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Abstract

D
I

Background: Assessment of hepatic fibrosis stage in patients with chronic hepatitis B (CHB) is indispensable for prognosis evaluation
and therapeutic regime. Noninvasive tests are fast, safe and cheap and need low technical requirements for diagnosing hepatic fibrosis in
CHB patients.
Objectives: Using the latent class model with a random-factor to estimate relative accuracy of noninvasive tests for the diagnosis of
hepatic fibrosis without a gold standard in a large population with CHB.
Patients and Methods: A total of 544 patients with CHB were assessed for fibrosis stage by four noninvasive tests containing liver stiffness
measurement (LSM), aspartate aminotransferase-to-platelet ratio index (APRI), fibrosis index based on 4 factors (FIB-4) and globulin and
platelet (GP). The diagnostic evaluation was made by the latent class method with random effect which analyzed the clinical data above to
assess the accuracy of four ways of noninvasive diagnosis.
Results: The latent class model with random effect permitted to conciliate the observed data and estimates of test performances. For
significant fibrosis, the specificity/sensitivity were 83.24%/91.59% (APRI), 90.05%/95.57% (FIB-4), 75.11%/66.01% (LSM) and 71.13%/98.33% (GP),
respectively. For cirrhosis, the specificity/sensitivity were 84.04%/17.91% (APRI), 89.86%/17.09 (FIB-4), 78.64%/37.07% (LSM) and 82.28%/37.07%
(GP), respectively.
Conclusions: FIB-4 confirmed the best value for diagnosis of significant fibrosis. APRI had a sub-optimal diagnosis accuracy for significant
fibrosis. LSM showed the most balance diagnosis value for cirrhosis with the highest sensitivity and moderate specificity.
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1. Background
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Hepatitis B virus (HBV) infection is the most common
chronic viral infection in the world (1) and roughly 30%
of the world’s population show serological evidence of
current or past infection. About 350 million people are
chronic carriers of HBV and 30% - 40% of them develop
end-stage liver diseases or liver cancer (2). Hepatitis B is
the prevailing cause of cirrhosis in developing countries,
especially most areas of Asia and sub-Saharan Africa (3).
Most chronic hepatitis B (CHB) cases are notoriously
asymptomatic until occurrence of decompensated cirrhosis. Cirrhosis might lead to mortality without transplantation in as high as 85% patients over 5 years (3).
Cirrhosis in CHB would aggravate the prognosis and
treatment burden. Indeed, the incidence of hepatocellular carcinoma (HCC) per 100 person years ranges from 2
to 3.7 in patients with cirrhosis compared with only 0.3
to 0.6 in patients with active hepatitis B without cirrhosis and 0.02 to 0.2 in asymptomatic carriers (4). Cirrhosis
usually leads to various complications which influence
the quality of CHB patients’ life severely, including por-
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tal hypertension, ascites, hepatic, encephalopathy and
active esophageal variceal hemorrhage. The increasing
burden of liver diseases and problems of late presentation with decompensation emphasize the need for mass
screening to identify patients with chronic liver diseases
(5). Therefore, early diagnosis of fibrosis and cirrhosis is
important, especially for CHB patients who are in asymptomatic phase. Furthermore, CHB patients with significant fibrosis and cirrhosis are recommended to receive
antiviral therapy in current guidelines (6). Surveillance
of hepatic fibrosis is necessary for long-term treatment.
Liver biopsy is a traditional way to evaluate hepatic fibrosis, which is considered as the reference method. However,
there is a laundry list of limitations of biopsy as follows; high
cost, invasiveness, risk of complications, need for expert histological interpretation, risk of occupational exposure to
handlers and so on. Moreover, liver biopsy cannot provide
a dynamic monitor of progression of hepatic fibrogenesis.
All these limitations directly affect extensive applications of
biopsy in liver fibrosis screening for CHB patients.

Copyright © 2016, Kowsar Corp. This is an open-access article distributed under the terms of the Creative Commons Attribution-NonCommercial 4.0 International
License (http://creativecommons.org/licenses/by-nc/4.0/) which permits copy and redistribute the material just in noncommercial usages, provided the original
work is properly cited.
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More substitutions are applied to overcome limitations, like noninvasive tests, which are widely used in
the current clinical practice. The latest world health organization (WHO) HBV guideline strongly recommends
noninvasive assessment of liver disease stage at baseline
and during follow-up (7). Aspartate aminotransferase-toplatelet ratio index (APRI), fibrosis index based on the 4
factors (FIB-4) and liver stiffness measurement (LSM) are
the most common and convenient noninvasive tests,
which are prospective for extensive application in resource-limited settings. To standardize noninvasive tests
and ascertain their utility, evaluation of these diagnostic
methods is essential. Assessments in previous researches
were based on biopsy analysis as the reference standard.
However, liver biopsy analysis is an imperfect reference
standard; errors in liver biopsy results make it impossible to distinguish a perfect surrogate from ones that are
now judged as clinically unacceptable (8).
With imperfect side most time, especially in the underdeveloped areas, these estimations of accuracy (sensitivity, specificity and AUROC) of the diagnostic test would
be false and unreliable. Liver biopsy would not be a gold
standard. An alternative method is needed to assess the accuracy of noninvasive tests. When the result of a reference
(or gold standard) test is missing or not error-free, the accuracy of diagnostic test is often assessed through latent
class models with two latent classes, representing diseased
or non-diseased status (9). In the situation without a gold
standard, latent class model (LCM) analysis has been recommended for diagnostic evaluation of several tests (10).
Outcome of interest cannot be measured directly
in many research situations. These unobservable outcomes of APRI, FIB-4 and LSM for diagnosis of fibrosis/
cirrhosis can be measured indirectly by eliciting responses that are related to the construct of interest,
which named latent variables.

values within the normal range (our laboratory reference
value was 40 U/L) or < 2 × ULN (upper limit of normal);
3) absence of liver comorbidity including hepatitis delta
superinfection, HCV co-infection, chronic ethanol consumption (210 g/week in men and 140 g/week in women),
Wilson’s disease, HIV co-infection or auto-immune hepatitis; 5) no pregnancy. Patients received comprehensive
clinical and laboratory examinations within one day
after FibroScan test. The basic information included age
and gender, while clinical data included ALT, AST, albumin, globulin, total bilirubin (TBIL) and platelet count
(PLT). The characteristics of the study population are
listed in Table 1.

3.2. Liver Stiffness Measurement

D
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All patients underwent FibroScan (EchosensTM, Paris,
France) for LSM within 24 hours after the blood biochemical
test. Trained operators blinded to study design performed
LSM. For LSM reliability, recommended criteria were at least
ten valid LSM values acquired from each patient, with a success rate greater than 60%, and the interquartile range/
median LSM no more than 30% of the corresponding LSM
value (11). The following cut-offs recommended by WHO
HBV guideline were used to estimate the presumed fibrosis
stages: LSM > 12.5 kPa for cirrhosis (METAVIR F4); LSM > 7.75
kPa for significant fibrosis (METAVIR ≥ F2) (7).

S
f

o
e

v
i

2. Objectives
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The aim of this study was to apply this methodology to
estimate relative accuracy of APRI, FIB-4 and LSM for the
diagnosis of fibrosis, without a gold standard in a large
group of CHB patients. We evaluated noninvasive tests
recommended in the WHO HBV guideline, which would
be beneficial and feasible to their application on a large
scale, especially in resource limited settings.

3. Patients and Methods
3.1. Patients

Patients were recruited into trails from the clinic of
Xiangya hospital affiliated to Central South University
(Changsha,. China) from March 1, 2013 to April 1, 2014. The
inclusion criteria were 1) CHB defined by HBsAg positivity
for more than 6 months; 2) ALT (glutamic-pyruvic transaminase) and AST (glutamic oxalacetic transaminase)
2

3.3. Calculation of APRI, FIB-4 and GP

APRI, FIB-4 and GP are biochemical models for diagnosis
of hepatic fibrosis calculated in formulas as follows: APRI
= (AST/upper limit of normal) × 100/PLT count (109/L) (12).
The following cut-offs recommended by WHO HBV guideline for fibrosis stages: APRI cut-off points were chosen
to predict significant fibrosis and cirrhosis: APRI > 1 for
cirrhosis (METAVIR F4), APRI > 0.5 for significant fibrosis
(METAVIR ≥ F2) (7). FIB-4 = [age (year) × AST (IU/L)]/[PLT
count (109/L) × ALT (IU/L)1/2] (13). According to the WHO
HBV guideline, FIB-4 has been developed and validated
for detection of fibrosis stages ≥ F3 and not for cirrhosis.
However, the guideline has suggested establishing and
validating FIB-4 cut-offs for the diagnosis of cirrhosis and
advanced fibrosis (7). We summarized the meta-analysis
and clinical researches to assume two cut-offs; FIB-4 > 1.45
for significant fibrosis (METAVIR ≥ F2), FIB-4 > 3.6 for cirrhosis (METAVIR F4) (14).
We estimated noninvasive tests through LCM-R; however,
the number of tests for evaluation should be more than
four (9). Therefore, we had to introduce one more test
method. Globulin and PLT have shown association with
liver fibrosis and cirrhosis. Xu-Dong Liu et al. used two
markers (globulin and PLT) to develop a new fibrosis model
named GP model in HBV infection for predicting cirrhosis
and fibrosis. GP model = GLOB (g/dL) × 100/PLT (× 109/L). The
cut-offs used to predict significant fibrosis and cirrhosis
were listed below; GP > 1.68 for significant fibrosis (METAVIR ≥ F2) and GP > 2.53 for cirrhosis (METAVIR F4) (15).
Hepat Mon. 2016;16(2):e31983
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3.4. Design and Modeling

We used models to estimate performances of four noninvasive tests without a gold standard. The latent class model
using the standard maximum likelihood method to combine the test results from each patient constructed the
reference standard (9, 10, 16). Two authors (YX Z and SJ M)
independently rechecked all tests (APRI, FIB-4, GP and LSM)
used in every patient, with each test producing a dichotomous test result (e.g. test was either positive or negative).
Usually, we used test parameters of prevalence, sensitivity
and specificity to assess their functions, which were unknown in this study. In every evaluation, 16 distributions
of subjects according to the four test results would be generated through modeling. Hence, each patient had a result
combining the above tests, then we calculated the likelihood of each observed combination and the numbers of
subjects for combination. Standard maximum likelihood
methods could be used to obtain a unique solution (10, 17).

with higher cut-off of APRI for significant fibrosis (1.5)
and cirrhosis (2.0) (7). The sensitivity of the fit model was
judged by comparing the variations of results in the fit
model analyses with different cut-offs of APRI.

3.8. Statistical Analysis

3.5. Latent Class Analysis

Characteristics of included patients were present as
means, 95% CIs (95% confidence intervals), counts, median and IQR. Data input, calculation and basic analyses
were made using IBM SPSS 22.0 (Chicago, IL, USA), while
LatentGold-4.5 software (Statistical Innovation, Belmont,
MA, USA) was used to estimate the model parameters. The
random effect analysis used 2 clusters option and “continuous factor” (CFactor) option (One CFactor) of the LatentGold-4.5 software. To confirm the best model for analysis, P
value of the likelihood squared (L2) had to be greater than
0.05 and the Bayesian information criterion (BIC), defined
as L2 – log (N) × df (degrees of freedom of the data), had to
be the smallest among all competing models (18).

The precondition of this method acknowledged that no
gold standard existed and all the available tests were related to unknown true status; liver fibrosis/cirrhosis present or absent. These uncertain outcomes were defined as
latent class. This study contained many variations, but
all tests had in common the use of a statistical model to
combine different pieces of information (test results)
from each patient, to construct a reference standard.
The four noninvasive tests in this study had a common
dependency that they were initially validated by biopsy.
The traditional two-class model might not fit data either
seen as an artifact of measurement instrument or as a result of within-class heterogeneity. The latent class model
with a random-factor, the LCM-R model was used to set
the analysis, which allowed for local dependencies and
within-class heterogeneity (9, 10, 16, 17). In this study, we
assumed that the result of each test was governed by two
mechanisms or factors; the true status of liver fibrosis
and individual biological process or the diagnostic test
technological characteristics to fit the LCM-R model.

r
A

3.6. Sources of Impairment to Fit Model

Dependency or heterogeneity of test might significantly impair the fit of standard LCM without random effect.
We used bivariate residuals of baseline latent class analysis to find sources of fit impairment. The pair of tests was
excluded step by step until a model fitting the observed
results was obtained. When the likelihood-ratio goodness-of-fit value L2 (likelihood squared) significance was
more than 0.05, it was identified as fitting the observed
results (10, 16-18).

3.7. Sensitivity Analysis

To assess possible variability due to the cut-off of tests
and stability of fit model, we made a sensitivity analysis
Hepat Mon. 2016;16(2):e31983
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584 CHB patients enrolled in the study at beginning.
Nine patients were HCV antibody positive and ALT or AST
values of 21 patients were more than 2 ULN. Thirty patients were excluded because of unsatisfying criteria at
last. A total of 554 patients fulfilled the inclusive criteria.
Clinical and demographic characteristics of the study
population are shown in Table 1.

4.2. Assessment of Test Performances by LCM-R
Model

Performances of tests were assessed using LCM-R model
without a gold standard. Sixteen possible combinations of
the four test results based on LCM-R model for presuming
significant fibrosis and cirrhosis are shown in Tables 2 and
3. A total of 292 (52.71%) subjects (148 all negatives and 144
all positives) were complete concordance within the four
tests for diagnosis of significant fibrosis and 401 (72.38%)
subjects (358 all negatives and 43 all positives) for diagnosis of cirrhosis. Fit of the models using LCM-R for observed
distribution of test results are interpreted in Table 4. For
significant fibrosis, specificity values were respectively FIB4 (90.05%), APRI (83.23%), LSM (75.11%) and GP (71.13%). Sensitivity values were respectively GP (98.33%), FIB-4 (95.57%),
APRI (91.59%) and LSM (66.01%). For cirrhosis, specificity
values were FIB-4 (87%), APRI (82.71%), LSM (75.63%) and GP
(71.07%). All the sensitivities were low with the following
ranking; GP (23.9%), APRI (12.87%), FIB-4 (10.62%) and LSM
(4.82%). The overall assessments by the Youden index were
FIB-4 (0.8562), APRI (0.7483), GP (0.6946) and LSM (0.4112)
for significant fibrosis diagnoses, respectively. All of which
were unsatisfied for cirrhosis diagnoses as much small as
the Youden index (Table 4).
3
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4.3. Assessment of Significant
Impairment in Modeling

Sources

of

of model for significant fibrosis and cirrhosis (Table 5).

4.4. Assessment of Sensitivity of the Fit Model

LCM model for significant fibrosis became fit (P >
0.05), until the bivariate residuals of LSM-APRI and
LSM-FIB-4 were excluded, while that was LSM-GP in LCM
model for cirrhosis. Bivariate residual of LSM-APRI and
LSM-FIB-4 significantly impaired the model fit for significant fibrosis, which identified as the main sources of
impairment in LCM models. The main source of impairment in LCM model for cirrhosis came from LSM-GP,
whose bivariate residual was excluded to reach model
fit. The bivariate residuals of other pairs were lower
and the direct effect of them would not impair the fit

Generally, there were subtle differences among test cutoffs in different studies and populations. APRI also had
another higher cut-off; APRI > 2 for cirrhosis (METAVIR F4)
and APRI > 1.5 for significant fibrosis (METAVIR ≥ F2). The
LCM-R model still fitted for distributions with higher cutoff for APRI, which increased the specificity of APRI for
significant fibrosis and cirrhosis from 83.23% to 99.98%
and 84.04% to 98.28%, respectively. Nevertheless, sensitivity decreased from 91.59% to 25.84% and 17.91% to 12.41%,
respectively. The changes to other tests were little or no.

Table 1. Clinical, Biochemical and Basic Data of Included Patients
Features

D
I

Mean (95% CI)

Gender

Median (IQR)

554

Male

419

Female

135

Age, y

S
f

39.6 (38.8 - 40.5)

ALB, g/L

47.4 (47.1 - 47.7)

GLOB, g/L

28.4 (28.1 - 28.7)

40.0 (13.0)
47.0 (4.1)
28.0 (5.1)

o
e

ALT, U/L

34.4 (33.5 - 36.4)

AST, U/L

34.9 (33.4 - 36.35)

T.Bil, umol/L
PLT × 109/L

15.6 (15.0 - 16.3)

28.8 (14.8)
13.8 (8.6)

154.5 (149.1 - 160.0)

152.0 (86.0)

9.5 (8.9 - 10.1)

6.9 (5.1)

v
i

LSM, kPa

31.4 (22.0)

Abbreviations: ALB, albumin; ALT, alanine aminotransferase; AST, aspartate aminotransferase; CI, confidence interval; GLOB, globulin; IQR, inter
quartile range; LSM, liver stiffness; PLT, platelet count; T.Bil, total bilirubin.
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Table 2. Distribution of 544 Subjects According to the 16 Possible Combinations of the Four Test Resultsa
16 Possible Combinations
1

2
3

4
5

6
7

8

9

10
11

12
13

14
15

16

Type of Combination

Number of Subjects Observed

Expected by the Latent Class Model

0

148

148.1

1

0

33

32.7

1

0

0

1

1

0

APRI

FIB-4

GP

LSM

0

0

0

0

r
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0
0
0
0
0
0
0

0
0
1
1

0
1

0
1

1
1

53
17

16.0

1

17

13.4

1

7

10.8

13

12.8

7

8

1

0

0

0

20

1

0

1

0

10

1

0

0

5

1

1

0

1
1
1
1
1
1

0
0
1
1

0
1

0
1

53.7

1
1

9

9.2
5.7

18.7

10.9
9.8
3.8

1

59

62.2

1

144

140.3

4

5.8

Abbreviations: APRI, aspartate aminotransferase-to-platelet ratio index; FIB-4, fibrosis index based on the 4 factors; GP, globulin and platelet; LSM, liver
stiffness measurement.
aPresumed significant fibrosis (present = 1) or not (absent = 0).
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Table 3. Distribution of 544 Subjects According to the 16 Possible Combinations of the Four Test Resultsa
16 Possible Combinations

Type of Combination

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16

Number of Subjects Observed

Expected by the Latent Class Model

APRI

FIB-4

GP

LSM

0

0

0

0

358

356.5

0

0

0

1

50

50.2

0

0

1

0

33

32.4

0

0

1

1

14

14.7

0

1

0

0

1

2.0

0

1

0

1

4

3.2

0

1

1

0

1

0.6

0

1

1

1

1

1

0

0

0

4

1

0

0

1

11

1

0

1

0

1

1

0

1

1

12

1

1

0

0

1

1

1

0

1

20

1

1

1

0

1

1

1

1

1.8

11.2

S
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0

43
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4.0

1.4

12.3
0.5

21.0
0
41.4

APRI, aspartate aminotransferase-to-platelet ratio index; FIB-4, fibrosis index based on the 4 factors; GP, globulin and platelet; LSM, liver stiffness
measurement.
aPresumed cirrhosis (present = 1) or not (absent = 0).
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Table 4. Best Latent Class Model With Random Effect of Fibrosis Estimate Performances (n = 544)
Sensitivitya, %

Youden indexb

+LRc

－LRd

83.24

91.59

0.7483

5.46

0.1

90.05

95.57

0.8562

9.61

0.05

71.13

98.33

0.6946

3.41

0.02

75.11

66.01

0.4112

2.65

0.45

84.04

17.91

0.0195

1.12

0.98

89.86

17.09

0.0695

1.69

0.92

GP

82.28

21.03

0.0331

1.19

0.96

LSM

78.64

37.07

0.1571

1.74

0.8

Performance of Test

h
c

Best model for significant fibrosise
APRI
FIB-4
GP
LSM

Best model for cirrhosisf
APRI
FIB-4

Specificitya, %

r
A

Abbreviations: APRI, aspartate aminotransferase-to-platelet ratio index; FIB-4, fibrosis index based on the 4 factors; GP, globulin and platelet; LSM, liver
stiffness measurement; +LR, positive likelihood ratio; －LR, negative likelihood ratio.
aNo confidence interval for the LCM-derived sensitivity and specificity estimates because these estimates were calculated from combinations of
conditional probabilities, which had individual maximum-likelihood estimated standard errors.
bYouden index = sensitivity + specificity – 1.
c+LR = sensitivity/(1 - specificity).
d－LR = (1 - sensitivity)/specificity.
eL-Squared (standard error calculated using bootstrap): 5.35 (0.016); goodness of fit likelihood ratio test statistics: P value = 0.069, model fit when P >
0.05; bayesian information criterion: -7.28.
fL-Squared (standard error calculated using bootstrap): 3.27 (0.022); goodness of fit likelihood ratio test statistics: P value = 0.19, model fit when P >
0.05; bayesian information criterion: -9.36.
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Table 5. Direct Effects of Pairs of Variables That Impaired the Fit of the Baseline Latent Class Modela
Bivariate Residuals

Significant fibrosis
APRI

FIB-4

0.0122

FIB-4

LSM

1.1464

Model Improvement After Excluding Residuals

Pair Excluded

Fit (Cumulative)

P valueb After Pair Exclusion

None

17.4

0.0079 (no fit)

0.0082

LSM-APRI

12.43

0.029 (no fit)

GP

0.3159

0.8298

LSM-FIB-4

7.26

0.12

NA

NA

0.0002

NA

NA

NA

NA

NA

NA

None

NA

NA

APRI

0.4453

0.1421

0.0763

LSM-GP

15.31

0.018 (no fit)

FIB-4

NA

0.2703

0.0717

NA

8.53

0.13

LSM

NA

NA

1.737

NA

NA

NA

LSM

Cirrhosis

Abbreviations: APRI, aspartate aminotransferase-to-platelet ratio index; FIB-4, fibrosis index based on the 4 factors; GP, globulin and platelet; LSM, liver
stiffness measurement; NA, not available.
aEffects were estimated by bivariate residuals of the baseline latent class analysis without random effects. The effect of the most significant pair was
excluded to achieve non-significance.
bModel fit when P > 0.05.
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5. Discussion
In this study, we used a novel and appropriate method
to estimate sensitivity and specificity of noninvasive fibrosis tests. When a gold standard is absent, latent class
models are often used where the unknown gold standard test is treated as a latent variable (19). LCM-R model
showed well compatible application value for diagnosis. Since the reference standard for liver fibrosis stages
was deficient and the limitation of liver biopsy fibrosis
restricted its use, the model without using reference for
estimating was compatible with distribution of above
four noninvasive fibrosis tests. This work for the first time
evaluated diagnostic value of the four common noninvasive fibrosis tests for HBV-relative liver fibrosis stages
without a gold standard.
Many studies have been published on predicting significant fibrosis and cirrhosis among CHB patients in the
past few years (20). The biochemistry markers model and
physical detection methods are the two main ways of noninvasive tests. Salkic et al. study suggested that algorithm
based on routine laboratory tests was an usable, applicable and accurate tool for diagnosis of CHB related fibrosis
and cirrhosis, which was suitable for resource-limited settings where more expensive modalities were unavailable
(21). Noninvasive fibrosis tests have been considered as
the appropriate substitution to overcome limitations of
liver biopsy to assess liver-fibrosis. All noninvasive fibrosis
tests were firstly confirmed by the liver biopsy as the reference standard. However, the limitations of sample error
and subjective bias in pathological diagnosis made liver
biopsy not perfect enough as a gold standard to assess
other tests. The sample of liver biopsy is only a small part
of the whole liver, which might not be representative for
the severity of hepatic fibrosis and lead to underdiagnosis
of cirrhosis with sampling error (22). Although increasing
the length of liver biopsy and using 16 gauge needle to en-

D
I

sure enough caliber of biopsy specimens could reduce the
risk of sampling error, sampling variability still cannot be
completely avoided (22, 23). Liver biopsy could not serve
as the gold standard without strict conditions. The latent
class model with random effects took a full consideration
to the random variability factor in the model. All the tests
(APRI, FIB-4, GP and LSM) were initially validated using
biopsy and therefore it was rational to use a method that
considered this non-independence among tests. Moreover, the latent class without random effects could not fit
tests results distribution after estimating, which further
testified the fit of LCM-R from the other side.
In estimation of LCM-R for noninvasive fibrosis tests,
FIB-4 showed the best performance for diagnosis of significant fibrosis with high specificity and sensitivity (>
90%). The comprehensive performance was assessed by
the Youden index, with higher value representing higher
quality. Therefore, FIB-4 showed the best value for diagnosis of significant fibrosis. Although FIB-4 was initially
applied to predict significant fibrosis in patients with
HIV/HCV coinfection, its usage has been expanded to CHB
patients (24). In previous studies, FIB-4 was only recommended for diagnosis of mild liver fibrosis, but the cutoff of FIB-4 for cirrhosis was still controversial (25, 26).
In this study, we found that FIB-4 indeed had wonderful
diagnostic value for significant fibrosis in CHB patients,
while its ability to detect cirrhosis was deficient. Considering past studies and meta-analysis, we supposed the
cut-off for cirrhosis as 3.6 and corresponding specificity
was nearly 90% for cirrhosis; however, the sensitivity was
less than 20%. Beyond that, hepatic fibrosis might be a
risk factor for HCC. A research from Korea supported that
high FIB-4 was a highly predictive risk factor of HCC incidence in CHB carriers (27), which was consistent with its
high value for assessing hepatic fibrosis in our study.
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APRI and GP both had well performances for diagnosis
of significant fibrosis (sensitivity > 90%, specificity > 70%).
GP was a new biochemistry marker model for HBV-relative
liver fibrosis test, which had the sensitivity and specificity
of 72.4% and 69.6% for minimal fibrosis, 72.7% and 84.5% for
cirrhosis in the first report (15). However, more other rigorous clinic studies of GP were unavailable for further confirmation. One side, we selected this innovative method
for revaluation; for another, it was regarded as a matched
group for other tests estimation. Similar to FIB-4, APRI was
a widely used test and the calculating parameters were the
most common. Accuracy of the two tests for significant
fibrosis in CHB patients had been compared in a metaanalysis; sensitivity and specificity values of FIB-4 were
65.4% and 73.6%, while those of APRI were 70.0% and 60.0%,
respectively (28). Despite comparison in our evaluation
was a little different from that meta-analysis, FIB-4 and
APRI were both recommended for diagnosis of significant
fibrosis with moderate accuracies in CHB patients.
LSM showed an unsatisfactory performance with lower
specificity (75.11%) and sensitivity (66.01%) for diagnosis of
significant fibrosis, compared with above tests. For diagnosis of cirrhosis, performance of all tests weakened, especially sensitivity (< 40%), while specificity was relatively
high (< 75%). The Youden index of all tests was too small to
indicate their suitable value for cirrhosis diagnoses. Even
so, LSM had the most balanced diagnosis for cirrhosis with
the highest sensitivity (37.03%), well specificity (78.64%)
and biggest Youden index. LSM was also first suggested
for predicting hepatic fibrosis in patients with HCV (29).
Subsequent studies had confirmed it to be reliable for detection of significant fibrosis or cirrhosis in HBV patients
and cut-off values were only slightly different from those
observed in HCV patients (30, 31). Consistent with existing
research conclusions, our estimation also suggested that
diagnostic accuracy of LSM was relatively high for cirrhosis, but relatively poor for significant fibrosis (32).
Compared with performances of tests in previous studies and meta-analyses with biopsy as the gold standard, the
APRI, FIB-4, GP and LSM showed better performances for
diagnosis of significant fibrosis, while less value for diagnosis of cirrhosis by LCM-R (latent class model with a random-factor) model (14, 15, 20, 24, 26, 33). Models using LCM
without random effects for significant fibrosis and cirrhosis
did not fit the observed distribution (P value of L2 was less
than 0.05, Table 5), which suggested a random effect due to
dependency among tests (as expected due to previous validation of APRI, FIB-4, GP and LSM by biopsy). In the LCM-R
model assessment, relative performances of APRI, FIB-4, GP
and LSM would be helpful in the absence of a gold standard.

al. As previously estimation mentioned above, bivariate
residuals of LSM-APRI and LSM-FIB-4 were the impaired
source in modeling for significant fibrosis. The rational
explanation might be that necrosis and inflammation
increase LSM independent of fibrosis stages (34) and ALT
increases LSM linearly in chronic hepatitis B patients at
any fibrosis stage (35). In spite of exclusion of patients
with obviously increased aminotransferase in this study,
we still needed to think over recessive necrosis, inflammation and steatosis in liver. The LSM-GP pair was the
most important residual for diagnosis of cirrhosis. PLT
was usually significantly influenced in the later period of
cirrhosis with hypersplenism, which would make GP disable to distinguish earlier cirrhosis.

5.2. Limitations
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To identify the strength of LCM for estimation, we considered random effect of initial dependency among noninvasive fibrosis tests and discovered their paired residuHepat Mon. 2016;16(2):e31983

S
f

o
e

v
i

h
c

D
I

As a diagnosis-evaluation, this study could not give the
AUROC of each test, because LCM-R could only give an estimation of test performance, which was the main limitation of this method. There was no confidence interval for
the LCM-derived sensitivity and specificity estimates, because these estimates were calculated from combinations
of conditional probabilities, which had individual maximum-likelihood and estimated standard errors. During
the analysis of the tests, bivariate residuals of LSM-APRI,
LSM-FIB-4 and LSM-GP impaired the fit of models; therefore,
more studies should be performed to identify the causes
of high discordances rates between these pairs including
their intra- and inter-observers variability. The cut-off of
all tests had been controversial in different studies, which
were still not unanimous. Much more clinic researches
are needed to get accurate cut-off and raise the diagnostic
efficacy. In this study, we quoted the WHO HBV guideline
and strict meta-analysis to define the cut-offs for the tests.
Liver biopsy was not performed in this study, so we could
not compare and verify assessment of tests between traditional analysis according to liver biopsy as a gold standard
and model-estimation using LCM-R. In spite of these limitations, this study was estimation and verification of the
tests and the performances cannot represent the true status, but we believe it is approximate to the truth.

5.3. Conclusions

In this model without gold standard, high specificity
and sensitivity (> 90%) of FIB-4 were confirmed for diagnosis of significant fibrosis. APRI also had sub-optimal diagnosis accuracy (sensitivity > 90%, specificity > 70%) for
significant fibrosis. LSM showed the best diagnosis value
for cirrhosis with the highest sensitivity (37.03%) and well
specificity (78.64%).
Through the estimation of above four noninvasive fibrosis tests by LCM-R model, we could get their diagnostic performances and relative dominance of each test in
diagnosis and select the best or combined test to achieve
the best accuracy for clinical application depending on
their diagnostic values.
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