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Nonalcoholic fatty liver disease (NAFLD) is one of the most common liver diseases in affluent
countries. Accurate noninvasive tests for liver injury are urgently needed. The aim of this study
was to evaluate the accuracy of transient elastography for the diagnosis of fibrosis and cirrhosis in
patients with NAFLD and to study factors associated with discordance between transient elas-
tography and histology. Two hundred forty-six consecutive patients from two ethnic groups had
successful liver stiffness measurement and satisfactory liver biopsy specimens. The area under the
receiver-operating characteristics curve (AUROC) of transient elastography for F3 or higher and
F4 disease was 0.93 and 0.95, respectively, and was significantly higher than that of the aspartate
aminotransferase–to–alanine aminotransferase ratio, aspartate aminotransferase–to–platelet ratio in-
dex, FIB-4, BARD, and NAFLD fibrosis scores (AUROC ranged from 0.62 to 0.81, P < 0.05 for all
comparisons). At a cutoff value of 7.9 kPa, the sensitivity, specificity, and positive and negative
predictive values for F3 or greater disease were 91%, 75%, 52%, and 97%, respectively. Liver stiffness
was not affected by hepatic steatosis, necroinflammation, or body mass index. Discordance of at least
two stages between transient elastography and histology was observed in 33 (13.4%) patients. By
multivariate analysis, liver biopsy length less than 20 mm and F0-2 disease were associated with
discordance. Conclusion: Transient elastography is accurate in most NAFLD patients. Unsatisfactory
liver biopsy specimens rather than transient elastography technique account for most cases of discor-
dance. With high negative predictive value and modest positive predictive value, transient elastogra-
phy is useful as a screening test to exclude advanced fibrosis. Liver biopsy may be considered in
NAFLD patients with liver stiffness of at least 7.9 kPa. (HEPATOLOGY 2010;51:454-462.)

See Editorial on page 370.

Nonalcoholic fatty liver disease (NAFLD) is one
of the most common chronic liver diseases
worldwide.1 It is strongly associated with

metabolic syndrome and obesity,2,3 and may progress
to cirrhosis and hepatocellular carcinoma.4,5 The prog-

nosis depends heavily on histological severity. Al-
though patients with simple steatosis have excellent
prognosis, those with nonalcoholic steatohepatitis tend
to progress and have hepatic complications.6

Traditionally, liver biopsy is the gold standard for the
assessment of hepatic necroinflammation and fibrosis.
However, the procedure carries a small risk of complica-

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; AUROC, area under the receiver-operating characteristics curve; BMI, body mass
index; CI, confidence interval; IQR, interquartile range; LSM, liver stiffness measurement; NAFLD, nonalcoholic fatty liver disease.
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tions and may not be acceptable to some patients. Because
a standard liver biopsy sample only represents approxi-
mately 1/50,000 of the whole liver mass, sampling bias
may occur. When both lobes of the livers underwent bi-
opsy during bariatric surgery, fibrosis stage was discordant
between the two samples in half of the cases.7 Noninvasive
tests for NAFLD are urgently needed.8,9

Transient elastography by Fibroscan is a noninvasive
method for the diagnosis of liver fibrosis. It has high de-
gree of accuracy and reproducibility in predicting bridg-
ing fibrosis and cirrhosis in patients with viral
hepatitis.10-13 Nevertheless, NAFLD patients are under-
represented in previous validation studies. Whether fac-
tors other than fibrosis, such as hepatic steatosis and
prehepatic fat, may affect liver stiffness is uncertain. Fac-
tors associated with inaccurate measurements have not
been evaluated.

In this study, we aimed to evaluate the accuracy of
transient elastography and biochemical tests for the diag-
nosis of fibrosis and cirrhosis in a large cohort of NAFLD
patients, and to test whether liver stiffness is altered by
hepatic steatosis, inflammation, and obesity. We also
aimed to identify factors associated with discordance be-
tween liver stiffness measurements (LSM) and histology.

Patients and Methods
Consecutive patients with NAFLD undergoing liver

biopsies at the University Hospital of Pessac, France, and
Prince of Wales Hospital, Hong Kong, were prospectively
recruited. We included patients age 18 years or older.
Men who consumed more than 30 g alcohol per day and
women who consumed more than 20 g alcohol per day
were excluded. Patients with secondary causes of hepatic
steatosis (such as chronic use of systemic corticosteroids),
positive hepatitis B surface antigen, anti-hepatitis C virus
antibody, or histological evidence of other concomitant
chronic liver diseases were also excluded. Because the aim
of transient elastography was to diagnose significant fibro-
sis and early cirrhosis, patients with clinical and radiolog-
ical evidence of cirrhosis were excluded (for example,
bilirubin �30 �mol/L, albumin �35 g/L, international
normalized ratio �1.3, platelet count �150 � 109/L,
ascites, varices, splenomegaly). All patients gave informed
written consent.

Clinical Assessment. Comprehensive clinical assess-
ment was performed. Co-morbid illness and drug/herb
intake was recorded with a standard questionnaire. An-
thropometric tests included body weight, body height,
and waist circumference measurements. Body mass index
(BMI) was calculated as weight (kg) divided by height (m)
squared. Waist circumference was measured at a level
midway between the lower rib margin and iliac crest with

the tape all around the body in the horizontal position.
On the day of liver biopsy, a fasting venous blood sample
was taken for albumin, bilirubin, alanine aminotransfer-
ase (ALT), glucose, total cholesterol, and triglycerides.

In patients with complete biochemical data, the per-
formance of transient elastography was compared with
that of other prediction scores. The aspartate aminotrans-
ferase (AST)-to-platelet ratio index was calculated as AST
(/upper limit of normal)/platelet count (�109/L) �
100.14 FIB-4 was calculated as age � AST (U/L)/platelet
count (�109/L) � � �ALT (U/L).15 Cutoff values for
NAFLD patients were adopted.16 The NAFLD fibrosis
score was calculated according to the following formula:
�1.675 � 0.037 � age (years) � 0.094 � BMI (kg/
m2) � 1.13 � impaired fasting glyceamia (IFG)/diabetes
(yes � 1, no � 0) � 0.99 � AST/ALT ratio � 0.013 �
platelet (�109/L) � 0.66 � albumin (g/dL).17 The
BARD score was the weighted sum of three variables
(BMI � 28 � 1 point, AST/ALT ratio � 0.8 � 2 points,
diabetes � 1 point).18

Histological Assessment. In this study, liver histology
serves as the gold standard for evaluating the diagnostic
accuracy of transient elastography. Percutaneous liver bi-
opsy was performed using the 16G Temno or Menghini
needle. Liver biopsy specimens were fixed in formalin and
embedded in paraffin. Liver histology was assessed by ex-
perienced histopathologists (B.L.B., P.C.C.) who were
blinded to the clinical data. Liver specimens shorter than
15 mm were excluded. Histological scoring was per-
formed according to the system reported by Kleiner et
al.19 Grade of steatosis was defined according to Kleiner et
al.: 0 � steatosis � 5%, 1 � steatosis 5% to 33%, 2 �
steatosis � 33% � 66%, 3 � steatosis � 66%. Fibrosis
was staged from 0 to 4: stage 0 � absence of fibrosis; stage
1 � perisinusoidal or portal; stage 2 � perisinusoidal and
portal/periportal; stage 3 � septal or bridging fibrosis;
and stage 4 � cirrhosis.

Transient Elastography. LSM was performed within
1 week before liver biopsy by using transient elastography
according to the instructions and training provided by the
manufacturer. Measurements were performed on the
right lobe of the liver through intercostal spaces with the
patient lying in dorsal decubitus with the right arm in
maximal abduction. Ten successful acquisitions were per-
formed on each patient. The median value represented
the liver elastic modulus. Only cases with 10 successful
acquisitions were evaluated. The liver stiffness was ex-
pressed in kiloPascal (kPa). The success rate was calcu-
lated as the number of successful measurements divided
by the total number of measurements. The operators were
blinded to all clinical data and the diagnoses of the pa-
tients.
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Statistical Analysis. Statistical tests were performed
using the Statistical Package for Social Sciences version
16.0. Continuous variables were expressed as mean �
standard deviation or median (interquartile range [IQR])
as appropriate. Receiver-operating characteristics curves
were constructed to assess the overall accuracy of LSM
and to identify optimal cutoffs. The optimal cutoffs of
LSM for F2, F3, and F4 disease were chosen at points with
the highest Youden’s index. The relationship between ste-
atosis, NAFLD activity score, BMI, and LSMs was ad-
justed by fibrosis stage in a multiple linear regression
model. Significant discordance between transient elastog-
raphy and histology was defined as a difference in fibrosis
stage by 2 points or more. In the assessment of discor-
dance, both cutoff values identified in this study and those
reported by Yoneda et al.20 were used. Quantitative vari-
ables between groups were compared by unpaired t test,
Mann-Whitney U test, and one-way analysis of variance
followed by Bonferroni test. Categorical variables were
compared by chi-squared test or Fisher’s exact test. The
area under the receiver operating characteristics curves of
different noninvasive tests was compared by the Delong
test. All statistical tests were two-sided. Significance was
taken as P � 0.05.

Results
From May 2003 to April 2009, 309 consecutive pa-

tients with NAFLD underwent transient elastography
and liver biopsies. A total of 35 patients were excluded
because of liver biopsy length less than 15 mm. Twenty-
eight (10.2%) patients were excluded because of failure to
obtain 10 valid LSM acquisitions. Two hundred forty-six
patients with valid LSM acquisitions and satisfactory liver
biopsy specimens were included in the analysis. Patients
who failed LSM acquisitions had higher BMI (35.6 � 6.3
versus 28.0 � 4.5 kg/m2, P � 0.001) and waist circum-
ference (114 � 14 versus 94 � 12 cm, P � 0.001). Valid
LSM acquisitions were obtained in 62 of 63 (98.4%)
patients with BMI less than 25 kg/m2, 114 of 117
(97.4%) patients with BMI 25 to 30 kg/m2, and 70 of 94
(74.5%) patients with BMI of 30 kg/m2 or higher. The
rate of successful acquisitions at the same BMI was similar
in whites and Chinese. Thirty-one (12.6%) and 25
(10.2%) patients had advanced fibrosis and cirrhosis, re-
spectively (Table 1).

Accuracy of Transient Elastography. The LSMs of
patients with F0, F1, F2, F3, and F4 disease were 5.7 �
1.8, 6.8 � 2.4, 7.8 � 2.4, 11.8 � 5.2, and 25.1 � 17.1
kPa, respectively (P � 0.0001 by analysis of variance).
Patients with F3 and F4 disease had significantly higher
LSM than those with less fibrosis (Fig. 1). Overall, the
accuracy of transient elastography to detect F2 or higher,

F3 or higher, and F4 disease was good, with areas under
the receiver operating curve (AUROCs) of 0.84, 0.93,
and 0.95, respectively (Table 2). The corresponding AU-
ROCs were 0.87, 0.94, and 0.94, respectively, in the
French cohort, and 0.84, 0.92, and 0.97, respectively, in
the Chinese cohort.

The best LSM cutoff for F2 or greater disease was 7.0
kPa (Table 2). The negative predictive value to exclude F2
or greater disease was 84% (95% confidence interval [CI],
78%-90%). Cutoff values of 5.8 kPa and 9.0 kPa had
greater than 90% sensitivity and specificity to rule out and
rule in F2 disease, respectively.

The best cutoff for F3 or greater disease was 8.7 kPa
(Table 2). The negative predictive value to exclude F3 or
greater disease was 95% (95% CI, 91%-98%). Cutoff
values of 7.9 and 9.6 kPa had greater than 90% sensitivity
and specificity to rule out and rule in F3 disease, respec-
tively.

The best cutoff for F4 disease was 10.3 kPa (Table 2).
The negative predictive value to exclude cirrhosis was
99% (95% CI, 98%-100%). The same cutoff value also
had greater than 90% sensitivity to rule out cirrhosis. A
cutoff value of 11.5 kPa had greater than 90% specificity
to detect cirrhosis.

Factors Affecting LSM. Steatosis grade (P � 0.31),
NAFLD activity score (P � 0.31), serum ALT (P �
0.39), and BMI (P � 0.29) did not influence LSM after
adjusting for fibrosis stage (Fig. 2). Similarly, whites and
Chinese had similar LSMs at the same fibrosis stage (P �
0.22).

Prevalence of Discordance and Risk Factors. Dis-
cordance of at least two stages between transient elastog-
raphy and histology was observed in 33 (13.4%) patients
according to the cutoffs derived in this study. Transient
elastography predicted a higher fibrosis stage in 30 cases
and a lower fibrosis stage in three cases. Using cutoffs
reported by Yoneda et al.,20 discordance was also observed
in 33 (13.4%) patients. Transient elastography predicted
a higher fibrosis stage in 23 cases and a lower fibrosis stage
in 10 cases. Discordances occurred in seven (10.0%) pa-
tients with BMI of at least 30 kg/m2 and 26 (14.8%)
patients with BMI less than 30 kg/m2. Thus, among 94
obese patients, 24 failed to have valid LSM acquisitions,
and seven had discordant results. The overall success rate
of transient elastography (valid measurements plus cor-
rect classification) in patients with BMI of at least 30
kg/m2 was 67.0%. Among 37 patients with BMI of 35
kg/m2 or higher, 15 (41%) failed LSM acquisition, and
two (5%) had discordance between LSM and histology.
To avoid overfitting, Yoneda’s cutoffs were used to iden-
tify risk factors for discordance.
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By univariate analysis, younger age, Chinese ethnicity,
lower fibrosis stage, and shorter liver biopsy lengths were
associated with discordance (Table 1). Discordance oc-
curred in 25 of 144 (17.4%) patients with liver biopsy
lengths smaller than 20 mm, compared with 8 of 102
(7.8%) patients with liver biopsy lengths 20 mm or
greater (P � 0.031). Similarly, discordance occurred in
32 of 190 (16.8%) patients with F0F1F2 disease, but only
1 of 56 (1.8%) patient with F3 or higher disease (P �
0.002). Conversely, performance indices of transient elas-
tography were not associated with discordance. Discor-
dance occurred in 30 of 231 (13.0%) patients with at least
60% valid LSM acquisitions out of all measurements and
3 of 15 (20.0%) patients with valid LSM acquisitions
below 60% of all measurements (P � 0.43). Discordance
occurred in 3 of 25 (12.0%) patients with IQR/LSM ratio
above 0.3 and 30 of 221 (13.6%) patients with ratio be-
low 0.3 (P � 1.0). By multivariate analysis, only liver
biopsy length less than 20 mm (odds ratio, 2.7; 95% CI,
1.1-6.3; P � 0.024) and F3 or greater disease (odds ratio,
0.084; 95% CI, 0.011-0.63; P � 0.016) remained inde-
pendent factors associated with discordance.

Comparison Between Transient Elastography and
Other Biochemical Tests. As shown in Table 3, AU-
ROC of transient elastography was significantly higher
than that of AST/ALT ratio, AST-to-platelet ratio index,
FIB-4, NAFLD fibrosis score, and BARD score in the
diagnosis of both advanced fibrosis and cirrhosis. Among
the biochemical tests, the FIB-4 index was superior to
AST/ALT ratio (P � 0.0008), AST-to-platelet ratio index
(P � 0.017), and BARD score (P � 0.021) for the detec-
tion of F3 or greater disease, and superior to AST/ALT
ratio (P � 0.0061) and BARD score (P � 0.0031) for the
detection of cirrhosis.

In an ‘intention-to-treat’ analysis, all 274 patients who
underwent transient elastography and liver biopsy were
analyzed, and the 28 patients in whom LSM could not be
obtained were considered as not correctly classified. At the
cutoff of 8.7 kPa, the negative predictive value of transient
elastography in excluding F3 or greater disease remained
high at 89.3% (Table 4). However, the positive predictive
value was modest at 48.5%. Although the combined sen-
sitivities and specificities of the biochemical tests were
generally lower than those of transient elastography, they

Table 1. Clinical Characteristics of NAFLD Patients With and Without Discordant Results

Variable All (N � 246)
French Cohort (N

� 128)
Chinese Cohort

(N � 118)
No Discordance

(N � 213)
Discordance
(N � 33) P*

Age (years) 51 � 11 53 � 13 49 � 9 52 � 11 47 � 13 0.028
Male sex 135 (54.9%) 74 (57.8%) 61 (51.7%) 117 (54.9%) 18 (54.5%) 0.97
Ethnicity 0.007

Caucasian 128 (52.0%) 128 (100%) — 118 (55.4%) 10 (30.3%)
Chinese 118 (48.0%) — 118 (100%) 95 (44.6%) 23 (69.7%)

Body mass index (kg/
m2) 28.0 � 4.5 29.1 � 5.1 26.9 � 3.4 28.1 � 4.7 27.7 � 3.5 0.64

�25 kg/m2 63 (25.6%) 29 (22.7%) 34 (28.8%) 58 (27.2%) 5 (15.2%) 0.085
25-30 kg/m2 113 (45.9%) 52 (40.6%) 61 (51.7%) 92 (43.2%) 21 (63.6%)
�30 kg/m2 70 (28.5%) 47 (36.7%) 23 (19.5%) 63 (29.6%) 7 (21.2%)

Waist circumference
(cm) 94 � 12 99 � 13 90 � 10 94 � 13 93 � 9 0.55

Fasting glucose (mmol/
L) 6.4 � 2.6 6.5 � 3.1 6.3 � 2.3 6.5 � 2.7 6.1 � 2.2 0.52

Total cholesterol (mmol/
L) 5.4 � 1.3 5.5 � 1.4 5.3 � 1.1 5.3 � 1.3 5.6 � 0.9 0.18

Triglycerides (mmol/L) 2.2 � 3.2 1.9 � 1.3 2.4 � 3.8 2.3 � 3.5 2.1 � 1.7 0.77
ALT (IU/L) 75 � 54 82 � 64 67 � 39 75 � 55 75 � 47 0.96
Diabetes 89 (36.2%) 37 (28.9%) 52 (44.1%) 77 (37.4%) 12 (36.4%) 0.91
Hypertension 99 (40.2%) 50 (39.1%) 49 (41.5%) 87 (45.1%) 12 (36.4%) 0.35
Steatosis grade (1/2/3) 78/87/81 36/42/50 42/45/31 65/80/68 13/7/13 0.19
Fibrosis stage (0/1/2/

3/4) 70/75/45/31/25 14/42/36/21/15 56/33/9/10/10 55/67/36/31/24 15/8/9/0/1 0.013
NAFLD activity score 4 (3-5) 4 (3-5) 3 (2-4) 4 (3-5) 3 (2-4) 0.073
Liver biopsy length (mm) 21 � 7 24 � 8 18 � 3 22 � 7 19 � 4 0.002
Success rate (%)† 87 � 16 88 � 17 87 � 14 87 � 16 88 � 15 0.62
Median LSM (kPa) 9.2 � 8.2 9.7 � 9.7 8.6 � 6.4 9.3 � 8.8 8.2 � 2.8 0.48
IQR (kPa) 1.7 � 1.9 1.6 � 1.6 1.7 � 2.1 1.7 � 2.0 1.6 � 1.1 0.72
IQR/median ratio 0.17 � 0.09 0.17 � 0.09 0.18 � 0.09 0.17 � 0.09 0.18 � 0.09 0.73

*Comparison between patients with and without discordance.
†Success rate � Number of valid LSM acquisitions divided by the total number of measurements.
ALT, alanine aminotransferase; HDL, high-density lipoprotein; IQR, interquartile range; LDL, low-density lipoprotein; LSM, liver stiffness measurement.
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also had negative predictive values over 80% at the low
cutoff values (Table 4).

Clinical Use of Transient Elastography. Two strat-
egies using transient elastography to diagnose and exclude
advanced fibrosis in NAFLD patients were evaluated: (1)
use a single cutoff with the best overall sensitivity and
specificity; (2) use two cutoffs with high sensitivity and
specificity.

If liver biopsies were reserved for patients with LSM of
at least 8.7 kPa, only 79 (32.1%) would require the pro-

cedure. Eight (4.8%) patients with F3 disease and one
(0.6%) patient with cirrhosis would be missed (Table 2).

When two cutoffs were used, 148 (60.2%) patients
had LSM below the low cutoff of 7.9 kPa, and the nega-
tive predictive value was 96.6% (95% CI, 93.7%-99.5%)
(Table 2, Fig. 3). Fifty-eight (23.6%) patients had LSM
above the high cutoff of 9.6 kPa, and the positive predic-
tive value was 72.4% (95% CI, 60.9%-83.9%). If liver
biopsies were performed only in patients with LSMs be-
tween 7.9 and 9.6 kPa, 40 (16.3%) patients required the
procedure. Five (3.4%) patients with F3 disease would be
missed, and 16 (27.6%) patients without advanced fibro-
sis would be misclassified. Alternatively, if liver biopsies
were performed in all patients with LSM above 7.9 kPa,
98 (39.8%) would require the procedure.

Discussion
In this large prospective cohort of NAFLD patients,

transient elastography had high accuracy in detecting ad-
vanced fibrosis and cirrhosis. Successful measurement
could be obtained in more than 97% of patients with
BMI below 30 kg/m2 and 75% of obese patients. LSM
was not affected by hepatic steatosis, necroinflammation,
or obesity. Most discordance between transient elastogra-
phy and histology occurred in patients with short liver
biopsy lengths and mild or no fibrosis. In addition, tran-
sient elastography had superior performance to other
noninvasive biochemical tests in diagnosing advanced fi-
brosis and cirrhosis.

Transient elastography has been validated in chronic
viral hepatitis, cholestatic liver disease, and alcoholic liver
disease.11,21-24 According to a meta-analysis of nine stud-
ies, the pooled estimates of sensitivity and specificity are
87% and 91%, respectively, for cirrhosis and 70% and
84%, respectively, for F2 or higher disease.10 In a study of
97 Japanese patients with NAFLD, transient elastography
had good overall accuracy, with AUROCs of 0.87, 0.90,
and 0.99 for F2 or greater, F3 or greater, and F4 diseases,

Fig. 1. Boxplot of liver stiffness measurements according to fibrosis
stage. The bottom and top of each box represent the 25th and 75th

percentiles, giving the interquartile range. The line through the box
indicates the median, and the error bars indicate the 10th and 90th

percentiles. Note: *P � 0.01 compared with F0, F1, and F4, P � 0.05
compared with F2; **P � 0.001 compared with all other fibrosis stages
(comparison with Bonferroni correction).

Table 2. Accuracy of Transient Elastography

Stage AUROC Cutoff (kPa) Sensitivity (%) Specificity (%) PPV (%) NPV (%) LR� LR�

�F2 0.84 (0.79–0.90) 5.8 91.1 50.3 56.1 89.0 1.8 0.18
7.0 79.2 75.9 69.6 84.0 3.3 0.27
9.0 52.5 91.7 81.5 73.5 6.3 0.52

�F3 0.93 (0.89–0.96) 7.9 91.1 75.3 52.0 96.6 3.7 0.12
8.7 83.9 83.2 59.5 94.6 5.0 0.19
9.6 75.0 91.6 72.4 92.6 8.9 0.27

F4 0.95 (0.91–0.99) 10.3 92.0 87.8 46.0 99.0 7.5 0.091
10.3 92.0 87.8 46.0 99.0 7.5 0.091
11.5 76.0 91.0 48.7 97.1 8.4 0.26

For each fibrosis stage, cutoffs with sensitivity �90%, highest overall accuracy and specificity �90% were presented.
AUROC, area under the receiver-operating characteristics curve; LR, likelihood ratio; NPV, negative predictive value; PPV, positive predictive value.
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respectively.20 Similar levels of accuracy and reproducibil-
ity were observed in 50 pediatric NAFLD patients in Ita-
ly.25 However, in this study, only 10 patients had F3 or
higher fibrosis. Our study confirms that transient elastog-

raphy works well in both white and Asian NAFLD pa-
tients. At cutoff values of 8.7 and 10.3 kPa, the negative
predictive values to exclude F3 or greater disease and cir-
rhosis were 95% and 99%, respectively. The adoption of

Fig. 2. Boxplot of liver stiffness measurements in relation to the (A) degree of steatosis, (B) NAFLD activity score, and (C) BMI. One graph for each
fibrosis stage is provided.

Table 3. Area Under the Receiver Operating Characteristics Curves for Transient Elastography and Noninvasive Markers for
the Diagnosis of Advanced Fibrosis and Cirrhosis

N

>F3 F4

AUROC (95% CI)
AUROC for Fibroscan

(95% CI) P AUROC (95% CI)
AUROC for Fibroscan

(95% CI) P

AST/ALT 245 0.66 (0.58–0.74) 0.93 (0.89–0.96) �0.0001 0.66 (0.55–0.77) 0.95 (0.91–0.99) �0.0001
APRI 245 0.74 (0.67–0.82) 0.93 (0.89–0.96) �0.0001 0.75 (0.64–0.85) 0.95 (0.91–0.99) �0.0001
FIB-4 245 0.80 (0.74–0.87) 0.93 (0.89–0.96) 0.0004 0.81 (0.73–0.89) 0.95 (0.91–0.99) 0.001
NAFLD fibrosis score 228 0.75 (0.67–0.83) 0.92 (0.89–0.96) �0.0001 0.80 (0.69–0.92) 0.95 (0.91–0.99) 0.022
BARD score 244 0.69 (0.61–0.77) 0.93 (0.89–0.96) �0.0001 0.62 (0.50–0.75) 0.95 (0.91–0.99) �0.0001

P values refer to the comparison between transient elastography and other noninvasive tests.
ALT, alanine aminotransferase; APRI, AST-to-platelet ratio index; AST, aspartate aminotransferase; AUROC, area under the receiver-operating characteristics curve;

CI, confidence interval.
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transient elastography could potentially spare two thirds
of NAFLD patients from liver biopsies. Because the prev-
alence of NAFLD is high in many affluent countries, this
approach would be cost saving.

Conversely, the positive predictive value of transient
elastography and other noninvasive tests to diagnose ad-
vanced fibrosis in NAFLD patients remains modest.
Therefore, the main value of these tests is to exclude ad-
vanced fibrosis as screening tests. Based on our data, it is
reasonable to consider liver biopsy in patients whose LSM
is 7.9 kPa or above. When transient elastography is not
available, the biochemical tests reported in this study are
reasonable screening tests despite a lower overall accuracy.

LSM has been shown to be spuriously increased in
patients with acute hepatitis and extrahepatic cholestasis,
indicating that the stiffness of the liver is not attributable
to fibrosis alone.26-29 One unique feature of NAFLD pa-
tients is the accumulation of subcutaneous, prehepatic,
and hepatic fat. Whether this would affect LSM has major
clinical implications. In patients with chronic hepatitis C,
hepatic steatosis does not appear to influence LSM, al-
though patients with severe steatosis were underrepre-

sented.26 In this study, we clearly showed that hepatic
steatosis did not increase LSM in NAFLD subjects. Al-
though subcutaneous and prehepatic fat thickness was
not measured, patients with high BMI also did not have
increased LSM after adjusting for fibrosis stage. More-
over, ALT level and the NAFLD activity score did not
influence LSM. This is likely because severe necroinflam-
mation is rare in NAFLD subjects, and a milder degree of
necroinflammation has no major impact on LSM. Be-
sides, ALT level in NAFLD subjects mainly reflects the
degree of hepatic steatosis and correlates poorly with
necroinflammation.30

In patients with chronic hepatitis C, discordance be-
tween transient elastography and histology occurs more
commonly if the IQR/LSM ratio is high.31 In our study,
discordance occurred mainly in patients with shorter liver
biopsy lengths and lower fibrosis stages. Both factors in-
dicate that the discordance was attributable to understag-
ing by histology as a result of sampling bias. One possible
explanation of the phenomenon is that the distribution of
fibrous tissue may be less even in NAFLD patients. In a
study of 41 subjects undergoing right-lobe and left-lobe

Table 4. Comparative Performance of Noninvasive Tests for the Diagnosis of Advanced Fibrosis in 274 NAFLD Patients

Noninvasive tests Cutoffs Se (%) Sp (%) PPV (%) NPV (%) �LR �LR

Transient elastography
(kPa)* 7.9 77.3 68.8 44.0 90.5 2.5 0.33

(failure n � 28) 8.7 71.2 76.0 48.5 89.3 3.0 0.38
9.6 63.6 83.7 55.3 87.9 3.9 0.43

AST/ALT 0.8 39.7 79.7 37.9 80.9 2.0 0.76
1.0 20.6 90.1 39.4 78.4 2.1 0.88

APRI 0.5 65.1 72.3 42.3 86.9 2.4 0.48
1.5 6.3 97.0 40.0 76.9 2.1 0.97

FIB-4 1.30 65.1 80.2 50.6 88.0 3.3 0.44
2.67 20.6 95.5 59.1 79.4 4.6 0.83

NAFLD fibrosis score �1.455 73.3 69.5 43.6 89.0 2.4 0.38
0.676 18.3 96.3 61.1 78.6 4.9 0.85

BARD score 2 61.9 65.8 36.1 84.7 1.8 0.58

*In this “intention to treat” analysis, patients in whom ten valid liver stiffness measurements could not be acquired were included and counted as incorrect
classification by transient elastography.

ALT, alanine aminotransferase; APRI, AST-to-platelet ratio index; AST, aspartate aminotransferase; LR, likelihood ratio; NPV, negative predictive value; PPV, positive
predictive value; Se, sensitivity; Sp, specificity.

Fig. 3. Prediction of advanced fi-
brosis in patients with NAFLD, by
using transient elastography.
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liver biopsies during bariatric surgery, the kappa coeffi-
cient for fibrosis staging was only 0.53.7 Although we
cannot recommend relying on transient elastography re-
gardless of the IQR/LSM ratio because most of our pa-
tients had IQR/LSM ratio less than 0.3 at inclusion, our
study serves as a reminder that when a noninvasive test
disagrees with histological results, the latter may be inac-
curate. By mathematical modeling, the AUROC of a
noninvasive test is limited by the biopsy sensitivity and
specificity even if the test has perfect accuracy.32

Our study has several limitations. First, liver biopsy
was used as the gold standard, and liver biopsy specimens
were assessed by two pathologists. Sampling bias could
not be excluded. However, liver biopsy is currently the
only reference standard, and biopsy specimens were as-
sessed by experienced pathologists. Second, patients re-
cruited at referral centers likely had more advanced
disease. However, the negative predictive values to ex-
clude advanced fibrosis and cirrhosis would be even
higher in the primary care setting. The inclusion of both
whites and Chinese further increases the external validity
of this study. Third, a significant proportion of obese
subjects were not analyzed because of failed LSM. The
problem may be solved in the future with the develop-
ment of probes for obese subjects. In a study of 84 obese
subjects, at least five measurements could be acquired in
over 90% by using the new obese probe, compared with
less than 80% by using the standard probe.33

In conclusion, transient elastography can be performed
in most NAFLD patients and is accurate. The measure-
ment and accuracy are not affected by hepatic steatosis,
necroinflammation, and obesity. Unsatisfactory liver bi-
opsy specimens rather than transient elastography tech-
nique account for most cases of discordance. With high
negative predictive value and modest positive predictive
value, transient elastography is useful as a screening test to
exclude advanced fibrosis.
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