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Abstract
AIM: To determine the prevalence of steatosis and 
steatohepatitis in a series of autopsies in Northwestern 
Greece.

METHODS: Liver biopsy material from a total of 
600 autopsies performed over a period of 2 years 

(2006-2008) to define the cause of death was subjected 
to histological examination. Patient demographic data 
were also collected. Tissue sections were stained with 
different dyes for the evaluation of liver architecture, 
degree of fibrosis and other pathological conditions 
when necessary.

RESULTS: Satisfactory tissue samples for histologi-
cal evaluation were available in 498 cases (341 male, 
157 female) with a mean age of 64.51 ± 17.78 years. 
In total, 144 (28.9%) had normal liver histology, 156 
(31.3%) had evidence of steatosis, and 198 (39.8%) 
had typical histological findings of steatohepatitis. The 
most common causes of death were ischemic heart 
disease with or without myocardial infarction (43.4%), 
and traffic accidents (13.4%).

CONCLUSION: A high prevalence of steatosis and ste-
atohepatitis was detected in postmortem biopsies from 
Northwestern Greece. Since both diseases can have 
serious clinical consequences, they should be consid-
ered as an important threat to the health of the general 
population in Greece.
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INTRODUCTION
Non-alcoholic fatty liver disease (NAFLD), the accumu-
lation of  fat within liver cells in individuals who deny a 
significant history of  alcohol ingestion, is emerging as 
the most frequent liver disease in developed countries[1,2]. 
The diagnosis of  NAFLD and non-alcoholic steato-
hepatitis (NASH) is based on histological findings of  ei-
ther fat alone, fat plus inflammation, fat plus hepatocyte 
injury (ballooning degeneration), or fat with fibrosis and 
cirrhosis[3]. The significance of  these histological catego-
ries rests on the fact that both the prevalence and clinical 
outcome vary by histological category[4].

NAFLD is commonly associated with severe obesity, 
defined as body mass index (BMI) > 35 kg/m2, with 
74%-90% of  liver biopsies showing fatty change[5,6]. 
NASH, first named by Ludwig et al[7], is probably a less ag-
gressive condition than alcoholic hepatitis, but neverthe-
less might progress through necro-inflammatory change 
and early fibrosis to cirrhosis[8,9]. In contrast, NAFLD 
without necro-inflammatory change is generally a benign 
condition[10,11].

There are few published data on the frequency of  
NASH and NAFLD in Greece, but without biopsies[12]. 
The present study aimed to determine the prevalence 
of  these diseases in a series of  autopsy material from 
Northwestern Greece.

MATERIALS AND METHODS
Study protocol
The aim of  the present study was to estimate the preva-
lence of  steatosis and steatohepatitis in postmortem 
material from Northwestern Greece. For this purpose, a 
number of  liver specimens from people who died sud-
denly or in a traffic accident and had undergone autopsy 
to define the cause of  death, were investigated.

The survey took place at the regional University Hos-
pital of  Ioannina, from 15 March 2006 until 20 Decem-
ber 2008. The collaborating centers were the Depart-
ment of  Internal Medicine, the Laboratory of  Pathology 
and the Department of  Forensic Medicine and Toxicol-
ogy. The study protocol was approved by the Hospital 
Ethical Committee.

Autopsy material from 600 people (391 men and 209 
women) aged 3-94 years was investigated. All autopsies 
were forensic cases, being performed in those with unnat-
ural death, such as sudden death and accidents (especially 
traffic accidents). No academic cases were included. 

Demographic information, history of  alcohol use 
and previous hepatic and non-hepatic chronic diseases, 
such as diabetes mellitus, and use of  medication, were 
obtained from the first-degree relatives of  the cases. 
Gross appearance of  the liver was also recorded. Sam-
pling was performed by the same physician.

Cases with a history of  liver disease of  any type and 
those with autolysed liver samples were excluded. Wedge 
biopsies (2 cm × 2 cm × 2 cm) from the right and left 
lobes and one biopsy of  the same size from deeper areas 

of  the liver parenchyma were obtained in each case. Any 
visually grossly abnormal areas were also sampled.

Isolation of liver specimens and histological assessment
Liver tissue sections from the necrotomic material were 
fixed in 40 g/L neutral formaldehyde for 24 h. After that, 
the tissues were dehydrated, embedded in paraffin, cut at 
4 μm, and stained with hematoxylin-eosin for light mi-
croscopy. 

For histochemical staining, additional 4-μm thick 
tissue sections were cut from paraffin blocks and were 
stained with silver reticulin and Masson’s trichrome meth-
ods for the evaluation of  liver architecture and the degree 
of  fibrosis, when necessary. In addition, Perl's Prussian 
blue staining was performed to evaluate iron load based 
on a grading system of  0-4, as previously described[13].

Immunohistochemical study for the hepatitis B virus 
surface and core antigens was performed on formalin-
fixed, paraffin-embedded liver tissue sections by the la-
beled streptavidin-avidin-biotin method, using appropri-
ate antibodies (anti-HbsAg monoclonal mouse antibody, 
clone 3E7; DAKO, Germany; anti-HbcAg polyclonal 
rabbit antibody; DAKO). Immunohistochemical cyto-
plasmic and nuclear staining of  hepatocytes was shown 
as HbsAg and HbcAg positivity, respectively.

Each biopsy was scored on a scale for steatosis, inju-
ry/inflammation and fibrosis. The grading and staging of  
steatohepatitis was based on criteria developed by Brunt  
et al[14]. Most specimens contained 12-24 portal tracts.

The two histopathologists involved in this study 
agreed on terms, definitions and the histological criteria of  
the pathologic lesions. The liver sections were examined 
under an Olympus optical microscope and the histopa-
thologists were blind to the patients’ personal history. All 
positive findings were reevaluated for grading and staging 
by both histopathologists. In cases of  diagnostic discrep-
ancy, the result was reported according to the consensus 
of  a joint slide review session. Histological findings were 
recorded in a standard form.

Statistical analysis
Data are presented as mean ± SD, unless otherwise 
stated. One-way ANOVA or ANOVA based on ranks, 
followed by multiple pairwise comparisons, was used for 
multigroup comparisons. Correlations between variables 
were determined with the use of  the f factor. All statisti-
cal tests were performed with the use of  the Statistica 
software, version 6.0. P < 0.05 was considered significant 
unless otherwise noted. 

An overall statistical analysis was performed at first. 
After that, the cases were divided into subgroups based 
on sex, and comparison was performed in correlation 
with the degree of  steatosis and steatohepatitis. The cases 
were also divided into four age subgroups: < 45 years (65 
cases, 13%, age group a); 45-60 years (97 cases, 19.4%, 
age group b); 60-75 years (187 cases, 37.6%, age group c); 
and > 75 years (149 cases, 30%, age group d). Statistical 
analysis based on the histological findings was performed 
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in each age subgroup. Finally, the cases were divided in to 
two subgroups according to the cause of  death: in the first 
subgroup the cause of  death was ischemic heart disease 
with or without myocardial infarction, and in the second, 
all other vascular diseases. Further correlations with liver 
histology, age and sex were also performed.

RESULTS
During the study period, 600 cases were assessed. One 
hundred and two cases were excluded because of  mod-
erate to severe autolysis in liver tissue, positive immu-
nohistochemical findings for hepatitis B surface antigen 
(HBsAg) and hepatitis B core antigen (HBcAg) or a 
history of  known chronic liver disease. Thus, 498 cases 
were evaluable and included 341 men and 157 women 
with a mean age of  64.51 ± 17.78 years. Most of  the 
cases (255) were residents of  Ioannina, the largest town 
in Northwestern Greece.

The most common causes of  death were: ischemic 
heart disease with or without myocardial infarction 
(47.6%), traffic accidents (13.4%), pneumonic embolism 
(8.2%), cerebrovascular incidents (4.2%), rupture of  aor-
tic aneurysm and trauma (3.2%), neoplasm (2.8%), and 
others (21%). Table 1 presents a detailed description of  
the causes of  death in our study population.

 From the 498 cases, 144 (28.9%) had normal liver 
histology, whilst 156 (31.3%) had evidence of  steatosis, 
and 198 (39.8%) had histological findings typical of  ste-
atohepatitis. In the subgroup with steatosis, 112 (71.8%) 
had steatosis < 33%, 28 (18%) had steatosis between 33 
and 66%, and 16 (10%) had steatosis of  > 66%. In the 
steatohepatitis subgroup, 113 (57%) cases were classified 
as grade 1, 61 (30.8%) as grade 2, and 24 (12.1%) as grade 3. 
Staging was categorized as stages 1, 2, 3 and 4, respective-

ly. Thus, 69 (35%) were stage 1, 69 (35%) stage 2, 36 (18%) 
stage 3, and 24 (12) stage 4. Correlations of  the grades 
and the stages of  the 198 cases with steatohepatitis are 
depicted in Table 2. As in other types of  chronic hepatitis, 
the grade and stage of  the disease might be disparate, as 
they are meant to reflect different aspects of  liver injury. 
The degrees of  steatosis are presented.

The analysis of  steatosis, steatohepatitis and normal 
liver tissues in the aging groups was statistically significant (P 
= 0.0005, f = 6, Figure 1). The same analysis in correlation 
with sex was not significant (P = 0.148). Overall analysis 
of  the age groups and sex in correlation with steatosis, 
steatohepatitis and normal liver tissues showed borderline 
significance (P = 0.043, f  = 3, Figure 1). Table 3 presents 
the number of  subjects by sex and age group. 

History of  diabetes mellitus was found in 18 cases 
with steatosis and in 30 cases with steatohepatitis. Mild 
iron loading (1+ to 2+) was detected in 41 cases (23 men, 
18 women), which accounted for 8.2% of  the study popu-
lation. From these, 39 cases had also steatohepatitis and 
therefore only two cases of  steatosis were detected. Fur-
thermore, analyses based on the age subgroups revealed 
mild iron loading (1+ to 2+) in eight cases between 45 
and 60 years, in 18 cases between 60 and 75, and in 15 
cases > 75 years.

Finally, from the 236 ischemic heart disease deaths 
with or without myocardial infarction, 47 (20%) had nor-
mal liver histology, 90 (38%) had steatosis, and 99 (42%) 
had histological findings typical of  steatohepatitis. In the 
same subgroup, only 11 cases had mild iron loading.

DISCUSSION
The present study demonstrated that steatosis and ste-
atohepatitis are emerging as common silent liver diseases 
in Northwestern Greece. The true incidence and preva-
lence of  these diseases in different populations is largely 
unknown[15], even if  it is believed that they are the most 
common liver diseases in the general population[2,16,17]. 
This might be explained partly because liver histology 
is required as the gold standard for precise diagnosis of  
these conditions, and the relatively invasive procedure of  
liver biopsy is still not considered essential for the man-
agement of  NAFLD by many physicians. In addition, 
most of  the reports on the prevalence rates of  NAFLD 
are based on ultrasonographic studies and/or the pres-
ence of  elevated serum levels of  aminotransferases, in the 
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Cirrhosis   6 (1.2)
Severe burns   5 (1.0)
Thrombosis of the mesentery with peritonitis   4 (0.8)
Sepsis   3 (0.6)
Lower gastrointestinal bleeding   3 (0.6)
Upper gastrointestinal bleeding   2 (0.4)
Inhalation of CO   2 (0.4)
Subdural hematoma   2 (0.4)
Endocarditis   2 (0.4)
Lobular pneumonia   1 (0.2)
Other (infections, electrocution, etc.) 14 (2.8)

Table 1  Detailed causes of death in the population study

Cause of death n  (%)

Ischemic heart disease and/or myocardial infarction     237 (47.59)
Traffic accidents       67 (13.45)
Pneumonic embolism     41 (8.23)
Cerebrovascular incidents   21 (4.2)
Trauma   16 (3.2)
Rupture of aortic aneurysm   16 (3.2)
Neoplasm   14 (2.8)
Cerebrovascular trauma   12 (2.4)
Drowning   12 (2.4)
Heroin overdose and other toxic agents   11 (2.2)
Hanging     7 (1.4)

Table 2  Correlation of grade and stage in patients with ste-
atohepatitis

Grade Stage Totals

0 1 2 3 4

Mild (Ⅰ) 0 55 44 13   1 113
Moderate (Ⅱ) 0 13 21 14 13   61
Severe (Ⅲ) 0   1   4   9 10   24
Totals 0 69 69 36 24 198

Zois CD et al . Steatosis and steatohepatitis in Greece



absence of  any other known liver disease or significant 
alcohol consumption[2,18]. 

In clinical practice, diagnostic liver biopsy is performed 
only for highly selected patients. For this reason, the re-
ported rates that are based on liver biopsies cannot reflect 
the true prevalence of  NAFLD and NASH in the general 
population[19,20]. In addition, histological lesions of  NASH 
are unevenly distributed throughout the liver parenchyma; 
therefore, sampling errors of  liver biopsies can result in 
misdiagnosis and staging inaccuracies[21]. Furthermore, 
NASH and alcoholic steatohepatitis can share common 
histological findings[22,23].

Autopsies, performed for those who have passed away 
for reasons other than liver diseases, are certainly better 
sources for the determination of  a more reliable preva-
lence for NAFLD and NASH[24]. The particular character-
istics of  forensic autopsies are the relatively young age of  

the subjects and their usually better general health before 
death. Among our cases, male sex was predominant; most 
of  the subjects had no history of  chronic diseases, and in 
> 80%, the causes of  death were acute events such as car-
diovascular diseases, traffic accidents and trauma. To the 
best of  our knowledge, this is the first report concerning 
liver diseases based on an autopsy series in Greece.

Obesity is a major clinical problem in Greece[25]. Un-
fortunately, we were not able to measure BMI in the study 
population. As a result, no correlations of  steatosis and 
steatohepatitis with BMI could be performed. In addition, 
although 10 patients had positive immunohistochemi-
cal findings for the HBsAg and HBcAg, serological viral 
markers for hepatitis B and hepatitis C virus infection 
were not performed in the present study. However, the 
prevalence of  both infections is low in Greece[26-28].

In none of  our cases was the use of  medication that in-
duced or predisposed to the progression of  NASH[29]. The 
higher prevalence of  NAFLD and NASH in patients with 
diabetes mellitus has been well documented before[30-32] 

and is in accordance with our findings. Silent cirrhosis was 
found in only six of  our patients, which indicates a low 
prevalence of  this condition in Northwestern Greece, in 
comparison with other autopsy series[24,33]. The correlation 
of  cirrhosis with NAFLD and NASH is one of  the most 
controversial issues. Although there is substantial evidence 
that NASH might lead to cirrhosis in about 20% of  cases, 
and is the most common etiology for cryptogenic cirrho-
sis[34], well-designed, prospective long-term studies for de-
termination of  outcome in patients with NAFLD are lack-
ing[2,3]. However, it seems that older age, obesity and the 
presence of  diabetes mellitus are factors that predispose 
towards progression of  NASH to cirrhosis[35-37]. In par-
ticular, the aggressive form of  NAFLD is best based on 
the pathological diagnosis of  steatonecrosis with Mallory 
hyaline and fibrosis[38,39]. The clinical implications of  this 
alarming prevalence of  NAFLD and NASH are derived 
from the fact that these liver conditions may progress to 
end-stage liver disease and cancer[40,41].

Mild iron loading was detected in 41 cases in our 
study population. It is clear that, in our cases with ste-
atohepatitis, the role of  increased iron stores in the de-
velopment of  fibrosis seemed to be of  less importance. 
The role of  lipogenesis and fatty acid oxidation in the 
development of  NAFLD and NASH has been well es-
tablished[42]. In particular, the complex progression of  
NAFLD is related to metabolic abnormalities associated 
with massive steatosis, insulin resistance and reductions 
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Table 3  Number of subjects in every age group according to 
sex

Age groups a b c d Totals

Male 49 74 134   84 341
Female 16 23   53   65 157
Total 65 97 187 149 498

2

1

0

F  = 6.0126, P  = 0.00050

Vertical bars denote 0.95 confidence intervals

             a		    b	         c	               d

		         Age group

A

2

1

0

F  = 2.7406, P  = 0.04278

Vertical bars denote 0.95 confidence intervals

                      Male		                 Female

		           Gender

B

Age group a
Age group b
Age group c
Age group d

Figure 1  Correlations of age subgroups in different subjects. A: Correlation 
of age subgroups (a, b, c and d) in subjects with  steatohepatitis (0) and steatosis 
(1), and normal subjects (2). Mean values for each group are presented. The 
four age subgroups were defined as follows: < 45 years (group a), 45-60 years 
(group b), 60-75 years (group c), and > 75 years (group d); B: Correlation of 
sex and age in subjects with steatohepatitis (2) and steatosis (1), and in normal 
subjects (0). Data are shown for male and female subjects separately, according 
to age group.

Zois CD et al . Steatosis and steatohepatitis in Greece

a: < 45 years; b: 45-60 years; c: 60-75 years; d: > 75 years.



in fatty acid oxidation[43-45]. NASH is attributed to tumor 
necrosis factor-α, free fatty acid toxicity, toxicity caused 
by dicarboxylic acids, a decrease in mitochondrial and 
peroxisomal β-oxidation, generation of  reactive oxygen 
species, lipid peroxidation and many other events that 
lead to apoptosis and inflammation[46,47]. 

The reported prevalence of  steatosis in our study is in 
accordance with other studies[24]. However, the reported 
prevalence of  steatohepatitis in this Greek population is 
much higher in comparison with other population stud-
ies[48-51]. Although results from this autopsy study cannot 
be extrapolated to the general healthy population, the rea-
son for such a high rate could possibly be attributed to the 
decreased physical activity and the alterations in dietary 
habits in the Greek population over recent decades.

In conclusion, it seems that steatosis and steatohepa-
titis are very common liver diseases among postmortem 
material in Northwestern Greece. Since both diseases 
can have serious clinical consequences, they should be 
considered as an important threat to the health of  the 
general population in Greece. Further studies to confirm 
this prevalence and assess the etiology and natural histo-
ry of  these lesions in the general healthy Greek popula-
tion, in combination with possible therapeutic strategies, 
are therefore mandatory.
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