reduc-
tion in mild steatosis demonstrates a reverse relationship
between visfatin levels and the incidence of mild steatosis
in non-alcoholic fatty liver.

The findings of this study confirmed the previous re-
sults of another study stating that visfatin levels decrease
in non-alcoholic steatohepatitis (12). The reduction has
also been observed in more severe clinical stages of liver
diseases and cirrhosis (13). In another study (14), it was
found that visfatin plasma levels can predict the presence
of portal inflammation in NAFLD patients. Our findings are
compatible with the previous study (15) in which there was
no meaningful relationship between visfatin levels in both
the case and control groups; moreover, visfatin levels were
not correlated with the pathologic stages of fatty liver.

The resistin difference was not statistically meaningful
between the case and control groups. In addition, resistin
levels and the liver pathologic findings were not related.
However, in a previous study (16), blood resistin levels and
BMIs of the NAFLD group were evidently higher than the
corresponding numbers of the control. Also, the percent-
age of liver steatosis and BMI were associated with blood
resistin levels. In addition, in a study evaluating the rela-
tionship between serum resistin and NAFL (4), resistin lev-
els were higher in the NAFLD group compared to the lev-
els in the control group. Nevertheless, no relationship was
found between resistin and highly-sensitive CRP, BMI, and
levels of insulin, glucose, transaminases, and lipids.

It is noteworthy that in this study, there was a direct
relationship between resistin and the pathologic inflam-
matory scores. Similar results were obtained from a study
conducted on obese patients undergoing bariatric surgery
(17). In this study, adiponectin instead of resistin predicted
the development of non-alcoholic steatohepatitis. In previ-
ous studies (18, 19), higher resistin levels were in line with
more severe stages of fatty liver fibrosis. In our study, re-
sistin levels were higher in the moderate/severe fibrosis
group as compared to the rates of those with mild fibrosis.

In this study, serum hepcidin levels were correlated
with inflammation and liver fibrosis. These findings are
similar to the previous ones (20) in which hepcidin serum
levels were obviously higher in NAFLD patients. Also, it was
found that hepcidin serum levels were directly associated
with total cholesterol and triglyceride levels, but not with
iron indices and the pathologic characteristics of NAFLD.

5.1. Summary

In this research, several adipocytokines and serum
indicators common in NAFLD evaluation (including
metabolic and liver function tests) were simultaneously
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Table 2. Comparison (Mean ± SD) of Clinical and Laboratory Findings Among Cases With Less or More Than 33% Steatosis, Lobular Inflammation of Grade One or More, and
Mild and More Severe Fibrosisa , b , c

Demographic and Laboratory Variables Steatosis Severity P Lobular Inflammation Severity P Fibrosis Severity P

≤ 33% > 33% Grade 2 - 3 Grade 0 - 1 Moderate or Severe Mild

Waist circumference, cm 101 ± 3.67 103.38 ± 2.46 0.12 102.11 ± 3.40 103.33 ± 2.44 0.39 103.14 ± 3.53 102.45 ± 2.65 0.64

BMI, kg/m2 29.17 ± 2.96 32.50 ± 3.97 0.11 31.29 ± 3.64 31.87 ± 4.42 0.76 31.24 ± 4.72 31.80 ± 3.59 0.77

FBS, mg/dL 109.60 ± 18.17 102.31 ± 9.35 0.27 102.44 ± 13.6 106.22 ± 11.28 0.53 108.29 ± 16.19 101.82 ± 9 0.28

Insulin, mU/L 13.02 ± 5.02 12.87 ± 5.32 0.95 13.89 ± 5.12 11.93 ± 5.17 0.43 10.85 ± 4.65 14.22 ± 5.12 0.17

TG, mg/dL 131.10 ± 65.64 129.06 ± 56.45 0.94 144.60 ± 68.76 114.66 ± 41.29 0.27 102.37 ± 38.17 146.98 ± 61.84 0.10

HDL, mg/dL 41.14 ± 5.12 47.40 ± 7.61 0.11 45.27 ± 8.39 46.05 ± 6.86 0.83 46.17 ± 7.52 45.34 ± 7.75 0.82

LDL, mg/dL 98.30 ± 17 96.05 ± 25.80 0.86 85.53 ± 21.58 109.30 ± 18.42 0.02 107.25 ± 17.99 90.97 ± 24.18 0.17

ALT, U/L 96 ± 36.55 42.85 ± 22.53 0.002 73.22 ± 40.71 42.01 ± 22.34 0.06 42.57 ± 27.93 67.19 ± 37.90 0.15

AST, U/L 60 ± 15.74 31.60 ± 10.19 0.001 47.64 ± 19.95 31.33 ± 9.79 0.04 35.71 ± 12.13 41.89 ± 20.26 0.48

ALP, U/L 150 ± 29.24 146.80 ± 21.36 0.80 147.03 ± 26.27 148.35 ± 20.62 0.90 153.42±18.30 144.04 ± 25.58 0.41

GGT, U/L 55.18 ± 37.33 26.91 ± 15.06 0.03 39.85 ± 32.7 29.67 ± 16.45 0.41 31.51 ± 19.06 36.83 ± 29.80 0.68

Visfatin, ng/mL 27.10 ± 13.24 18.02 ± 16.69 0.30 24.07 ± 14.36 17.26 ± 17.58 0.38 16.57 ± 14.916 23.28 ± 16.72 0.40

Hepcidin, ng/mL 0.42 ± 0.20 0.99 ± 1.02 0.23 0.34 ± 0.16 1.33 ± 1.07 0.01 1.46 ± 1.20 0.43 ± 0.26 0.01

Resistin, mg/mL 1.80 ± 1.18 2.16 ± 1.10 0.54 1.94 ± 0.91 2.18 ± 1.31 0.65 3.04 ± 0.95 1.44 ± 0.66 0.01

Abbreviations: ALP, alkaline phosphatases; ALT, alanine aminotransferases; AST, aspartate aminotransferases; BMI, body mass index; FBS, fasting blood sugar; GGT, gamma-glutamyl transferases; TG, triglycerides; HDL, high density
lipoproteins; LDL, low density lipoproteins.
a Intra-acinar (lobular) inflammation was graded 0 - 3 based on inflammatory foci per 20X with a 20X ocular.
b (0; 1 is 1 to 2/20X; 2 is up to 4/20X; 3 is > 4/20X) based on the Brunt scoring system (9).
c Fibrosis was designated as: mild: stage 0 - 1 and moderate to severe: stage 2 - 4, based on the Brunt scoring system (9).

Table 3. Correlation Between the Severity of Steatosis, Lobular Inflammation, and Fibrosis Among the Clinical and Laboratory Findings in NAFLD Patients

Demographic and Laboratory Variables Steatosis Severity P Lobular Inflammation Severity P Fibrosis Severity P

Correlation Coefficient CI (low, high) Correlation coefficient CI (low, high) Correlation Coefficient CI (low, high)

Waist circumference, cm 0.22 -0.56, 1.01 0.34 -0.10 -0.93, 0.72 0.63 0.01 -0.60, 0.62 0.93

BMI, kg/m2 -0.16 -0.62, 0.29 0.26 0.02 -0.45, 0.50 0.84 -0.13 -0.49, 0.22 0.23

FBS, mg/dL 0.01 -0.13, 0.15 0.79 0.01 -0.13, 0.15 0.81 -0.02 -0.13, 0.08 0.49

Insulin, mU/L 0.04 -0.23, 0.32 0.58 0.06 -0.23, 0.35 0.45 -0.03 -0.25, 0.18 0.53

TG, mg/dL 0.01 -0.03, 0.03 0.88 0.01 -0.03, 0.04 0.54 -0.01 -0.03, 0.02 0.33

HDL, mg/dL -.0.02 -0.23, 0.17 0.61 0.01 -0.19, 0.23 0.73 -0.06 -0.22, 0.09 0.20

LDL, mg/dL 0.01 -0.05, 0.07 0.67 -0.01 -0.07, 0.06 0.82 -0.01 -0.06, 0.03 0.35

ALT, U/L -0.01 -0.06, 0.05 0.61 -0.01 -0.07, 0.05 0.64 -0.01 -0.04, 0.04 0.99

AST, U/L 0.03 -0.06, 0.13 0.28 0.01 -0.08, 0.12 0.54 0.01 -0.07, 0.08 0.85

ALP, U/L -0.01 -0.13, 0.11 0.76 -0.01 -0.14, 0.11 0.66 0.01 -0.07, 0.11 0.50

GGT, U/L 0.01 -0.12, 0.12 0.90 0.01 -0.12, 0.13 0.92 -0.02 -0.11, 0.07 0.45

Visfatin, ng/mL -0.01 -0.08, 0.04 0.37 -0.01 -0.07, 0.06 0.80 -0.01 -0.05, 0.04 0.65

Hepcidin, ng/mL -0.23 -1.65, 1.17 0.54 -0.39 -1.88, 1.08 0.36 0.31 -0.78, 1.41 0.34

Resistin, mg/mL 0.05 -1.46, 1.56 0.90 0.43 -1.14, 2.01 0.36 0.03 -1.14, 1.20 0.91

Abbreviations: ALP, alkaline phosphatases; ALT, alanine aminotransferases; AST, aspartate aminotransferases; BMI, body mass index; FBS, fasting blood sugar; GGT, gamma-glutamyl transferases; HDL, high density lipoproteins; LDL, low
density lipoproteins; TG, triglycerides.

studied to determine if there was any significant associ-
ation between the biomarkers and the liver pathologic
findings. Although there was a meaningful relationship
between the serum levels of the biomarkers for the case
and control groups in the univariate analysis, the serum
levels were not associated with liver pathologic findings
in the multivariate analysis.

Since liver biopsies are not welcomed by all patients
due to their invasive nature and costs, finding new mark-

ers for determining the possible relationship of these vari-
ables with the severity of fatty liver pathology can be help-
ful in effectively diagnosing the stage of the disease. This
study can therefore be a start for future studies leading to
more effective management and treatment of NAFLD.

It should be noted, however, that the amount of
adipokines might fluctuate during the course of NAFLD.
Therefore, the results of this case-control study need to be
investigated in future prospective studies. Meanwhile, the
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level of adipokines in the visceral adipose tissue and liver
seem to have a more important role in the pathogenesis
of NAFLD than the serum levels. Measuring the effect of
adipokine levels in visceral adipose tissue on liver cell dam-
age could be considered another future direction for re-
search.
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