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Validation of noninvasive biomarkers (FibroTest, SteatoTest,
and NashTest) for prediction of liver injury in patients with
morbid obesity
Guillaume Lassaillya,b, Robert Caiazzoc,d, Antoine Hollebecquea,b,
David Buobe, Emmanuelle Leteurtree, Laurent Arnalsteenc,d,
Alexandre Louveta,b, Marie Pigeyref, Violeta Raverdyd, Hélène Verkindtd,
Marie France Sixd, Carole Eberled, Alexandre Patriced, Sébastien Dharancya,b,
Monique Romonf, François Pattouc,d and Philippe Mathurina,b
Background Liver biopsy is considered as the gold
standard for assessing nonalcoholic fatty liver disease
(NAFLD) histologic lesions in patients with morbid obesity.
The aim of this study was to determine the diagnostic utility
of noninvasive markers of fibrosis (FibroTest), steatosis
(SteatoTest), and steatohepatitis (NashTest, ActiTest) in
these patients.
Materials and methods Two hundred and eighty-eight
patients presenting with interpretable baseline operative
biopsy and biomarkers, in an ongoing prospective cohort
of patients treated with bariatric surgery, were included.
Histology (NAFLD activity score, or NAFLD scoring
system) and biochemical measurements were centralized
and blinded to other characteristics. The area under
the receiver operating characteristic curves (AUROC),
sensitivity, specificity, positive and negative predictive
values were assessed. Weighted AUROC (Obuchowski
method) was used to prevent multiple testings and a
spectrum effect.

advanced fibrosis: 0.85, 0.83–0.87, P < 0.0001; SteatoTest
for advanced steatosis: 0.81, 0.79–0.83, P < 0.0001; and
ActiTest for steatohepatitis: 0.77, 0.73–0.81, P < 0.0001.
Conclusion In patients with morbid obesity, the
diagnostic performances of the FibroTest, SteatoTest,
and ActiTest were statistically significant, thereby possibly
reducing the need for biopsy in this population. Eur J
Gastroenterol Hepatol 23:499–506 c 2011 Wolters Kluwer
Health | Lippincott Williams & Wilkins.
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Results The prevalence of advanced fibrosis (bridging)
was 6.9%, advanced steatosis ( > 33%) was 48%, and
steatohepatitis was 6.9% (NAFLD scoring system > 4).
Weighted AUROCs of the tests were as follows (mean,
95% confidence interval, significance): FibroTest for
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Introduction

term prospective studies. Liver failure was observed in
obese patients treated with jejuno-ileal bypass, a historical
procedure no longer in use [9]. Early improvement of liver
injury is observed after surgery in patients treated with
recent bariatric surgical procedures (biliointestinal bypass,
gastric bypass, gastric band) [10–12]. Using liver biopsy, we
performed a 5-year prospective study to evaluate fibrosis
and steatohepatitis in 381 severely obese patients after
bariatric surgery. Five years after surgery, levels of fibrosis
had increased significantly, but 95.7% of patients maintained a fibrosis score of at least F1. The percentage of
patients with steatosis decreased from 37.4% before surgery
to 16%, while the NAFLD score fell from 1.97 to 1, and
ballooning from 0.2 to 0.1. Inflammation remained unchanged. The percentage of patients with probable or

Severe obesity is associated with decreased life expectancy [1]. In terms of liver injury, severe obesity is
implicated in development of nonalcoholic fatty liver
disease (NAFLD) [2]. The conceptual model of NAFLD
has been referred to as the ‘2-hit hypothesis’, with
accumulation of fat as the first hit and development of an
inflammatory response in fatty liver as the second [3,4].
In the first hit, accumulation of fat in hepatocytes renders
the liver more vulnerable to subsequent insults.
In obese patients, bariatric surgery induces weight loss [5],
decreases cardiovascular risk factors [6], and improves longterm survival [7,8]. With regard to liver injury, the benefit/
risk ratio of bariatric surgery has been re-evaluated by long0954-691X c 2011 Wolters Kluwer Health | Lippincott Williams & Wilkins
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definite nonalcoholic steatohepatitis (NASH) decreased
significantly over 5 years from 27.4 to 14.2% [13].
Noninvasive biomarkers of liver injury have been extensively validated in chronic viral hepatitis and, more recently,
in patients with alcoholic fatty liver disease and NAFLD
[14]. These biomarkers have not been specifically validated
in patients with morbid obesity. The aim of this study was
to assess five biomarkers of fibrosis [FibroTest (FT)],
steatosis [SteatoTest (ST)], necrosis, and inflammation
[alanine aminotransferase (ALT), ActiTest (AT), and
NashTest (NT)] using baseline serum and biopsy of our
ongoing prospective cohort of patients treated with
bariatric surgery. This should lead to reduction in the need
for repeated biopsies in the assessment of liver injury
before surgery and in postoperative follow-up of these
patients.

Materials and methods
Patients

Severely obese patients referred to our unit for evaluation
in view of bariatric surgery were considered for inclusion
[13]. To be eligible for the study, all patients had to have
fulfiled the following criteria: (i) morbid obesity (BMI >
40 kg/m2) or severe obesity (BMI >35 kg/m2), at least one
comorbidity factor (arterial hypertension, diabetes mellitus) for at least 5 years, and resistance to medical
treatment; (ii) absence of medical or psychological contraindications for bariatric surgery; (iii) absence of current
excessive drinking, as defined by average daily consumption
of alcohol of 20 g/day for women and 30 g/day for men, and
no history of past excessive drinking for a period longer
than 2 years at any time in the past 20 years; (iv) absence
of long-term consumption of hepatotoxic drugs; and
(v) negative screening for chronic liver diseases including
negative testing for hepatitis B surface antigen and
hepatitis C virus antibodies, and no evidence of genetic
hemochromatosis.
Surgical methods

Details of surgical methods were given elsewhere [13]. In
summary, from 1994 to 2001, only biliointestinal bypass and
the gastric band (Lap-Band System, INAMED Health,
Santa Barbara, California, USA) were proposed. After 2001,
gastric bypass (partitioning of the upper stomach to create
a small gastric pouch and gastrojejunostomy to re-establish
gastrointestinal continuity) was performed. Starting in
2004, biliointestinal bypass was no longer performed and
was completely replaced by gastric bypass. When surgery
was planned, patients were free to choose the surgical
procedure. Informed written consent was obtained from all
patients, and the study was conducted in conformity with
the Helsinki Declaration.
Clinical and biological data

The following clinical and biological features were assessed
prospectively before and at 1 and 5 years after surgery:

weight, BMI, blood pressure, ALT, g-glutamyl transferase
(GGT), prothrombin time, platelets, serum triglyceride,
cholesterolemia, fasting blood glucose, and fasting insulin.
Diabetes, hypercholesterolemia, and hypertriglyceridemia
were defined as follows: fasting blood glucose greater than
1.26 g/l, cholesterolemia greater than 2.4 g/l, and serum
triglyceride greater than 1.5 g/l.

Histological study

Liver biopsies were classified by two pathologists (E.L.
and D.B.) blinded to the order of the biopsies and clinical
and biological data. Liver biopsies were performed during
the operative procedure. Biopsies were routinely stained
with hematoxylin and eosin and Masson’s trichrome.
During the prospective part of the study, histological
features were scored according to the same criteria as
those used in the FT/AT [14,15], ST [16], and NT [17]
validations of NAFLD, and those used in the NAFLD
scoring system (NAS) [18,19].
Fibrosis was prospectively scored using a predetermined
scoring system equivalent to the METAVIR scoring
system [20] and used in the first FT validation in
NAFLD [15]. Fibrosis was staged on a scale of 0–4:
F0 = no fibrosis, F1 = portal fibrosis or perivenular
fibrosis without septa, F2 = few septa, F3 = numerous
septa without cirrhosis, and F4 = cirrhosis.
Steatosis was quantified by low-power to medium-power
evaluation of parenchymal involvement by steatosis (percentage of steatosis). Steatosis was scored using the NAS
from 0 to 3 with a four-grade scoring system from S0 to S3:
S0 = no steatosis or less than 5%, S1 = 5–33%, S2 = greater
than 33–66%, and S3 = greater than 66% [19].
NASH was classified using the NAS [19]. Biopsies were
assigned at random to pathologists. NAS is defined as the
unweighted sum of scores for steatosis (0–3), lobular
inflammation (0–3), and ballooning (0–2), thus ranging
from 0 to 8. Cases with NAS of 0–2 were not considered
as NASH; in contrast, most cases with scores of 5 or
greater were diagnosed as NASH. Cases with activity
scores of 3 and 4 were considered as borderline (probable
or possible) NASH [19].

Biomarker measurements

FT, ST, AT, and NT (Biopredictive, Paris, France; FibroSURE LabCorp, Burlington, North Carolina, USA) were
determined as published earlier [14]. Published recommended pre-analytical and analytical procedures were used
[14]. The FT included a2-macroglobulin, apolipoprotein
A1, haptoglobin, total bilirubin, and GGT, adjusted for age
and sex. The AT included the same five components in
addition to ALT. The ST and NT included the same six
components as AT plus serum glucose, triglycerides, and
cholesterol, adjusted for age, sex, and BMI.
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FT, AT, and ST scores ranged from 0 to 1.00, with higher
scores indicating greater probability of significant lesions.
Predetermined FT conversion for the METAVIR fibrosis
stage scoring system was 0.00–0.27 for F0, greater than
0.27–0.48 for F1, greater than 0.48–0.58 for F2, greater
than 0.58–0.74 for F3, greater than 0.74 for F4 [14].
Predetermined AT conversion for the METAVIR activity
grade scoring system was 0.00–0.17 for A0, greater than
0.17–0.52 for A1, greater than 0.52–0.62 for A2, greater
than 0.62 for A3 [21].
Predetermined ST conversion for steatosis grade was
0.00–0.57 for S0, greater than 0.57–0.69 for S1, and
greater than 0.69–1.000 for S2–S3 [16].
The NT is a 3-category score for predicting three NAS
categories: 0.25 indicates ‘No-NASH’, 0.50 indicates
‘Possible NASH’, and 0.75 indicates ‘NASH’ [17].
Patent references were as follows: FT–AT: United States
Patent of Trademark Office: #6631330, ST: #20090111132,
and NT: #20080145864. Components were assessed
using preanalytical and analytical recommended methods:
GGT, ALT, serum glucose, triglycerides, cholesterol, and
total bilirubin were measured using a Hitachi 917
(Mannheim, Germany). Standard manufacturer algorithms were used to exclude a high-risk profile of falsenegatives/false-positives [14].

Secondary outcomes consisted of the AUROC according
to the standard definition of liver injury and predictive
values using predetermined cutoffs as defined in validation of biomarkers in NAFLD. Advanced fibrosis, defined
as being higher than F1 (patients F2, F3, or F4) was
presumed when the FT result was greater than 0.48.
Fibrosis (patients with fibrosis stage of at least F1) was
presumed when the FT result was greater than 0.27.
Advanced steatosis, defined by a NAS above S1 (or more
than 33% steatosis, i.e. S2/S3) was presumed for a ST
greater than 0.69. Stage S1 (NAS definition: steatosis
between 5 and 33%) was defined as a ST greater than
0.38 [16]. For NASH the definition used consisted of
NAS categories (with no NASH: NAS < 3, possible NAS
as 3 or 4, and NASH as > 4) [19]. The categories were
defined, respectively, by a NT equal to 0.25, 0.5, or 0.75.
The precision of the AT for diagnosis of NASH (NAS >
4) was also studied. The diagnostic threshold of the AT
used to predict NASH was that initially elaborated for
evaluating the histological activity of viral hepatitis. A
NASH (NAS > 4) was presumed when the AT was 0.29,
that is, METAVIR activity stage A1. Possible NASH
(NAS > 2) was defined as an AT greater than 0.17
(equivalent to stage A0). Sensitivity analysis of biomarker
diagnoses was carried out in patients with diabetes versus
patients without diabetes, as the risk of liver injury may
be different in patients with diabetes.

Results
Patients included
Statistical analysis

To account for a spectrum effect [22,23] and prevent
multiple testing risks [22], the primary endpoint for each
biomarker performance was the Obuchowski measure. This
measure is a multinomial version of the area under the
receiver operating characteristic curve (AUROC). With N
categories of gold standard outcome (histological fibrosis
stage or activity grade) and AUROCst, the estimate of the
AUROC of diagnostic tests for differentiating between
categories s and t, the Obuchowski measure is a weighted
average of N(N – 1)/2 with different AUROCst corresponding to all pairwise comparisons between two of the N
categories. Each pairwise comparison was weighted to take
into account the distance between grades or stages (i.e. the
number of units on the ordinal scale). A penalty function
proportional to the difference in METAVIR units between
grades was defined, the penalty function was 0.33 when the
difference between stages was 1, 0.67 when the difference
was 2, and 1 when the difference was 3. The Obuchowski
measure can be interpreted as the probability that the
noninvasive index will correctly rank two randomly chosen
patient samples from different activity grades according to
the weighting scheme, with a penalty for misclassifying
patients [22]. Note that the overall Obuchowski measure is
not equivalent to the usual AUROC, as measurements are
weighted according to distance between stages.

Between 1994 and 2009, 871 patients were consecutively
hospitalized for morbid obesity and were followed
prospectively. From June 2006 to December 2009,
biologic measures for FT and ST were routinely made.
Four hundred and twenty-four patients were treated by
a bariatric surgical procedure during that period. Two
hundred and eighty-eight (67.9%) patients were included
in the diagnostic study. One hundred and thirty-six
patients were excluded for the following reasons: the
biological collection sample lacked at least one biomarker
(n = 76), patient renouncement (n = 14), extreme values
detected by the security algorithm [n = 3, one of whom
had triglyceride levels at 54 g/l, another with fasting
glucose of 13.3 mmol/l, and a third with apoA1 at 0.1 g/l.
The biological profile was considered as being at high risk
of false-positives/false-negatives if the switch of one
parameter from the usual median value induced variability in the biomarker (FT or ST) of greater than 0.30], if
there was absence of liver tissue because of failure of the
biopsy procedure (n = 11), or if the liver sample size was
considered uninterpretable by our pathologists for
histological scoring (n = 32) (Fig. 1).
Performance of FibroTest for diagnosis of fibrosis

Prevalence of advanced fibrosis was 6.9%. For diagnosis of
advanced fibrosis defined using the F2, F3, F4, METAVIR-like definition, the AUROC mean (95% confidence
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Fig. 1

Fig. 2

From 1994 to 2009, 871 patients were treated by bariatric
surgery and prospectively followed in the Lille bariatric
cohort

(a)

1.00

FibroTest ROC for advanced fibrosis

0.75
Patients (447) were treated
before 1 June 2006 or were
duplicates (32 of 447)

0.50

0.25
From June 2006 to December 2009, 424 patients were
treated by bariatric surgery and scheduled for
histological evaluation (liver biopsy) and a liver biological
test (FibroTest, NashTest, ActiTest)

(b)

1.00

0.25

0.50

0.75

1.00

SteatoTest ROC for advanced steatosis

0.75
Sensitivity

Patients (136) not included for
histological fibrosis staging or
steatosis staging, because of missing
data
Or for FT or ST not assessed or
without interpretable FT/ST
(extreme value of triglycerides/
glucose/apoA1 detected by security
algorithms)

0.00
0.00

0.50

0.25
Patients (288) included with both histological and biological
test, after bariatric surgery

0.00
0.00

0.25

0.50

0.75

1.00

Flow chart of the study. FT, FibroTest; ST, SteatoTest.

(c)

interval; significance vs. random) of FT was 0.82 (0.67–
0.90; P < 0.0001) (Fig. 2a).
The Obuchowski measure was assessed after grouping
F2, F3, and F4 because of the small sample size. FT
overall weighted accuracy was 0.85 (0.83–0.87) (Table 1).
Weighted accuracy was similar in patients with diabetes
0.82 (0.79–0.85) and in the overall group. FT values
according to each stage are given in Fig. 3a.
Performance of SteatoTest for diagnosis of steatosis

Advanced steatosis (> 33%) was present in 48.3% patients.
For diagnosis of advanced steatosis, the AUROC of ST was
0.70 (0.63–0.75; P < 0.0001) (Fig. 2b). ST, overall,
weighted accuracy for all steatosis grade pairwise comparisons (S0/S1/S2S3) (Obuchowski measure) of ST was 0.81
(0.79–0.83); for ALT it was 0.74 (0.72–0.76; lower than ST:
Z = 2.3, P < 0.0001) (Table 2). Weighted accuracy was
similar in patients with diabetes 0.76 (0.70–0.82) and in the
overall group. ST values according to each grade are given
in Fig. 3b.
Performance of NashTest and ActiTest in diagnosis
of NASH

NT was missing for 14 patients. The prevalence of NASH
was 6.9%; for NASH or possible NASH it was 27.0%

1.00

ActiTest ROC for NASH

0.75

0.50

0.25

0.00
0.00

0.25

0.50
1-Specificity

0.75

1.00

Receiver operating characteristic (ROC) curves of biomarkers for
diagnosis of liver injury in patients with morbid obesity. (a) Advanced
fibrosis defined as METAVIR F2F3F4 (significant fibrosis). (b)
Advanced steatosis defined as steatosis NAS = S2S3 (percentage
steatosis Z 33%). (c) Nonalcoholic steatohepatitis (NASH) defined
as NAS greater than 4.

(Table 3). The concordance rate between histological NAS
and that predicted by the NT was 43.1% (P < 0.0001), but
with a weak k-reliability test (0.14). Among 76 patients
presumed to be no-NASH by NT, 68 were no-NASH, six
were possible NASH, and two were NASH at biopsy;
among 183 presumed possible-NASH by NT, 124 were noNASH, 46 were possible NASH, and 13 were NASH at
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Accuracy (weighted area under the receiver operating characteristic curves) of the FibroTest for pairwise fibrosis stage diagnosis
in 288 patients with morbid obesity

Table 1

F0 (n = 170)
FibroTest
F1 (n = 98)
FibroTest

F1 (n = 98)

F2/F3/F4 (n = 20)

0.525 (0.013)

0.693 (0.056)
0.621 (0.064)

Overall mean (standard error) accuracy of the FibroTest (Obuchowski measure) was 0.847 (0.006); not significant.
Note that the overall Obuchowski measure is not equivalent to a usual area under the receiver operating characteristic curves as weighted according to distance between stages.
Fig. 3
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0.75
ActiTest

(c) 1.00

FibroTest
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(d) 1.00
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3

Box plots of biomarkers according to liver injury. (a) FibroTest and METAVIR fibrosis stage. (b) SteatoTest and NAS steatosis grade. (c) ActiTest and
NAS score for NASH. (d) ActiTest and NAS score for ballooning. (e) ActiTest and NAS score for inflammation.
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Table
2 Accuracy
(weighted area under the receiver
operating characteristic curves) of the SteatoTest and alanine
aminotransferase for pairwise steatosis grade diagnosis in 288
patients with morbid obesity

S0 (n = 36)
SteatoTest
Alanine aminotransferase
S1 (n = 113)
SteatoTest
Alanine aminotransferase

S1 (n = 113)

S2–S3 (n = 139)

0.657 (0.042)
0.506 (0.028)

0.795 (0.035)
0.564 (0.028)
0.535 (0.034)
0.538 (0.023)

The overall mean (standard error) accuracy of the SteatoTest [Obuchowski
measure, 0.807 (0.013)] was significantly greater than that of ALT [0.743 (0.008),
Z = 4.7, P < 0.0001].
Note that the overall Obuchowski measure was not equivalent to the usual area
under the receiver operating characteristic curves as weighted according to
distance between stages.

Comparison of characteristics of patients included or not
included in the diagnostic study
Table 3

Characteristics
Female sex: no (%)
Age (years): mean (SD)
BMI (kg/m2):
mean (SD)
Diabetes mellitus:
no (%)
Arterial hypertension:
no (%)
Dyslipidemia: no (%)
Cholesterolemia
(mmol/l): mean (SD)
Serum triglycerides
(mmol/l): mean (SD)
ALT (IU/l): mean (SD)
GGT (IU/l): mean (SD)
Fasting blood glucose
(mmol/l): mean (SD)
Fibrosis F0/F1/F2/F3/
F4: no (%) (METAVIR
scoring system)
Inflammation I0/I1/I2/I3
(Kleiner score)
Ballooning B0/B1/B2:
no (%) (Kleiner
score)
Steatosis S0/S1/
S2–S3 (Kleiner
score)
Extent of steatosis (%):
mean (SD)
NAS (Kleiner score)
0–2 No NASH
3–4 Possible
5–8 NASH

Patients not included
(n = 136)a

Patients included in
biomarker validation
(n = 288)a

104 (76.5%)
41.2 (11.6)
49.4 (8)

220 (76.4%)
41.6 (12.8)
48.6 (8.9)

82/122 (32.8%)

92 (31.9%)

87/123 (70.7%)

174 (60.4%)

65/124 (47.6%)
4.9 (0.9)

167 (58.0%)
4.94 (0.88)

1.48 (0.75)

1.58 (0.88)

30.8 (17.8)
38.6 (31.2)
6.2 (2.7)

34 (23)
44 (48)
6.2 (2.4)

39 (60%)/23 (35.4%)/
1 (1.5%)/2 (3%)/0
(N = 65)b
56 (75.6)/13 (17.6%)/5
(6.7%)/(0%) (N = 74)b

170 (59.0%)/98
(34.0%)/13 (4.5%)/2
(0.7%)/5 (1.7%)
196 (71.3%)/64
(23.3%)/11 (4.0%)/4
(1.5%)
237 (86.2%)/24
(8.7%)/14 (5.1%)

65 (87.8%)/6 (8.1%)/3
(4%) (N = 74)b
10 (13.1%)/34
(44.7%)/32 (42.1%)
(N = 76)b
33.3 (26.1)

36 (12.5%)/113
(39.2%)/139 (48.3%)

54 (73.9%)
15 (20.5%)
4 (5.4%)

199 (72.6%)
56 (20.4%)
19 (6.9%)

Accuracy (weighted area under the receiver operating
characteristic curves) of the ActiTest and alanine aminotransferase
for pairwise nonalcoholic fatty liver disease scoring system
category diagnosis in 288 patients with morbid obesity

Table 4

No NASH (n = 170)
ActiTest
ALT
Possible NASH (n = 98)
ActiTest
ALT

Possible NASH (n = 98)

NASH (n = 20)

0.598 (0.033)
0.518 (0.025)

0.720 (0.057)
0.693 (0.058)

0.598 (0.033)
0.518 (0.025)

0.634 (0.064)
0.667 (0.066)

The overall mean (standard error) accuracy of the ActiTest [Obuchowski measure,
0.774 (0.018)] was significantly greater than that of ALT [0.734 (0.016), Z = 2.7,
P = 0.006].
Note that the overall Obuchowski measure was not equivalent to the usual area
under the receiver operating characteristic curves as weighted according to
distance between stages.
ALT, alanine aminotransferase; NASH, nonalcoholic steatohepatitis.

Using the quantitative biomarker AT, the AUROC were
highly significant for diagnosis of NASH: AT = 0.81
(0.70–0.88; P = 0.002) (Fig. 2c), and for diagnosis of
possible-NASH or NASH = 0.74 (0.67–0.80; P < 0.0001).
Overall accuracy for all NAS category pairwise comparisons (No-NASH/possible-NASH/NASH) (Obuchowski
measure) of AT was: 0.77 (0.73–0.81; P < 0.0001); for
ALT it was 0.74 (0.70–0.78; P < 0.0001 lower than AT:
Z = 2.7, P = 0.006). Details are given in Table 4.
Weighted accuracy was similar in patients with diabetes
0.83 (0.79–0.87) and the overall group. AT values
according to each NAS category are given in Fig. 3c.
Sensitivity analysis restricted to patients with
high-quality liver samples

We performed sensitivity analysis according to the quality
of liver samples that was considered satisfactory using
earlier published criteria [24,25]. In this sensitivity
analysis, restricted to patients (n = 251) with a high
quality liver sample (Z 10 mm or at least six portal
tracts), the AUROC mean of FT [0.80 (0.64–0.90;
P < 0.0001] for diagnosis of advanced fibrosis, the
AUROC mean of ST [0.7 (0.64–0.76), P < 0.0001] for
diagnosis of advanced steatosis, and the AUROC of AT
[0.799 (0.68–0.88), P = 0.004] for diagnosis of NASH
remained highly significant.

31.8 (25.0)

Sensitivity, specificity and predictive values

ALT, alanine aminotransferase; GGT, g-glutamyl transferase; NAS, nonalcoholic
fatty liver disease scoring system; NASH, nonalcoholic steatohepatitis.
a
See for example Fig. 1.
b
Values for n/N patients (all histological values were not available for the 136
patients, not included).

biopsy; among 15 patients presumed to be NASH by NT,
seven were no-NASH, four were possible NASH, and four
were NASH at biopsy.

Diagnostic values according to predetermined cutoffs are
detailed in Table 5. For fibrosis, the positive predicted
value (PPV) was 87.5% for diagnosis of fibrosis greater
than F0 using the 0.27 cutoff; the negative predictive
value (NPV) for fibrosis greater than F1 was 93.8% using
the 0.48 cutoff.
For steatosis, the PPV of the ST was 92.4% for diagnosis of
steatosis greater than S0 using the 0.38 cutoff; the NPV for
steatosis greater than S1 was 59.3% using the 0.69 cutoff.
For steatohepatitis the NPV of the AT was 96.0% for
diagnosis of NASH (NAS > 4) using the 0.29 cutoff; the
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Table 5

Sensitivity, specificity, and predictive values of biomarkers according to predetermined cutoffs

Biomarker (cutoff)
FibroTest (0.27)
FibroTest (0.48)
SteatoTest (0.38)
SteatoTest (0.69)
ActiTest (0.29)
ActiTest (0.17)

Disease (prevalence; %)
> F0
> F1
> S0
> S1 33
NAS > 4
NAS > 2

(41.0)
(6.9)
(87.5)
(48.3)
(6.9)
(27.4)

Se (%)
14/118
1/20
219/252
58/139
9/19
29/75

a

(11.9)
(5.0)
(86.9)
(41.7)
(47.4)
(38.7)

NPV (%)

Sp (%)

168/272 (61.8)
267/286 (93.4)
18/51 (35.3)
118/199 (59.3)
239/249 (96.0)
167/213 (78.4)

168/170 (98.8)
267/268 (99.6)
18/36 (50.0)
118/149 (79.2)
239/255 (93.7)
167/199 (83.9)

PPV (%)
14/16 (87.5)
1/2
(50.0)
219/237 (92.4)
58/89 (65.2)
9/25 (36.0)
29/61 (47.5)

NAS, nonalcoholic fatty liver disease scoring system; NPV, negative predictive value; PPV, positive predictive value; Se, sensitivity; Sp, specificity.
a
Number of patients n/N and percentage.

PPV for possible/NASH or NASH (NAS > 2) was 47.5%
using 0.17 cutoff.

interval = 0.61–0.83), respectively [15]. These FT performances were also similar to those observed in FT metaanalyses of different liver diseases [14].

Discussion

Other noninvasive biomarkers such as the Fibrometer warrant evaluation in obese patients with NAFLD. However,
we were unable to evaluate this score as hyaluronic acid,
one of its components, was not prospectively assessed in
our patients.

This independent study of patients with morbid obesity
confirms the earlier observed accuracy of biomarkers in
diagnosis of liver injury in patients with NAFLD.
Weighted accuracy was crucial for assessing these validations, as the spectrum of liver injury varies significantly
between different populations of NAFLD [22].
FibroTest area under the receiver operating
characteristic curves for fibrosis

Like other studies [4,12,13], this study also used the
METAVIR Score for grading fibrosis, as there is high interobserver agreement (k approximately = 0.8) [26]. Currently, the Brunt Score, specifically developed in patients
with NAFLD, is considered the standard. However, both
scores enable classifying those patients according to the
presence or absence of significant fibrosis.
Owing to a low prevalence of advanced fibrosis,
performances that fell between stages F2, F3, and F4
could not be assessed in the present population. The
performance of biomarkers must be validated in larger
populations of obese patients so as to be able to compare
the performance between stages F2, F3, and F4 and
between the different NAS categories. As in other studies
[11,27], we observed, in our morbid obesity population, a
low prevalence of advanced fibrosis 6.9% versus 24 and
32% in the NT training and validation groups, respectively, which included many patients with NASH [17];
ST validation subgroups showed 23–50% advanced
fibrosis, but included patients with viral hepatitis C and
alcoholic liver disease [16]. Likewise, FT validation
studies in NAFLD patients included 15–24% of fibrosis,
but were carried out in patients with NASH [15]. Owing
to the limited number of patients with advanced fibrosis,
it was not possible in this study to compare diagnostic
sensitivity between the advanced fibrosis stages.
For advanced fibrosis, the observed FT AUROC was 0.82
(95% CI 0.67–0.90) and the weighted AUROC was 0.85
(95% CI 0.83–0.87), which were no different than the FT
AUROC observed in the initial validation study of the
reference center and the multicenter validations: 0.86 (95%
confidence interval = 0.77–0.91) and 0.75 (95% confidence

SteatoTest area under the receiver operating
characteristic curve for steatosis

For steatosis, the spectrum was in sharp contrast to that
of fibrosis, with a low prevalence of patients without
disease. Only 12.5% had no steatosis, or less than 5%,
versus 24 and 32% in training and validation groups,
respectively, in NT validation [17]; 23–50% among
subgroups in ST validation [16]; and 15–24% among
populations in FT validation in NAFLD patients [15]. It
was therefore not possible to assess the accuracy of the ST
between patients without steatosis and those with less than
5% steatosis. The ST was not designed for comparison
between steatosis greater than 66 versus 33–66%. This
study confirms that there was no significant difference
between these two grades of steatosis (Fig. 3b).
For advanced steatosis, the observed AUROC of 0.70
(95% confidence interval = 0.63–0.75) and the weighted
AUROC of 0.81 (95% confidence interval = 0.79–0.83)
were also similar to the AUROC observed in the initial
validation study, that is, 0.79 (95% confidence interval =
0.75–0.83) [16].
NashTest, ActiTest, and steatohepatitis

For NASH, the prevalence of overt NASH at biopsy using
the NAS was low in this study, only 6.9 versus 17 and 36%
in training and validation groups in NT validation, and 17
and 34% among populations in the FT validation in
NAFLD patients. Therefore, the power of this study in
validating agreement between NT and biopsy was low,
with only 15 cases presumed by the NT and 19 at biopsy.
We observed significant accuracy of the AT for diagnosis
of overt NASH as well as for pairwise comparison
between NAS categories. The AT had initially been
designed for necroinflammatory histological activity
diagnosis in chronic hepatitis C and B. Indeed, it will
be interesting to determine the AT performance in

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.
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patients with morbid obesity and in other NAFLD
populations. AT included ALT in its formula, but had
higher accuracy than ALT alone ‘for diagnosis of the NAS
category (Table 4)’ as shown earlier in patients with
chronic hepatitis C [21].
One limitation of liver biomarker validation is the
absence of a perfect gold standard. Liver biopsy, even
when the length is greater than 25 mm, also has a high
percentage of false-positives/false-negatives [28].

9

10
11

12

13

Conclusion

Despite these limitations, independent validation of FT,
ST, and NT in patients with morbid obesity should
reduce the need for liver biopsy in these patients. The
accuracy of AT as a biomarker of NASH and ballooning
must be further investigated. Studies should now
determine whether use of these biomarkers facilitates
the evaluation of the impact of bariatric surgery and other
treatments for morbid obesity.
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