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Abstract

Introduction: Non-alcoholic fatty liver disease (NAFLD) is now
the leading cause of chronic liver diseases in Western coun-
tries. It covers a spectrum of liver problems including benign
simple steatosis (fatty liver) and steatohepatitis (NASH) with
hepatic injury, inflammation, and fibrosis. Twenty percent of
individuals with NASH progress to end-stage liver disease and
cirrhosis. The mechanisms determining the progression from
fatty liver to steatohepatitis are still unclear. The development
and validation of accurate predictors would allow identifica-
tion of patients at risk for advanced fibrosis, potentially help-
ing monitor disease progression and response to therapeutic
modalities.

Aim: To find biomarkers associated with more severe liver
fibrosis in a cohort of Polish subjects with biopsy-proven
NAFLD.

Results: Sixty consecutive Caucasian patients were enrolled
in the study. Predictors of fibrosis F3 and F4 were older age,
greater body mass index, higher serum total cholesterol, and
increased aspartate aminotransferase/alanine aminotrans-
ferase (AST/ALT) ratio (AAR), as well as characteristics of
insulin resistance and lower serum albumin levels. Increased
serum levels of type IV collagen and hyaluronic acid were
associated with more advanced liver disease. There were
trends towards a relationship between advanced fibrosis and
female gender, high serum triglycerides, and AST in univariate
analysis.

Conclusions: Serum AAR and hyaluronic acid were independ-
ent factors associated with more advanced fibrosis in Polish
patients with NAFLD in multivariate logistic regression analy-
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Streszczenie

Wstep: Niealkoholowa sttuszczeniowa choroba watroby
(nonalcoholic fatty liver disease — NAFLD) jest obecnie jednym
z najczesciej rozpoznawanych przewlektych schorzeh watroby
w Swiecie zachodnim. Obejmuje swym spektrum zaréwno
tagodne, proste sttuszczenie watroby, jak i sttuszczeniowe
zapalenie watroby (non-alcoholic steatohepatitis — NASH) z jej
stanem zapalnym i réznie nasilonym witéknieniem. U ok. 20%
chorych z NASH rozwinie sie marskos$é watroby ze schytkowa
jej niewydolnoscia. Mechanizmy progresji prostego sttuszcze-
nia watroby do sttuszczeniowego zapalenia narzadu nie s do
konca poznane. Ich ustalenie pozwolitoby na wczesng identy-
fikacje chorych ze zwiekszonym ryzykiem zaawansowanego
wibknienia watroby, monitorowanie progresji choroby oraz
odpowiedz na postepowanie lecznicze.

Cel: Znalezienie biomarkeréw nasilonego wtéknienia watroby
w grupie polskich pacjentéw z NAFLD potwierdzonym w bada-
niu biopsyjnym.

Wyniki: Do badania wtaczono 60 kolejnych chorych rasy kau-
kaskiej. Czynnikami zwigzanymi z wtdknieniem watroby
w stopniu F3 i F4 byty: starszy wiek, wieksza masa ciata, wiek-
sze stezenie cholesterolu catkowitego w surowicy oraz wiekszy
stosunek aminotransferazy asparaginianowej do alaninowej
(AST/ALT), a takze wyznaczniki insulinoopornosci i mate steze-
nie albumin w surowicy. Z bardziej zaawansowanym wtdknie-
niem watroby byty ponadto zwigzane wieksze stezenia kwasu
hialuronowego i kolagenu typu IV w surowicy. Zaobserwowano
ponadto korelacje miedzy ptcig zenska, wiekszym stezeniem
triglicerydéw w surowicy oraz stezeniem AST a bardziej nasi-
lonym wtéknieniem watroby w analizie jednoczynnikowe;.
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sis. This population differs from previously described cohorts
with fatty liver.

Introduction

Non-alcoholic fatty liver disease (NAFLD) is now the
leading cause of chronic liver diseases in Western coun-
tries [1]. Non-alcoholic fatty liver disease is associated
with the metabolic syndrome, which includes insulin
resistance, central obesity, hypertension, and dyslipi-
daemia. Non-alcoholic fatty liver disease, cardiovascular
disease, type 2 diabetes mellitus, and obesity are close-
ly linked to adipose tissue insulin resistance, leading to
multiorgan lipotoxicity [2]. Although the majority of
patients with simple steatosis have a benign clinical
course of the disease, the development of non-alcoholic
steatohepatitis (NASH), with necroinflammation and
progressive fibrosis, increases the risk for the develop-
ment of cirrhosis and its complications. Twenty percent
of individuals with NASH progress to end-stage liver dis-
ease and cirrhosis. The golden standard for diagnosis
and staging of NAFLD is histopathological evaluation of
a liver sample, obtained during the liver biopsy. Unfortu-
nately, this procedure can be hazardous, and its assess-
ment is subjective and prone to sampling error. The
severity of inflammation in the initial liver biopsy is
a risk factor of disease progression [3].

Due to the severity of the clinical course of NAFLD in
some patients, there is a pressing need for accurate
non-invasive predictors that would identify subjects
with a higher risk for disease progression. Liver fibrosis
is the net result of the dynamic process of fibrillar extra-
cellular matrix (ECM) deposition, degradation and
remodelling [4]. Demographic factors, blood tests, and
imaging studies presently have limited sensitivity and
specificity compared with liver biopsy. The development
and validation of accurate predictors would allow iden-
tification of patients at risk for advanced fibrosis and
potentially help monitor disease progression and
response to therapeutic modalities. Generally, for chron-
ic liver diseases, there are several clinical features pro-
posed to be predictors of a faster progression to cirrho-
sis. These include male gender, age over 50 years,
obesity and diabetes mellitus, daily alcohol intake, inde-
pendently from the major cause of hepatocellular dam-
age hepatic iron content, age at viral infection, and co-
infection with HCV-HIV [4]. There are three main tools
used to quantify and monitor the amount of fibrotic tis-

Whioski: Kwas hialuronowy oraz zwiekszony stosunek
AST/ALT w surowicy byty niezaleznymi czynnikami zaawanso-
wanego witdknienia watroby w wieloczynnikowej analizie

regresji w populacji polskich pacjentéw z potwierdzonym

biopsyjnie rozpoznaniem NAFLD. Populacja ta pod kilkoma
wzgledami rézni sie od opisywanych dotychczas kohort z tym
schorzeniem.

sue in the liver: liver biopsy with its disadvantages men-
tioned above, direct and indirect blood tests, and elas-
tography [5]. Regrettably, both direct and indirect tests
are not perfect for the diagnosis of liver fibrosis and
their results varied among studied populations [6, 7]. An
ideal non-invasive test for the assessment of hepatic
fibrosis would be one that is sensitive, specific, free of
additional cost to the patient, and applicable across all
chronic liver diseases. Non-invasive tests for liver fibro-
sis have the potential to be important tools in clinical
practice. It is likely that an initial diagnostic biopsy will
still be needed, but follow-up for fibrosis could be based
on non-invasive parameters. Research is needed to
identify novel pathophysiological and therapeutic
options in NAFLD, because it is a burgeoning health
problem with a poorly understood natural history.

In this study we analysed some selected characteris-
tics of Polish patients with NAFLD. We evaluated the role
of serum biomarkers in NAFLD: hyaluronic acid (HA) —
a marker of perisinusoidal fibrosis and cirrhosis; type IV
collagen — a component of the extracellular matrix; and
cytokines implicated in the fibrogenetic process — trans-
forming growth factor 1 (TGF-B1) and adiponectin - as
potential predictors of severe fibrosis. We identified
selected clinical parameters, distinctive for NAFLD
patients from the north-western part of Poland.

Material and methods

Sixty consecutive Caucasian patients from the
north-western part of Poland with biopsy-proven NAFLD
were included in the study during 2006-2009. Some clin-
ical (i.e. age, gender, history of arterial hypertension,
hyperlipidaemia, diabetes mellitus type 2 — DMt2) and
laboratory data as well as liver biopsy were collected
during the same hospitalisation. The indication for the
liver biopsy was elevation of ALT > 2 x N. Only patients
with a negative history of alcohol intake, i.e. those con-
suming less than 20 g/day, were included. All patients
tested negative for HBV antigen and anti-HCV antibod-
ies. Ceruloplasmin was checked and confirmed to be
normal in patients aged 40 years or less. y-Globulins,
immunoglobulins, and auto-antibodies were analysed
and imaging tests performed to exclude autoimmune
hepatitis, primary biliary cirrhosis, and primary scleros-
ing cholangitis. Advanced fibrosis of the liver was
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defined as bridging fibrosis and cirrhosis (F3 and F4)
according to the Kleiner & Brunt classification. Type IV
collagen, TGF-B1, hyaluronic acid, and adiponectin were
measured in 54 patients by ELISA. Insulin resistance was
calculated by the HOMA-IR formula (= fasting insulin
value x fasting blood glucose/22.5).

Statistical analysis

Clinical and biochemical data were compared
between groups of patients stratified according to fibro-
sis stage, as well as between males and females and
diabetics/non-diabetics, with non-parametric Mann-
Whitney test because distributions of most variables
were significantly different from normal. Multivariate
logistic regression adjusted for age and gender was
used to find the independent predictors of advanced
fibrosis among variables significantly associated with
fibrosis in univariate analysis. Variables with a distribu-
tion different from normal (assessed with Shapiro-Wilk
test) were transformed logarithmically before the multi-
variate analysis. Results with p < 0.05 (without correc-
tion for multiple comparisons) were treated as statisti-

cally significant. Statistica 7.1 software was used for the
calculations.

Results

There were more males than females (65% vs. 35%)
in the analysed group. The median age of patients was
48 years (range 29-69 years in women, 25-75 years in
men). Body mass index (BMI) in females ranged from
21.2 kg/m? to 39.3 kg/m? and in males from 24.0 kg/m?
to 37.7 kg/m2. More than half of the patients were
obese (BMI > 30 kg/m? in 50.4%) and 38.1% of patients
were overweight (25 kg/m? < BMI < 30 kg/m?).

Hypercholesterolaemia (total cholesterol > 200 mg/d|)
was present in 78.7% of patients; hypertriglyceridaemia
(> 180 mg/dl) in 29.5%; type 2 diabetes mellitus (DMt2)
in 18.6% (together with impaired fasting glucose [IFG]
and impaired glucose tolerance [IGT], it was present in
24.56% of patients); and arterial hypertension in 21.7%.
The analysed biomarkers (TGF1, adiponectin, type IV
collagen, hyaluronic acid) were assessed in 54 partici-
pants. Data of patients are presented in Table I. Twelve
patients (20%, 7 females) had severe (F3-F4) fibrosis and

Table I. Selected clinical data in Polish patients with NAFLD. Biochemical parameters were measured in pla-

sma or serum

Tabela I. Wybrane parametry kliniczne w badanej populacji. Parametry biochemiczne oceniano w osoczu lub

surowicy

Parameter Median Range Mean £ SD
Age [years] 48 25-75 46.8 £11.7
BMI [19-25 kg/m?] 29.2 21.2-39.3 293 +4.1
AST [< 38 1U/1] 46 16-275 59.1 +45.2
ALT [< 41 1U/1] 75.5 15-281 87.4 £56.7
AST/ALT ratio 0.619 0.357-2.425 0.79 +0.47
Albumin [3.4-4.8 g/dl] 4.625 2.1-5.88 4.5 +0.58
Platelets [150-400 x 109/1] 218.5 93-376 227.0 £67.6
Glucose [< 5.83 mmol/l] 5.55 3.44-11.8 5.67 ¥1.33
Insulin [< 187.5 pmol/|] 109.6 13.89-1027.9 186.1 +227.8
HOMA [> 1.8] 26.4 2.8-227.5 34.7 £35.4
Fe [10.56-228.3 umol/l] 20.76 4.11-48.5 20.74 £8.36
Ferritin [629.2-7999.3 pmol/|] 563.9 62.9-12958.4 1022.4 +1793.3
Transferrin saturation [< 45%| 34.6 7.6-97.1 37.3 #18.9
Cholesterol [< 5.18 mg/dl] 5.79 3.42-16.3 5.97 £1.73
HDL [> 1.04 mmol/I] 1.35 0.31-3.49 1.38 +0.59
LDL [< 3.37 mmol/l] 3.7 1.7-14.9 3.86 £1.78
Triglycerides [< 12.03 mmol/l] 1.49 0.64-5.79 1.81+0.11
TGF-B1 [pg/ml] 32996 8368-50556 32827 +8906
Adiponectin [ng/ml] 5367.5 1360-25000 7434 +5834
Type IV collagen [ng/ml] 126.65 67.8-1018.3 195.5 +191.4
Hyaluronic acid [ng/ml] 334 0-800 81.15 +137.6
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Table II. Comparison of clinical and biochemical data between patients with no/mild (FO-F2) and advanced

(F3-F4) fibrosis

Tabela Il. Poréwnanie danych klinicznych i biochemicznych pomiedzy grupami pacjentéw z wtdknieniem
watroby w stopniu FO-F2 (bez lub tagodne) i w stopniu F3-F4 (zaawansowane)

Variable, mean + SD Fibrosis FO-F2, n = 48 Fibrosis F3-F4, n = 12 Value of p
Age [years] 459 +11.9 50.1 +10.8 0.23
BMI [19-25 kg/m?] 28.9 +3.75 30.8 £5.23 0.35
AST [< 38 1U/1] 52.0 £39.2 87.0 £57.1 0.027
ALT [< 41 1U/1] 89.5 £52.4 78.7 £73.3 0.20
AST/ALT ratio 0.64 +0.29 1.38 +0.55 0.00000011
Albumin [3.4-4.8 g/1] 4.68 +0.40 3.95 £0.81 0.0014
Platelets [150-400 x 109/1] 229.1+67.9 217.1 +68.7 0.75
Glucose [< 5.82 mmol/l] 5.38 +0.83 7.158 +2.24 0.007
Insulin [< 187.5 pmol/|] 164.6 +236.1 296.6 £145.8 0.00056
HOMA [> 1.8] 39.7 £36.8 10.1 £5.287 0.000004
C-peptide [nmol/|] 1.34 £0.82 1.88 £0.80 0.027
Fe [10.56-228.3 pmol/] 20.3 £7.50 22.46 +11.56 0.71
Ferritin [629.2-7999.3 pmol/I] 957.4 £1982.5 84.9 £552.9 0.31
Transferrin saturation [< 45%] 36.2 +18.3 413 +21.5 0.38
Total cholesterol [< 5.18 mg/dl] 5.66 +1.09 7.214 +2.87 0.022
HDL [> 1.04 mmol/I] 1.38 +0.51 1.39 +0.88 0.56
LDL [< 3.37 mmol/l] 3.61+£0.96 4.74 +£0.20 0.16
Triglycerides [< 12.03 mmol/l] 1.81 £1.10 1.79 £0.66 0.45
TGF-B1 [pg/ml] 32645 +9313 33629 +7200 0.75
Adiponectin [ng/ml] 7547.0 +6099.5 6935.4 +4727.6 0.97
Type IV collagen [ng/ml] 146.6 +118.9 410.5 +291.5 0.00000113
Hyaluronic acid [ng/ml] 429 +65.4 248.6 +229.7 0.00000131

24 (40%) no fibrosis (FO). Table Il summarizes data in
relationship to the stage of fibrosis.

In univariate analysis higher total serum cholesterol,
insulin, glycaemia, C-peptide, higher aspartate amino-
transferase (AST) and aspartate aminotransferase/ala-
nine aminotransferase (AST/ALT) ratio (AAR), and lower
albumin levels were associated with more severe fibro-
sis, defined as bridging fibrosis and cirrhosis of the liver
(Table ). There were more females in the F3-F4 sub-
group and there was a trend towards a relationship
between female gender and more severe fibrosis (Fisher
exact test, p = 0.08). Data comparing males and females
included in the study are summarized in Table Ill. We
found older age; lower ALT, HOMA, iron, transferrin sat-
uration and albumin levels; higher AAR, insulin, C-pep-
tide, total cholesterol and its LDL fraction; and higher
levels of adiponectin and hyaluronic acid in females than
in males. Patients with DMt2 were older and had higher
glucose, HOMA and glycated haemoglobin levels, as
well as AST, AARs, and iron. They also had higher type IV

collagen and hyaluronic acid. These data are shown in
Table IV.

The multivariate logistic regression analysis, adjus-
ted for age and gender (Table V), determined higher
serum AAR and hyaluronic acid to be independent risk
factors of more advanced fibrosis. Collagen IV strongly
correlated with hyaluronic acid; thus, it was not an inde-
pendent risk factor. The multivariate model showed no
association of fibrosis with serum albumin and total
cholesterol.

Discussion

The natural history of NAFLD remains poorly under-
stood and the search for non-invasive methods to iden-
tify patients at greatest risk for progression to advanced
fibrosis and cirrhosis remains elusive. Several demo-
graphic, anthropomorphic, clinical, and laboratory fea-
tures are associated with NAFLD and with the histologi-
cal severity of the disease. Some useful predictors of
NAFLD progression include race (Hispanic), older age

Przeglad Gastroenterologiczny 2011; 6 (4)
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Table Ill. Main clinical differences between Polish NAFLD males and females. Values of p refer to a univa-

riate analysis

Tabela lll. Gtéwne roznice kliniczne miedzy mezczyznami i kobietami z NAFLD w badanej populacji. Wartosci

p odniesiono do analizy jednoczynnikowej

Variable Females (mean + SD), n = 21 Males (mean £ SD), n = 39 Value of p
Age [years] 51.8 £11.4 44.1+11.0 0.01
BMI [19-25 kg/m?] 30.1 +4.7 28.8 +3.71 0.25
AST [< 38 IU/I] 61.7 +46.2 57.8 £45.2 0.880
ALT [< 41 1U/1] 65.3 +42.5 99.2 +60.2 0.023
AST/ALT ratio 1.14 +0.6 0.61 +0.24 0.00012
Albumin [3.4-4.8 g/dl] 4.28 +0.6 4.67 +0.5 0.003
Platelets [150-400 x 109/1] 218.1 £62.7 231.7 £70.3 0.542
Glucose [< 5.82 mmol/l] 5.83 £1.93 5.59 +0.92 0.85
Insulin [< 187.5 pmol/|] 249.3 £225.7 152.1 £225.7 0.005
HOMA [> 1.8] 23.36 £23.2 40.5 +39.3 0.018
Fe [10.56-228.3 umol/l] 17.23 +6.92 22.62 £8.53 0.025
Ferritin [629.2-7999.3 pmol/|] 549.2 +395.2 1136.9 +2183.2 0.14
Transferrin saturation (< 45%) 29.2 +11.9 41.6 +20.5 0.016
Total cholesterol [< 5.18 mg/dl] 6.34 +0.97 5.72 +2.00 0.01
HDL [> 1.04 mmol/l] 1.54 +0.7 2.19 +0.52 0.101
LDL [< 3.37 mmol/l] 4.05 +0.96 3.76 £2.01 0.049
Triglycerides [< 12.03 mmol/l] 4.53 £2.72 3.94 £2.14 0.432
TGF-B1 [pg/ml] n = 19/n = 35 30990.95 £10370.09 33824.06 £7987.9 0.35
Adiponectin [ng/ml] 10262.8 +7286.7 5897.9 £4248.2 0.012
Hyaluronic acid [ng/ml] 142.3 £198.9 47.8 £72.9 0.027
Collagen type IV [ng/ml] 293.1£289.7 142.5 +66.7 0.079

(> 50 years of age), DMt2 and other markers of insulin
resistance (insulin, C-peptide, HOMA, QUICKI), arterial
hypertension, and central obesity [8].

The population of patients from the north-western
part of Poland with NAFLD analysed in this study is sim-
ilar to previously described cohorts, in respect to demo-
graphic and clinical data [9, 10], although there are some
differences. The male predominance in our cohort is the
opposite of Harrison et al’s [9] study but similar to the
study by Angulo et al. [10] with mostly Caucasians.
Although NASH was initially described as a disease pre-
dominantly affecting women [11], there are still contro-
versies on this matter. Recently, we evaluated the HFE
gene mutation in Caucasians with NAFLD, and multivari-
ate logistic regression analysis showed female gender
as a risk factor for more advanced fibrosis [12]. Also, in
the present study, females were predominant in the
F3-F4 subgroup, showing a trend by the Fisher test
(p = 0.08). In Harrison et al.’s study, women were over-
represented in the cohort of patients with NASH and
advanced fibrosis; this was not confirmed in other stud-
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ies and it has been suggested that there are no gender
differences [8, 13, 14]. Further studies are required eval-
uating gender and, perhaps, ethnicity.

Our NAFLD population is less obese than patients
described in the largest cohort studies. The median BMI
in this study was less than 30 kg/m? compared to
33 kg/m? in Harrison’s work [9], and no patient pre-
sented with a BMI > 40 kg/m? (16% of patients in Harri-
son’s group were classified as morbidly obese). Moreover,
10% of individuals had normal BMI in our cohort, com-
pared to 3% in Harrison’s group [9]. Although greater
BMI is usually connected with prolonged obesity, the
distribution of fat seems to be more important in fatty
liver. Non-alcoholic fatty liver disease, in the presence of
normoglycaemia and normal or moderately increased
body weight, is characterized by clinical and laboratory
data similar to those found in diabetes and obesity, as
shown by Marchesini et al. [15].

The third difference in our study, compared to the
American studies, is the most common co-morbidities,
including the components of metabolic syndrome. Only
18.64% of our patients suffered from DMt2. In studies
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Table IV. Selected data in subgroup of NAFLD patients with and without DMt2. Values of p refer to a uni-

variate analysis

Tabela IV. Wybrane parametry w grupie oséb z NAFLD oraz z cukrzycg typu 2 lub bez niej. Wartosci p odnie-

siono do analizy jednoczynnikowej

Variable Non-diabetics, n = 48 (mean + SD) Diabetics, n = 11 (mean + SD) Value of p
Age [years] 455 +12.3 523 +7.5 0.043
BMI [19-25 kg/m?] 28.9 +4.07 30.9 +4.2 0.13
AST [< 38 IU/]] 52.64 +36.7 85.9 £68.1 0.021
ALT [< 41 1U/1] 83 £52.4 100.6 £73.4 0.50
AST/ALT ratio 0.75 £0.43 1.02 £0.57 0.046
Albumin [3.4-4.8 g/dl] 4.57 +0.57 432 +0.61 0.08
Platelets [150-400 x 109/1] 226.2 +63.6 228.6 +90.3 0.92
Glucose [< 5.82 mmol/l] 5.32 +0.78 7.25+2.03 0.000159
Glycated haemoglobin [4.8-5.9%] 5.71+0.48 7.92 £1.75 0.0006
Insulin [< 187.5 pmol/|] 177.7 £244.5 229.8 +168.7 0.091
C-peptide [nmol/l] 1.36 +0.83 0.77 +0.83 0.10
HOMA [> 1.8] 38.65 +38.34 19.3 +18.4 0.04
Fe [10.56-228.3 umol/l] 19.53 +7.5 25.7 £10.6 0.036
Ferritin [629.2-7999.3 pmol/|] 948.0 £1953.5 905.3 +961.3 0.79
Transferrin saturation [< 45%] 35.45 +18.2 4427 £21.8 0.078
Total cholesterol [« 5.18 mg/dl] 5.93 +1.87 6.17 +1.07 0.31
HDL [> 1.04 mmol/] 1.36 +0.57 1.53 0.7 0.55
LDL [< 3.37 mmol/[] 3.86 £1.99 3.83 £+0.59 0.48
Triglycerides [< 12.03 mmol/l] 1.82 1.1 1.77 +0.67 0.34
TGF-B1 [pg/ml], n = 45/n =9 32705.2 +9370.0 33437.3 £6489.3 0.66
Adiponectin [ng/ml] 7806.8 +6305.2 5568.6 +1464.0 0.78
Collagen type IV [ng/ml] 164.6 +163.8 349.9 +250.7 0.003
Hyaluronic acid [ng/ml] 56.6 +122.8 203.3 £149.3 0.004

by Harrison and Angulo et al., DMt2 affected 35% and
30% of individuals, respectively. All these studies favour
routine oral glucose tolerance tests for the assessment
of patients with NAFLD [16]. Diabetes plays an impor-
tant role in the development and progression of fibrosis
within NAFLD; the results of our study — showing clear-
ly higher glucose, insulin, C-peptide and HOMA levels in
the F3-F4 subgroup — also support the findings of
Younossi et al. [17], and make a case for active screening
for DMt2.

The population of NAFLD patients from the north-
western part of Poland suffering from DMt2 was older
than other participants, and had higher serum iron, gly-
caemia, glycated haemoglobin levels and lower HOMA.
AST as well as AARs were higher in this subgroup. Of
note, type IV of the collagen and hyaluronic acid were
higher in diabetics compared to the rest of the analysed
NAFLD population. These findings support an associa-
tion between DMt2 and NAFLD.

Hyperlipidaemia was present in 42% of Harrison
et al’s USA population. Results from this study showed
that hypercholesterolaemia was present in 78.7% and
hypertriglyceridaemia in 29.5% of subjects. In Angulo et
al’s study — the biggest multi-centre study, of 733 pre-
dominantly Caucasian patients — hypertriglyceridaemia
was present in 60% of subjects. Although dyslipidaemia
is a common finding in NAFLD patients, it was not asso-
ciated with greater risk of advanced fibrosis in studies
by Angulo et al. and Harrison et al. Hypertriglyceri-
daemia is strongly associated with NAFLD, but the asso-
ciation with cholesterol has not yet been convincingly
demonstrated [1]. In the current study, we observed dif-
ferences in total cholesterol plasma levels between
NAFLD patients with less and more severe fibrosis. The
median level of cholesterol in the FO-F2 subgroup was
214 mg/dl vs. 246 mg/dl in the F3-F4 population
(p < 0.016). There were no correlations between levels of
LDL and HDL cholesterol and fibrosis severity, although
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Table V. Multivariate logistic regression model
predicting presence of advanced fibrosis (F3-F4)
in NAFLD patients

Tabela V. Model wieloczynnikowej regresji logi-
stycznej przewidujqgcy wystepowanie zaawanso-
wanego wtdknienia watroby w grupie 0s6b
z NAFLD

Parameter OR (95% Cl) Value of p
Age [years] 0.90 (0.78-1.04) 0.16
Male gender 1.94 (0.11-35.58) 0.65
Hyaluronic acid* 4.84 (1.12-20.85) 0.030
AST/ALT ratio* 60.36 (2.23-1630) 0.012

*The variable was transformed logarithmically — odds ratio (OR)
relates to the predicted increase of odds for advanced fibrosis
associated with 10-fold increase of the parameter values, 95% Cl
— 95% confidence interval

we found higher levels of LDL among NAFLD patients
with F3-F4 fibrosis. HDL cholesterol had no such correla-
tion. The explanation for this phenomenon is complex.
As we know, hydroxymethylglutaryl-CoA (HMG-CoA) is
a key enzyme in cholesterol synthesis. HMG-CoA is tran-
scriptionally controlled by sterol regulatory element-
binding protein-2 (SREBP-2). Caballero et al. found that
SREBP-2 mRNA levels were 3- to 4-fold higher in NAFLD
[18] subjects, and concluded that free cholesterol levels
increased during NASH and correlated with the induc-
tion of SREPB-2. Our results may support a novel link
between serum cholesterol and liver fibrosis progression
in NAFLD. Cholesterol may be a player in disease pro-
gression and a novel target for intervention [18].

A nutritional approach provided helpful information
in understanding the nature of NAFLD; superabundant
dietary cholesterol and decreased dietary polyunsaturat-
ed fatty acid intake may contribute to NAFLD develop-
ment [19]. The connection between food-derived choles-
terol and liver fibrosis is provided by Acyl-CoA:
cholesterol acyltransferase (ACAT) activity, which pro-
motes cholesterol absorption and secretion of very-low-
density lipoprotein by the liver. Mice genetically lacking
ACAT2 were protected against hepatic neutral lipid accu-
mulation [20]. The highest cholesterol levels were
observed in the F3-F4 subgroup of our NAFLD patients
and ACAT2 activation might be a hypothesis for the
explanation of the current results. Most importantly in
our study, only total cholesterol, not LDL and HDL cho-
lesterol, seemed to be of importance. Thus, the hypoth-
esis can be stated that inhibition of cholesterol intake
from the gut decreased blood cholesterol concentration
and suppressed hepatic injury in non-obese patients
with NAFLD [21]. Unfortunately, these results come from
univariate analysis, not corrected for multiple compari-
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son, so are not significant, and are additionally under-
powered, with too few patients in the severe fibrosis
group. However, it seems that further studies are need-
ed, because of the number of individuals with NAFLD
and hypercholesterolaemia.

In the current study we noted higher levels of
adiponectin, higher total cholesterol as well as its LDL
fraction, and lower serum iron and transferrin saturation
in NAFLD females from the north-western part of
Poland. Adiponectin functions to decrease gluconeogen-
esis and to increase glucose uptake, lipid B-oxidation
and triglyceride clearance, protection from endothelial
dysfunction, insulin sensitivity, and control of energy
metabolism. It is also an anti-inflammatory adipokine,
preventing the accumulation of lipids in hepatocytes
and enhancing their sensitivity to insulin. Its lower
serum level is associated with more severe fibrosis in
NAFLD [22]. Although females differed from males in the
analysed cohort with respect to weight and height, the
adiponectin levels were higher in females due to well-
known differences in body composition between gen-
ders; thus our finding supports previous results [23].

Serum ferritin, reflecting the tissue pool of iron, is
often raised in NAFLD patients [24, 25] and has been
associated with advanced liver fibrosis [26] and
increased vascular damage in NAFLD [27]. In a Polish
cohort, we recently found the highest serum ferritin lev-
els in a subgroup of NASH patients with F3-F4 fibrosis;
however, it was without statistical significance and
higher levels of serum iron, as well as DMt2, were asso-
ciated with severe liver fibrosis [12]. There is growing
evidence that iron and glucose metabolism are interde-
pendent and that increased iron stores may contribute
to insulin resistance (IR). On the other hand, the inter-
action between NAFLD and hyperinsulinaemia is the
major determinant of serum ferritin levels [28]. Valenti
et al. [29] showed that higher iron stores were associat-
ed with more advanced liver fibrosis. Higher total cho-
lesterol with increased iron (both in plasma and tissues)
may lead to excessive free fatty acid oxidation with free
oxygen radical formation, increased inflammation, and
fibrogenesis in NAFLD.

The multivariate logistic regression analysis showed
that AAR and hyaluronic acid were independent risk fac-
tors for more advanced fibrosis in our patients. High
AAR has been related to reduced sinusoidal clearance of
AST relative to ALT [30], and seems to be a better pre-
dictor of advanced liver disease than ALT alone [31].
Although increased AST and ALT levels are considered
markers of necrotic cell death, this may result from
necrosis secondary to apoptosis [32]. On the other hand,
central obesity, raised triglycerides, reduced HDL choles-
terol, and raised fasting glucose may contribute to
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increased ALT activity [33]; elevated ALT is connected
with metabolic syndrome, cardiovascular disease, and
DMt2 [34]. Elevated aminotransferase levels were inde-
pendent predictors of moderate-to-severe fibrosis [35],
and NAFLD with elevated liver enzymes was associated
with a clinically significant risk of developing end-stage
liver disease [36]; yet, only the papers by Harrison et al.
and Angulo et al. pointed out the usefulness of AAR in
detecting NAFLD individuals with more advanced fibro-
sis. The results from this study confirmed that AAR is an
independent risk factor of more severe fibrosis in NAFLD.

Direct analysis of qualitative and quantitative
changes in the extracellular matrix of the liver included
markers connected to matrix degradation or its accu-
mulation. Type IV collagen and hyaluronic acid are asso-
ciated with more severe fibrosis as well as profibrotic
TGF-B1. Acute and chronic liver injury results in
increased local and systemic concentrations of TGF-1,
a cytokine that causes apoptosis via increased cellular
oxidative stress and subsequent caspase activation [37].
Increased expression of plasma TGF-B1, which activates
Kupffer and stellate cells, is described in individuals with
NAFLD [8]. The results of our study showed no correla-
tion between serum levels of this potent fibrogenic
cytokine and liver damage. In the current study, we did
not observe significant differences even in the subgroup
of NAFLD and DMt2 patients, prone to more severe
fibrosis of the liver. However, the induction of TGF-f1
must occur first, before the activation of stellate cells,
either from autocrine or paracrine sources; it is possible
that stimulation of collagen transcription in stellate cells
via Smads, as well as connective tissue growth factor
stimulation, is also TGF-B1-independent [38].

In our study, type IV collagen and hyaluronic acid
were associated with more severe fibrosis (F3-F4).
Hyaluronic acid, laminin, and collagen are extracellular
matrix components; hyaluronic acid may increase in
fibrosis due to a mixture of increased collagen turnover
and reduced hepatic clearance. Our results support the
outcomes from previous studies [39] and the role of
extracellular matrix in the progression of fibrosis. Type IV
collagen was not an independent risk factor of severe
fibrosis in these NAFLD patients; however, its plasma
amount was significantly higher in diabetics, suggesting
glycation processes of proteoglycans. Only one study
showed the value of this protein in NAFLD [40]. It is
important to remember that there is no specific type of
collagen or extracellular matrix components in the liver
[5]- Hyaluronic acid, as a single biomarker, fulfilled the
criteria for a good predictor of fibrosis; it is inexpensive,
obtained from blood, and also useful in subjects of dif-
ferent race and indications [41].

Conclusions

Our study showed an association of clinical and labo-
ratory data with stage of NAFLD severity. Serum AAR and
hyaluronic acid were independent factors associated
with more advanced fibrosis in patients with NAFLD from
the north-western part of Poland. This cohort differs
from previously described populations with fatty liver.
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