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Abstract
Background—There is a need for a reliable and inexpensive noninvasive marker of hepatic
fibrosis in nonalcoholic fatty liver disease (NAFLD).

Aim—To compare the performance of the FIB4 index (based on age, aspartate and alanine
aminotransferase and platelet counts) with six other non-invasive markers of fibrosis in patients
with NAFLD.

Methods—Using a nation-wide database of 541 adults with NAFLD, jackknife-validated areas
under receiver operating characteristic curves (AUROC) of FIB4 and seven other markers were
compared. The sensitivity at 90% specificity, 80% positive predictive value, and 90% negative
predictive values were determined along with cutoffs for advanced fibrosis.

Results—The median FIB4 score was 1.11 (IQR=0.74–1.67). The jackknife-validated AUROC
for FIB4 was 0.802 (95% CI: 0.758, 0.847) which was higher than that for the NAFLD fibrosis
score (0.768 CI:0.720–0.816, p= 0.09), Goteburg University Cirrhosis Index (0.743, CI:0.695–
0.791, p< 0.01), AST:ALT ratio (0.742, CI:0.690–0.794, p< 0.015), AST to platelet ratio index
(0.730, CI:0.681–0.779, p< 0.001), AST to platelet ratio (0.720, 0.669–0.770, p< 0.001), BARD
score (0.70, p< 0.001) and cirrhosis discriminant score (0.666, CI:0.614–0.718, p< 0.001). For a
fixed specificity of 90% (FIB4 = 1.93), the sensitivity of identifying advanced fibrosis was only
50% (95% CI: 46, 55). A FIB4 ≥ 2.67 had an 80% positive predictive value and a FIB4 index ≤
1.30 had a 90% negative predictive value.
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Conclusions—The FIB4 index is superior to seven other non-invasive markers of fibrosis in
patients with NAFLD; however its performance characteristics highlight the need for even better
non-invasive markers.

INTRODUCTION
Nonalcoholic fatty liver disease (NAFLD) is a common cause of chronic liver disease in
North America. The clinical-histological phenotype of NAFLD extends from a nonalcoholic
fatty liver (NAFL) alone to nonalcoholic steatohepatitis (NASH) 1. About 30% of the
general population has NAFLD and up to 5% of the population has NASH 2–4.
Approximately 15% and 5% percent of those with NASH and NAFL respectively will
progress to cirrhosis 5, 6. It is thus estimated that about 6 million individuals in the United
States are at risk for development of cirrhosis from NAFLD over the next two decades.

A liver biopsy is currently the gold standard for the staging of NAFLD. Liver biopsies suffer
several shortcomings including their invasive nature, association with discomfort, potential
risks including rare deaths, and sampling variability 7, 8. It is also unlikely that there will be
enough medical manpower available to perform a liver biopsy on all subjects with NASH.
These considerations underscore the need for simple noninvasive methods for assessing
fibrosis.

Numerous noninvasive panels of tests have been developed to stage liver disease 9. These
include a combination of clinical and routine laboratory parameters as well as specialized
tests such as direct markers of fibrosis and elastography 10–17. Of these, the BAAT (BMI,
age, ALT, triglycerides), European liver fibrosis (ELF) score, Fibrotest, Fibroscan,
hyaluronic acid, BARD (BMI, AST:ALT, Diabetes), NASH score and the NAFLD fibrosis
score have been tested in subjects with NAFLD 10, 11, 14,16, 18–21. Several of these
require additional tests which incur costs. Other tests have not been validated in other liver
diseases. Therefore, there is still a need for a simple and inexpensive/cost-free measure of
hepatic fibrosis which can be used across many liver diseases.

The FIB4 index was developed as a noninvasive panel to stage liver disease in subjects with
HIV-hepatitis C virus (HCV) co-infection 22 It relies on the age, aspartate- and
aminotransferase levels and the platelet count, which are routinely measured and available
for virtually all subjects with liver disease. This index has been independently validated in
subjects with HCV infection alone as well 23. The objective of the current study was to
evaluate the utility of the FIB4 index as a marker of advanced fibrosis (bridging fibrosis or
cirrhosis) in NAFLD and compare it to existing noninvasive panels that do not require
additional laboratory testing.

MATERIALS AND METHODS
Study Population

The study population consisted of subjects with histologically proven NAFLD who were
enrolled in the NIH NASH Clinical Research Network (CRN). The NASH CRN has three
sets of subjects: (1) those enrolled in a natural history database, (2) those enrolled in a
randomized clinical trial of pioglitazone or vitamin E versus placebo (PIVENS) in adults,
and (3) a randomized clinical trial of metformin or vitamin E versus placebo (TONIC) in
pediatric subjects with NAFLD. The current study included baseline data from the first two
groups of subjects. Also, only those subjects with a complete available data set were
included.
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Pediatric subjects were excluded from this analysis because the pattern of fibrosis in
children sometimes varies from that in adults with NASH 24. Also, subjects with other
concomitant causes of liver disease e.g. hepatitis B or C, hemochromatosis, Wilson disease,
a1-antitrypsin deficiency, primary biliary cirrhosis etc were excluded. In subjects with a
positive anti-nuclear antibody test, the presence of piecemeal necrosis or other histologic
features of autoimmune hepatitis as well as hypergammaglobulinemia were considered to be
exclusionary criteria. Alcohol use was assessed both by the alcohol use disorders
identification test (AUDIT) and lifetime alcohol consumption (Alcohol time-line follow
back) 25–27. The nonalcoholic nature of the disease was established by an alcohol
consumption level of < 20 gm/day for women and < 30 gm/day for men over at least 5 years
prior to entry in to the database.

Laboratory and Clinical parameters
These were obtained from the data closest to the liver biopsy at the time of entry into the
NASH CRN. The following data were obtained for each patient: gender, age at liver biopsy,
height, weight, hemoglobin, WBC, platelets, total bilirubin, direct bilirubin, AST, ALT,
alkaline phosphatase, albumin, INR, triglycerides, total cholesterol, HDL cholesterol, LDL
cholesterol, glucose, insulin, BMI, presence or absence of HTN and Type 2 diabetes, and
liver histology.

Liver Histology
All patients in this dataset had a liver biopsy in the 12 months prior to enrollment. If a
patient had multiple biopsies during that 12 month period, the biopsy closest to the time of
enrollment was selected. Liver histology was assessed and scored by the Pathology
Committee of the NASH CRN in a blinded manner. Fatty liver was defined as the presence
of ≥ 5% steatosis while steatohepatitis was diagnosed by steatosis, inflammation and
ballooning 28. Hepatic fibrosis was assessed from trichrome-stained sections which were all
performed in a central laboratory. The individual parameters of NASH histology including
fibrosis were scored independently using the NASH CRN scoring system that was
developed by the NASH CRN 28. Advanced fibrosis was classified as those with stage 3 or
4 disease (bridging fibrosis or cirrhosis).

Selection of noninvasive panels that did not require specialized testing
A Pubmed search was performed for noninvasive markers of hepatic fibrosis that did not
require additional testing. Based on the review of the literature, the following scores were
calculated for each patient: FIB4 22, AST/ALT ratio, Cirrhosis Determinant Score 29 AST/
Platelet ratio 30, Goteburg University Cirrhosis Index 31, AST to Platelet Ratio Index 32,
BARD score 33 and NAFLD fibrosis score 16. The values for the upper limit of normal
were set according to the International Federation of Clinical Chemistry: AST 35 U/L for
men, 30 U/L for women, and were comparable to the values used in other analyses 34. The
specific formulae used to determine these scores are shown in Table 1.

Plan of analysis
Characterization of the cohort—Descriptive statistics were obtained to characterize the
cohort and are described in Table 2 and Table 3.

ROC Curves
To determine the clinical utility for detecting fibrosis, Receiver Operating Characteristic
(ROC) curves were developed for each of the non-invasive scoring systems. From a clinical
perspective, an important goal of a noninvasive marker is to identify those with a high
probability of having advanced fibrosis. Therefore, stages 3 and 4 were considered positive,
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while stages 0 to 2 were negative. The ROC curves were subsequently superimposed, and
the statistical significance between the curves was examined 35. Positive and negative
predictive values were obtained for each point on the FIB4 ROC curve. These were used to
determine a lower cutoff point to detect those without advanced fibrosis and an upper cutoff
point to detect those with advanced fibrosis. Alternatively, in order to evaluate the utility of
the test to identify those with none to minimal fibrosis, additional analyses where stages 0–1
were considered to be positive were performed. Separate analyses comparing the utility of
this test in those with fatty liver versus steatohepatitis and in those who had a liver biopsy
within the previous 6 months versus 6–12 months were also performed.

Validation analysis
A prediction model validation was performed using a leave-one-out cross validation
procedure, or “jackknife” 36–38. For this procedure, the model was fit once for each
observation in the dataset (each time omitting a different observation) and used to predict
the omitted observation. The AUROC from all of these models was then computed. Split
sample (50:50 and 80:20) validations were also performed by randomly selecting a portion
of the observations to estimate the model and then applying it to the remaining observations.
Each validation procedure was run 5 times and the average AUROC reported.

RESULTS
A total of 541 subjects were included for this analysis. Of these, 325 (60%) were women
and 400 (74%) were Caucasian (Table 2); 105 (19%) had type 2 diabetes mellitus and 239
(44%) were hypertensive. A total of 317 subjects had steatohepatitis; of these, 101 subjects
had advanced fibrosis. A total of 224 subjects who had fatty liver disease but did not meet
the NASH CRN definition of steatohepatitis were also included. 24 of these 224 subjects
had advanced fibrosis. As expected, subjects with more advanced fibrosis were older, more
likely to have diabetes, higher AST but lower ALT levels and higher alkaline phosphatase.
The median (IQR) FIB-4 score was 1.11 (0.74–1.67) (Table 3). Of the individual
components of the FIB-4 score, the mean (± S.D.) or median (IQR) values were as follows:
age (48±12 yrs), AST (43, 32–64 IU/L), ALT (63, 42–96 IU/L) and platelets (241±70 ×
1000 cells/mm3) (Table 4).

Liver histology
The mean biopsy length was 19 ± 9.2 mm. While the biopsy length of those with
steatohepatitis was somewhat greater than those without steatohepatitis (20 vs 18 mm), there
were no significant differences between those with or without advanced fibrosis in either
group. The distribution of fibrosis stages included stage 0 (n=140), stage 1 (n=159), stage 2
(n=117), stage 3 (n=85) and stage 4 (n=40).

Receiver Operating Curve (ROC) Analysis
ROC curves were then developed for each of the non-invasive marker panels and
superimposed to determine which score would have the most clinical utility (Figure 1). The
ROC curves were created to determine the utility of these indices for prediction of advanced
fibrosis (stage 3 and 4 vs lower scores), the clinical question of interest. The area under
ROC curve (AUROC, 95% CI) was greatest for FIB4 (0.802, 0.758–0.847), then NAFLD
fibrosis score (0.768, 0.720–0.816), followed by GUCI (0.743, 0.695–0.791), AST to ALT
ratio (0.742, 0.690–0.794), APRI (0.730, 0.681–0.779), AST to platelet ratio (0.720, 0.669–
0.770), BARD score (0.70, 0.64–0.75) and Cirrhosis Discriminant Score (0.666, 0.614–
0.718). Furthermore, there was a statistically significant difference between the AUROC for
FIB4 and the AUROCs for all of the other non-invasive screening tests (p<0.015) except the
NAFLD fibrosis score where it approached significance (p=0.092) 35. These data indicate
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that of the noninvasive panels studied, FIB4 significantly outperformed the others, with the
exception of the NAFLD fibrosis score where it approached significance, for prediction of
bridging fibrosis and cirrhosis versus lower stages of fibrosis.

An alternate analysis where the ability of the FIB4 to identify those with stage 0–1 fibrosis
versus higher stages was tested, an overall AUROC of 0.75 (p<0.0001) was obtained. At a
fixed sensitivity of 80%, the specificity was only 56%. In this analysis also, the FIB4
significantly (p< 0.03 for all) outperformed the other scores (NAFLD fibrosis score (0.69,
0.65–0.73), BARD (0.68, 0.62–0.72), cirrhosis discriminant score (0.63, 0.59–0.67), GUCI
(0.71, 0.63–0.74). APRI (0.70, 0.67–0.74). The AUROCs for the FIB4 scores in subjects
with a biopsy within 6 months was not significantly different from those who had a biopsy
between 6–12 months prior to the calculation of the score (0.8 vs 0.78, p= not significant).

Clinical Utility of the FIB-4 index for prediction of fibrosis (Table 5)
The sensitivity and specificity of FIB4 along the ROC was first assessed. At a sensitivity of
90% the specificity was 45% while at a specificity of 90%, the sensitivity was 52%. The
ROC curve was used to determine FIB4 cutoff points that best discriminated between the
presence (2.67) and absence (1.3) of advanced fibrosis. A total of 327 subjects had a FIB4
score < 1.3; of these 294 were correctly classified as not having advanced fibrosis (true
negatives) while 33 subjects were falsely classified (false negatives). The upper cutoff point
of 2.67 correctly identified 41 of the 125 patients with advanced fibrosis (true positives) and
misclassified only 10 out of 416 patients (false positives) without advanced fibrosis as
having advanced fibrosis. The specificity was 31% for a sensitivity of 92% (threshold value
−2.3) for the NAFLD fibrosis score and conversely the sensitivity was 35% when the
specificity was fixed at 90%.

378 patients (72% of the cohort) had a FIB4 index below 1.30 or above 2.67; in these 378
subjects, the FIB4 identified the absence or presence of advanced fibrosis with 89%
accuracy. 163 subjects (30 %) had FIB4 values in the indeterminate range (1.3–2.67).
Assuming that a liver biopsy could be appropriately avoided in those who had a true
negative or true positive test result, 62% versus 42% of biopsies (p< 0.007 by Fisher’s Exact
test) would have been appropriately avoided with the FIB4 versus the NAFLD score if one
was evaluating subjects for advanced fibrosis (Figure 2). 8% vs 23% of subjects would have
been inappropriately managed by the FIB4 and NAFLD scores respectively (p< 0.005). If
the objective was to search for any fibrosis at all, 45% of cases would be appropriately
identified by the FIB4 scores while 45% would be in the indeterminate range.

The positive and negative predictive values of these cutoff points would be expected to vary
depending on the prevalence of advanced fibrosis in the population being studied. To study
this, the clinical utility of the FIB4 test in those without steatohepatitis (11% (24/224)
prevalence of advanced fibrosis) was studied. In this population the overall AUROC was
0.88, p< 0.0001 and a threshold value of 1.79 provided a sensitivity of 79% and specificity
of 91.5%. Using the threshold values of 1.3 and 2.67 for the absence and presence of
advanced fibrosis respectively, a liver biopsy would have been appropriately avoided in 78%
of subjects (Figure 2). In subjects with steatohepatitis (32% prevalence of advanced
fibrosis), the overall AUROC was somewhat lower at 0.75, p< 0.0001. The negative
predictive value of a cutoff value of 1.3 for identification of advanced fibrosis was 83%
while the positive predictive value for a threshold of 2.67 was 80%. In this population, a
liver biopsy would have been appropriately avoided in 54% of cases.
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Validation of the model
A “jack-knife” procedure was performed to determine the robustness of the model 39. The
AUROC from the FIB4 jack-knife validation model was 0.797, which is very close to the
full-sample estimate of 0.802. The AUROCs from the split-sample validation (50/50: 0.795,
and 80/20: 0.794) were also virtually identical to the full sample estimate of 0.802.

DISCUSSION
An ideal non-invasive test for assessment of hepatic fibrosis would be one that is sensitive,
specific, free of additional cost to the patient and applicable across all chronic liver diseases.
In the context of NAFLD, such a test should also be able to distinguish between a fatty liver
and steatohepatitis. Unfortunately, none of the currently available tests meet these criteria
and the search for such a marker goes on.

In the absence of an ideal marker, the utility of any marker should take in to consideration
both the clinical question being asked and the performance metrics of the marker in that
clinical context. NAFLD often presents as abnormal liver enzymes without markers of other
common liver diseases e.g. hepatitis C, persistent hepatomegaly without obvious cause or
abnormal hepatic imaging with or without abnormal liver enzymes. None of the existing
non-invasive panels have evaluated their performance in specific subsets of NAFLD based
on clinical presentation. It is well known that a proportion of subjects with NAFLD with
even advanced fibrosis have normal liver enzymes 40. It is thus likely that tests based on
liver enzyme elevation will not work well in such a situation.

The FIB4 does not distinguish between a fatty liver and steatohepatitis and it should not be
used to diagnose NASH. The potential use of FIB4 should be restricted to subjects with
suspected NAFLD to evaluate the likelihood of having advanced or no fibrosis. While some
studies have tried to focus on those with stage 0–1 fibrosis by trying to separate them from
higher degrees of fibrosis 10, we elected to focus mainly on those with stage 3–4 fibrosis
and separate them from the rest as has been done in other studies 11. The rationale for this
was that, in the absence of an approved treatment for NASH, this would help identify those
who should undergo a biopsy because the confirmation of advanced fibrosis would lead to
closer follow up and screening for hepatocellular cancer.

The AUROC of FIB4 was 0.8 for diagnosis of advanced fibrosis and was superior to other
noninvasive panels that that were tested. This is somewhat inferior to those reported for the
fibrotest and the ELF score where an AUROC of 0.9 have been reported 10, 11. However,
the range of AUROCS for the FIB4 for varying degrees of fibrosis and prevalence of
advanced fibrosis (0.75–0.88) in the population overlap substantially with the range reported
for fibrotest and the ELF scores 41. Importantly, the ELF score has a reported AUROC of
0.76 for the diagnosis of no fibrosis which was almost identical to that seen with FIB4 (0.75)
11.

The shape of the ROC and the sensitivity and specificity of specific diagnostic thresholds
should also be considered. Unfortunately, for all existing markers for which there are
published data, there is a marked drop off in sensitivity when the specificity is fixed at 90%
and vice versa. The sensitivity of FIB4 drops to 52 % at a specificity of 90% and further
decreases of 38% when the specificity increases to 95%. Of note, the sensitivity of the
fibrotest and ELF scores are 25% and 57% respectively when the specificity is set at 96%
and 97% respectively 10, 11. This highlights the limitations of the FIB4 and also holds true
for other similar noninvasive panels. The clinical utility of the FIB4 is thus in the general
range reported for other published panels for NAFLD including the ELF score and Fibrotest
which all require additional testing and add cost to the care provided to patients 11,14, 42.
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Another important guide to the clinical utility of a test is the proportion of the study
population where the diagnosis can be made or excluded with confidence and the residual
proportion where the test results are indeterminate. This is critically linked to the prevalence
of advanced fibrosis in the population being studied. 30% of subjects in this study had
indeterminate test results with FIB4. In those with a low prevalence of fibrosis, only 19% of
subjects remained in the indeterminate range. Although the AUROC for the NAFLD score
and FIB4 were not significantly different, the performance of the NAFLD score was
significantly inferior to that of the FIB4 score based on the percent of biopsies correctly
avoided and those inappropriately denied. These data are also somewhat higher than but
overlap with those reported with the ELF score 11. The published data with the fibrotest and
fibroscan do not permit this analysis.

It is well known that there is considerable sampling variability in fibrosis staging in liver
biopsies 8. This may be one reason why the AUROC for most validated panels, including
the FIB4, are in the 0.8–0.9 range and not higher. Another potential limitation to our study
was the inclusion of subjects who had a biopsy up to 12 months prior to FIB4 calculation.
However, the AUROC for those who had their biopsy within 6 months was similar to those
who had the biopsy between 6–12 months. Study groups with highly polarized distributions
of fibrosis stages also provide greater sensitivities and specificities than those with a more
even distribution of fibrosis stages. The current study used a large data set for NAFLD and
had a broad distribution of fibrosis stages. The use of such a data set and the reproducibility
of the data with both the “jackknife” validation test and split-sample validation test attest to
the relative robustness of the FIB4 as a marker of advanced fibrosis in subjects with
NAFLD.

When the goal is to identify those with advanced fibrosis, the use of the FIB4 scores should
take in to account the a priori risk of fibrosis and the predictive values associated with these
risks. For example, in a young adult with obesity and no features of the metabolic syndrome
who has a relatively low risk of advanced fibrosis, a score < 1.3 may allow one to predict the
absence of advanced fibrosis with confidence (Table 6). However, in an older subject with
diabetes and other features of the metabolic syndrome with a high a priori risk of advanced
fibrosis, the negative predictive value of a value < 1.3 is much lower (Table 6). In such a
population, a high score (> 2.67) has a high positive predictive value.

An important question relates to whether changes in FIB4 scores correspond to changes in
fibrosis over time. The sensitivity of the FIB4 to changes in fibrosis was not formally tested
in this study and now needs to be studied to determine if changes in FIB4 can be used to
monitor fibrosis in subjects with NAFLD. Another potential application of the FIB4 score
could be as a screening tool for silent liver disease with advanced fibrosis in the general
population. These potential applications require validation in appropriately designed studies.

In summary, the current study demonstrates that the FIB4 score is a simple, relatively
inexpensive method that correlates with the stage of fibrosis in adult subjects with NAFLD.
It has the potential advantage of having been validated for both HCV and NAFLD two
common chronic liver diseases. Its performance characteristics for the diagnosis of advanced
fibrosis in NAFLD are better than other similar panels that do not require additional testing
and comparable to several other existing tests that require additional tests. The FIB4 test also
has several serious limitations as do other non-invasive tests of fibrosis and none of these
tests, including the FIB4 test can be used to replace the need for a liver biopsy yet.
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Figure 1.
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Table 1

Formulae of noninvasive panels for detection of fibrosis used for the study

Formula Equation

AST to ALT Ratio (AAR) AST/ALT

AST to Platelet Ratio AST/Platelet Count × 100

AST to Platelet Ratio Index (APRI) [(AST/upper limit of normal)/Platelet Count (109/l)] × 100

Cirrhosis Discriminant Score (CDS) Platelet count AST/ALT ratio INR

>340=0 >1.7=0 <1.1=0

280–339=1 1.2–1.7=1 1.1–1.4=1

220–279=2 0.6–1.19=2 >1.4=2

160–219=3 <0.6=3

100–159=4 Score is the sum of
three (0–11)

40–99=5

<40=6

FIB4 Index (Age[years] × AST[U/L])/(platelet [109] X√ALT[U/L])

NAFLD Fibrosis Score −1.675 + (0.037 × Age[years]) + (0.094 × BMI) + (1.13 × IFG/diabetes
[yes=1, no=0]) + (0.99 × AST/ALT) - (0.013 × platelet[109/l]) - (0.66 X
albumin[g/dl])

Goteborg University Cirrhosis Index (GUCI) (AST/ Upper limit of normal ) × INR × 100(Platelet Count)

BARD score Scale 0–4

BMI ≥ 28 kg/m2 = 1 point

AST to ALT Ratio ≥ 0.8 = 2 points

Diabetes mellitus = 1 point

*
ULN for AST: 30 in women, 35 in men
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Table 3

Characteristics of Population*

Variable Fibrosis
Stage 0–2
N= 416†

Fibrosis
Stage 3–4
N= 125‡

Total
N= 541 P value§

Age (yrs) 46 ± 12 53 ± 11 48 ± 12 <0.001

Males 180 (43) 36 (29) 216 (40) 0.004

Caucasian ¶ 302 (73) 100 (80) 402 (74) 0.105

BMI (kg/m2) 34 ± 6.4 35 ± 6.0 34 ± 6.3 0.335

Hypertension 170 (41) 69 (55) 239 (44) 0.005

Type 2 diabetes 69 (17) 36 (29) 105 (19) 0.003

Hemoglobin (g/dl) 15 ± 1.4 14 ± 1.4 14 ± 1.4 0.002

WBC (×109/l) 7.1 ± 2.0 6.6 ± 2.1 7.0 ± 2.1 0.028

Platelet (×109/l) 253 ± 64 200 ± 72 241 ± 70 <0.001

AST (IU/l) 41 (30–61) 54 (40–76) 43 (32–64) <0.001

ALT (IU/l) 64 (42–97) 58 (40–94) 63 (42–96) 0.316

Alkaline Phosphatase (IU/l) 78 (64–96) 92 (70–117) 80 (66–101) <0.001

Bilirubin (mg/dl) 0.7 (0.5–0.9) 0.7 (0.5–1.0) 0.7 (0.5–0.9) 0.337

Albumin (g/dl) 4.2 ± 0.4 4.1 ± 0.4 4.2 ± 0.4 0.004

I.N.R. 1.01 ± 0.15 1.06 ± 0.12 1.02 ± 0.15 <0.001

Fasting glucose (mg/dl) 95 (87–109) 99 (87–115) 96 (87–110) 0.113

Fasting insulin (µU/ml) 17 (12–25) 24 (16–38) 19 (12–29) <0.001

Triglycerides (mg/dl) 151 (105–217) 139 (104–178) 148 (105–207) 0.067

LDL-cholesterol (mg/dl) 123 ± 34 108 ± 33 120 ± 34 <0.001

HDL-cholesterol (mg/dl) 44 ± 12 44 ± 13 44 ± 12 0.517

Biopsy length (mm) 19 ± 9.1 20 ± 9.7 19 ± 9.2 0.167

Steatohepatitis 216 (52) 101 (81) 317 (59) <0.001

*
Values are means ± SD, medians (IQR), or counts (%), as appropriate

†
Stage 0 (n=140), stage 1 (n=159), stage 2 (n=117)

‡
Stage 3 (n=85), stage 4 (n=40)

§
P values from t-test, Mann-Whitney or chi-square test, as appropriate

¶
Non-Hispanic white

Clin Gastroenterol Hepatol. Author manuscript; available in PMC 2011 April 19.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Shah et al. Page 19

Table 4

Values of noninvasive fibrosis panels* †

Fibrosis Panel

Fibrosis
Stage 0–2

N= 416

Fibrosis
Stage 3–4

N= 125
Total

N= 541

FIB4 Index 0.97 (0.68–1.37) 1.98 (1.28–3.08) 1.11 (0.74–1.67)

NAFLD Fibrosis Score 1.68 (2.56–0.73) 0.11 (1.19–0.85) 1.38 (2.37–0.29)

Goteborg University Cirrhosis Index (GUCI) 0.53 (0.35–0.83) 0.96 (0.59–1.53) 0.59 (0.39–0.97)

AST/ALT Ratio 0.67 (0.54–0.82) 0.94 (0.69–1.19) 0.71 (0.56–0.91)

APRI 0.53 (0.35–0.83) 0.93 (0.57–1.43) 0.59 (0.40–0.96)

AST to Platelet Ratio 18 (12–26) 29 (18–46) 19 (13–30)

Cirrhosis Discriminant Score (CDS) 5 (4–6) 4 (3–5) 5 (4–5)

BARD Score

  0 38 (9) 5 (4) 43 (8)

  1 215 (52) 29 (23) 244 (45)

  2 61 (15) 16 (13) 77 (14)

  3 76 (18) 52 (42) 128 (24)

  4 26 (6) 23 (18) 49 (9)

*
Values are medians (IQR). Values for BARD Score are N (%)

†
The Mann-Whitney test comparing stage 0–2 to stage 3–4 calculated a p value <0.001 for each fibrosis panel.
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Table 5

Predictive Values of FIB-4 Index Scores for Advanced Fibrosis (stage 3–4)*

Low cutoff point
(<1.30)

Indeterminate
(1.30–2.67)

High cutoff point
(>2.67)

Total

Total 327 163 51 541

No advanced fibrosis 294 112 10 416

Advanced fibrosis 33 51 41 125

Sensitivity 74% 33%

Specificity 71% 98%

Positive predictive value 43% 80%

Negative predictive value 90% 83%

Interpretation Absence of advanced
fibrosis

Presence of advanced
fibrosis

*
Prevalence of advanced fibrosis in study sample is 23%

Clin Gastroenterol Hepatol. Author manuscript; available in PMC 2011 April 19.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Shah et al. Page 21

Table 6

Predictive Values for Cutoff Points for Different Prevalences of Advanced Fibrosis

Prevalence Sensitivity (%) Specificity (%) PPV (%) NPV (%)

Cutoff 1.30

    10% 74 71 22 96

    20% 74 71 39 91

    50% 74 71 72 73

Cutoff 1.93

    10% 50 90 36 94

    20% 50 90 56 88

    50% 50 90 84 65

Cutoff 2.67

    10% 34 98 60 93

    20% 34 98 77 85

    50% 34 98 93 59
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