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Abstract
Background and Aim: Significant hepatic fibrosis is prognostic of liver morbidity and
mortality in non-alcoholic fatty liver disease (NAFLD); however, it remains unclear
whether non-invasive fibrosis models can determine this end-point. We therefore compared
the accuracy of simple bedside versus complex fibrosis models across a range of fibrosis in
a multi-centre NAFLD cohort.
Methods: Simple (APRI, BARD) and complex (Hepascore, Fibrotest, FIB4) fibrosis
models were calculated in 242 NAFLD subjects undergoing liver biopsy. Significant (F2-4)
and advanced fibrosis (F3,4) were defined using Kleiner criteria. Models were compared
using area under the receiver operator characteristic curves (AUC). Cut-offs were deter-
mined by Youden Index or 90% predictive values.
Results: For significant fibrosis, non-invasive fibrosis models had modest accuracy (AUC
0.707–0.743) with BARD being least accurate (AUC 0.609, P < 0.05 vs others). Using
single cut-offs, sensitivities and predictive values were < 80%; using two cut-offs, > 75%
of subjects fell within indeterminate ranges. Simple models had significantly more subjects
within indeterminate ranges than complex models (99.1–100% vs 82.1–84.4% respectively,
P < 0.05 for all). For advanced fibrosis, complex models were more accurate than BARD
(AUC 0.802–0.858 vs 0.701, P < 0.05). Using two cut-offs, complex models had fewer
individuals within indeterminate ranges than BARD (11.1–32.3% vs 70.7%, P < 0.01 for
all). For cirrhosis, complex models had higher AUC values than simple models.
Conclusions: In NAFLD subjects, non-invasive models have modest accuracy for deter-
mining significant fibrosis and have predictive values less than 90% in the majority of
subjects. Complex models are more accurate than simple bedside models across a range of
fibrosis.
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Introduction

A significant management dilemma of patients with non-alcoholic
fatty liver disease (NAFLD) is the difficulty in accurately identi-
fying those patients who are at risk of developing morbidity and
mortality related to their liver disease. The presence of hepatic
fibrosis is a well established prognostic factor in chronic liver
disease and signifies an increased risk of developing liver related
complications. In patients with NAFLD, Ekstad found that 18% of
patients with significant hepatic fibrosis (stage 2 or more) at base-
line developed end-stage liver disease over a mean 13.7 year
follow-up, whereas no patient decompensated in the absence of
significant fibrosis.1 Currently, the gold standard for determining
the presence and degree of hepatic fibrosis is liver biopsy;
however, this has well documented problems with sampling and

interpretation variability as well as procedural related complica-
tions.2,3 Furthermore, liver biopsy is expensive and difficult to
access particularly for general practitioners who regularly encoun-
ter the vast bulk of patients with NAFLD.

The limitations of liver biopsy have lead to the development of
alternative non-invasive methods to diagnose hepatic fibrosis.
Hepascore, Fibrotest, aspartate aminotransferase (AST) to Platelet
Ratio Index (APRI) are three models developed for patients with
chronic hepatitis C infection which are accurate, safe, convenient
and relatively inexpensive.4–6 However, it is unclear whether these
algorithms are accurate in patients with NAFLD. Therefore, the
objective of this study was to assess and compare the accuracy and
clinical utility of serum fibrosis models developed in patients
with chronic hepatitis C (Hepascore, Fibrotest, APRI) or chronic
hepatitis C/HIV co-infection (FIB4),7 in a large population
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of patients with NAFLD. Furthermore, we wished to compare
these algorithms with the BARD Index which was developed in
NAFLD patients and is derived from easily determined clinical
factors (Body mass index, aspartate transaminase/alanine tran-
saminase ratio and diabetes).8 An advantage of BARD and APRI is
that they are based upon simple clinical or laboratory parameters
and are easy to calculate at the bedside. In comparison, FIB4,
Hepascore and Fibrotest are based upon complicated algorithms.
Therefore, we wished to compare the accuracy of the “simple”
easy to use algorithms (APRI, BARD) with more “complex” algo-
rithms (Hepascore, Fibrotest, FIB4).

Diagnostic test accuracy is routinely compared using area under
the receiver operator characteristic curve analysis (AUROC);
however, we also wished to examine the clinical utility of these
tests from the user’s view-point. Therefore, we additionally
focused on model likelihood ratio’s (LR) and positive and negative
predictive values (PPV and NPV, respectively). Finally, we wished
to determine the proportion of subjects in whom fibrosis could be
either confirmed or refuted with a high degree of certainty (i.e.
90% PPV and 90% NPV) and thus calculate the proportion of
subjects who fell within an “indeterminate range.”

Methods

Subjects

Patients with biopsy proven NAFLD who had been prospectively
enrolled into clinical serum and tissue banks with stored serum
available were recruited from hepatology units at three tertiary
centers; Sir Charles Gairdner Hospital, Perth, Australia (n = 56);
Westmead Hospital, Sydney, Australia (n = 99); and San Giovanni
Battista Hospital, Turin, Italy (n = 86). Subjects were excluded if
they consumed more than 210 g of alcohol per week if male or
140 g per week if female; or if they had secondary causes of
NAFLD such as corticosteroid and methotrexate use or previous
gastro-intestinal bypass surgery. Concomitant viral hepatitis, auto-
immune hepatitis, primary biliary cirrhosis, primary sclerosing
cholangitis, alpha-1 anti-trypsin deficiency, Wilson’s disease,
hemochromatosis or drug induced hepatotoxicity were excluded
by routine serological, imaging and histological criteria. Clinical
information including presence of diabetes, hypertension and dys-
lipidemia as well as height and weight was recorded on the same
day of the patients liver biopsy.

A total of 270 patients were recruited for the study. Twenty-
eight subjects were excluded for the following reasons; sub-
optimal biopsy (n = 6), < 5% hepatic steatosis on biopsy (n = 13),
daily alcohol intake > 30 g (n = 2), incomplete biochemical data
(n = 6) and features of chronic cholestatic liver disease on biopsy
(n = 1). The remaining 242 subjects formed the study cohort. All
patients provided informed consent and this study was approved
by the Human Research Ethics Committee at Sir Charles Gairdner
Hospital.

Non-invasive fibrosis algorithms

The scores for each non-invasive algorithm were calculated from
the following components: Hepascore (age, gender, bilirubin,
gamma glutamytransferase [GGT], hyaluronic acid, a-2 macro-
globulin);5 Fibrotest (age, gender, bilirubin, gamma glutamytrans-

ferase, apolipoprotein A1, haptoglobin, a-2 macroglobulin);6

APRI (aspartate transaminase [AST], platelet count);4 BARD
(Body mass index [BMI], AST, Alanine transaminase [ALT], Dia-
betes);8 FIB4 (age, AST, ALT, platelets).9 APRI was calculated
from the published algorithm, AST/upper limit of normal)/platelet
count (109/L) ¥ 100.4

The presence of diabetes was determined by history and/or the
requirement for oral hypoglycemic medications or insulin.
Routine liver biochemistry (AST, ALT, GGT, bilirubin) and plate-
let count were performed on the day of liver biopsy at each site.
AST is described as a multiple of the upper limit of normal for
APRI.

Serum was taken from patients at time of liver biopsy and frozen
at minus 80 degrees Celsius. This was subsequently thawed and
analyzed for the remaining analytes at the Department of Bio-
chemistry, PathWest (Nedlands, Australia). Hyaluronic acid was
measured by an enzyme-linked protein-binding assay, on a 96-well
microplate (Corgenix, Broomfield, CO, USA). a2-Macroglobulin,
apolipoprotein-A1, and haptoglobin were all obtained by
nephelometry (BNII; Siemens, Germany). The in-house analytical
CVs were 3.5% at a hyaluronic acid concentration of 50 mg/L,
3.8% at an a2-macroglobulin concentration of 2.2 g/L, 4.6% at an
apolipoprotein-A1 concentration of 0.79 g/L and 5.6% at a hapto-
globin concentration of 0.69 g/L.

Histological assessment

Liver biopsies were scored by a single histopathologists at each
centre blinded to the clinical details of the patients. Biopsies deter-
mined to be inadequate for histological assessment were excluded
(n = 6). The median (range) biopsy length was 16.0 mm
(6–50 mm). Biopsies were graded and staged according to the
Kleiner classification with the NAFLD activity score (NAS)
calculated from a combination of grades of steatosis, lobular
inflammation and hepatocyte ballooning.10 Fibrosis was staged on
a 5-point scale: stage 0 = no fibrosis, stage 1 = zone 3
perisinusoidal/perivenular fibrosis, stage 2 = zone 3 and periportal
fibrosis, stage 3 = septal/bridging fibrosis, stage 4 = cirrhosis. Sig-
nificant fibrosis is defined as inclusive stages F2-4, advanced fibro-
sis is defined as F3 and 4.

Statistical analysis

Continuous descriptive data are presented as mean and standard
deviation (SD) if parametric or median and range if non-
parametric. Categorical data are presented as number and percent-
age. The association of each model with fibrosis stage was
assessed by anova and linear regression and presented graphically
as box plots. The accuracy of each algorithm was assessed using
receiver operator characteristic curves described as AUROC with
95% confidence intervals (95% CI). AUROCs are compared using
DeLongs test. The performance characteristics of each test are
described using sensitivity, specificity, PPV, NPV, positive likeli-
hood ratio (LR+) and negative likelihood ratio (LR-). Cut-off
points for each model were determined according to the highest
Youden Index (highest sum of sensitivity plus specificity minus
one) and then according to either a 90% PPV or 90% NPV. Inde-
terminate ranges for paired blood tests were compared using
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McNemar testing. A two-sided P-value of 0.05 was considered
significant. Analysis was performed on SPSS 18.0.3.

Results

Cohort characteristics

Among the 242 subjects with NAFLD, there was a slight male
preponderance (60.3%) with a mean age of 46.8 years (Table 1).
Approximately one third were obese (BMI � 30 kg/m2) and one
quarter had diabetes. Aminotransaminase levels tended to be
mildly elevated with 224/242 (92.6%) having an AST less than
twice the upper limit of normal. Significant fibrosis (F2-4) was
present in 97/242 (40.1%), advanced fibrosis (F3,4) was present in
53 (21.9%) and 23 (9.5%) were cirrhotic.

The patient characteristics were significantly different between
institutions (Table 1). Patients from Turin were younger and more
likely to be male with lower triglyceride levels, whereas patients
from Perth had greater BMI, more likely to be diabetic and have
lower high density lipoprotein (HDL) cholesterol levels. Patients
from Perth also had lower mean ALT and bilirubin levels and were
more likely to have cirrhosis.

Correlation of models with fibrosis

The mean score of each model increased significantly as fibrosis
stage increased (P < 0.001 for all). Each model also had signifi-
cantly higher mean scores (Fig. 1a) when comparing significant
fibrosis (F2-4) to no/minimal fibrosis (F0/1) (P < 0.003 for all).
Similar findings were observed when dividing the cohort into
advanced fibrosis or cirrhosis (P < 0.001 for all) (Fig. 1b,c).

Despite significant differences in mean scores when comparing
subjects with significant fibrosis to no/minimal fibrosis, there was
considerable overlap of scores of all models between these two
groups (Fig. 1a). Complex models tended to have few patients
with overlapping scores (Hepascore 8.7%, Fibrotest 7.6%, FIB4
1.3%) compared to simple models (APRI 0.4%, BARD 0%).

Model accuracy

The AUC values for predicting significant fibrosis were modest
ranging from 0.609 to 0.743 (Table 2, Fig. 2). The clinical BARD
model had the lowest AUC (0.609), which was significantly lower
than all other models (P < 0.05 for all comparisons). There was no
significant difference between AUC values for the other models
for significant fibrosis.

For the prediction of advanced fibrosis, the complex models
(Hepascore, Fibrotest, FIB4) had significantly higher AUC values
than BARD (P < 0.05 for all comparisons) whereas APRI had a
similar AUC to BARD (P = 0.2). For the prediction of cirrhosis,
Hepascore had a significantly higher AUC value than simple
models (vs APRI P < 0.01, BARD P = 0.03). FIB4 had a signifi-
cantly higher AUC value than APRI (P < 0.01) with a tendency to
be higher than BARD (P = 0.09). Fibrotest accuracy tended to be
higher than the simple models (vs APRI P = 0.07, BARD
P = 0.09).

Model cut-offs

Cut-offs for each model were determined two ways; first a single
cut-off was determined according to the highest Youden index for
the determination of either significant fibrosis, advanced fibrosis

Table 1 Clinical and biochemical features of subjects with non-alcoholic fatty liver disease (NAFLD) (n = 242)

Total cohort n = 242 Sydney Perth Turin P-value
n = 99 n = 56 n = 87

Age (years) 46.8 (12.4) 48.5 (13.1) 51.7 (12.1) 41.5 (9.9) < 0.001
Male 146 (60.3%) 55 (55.6%) 19 (33.9%) 72 (82.8%) < 0.001
BMI (kg/m2) 30.2 (6.2) 29.9 (4.7) 35.0 (8.3) 27.4 (4.0) < 0.001
Obese 99/240 (41%) 44 (57%) 16/25 (64%) 17/86 (20%) < 0.001
Diabetes 60 (24.8%) 26 (26.3%) 34 (60.7%) 6 (6.9%) < 0.001
Glucose (mg/dL) 97 (77–396) 99 (81–238) 106 (83–396) 90 (77–170) < 0.001
Triglyceride (mg/dL) 141 (33–846) 151 (50–846) 151 (71–620) 115 (33–461) 0.003
HDL Cholesterol (mg/dL) 46 (23–113) 46 (23–108) 39 (23–85) 48 (30–113) 0.01
AST (IU/L) 37 (15–233) 46 (19–233) 35 (15–134) 35 (17–174) < 0.001
ALT (IU/L) 66.5 (11–363) 67 (16–363) 46.5 (11–181) 74 (23–307) 0.002
Bilirubin (mg/dL) 0.8 (0.5) 0.8 (0.4) 0.6 (0.5) 0.9 (0.4) < 0.001
GGT (IU/L) 68 (11–839) 84 (12–839) 78.5 (11–484) 51 (13–500) < 0.001
Platelets (¥ 109) 233.6 (76.8) 249.0 (72.4) 239 (94) 209.9 (61.5) < 0.001
Steatosis 0/1/2/3† 3/116/71/50 2/43/36/18 1/26/11/16 0/47/24/16 0.08
Ballooning 0/1/2 136/58/46 58/28/13 29/18/7 49/12/26 0.005
Lobular Inflammation 0/1/2 83/135/22 41/51/7 25/24/7 18/60/8 0.01
Fibrosis 0/1/2/3/4 87/58/44/30/23 27/34/15/15/8 17/14/7/7/11 43/10/22/8/4 < 0.001

Continuous variables are presented as mean (standard deviation) if parametric or median (range) in non-parametric and compared using t-test or
Kruskal–Wallis testing as appropriate. Categorical variables are presented as number (percentage) and compared using c2 or Fishers exact test where
appropriate. †Three patients had biopsies consistent with “burnt out non-alcoholic steatohepatitis (NASH) cirrhosis” with no steatosis with a history
of diabetes and obesity.11,12 ALT, alanine transaminase; AST, aspartate transaminase; BMI, body mass index; GGT, gamma glutamytransferase; HDL,
high density lipoprotein.
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and cirrhosis (Table 3); and second, two cut-offs were determined
for each model, according to the cut-off value which provided a
90% positive predictive value (high cut-off) or 90% negative pre-
dictive value (low-cut-off) for the determination of significant
fibrosis (Fig. 3).

Diagnostic accuracy according to Youden cut-offs

For predicting significant fibrosis, Hepascore and FIB4 provided
the highest specificity (88.3% and 87.5% respectively), highest
positive predictive values (74.3% and 75.6% respectively) and
highest positive likelihood ratios (4.31 and 4.63, respectively). All
models had less than 60% sensitivity apart from APRI at 71.1%,
although all NPVs were less than 80%. BARD had the lowest

sensitivity, Youden index and predictive values. Sensitivity, speci-
ficity, PPV and NPV remained modest for APRI when using pre-
viously published cut-offs of 0.5 and 1.5 (56.7%, 78.5%, 6.8%,
73.0% and 7.8%, 98.5%, 77.8%, 61.5%, respectively).

For the prediction of advanced fibrosis, complex models (Hep-
ascore, Fibrotest, FIB4) all provided specificity values greater than
80% with Hepascore providing the highest sensitivity of 75.5%.
Hepascore, FIB4 and APRI had NPVs greater than 90%; however,
PPVs were modest with Fibrotest being the highest at 62.5%.
BARD had the lowest specificity, sensitivity, Youden index and
predictive values.

For the prediction of cirrhosis, Hepascore provided the highest
sensitivity and NPV and lowest LR- at 87%, 98.5% and 0.15,
respectively (Table 3). However, all models had NPVs above 90%

Figure 1 Box plots for non-invasive fibrosis models according to different fibrosis stages; significant fibrosis (a); advanced fibrosis (b) and cirrhosis
(c). Presented as median, inter-quartile range with outliers.

Table 2 Area under the receiver operator characteristic (AUROC) curve analysis for different stages of hepatic fibrosis in non-alcoholic fatty liver
disease (NAFLD)

Model F2,3,4 F3,4 F4

Hepascore 0.729 (0.661–0.797)† 0.814 (0.733–0.896)‡ 0.907 (0.826–0.988)§¶

Fibrotest 0.707 (0.639–0.775)† 0.802 (0.727–0.876)‡ 0.860 (0.771–0.950)
FIB4 0.743 (0.673–0.812)† 0.858 (0.797–0.919)‡ 0.860 (0.771–0.949)¶

APRI 0.733 (0.665–0.801)† 0.788 (0.713–0.863) 0.748 (0.617–0.878)¶

BARD 0.609 (0.536–0.682)† 0.701 (0.619–0.783)‡ 0.746 (0.635–0.857)§

In comparison to BARD: †All models had a significantly higher area under the curve (AUC) (P < 0.05 for all); ‡Hepascore, Fibrotest, FIB4 had
significantly higher AUC (P < 0.05 for all); §Hepascore had a significantly higher AUC (P = 0.03). In comparison to APRI: ¶Hepascore and FIB4 had
significantly higher AUC (P < 0.01 for all). Data presented as AUC (95% confidence intervals).
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with LR- between 0.30 to 0.57. All models had low PPVs varying
between 21.8% for APRI to 49.1% for Fibrotest. All models had
reasonable (> 80%) specificity for the diagnosis of cirrhosis, apart
from APRI, which had a specificity of 70.9%.

Model characteristics according to 90%

predictive value

Using two cut-offs per model to provide either a 90% PPV or NPV,
all models had a high proportion of subjects falling into the inde-
terminate range for the prediction of significant fibrosis (Fig. 3a).

Simple models had significantly larger proportions of subjects
within indeterminate ranges than complex models; APRI (99.1%)
and BARD (100%) versus Hepascore (82.1%), FIB4 (84.1%) and
Fibrotest (84.4%), P < 0.05 for all comparisons).

The proportion of subjects in the indeterminate range fell dra-
matically when assessing advanced fibrosis (bridging fibrosis or
cirrhosis) (Fig. 3b). Using cut-offs of 0.608 and 0.944 for Hepas-
core, only 11.1% of the cohort fell into the indeterminate range,
which was significantly less than the other models (FIB4 23.8%,
Fibrotest 32.3%, APRI 30.8% and BARD 70.6%, P < 0.05 for all
compared to Hepascore). FIB4 also had less subjects within an

Figure 2 Receiver operator characteristic curves for significant fibrosis, advanced fibrosis and cirrhosis. , Hepascore; , fibrotest; , aspartate
aminotransferase to platelet ratio index (APRI); , FIB4; , body mass index, aspartate transaminase/alanine transaminase ratio and diabetes (BARD).

Table 3 Diagnostic performance characteristics of noninvasive models of hepatic fibrosis in non-alcoholic fatty liver disease (NAFLD) for the
prediction of significant fibrosis (F2-4), advanced fibrosis (F3,4) and cirrhosis (F4)

Model Cut-off Sensitivity (%) Specificity (%) Youden PPV (%) NPV (%) LR+ LR-

Significant fibrosis
Hepascore 0.44 50.5 88.3 0.388 74.3 72.7 4.31 0.56
Fibrotest 0.34 58.9 73.2 0.322 59.6 72.7 2.20 0.56
FIB4 1.45 54.4 87.5 0.419 75.6 74.2 4.63 0.52
APRI 0.43 71.1 69.6 0.407 61.1 78.3 2.34 0.41
BARD 2.0 44.3 70.4 0.148 50.1 65.4 1.50 0.79
Advanced fibrosis
Hepascore 0.37 75.5 84.1 0.596 57.1 92.4 4.76 0.29
Fibrotest 0.47 60.8 89.8 0.506 62.5 89.1 5.95 0.44
FIB4 1.54 74.0 86.9 0.609 61.4 92.3 5.66 0.30
APRI 0.54 72.0 77.1 0.491 46.9 90.8 3.15 0.36
BARD 2.0 60.4 71.5 0.319 37.3 86.6 2.12 0.55
Cirrhosis
Hepascore 0.70 87.0 89.0 0.760 45.4 98.5 7.94 0.15
Fibrotest 0.57 72.7 92.1 0.648 49.1 97.0 9.20 0.30
FIB4 1.92 72.7 88.7 0.615 40.4 96.9 6.45 0.31
APRI 0.54 77.3 70.9 0.482 21.8 96.7 2.66 0.32
BARD 3.0 52.2 83.8 0.360 25.3 94.3 3.22 0.57

APRI, aspartate aminotransferase to platelet ratio index; BARD, body mass index, aspartate transaminase/alanine transaminase ratio and diabetes;
LR+, positive likelihood ratio; LR-, negative likelihood ratio; NPV, negative predictive value; PPV, positive predictive value.
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indeterminate range compared to the simple models (APRI and
BARD, P < 0.01).

Prediction of cirrhosis

As the prevalence (i.e. pre-test probability) of cirrhosis was low
(9.5%), all models had high NPVs (> 94%) despite having sensi-
tivities varying between 52.2–87.0% when using the cut-off deter-
mined by the highest Youden index (Table 3). Correspondingly,
PPVs were low (21.8–49.1%) despite specificity values between
70.9–92.1%.

Using new cut-offs determined by the highest positive likeli-
hood ratio, FIB4 (cut-off 6.28) and Hepascore (cut-off 0.96) had
the highest PPVs (74.5% and 70.6%, respectively) and highest
LR+ values (27.8 and 22.9, respectively). Sensitivity values at
these cut-offs for FIB4 and Hepascore were 13.6% and 52.2%
respectively with corresponding NPVs being 91.7% and 95.1%,
respectively. APRI and BARD had comparatively low PPVs
(49.2% and 34.2%, respectively) and low LR+ values (9.2 and 4.9,
respectively) at cut-offs of 1.83 and 4, respectively.

Discussion
Fibrosis assessment in patients with chronic liver disease is useful
for prognostication, identification of those patients who require
more intensive monitoring or treatment as well as for those who

may benefit from screening and surveillance strategies.13 In
NAFLD patients, significant fibrosis signifies an increased risk of
liver related morbidity and thus identifies a set of patients who may
benefit from more intensive management of their metabolic risk
factors, monitoring or consideration for clinical trials.

In this multi-centre study, we found that for the determination of
significant fibrosis, the diagnostic accuracy of all models was
modest with AUC values ranging from 0.609 to 0.743. The highest
specificity and PPVs were observed with Hepascore and FIB4;
however, no model had values greater than 90% when a single
cut-off was chosen according to the highest Youden index. When
two cut-offs were utilized according to 90% predictive values, all
models had a substantial indeterminate range, although this was
the least with Hepascore. The simple bedside models had signifi-
cantly more subjects within indeterminate ranges compared to the
complex models. Therefore, the complex models have more favor-
able diagnostic characteristics compared to the simple models for
determining significant fibrosis; however, their overall accuracy
was modest and they were highly predictive in only a minority of
subjects.

Similar levels of accuracy for the prediction of significant fibro-
sis have been reported for FIB4, APRI and BARD in 541 NAFLD
patients from the United States.14 The AUC values compared to
our cohort for FIB4 were 0.75 versus 0.74 respectively, 0.70 versus
0.73 for APRI and 0.68 versus 0.61 for BARD.14 Of note, all
models tested had AUC values < 0.8 demonstrating modest accu-
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Figure 3 Proportion of subjects with a model score that is indeterminate or provides a positive predictive value (PPV) or negative predictive value
(NPV) greater than 90% in patients with significant fibrosis (3a) and advanced fibrosis (3b). , 90% PPV; , Indeterminate; , 90% NPV.
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racy for prediction of significant fibrosis. Ratziu and colleagues
examined the accuracy of Fibrotest for determining significant
fibrosis and found slightly higher AUC values compared to our
study (0.75–0.86 vs 0.71); however, they also found a significant
indeterminate range.15 Our patients tended to be younger with less
diabetes and had a lower alcohol cut-off compared to the French
cohort.

The accuracy (AUC scores) for the prediction of advanced
fibrosis (bridging fibrosis or cirrhosis) were greater than the AUC
scores for significant fibrosis and were highest with FIB4 (0.858)
and Hepascore (0.814). Furthermore, the indeterminate ranges of
these models for advanced fibrosis was low (16.8% and 9.1%
respectively), meaning they predicted the presence or absence of
advanced fibrosis in the vast majority of patients. Similar figures
were observed by Shah in comparison to our findings when exam-
ining FIB4, APRI and BARD (0.80 vs 0.86 respectively, 0.73 vs
0.79 respectively and 0.70 vs 0.70 respectively).8,14,16 A similar
increase in accuracy for serum fibrosis models with increasing
degrees of fibrosis has also been demonstrated in patients with
chronic hepatitis C and alcoholic liver disease.17,18

For determining cirrhosis, the highest AUC levels were
observed with Hepascore (0.907), Fibrotest and FIB4 (both 0.86).
Hepascore had the highest Youden Index, sensitivity and NPV
(98.5%) and the lowest LR- (0.15). Thus subjects with cirrhosis
were 0.15 times as likely to have a Hepscore < 0.7 compared to
those without cirrhosis. At a higher cutoff (0.96), the PPV of
Hepascore reached 70.6% and the LR+ was 22.9, meaning that
subjects with cirrhosis were 23 times more likely to have a score
0.96 or greater than those without cirrhosis. Similar values were
observed with FIB4, meaning these models were useful for
excluding and predicting cirrhosis, whereas BARD and APRI had
significantly lower AUC values and were less useful at predicting
cirrhosis.

Therefore, an elevated FIB4 or Hepascore may lower the thresh-
old to consider liver biopsy for determination of cirrhosis.

Transient elastography (TE) has recently been evaluated in
NAFLD subjects and has demonstrated a high degree of accu-
racy for determining bridging fibrosis or cirrhosis (F3/4).19,20

However, similar to our experience with non-invasive markers,
the accuracy of TE was significantly less for determining signifi-
cant fibrosis (F2-4). Consequently, a diagnostic algorithm using
TE was developed based upon the prediction of advanced fibro-
sis (F3/4) rather than significant fibrosis.19 The proportion of
cases with an indeterminate range for advanced fibrosis when
using TE was similar (16.2%) compared to Hepascore (9.1%)
and FIB4 (16.8%).19

Other non-invasive fibrosis models examined in NAFLD
patients include the European Liver Fibrosis (ELF) panel, the
NAFLD-Fibrometer panel and the NAFLD fibrosis score.16,21,22

The ELF panel consists of hyaluronic acid, tissue inhibitor of
metalloproteinase-1 and aminoterminal peptide of procollagen-III
and had a high AUC of 0.9 for determining significant fibrosis in
NAFLD patients, although it was not significantly more accurate
than the NAFLD fibrosis score, which is based upon six clinical
parameters (age, hyperglycemia, BMI, platelet count, albumin,
AST/ALT ratio).16,21 Similar to our findings, the accuracy of the
ELF panel fell with lesser degrees of fibrosis. The NAFLD-
Fibrometer consists of seven parameters (age, weight, AST, ALT,
glucose, ferritin, platelet count) and had a high degree of accuracy

(AUC 0.94) for determining significant fibrosis, which was sig-
nificantly higher than the NAFLD fibrosis score and APRI.22 We
were not able to examine the accuracy of ELF or NAFLD-
Fibrometer due to missing parameters; however, look forward to
further independent validation of these models.

The difficulty in accurately distinguishing minimal fibrosis
(F1) from moderate degrees (F2) may relate to the minimal dif-
ference in absolute fibrosis area between the two stages.23 Addi-
tionally, pathologist inter-observer variability may artificially
reduce the accuracy of non-invasive models. Each centre in our
study had their own expert histopathologist interpreting the liver
biopsies; however, we feel this is unlikely to significantly impact
upon the validity of our results as kappa scores for determining
fibrosis in NAFLD are high indicating inter-pathologist staging
is reliable.10 Finally, sampling error may lead to a difference in
staging of significant fibrosis in nearly 20% of NAFLD patients,
thereby highlighting the difficulty of using liver biopsy as a gold
standard.3

In summary, we found “complex” non-invasive serum models
originally developed for individuals with chronic hepatitis C infec-
tion are useful for the prediction of advanced fibrosis or cirrhosis
in subjects with NAFLD. The simpler non-invasive models (APRI)
and BARD, which was developed in NAFLD patients, were less
accurate with limited diagnostic utility in the clinical setting. Iden-
tification of subjects with earlier stages of fibrosis is done poorly
by these models. As significant fibrosis identifies a cohort of
NAFLD subjects that are at increased risk of liver related compli-
cations, new NAFLD specific non-invasive models need to be
developed.
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