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ABSTRACT Objective: Nonalcoholic fatty liver disease (NAFLD) is closely associated with obesity and metabolic
syndrome (MS). Liver biopsy can verify the histological form of NAFLD. The study aimed to evaluate the relationship
between histological indicators of liver damage and metabolic parameters. Material and methods: 80 patients, median
age 45 [41.5; 47.5], with abdominal obesity and US signs of NAFLD were included in the study. All patients underwent
percutaneous liver biopsy. Glucose levels during OGTT, total cholesterol, high-density lipoprotein cholesterol (HDL),
low-density lipoprotein cholesterol (LDL), triglycerides (TG), ALT, and AST were measured. Fasting insulin, serum
adiponectin, C-reactive protein (CRP) and active plasminogen antigen activator inhibitor-1 (PAI-1) were determined.
Results:NAFLD was confirmed in 77 patients (96.3%), NASH – in 64 cases (80%), steatosis - in 11 cases (13.8%). In patients
with steatosis, 72.7% had dyslipidemia, 63.6% had impaired glucose metabolism, 63.6% had insulin resistance (IR); with
NASH – in 93.8%, 78.1% and 100%, respectively. Adiponectin level correlated negatively with IR indicators: HOMA-IR
(r = - 0.45; p = 0.023) and fasting insulin (r = - 0.35; p = 0.024). NASH patients had significantly higher levels of CRP
than those with steatosis: 3.8 [2.1; 6.7] mg/L vs 1,1 [1.0; 1.7] mg/L, (p <0.0001). PAI-1 activity correlated positively with
anthropometric parameters, IR, the level of CRP, and negatively with adiponectin concentration. Conclusions:Metabolic
disorders in patients with NAFLD are dependent upon the severity of the liver damage and the morphological stage of
the disease.
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Introduction:

Nonalcoholic fatty liver disease (NAFLD) is a chronic condition
that is not associated with excessive alcohol consumption and
is characterized by the excessive fat accumulation in the liver,
exceeding 5% of its weight. NAFLD refers to a wide spectrum
of liver damage that ranges from nonalcoholic fatty liver (or
simple steatosis) to nonalcoholic steatohepatitis (NASH) with
the possible outcome in fibrosis and cirrhosis. NAFLD is closely
related to abdominal obesity, type 2 diabetes mellitus (T2DM),
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and dyslipidemia, with a prevalence ranging from 50% to 90% in
these patient subgroups [1-3] and correlates with life expectancy
[4-6]. NAFLD, especially at the stage of steatosis progresses
very slowly; however, liver cirrhosis and hepatocellular carci-
noma can occur as the result of its evolution [4, 7]. Patients
with NAFLD have increased overall mortality compared to the
general population, not only due to cirrhosis and hepatocellular
carcinoma but also because of CVD [5, 6]. Obesity, hypertriglyc-
eridemia, and insulin resistance (IR) have been identified as
the most significant factors contributing to the development
of NAFLD and its progression [8, 9]. At the same time, mech-
anisms associated with abdominal obesity and IR such as ox-
idative stress, endothelial dysfunction, chronic inflammation,
and the dysregulation of adipokines, especially lack adiponectin
secretion, play a crucial role in the NAFLD development and pro-
gression [8, 10, 11]. Usually, NAFLD is diagnosed incidentally by
elevated levels of aminotransferases, or during liver ultrasound
(US) [12, 13]. Clinical symptoms are non-specific and usually do
not correlate with morphological changes of the liver structure.
Liver ultrasound (US), which is widely used in routine clinical
practice for verification of NAFLD, has certain diagnostic value,
but the "gold standard" of NAFLD diagnosis is a needle biopsy
of the liver [12, 13]. Liver biopsy verifies the histological form
of NAFLD and can estimate inflammation activity and fibrosis
score [12-14]. There are very few studies comparing clinical, bio-
chemical and morphological data in patients with NAFLD. Our
research aimed to evaluate the relationship between histological
signs of liver damage and risk factors of T2DM and CVD.

Material and Method:

Subjects and study design

Patients were recruited from the outpatient clinic of the En-
docrinology Research Center. After applying the exclusion cri-
teria described below, patients with abdominal obesity were
examined in the Therapeutic Endocrinology Department. We
included 80 adolescents of both sexes between 30 and 50 years
of age (median of age 45 [41.5; 47.5]). Inclusion criteria were:
abdominal obesity (waist circumference ≥ 80 cm in women and
≥ 94 cm in men, according to the criteria of MS IDF, 2006) [15]
and signs of NAFLD (based on liver US). Before enrollment, all
patients confirmed the absence of excessive alcohol consumption
(alcohol consumption less than 40g of ethanol per day for men
and 20g for women) [16]. Exclusion criteria were: type 1 or type
2 diabetes mellitus; BMI > 40 kg/m2, secondary obesity; severe
somatic and mental illnesses; alcohol abuse; use of hepatotoxic
drugs; viral hepatitis; and chronic diseases of the gastrointesti-
nal tract, accompanied by malabsorption. None of the patients
received glucocorticoids, statins, fibrates, aspirin, metformin or
PPARγ agonists. Some patients were on angiotensin receptor
blockers, ACE-inhibitors, diuretics orβ-blockers for their arterial
hypertension. This study was approved by the Ethical Commit-
tee of the Endocrinology Research Centre. Informed consent
was obtained from all the participants of the study.

Anthropometric measurements

Weight, height and waist circumference (WC) were measured
according to the international standards, and Body Mass Index
(BMI) was calculated (kg/m2). The median of body weight was
90.0 [82; 100] kg, BMI - 32.1 [29.4; 35.3] kg/m−, and waist cir-
cumference - 102 [95.5; 110]. Abdominal obesity was diagnosed
by IDF criteria (2006) [15].

Liver biopsy
All patients underwent a percutaneous liver biopsy in the Hepa-
tology centre of the Moscow Regional Research Clinical Institute.
Histological examination of biopsy samples of biopsy samples
was carried out in the Pathology department of the Moscow
Regional Research Clinical Institute. Comprehensive assessment
of morphological features in the liver tissue was based on the
NAS scale (NAFLD activity score, Kleiner D., 2005). The severity
of steatosis, intralobular inflammatory infiltration, hepatocyte
ballooning degeneration and fibrosis were estimated [14]. His-
tological activity index (HAI) which considers the severity of
necrotic and inflammatory lesions in the liver and the stage of
fibrosis were also assessed [17, 18].

Biochemical tests
Blood samples were taken from the cubital vein in the morn-
ing after at least 12 hours of fasting. Glucose, total choles-
terol, high-density lipoprotein cholesterol (HDL), low-density
lipoprotein cholesterol (LDL), triglycerides (TG), ALT, AST were
measured using Architect (Abbott) automatic biochemical anal-
yser. Standard oral glucose tolerance test with 75g of glucose
(OGTT) was conducted to determine the disorders of carbohy-
drate metabolism. Disorders of carbohydrate metabolism were
diagnosed by WHO criteria (1999-2006). Impaired fasting glu-
cose (IFG) was diagnosed if the level of venous plasma glucose
was more than or equal to 6.1 mmol/l but less than 7.0 mmol/l
fasting and less than 7.8 mmol/l at the 120th minute of OGTT.
The fasting glucose level lower than 7.0 mmol/l, with an in-
crease to 7.8 mmol/l or higher but lower than 11.1 mmol/l at
the 120th minute of OGTT was regarded as impaired glucose
tolerance (IGT).

Immunoreactive insulin was measured by electrochemilumi-
nescent immunoassay (ECLA) using automatic analyser Cobas
601 (Roche). The level of insulin resistance was assessed using
a mathematical model based on the values of IRI and fasting
plasma glucose (FPG) with the calculation of the HOMA-IR
(homeostasis model assessment of insulin resistance) index: fast-
ing glucose (mmol/l) * fasting insulin (U/L) / 22.5. The values
of HOMA-IR <2.77 were considered as normal insulin sensitivity
(i.e. absence of insulin resistance).

The level of serum adiponectin was determined using BioVen-
dor analyser (reference values 18-39 mg/ml). Serum high-
sensitivity C-reactive protein (CRP) was measured by solid
phase ELISA using 4000 Architect (Abbott) analyser (reference
values for hs-CRP: 0,03-5,00 mg/l). The level of active plasmino-
gen antigen activator inhibitor-1 in plasma was measured by
ELISA using Technoclone PAI-1 kits (reference interval - 7-43
ng/ml).

Statistical analysis

The statistical analysis was performed using STATISTICA ver-
sion 8.0 (StatSoft Inc, USA). Data is presented as median values,
interquartile ranges and frequency indicators (%). Spearman
rank correlation coefficients were calculated to investigate the
association between morphological signs of liver damage and
biochemical parameters. A P value of less than 0.05 was consid-
ered statistically significant.

Results:

As a result of the liver biopsy, NAFLD was confirmed in 77 pa-
tients (96.3%). NASH was diagnosed in the majority of patients
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- 64 cases (80%), and 11 patients (13.8%) had steatosis. Mild to
moderate fibrotic lesions of the liver tissue was revealed in all
77 patients with NAFLD. Liver cirrhosis was diagnosed in 2
cases (2.5%). Comparison of the liver biopsy and liver US re-
sults confirmed the high diagnostic value of liver US for NAFLD
verification. Most of the patients with abdominal obesity and
NAFLD had metabolic disorders: 96.6% of patients had dys-
lipidemia, 76.6% - carbohydrate metabolism disorders (IFG or
IGT), and 94.8% had hyperinsulinemia and IR. The majority of
patients (95.7%) had two or more components of metabolic syn-
drome. Results of the liver tissue assessment according to the
NAS scale (NAFLD activity score, Kleiner D., 2005) in patients
with abdominal obesity and NAFLD (n=80) are presented in
Table 1.

Biochemical characteristics of the patients with abdominal
obesity and NAFLD are presented in Table 2. Average total
cholesterol level was 6.2 [5.9; 7.0] mg / dL, LDL - 3.9 [3.4; 4.4]
mg / dL, HDL - 1.1 [1; 1,3] mmol /l, triglycerides - 2.1 [1.8;
2,5] mmol/l. In general, dyslipidemia was detected in 96.6% of
patients with NAFLD and obesity. In 90.9% cases total choles-
terol level was≥ 5.2 mmol /l, in 96.6% cases TG level was≥ 1.7
mmol/l. Decreased concentration of HDL (≤ 1.03 mmol/l in
men and ≤ 1.29 mmol/l in women) were revealed in 74% pa-
tients. 79.2% of patients showed an increase in LDL≥ 3.37
mmol/l. Figure 1 depicts the relationship between TG con-
centrations and the severity of hepatic steatosis. The severity of
hepatic steatosis in patients with abdominal obesity and NAFLD
was directly related to TG concentration.

Figure 1:The relationship between plasma triglyceride concen-
tration and steatosis severity (NAS score) in patients with ab-
dominal obesity and NAFLD.

The median fasting plasma glucose level in the group was 6.0
[5.5; 6,3] mmol/l, after 120 min of glucose intake - 7.0 [5.9; 8.2]
mmol/l. We diagnosed impaired glucose metabolism during
OGTT in 76.6% of patients with NAFLD (50 patients): IFG –
in 74% of cases, IGT – in 33.8% of cases. 31.2% of patients
had the combination of IFG and IGT. Moreover, the incidence
of IGT and IFG was significantly increased in patients with
NASH (p = 0,008) in comparison with liver steatosis. Fasting
insulin level was 18.7 [14; 23.7] U/l, HOMA-IR - 4.7 [3.6; 6.6].
94.8% of patients with NAFLD had IR evidenced by values of
fasting insulin and HOMA-IR. In patients with NASH, basal
insulin levels and HOMA-IR index were significantly higher if
compared with those who had hepatic steatosis (p = 0.005, p =
0.02, respectively).

Patients with different morphological stages of NAFLD pre-

sented different clinical results of the carbohydrate metabolism
and lipid profile parameters. 72.7% persons with liver steatosis
had dyslipidemia, 63.6% - glucose metabolism disorders, 63.6% -
IR. 93.8%, 78.1% and 100% of patients with NASH had dyslipi-
demia, impaired glucose metabolism and IR respectively. In all
patients with liver cirrhosis, we identified dyslipidemia, IFG,
IGT and IR.

There was a direct relationship between fasting insulin level,
HOMA-IR and the severity of liver biopsy lesions. For example,
fasting serum insulin level (r = 0.36; p = 0.026) and HOMA-IR
index (r = 0.35; p = 0.035) correlated positively with the HAI
(Figure 2 and Figure 3). There was no significant correlation
between insulin level, HOMA-IR index and the severity of liver
fibrosis.

Figure 2:Relationship between plasma Insulin concentration
and liver inflammation (NAS score) in patients with abdominal
obesity and NAFLD.

Figure 3:Relationship between HOMA-IR and liver inflamma-
tion score (NAS score) in patients with abdominal obesity and
NAFLD.

Increased aminotransferases activity, especially ALT, was de-
tected in patients with NASH more commonly than in patients
with steatosis (76.6% vs 63.6%, respectively), and usually, amino-
transferases levels did not exceed two standards. We identified
the significant correlation of ALT and AST levels with morpho-
logical signs of liver lesions. ALT levels positively correlated
with the severity of steatosis (r = 0.45; p = 0.005) and with in-
tralobular inflammatory infiltration (r = 0.3; p = 0.019). Also, we
found a positive correlation between AST levels and the severity
of liver fibrosis (IFA, Ishak) (r = 0.6; p = 0.001).
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Table 1 Results of liver tissue morphological assessment according to scale NAS (NAFLD activity score, Kleiner D., 2005) in patients
with abdominal obesity and NAFLD

Item Definition Score/code
Number of

patients

NAS

Steatosis

Low- to the medium-

power evaluation of

parenchymal involvement

by steatosis

<5% 0 0

5–33% 1 58

>33–66% 2 17

>66% 3 5

Lobular inflammation
Overall assessment of all

inflammatory foci

No foci 0 6

<2 foci per × 200 field 1 15

2–4 foci per × 200 field 2 44

>4 foci per × 200 field 3 15

Hepatocellular

ballooning
None 0 6

Few balloon cells 1 59

Many cells/prominent

ballooning
2 15

Fibrosis

Stage None 0 0

Perisinusoidal or

periportal
1 64

Mild, zone 3,

perisinusoidal
1A

Moderate, zone 3,

perisinusoidal
1B

Portal/periportal 1C

Perisinusoidal and

portal/periportal
2 14

Bridging fibrosis 3 0

Cirrhosis 4 2
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Table 2 Biochemical parameters and parameters of surrogate insulin resistance in patients with different morphological forms of
NAFLD

Characteristics

Me [25; 75]

NAFLD

(n=77)

Steatosis

(n=11)

NASH

(n=64)

Cirrhosis

(n=2)

No NAFLD

(n=3)

Total cholesterol,

mmol/L

6,2

[5,9; 7,0]

6,4

[4,7; 7,3]

6,4

[5,9; 7,1]

5,9

[5,9; 6,0]

6,4

[5,0; 9,3]

HDL, mmol/L
1,1

[1,0; 1,3]

1,3

[1,0; 1,4]

1,1

[1,0; 1,2]

1,1

[0,7; 1,6]

1,0

[1,0; 1,4]

LDL, mmol/L
3,9

[3,4; 4,4]

3,9

[2,9; 4,0]

3,9

[3,5; 4,6]

3,4

[2,6; 4,1]

4,0

[2,9; 4,4]

Triglycerides,

mmol/L

2,1

[1,8; 2,5]

2,1

[1,8; 2,5]

2,5

[2,2; 2,8]

2,1

[2,0; 2,3]

2,2

[1,9; 2,4]

Glucose 0 min,

mmol/L

6,0

[5,5; 6,3]

5,7

[5,5; 5,9]

6,1

[5,7; 6,4]

5,9

[5,0; 6,8]

5,2

[5,2; 5,3]

Glucose 120 min

(OGTT), mmol/L

7,0

[5,9; 8,2]

6,0

[5,7; 6,8]

7,1

[5,9; 8,2]

10,0

[8,9; 11,0]

6,0

[5,0; 6,1]

Insulin, U/L
18,7

[14,0; 23,7]

14,0

[10,5; 22,2]

18,7

[14,7; 23,6]

28,3

[26,9; 29,7]

7,8

[7,4; 9,7]

HOMA-IR
4,7

[3,6; 6,6]

3,6

[2,5; 4,2]

5,1

[3,8; 6,9]

7,4

[6,6; 8,1]

1,8

[1,7; 2,2]

ALT, U/L
47,0

[36,1; 59,5]

37,0

[32,0; 45,3]

50,8

[37,5; 61,0]

46,7

[36,0; 57,4]

35,0

[29,0; 43,0]

AST, U/L
32,0

[26,0; 41,8]

25,0

[24,0; 34,5]

33,0

[27,4; 42,4]

39,4

[37,0; 41,8]

25,0

[24,0; 32,0]

Adiponectin, µ g/ml
6,1

[4,5; 9,1]

10,1

[7,4; 10,9]

5,7

[4,3;8,3]

5,4

[5,3;5,5]

15,7

[9,1; 17,5]

CRP, mg/L
3.2

[1.7;6,0]

1,1

[1,0;1,7]

3.8

[2.1;6,7]

4,7

[1,8; 7,7]

0,7

[0,5; 0,9]

PAI-1, ng/ml
103,1

[77,9; 112,0]

70,2

[59,0; 90,4]

104,5

[85,4; 115,6]

113,1

[109,4; 116,8]

81,8

[72,1; 86,5]
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Adiponectin level was found to be below normal range in
88.3% (n = 68) of patients with abdominal obesity and NAFLD,
confirmed by liver biopsy. Only 45.5% of patients with hepatic
steatosis had low adiponectin level, while it was decreased in
89.1% of patients with NASH. Moreover, adiponectin concen-
tration decreased with the progression of NAFLD: adiponectin
level in patients with liver steatosis was 10.1 [7.4; 10.9] g/ml,
in patients with NASH - 5.7 [4.3; 8.3] g/ml, in patients with
cirrhosis - 5.4 [5.3; 5.5] g/ml.

Adiponectin correlated negatively with IR indicators:
HOMA- IR index (r= -0.45; p= 0.023) and fasting insulin con-
centration (r= -0.35; p = 0.024), and positively- with serum
HDL cholesterol (r= 0.45; p= 0.007). A negative correlations
of adiponectin level with IGA (r= -0.56;p= 0.007) and intrabular
inflammatory infiltration (r= -0.4;p= 0.013) were also observed.
The correlation between the adiponectin level and the degree
of liver inflammation in patients with abdominal obesity and
NAFLD is presented in Figure 4.

Figure 4:Relationship between serum adiponectin concentra-
tion and intralobular inflammatory infiltration (NAS score) in
patients with abdominal obesity and NAFLD.

Regarding inflammatory parameters, 30% patients with
NAFLD presented values of CRP above normal range values
(upper limit 5.0 mg/l) considered as subclinical inflammation:
median level was 3.2 [1.7; 6.0] mg/L. NASH patients had signif-
icantly higher levels of CRP than those with hepatic steatosis:
3.8 [2.1; 6.7] mg/L vs 1,1 [1.0; 1.7] mg/L, (p <0.0001). CRP corre-
lated positively with all anthropometric measurements, as well
as with fasting insulin concentration, HOMA-IR index and activ-
ity of PAI-1. CRP correlated negatively with the concentration of
adiponectin. Assessment of the relationship between CRP and
morphological changes in the examined patients with NAFLD
demonstrated a high positive correlation between CRP levels
and IGA (r = 0.4; p = 0.04).

PAI-1 activity exceeded the upper limit of the reference range
(43 ng/ml) in 98.7% patients (n = 76). Moreover, in patients
with NASH PAI-1 activity in plasma was 104.5 [85.4; 115.6]
ng/ml and was higher than patients with hepatic steatosis (p =
0.002). PAI-1 activity correlated positively with anthropometric
parameters, HOMA-IR as a measure of IR, the level of CRP,
and negatively with the concentration of adiponectin. There
were no statistically significant relationships between PAI-1 and
morphological changes in the liver.

Discussion:

This study was carried out to evaluate the relationship between
histological signs of liver damage and metabolic parameters in

patients with abdominal obesity and NAFLD. In our study, most
patients had NASH (80%) confirmed by liver biopsy. Our find-
ings are not consistent with the results of cohort studies report-
ing the prevalence of clinical forms of NAFLD in obese people
[4, 7, 19]. According to previous publications, the prevalence
of NASH in this category of patients is 18.5-26%. Those dis-
crepancies can be explained by patient selection: all patients in
our study had abdominal obesity with waist circumference≥ 80
cm in women and≥ 94 cm in men, while in population studies,
obesity is usually confirmed by BMI, disregarding the type of
fat distribution [4, 19].

It is well known that the combination of visceral obesity and
hypertriglyceridemia is associated with high risk of CVD. Sev-
eral studies have demonstrated that waist circumference≥ 90
cm in both males and females over 40 years and hypertriglyc-
eridemia over than 2.0 mmol/l, (so-called "hypertriglyceridemic
waist"), are likely to indicate the presence of the MS [5,6]. In
our study, 95.7% of patients older than 40 years with abdominal
obesity and NAFLD (n = 67) had "hypertriglyceridemic waist".
In the NASH group "hypertriglyceridemic waist" was diagnosed
in 100% of patients, in steatosis group – in 70.0%. Thus, hy-
pertriglyceridemia in abdominal obesity can be regarded as an
indirect marker of the presence of NAFLD, NASH in particular.

As expected, TG level positively correlated with the severity
of hepatic steatosis (r = 0.46; p = 0.001). Excessive hepatic TG
accumulation due to increased transport of free fatty acids into
the liver leads to the development of steatosis and secretion of
the high amount of triglycerides as a part of LDL. Alterations
of TG synthesis and transport eventually result in hepatocyte
damage and necrosis [9, 10].

The liver plays a significant role in maintaining glucose home-
ostasis by balancing the production and storage of glucose. Our
results are consistent with previous data about the frequency of
glucose metabolism disorders in patients with NAFLD [5, 6, 9].
We revealed IFG, IGT or their combination in 76.6% of patients.
Moreover, pathophysiological and metabolic consequences of
the various stages of simple steatosis and NASH are different
and dependent on the severity of NAFLD but are strongly linked
to hepatic and peripheral IR.

Our findings confirm that the development and progression
of IR appear to be the key mediator in the initiation and pro-
gression of NAFLD, primarily through changes in glucose, fatty
acid, and lipoprotein metabolism. We found a close relation-
ship between fasting insulin, HOMA-IR and inflammation and
necrosis in the liver. These results indicate the importance of
therapeutic interventions, resulting in the improvement of in-
sulin sensitivity and preventing progression of the disease and,
thus, the development of T2DM.

ALT levels have shown to be the best single biochemical
indicator of hepatic steatosis. Nevertheless, up to 70% of NAFLD
patients may have normal liver enzymes; ALT and AST levels
do not distinguish between varying stages of NASH and can
be normal in histologically severe disease [20]. Our results, also
confirm that normal levels of transaminases do not exclude the
existence of necrotic, inflammatory and fibrotic changes in the
liver [21, 22]. In our study, patients with NAFLD had following
laboratory data: ALT - 47 [36.1; 59.5] U/L, AST - 32 [26.0; 41,8]
U/L. Thus, liver biopsy is necessary for the refinement of clinical
and morphological forms of NAFLD, staging of the disease and
process activity assessment.

Adiponectin is the best-studied adipokine in NAFLD. Plasma
levels of adiponectin are markedly diminished in visceral obesity
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and states of IR, atherosclerosis and type 2 diabetes mellitus
[23]. Hypoadiponectinemia is primarily a feature of patients
with NASH. Published data shows that the adiponectin level in
patients with NAFLD and obesity is significantly lower than in
patients with the same BMI, but without NAFLD [24, 25]. Also,
adiponectin negatively correlates with the content of fat in the
liver, which confirms the protective role of adiponectin about the
development of steatosis, steatohepatitis and their progression
[26, 27]. Our results confirm previously published data on the
significant role of low adiponectin level in NASH development.
We found a negative correlation between the adiponectin level
with IGA and intralobular inflammatory infiltration, but in our
study adiponectin was not associated with the severity of fibrosis
and hepatic steatosis.

CRP is considered to be the best marker of chronic inflam-
mation [28]. Chronic systemic inflammation is a significant risk
factor for CVD and T2DM; the inflammatory state has been pro-
posed to underlie increased risk for atherosclerotic disease [29,
30]. In abdominal obesity, inflammation results from obesity-
induced dysregulation of visceral adipocytes with the produc-
tion of inflammatory cytokines. In our study serum, CRP was
elevated in 30 % of patients concerning values observed in a
healthy population, in agreement with other results. Taking
into account positive correlation of circulating CRP level with
necrotic and inflammatory lesions of liver tissue we can confirm
that CRP, which is primarily produced by the liver, is a marker
of inflammation and an independent predictor of CVD.

PAI-1 is widely known as an endogenous inhibitor of plas-
minogen activation by tissue-type and urokinase-type plasmino-
gen activator [31]. Increased PAI-1 activity has been associated
with a higher risk of MS, CVD and tissue fibrosis [32, 33]. There
is increasing evidence that implies that PAI-1 mediates the de-
velopment of hepatic steatosis in MS [34]. Clinically, a steady
elevation of plasma and hepatic PAI-1 levels correlates with the
progression of NAFLD [35]. We found elevated PAI-1 activity
in most of the patients with NAFLD that correlated with IR and
CRP, but not with the morphological stage of liver disease. Our
data suggest that the development of the fibrinolysis failure (and
hence prothrombogenic state) is associated with chronic inflam-
mation and IR in patients with abdominal obesity and NAFLD.
It also indicates an increased risk of thrombosis in this category
of patients.

Conclusions:

Some long-term prospective studies in patients with biopsy-
proven NAFLD show significantly higher total mortality rates
compared with a matched reference population—with CVD
representing the primary mode of death [36, 37]. NAFLD con-
tributes to the deterioration of life prognosis by a combination
of hypertriglyceridemia with IR and the reduction of protective
factors. Of note, only subjects with NASH rather than simple
steatosis had significantly reduced survival [37].

The current study provides evidence that metabolic disor-
ders in patients with abdominal obesity and NAFLD are directly
related to the morphological stage of the disease. Due to the
invasive nature and potentially risky procedure of liver biopsy,
clinical and biochemical blood markers can be considered to
allow improved, non-invasive detection of disease stage and
activity. As NASH is associated with more metabolic abnormali-
ties than simple hepatic steatosis, we may predict NASH with a
high probability in patients with hypertriglyceridemia, impaired
glucose tolerance and elevated CRP level.
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