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The development of noninvasive markers of liver fibrosis is a clinical and research priority. The
aspartate aminotransferase-to-platelet ratio index (APRI) is a promising tool with limited ex-
pense and widespread availability. Our objective was to systematically review the performance of
the APRI in hepatitis C virus (HCV)–infected patients. Random effects meta-analyses and areas
under summary receiver operating characteristic curves (AUC) were examined to characterize
APRI accuracy for significant fibrosis (stages 2-4) and cirrhosis. In 22 studies (n � 4,266), the
summary AUCs of the APRI for significant fibrosis and cirrhosis were 0.76 [95% confidence
interval (CI), 0.74-0.79] and 0.82 (95%CI, 0.79-0.86), respectively. For significant fibrosis, an
APRI threshold of 0.5 was 81% sensitive and 50% specific. At a 40% prevalence of significant
fibrosis, this threshold had a negative predictive value (NPV) of 80%, but could reduce the
necessity of liver biopsy by only 35%. For cirrhosis, a threshold of 1.0 was 76% sensitive and 71%
specific. At a 15% cirrhosis prevalence, the NPV of this threshold was 91%. Higher APRI
thresholds had suboptimal positive predictive values except in settings with a high prevalence of
cirrhosis. APRI accuracy was not affected by the prevalence of advanced fibrosis, or study and
biopsy quality. However, the accuracy for cirrhosis was greater in studies including human
immunodeficiency virus (HIV)/HCV–co-infected patients. Conclusion: The major strength of
the APRI is the exclusion of significant HCV-related fibrosis. Future studies of novel markers
should demonstrate improved accuracy and cost-effectiveness compared with this economical
and widely available index. (HEPATOLOGY 2007;46:912-921.)

Chronic hepatitis C virus (HCV) infection is a ma-
jor public health problem, affecting an estimated
200 million individuals globally.1 Although

peginterferon and ribavirin treatment leads to a sustained

virologic response in more than 50% of patients, only a
minority are eligible or have access to therapy.2 Thus,
most are at risk of progressive liver fibrosis, which may
lead to cirrhosis and complications including hepatocel-
lular carcinoma and end-stage liver disease.3 To estimate
prognosis and guide management decisions, the accurate
staging of hepatic fibrosis is a clinical and research prior-
ity. Currently, liver biopsy is the gold standard for this
purpose. Unfortunately, this procedure is limited by in-
vasiveness, complications, sampling error, variability in
pathological interpretation, and the reluctance of patients
to undergo repeated biopsies to monitor disease progres-
sion.4,5 As antifibrotic therapies are developed, the latter
will have important practical implications.6

Because of these limitations, numerous investigators
have examined alternative, noninvasive means of assessing
hepatic fibrosis. A promising modality is transient elastog-
raphy (FibroScan), which employs an ultrasound-based
technique to measure the speed of propagation of elastic
waves through the liver.7 Unfortunately, this technology
is costly (� $90,000 US) and limited to specialized cen-
ters. Serum biochemical tests, including direct and indi-
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rect markers of liver fibrosis, have been the most widely
investigated.8,9 Direct markers such as glycoproteins (for
example, hyaluronic acid, laminin, YKL-40), collagens,
the matrix metalloproteinases and their inhibitors, and
cytokines (for example, transforming growth factor beta)
have demonstrated associations with fibrosis, and some
have been incorporated into panels available on a propri-
etary basis (for example, FibroSpect,10 FibroMeter,11

Hepascore,12 the European Liver Fibrosis test13). Al-
though these markers are less expensive than liver biopsy,
they are still costly and are not available in most clinical
settings. On the contrary, indirect markers associated
with fibrosis, such as routine biochemistry, platelets, and
alpha-2-macroglobulin, are widely available and have
been incorporated into composite panels including Forns’
index,14 the Fibrosis Probability Index,15 and the Fi-
broTest.16 These tools are largely limited by lack of ade-
quate external validation, difficulty differentiating
intermediate fibrosis stages, and in the case of the propri-
etary indices, expense.8,9

In light of the limited availability and high cost of
many fibrosis markers, Wai et al. derived and validated
the aspartate aminotransferase-to-platelet ratio index
[APRI; calculated as aspartate aminotransferase (AST)
(U/L)/upper normal � 100/platelet count (109/L)] in
a cohort of 270 patients with chronic HCV.17 This
index has the advantage of including only 2 inexpen-
sive laboratory tests, which are performed routinely in
all patients. For the identification of significant fibro-
sis, scores less than 0.5 (on a scale from 0 to 10) had a
negative predictive value (NPV) of 86%, whereas
scores greater than 1.5 had a positive predictive value
(PPV) of 88%. Based on these high predictive values,
the authors concluded that the APRI could obviate
biopsy in approximately half of patients. Subsequently,
numerous studies have attempted to externally validate
these findings, but results have been controver-
sial.11,17,48 Differences in patient populations, includ-
ing the prevalence of significant fibrosis, and reference
ranges for AST, may explain these discrepancies.

Therefore, the objective of this study was to system-
atically review the diagnostic accuracy of the APRI for
the prediction of HCV-related fibrosis. Although other
noninvasive fibrosis measures are available,8,9 we fo-
cused on this test because of its widespread availability,
limited expense, and numerous studies published to
date. We aimed to provide a summary of the existing
literature that is applicable to a variety of practice set-
tings and patient populations, and explore reasons be-
hind the heterogeneous results using meta-regression
techniques.

Materials and Methods
Search Strategy

The objective of our search was to identify published
manuscripts of studies examining the APRI for the pre-
diction of HCV-related fibrosis. An electronic search was
completed on Medline, EMBASE, and the Cochrane Li-
brary (01/1997-12/2006) including the following search
terms: APRI, AST-to-platelet ratio index, AST, platelet,
hepatitis C, and fibrosis markers.18,19 No language limi-
tations were used. Additional studies were identified via a
manual review of the reference lists of identified studies
and review articles. Studies were deemed eligible if they
met the following inclusion criteria:

1. The study evaluated the performance of the APRI
for the prediction of fibrosis in HCV-infected patients.
Studies including patients with other causes of liver dis-
ease were included if data for HCV-infected patients
could be extracted. Studies including human immunode-
ficiency virus (HIV)/HCV–co-infected patients were in-
cluded, but analyzed separately in sensitivity analyses.

2. Liver biopsy was used as the reference standard for
assessing fibrosis.

3. Data could be extracted to allow the construction of
at least one 2 � 2 table of test performance.

4. The study included more than 30 patients. Smaller
studies were excluded because of poor reliability.

Data Abstraction
Two reviewers independently evaluated study eligibil-

ity, graded quality, and extracted outcome data. Disagree-
ments were resolved by consensus. Methodological
quality was assessed using the Quality Assessment of Di-
agnostic Accuracy Studies score.20,21 This validated tool
was designed to assess the internal and external validity of
diagnostic accuracy studies included in systematic re-
views.

The primary outcome was the identification of signif-
icant fibrosis, defined as METAVIR,22 Batts and Lud-
wig,23 or Scheuer24 stages F2 through F4 or Ishak stages
F3 through F6.25 This outcome was chosen because it is
often considered a threshold for the initiation of antiviral
therapy.26 We also examined the identification of cirrho-
sis (METAVIR,22 Batts and Ludwig,23 or Scheuer24 F4, or
Ishak F5-6).

Data Synthesis and Analysis

Assessment of Diagnostic Test Accuracy. Data were
extracted and tabulated in a series of 2 � 2 tables allowing
the calculation of sensitivity, specificity, PPV, and NPV
for each reported test threshold. To provide clinically
meaningful results, 3 measures of diagnostic test accuracy
were examined: the area under the summary receiver op-
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erating characteristic (SROC) curve (AUC), summary di-
agnostic odds ratios (DORs), and summary sensitivities
and specificities.

AUC. Because most of the fibrosis marker literature
includes receiver operating characteristic curves, we ex-
amined SROC curves according to the method of Moses
et al.27 The SROC curve, generated using linear regres-
sion, represents the relationship between the true-positive
and false-positive rates across studies, recognizing they
may have used different test thresholds.27,28 In this anal-
ysis, each study was weighted by its sample size with ad-
justment for the number of thresholds within each
study.29 Although typically reported in meta-analyses of
diagnostic tests, the area under the SROC curve is limited
because it is difficult to translate into clinical practice.

DORs. Summary DORs were calculated using a Der-
Simonian and Laird random effects model with a corre-
sponding test of heterogeneity.30 The DOR describes the
odds of a positive test in disease cases compared with
non-cases.31,32 Because these analyses require a single
measure of accuracy for each study and many reported
multiple APRI thresholds, we calculated the average
DOR among all thresholds per study.33 The disadvantage
of the DOR as an outcome parameter is that summary
estimates of sensitivity and specificity are not directly
available. It is, however, possible to obtain an estimate of
sensitivity by specifying a value of specificity, or vice versa.

Summary Sensitivities and Specificities. Because of the
limitations in SROC curves and the DOR, we calculated
summary sensitivities and specificities using the bivariate
meta-analytic approach of Reitsma et al.34 According to
this approach, pairs of sensitivity and specificity for diag-
nostic thresholds are jointly analyzed, incorporating any
correlation that might exist between these measures using
a random effects approach.

Sensitivity Analyses
Sensitivity analyses employing random effects meta-

regression35 were conducted to examine the impact of the
following factors on APRI performance (natural loga-
rithm of the DOR): (1) sample size; (2) median age; (3)
percentage of males; (4) methodological quality; (5) in-
clusion of HIV/HCV–co-infected patients; (6) preva-
lence of significant fibrosis/cirrhosis; (7) location of the
study (North America, Europe, other); (8) the his-
topathologic scoring system used; and (9) quality of the
reference standard for assessing fibrosis. This was deemed
adequate if a study excluded liver biopsies smaller than 15
mm. If sufficient data were not reported in the manu-
script, the reference standard was deemed inadequate.

Assessment of Heterogeneity and Publication Bias
Heterogeneity in APRI accuracy between studies was

assessed using Cochran’s Q-statistic.36 To assess for pos-
sible publication bias, we examined for asymmetry of fun-
nel plots of APRI accuracy versus the inverse of the square
root of the effective sample size.37

All analyses were performed using Stata 8.2 (Stata
Corp., College Station, TX), dr-ROC 2.0 (Diagnostic
Research Design & Reporting, Glenside, PA), and SAS
9.1.3 (SAS Institute Inc., Cary, NC) software.

Results
Search Results

Eighty-six studies were identified, including 40 that
described the APRI. Thirty-three studies examined the
APRI in patients with chronic hepatitis C. Ultimately, 11
studies were excluded for duplication of data (n � 1),38

insufficient data (n � 5),11,39-42 small sample size (n �
2),43,44 or failure to use biopsy as the reference test (n �
3).45-47 Thus, our final data set for the meta-analysis in-
cluded 22 studies (Table 1).17,48-68

Characteristics of the Included Studies
A total of 4,266 patients (median age, 44 years; 61%

male) were included (Table 1). The overall prevalence of
significant fibrosis and cirrhosis were 46% (range, 9%-
72%) and 14% (0%-33%), respectively. Regarding his-
topathological classification systems, 11 studies used
Ishak, 4 used METAVIR, 4 used Scheuer, and 3 used
Batts and Ludwig. Nineteen studies included HCV-
monoinfected patients (n � 3,822),17,20,22-38 and 4 in-
cluded HIV/HCV–co-infected patients (n � 444).48-51

Biopsy quality was considered acceptable in only 4 of the
22 studies.51,53,57,63 According to the Quality Assessment
of Diagnostic Accuracy Studies scale, the methodological
quality of the included studies was very good. Thirteen
studies met all 14 requirements of this scale; 6 studies met
13, and 2 studies met 12.

Diagnostic Accuracy of the APRI for the Prediction
of Significant Fibrosis

Nineteen studies in 3,778 patients assessed the APRI
for the prediction of significant fibrosis. The average prev-
alence of significant fibrosis in these studies was 47%
(range, 9%-72%). For this outcome, the area under the
SROC curve was 0.76 [95% confidence interval (CI)
0.74-0.79; Fig. 1), and the summary DOR was 5.7 (4.3-
7.5; Fig. 2). Heterogeneity was significant in this analysis
(Q � 39.38; P � 0.004).

The summary sensitivities and specificities of the APRI
at various thresholds for the identification of significant
fibrosis are listed in Table 2. At the lower threshold of 0.5
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recommended by Wai et al.,17 the summary sensitivity
and specificity were 81% (95% CI, 76%-86%) and 50%
(47%-52%), respectively. At the higher recommended
cutoff of 1.5, the summary sensitivity and specificity were

35% (95% CI, 30%-41%) and 91% (89%-92%), respec-
tively. Based on these values, and assuming a 47% preva-
lence of significant fibrosis (as observed in the 19 included
studies), the estimated PPV and NPV of the 0.5 cutoff

Table 1. Characteristics of the Included Studies

Author, Year,
Country

Study/Center
Description n

Interval Between
Biopsy & APRI

Median/Mean
Age, yr

(% male) Etiology
Liver Biopsy
Description

Prevalence
Significant

Fibrosis
(Cirrhosis)

QUADAS
Score

Wai, 2003,
USA 17

Prospective, tertiary center 270 �4 months Training: 48
(64%)

Validation: 48
(66%)

HCV Unclear 47% (15%);
50% (17%)

13

Berg, 2004,
Germany 56

Retrospective, multicenter 484 Unclear 46 (59%) HCV Unclear 52% (13%) 12

Le Calvez, 2004,
France 66

Retrospective, one center 323 Same time 47 (58%) HCV � 10 mm 41% (13%) 14

Al- Mohri, 2005,
Canada 48

Retrospective, 2 tertiary centers 46 � 3 months 42 (89%) HIV/HCV Unclear 72% (20%) 13

Romero-Gomez,
2005, Spain 65

Retrospective, one center 199 Same time 41 (59%) HCV Unclear 52% (15%) 13

Islam, 2005,
Sweden 54

Retrospective, tertiary center 179 Same time 43 (55%) HCV � 10 mm 44% (12%) 14

Kelleher, 2005,
USA 49

Retrospective, tertiary center 95 Same time 45 (63%) HIV/HCV � 10 mm and � 5
portal tracts

27% (16%) 14

Lackner, 2005,
Austria 67

Retrospective, two centers 194 � 1 month 48 (57%) HCV Median 19 � 8 mm
and 11 portal
tracts (range 9-16)

50% (16%) 14

Nunes, 2005,
USA 50

Prospective, 2 centers 97 � 6 months 47 (67%) HCV (n � 57);
HIV/HCV
(n � 40)

Median 14.5 mm for
HCV;
15 mm for HIV/
HCV

55%
(32%) for

HCV;
48%
(33%)
for HIV/
HCV

14

Bourliere, 2006,
France 52

Prospective, multicenter 235 Same time 46 (55%) HCV 16 � 7.5 mm 42% (7%) 14

Chrysanthos, 2006,
Greece 53

Retrospective, tertiary center 284 Same time 49 (51%) HCV � 15 mm 51% (20%) 14

Lieber, 2006,
USA 55

Retrospective study, multicenter 133 Unclear 46 (97%) HCV &
alcoholic
liver disease

Unclear 44% (NA) 13

Liu, 2006,
Tiawan 57

Prospective, tertiary center 79 Unclear 43 (35%) HCV with
normal ALT

19 � 1 mm 27% (0%) 14

Macias, 2006
Spain51

Retrospective, 5 centers 263 � 1 month 37 (84%) HIV/HCV � 15 mm 58% (15%) 14

Parise, 2006,
Brazil 58

Prospective, one center 206 � 3 months 47 (56%) HCV Unclear 42% (21%) 13

Pavic, 2004,
Serbia 68*

Unclear 143 Unclear 38 (69%) HCV Unclear 27% (8%) Unclear

Romera, 2006,
Spain 59

Retrospective, tertiary center 131 Same time 40 (60%) HCV 10 � 2 portal tracts 47% (11%) 14

Schneider, 2006,
Germany 60

Prospective, one center 83 Unclear 49 (49%) HCV Unclear 57% (23%) 12

Sene, 2006,
France 61

Prospective, tertiary center 138 Median 1 month
(range 0.5-3.5)

58 (50%) HCV with
vasculitis

67% � 15 mm 47% (14%) 13

Snyder, 2006,
USA 62

Retrospective, tertiary center;
Prospective, tertiary center

339
151

�4 months;
Same time

45 (72%);
48 (70%)

HCV 23 � 8 mm;
22 � 8 mm

49% (2%);
52% (17%)

14

Testa, 2006,
Italy 63

Prospective, tertiary center 75 � 1 day 50 (68%) HCV � 15 mm 49% (12%) 14

Wilson, 2006,
USA 64

Prospective, multicenter 119 � 45 days 42 (82.4%) HCV Median length 11
mm

9% (0%) 14

*Several details from this manuscript are unclear due to predominant publication in Serbian (some details in English).
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were 59% and 75%, respectively. At the 1.5 cutoff, the
estimated PPV and NPV were 77% and 61%, respec-
tively. The tradeoff between PPV and NPV for these
thresholds at variable prevalence rates of significant fibro-
sis is illustrated in Fig. 3.

According to the meta-regression analysis, APRI accu-
racy for detecting significant fibrosis was not affected by
study-related or patient-related factors. Specifically, sam-
ple size (P � 0.51), methodological quality (P � 0.86),
country of origin (P � 0.87), adequacy of biopsy speci-

mens (P � 0.90), and histopathological classification
(P � 0.45) were not significant in this analysis. Similarly,
APRI accuracy was not affected by the age of the study
population (P � 0.14), sex (P � 0.96), the prevalence of
significant fibrosis (P � 0.46), or the inclusion of HIV/
HCV–co-infected patients (P � 0.60). According to the
regression-based analysis of funnel plot asymmetry, there
was no evidence of publication bias (P � 0.67).

Diagnostic Accuracy of the APRI for the Prediction
of Cirrhosis

Twelve studies examined the APRI for the prediction
of HCV-related cirrhosis (n � 2,589). The average prev-
alence of cirrhosis was 15% (range, 7%-33%). For this
outcome, the area under the SROC curve was 0.82 (95%
CI, 0.79-0.86; Fig. 4), and the summary DOR was 11.3
(7.9-16.0; Fig. 5). Heterogeneity was not significant
(Q � 17.45; P � 0.134).

Fig. 1. SROC curve of the APRI for significant fibrosis. AUC, area under
the SROC curve.

Fig. 2. Diagnostic accuracy of the
APRI for significant fibrosis. Hetero-
geneity was significant in this anal-
ysis (P � 0.004). Note: x-axis on a
logarithmic scale. DOR, diagnostic
odds ratio.

Table 2. Summary Sensitivities and Specificities of the APRI
at Various Diagnostic Thresholds for Prediction of Significant

Fibrosis and Cirrhosis

Test Threshold and
Outcome

Number of
Studies

(Patients)

Summary
Sensitivity
(95% CI)

Summary
Specificity
(95% CI)

Significant Fibrosis
� 0.4 (0.38-0.42) 4 (717) 86% (54-97%) 54% (49-59%)
0.5 16 (3,277) 81% (76-86%) 50% (47-52%)
0.7 3 (438) 84% (78-88%) 70% (63-76%)
1.0 2 (473) 59% (48-70%) 86% (81-89%)
1.5 15 (3,146) 35% (30-41%) 91% (89-92%)

Cirrhosis
1.0 9 (2,057) 76% (68-82%) 71% (69-73%)
2.0 8 (1,946) 49% (43-55%) 91% (90-93%)

Abbreviation: CI, confidence interval.
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At the lower recommended threshold of 1.0, the sum-
mary sensitivity and specificity were 76% (95% CI 68-
82%) and 71% (69-73%), respectively (Table 2). At a
more specific threshold of 2.0, these figures were 49%
(95% CI 43-55%) and 91% (90-93%), respectively. At
the 15% prevalence of cirrhosis observed in the included
studies, the estimated PPV and NPV of the 1.0 threshold
were 32% and 94%, respectively. At the 2.0 threshold, the
estimated PPV and NPV were 50% and 91%, respec-
tively. The inversely proportional relationship between
PPV and NPV for these thresholds at variable cirrhosis
prevalence rates is illustrated in Fig. 6.

According to the meta-regression analysis, APRI accu-
racy for the detection of cirrhosis was greater in studies
with a higher proportion of males (P � 0.001), younger
participants (P � 0.04), and HIV/HCV–co-infected pa-
tients (P � 0.03). The DOR for cirrhosis was 44.9 (95%
CI, 13.1-153.6) in the 2 studies including HIV/HCV–
co-infected patients versus 9.5 (6.9-13.1) in the studies
including only HCV-monoinfected participants. The
other covariates were not significant (data not shown). An
analysis for funnel plot asymmetry suggested possible
publication bias for the prediction of cirrhosis (P �
0.0005).

Discussion
In this systematic review, we summarize the diagnostic

accuracy of the APRI for the prediction of HCV-related
fibrosis. In an era in which the number of fibrosis markers
is growing rapidly, many clinicians, patients, researchers,
and policy makers are confused as to the optimal measure.
Because the APRI is based on routinely performed, inex-
pensive laboratory parameters, it is potentially the ideal
tool because most HCV-infected patients reside in re-
gions with limited healthcare resources.1 Our systematic

review suggests that the accuracy of the APRI is perhaps
less than initially described. In Wai and colleagues’ orig-
inal study,17 the AUC for significant fibrosis and cirrhosis
in the training and validation cohorts were 0.80 to 0.88
and 0.89 to 0.94, respectively. In our systematic review,
the APRI had modest accuracy for significant fibrosis
(AUC 0.76; DOR �6).69,70 Because these point estimates
are difficult to translate into clinical practice, we calcu-
lated summary sensitivities and specificities. Moreover,
we provide predictive values at varying fibrosis prevalence
rates, with the aim of providing practically useful infor-
mation for clinicians in a variety of practice settings (Figs.
3 and 6). According to these analyses, the primary
strength of the APRI is the exclusion of significant fibro-
sis. Based on our bivariate meta-analysis, the 0.5 threshold
was 81% sensitive and 50% specific. Assuming a 47%
prevalence of significant fibrosis (as observed in the in-
cluded studies), this translates into an estimated PPV of
59% and NPV of 75%. Although these predictive values
appear suboptimal, the NPV was more acceptable in
lower prevalence settings, such as typically observed in
community-based cohorts.64 For example, at a prevalence
of 30% to 40%, the estimated NPV ranged from 80% to
86%; at the same time, the PPV did not exceed 52% (Fig.
3). On the contrary, a cutoff of 1.5 was more specific
(91%) but less sensitive (35%). The PPV of this threshold
did not reach 80% until the prevalence of significant fi-
brosis exceeded 50%, which is typically observed only in
referral centers. Based on these analyses, we suggest that

Fig. 4. SROC curve of the APRI for cirrhosis. AUC, area under the
SROC curve.

Fig. 3. NPV (solid lines) and PPV (dotted lines) of the APRI for
significant fibrosis according to prevalence. Curves are illustrated for the
recommended APRI thresholds of 0.5 (black lines) and 1.5 (gray lines).17
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an APRI of 0.5 or less has acceptable accuracy for exclud-
ing significant fibrosis in average prevalence settings. In
the 16 studies included in this analysis, 35% of patients
met this criterion. Thus, at least one third of biopsies
could be avoided if this threshold were used to exclude
significant fibrosis. On the contrary, higher scores (for
example, �1.5) have sub-optimal PPV, with the excep-
tion of clinical settings with a high prevalence (�50%) of
advanced fibrosis.

Our secondary outcome was the identification of cir-
rhosis. As expected, the APRI had improved accuracy for
this outcome (AUC 0.82; DOR �11). Although the
APRI cutoff of 1.0 was 76% sensitive and 71% specific,
the 2.0 threshold was much more specific (93%) at the
expense of reduced sensitivity (49%). Unfortunately, the
low PPVs of these thresholds do not allow one to accu-
rately “rule in” cirrhosis. For example, at a cirrhosis prev-

alence of 15%, as observed in the included studies, the
estimated PPV of the 2.0 threshold was only 50% (Fig. 6).
The PPV for this threshold did not exceed 80% until the
prevalence of cirrhosis was �40%. On the contrary, the
ability to exclude cirrhosis is excellent. At this prevalence,
the 1.0 and 2.0 thresholds had NPVs of 91% and 94%,
respectively. In the included studies, 65% of patients had
an APRI of 1.0 or less, and 86% had an APRI of 2.0 or
less. Therefore, cirrhosis can be excluded in most patients
with acceptable accuracy using these thresholds. This
finding has important practical implications for the initi-
ation of surveillance programs for gastroesophageal vari-
ces and hepatocellular carcinoma without histological
data.

Some of the studies reported APRI thresholds not in-
cluded in the original description (Table 2).17 Although
we have not focused on these thresholds because of the
small number of studies, the 0.7 cutoff appears promising
(sensitivity, 84%; specificity, 70% for significant fibrosis).
In future studies including the APRI, we would recom-
mend that a wider range of thresholds be reported because
this may permit refinement of its use. Also, inclusion of
other routinely performed parameters (e.g., gamma glu-
tamyltransferase, alanine aminotransferase, alkaline phos-
phatase, International Normalized Ratio, bilirubin) may
improve its accuracy.

An unresolved issue is a comparison of the APRI with
other fibrosis measures. Although we did not address this
directly, the AUC of 0.76 that we observed for significant
fibrosis is similar to that of the FibroTest in a meta-anal-
ysis by Poynard and colleagues (0.79; 95% CI 0.77-
0.82).71 Similarly, in a multicenter comparative study of
fibrosis markers,38 the AUC for significant fibrosis of the

Fig. 5. Diagnostic accuracy of the
APRI for cirrhosis. Note: x-axis on a
logarithmic scale. DOR, diagnostic
odds ratio.

Fig. 6. NPV (solid lines) and PPV (dotted lines) of the APRI for
cirrhosis according to prevalence. Curves are illustrated for the recom-
mended APRI thresholds of 1.0 (black lines) and 2.0 (gray lines).17
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APRI (0.76), FibroTest (0.79), FibroMeter (0.78), and
HepaScore (0.76) were not significantly different. With
respect to transient elastography, Castera et al. did not
find a statistically significant difference between the Fi-
broScan and APRI for METAVIR F2-F4 fibrosis (AUC
0.83 vs. 0.78), although the FibroScan was more accurate
for cirrhosis (0.95 vs. 0.83).40 This largely insignificant
difference between the APRI, which is inexpensive and
available for all HCV-infected patients, versus other more
costly and specialized fibrosis measures underscores 2 im-
portant points. First, before the latter tools are widely
used, their incremental cost-effectiveness, or the tradeoff
between increased accuracy (if there is any) and cost,
should be demonstrated.72 Second, further research must
identify novel markers with improved accuracy over con-
ventional measures. These studies should include the
APRI as a benchmark for diagnostic performance.

A strength of our review is our analysis for heterogene-
ity in APRI accuracy, which was significant for the pri-
mary outcome. Despite examining 9 patient and study-
specific covariates, including study quality, fibrosis stage
distribution, and inclusion of HIV/HCV–co-infected
patients, we could not explain this finding. Biopsy length,
specifically, was not significant in the meta-regression
analyses, although this has been reported to affect the
accuracy of some fibrosis markers.38,73,74 Because most of
the studies did not exclude suboptimal biopsy specimens
(or did not report biopsy characteristics), we would en-
courage future investigators to be rigorous in their assess-
ment of the quality of liver biopsies, ensuring adequate
length and portal tract number.5 Although these negative
findings may reflect a type II error, we hypothesize that
they likely relate to “unquantifiable” differences between
studies such as the quality of histopathologists, heteroge-
neous patient populations, and different assays and refer-
ence ranges for AST (reported in only 1 of the studies). An
individual patient data meta-analysis would be useful to
explore these issues. Interestingly, the APRI was more
accurate for the identification of cirrhosis in HIV/HCV–
co-infected patients. This finding was surprising because
we hypothesized that its accuracy may be diminished in
co-infected patients because of HIV-related or antiretro-
viral-related thrombocytopenia.75 Because this analysis
included only 2 studies of co-infected patients, it warrants
confirmation.

Our systematic review has several limitations. Al-
though we identified 22 eligible studies including more
than 4,200 patients, our funnel plot analysis for cirrhosis
suggested the possibility of publication or other small
sample size–related biases. This may relate to our inclu-
sion of only published manuscripts. Potentially eligible
abstracts were identified, but most did not report suffi-

cient data, and many were subsequently published, often
in altered form. Even so, because tests for publication bias
have not been fully validated in meta-analyses of diagnos-
tic test accuracy, these findings must be interpreted cau-
tiously.37 A second limitation is that we have focused our
analysis on HCV-infected patients only. The APRI has
been examined in hepatitis B, but the few published stud-
ies suggest reduced accuracy.76,77 Therefore, to avoid in-
troducing further heterogeneity, we restricted our analysis
to HCV. Ideally, we would have also examined other test
characteristics such as cost-effectiveness and impact on
clinical outcomes. Because of a scarcity of publications,
we could not address these important issues. However,
Ngo et al.47 recently described an association between
APRI scores and 5-year survival without HCV-related
complications (AUC 0.82). In another study,46 the APRI
6 months after the end of antiviral therapy was highly
predictive of hepatocellular carcinoma development and
survival (AUCs 0.87). Finally, we have considered the
accuracy of the APRI in isolation, rather than in combi-
nation with other measures. As reported by Sebastiani et
al.,39 a stepwise algorithm including the APRI and other
markers may improve diagnostic performance. Because of
an absence of similar publications, we could not examine
this issue.

In summary, our systematic review suggests that the
APRI has moderate diagnostic utility for the prediction of
fibrosis in HCV-infected patients. Its major role appears
to be the exclusion of significant fibrosis and cirrhosis,
which can be achieved with acceptable accuracy in at least
one third and three quarters of patients, respectively. Fu-
ture studies of novel fibrosis markers should demonstrate
improved accuracy and cost-effectiveness compared with
this simple, economical, and widely available index.

References
1. Hepatitis C–global prevalence (update). Wkly Epidemiol Rec 2000;75:

18-19.
2. Pawlotsky JM. Current and future concepts in hepatitis C therapy. Semin

Liver Dis 2005;25:72-83.
3. Thomas DL, Seeff LB. Natural history of hepatitis C. Clin Liver Dis

2005;9:383-398, vi.
4. Friedman LS. Controversies in liver biopsy: who, where, when, how, why?

Curr Gastroenterol Rep 2004;6:30-36.
5. Bedossa P, Dargere D, Paradis V. Sampling variability of liver fibrosis in

chronic hepatitis C. HEPATOLOGY 2003;38:1449-1457.
6. McHutchison J, Poynard T, Afdhal N. Fibrosis as an end point for clinical

trials in liver disease: a report of the international fibrosis group. Clin
Gastroenterol Hepatol 2006;4:1214-1220.

7. Sandrin L, Fourquet B, Hasquenoph JM, Yon S, Fournier C, Mal F, et al.
Transient elastography: a new noninvasive method for assessment of he-
patic fibrosis. Ultrasound Med Biol 2003;29:1705-1713.

8. Sebastiani G, Alberti A. Non invasive fibrosis biomarkers reduce but not
substitute the need for liver biopsy. World J Gastroenterol 2006;12:3682-
3694.

HEPATOLOGY, Vol. 46, No. 3, 2007 SHAHEEN AND MYERS 919



9. Rockey DC, Bissell DM. Noninvasive measures of liver fibrosis. HEPATOL-
OGY 2006;43(2 Suppl 1):S113-S120.

10. Patel K, Gordon SC, Jacobson I, Hezode C, Oh E, Smith KM, et al.
Evaluation of a panel of non-invasive serum markers to differentiate mild
from moderate-to-advanced liver fibrosis in chronic hepatitis C patients.
J Hepatol 2004;41:935-942.

11. Cales P, Oberti F, Michalak S, Hubert-Fouchard I, Rousselet MC, Konate
A, et al. A novel panel of blood markers to assess the degree of liver fibrosis.
HEPATOLOGY 2005;42:1373-1381.

12. Adams LA, Bulsara M, Rossi E, DeBoer B, Speers D, George J, et al.
Hepascore: an accurate validated predictor of liver fibrosis in chronic hep-
atitis C infection. Clin Chem 2005;51:1867-1873.

13. Rosenberg WM, Voelker M, Thiel R, Becka M, Burt A, Schuppan D, et al.
Serum markers detect the presence of liver fibrosis: a cohort study. Gastro-
enterology 2004;127:1704-1713.

14. Forns X, Ampurdanes S, Llovet JM, Aponte J, Quinto L, Martinez-Bauer
E, et al. Identification of chronic hepatitis C patients without hepatic
fibrosis by a simple predictive model. HEPATOLOGY 2002;36:986-992.

15. Sud A, Hui JM, Farrell GC, Bandara P, Kench JG, Fung C, et al. Improved
prediction of fibrosis in chronic hepatitis C using measures of insulin
resistance in a probability index. HEPATOLOGY 2004;39:1239-1247.

16. Imbert-Bismut F, Ratziu V, Pieroni L, Charlotte F, Benhamou Y, Poynard
T. Biochemical markers of liver fibrosis in patients with hepatitis C virus
infection: a prospective study. Lancet 2001;357:1069-1075.

17. Wai CT, Greenson JK, Fontana RJ, Kalbfleisch JD, Marrero JA, Conje-
evaram HS, et al. A simple noninvasive index can predict both significant
fibrosis and cirrhosis in patients with chronic hepatitis C. HEPATOLOGY

2003;38:518-526.
18. Deville WL, Buntinx F, Bouter LM, Montori VM, de Vet HC, van der

Windt DA, et al. Conducting systematic reviews of diagnostic studies:
didactic guidelines. BMC Med Res Methodol 2002;2:9.

19. Dickersin K, Scherer R, Lefebvre C. Identifying relevant studies for sys-
tematic reviews. BMJ 1994;309:1286-1291.

20. Whiting P, Rutjes AW, Dinnes J, Reitsma J, Bossuyt PM, Kleijnen J.
Development and validation of methods for assessing the quality of diag-
nostic accuracy studies. Health Technol Assess 2004;8:iii, 1-234.

21. Whiting PF, Westwood ME, Rutjes AW, Reitsma JB, Bossuyt PM, Klei-
jnen J. Evaluation of QUADAS, a tool for the quality assessment of diag-
nostic accuracy studies. BMC Med Res Methodol 2006;6:9.

22. Intraobserver and interobserver variations in liver biopsy interpretation in
patients with chronic hepatitis C: the French METAVIR Cooperative
Study Group. HEPATOLOGY 1994;20:15-20.

23. Batts KP, Ludwig J. Chronic hepatitis: an update on terminology and
reporting. Am J Surg Pathol 1995;19:1409-1417.

24. Scheuer PJ. Classification of chronic viral hepatitis: a need for reassess-
ment. J Hepatol 1991;13:372-374.

25. Ishak K, Baptista A, Bianchi L, Callea F, De Groote J, Gudat F, et al.
Histological grading and staging of chronic hepatitis. J Hepatol 1995;22:
696-699.

26. Strader DB, Wright T, Thomas DL, Seeff LB. Diagnosis, management,
and treatment of hepatitis C. HEPATOLOGY 2004;39:1147-1171.

27. Moses LE, Shapiro D, Littenberg B. Combining independent studies of a
diagnostic test into a summary ROC curve: data-analytic approaches and
some additional considerations. Stat Med 1993;12:1293-1316.

28. Walter SD. Properties of the summary receiver operating characteristic
(SROC) curve for diagnostic test data. Stat Med 2002;21:1237-1256.

29. Dukic V, Gatsonis C. Meta-analysis of diagnostic test accuracy assessment
studies with varying number of thresholds. Biometrics 2003;59:936-946.

30. DerSimonian R, Laird N. Meta-analysis in clinical trials. Control Clin
Trials 1986;7:177-188.

31. Glas AS, Lijmer JG, Prins MH, Bonsel GJ, Bossuyt PM. The diagnostic
odds ratio: a single indicator of test performance. J Clin Epidemiol 2003;
56:1129-1135.

32. Deeks JJ. Systematic reviews in health care: systematic reviews of evalua-
tions of diagnostic and screening tests. Br Med J 2001;323:157-162.

33. Doust JA, Glasziou PP, Pietrzak E, Dobson AJ. A systematic review of the
diagnostic accuracy of natriuretic peptides for heart failure. Arch Intern
Med 2004;164:1978-1984.

34. Reitsma JB, Glas AS, Rutjes AW, Scholten RJ, Bossuyt PM, Zwinderman
AH. Bivariate analysis of sensitivity and specificity produces informative
summary measures in diagnostic reviews. J Clin Epidemiol 2005;58:982-
990.

35. Schmid CH, Stark PC, Berlin JA, Landais P, Lau J. Meta-regression de-
tected associations between heterogeneous treatment effects and study-
level, but not patient-level, factors. J Clin Epidemiol 2004;57:683-697.

36. Cochran WG. The combination of estimates from different experiments.
Biometrics 1954;10:101-129.

37. Deeks JJ, Macaskill P, Irwig L. The performance of tests of publication bias
and other sample size effects in systematic reviews of diagnostic test accu-
racy was assessed. J Clin Epidemiol 2005;58:882-893.

38. Halfon P, Bacq Y, De Muret A, Penaranda G, Bourliere M, Ouzan D, et al.
Comparison of test performance profile for blood tests of liver fibrosis in
chronic hepatitis C. J Hepatol 2006.;46:395-402.

39. Sebastiani G, Vario A, Guido M, Noventa F, Plebani M, Pistis R, et al.
Stepwise combination algorithms of non-invasive markers to diagnose sig-
nificant fibrosis in chronic hepatitis C. J Hepatol 2006;44:686-693.

40. Castera L, Vergniol J, Foucher J, Le Bail B, Chanteloup E, Haaser M, et al.
Prospective comparison of transient elastography, Fibrotest, APRI, and
liver biopsy for the assessment of fibrosis in chronic hepatitis C. Gastroen-
terology 2005;128:343-350.

41. de Ledinghen V, Douvin C, Kettaneh A, Ziol M, Roulot D, Marcellin P,
et al. Diagnosis of hepatic fibrosis and cirrhosis by transient elastography in
HIV/hepatitis C virus-coinfected patients. J Acquir Immune Defic Syndr
2006;41:175-179.

42. Gobel T, Vorderwulbecke S, Hauck K, Fey H, Haussinger D, Erhardt A.
New multi protein patterns differentiate liver fibrosis stages and hepato-
cellular carcinoma in chronic hepatitis C serum samples. World J Gastro-
enterol 2006;12:7604-7612.

43. Fabris C, Smirne C, Toniutto P, Colletta C, Rapetti R, Minisini R, et al.
Assessment of liver fibrosis progression in patients with chronic hepatitis C
and normal alanine aminotransferase values: the role of AST to the platelet
ratio index. Clin Biochem 2006;39:339-343.

44. Kawamoto M, Mizuguchi T, Katsuramaki T, Nagayama M, Oshima H,
Kawasaki H, et al. Assessment of liver fibrosis by a noninvasive method of
transient elastography and biochemical markers. World J Gastroenterol
2006;12:4325-4330.

45. Maor Y, Bashari D, Kenet G, Lubetsky A, Luboshitz J, Schapiro JM, et al.
Non-invasive biomarkers of liver fibrosis in haemophilia patients with
hepatitis C: can you avoid liver biopsy? Haemophilia 2006;12:372-379.

46. Yu ML, Lin SM, Lee CM, Dai CY, Chang WY, Chen SC, et al. A simple
noninvasive index for predicting long-term outcome of chronic hepatitis C
after interferon-based therapy. HEPATOLOGY 2006;44:1086-1097.

47. Ngo Y, Munteanu M, Messous D, Charlotte F, Imbert-Bismut F, Thabut
D, et al. A prospective analysis of the prognostic value of biomarkers
(FibroTest) in patients with chronic hepatitis C. Clin Chem 2006;52:
1887-1896.

48. Al-Mohri H, Cooper C, Murphy T, Klein MB. Validation of a simple
model for predicting liver fibrosis in HIV/hepatitis C virus-coinfected
patients. HIV Med 2005;6:375-378.

49. Kelleher TB, Mehta SH, Bhaskar R, Sulkowski M, Astemborski J, Thomas
DL, et al. Prediction of hepatic fibrosis in HIV/HCV co-infected patients
using serum fibrosis markers: the SHASTA index. J Hepatol 2005;43:78-
84.

50. Nunes D, Fleming C, Offner G, O’Brien M, Tumilty S, Fix O, et al. HIV
infection does not affect the performance of noninvasive markers of fibrosis
for the diagnosis of hepatitis C virus-related liver disease. J Acquir Immune
Defic Syndr 2005;40:538-544.

51. Macias J, Giron-Gonzalez JA, Gonzalez-Serrano M, Merino D, Cano P,
Mira JA, et al. Prediction of liver fibrosis in human immunodeficiency
virus/hepatitis C virus coinfected patients by simple non-invasive indexes.
Gut 2006;55:409-414.

920 SHAHEEN AND MYERS HEPATOLOGY, September 2007



52. Bourliere M, Penaranda G, Renou C, Botta-Fridlund D, Tran A, Portal I,
et al. Validation and comparison of indexes for fibrosis and cirrhosis pre-
diction in chronic hepatitis C patients: proposal for a pragmatic approach
classification without liver biopsies. J Viral Hepatol 2006;13:659-670.

53. Chrysanthos NV, Papatheodoridis GV, Savvas S, Kafiri G, Petraki K,
Manesis EK, et al. Aspartate aminotransferase to platelet ratio index for
fibrosis evaluation in chronic viral hepatitis. Eur J Gastroenterol Hepatol
2006;18:389-396.

54. Islam S, Antonsson L, Westin J, Lagging M. Cirrhosis in hepatitis C
virus-infected patients can be excluded using an index of standard bio-
chemical serum markers. Scand J Gastroenterol 2005;40:867-872.

55. Lieber CS, Weiss DG, Morgan TR, Paronetto F. Aspartate aminotransfer-
ase to platelet ratio index in patients with alcoholic liver fibrosis. Am J
Gastroenterol 2006;101:1500-1508.

56. Berg T, Sarrazin C, Hinrichsen H, Buggisch P, Gerlach T, Zachoval R, et
al. Does noninvasive staging of fibrosis challenge liver biopsy as a gold
standard in chronic hepatitis C? HEPATOLOGY 2004;39:1456-1457; au-
thor reply 1457-1458.

57. Liu CH, Lin JW, Tsai FC, Yang PM, Lai MY, Chen JH, et al. Noninvasive
tests for the prediction of significant hepatic fibrosis in hepatitis C virus
carriers with persistently normal alanine aminotransferases. Liver Int 2006;
26:1087-1094.

58. Parise ER, Oliveira AC, Figueiredo-Mendes C, Lanzoni V, Martins J,
Nader H, et al. Noninvasive serum markers in the diagnosis of structural
liver damage in chronic hepatitis C virus infection. Liver Int 2006;26:
1095-1099.

59. Romera M, Corpas R, Romero Gomez M. Insulin resistance as a non-
invasive method for the assessment of fibrosis in patients with hepatitis C:
a comparative study of biochemical methods. Rev Esp Enferm Dig 2006;
98:161-169.

60. Schneider AR, Teuber G, Paul K, Nikodem A, Duesterhoeft M, Caspary
WF, et al. Patient age is a strong independent predictor of 13C-aminopy-
rine breath test results: a comparative study with histology, duplex-Dop-
pler and a laboratory index in patients with chronic hepatitis C virus
infection. Clin Exp Pharmacol Physiol 2006;33:300-304.

61. Sene D, Limal N, Messous D, Ghillani-Dalbin P, Charlotte F, Thiolliere
JM, et al. Biological markers of liver fibrosis and activity as non-invasive
alternatives to liver biopsy in patients with chronic hepatitis C and associ-
ated mixed cryoglobulinemia vasculitis. Clin Biochem 2006;39:715-721.

62. Snyder N, Gajula L, Xiao SY, Grady J, Luxon B, Lau DT, et al. APRI: an
easy and validated predictor of hepatic fibrosis in chronic hepatitis C. J Clin
Gastroenterol 2006;40:535-542.

63. Testa R, Testa E, Giannini E, Borro P, Milazzo S, Isola L, et al. Noninva-
sive ratio indexes to evaluate fibrosis staging in chronic hepatitis C: role of
platelet count/spleen diameter ratio index. J Intern Med 2006;260:142-
150.

64. Wilson LE, Torbenson M, Astemborski J, Faruki H, Spoler C, Rai R, et al.
Progression of liver fibrosis among injection drug users with chronic hep-
atitis C. HEPATOLOGY 2006;43:788-795.

65. Romero Gomez M, Ramirez Martin del Campo M, Otero MA, Vallejo M,
Corpas R, Castellano-Megias VM. [Comparative study of two models that
use biochemical parameters for the non-invasive diagnosis of fibrosis in
patients with hepatitis C]. Med Clin (Barc) 2005;124:761-764.

66. Le Calvez S, Thabut D, Messous D, Munteanu M, Ratziu V, Imbert-
Bismut F, et al. The predictive value of Fibrotest vs. APRI for the diagnosis
of fibrosis in chronic hepatitis C. HEPATOLOGY 2004;39:862-863; author
reply 863.

67. Lackner C, Struber G, Liegl B, Leibl S, Ofner P, Bankuti C, et al. Com-
parison and validation of simple noninvasive tests for prediction of fibrosis
in chronic hepatitis C. HEPATOLOGY 2005;41:1376-1382.

68. Pavic S, Svirtlih N, Simonovic J, Boricic I. [The importance of aminotrans-
ferases and platelets count in non-invasive evaluation stages of chronic
hepatitis C]. Srp Arh Celok Lek 2005;133:262-265.

69. Deeks JJ. Systematic reviews of evaluations of diagnostic and screening
tests. In: Altman DG, ed. Systematic Reviews in Health Care: Meta-anal-
ysis in Context. London, UK: BMJ Books, 2001.

70. Jaeschke R, Guyatt GH, Sackett DL. Users’ guides to the medical litera-
ture. III. How to use an article about a diagnostic test. B. What are the
results and will they help me in caring for my patients? The Evidence-Based
Medicine Working Group. JAMA 1994;271:703-707.

71. Poynard T, Halfon P, Castera L, Ratziu V, Imbert-Bismut F, Naveau S, et
al. Meta-analyses du FibroTest (FT) pour le diagnostic de fibrose dans les
4 maladies du foie les plus frequentes (Abstract, Association Francaise Pour
L’Etude du Foie 2006, www.biopredictive.com). Available at: http://
www.biopredictive.com/infos/Docteurs/copy_of_exfile.2005-04-15.
2761081870/fr/attach/METAanalyse%20FibroTest_AFEF%20202006.
pdf. Accessed December 18, 2006.

72. Gazelle GS, McMahon PM, Siebert U, Beinfeld MT. Cost-effectiveness
analysis in the assessment of diagnostic imaging technologies. Radiology
2005;235:361-370.

73. Poynard T, McHutchison J, Manns M, Myers RP, Albrecht J. Biochemical
surrogate markers of liver fibrosis and activity in a randomized trial of
peginterferon alfa-2b and ribavirin. HEPATOLOGY 2003;38:481-492.

74. Poynard T, Munteanu M, Imbert-Bismut F, Charlotte F, Thabut D, Le
Calvez S, et al. Prospective analysis of discordant results between biochem-
ical markers and biopsy in patients with chronic hepatitis C. Clin Chem
2004;50:1344-1355.

75. Scaradavou A. HIV-related thrombocytopenia. Blood Rev 2002;16:73-76.
76. Sebastiani G, Vario A, Guido M, Alberti A. Sequential algorithms com-

bining non-invasive markers and biopsy for the assessment of liver fibrosis
in chronic hepatitis B. World J Gastroenterol 2007;13:525-531.

77. Wai CT, Cheng CL, Wee A, Dan YY, Chan E, Chua W, et al. Non-
invasive models for predicting histology in patients with chronic hepatitis
B. Liver Int 2006;26:666-672.

HEPATOLOGY, Vol. 46, No. 3, 2007 SHAHEEN AND MYERS 921


