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Abstract
Background: Epidemiology of NAFLD in Greece is largely unknown. Aim of this study was to record special epidemiological characteristics of NAFLD patients in 
Greece, to evaluate the histological severity of the disease and to assess the diagnostic performance of non-invasive methods for identifying advanced hepatic fibrosis. 

Methods: Databases from five major liver centres in Greek tertiary hospitals were used to retrospectively record demographics, biochemistry, and histology from 
consecutive Greek NAFLD patients between mid-2018 and end-2019. The following highly validated, non-invasive methods were assessed: liver stiffness measurement 
(LSM) with Fibroscan®, NAFLD Fibrosis score (NFS), FIB-4, AST to platelet ratio index (APRI), AST/ALT ratio, BARD score. The diagnostic accuracy was 
assessed statistically with areas under the receiver operating characteristic (AUROC).

Results: A total of 1,059 NAFLD patients were analysed, including 698 (65.9%) with non-alcoholic steatohepatitis (NASH) and 106 (10%) with NASH-related 
cirrhosis. Baseline patient characteristics: males 535 (50.6%), mean age 59.5±14.1 years, median follow-up 9 years, 75.2% urban residents. Metabolic factors: mean 
BMI 30.1±4.7 kg/m2, type 2 diabetes mellitus 22%, dyslipidaemia 58.4%. “Definite NASH” defined histologically by the NAFLD Activity Score was recorded in 
only 46.6% of patients undergoing liver biopsy. Best predictors for advanced fibrosis were LSM, NFS and FIB-4 with AUROC 0.897 (95%CI 0.835-0.959, p<0.001), 
0.867 (95%CI 0.809-0.925, p<0.001), and 0.894 (95%CI 0.844-0.944, p<0.001), respectively. 

Conclusion: NAFLD patients in this cohort were middle-aged, overweight, with mild non-alcoholic steatohepatitis. Non-invasive methods, both Fibroscan® and 
NFS or FIB-4 scores, proved reliable tools for the identification of advanced hepatic fibrosis.
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Introduction
Nonalcoholic fatty liver disease (NAFLD) affects almost 25% of 

the general population worldwide; it is currently the most prevalent 
chronic liver disease and is expected to continue rising in the upcoming 
decades [1-3]. Due to its well-established close association with the 
metabolic syndrome, it is estimated to be present in most individuals 
with obesity and type 2 diabetes mellitus (T2DM) [4-6]. Regarding 
the natural history and prognosis of the disease, it is widely accepted 
that NAFLD is mainly defined by its distinct histopathological stage 
which may range from simple nonalcoholic fatty liver (NAFL) to 
nonalcoholic steatohepatitis (NASH) and, ultimately, to NASH-related 
cirrhosis [1,2,7].

Prevalence and incidence of NAFLD in Greece is largely unknown. 
However, it is estimated that NAFLD prevalence exceeds 30% of the 
general population, and that NASH may be present in up to 40% 
of NAFLD case-series [8,9]. In a previous epidemiological study 
we performed in Greek blood donors in an otherwise young and 
healthy population –, NAFLD was suspected in greater than 15% of 
all participants [10]. Furthermore, recent reports suggest that this 
metabolic disease is continually increasing in Greece, along with 

obesity and T2DM [11-13]. Finally, NAFLD has been characterized as 
a prominent risk factor for cirrhosis and hepatocellular carcinoma in 
the Greek population [14-15]. 

In the absence of effective treatments, the large number of NAFLD 
patients with potential for progressive liver disease creates challenges for 
population-based screening [2]. Several, high-validated, noninvasive 
tools have been developed in order to identify NAFLD patients at 
higher risk by predicting presence of advanced fibrosis, the major 
determinant for hepatic and extra-hepatic prognosis of the disease [16-
18]. Hepatic transient elastography [19-21]. and noninvasive scores 
of combined clinical-biochemical markers [22-25]. like the NAFLD 
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Fibrosis Score (NFS) and Fibrosis-4 (FIB-4), have been proved useful 
for this purpose [26,27]. 

The aim of this study was to examine the epidemiology and 
severity of NAFLD patients seen in Greek tertiary liver centers, as well 
as to monitor current clinical practice with special reference to the 
performance of noninvasive tools in predicting advanced fibrosis.

Patients and methods
Study population

Databases from five major expert hepatology centers of Greek 
tertiary hospitals (two in Athens, and one in Thessaloniki, Patras and 
Heraklion Crete) were used to record consecutive patients diagnosed 
with NAFLD during the study period (June 2018 - December 2019). 
Diagnosis of NAFLD was based on current practice guidelines [27]. 

Inclusion criteria were age above 18 years-old, while exclusion 
criteria were all other causes of acute or chronic liver disease, severe 
comorbid conditions (end-stage renal disease, malignancy or 
metastatic cancer, chronic heart failure), history of excess (=above 
140g/week) alcohol consumption, probable drug-induced fatty liver 
(corticosteroids, amiodarone, valproic, tamoxifen etc.) and secondary 
fatty liver due to HIV, celiac disease, inflammatory bowel, pregnancy, etc. 

Eligible patients were thereafter classified according to the clinical 
or histopathological diagnostic criteria defined in the TARGET-
NASH clinical study [28]. Briefly, NAFLD patients were grouped 
into NAFL (either evidence of liver steatosis on imaging but hepatic 
aminotransferases within normal or liver biopsy with hepatic steatosis 
without evidence of necro-inflammatory activity), NASH (either NAFL 
with elevated aminotransferases and presence of at least one metabolic 
factor – otherwise referred as “clinical NASH”- or histopathological 
evidence of steatohepatitis), and NASH-related cirrhosis (NASH with 
clinical or histopathological diagnosis of cirrhosis). Figure 1 presents 
the flow diagram for patient enrollment. 

The study was approved by the Institutional Review Boards of each 
hospital, as well as the Bioethics Committee of the Medical School of 
Aristotle University, Thessaloniki, Greece. The STROBE statement 
criteria were applied for reporting observational studies [29].

Demographic and anthropometric variables

Databases provided information regarding gender, age (at the time 
of enrollment and at first diagnosis), and place of residence (urban/
rural). All patients were white Caucasians in origin. 

Anthropometric measurements included weight (in kg), height (in 
cm), body-mass index (BMI, in kg/m2), waist and hip circumference (in 

Figure 1. Flow chart demonstrating patient enrollment, screening and classification
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2 (33% to 66%) and severe or grade 3 (>66%), according to the widely 
accepted Brunt’s classification [39]. In addition to steatosis grade, type 
of steatosis predominance (macro-vesicular, micro-vesicular or mixed 
pattern) was assessed. Histological determination of necroinflammatory 
activity (including lobular inflammation and hepatocyte ballooning) 
was scored as mild, moderate or severe, and the NAFLD activity score 
(NAS) was calculated according to Kleiner et al. [40]. “Definite NASH” 
was defined as NASH ≥5, while “borderline NASH” scored 2< NAS ≥4, 
and “not NASH” had NAS ≤2. Fibrosis was scored by the 5-point scale 
proposed by Brunt et al [39,41]. Briefly, this included F0 = absence of 
fibrosis; F1 = perisinusoidal fibrosis; F2 = perisinusoidal and portal/
periportal fibrosis; F3 = bridging fibrosis; F4 = cirrhosis. Fibrosis stages 
F3 and F4 were defined as stages of advanced fibrosis.

Statistical analysis

Continuous variables, depending on their distribution, were 
presented either as means ± standard deviations or medians with 
25th-75th IQR, while categorical variables as absolute numbers with 
respective percentage. Group comparisons were performed with χ2 test, 
one-way ANOVA or Kruskal-Wallis statistic, as indicated. Correlation 
was tested with Spearman’s rho (rs) correlation coefficient. 

Advanced fibrosis was addressed as the dependent (binary 
dichotomous) variable and was defined as presence of fibrosis stages 
F3-F4 (histological criterion) or presence of NASH-related cirrhosis 
(clinical criterion). (Figure 1). The accuracy of each score for detection 
of advanced fibrosis was assessed using the receiver operating 
characteristic (ROC) curves described as areas under ROC curve 
(AUROC) ± standard error, accompanied by 95% confidence intervals 
(95% CI) and statistical significance estimated by p values. Positive 
(PPV) and negative predictive values (NPV) were finally calculated 
using standard, predefined, cut-off limits for each noninvasive 
diagnostic tool, as described above.

All statistical analyses were performed with SPSS 25. P-values less 
than 0.05 were considered statistically significant.

Results
Baseline patient characteristics

A total of 1,059 NAFLD patients were included in statistical analysis 
(Figure 1). Patients were grouped into NAFL (n=255, 24.1%), NASH 
(n=698, 65.9%) and NASH-related cirrhosis (n=106, 10%). Table 1 
summarizes baseline patient characteristics, while Table 2 presents 
within group comparisons.

As presented in table 1, patients were approximately 50% males, 
middle-aged, and under follow-up for a median of 9 years. A small 
percentage of NAFLD patients had BMI within normal range (11.3%), 
and only 22% of the study population had been diagnosed with IFG/
T2DM. Central obesity and dyslipidemia were the most frequent 
concomitant metabolic factors. Finally, approximately two thirds of 
the total study population consumed no alcohol nor smoked, and the 
majority abstained from occasional or regular exercise (81.1%).

Laboratory evaluations and non-invasive assessment of 
advanced fibrosis

Laboratory investigation of liver biochemistry and calculation of 
various non-invasive scores are shown in table 2. Statistically significant 
differences were recorded in the distribution of liver biochemistry, 
PLT and albumin concentration, as expected. The relationship between 
ALT, AST and γGT is schematically demonstrated in figure 2. 

cm) measured along the iliac crest and major trochanters, respectively, 
and waist to hip ratio (WHR). Patients were grouped into normal BMI 
(<25 kg/m2), overweight (25≤BMI>30 kg/m2), obese (30≤BMI>40 kg/
m2) and morbidly obese (BMI≥40 kg/m2). 

Co-morbidities referred to factors of the metabolic syndrome, 
defined by an International Diabetes Federation consensus statement 
[30]. In specific, this consisted of the following five components:

(1) Central obesity, defined as waist circumference ≥94 cm for men 
and ≥80 cm for women.

(2) Impaired fasting glucose (IFG), defined as fasting plasma glucose 
≥100mg/dL, or previously diagnosed T2DM.

(3) Raised serum triglycerides >150mg/dL, or under treatment.

(4) Reduced high-density lipoprotein (HDL) cholesterol <40mg/dL 
for men and <50mg/dL for women, or under treatment.

(5) Raised blood pressure ≥130mmHg (systolic) or/and ≥85mmHg 
(diastolic), or under treatment of previously diagnosed 
hypertension.

Relevant to the metabolic impairment of insulin resistance, history 
of hypothyroidism was recorded in each patient, while occasional 
alcohol drinking, smoking habit, and exercise/physical activity was also 
investigated.

Laboratory investigation and calculation of noninvasive 
scores

Baseline laboratory evaluation included measurements by standard 
biochemical analyzers of alanine aminotransferase (ALT), aspartate 
aminotransferase (AST), and γ-glutamyl transpeptidase (γGT) in IU/L, 
platelet number (PLT), and albumin in g/dL, after 8-12 hour fasting, as 
appropriate. Upper limit of normal (ULN) for both aminotransferases 
was 35 IU/L for both males and females. 

The following, easily obtainable, noninvasive scores, were 
calculated [23,24,31-36]: NFS, FIB-4, AST to PLT ratio index (APRI), 
BARD score and AST to ALT ratio. The following cut-offs (lower and 
upper limit reported for NFS and FIB-4) were used: NFS<-1.455 and 
>0.676; FIB-4 <1.3 and >2.67; APRI >0.88; BARD >2; AST/ALT ratio 
>0.8, as suggested from previous studies [23-25, 33-35].

Liver imaging

Transient elastography was performed with the FibroScan® medical 
device (Echosens, Paris France), using the standard (M) probe [19-21]. 
In each center, liver stiffness measurement (LSM) was assessed after 
an overnight fast, by trained experienced according to manufacturer’s 
recommendations [37,38]. Cut-offs of ≤8 kPa and of >9.5 kPa were 
used, as previously reported, to rule-out and rule-in advanced fibrosis, 
respectively [21,25].

Liver biopsy

Needle liver biopsy data for a subgroup of NAFLD patients 
(Figure 1) was extracted from the medical files where available. 
Histologic examination had been performed by a ‘‘blinded’’ expert 
hepatopathologist, different at each centre, who had ruled out 
alternative diagnoses of chronic liver disease, confirmed and staged 
steatohepatitis. 

Steatosis was semi-quantitatively assessed as the percentage of 
hepatocytes containing fat droplets and was graded as absent (<5% of 
hepatocytes affected), mild or grade 1 (5% to 33%), moderate or grade 
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Noninvasive scores and LSM were also found statistically different 
between groups (p<0.001). Interestingly, in the group of NASH-related 
cirrhosis, medians of all scores exceeded by far the upper cut-off limits 
adopted from the literature, as already described in the Methods 
section. 

Liver histology and liver stiffness measurements
Data from 236 liver biopsies were recorded. This accounted for 

22.3% of the total study population. As shown in figure 1, liver biopsy 
was not performed in the group of NAFL, and only to a subgroup of 
patients with NASH-related cirrhosis (n=49), as many of the latter were 
considered to already have an established diagnosis of cirrhosis and/
or had contraindication for liver biopsy. Thus, histology was available 
in 31.6% of the remaining patient sample. As shown in table 3, the 

NAFLD REGISTRY (n=1,059 pts)
Demographics
Gender
Male 535 (50.6%)
Female 524 (49.4%)
Age (years) 59.5 ±14.1
Age at 1st diagnosis (years) 51.1 ±14.1
Follow-up (median, years) 9 (3-12)
Residency
Rural 234 (24.8%)
Urban 709 (75.2%)
Anthropometrics
Weight (kg) 85.5±16.2
Height (cm) 166.8 ± 17.5
BMI (kg/m2) 30.1±4.7
Normal BMI 91 (11.3%)
Overweight 332 (41.1%)
Obese 358 (44.3%)
Morbidly obese 27 (3.3%)

Waist (median, in cm) Males: 104.5 (98-112) 
Females: 102 (94-110)

Hip (median, in cm) 106 (99.5-113)
Waist to Hip Ratio (median) 0.97(0.92-1.05)
Metabolic syndrome
Central obesity 442 (74.9%)
Type 2 diabetes mellitus 198 (22%)
Dyslipidemia 513 (58.4%)
Hypertension 264 (29.5%)
Hypothyroidism 160 (19.7%)
Alcohol consumption‡

none 534 (63%)
occasionally (<140g/week) 313 (37%)
Smoking
no, never 409 (58.1%)
current smoker 177 (25.1%)
former smoker 118 (16.8%)
Exercise/physical activity
limited 331 (81.1%)
occasional 50 (12.3%)
regular 27 (6.6%)
†Table entries represent absolute numbers with respective percentage, means ± standard 
deviations or medians with 25th – 75th interquartile range, as appropriate. ‡Alcohol 
consumption exceeding the limit of 140gr per week was within exclusion criteria.

Table 1. Baseline patient characteristics†

Figure 2. Distribution of liver enzymes in different NAFLD groups

NAFL 
(n=255)

NASH 
(n=698)

NASH-cirrhosis 
(n=106) p values

Demographics
Males 107 (42%) 376 (53.9%) 52 (49.1%)   0.004
Age‡ (years) 53±13.6 48.6±13.7 62.2±11.7 <0.001
Anthropometrics
BMI (kg/m2) 29.7±4.7 30±4.6 32.5±5   0.001
WHR 0.96 (0.91-1.03) 0.99 (0.94-1.46) 1.02 (0.95-1.10)   0.039
Metabolic syndrome
Central obesity 86 (63.2%) 308 (79.6%) 48 (73.8%)   0.001
T2DM 29 (17.4%) 135 (21.1%) 34 (36.6%)   0.001
Dyslipidemia 109 (67.3%) 374 (59.8%) 30 (33%) <0.001
Hypertension 53 (31.9%) 185 (29%) 26 (28.3%)   0.735
Hypothyroidism 31 (20.1%) 122 (21%) 7 (9%)   0.043
Habits
Alcohol 57 (33.1%) 231 (38.8%) 25 (31.3%)   0.214
Smoking 46 (27.2%) 121 (24.5%) 10 (23.8%)   0.856
Exercise 7 (7.4%) 67 (23.4%) 3 (11.1%)   0.010
Laboratory evaluation
ALT (IU/L) 27 (20-35) 69 (52-101) 33 (23.5-54) <0.001
AST (IU/L) 22 (18-26) 43 (32-59) 42 (30-57) <0.001
γGT (IU/L) 31.5 (18-71) 61 (38-116) 63 (40.5-111.5) <0.001
PLT (x109/L) 248 (214-285) 232 (198-267) 125 (89.5-153.5) <0.001
Albumin (g/dL) 4.7 (4.5-4.9) 4.6 (4.3-4.8) 3.5 (2.7-4.2) <0.001
Noninvasive scores of fibrosis

NFS -1.337 
(-2.147- -0.699)

-1.588 
(-2.371- -0.665)

1.650 
(0.227-2.399) <0.001

FIB-4 1.05 
(0.82-1.39)

1.25 
(0.85-1.84)

4.42 
(2.77-5.93) <0.001

APRI 0.25 
(0.21-0.32)

0.53 
(0.37-0.79)

1.02 
(0.69-1.41) <0.001

BARD >2 48 (18.8%) 253 (36.2%) 65 (61.3%) <0.001
AST/ALT ratio 0.59 (0.47-0.80) 0.85 (0.73-1.04) 1.17 (0.87-1.63) <0.001
Imaging with Fibroscan®
LSM (kPa) 6.0 (4.8-7.3) 6.9 (5.5-9.8) 21.2 (15.7-25.7) <0.001
†Table entries represent absolute numbers with respective percentage, means ± standard 
deviations or medians with 25th – 75th interquartile range, as appropriate. Group 
comparisons were performed with χ2 test, one-way ANOVA or Kruskal-Wallis test, as 
indicated.
‡Age refers to patient age when diagnosis of NAFLD was first established, not at the time 
of enrollment to the study.
  Abbreviations stand for NAFL: nonalcoholic fatty liver; NASH: nonalcoholic 
steatohepatitis; BMI: body-mass index; WHR: waist to hip ratio; T2DM: type 2 
diabetes mellitus; ALT: alanine aminotransferase; AST: aspartate aminotransferase; 
γGT: γ-glutamyl transpeptidase; PLT: platelets; NFS: NAFLD Fibrosis score; FIB-4: 
Fibrosis-4 score; APRI: AST to platelet ratio; BARD: BMI-AST to ALT ratio-Diabetes; 
LSM: Liver stiffness measurement.

Table 2. Comparisons within NAFLD groups†.



Savvidou S (2020) Epidemiology and severity of non-alcoholic fatty liver disease in Greek tertiary liver centres

 Volume 5: 5-8Gastroenterol Hepatol Endosc, 2020         doi: 10.15761/GHE.1000208

majority of patients revealed findings of steatohepatitis with mild necro-
inflammatory activity, evident hepatic steatosis with predominant 
macro-vesicular pattern, and variable balanced distribution between 
different underlying stages of fibrosis (none to cirrhosis). Interestingly, 
evaluation of histological severity with NAS revealed that only 
46.6% of patients had “definite NASH”, while another 38.5% were 
“borderline NASH”. These former patients accounted for the 90% of 
patients with grade 3 hepatic steatosis, the 100% of patients with severe 
lobular inflammation, and the 90% of patients with severe hepatocyte 
ballooning in liver biopsy (data not shown). Finally, NAS was found to 
correlate with fibrosis stage (p=0.017) and ALT value (p=0.006).

Finally, 302 liver stiffness recordings (28.5% of total) were included 
and further analysed, as shown in table 2 and table 3. This accounted 
for 45 (17.6%) NAFL patients, 241 (34.5%) NASH, and 16 (15.1%) 
patients with NASH-related cirrhosis. Values ranged between 4.3 and 
61.5 kPa. LSM was strongly associated with BMI; median liver stiffness 
was 5.3 kPa for normal BMI (n=26, 28.6%) vs. 6.6 kPa for overweight 
(n=96, 28.9%) vs. 7.7 kPa for obese (n=110, 30.7%) vs. 10.4 kPa for 
morbidly obese (n=5, 18.5%) (Kruskal-Wallis test, p<0.001). A strong 
correlation was depicted between histological stage of fibrosis and liver 
stiffness measurements (rs=0.621, p<0.001). Only 8 patients with NAFL 
(17.8%) had LSM >8kPa, in contrast to 94 (39%) patients with NASH 
and all patients with NASH-related cirrhosis. Finally, LSM correlated 
positively with all non-invasive scores (NFS, FIB-4, APRI, AST/ALT 
ratio, BARD score) with p<0.001.

Prediction of advanced fibrosis

A total of 293 patients with NASH-related cirrhosis and 
histologically assessed clinical NASH (Figure 1) were used to test the 

performance of non-invasive tools. ROC curves are presented in figure 
3, in different panels because LSM was available in only 95 out of the 
293 patients (32.6%). AUROCs ± standard errors for each non-invasive 
method were calculated:

• LSM: 0.897±0.032 (95% CI 0.835-0.959), p<0.001;

• NFS: 0.867±0.030 (95% CI 0.809-0.925), p<0.001;

• FIB-4: 0.894±0.026 (95% CI 0.844-0.944), p<0.001;

• APRI: 0.775±0.036 (95% CI 0.705-0.845), p<0.001;

• BARD score: 0.724±0.041 (95% CI 0.645-0.804), p<0.001;

• AST/ALT ratio: 0.821±0.032 (95% CI 0.758-0.884), p<0.001.

The respective predictive values (PPV-NPV) were estimated by 
using previously reported cut-off limits as follows: LSM 64.3%-93.3%; 
NFS 85.1%-91.1%; FIB-4 92%-92.3%; APRI 72.8%-68.6%; BARD 
66.7%-69.9%; AST/ALT ratio 75.9%-73.7%. 

The application of upper and lower cut-off limits for LSM, NFS 
and FIB-4 classified a substantial proportion of patients (namely 
8.4%, 33.3% and 35.2% of total) to the intermediate range of values. 
In continuum, while only 6.3% of patients with advanced fibrosis had 
values 8 kPa < LSM ≥ 9.5 kPa), this percentage increased to 38.1% and 
33.6% for the “grey zone” of NFS and FIB-4 respectively. On the other 
hand, if we relied solely on each one of these non-invasive methods, 
we would have avoided 92%, 67.5% and 61% of liver biopsies with a 
respective error (percentage of misclassified patients) of 19.3%, 8.2% 
and 6.7%, respectively.

Discussion
This is the first large, multicentre, observational study in Greece 

which investigates the special epidemiological features of the country’s 
NAFLD patients, as well as the performance of high-validated, easily 
obtainable, non-invasive methods in detecting advanced fibrosis.

As the global burden of NAFLD is rapidly rising [2] fatty liver 
and its sequelae have already replaced viral hepatitis as the mainstay 
of clinical hepatology worldwide, and referrals to specialists have risen 
more than double [42]. Even though the exact prevalence of the disease 
in Greece is largely unknown, it is estimated that NAFLD affects almost 
one third of modern Greeks [8,9] following the patterns encountered in 
the rest of the western world regarding the increasing trends of obesity 
and diabetes mellitus. 

`Almost 3 out of 4 patients in this cohort had a diagnosis of NASH 
(almost 65%) or NASH-related cirrhosis (10%). These results probably 
overestimate the diagnosis of NASH in the Greek NAFLD population 
and may be explained by the fact that patients with abnormal liver 
enzymes and/or more advanced liver disease including cirrhosis are 
more likely to be referred to expert hepatology outpatients’ clinics for 
further management, compared to simple liver steatosis on imaging 
alone. 

NAFLD in our study-population affected both genders equally, with 
a mean age of diagnosis at 51 years-old, in line with previous reports 
[1]. The majority of NAFLD patients consumed no alcohol (63%), 
neither did they smoke (58.1%), while only a small minority (6.6%) 
declared regular physical activity. Regarding the recorded prevalence 
of metabolic syndrome, NAFLD was largely linked to high BMI and 
central obesity; almost 90% of participants had an abnormal BMI and 
a large waist circumference exceeding 94 cm in men and 88 cm in 

Hepatic steatosis
None 9 (4.6%)
Grade 1 79 (40.3%)
Grade 2 51 (26%)
Grade 3 57 (29.1%)
Steatosis type
Macro 77 (57%)
Micro 13 (9.6%)
Mixed 45 (33.3%)
Necro-inflammatory activity
None 2 (1.6%)
Mild 69 (53.5%)
Moderate 55 (42.6%)
Severe 3 (2.3%)
Hepatocyte ballooning
Absent 32 (21.6%)
Mild 64 (43.3%)
Marked 52 (35.1%)
NAS (median, IQR) 5 (4-6)
Not NASH (NAS 1-2) 22 (14.9%)
Borderline NASH 57 (38.5%)
Definite NASH (NAS ≥5) 69 (46.6%)

Fibrosis stage Liver stiffness (kPa) 
(median, IQR)

F0 32 (13.6%) 5.35 (4.8-7)
F1 69 (29.2%) 6.6 (5.3-9.1)
F2 50 (21.2%) 7.85 (5.05-10.6)
F3 36 (15.3%) 11.3 (9.7-15.4)
F4 49 (20.8%) 21.1 (16.7-22)
Total: 236 (100%) 7.6 (5.5-12.2)

Table 3.  Liver histology and liver stiffness measurements according to fibrosis stage. 
Abbreviations stand for NAS: NAFLD Activity score; IQR: interquartile range.
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women. On the other hand, presence of IFG or previously diagnosed 
T2DM was recorded in only 22% of our study population. This fact 
has to be addressed in future studies, as worldwide data reports pooled 
percentages ranging between 22.51% in all NAFLD and 43.63% in 
NASH patients [1,26]. However, an even lower prevalence of T2DM 
(14%) has also been reported in another cohort of 162 Greek NAFLD 
patients [43]. One possible explanation is the overall management of 
patients with T2DM from diabetologists in Greece, and the lack of an 
established linkage between the two sub-specialties. 

Older age, higher BMI and presence of T2DM -but not occasional 
alcohol consumption- were associated with presence of NASH-
related cirrhosis (Table 2). Alcohol is a key generating factor for fatty 
liver infiltration and progression to more advanced liver disease; 
unfortunately, the definition of significant alcohol consumption in 
published NAFLD literature has been inconsistent [26]. In this study we 
decided to define strict exclusion criteria regarding daily consumption 
or even past exposure to alcohol. Interestingly, we found that occasional 
alcohol drinking (less than 140g per week for both men and women), 
compared to none, did not differ between different NAFLD groups, 
nor was it associated with the degree of liver fibrosis or liver stiffness 
(data not shown in detail). It has been proposed that low quantities 
of alcohol could lead to improved prognosis [26,44]. However, there 
are no longitudinal studies reporting the effect of ongoing alcohol 
consumption on disease severity or natural history of NAFLD/NASH, 
and the effects of light drinking on the cardiovascular system and 
cancer risks, if any, have not been investigated in individuals with 
NAFLD [26]. This issue has to be addressed in future studies.

Liver biopsy remains the gold standard for the diagnosis and 
staging of NAFLD. In this study we included data from 236 performed 
liver biopsies. Having excluded patients with NAFL (n=255) and also 
a subgroup of patients with established NASH-related cirrhosis or 
patients contraindicated for liver biopsy (n=57), histology was available 
in almost one third of the remaining patient sample. As shown in 
Table 3, the majority, but not all, of patients considered to have NASH 
according to the TARGET-NASH study criteria had findings of 
steatohepatitis with mild activity and predominantly macro-vesicular 
steatotic pattern. Interestingly, “definite NASH” by histological criteria 
set by Kleiner et al. [40], was seen in almost half of the patients, while 
another 38.5% of patients scored at levels of “borderline NASH”. This 
proportion has been met previously in larger cohorts of the NASH 
Clinical Research Network, where NAS≥5 was confirmed in 50% of 976 
NASH adults [45]. and 61.9% of 446 NASH patients entering clinical 
trials with therapeutic intervention [46]. However, as previously 
emphasized by Brunt et al. [47]. this histological classification of 
NASH regarding disease activity should not be misinterpreted, as 
the application of NAS is not supposed to be used as a surrogate for a 
diagnostic determination of NASH but rather to classify the relevant 
histological lesions. Finally, both fibrosis stage and level of ALT were 
found to positively correlate with NAS, as expected. 

Regarding liver biopsy, it should be kept in mind, that it is an 
invasive method carrying a small but not negligible risk of complications 
[23,48]. Moreover, liver biopsy is either contra-indicated or denied by 
several patients. Sampling bias has also been reported in patients with 
NAFLD, that might affect both diagnosis and accurate staging of the 
disease [48]. Given these limitations, Fibroscan® has nowadays become 
an appealing alternative; however, its main limitation in clinical 
practice is its failure to obtain reliable measurements (~10-20% of 
cases, mainly obese patients when examined with the M probe), which 
restricts its application in NAFLD [22-37]. For this reason, criteria for 
reliable measurements have been determined [37,38].

In our cohort of NAFLD patients, LSM was recorded in almost 
one third of patients. Liver stiffness was found to correlate excellent 
with histological fibrosis stage and also with different noninvasive 
scoring systems. Its correlation with BMI has to be interpreted with 
caution, given the fact that Fibroscan® may overestimate liver stiffness 
in cases of excess visceral fat [22,38]. Nevertheless, its ability to predict 
advanced fibrosis was confirmed by an estimated AUROC of 0.897, 
even though only 95 patients were analysed (Figure 3A). The low PPV 
of 64.3% could be explained by the selection of a rather low upper cut-
off limit (9.5 kPa), when other reports suggest cut-offs >12-14 kPa [37]. 
Furthermore, it should be kept in mind that increased BMI and WHR 
in our study population might have influenced measurements.

Apart from transient hepatic elastography, EASL guidelines for 
NAFLD management endorse NFS and FIB-4 as the most validated 
tools for the diagnosis of severe fibrosis in NAFLD, with reported 
AUROCs exceeding 0.8 for both [27]. We calculated some of the most 
easily obtainable scoring systems in our study population, namely NFS, 
FIB-4, APRI, BARD and AST/ALT ratio. Subsequently, we obtained 
AUROCs with respective 95% CI and found impressively high accuracy 
in predicting advanced fibrosis (Figure 3B). Specifically, NFS and FIB-4 
had both AUROCs up to 0.867 and 0.894, respectively, while APRI, BARD 
and AST/ALT ratio did not perform the same, as previously described 
[23-25,34-36]. Interestingly, NFS was not found superior to the even 
more easily obtainable FIB-4. By applying well-described cut-off limits for 
both ruling-in and ruling-out advanced fibrosis, we estimated PPV and 
NPV, which proved to exceed 85% for NFS and FIB-4, while other values 
remained suboptimal, ranging from 66.7% to 75.9%. In line with previous 
reports, NPV was greater than PPV for both NFS and FIB-4 [34,36]. 

Certainly, several limitations exist within this study. First, the 
retrospective nature of every observational study is prone to selection 
bias. Moreover, it has already been discussed earlier that, due to the 
referral of patients with abnormal liver enzymes, more advanced 
stages of NAFLD, namely NASH and NASH-related cirrhosis, have 
been recorded, with a misleading and underestimated percentage 
of NAFL. Furthermore, advanced fibrosis in our study was defined 
either by the gold standard of liver biopsy – bearing in mind referral 
bias for liver biopsy and sampling errors in histopathology findings – 
or by clinical criteria. Liver biopsies were read by independent liver 
pathologists at each centre, and we were not able to quantify the effect 
of intra-observer and inter-observer variability in fibrosis staging. 
However, quantification of fibrosis in patients with NAFLD has the 
lowest intra-observer and inter-observer variability as compared to any 
other histological features [23]. In the same way, Fibroscan® was also 
performed by a different operator at each centre. All measurements 
were performed with the M probe, but not the XL probe which has 
been found more suitable in cases of obesity [49]. This was for reasons 
of homogeneity; not all centres had the opportunity to select between 
probes. However, all pre-defined reliability criteria for performed 
liver stiffness measurements had to be fulfilled as reported above, 
otherwise they were missing. This might explain the small percentage 
of assessment in morbidly obese patients in our study. Finally, we did 
not try to set different cut-offs, nor did we proceed to age-adjustments 
for NFS as proposed in the literature [50].

In conclusion and despite the limitations of this observational 
study, the results confirm high reliability of noninvasive assessment of 
liver fibrosis in Greek patients with NAFLD. Future prospective studies 
need to examine the effectiveness of noninvasive methods as screening 
tools in broad populations with high-risk for NAFLD such as patients 
with obesity and T2DM.
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Summary box
What is already known:

• Non-alcoholic fatty liver disease has become the most prevalent 
chronic liver disease worldwide and is expected to rise in the 
upcoming decades.

• The epidemiology of the disease is largely unknown in Greece, 
although sporadic reports reveal increasing prevalence rates.

• Even though liver biopsy remains the golden standard for diagnosis 
and staging of the disease, non-invasive methods like transient 
hepatic elastography and non-invasive scoring systems have been 
proved reliable tools in identifying advanced hepatic fibrosis; 
however, their diagnostic performance has never been tested in the 
Greek population.

New findings

• This is the first multicentre observational study in Greece that 
reports the special epidemiological characteristics of NAFLD 
patients followed-up in Greek tertiary liver centres.

• The majority of NAFLD patients in this cohort were middle-aged, 
overweight or obese patients with histologically findings of mild 
non-alcoholic steatohepatitis.

• FibroScan®, NAFLD Fibrosis Score (NFS) and Fibrosis-4 (FIB-
4) presented high diagnostic accuracy in ruling-out and ruling-in 
advanced hepatic fibrosis. 
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