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Abstract
Aims: Non-alcoholic fatty liver disease (NAFLD) is an increasingly recognized cause of chronic-liverdisease which may be diagnosed incidentally in asymptomatic patients. Non-alcoholic steatohepatitis
(NASH) may cause cirrhosis and hepatocellular carcinoma. To date, no established non-invasive test
exists to accurately predict fibrosis in NASH. Although liver biopsy is the gold standard for the diagnosis
of NASH, it occasionally has some serious complications. We aimed to compare the diagnostic accuracy
of some widely used non-invasive fibrosis scoring systems.
Methods: We retrospectively assessed the files of 40 subjects with biopsy proven diagnosis of NAFLD.
The subjects were grouped as mild and advanced fibrosis. Demographic, medical historical, and
laboratory data were recorded. FIB4 index, APRI-, BARD-, and BAAT-scores were calculated. The
agreement between biopsy findings and non-invasive scoring systems was assessed with Kappa statistics.
Results: 17 of the patients (58% males, mean age 58.8 years) had advanced fibrosis while 23 of them had
mild fibrosis (52% males, mean age 54.5 years). Patients with advanced fibrosis had significantly higher
AST and fasting glucose levels and waist circumferences (p<0.05 for each). None of the studies noninvasive scoring systems had a strong or independent correlation with biopsy findings. BAAT and BARD
scores were relatively sensitive (88.9% for each) but non-specific (12.9 and 35.5, respectively), APRI
score was highly specific (95.7%) but non-sensitive (35%), and FIB4 score was moderately sensitive
(65%) and specific (69.6%) to detect advanced fibrosis.
Conclusions: In this study, none of the non-invasive tests used were independent factors for advanced
fibrosis. These scores were more likely to exclude rather than detect advanced fibrosis. When the
increase in NAFLD prevalence is considered, it is obvious that studies performed with more reliable noninvasive tests which would be used to detect or exclude advanced fibrosis are needed.
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Introduction
Non-alcoholic fatty liver disease (NAFLD) is characterized
with hepatocellular accumulation of triglycerides in patients
with alcohol abuse less than 30 g/day. NAFLD involves two
different clinical conditions including non-alcoholic fatty liver
(simple steatosis) and steatohepatitis (NASH). NAFLD is
associated with metabolic syndrome, obesity, diabetes and
hyperlipidemia; non-alcoholic fatty liver disease is observed in
80% of the patients with metabolic syndrome. While simple
steatosis is observed in approximately 30% of the general
population, steatohepatitis is observed with a lower rate (5%)
[1,2]. Progression to cirrhosis is observed in 20-25% of the
patients with steatohepatitis and a risk for hepatocellular
carcinoma exists in 5% [3]. NAFLD is generally asymptomatic
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and is found during routine screening with increased serum
transaminase levels and/or increased liver echogenity in USG.
The golden standard is liver biopsy in the diagnosis and staging
of NAFLD and in the differentiation of simple steatosis and
steatohepatitis. The negative aspects of liver biopsy can be
listed as follows: it is an invasive procedure, sampling may be
insufficient, sampling may be performed in an inappropriate
site and the result may be assessed erroneously [4,5].
Therefore, many non-invasive methods have been developed in
staging of NAFLD [6]. These tests include routine laboratory
parameters, specific direct fibrosis markers and methods
including elastography [7,8]. The BAAT score (body mass
index, ALT, triglyceride), FIB4 index (age, ALT, AST, platelet
count), BARD score (body mass index, ALT/AST, presence of
DM), APRI score (AST, PLT), Fibrotest, FibroScan and
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European liver fibrosis score (ELF) are examples of the
methods. In this study, it was aimed to evaluate the noninvasive methods as indicators of fibrosis in patients who were
found to have NAFLD and to compare the diagnostic values of
these methods as indicators of fibrosis.

Patients and Methods
Patients aged between 18 and 65 years who presented to our
Gastroenterology-Hepatology outpatient’s clinic between 2001
and 2013 with different complaints and had hepatosteatosis on
abdominal ultrasonography (USG) and underwent liver biopsy
were included in the study and their files were retrospectively
examined. Our exclusion criteria were as follows: history of
alcohol consumption (>30 g/day); HBsAg and/or anti-HCV
positivity;
autoimmune
hepatitis,
Wilson’s
disease,
hemochromatosis, or other chronic liver diseases; and use of
steatogenic drugs (corticosteroid, methotrexate etc). 40 patients
were included in the study. The following study parameters and
liver biopsy results were recorded. AST, ALT, GGT values,
fasting insulin, fasting glucose, lipid profile (HDL, LDL,
triglyceride and total cholesterol) and TSH values, leukocyte
count, platelet count, hemoglobin level, age, gender, height,
weight, waist circumference, drugs used (antihypertensive,
antidiabetic etc) were recorded as the study parameters. Insulin
resistance (IR) was calculated using homeostasis model
assessment (HOMA) method [(fasting plasma glucose
mg/dl/18) × (fasting insulin level mIU/ml/22.5)]. A HOMA-IR
of ≥ 2.5 was considered to indicate IR (35). The body mass
index (BMI) were assessed as follows: (lean: <18.5 kg/m2,
normal: 18.5-24.9 kg/m2, overweight: 25-29.9 kg/m2, obese:
30-39.9 kg/m2, morbid obese: >40 kg/m2). The patients were
divided into two groups according to the status of fibrosis as
group 1 (no fibrosis or mild fibrosis; F0-F1) and group 2
(moderate or advanced fibrosis; F2-F4). The diagnosis of
metabolic syndrome was made in the patients who had at least
3 of 5 criteria according to ATP III criteria [9]. The diagnosis
of diabetes mellitus (DM) was made according to American
Diabetes Association (ADA) criteria or when the subjects were
under anti-diabetic treatment [10]. A diagnosis of hypertension
was made in the patients who used at least one
antihypertensive drug and whose blood pressure value
measured in the follow-up was ≥ 140/90mm/Hg according to
the ESH/ESC guidelines [11].
The same pathologist (NK), who was blinded to the clinical
and biochemical data, reviewed all liver biopsy specimens. As
previously reported by Brunt et al. NASH was defined by the
presence of hepatic steatosis, cytologic ballooning, scattered,
mainly acinar or portal inflammation, with or without Mallory
bodies and/or fibrosis [12]. The stage of fibrosis was scored
based on a 5point scale (0: no fibrosis; 1: perisinusoidal or
portal fibrosis; 2: perisinusoidal and portal/ periportal fibrosis;
3: septal or bridging fibrosis; and 4: cirrhosis). The noninvasive methods for assessment of fibrosis we used in the
study are shown in Table 1. The results we obtained in this
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retrospective study were used by calculation using these
methods. The concordance between the scores obtained with
these calculations and the biopsy results were assessed and
compared with each other.
Table 1. Non-invasive Fibrosis assessment methods.
APRI Score

(AST/upper limit AST†/PLT‡) × 100

FIB4 Index

(Age × AST)/(PLT X √ALT

BARD Score

BMI ≥ 28 -1 point
AST/ALT† ≥ 0.8 -2 point
Diagnosis of diabetes

BAAT Score

-1 point

BMI ≥ 28 -1 point
Age ≥ 50 -1 point
ALT ≥ 2 × ULN -1 point
TG ≥ 150 mg/dl -1 point

†AST - ALT Upper limit: 30IU/L for females and 35IU/L for males, ‡PLT: Platelet
Count; ULN:Upper Limit of Normal; TG: Triglycerides; BMI: Body Mass Index

Statistical analysis
Pearson or Spearman analyses were used to examine the
correlation of the factors with each other. The Student’s t test
was used to compare the groups. Receiver operating curve
(ROC) analysis was used to determine the diagnostic cut-off
values to distinguish between no/mild and moderate/severe
fibrosis. The ROC curve analysis results were provided with
sensitivity, specificity, area under the curve (AUC), and
confidence intervals. Multivariate logistic regression analyses
were performed for each non-invasive fibrosis score separately
to determine independent factors associated with fibrosis
according to biopsy. P value<0.05 was considered statistically
significant. All statistical analyses were performed using
SPSS® statistical software program (Ver.15.0, Chicago,
Illinois, USA).

Results
Twenty two of the patients were male and 18 were female. The
mean age was 56.3±9.11 years. No difference was found in the
degree of fibrosis in the male and female patient’s groups
(p=0.67).
Twenty-three NAFLD patients (M/F: 12/11; mean age ± SD:
54.48 ± 7.69) had mild fibrosis, and 17 patients (M/F: 7/ 10;
mean age ± SD: 58.76 ± 10.47) had advanced fibrosis. Patients
with advanced fibrosis had higher waist circumferences and
AST and fasting glucose levels than those with mild fibrosis
(p=0.044, 0.045, and 0.045, respectively). Other study
variables were similar between the groups. Their main data are
shown in Table 2. 11 of the 17 patients with advanced fibrosis
had type 2 DM, 12 of them had metabolic syndrome, 11 of
them had obesity, and insulin resistance was found in 3 of 6
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non-diabetic patients. The post-hoc power analysis indicated
that the power of this study was 15.1%.
Table 2. Demographic and biochemical characteristics of patients with mild and advanced fibrosis.
Group 1* (n=23)

Group 2* (n=17)

p

Age (year)

54.48 ± 7.69

58.76 ± 10.47

0.14

Sex (male/female)

12/11 (52% /48%)

10 /7 (58% /42%)

0.5

Diabetes

10 (43%)

11 (64%)

0.18

Metabolic Syndrome

13 (56%)

12 (70%)

0.5

Obesity

9 (39%)

11 (65%)

0.1

Insulin resistance†

9/13 (69%)

3/6 (50%)

0.4

Body mass index (kg/m2)

29.7 ± 2.57

31.12 ± 5.19

0.3

Waist circumference (cm)

104.52 ± 8.52

111.18 ± 11.65

0.044

AST (U/L)

25.26 ± 9.11

43.65 ± 41.29

0.045

ALT (U/L)

37.52 ± 25.57

53.12 ± 48.02

0.3

GGT (U/L)

45.13 ± 37.01

74.41 ± 40.19

0.1

HDL cholesterol (mg/dl)

48.09 ± 14.21

47.47 ± 14.56

0.9

Triglycerides (mg/dl)

169.26 ± 90.69

141.65 ± 78.21

0.3

Fasting Glucose (mg/dl)

95.57 ± 35.53

118.29 ± 32.53

0.045

Fasting insulin (mIU/l) †

15.45 ± 6.05

15.01 ± 4.38

0.14

Homa-IR †

3.16 ± 1.37

3.14 ± 1.46

0.6

Platelet Count µ/L

246478 ± 71743

233411 ± 72228

0.7

*Group 1 denotes patients with mild fibrosis while group 2 denotes patients with advanced fibrosis.
†Only non-diabetic patients were compared (diabetic patients were not included in this comparison). Significant p values are written with bold text.

Evaluation of the non-invasive methods
Fibrosis assessments with non-invasive methods are given in
Table 3. In kappa analysis, APRI and FIB4 scores had fair and
statistically significant agreement with histologic fibrosis stage
(kappa=0.3 and p=0.011; kappa=0.34 and p=0.03,
respectively). BAAT or BARD scores did not show statistically
significant agreement with histologic fibrosis stage.
Table 3. Non-invasive scores and assessment of fibrosis.
BAAT

Group 1 (n=23)

Group 2 (n=17)

Mean score

2.35 ± 1.12

2.29 ± 1.16

Kappa: 0.09

0-1

5 (21%)

4 (24%)

P :0.8

2-4

18 (79%)

13 (76%)

BARD

Group 1 (n=23)

Group 2 (n=17)

Mean score

2.09 ± 1.34

2.65 ± 1.11

Kappa:0.13

0-1

9 (39%)

3(18%)

P:0.16

2-4

14 (61%)

14(82%)

APRI

Group 1 (n=23)

Group 2 (n=17)
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Kappa:0.33

<0.61

22 (%)

11 (65%)

≥ 0.61

1 (%)

6 (35%)

FIB4 Index

Group 1 (n=23)

Group 2 (n=17)

<1.08

16 (70%)

6 (35%)

>1.08

7 (30%)

11 (65%)

P:0.011

Kappa:0.34
P :0.03

The sensitivity, specificity, positive predictive, and negative
predictive values of non-invasive methods to indicate advanced
fibrosis are listed in Table 4. Using ROC curve analysis the
cut-off value for APRI score was found to be 0.61 and 1.08 for
FIB4 index. ROC curve analysis revealed that the BAAT and
BARD scores were relatively sensitive (88.9% and 88.9%,
respectively) but non-specific (12.9% and 35.5%, respectively)
to detect advanced fibrosis. The APRI score was highly
specific (95.7%) but non-sensitive (35%) while a FIB4
score>1.08 was moderately sensitive (65%) and specific
(69.6%) to detect advanced fibrosis.
Multivariate logistic regression analysis showed that increased
BAAT, BARD, FIB4 and APRI scores were risk factors for
fibrosis but without statistical significance (OR: 1.12, CI:
0.36-3.49; p=0.83; OR: 1.13, CI: 0.55-2.29; p=0.73; OR: 1.82,
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CI: 0.36-9.17; p=0.46;and OR: 1.89, CI: 0.07-5.78; p=0.70)
(Table 5). Multivariate linear regression analysis showed that
none of the non-invasive markers was independently correlated
with degree of fibrosis (p=0.72, 0.42, 0.25, and 0.33,
respectively) (Table 6).
Table 4. ROC curve analysis results for noninvasive methods to detect
moderate-advanced fibrosis.
BAAT ≥ 2

BARD ≥ 2

APRI ≥ 0.61

FIB4>1.08

Sensitivity

88.9

88.9

35

65

Specificity

12.9

35.5

95.7

69.6

Positive
value

predictive 22.9

28.6

85.7

61.1

Negative
value

predictive 80

91.7

66.7

72.7

Table 5. Fibrosis score- advanced fibrosis - Logistic regression
analysis.
OR

Confidence interval

P

BAAT

1.12

0.36-3.49

0.83

BARD

1.13

0.55-2.29

0.73

FIB4

1.82

0.36-9.17

0.46

APRI

1.89

0.07-50.78

0.70

Table 6. Fibrosis score-fibrosis degree - linear regression analysis.
β

p

BAAT

-0.084

0.72

BARD

-0.139

0.42

FIB4

0.303

0.25

APRI

-1.140

0.33

Discussion
In this study, we non-invasively evaluated the study subjects in
terms of fibrosis scores and compared these results with biopsy
results. While some of non-invasive methods were relatively
sensitive but non-specific, some others were relatively specific
but non-sensitive. Furthermore, no independent correlation was
found between advanced fibrosis on biopsy and the noninvasive fibrosis markers used widely in adult patients who
were found to have hepatosteatosis on ultrasonography and
underwent biopsy.
Although modern imaging methods are used recently for the
diagnosis of NAFLD, the gold standard diagnostic method is
still liver biopsy. Although development of fibrosis is not
common in these patients, it is very important to diagnose
fibrosis with liver biopsy at an early time, because
complications including cirrhosis and development of HCC
cause to great mortality and morbidity. When the prevalence of
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NAFLD is considered, performing biopsy in all patients will
increase both the cost and the risk of development of biopsyrelated complications, though to a small extent. The BAAT
score was designed as a method based on scoring. In a study
performed by Ratzui et al. 93 patients with NAFLD were
evaluated. Advanced fibrosis was not found in any of 30
patients who had a BAAT score of 0-1. The negative predictive
value in terms of group 2 (moderate-advanced fibrosis) was
found to be 100% (sensitivity 100%, specificity 47%). In 4
patients, only the BAAT score was calculated and moderateadvanced fibrosis was found in all of them; the specificity and
positive predictive value were found to be 100%, while the
sensitivity was found to be only 14% [13]. In the study of
Ratziu et al. a significant portion of the patients included in the
study were composed of the patients who had dyslipidemia and
who were investigated because of increased hepatic function
test results. Since the demographic properties of these patients
were not equally distributed and the patients who had
moderate-advanced fibrosis had statistically higher BMI and
triglyceride level, the BAAT score was calculated to be high in
these patients. Thus, the majority of the patients with a low
BAAT score were composed of the patients who had mild
fibrosis or who had no fibrosis. In our study, the BAAT score
was found to be weak in terms of detecting or excluding
moderate-advanced fibrosis.
The BARD score is another method based on scoring. In a
study performed by McPherson et al. 145 patients were
evaluated. Mild fibrosis (F0-1) was found in 99 of these
patients and moderate-advanced fibrosis (F2-4) was found in
46 of these patients. In the F0-1 group, the median BARD sore
was calculated to be 2 (0-4) and in the other group, the median
BARD score was calculated to be 3 [1,2,14,15]. As a result of
this study, the sensitivity was found to be 89%, the specificity
was found to be 44%, the positive predictive value was found
to be 42% and the negative predictive value was found to be
95% in terms of determining advanced fibrosis when the
BARD score was considered ≥ 2-4 [16]. In a study conducted
in Poland, 104 patients were evaluated and the sensitivity was
found to be 86%, the specificity was found to be 72%, the
positive predictive value was found to be 35% and the negative
predictive value was found to be 97% in terms of detecting
advanced fibrosis when the BARD score was considered ≥ 2-4
[17]. In our study, similar results were obtained in terms of
sensitivity and positive predictive value, high negative
predictive value whereas lower values were obtained in terms
of specificity. Conclusively, while the BARD score was weak
in terms of detecting advanced fibrosis, it was relatively
reliable to exclude advanced fibrosis in our study.
The FIB4 index is a method based on calculation in contrast to
the other two scores. In a study conducted by Shah et al. 541
patients were evaluated and advanced fibrosis was found in
126 patients. In this study, the upper cut-off value for exclusion
of advanced fibrosis in ROC curve analysis was found to be
1.31. It was observed that the FIB4 index was below the cutoff value in 327 patients. While mild fibrosis (F0-F1) was
present in 294 of 327 patients, advanced fibrosis was found in
33 patients. When the FIB4 index was below the cut-off value,
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the negative predictive value of the FIB4 index was reported to
be 90% in terms of excluding advanced fibrosis (sensitivity
74%, specificity 71%, and positive predictive value 43%).
Again in this study, the lower cut-off value which could predict
advanced fibrosis optimally was calculated to be 2.67.
Advanced fibrosis was found in 41 of 51 patients who were
above this value. When the FIB4 index was above this cut-off
value, the sensitivity was found to be 33%, the specificity was
found to be 98%, the positive predictive value was found to be
80% and the negative predictive value was found to be 83%
[18]. In another study conducted in Japan, 576 NAFLD
patients were evaluated. It was observed that the upper cut-off
value to exclude advanced fibrosis with ROC curve analysis
was 1.45 (Figure 1). In patients whose FIB4 index was below
this value, the negative predictive value in terms of excluding
advanced fibrosis was found to be 98% (sensitivity 90%,
specificity 64%, and positive predictive value 24%). In the
study, the lower cut-off value which would predict advanced
fibrosis with ROC curve analysis in the best was found to be
3.25. It was observed that the sensitivity was 48%, the
specificity was 95%, the positive predictive value was 53% and
the negative predictive value was 98% in terms of detecting
advanced fibrosis [19]. In our study, the optimal FIB4 cut-off
value to exclude advanced fibrosis with ROC curve analysis
was found to be 1.08. The positive predictive value in terms of
detecting advanced fibrosis was found to be 61.1% (sensitivity
65%, specificity 69.6% and negative predictive value 72.7%).
Our results were (similar) in accordance with the previous
studies. Conclusively, FIB4 was relatively more reliable in
excluding and detecting advanced fibrosis.

positive predictive value was found to be 75% and the negative
predictive value was found to be 80%. When the cut-off value
was considered 1.5, the sensitivity was found to be 58%, the
specificity was found to be 88% and the positive predictive
value was found to be 89% [20]. In the study conducted by
Krueger et al. 111 patients who were diagnosed with NAFLD
by biopsy were evaluated. The APRI score ROC value was
found to be 0.8 and at a cut-off value of 0.95, the sensitivity in
terms of detecting advanced fibrosis was found to be 75%, the
specificity was found to be 86%, the positive predictive value
was found to be 54% and the negative predictive value was
found to be 93% [21]. In the study conducted by Sumida et al.
which compared the non-invasive methods, the sensitivity in
terms of detecting advanced fibrosis was found to be 67%, the
specificity was found to be 81%, the positive predictive value
was found to be 31% and the negative predictive value was
found to be 95% at an APRI score cut-off value of ≥ 1 [19].
Another study by Barone et al. [22] investigated the association
of endothelial dysfunction with liver fibrosis in patients with
HCV infection, and they found a significant correlation
between fibro scan and APRI scores in this study. In our study,
the APRI cut-off value to exclude advanced fibrosis with ROC
curve analysis was found to be 0.54. The APRI scores of 8
patients were found to be above the cut-off value. Advanced
fibrosis was found in 6 of these 8 patients. With these results
the sensitivity was found to be 44.4%, the specificity was
found to be 87.1%, the positive predictive value was found to
be 50% and the negative predictive value was found to be
84.4%. Thus in this study APRI score was weak in terms of
sensitivity but had high specificity. The fact that patients with
chronic hepatitis were included and advanced fibrosis and
increased AST values were present in most of these patients
affected calculation of the score in the first study. According to
these results, the APRI score can be used to exclude advanced
fibrosis rather than detecting its presence similar to the other
non-invasive methods.
The small number of patients and the retrospective nature are
limitations of our study. Thus we cannot reach definite causeeffect relationship with this data. The limited sample size
might have led to underestimation of some significant
associations. However, the fact that the demographic and
biochemical variables of the groups with mild and advanced
fibrosis were not statistically different enhances the reliability
of our findings.

Figure 1. ROC curve for FIB4 index, area under the curve=0.68,
p=0.05.

The APRI score is another method based on calculation.
Studies conducted with this score generally compare this score
with the other noninvasive methods. In a study performed by
Shin et al. 134 patients with chronic hepatic disease were
evaluated. Chronic viral hepatitis was found in 111 cases and
NAFLD was found in 23 cases. The best cut-off value for
diagnosis with ROC curve analysis was found to be 0.5. The
sensitivity of the score in terms of detecting advanced fibrosis
was found to be 93%, the specificity was found to be 48%, the
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In conclusion, an ideal non-invasive test should be
considerably sensitive and specific to evaluate hepatic fibrosis,
should be used in all chronic hepatic diseases and not bring
additional financial cost to patients. Unfortunately, there is no
non-invasive test meeting these criteria at the present time and
further investigations are needed. In our study, none of the noninvasive tests used were independent factors for advanced
fibrosis. These scores were more likely to exclude rather than
detect advanced fibrosis. When the increase in NAFLD
prevalence is considered, it is obvious that studies performed
with more reliable noninvasive tests which would be used to
detect or exclude advanced fibrosis should be conducted.
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