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Abstract

AIM

To explore the effect of alanine aminotransferase (ALT)
on the performance of non-invasive fibrosis tests in
chronic hepatitis B (CHB) patients.

METHODS

A total of 599 treatment-naive and biopsy-proven CHB
patients were included in the study. The cohort was
divided into the following three groups: Normal ALT (ALT
< 40), slightly elevated ALT (40 < ALT < 80) and ele-
vated ALT (ALT > 80). The diagnostic performance of
five common non-invasive fibrosis tests for liver fibrosis
(stages S2-4), including the aspartate aminotransferase
(AST)-to-platelet (PLT) ratio index (APRI), fibrosis index
based on 4 factors (FIB-4), King’s score, Forns index
and gamma-glutamyl transpeptidase (GGT)-to-PLT ratio
(GPR), were evaluated for each group.

RESULTS
Higher ALT levels were associated with higher non-
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invasive fibrosis test scores. Patients with the same
fibrosis stage but higher ALT levels showed higher non-
invasive test scores. The areas under the receiver op-
erating characteristics curves (AUROCs) of the non-
invasive tests for prediction of = S2 were higher for
patients with ALT < 40 U/L (range 0.705-0.755) and 40
< ALT < 80 U/L (range 0.726-0.79) than for patients
with ALT > 80 U/L (range 0.604-0.701). The AURQOCs for
predicting = S3 and S4 were higher in patients with
ALT < 40 U/L (range 0.736-0.814 for = S3, 0.79-0.833
for S4) than in patients with 40 < ALT < 80 U/L (range
0.732-0.754 for = S3, range 0.626-0.723 for S4) and ALT
> 80 U/L (range 0.7-0.784 for = S3, range 0.662-0.719
for S4). The diagnostic accuracy of the non-invasive tes-
ts decreased in a stepwise manner with the increase in
ALT.

CONCLUSION

ALT has a significant effect on the diagnostic per-
formance of non-invasive fibrosis tests. The ALT level
should be considered before performing these non-
invasive tests.

Key words: Chronic hepatitis B; Non-invasive tests;
Liver fibrosis; Alanine aminotransferase; Inflammation

© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Because of their high applicability and good
interlaboratory reproducibility, many convenient non-
invasive fibrosis tests have been established. To explo-
re the effect of alanine aminotransferase (ALT) on the
performance of non-invasive fibrosis tests in chronic he-
patitis B (CHB) patients, we retrospectively analyzed
599 treatment-naive and biopsy-proven CHB patients
at our hospital. The diagnostic accuracy of the non-
invasive tests decreased in a stepwise manner with
the increase in ALT. ALT has a significant effect on the
diagnostic performance of non-invasive fibrosis tests.

Wang L, Fan YX, Dou XG. Declining diagnostic accuracy of
non-invasive fibrosis tests is associated with elevated alanine
aminotransferase in chronic hepatitis B. World J Clin Cases
2018; 6(12): 521-530 Available from: URL: http://www.
wjgnet.com/2307-8960/full/v6/i12/521.htm DOIL: http://dx.doi.
org/10.12998/wjcc.v6.112.521

INTRODUCTION

Liver fibrosis is one of the main characteristics of chronic
hepatitis B (CHB). Accurate assessment of liver fibrosis
is vital for predicting disease progression and choo-
sing optimal treatment timing. Liver biopsy (LB) is the
current gold standard for evaluating the liver fibrosis sta-
ge. However, repeatedly utilizing LB in patients is very
difficult because of its invasiveness and complications!').
Therefore, non-invasive methods have been developed
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to assess liver fibrosis when the risk-benefit trade-off
does not favor a LB™.

According to the EASL-ALEH Clinical Practice Gu-
idelines, non-invasive methods were recently divided
into serum biomarkers and liver stiffness (LS) measu-
rements®. Because of their high applicability (> 95%)
and good interlaboratory reproducibility, serum biomar-
kers are widely used in dlinical practice™. Over the past few
years, many convenient non-invasive fibrosis tests have
been established, including the aspartate aminotransfe-
rase (AST)-to-platelet (PLT) ratio index (APRI)™ and the
fibrosis index based on 4 factors (FIB-4)". Moreover,
the APRI and FIB-4 were recommended by the WHO for
evaluation of liver fibrosis in resource-limited regions'®..
However, most non-invasive fibrosis tests have been de-
veloped primarily based on chronic hepatitis C patients,
and their use in assessing liver fibrosis in CHB patien-
ts is controversial” ), Therefore, more data should be
collected regarding the use of these established non-
invasive tests to predict liver fibrosis in CHB patients.
Recently, Lemoine et af*® constructed the gamma-glu-
tamyl transpeptidase (GGT)-to-PLT ratio (GPR) model
based on CHB patients, but its diagnostic performance
assessing liver fibrosis varied among different studiest*2.

Alanine aminotransferase (ALT) is considered an
accurate and valuable routine indicator of liver inflam-
mation. Many studies have reported the influence of
serum ALT levels on LS, According to the EASL-ALEH
Clinical Practice Guidelines for CHB™, LS measurem-
ents should be interpreted in patients with an elevated
ALT level and should not be used in patients with ALT
levels more than 10 times the upper limit of normal
(ULN). However, no report has investigated the effects
of changes in CHB patients’ serum ALT levels on the
diagnostic performances of these non-invasive tests.
For these reasons, the aim of this study was to explore
the effect of ALT on the diagnostic performance of non-
invasive fibrosis tests in CHB patients.

MATERIALS AND METHODS

Patients

The study included treatment-naive CHB patients who
underwent LB from 2012-2017 in the Shengjing Hos-
pital affiliated with China Medical University. CHB was
defined as hepatitis B surface antigen-positive lasting at
least six months. The exclusion criteria were as follows:
(1) coinfection with human immunodeficiency virus; (2)
other liver disease (other viral hepatitis, autoimmune
liver disease, drug hepatitis and liver failure); (3) signi-
ficant alcohol intake (> 20 g/d for women and > 30 g/d
for men) for more than 5 years; (4) tumor; (5) liver tra-
nsplantation; and (6) hematological diseases.

The study was approved by the Medical Ethics Com-
mittee of Shengjing Hospital of China Medical University
and was performed in accordance with the guidelines of
the 1975 Declaration of Helsinki. Written informed con-
sent for the LB was obtained from all patients.
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Laboratory data and histology

Laboratory data, including the blood test results (PLT),
liver biochemistry (ALT; aspartate aminotransferase,
AST; alkaline phosphatase, ALP; y-glutamyltransferase,
GGT and cholesterol), HBV serological marker levels
(HBsAg; hepatitis B envelope antigen, HBeAg; anti-
bodies against HBsAg, anti-HBs; antibodies against
HBeAg, anti-HBe and antibodies against HBcAb, anti-
HBc), blood coagulation (international normalized ratio,
INR) and HBV DNA levels, were recorded for all included
patients.

All liver specimens were a minimum of 10 mm with
at least five portal tracts. A histopathological assess-
ment was performed by two expert pathologists who
were unaware of the patient’s clinical characteristics.
According to Scheuer’s classification score, liver fibrosis
was classified from 0 to 4™,

Non-invasive fibrosis tests and calculation formulas
Non-invasive prediction methods and calculation for-
mulas were applied for the CHB patients according to
the original reported formulas with the original cut off
values for the APRI, FIB-4, Forns index™"®, GPR and King’s
score™”, The formulas of these non-invasive tests are as
follows:

APRI = AST(/ULN)/ PLT (10°/L) x 100

FIB-4 = Age (year) x AST(ULN)/{PLT (10°/L) x
[ALT(ULN)]"*}

GPR = GGT(/ULN)/ PLT (10°/L) x 100

King’s score = Age x AST x INR/PLT

Forns index = 7.811 - 3.131 x In(PLT count) + 0.781 x
In(GGT) + 3.467 x In(age) - 0.014 x (cholesterol)

Statistical analysis

Continuous and abnormal variables are expressed as
the median (interquartile range, IQR), and categorical
data are expressed as the frequency and percenta-
ge; the data were compared using the Kruskal-Wallis
test. Spearman’s rank correlation was used to analy-
ze the liver fibrosis stages and the non-invasive test
results. The diagnostic performances of these non-
invasive tests were assessed by receiver operating
characteristic (ROC) curve analysis. The diagnostic
performances of each test for the assessment of sig-
nificant fibrosis, advanced fibrosis and cirrhosis are
described as the areas under the receiver operating
characteristics curve (AUROCs) with 95% confidence
intervals (95%CIs) and the diagnostic accuracy. All
P-values were 2-sided, and any value of P < 0.05 was
considered statistically significant. The data analysis
was performed using SPSS, version 22.0 (SPSS Inc.,
Chicago, IL, United States) and the GraphPad Softwa-
re, version 7.0 (GraphPad Prism Inc., San Diego, CA,
United States).

RESULTS

Study population
From January 2012 to July 2017, 1262 biopsy-proven
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patients with liver disease were assessed in the study.
Among them, 575 patients were excluded according to
the exclusion criteria, and 88 patients were excluded
because of insufficient liver tissue and clinical data.
Finally, 599 CHB patients were included in the cohort
(Figure 1). The median (IQR) age of the patients was
37 (29-44) years, and 349 (58.3%) patients were male.
In all, 96 (16%) patients had significant fibrosis (= S2),
54 (9%) had advanced fibrosis (= S3), and 38 (6.3%)
had cirrhosis (S4). The clinical parameters and stages
of fibrosis are shown in Table 1.

Effects of ALT on clinical factors in patients with CHB
To detect the effect of ALT on non-invasive fibrosis te-
sts, the patients were divided into the following three
groups: normal ALT (ALT < 40), slightly elevated ALT
(40 < ALT < 80) and elevated ALT (ALT > 80). The ba-
selines for these three groups are shown in Table 1.

The ALT levels were significantly correlated with
AST (r = 0.878), GGT (r = 0.565), HBV DNA (r = 0.363)
and HBsAg (r = 0.137) (P < 0.05 for all). Significant ne-
gative associations were also found between the ALT
level and age (r = -0.206) and male sex (r = -0.195)
(P < 0.05 for all). Other clinical factors, including cho-
lesterol, INR and PLT, had no association with the ALT
level (P > 0.05 for all).

Effects of ALT on the fibrosis scores of the non-invasive
fibrosis tests

In addition, the ALT levels were positively correlated
with the fibrosis stage (r = 0.141), APRI (r = 0.762),
GPR (r = 0.545), King’s score (r = 0.615), FIB-4 (r =
0.125) and Forns index (r = 0.107) (P < 0.05 for all). In-
creasing ALT levels were significantly associated with
an increased fibrosis stage (P < 0.05).

The patients with ALT > 80 had the highest fibro-
sis scores, whereas the lowest fibrosis scores were ob-
served for patients with ALT < 40. In general, CHB
patients with higher ALT levels had significantly higher
fibrosis scores on the non-invasive tests (P < 0.05 for
all) except for the Forns index (P = 0.081) (Table 1).
Moreover, the patients with higher ALT levels showed
significantly higher fibrosis scores on the non-invasive
tests than those with lower ALT levels at the same stage
of liver fibrosis (P < 0.05 for all) except for Forns index
and FIB-4 at S1, S2 and S4 (Table 2).

Effects of ALT on the diagnostic performance of the
non-invasive fibrosis tests

A summary of the diagnostic performances of these
non-invasive tests, including the AUROCs, 95%(Cls and
P-values in the different ALT groups for the prediction of
significant fibrosis, advanced fibrosis and cirrhosis, are
shown in Table 3 and Figure 2.

Generally, the AUROCs of the non-invasive tests for
the prediction of = S2 in CHB patients with ALT < 40 U/L
(range 0.705-0.755) and 40 < ALT < 80 U/L (range
0.726-0.79) were higher than those in patients with
ALT > 80 U/L (range 0.604-0.701). For the = S3 and
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Table 1 Baseline characteristics of the subjects

Characteristics Total group ALT < 40 group (7 = 40 < ALT < 80 ALT > 80 group P-value
(n = 599) 272) group (n = 190) (n =137)

Age (yr) 37 (29, 44) 39 (31.25, 46) 37.5 (28, 43.25) 34 (28, 40.5) <0.001
Male (%) 349 (583) 131 (482) 130 (68.4) 88 (64.2) <0.001
ALT (U/L) 44 (28, 76) 26 (31, 33) 56 (48, 66) 127 (95, 218.5) <0.001
AST (U/L) 32 (24, 48) 24 (20, 28) 36 (31, 42) 70 (55, 115.5) <0.001
GGT (U/L) 25 (17, 41) 19 (14, 25) 30 (20, 41.25) 48 (30, 78) <0.001
Cholesterol (mmol/L) 431 (3.84, 4.96) 4.35 (3.86, 4.95) 4.24 (3.75, 4.95) 434 (3.84,4.99) 0.732
PLT (10°/L) 182 (150, 217) 184 (155, 223) 177.5 (145.5, 212) 180 (149, 215) 0.215
INR 1(1,1.1) 1(1,1.1) 1(0.99,1.1) 1(0.94,1.1) 04
HBV DNA (logwlU/mL) 7.03 (4.24, 8.23) 4.77 (3.32,7.78) 7.64 (5.72,8.23) 8.03 (6.81,8.23) <0.001
S (%)

S0 264 (44.1) 128 47.1) 80 (42.1) 56 (40.9)

s1 147 (24.5) 73 (26.8) 53 (27.9) 21 (15.3)

S2 96 (16) 35 (12.9) 29 (15.3) 32 (23.4)

S3 54 (9) 19 (7.0) 18 (9.5) 17 (12.4)

S4 38 (6.3) 17 (6.3) 10 (5.3) 11 (8.0)
Stage S0-1 fibrosis 411 (68.6) 201 (73.9) 133 (70) 77 (56.2) 0.001
Stage 52-4 fibrosis 188 (31.4) 71 (26.1) 57 (30) 60 (43.8)
APRI 0.53 (0.38,0.86) 0.38 (0.3, 0.49) 0.61 (0.44,0.8) 1.16 (0.88, 1.93) <0.001
FIB-4 1.02 (0.72,1.47) 1.02 (0.72,1.37) 0.96 (0.66,1.55) 1.22 (0.82,1.79) <0.001
GPR 0.22 (0.15,0.38) 0.16 (0.11, 0.23) 0.24 (0.17,0.38) 0.42 (0.25, 0.68) <0.001
King's score 6.77 (4.31,11.49) 489 (3.54,7.03) 7.18 (4.58,11.58) 13.04 (9.81, 27.15) <0.001
Forns index 6.48 (5.44,7.51) 6.33 (5.37,7.37) 6.57 (5.51,7.69) 6.65 (5.57,7.57) 0.081

Data are expressed as the n (%) or median (interquartile range, IQR). ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; GGT: Gamma-
glutamy] transferase; PLT: Platelet; S: Stage of fibrosis; GPR: Gamma-glutamyl transpeptidase (GGT)-to-platelet ratio; APRI: Aspartate aminotransferase
(AST)-to-platelet (PLT) ratio index; FIB-4: Fibrosis index based on 4 factors; INR: International sensitivity index.

23069 hospitalized patients

21807 patients were excluded
for with other disease or
without liver biopsy

1262 patients underwent liver
biopsy with liver disease

575 patients were excluded for

— HCC or other tumor (7 = 4)

— Previous antiviral treatment (7 = 251)
— Accompanied by HIV (7 = 1)

— Other liver disease (7 = 319)

687 chronic HBV infected
patients met the criteria

88 patients were excluded for

— Accompanied by blood disease (7 = 1)
— Insufficient clinical data (7 = 24)

— Inappropriate liver tissue (7 = 6)

— Significant intake of alcohol (7 = 57)

599 chronic HBV infected
patients were enrolled in
this study

Figure 1 Flow chart of the study population selection. HCC: Hepatocellular carcinoma; HIV: Human immunodeficiency virus; HBV: Hepatitis B virus.

S4 predictions, the AUROCs of the non-invasive tests in in patients with 40 < ALT < 80 U/L (range 0.732-0.754
CHB patients with ALT < 40 U/L (range 0.736-0.814 for for = S3, range 0.626-0.723 for S4) and ALT > 80 U/L
= S3, range 0.79-0.833 for S4) were higher than those (range 0.7-0.784 for = S3, range 0.662-0.719 for S4)
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Table 2 Fibrosis scores of the non-invasive tests for liver fibrosis stages in the different alanine aminotransferase groups

Characteristics APRI FIB-4 GPR King’s score Forns index
S0 (1)
ALT < 40 (128) 0.37 (0.26-0.44) 0.88 (0.65-1.26) 0.15 (0.1-0.2) 4.3 (3.09-5.89) 6.06 (5.04-7.03)

40 < ALT < 80 (80) 0.51 (0.39-0.68) 0.77 (0.57-1.15)

ALT > 80 (56) 1.02 (0.85-1.5) 0.97 (0.74-152)
P-value <0.001 0.019

S1 (n)

ALT < 40 (73) 0.36 (0.3-0.44) 0.92 (0.7-1.29)

40 < ALT < 80 (53) 0.52 (0.42-0.72) 0.82 (0.58-1.28)

ALT >80 (21) 0.94 (0.65-1.68) 1.1 (0.85-1.36)
P-value <0.001 0.177

S2 (n)

ALT < 40 (35) 0.44 (0.37-0.58) 1.2 (0.8-1.54)
40 < ALT < 80 (29) 0.76 (0.66-0.93) 1.34 (0.98-1.83)
ALT >80 (32) 1.32 (0.87-2.15) 1.24 (0.82-1.73)
P-value <0.001 0.472

S3 (n)

ALT < 40 (19) 0.49 (0.38-0.74) 1.2 (0.9-1.62)

40 < ALT < 80 (18) 0.81 (0.73-0.98) 157 (1.18-2.11)

ALT >80 (17) 1.95 (1.35-5.32) 2.23 (1.47-2.81)
P-value < 0.001 0.023
S4 (n)

ALT < 40 (17)

40 < ALT < 80 (10)
ALT > 80 (11)
P-value

0.57 (0.49-0.73)

0.67 (0.6-0.85)

1.95 (1.09-3.37)
< 0.001

1.78 (1.24-2.49)

1.31 (1.09-1.45)

1.82 (0.92-3.3)
0.168

0.22 (0.14-031)
0.29 (0.22-0.48)
<0.001

5.91 (4.1-8.08)
11.62 (7.99-18.36)
<0.001

6.16 (4.91-7.04)
6.27 (5.36-7.26)
05

0.13 (0.1-0.19)
0.23 (0.19-0.32)
0.55 (0.23-0.89)

459 (3.54-6.42)
6.55 (4.11-9.67)
11.7 (8.58-21.25)

5.9 (5.24-6.99)
6.04 (5.34-7.32)
6.95 (6.06-7.54)

<0.001 <0.001 0.098
0.2 (0.12-0.34) 5.88 (4.26-9.25) 6.79 (5.97-8.06)
0.32 (0.21-0.54) 10.9 (7.6-13.85) 7.55 (6.41-8.1)
0.45 (0.25-1.09) 12.42 (9.95-28.94) 6.5 (5.41-7.67)
<0.001 <0.001 0111

0.34 (0.17-0.44)
0.46 (0.22-0.57)
0.89 (0.46-1.57)

7.28 (4.44-9.28)
11.8 (9.59-16.76)
28.37 (18.46-48.99)

7.48 (6.4-8.01)
7.99 (7.01-8.79)
7.38 (6.32-9.15)

0.001 <0.001 0538
0.35 (0.18-0.58) 9.48 (6.15-14.1) 8.4 (6.35-9.3)
0.4 (0.29-0.5) 8.96 (8.26-11.96) 7.67 (6.71-8.15)
0.55 (0.46-0.94) 27.56 (12.86-45.31) 7.48 (5.77-9.11)
0.019 0.001 0.617

Data are expressed as the median (interquartile range, IQR); ALT: Alanine aminotransferase; S: Stage of fibrosis; GPR: Gamma-glutamyl transpeptidase
(GGT)-to-platelet ratio; APRI: Aspartate aminotransferase (AST)-to-platelet (PLT) ratio index; FIB-4: Fibrosis index based on 4 factors.

(Table 3).

However, evaluating the effect of ALT on non-in-
vasive fibrosis tests based only on one AUROC from
one stage is difficult, and a more comprehensive and
systematic assessment is greatly need. Thus, a grad-
ing system based on AUROCs to evaluate the effect of
ALT on the prediction of liver fibrosis (= S2, = S3 and
S4) at different ALT levels was developed (Table 4).
According to the AUROC grading system, non-invasive
fibrosis tests were grade A in CHB patients with ALT <
40 U/L and grade B in patients with 40 < ALT < 80 U/L
and ALT > 80 U/L. Although the non-invasive tests in
patients with 40 < ALT < 80 U/L and ALT > 80 U/L
were both grade B, the grading points in the patients
with 40 < ALT < 80 U/L were higher than those in the
patients with ALT > 80 U/L (Table 4). Above all, the
grading points of the AUROCs decreased in a stepwise
manner with the increase in the serum ALT level.

Effects of ALT on the diagnostic accuracy of the non-
invasive fibrosis tests

The relationship between the diagnostic accuracy and
serum ALT was also evaluated using the cut off value
as the original threshold. For the = S2 prediction, the
diagnostic accuracies of the APRI (lower cut off value
0.5), APRI (higher cut off value 1.5), Forns index (lower
cut off value 4.2), Forns index (higher cut off value 6.9),
GPR and King’s score were 75.74%, 73.90%, 33.09%,
68.75%, 81.62% and 77.21%, respectively, for patients
with ALT < 40 U/L; 62.63%,72.63%, 35.79%, 66.84%,
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71.05% and 72.11%, respectively, for patients with
40 < ALT < 80 U/L; and 45.99%, 66.42%, 46.72%,
58.39%, 61.31% and 43.80%, respectively, for
patients with ALT > 80 U/L.

For the = S3 prediction, the diagnostic accuracies of
GPR, FIB-4 (lower cut off value 1.45) and FIB-4 (higher
cut off value 3.25) were 87.13%, 78.68% and 87.13%
for patients with ALT < 40 U/L, 70.53%, 72.63% and
85.79%, respectively, for patients with 40 < ALT < 80
U/L and were 52.55%, 72.26% and 81.02%, respec-
tively, for patients with ALT > 80 U/L.

For the S4 prediction, the diagnostic accuracies of
APRI (lower cut off value 1.0), APRI (higher cut off value
2.0) GPR and King’s score wered 93.01%, 93.75%,
93.01% and 94.44%, respectively, for patients with
ALT < 40 U/L; 83.68%, 94.21%, 84.74% and 87.37%,
respectively, for patients with 40 < ALT < 80 U/L; and
42.34%, 77.37%, 65.69% and 61.31%, respectively,
for patients with ALT > 80 U/L.

The above results indicate that the non-invasive
tests for the prediction of liver fibrosis (= S2, = S3
and S4) exhibited the highest diagnostic accuracy for
patients in the ALT < 40 U/L group and the lowest
diagnostic accuracy for patients in the ALT > 80 U/L
group, except for the Forns index (using the lower cut
off values) for the = S2 prediction and APRI (using the
higher cut off values) for the S4 prediction (Table 3 and
Figure 3). The diagnostic accuracy of the non-invasive
tests decreased in a stepwise manner with the increase
in the serum ALT level.
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Table 3 Areas under the receiver operating characteristics curves of the non-invasive tests for prediction of significant fibrosis,

advanced fibrosis and cirrhosis in the different alanine aminotransferase groups

Tests ALT < 40 40 < ALT < 80 ALT > 80

=82 =83 S4 =82 =83 S4 =82 =83 S4
APRI
AUROC 0.746 0.795 0.833 0.79 0.751 0.626 0.701 0.778 0.71
95%CI 0.676-0.815  0.716-0.873  0.744-0.922  0.727-0.854 0.678-0.824 0.519-0.732  0.612-0.789  0.688-0.868  0.568-0.851
P-value <0.001 <0.001 <0.001 <0.001 <0.001 0.182 <0.001 <0.001 0.021
Diagnostic 75.74% (< 0.5) - 93.01% (<1.0) 62.63% (=< 0.5) - 83.68% (<1.0) 45.99% (=< 0.5) - 42.34% (< 1.0)
accuracy 73.90% (>1.5) 93.75% (= 2.0) 72.63% (>1.5) 94.21% (= 2.0) 66.42% (>1.5) 77.37% (= 2.0)
(optimized cut
off)
FIB-4
AUROC 0.705 0.736 0.792 0.767 0.747 0.663 0.672 0.765 0.698
95%CI 0.635-0.774  0.647-0.825 0.665-0.919  0.699-0.836 0.666-0.829 0.563-0.763  0.582-0.762  0.668-0.863  0.533-0.862
P-value <0.001 <0.001 <0.001 <0.001 <0.001 0.083 0.001 <0.001 0.03
Diagnostic - 78.68% (< - - 72.63% (< 1.45) - - 72.26% (< -
accuracy 1.45) 85.79% (> 3.25) 1.45)
(optimized cut 87.13% (> 81.02% (>
off) 3.25) 3.25)
GPR
AUROC 0.755 0.814 0.799 0.726 0.732 0.723 0.696 0.748 0.693
95%CI 0.684-0.826  0.737-0.892  0.69-0.907 0.648-0.803 0.633-0.83 0.607-0.839  0.607-00.785 0.654-0.841  0.58-0.807
P-value <0.001 <0.001 <0.001 <0.001 <0.001 0.018 <0.001 <0.001 0.034
Diagnostic 81.62% (=  87.13% (=  93.01% (= 71.05% (= 70.53% (= 0.32) 84.74% (= 61.31% (=  52.55% (=  65.69% (=
accuracy 0.32) 0.32) 0.56) 0.32) 0.56) 0.32) 0.32) 0.56)
(optimized cut
off)
King's score
AUROC 0.75 0.773 0.831 0.781 0.751 0.659 0.69 0.784 0.719
95%CI 0.685-0.816  0.689-0.857  0.733-0.929  0.715-0.847 0.672-0.83 0.56-0.759 0.601-0.779  0.694-0.874  0.577-0.862
P-value <0.001 <0.001 <0.001 <0.001 <0.001 0.09 0.001 <0.001 0.016
Diagnostic 77.21% (= - 94.44% (> 7211% (= - 87.37% (> 43.80% (= - 61.31% (>
accuracy 12.3) 16.7) 12.3) 16.7) 12.3) 16.7)
(optimized cut
off)
Forns index
AUROC 0.731 0.758 0.79 0.752 0.754 0.708 0.604 0.7 0.662
95%CI 0.661-0.8  0.668-0.849  0.665-0.915  0.677-0.827 0.66-0.848 0.587-0.829 0.508-0.7 0.588-0.81  0.485-0.838
P-value <0.001 <0.001 <0.001 <0.001 <0.001 0.027 0.038 0.001 0.076
Diagnostic 33.09% (< 4.2) - - 35.79% (< 4.2) - - 46.72% (<4.2) - -
accuracy 68.75% (> 6.9) 66.84% (> 6.9) 58.39% (> 6.9)

(optimized cut

off)

ALT: Alanine aminotransferase; S: Stage of fibrosis; GPR: Gamma-glutamyl transpeptidase (GGT)-to-platelet ratio; APRI: Aspartate aminotransferase

(AST)-to-platelet (PLT) ratio index; FIB-4: Fibrosis index based on 4 factors; AUROC: Areas under the receiver operating characteristics curve.

DISCUSSION

In this study, we evaluated the diagnostic performances
of five convenient non-invasive tests for liver fibrosis
among a large cohort of treatment-naive CHB patients
with different ALT levels. To the best of our knowledge,
this study is the first to thoroughly analyze the effect
of ALT on the diagnostic performance and accuracy of
non-invasive tests in CHB patients. The results showed
that elevated serum ALT levels negatively affected the
diagnostic performance of the non-invasive fibrosis te-
sts. These non-invasive fibrosis tests showed a better
diagnostic accuracy in CHB patients with normal ALT
levels than in patients with abnormal ALT levels.

One important finding of our study was that CHB
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patients with higher ALT levels showed significantly
higher fibrosis scores in the non-invasive tests even at
the same liver fibrosis stage. The result demonstrated
that non-invasive tests could overestimate liver fibro-
sis in some CHB patients with elevated ALT. In other
words, patients who had elevated ALT with no or mild
fibrosis would be considered to have significant fibrosis,
advanced fibrosis or cirrhosis. For example, the GPR,
which had the highest AUROCs for the non-invasive
test to predict cirrhosis in the study, showed that 6/272
(2.21%) CHB patients with normal ALT, 19/190 (10%)
patients with slightly elevated ALT and 41/137 (29.9%)
patients with elevated ALT would be misdiagnosed
(i.e., approximately 10% of CHB patients with slightly
elevated ALT and 30% of patients with elevated ALT
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Figure 2 Receiver operating characteristic curve analysis of non-invasive tests for prediction of liver fibrosis stages (S2-4) in the different alanine am-
inotransferase groups. A-C: Predicting liver fibrosis in the normal alanine aminotransferase (ALT) group; A: For significant fibrosis (= S2); B: For advanced fibrosis (=
S3); C: for cirrhosis (S4); D-F: Predicting liver fibrosis in the slightly elevated ALT group; D: For significant fibrosis (= S2); E: For advanced fibrosis (= S3); F: For cirrhosis
(S4); G-I: Predicting liver fibrosis in the elevated ALT group; G: For significant fibrosis (= S2); H: For advanced fibrosis (= S3); I: For cirrhosis (S4). GPR: Gamma-
glutamyl transpeptidase (GGT)-to-platelet ratio; APRI: Aspartate aminotransferase (AST)-to-platelet (PLT) ratio index; FIB-4: Fibrosis index based on 4 factors.

would be misclassified as having cirrhosis). ALT flares
often occur during the progression of CHB, especially
for patients with acute or active hepatitis. Thus, the
effect of ALT should be considered when assessing liver
fibrosis using non-invasive tests.

To detect the effect of ALT on non-invasive tests,
we compared the diagnostic performance and accura-
cy of the non-invasive tests in different ALT groups. In
this study, most AUROCs (11/15) for prediction of =
S2, = S3 or S4 by the non-invasive tests were greater
than 0.75 in patients with normal ALT but less than
0.75 (12/15) in patients with elevated ALT. Thus, the
tests showed a slightly higher performance for the CHB
patients with normal ALT than for the patients with el-
evated ALT.

To further examine the effect of ALT on the non-in-
vasive tests, an overall analysis of AUROCs should be
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conducted in patients with different ALT levels. Howev-
er, the performance of AUROCs varies among different
fibrosis tests, etiologies and cohorts!*®*!l, Therefore,
evaluating the diagnostic performance of non-invasive
fibrosis tests using one AUROC from one stage is difficult.
A simple, comprehensive and systematic assessment
is more reasonable and acceptable; thus, the AUROC
grading system for the prediction of liver fibrosis was
developed. In this study, we comprehensively evaluated
the effect of ALT on five common non-invasive fibrosis
tests based on the AUROC grading system. The ability
of the AUROCs to predict liver fibrosis decreased with
the increase in the ALT level. Additionally, studies have
reported that elevated ALT can influence the diagnostic
performances of non-invasive fibrosis tests, although
most of these studies have focused on = S2 or S4!*%2%,
In our study, the effect of ALT on the AUROCs of the
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Table 4 The grading system based on the receiver operating characteristic curves of the non-invasive tests for predicting significant

fibrosis, advanced fibrosis and cirrhosis in the different alanine aminotransferase groups

ALT groups AUROC Points Grade
= 0.8 0.750-0.800 0.700-0.750 0.650-0.70 < 0.65
ALT < 40 GPR (= S3) APRI (= S3) APRI (= S2) - - 22 A
APRI (54) FIB-4 (S4) FIB-4 (= S2)
King's score (S4) GPR (= S2) FIB-4 (= S3)
GPR (54) Forns index (= S2)
King's score (= S2)
King's score (= S3)
Forns index (= S3)
Forns index (54)
40 < ALT < 80 - APRI (= S2) FIB-4 (= S3) FIB-4 (S4) APRI (S4) 16.5 B
APRI (= S3) GPR (= S2) King's score (S4)
FIB-4 (= S2) GPR (= S3)
King's score (= S2) GPR (54)
King’s score (= S3) Forns index (S4)
Forns index (= S2)
Forns index (= S3)
ALT > 80 - APRI (> S3) APRI (= S2) FIB-4(>52)  Fornsindex (>52) 125 B
King’s score (= S3) APRI (54) FIB-4 (S4)
FIB-4 (= S3) GPR (= S3) GPR (= S2)
King's score (S4) GPR (54)
Forns index (= S3)  King's score (= S2)
Forns index (S4)

= 0.8: 2 points; 0.750-0.800: 1.5 points; 0.700-0.750: 1 point; 0.650-0.700: 0.5 points; < 0.65: 0 points; Grade A: 20-30 points; Grade B: 10-20 points; Grade
C: 0-10 points. ALT: Alanine aminotransferase; S: Stage of fibrosis; GPR: Gamma-glutamy] transpeptidase (GGT)-to-platelet ratio; APRI: Aspartate

aminotransferase (AST)-to-platelet (PLT) ratio index; FIB-4: Fibrosis index based on 4 factors; AUROC: Areas under the receiver operating characteristics

curve.

non-invasive fibrosis tests among three fibrosis stages
(= S2, = S3 and S4) were all included. The AUROCs for
prediction of = S2, = S3 and S4 were more stable in
patients with ALT < 40 U/L.

Similarly, the best diagnostic accuracy of the non-
invasive tests was found in patients with a normal ALT
level, whereas the accuracy was lowest in patients with
elevated ALT. The diagnostic accuracy of these non-
invasive tests decreased in a stepwise manner with
the increase in the ALT level. In patients with normal
ALT, the AUROCs of these non-invasive tests for the
diagnosis of cirrhosis ranged from 0.79 to 0.833 with
a diagnostic accuracy range from 93.01% to 94.44%
when the cut off value was the original threshold. How-
ever, for CHB patients with elevated ALT, the AUROCs
of these non-invasive tests for the diagnosis of cirrhosis
ranged from 0.662 to 0.719 with a diagnostic accuracy
range from 42.34% to 77.37% when the cut off value
was the original threshold. From the above results, we
can infer that the diagnostic performances of the non-
invasive tests were less reliable in CHB patients with
elevated ALT levels.

The phenomenon may contribute to liver inflamm-
ation. Liver fibrosis is the process by which damaged
hepatocytes are repaired and is a product of dysreg-
ulated inflammation in chronic viral hepatitis'". Liver
inflammation can influence LS™. Moreover, systemic
inflammation can serve as a degenerating factor for in-
trahepatic hypertension in cirrhosis™®. The serum ALT
level is the most direct and valuable marker that reflects
liver inflammation in the clinic. To some extent, more

Roishidenge ~ WJCC | www.wjgnet.com

528

severe liver inflammation is associated with greater ALT
elevation®®, which has more impact on the non-invasive
tests. This phenomenon may be the main reason why
the non-invasive tests showed better diagnostic perfor-
mances in patients with normal ALT.

This study had several limitations. First, this study
was a single-center retrospective study. A multicenter
study will be performed in the future. Second, we com-
pared only some of the more convenient non-invasive
diagnostic tests. Other non-invasive diagnostic tests and
LS measurements will be evaluated in future studies.

In conclusion, the ALT level has a significant effect
on the diagnostic performance and accuracy of non-
invasive fibrosis tests. The ALT level should be consi-
dered before performing these non-invasive tests.

ARTICLE HIGHLIGHTS

Research background

Because of their high applicability and good interlaboratory reproducibility, many
convenient non-invasive fibrosis tests have been established. Many studies
have reported the influence of alanine aminotransferase (ALT) levels on liver
stiffness (LS) measurements. However, no report has investigated the effects
of changes in the serum ALT levels of chronic hepatitis B (CHB) patients on the
diagnostic performances of these non-invasive tests.

Research objectives
To explore the effect of serum ALT on the diagnostic performances of non-
invasive fibrosis tests in CHB patients.

Research methods
A total of 599 treatment-naive and biopsy-proven CHB patients were included
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Figure 3 Relationship between serum alanine aminotransferase and the diagnostic accuracy of non-invasive fibrosis tests in chronic hepatitis B patients. A:
Significant fibrosis (= S2); B: Advanced fibrosis (= S3); C: Cirrhosis (S4). The fibrosis stages are based on Scheuer’s classification. ALT: Alanine aminotransferase;
GPR: Gamma-glutamyl transpeptidase (GGT)-to-platelet ratio; APRI: Aspartate aminotransferase (AST)-to-platelet (PLT) ratio index; FIB-4: Fibrosis index based on 4

factors.

in the study. The cohort was divided into the following three groups: normal ALT
(ALT < 40), slightly elevated ALT (40 < ALT < 80) and elevated ALT (ALT >
80). The diagnostic performances of five common non-invasive fibrosis tests
for liver fibrosis (stages S2-4), including the aminotransferase (AST)-to-platelet
(PLT) ratio index (APRI), fibrosis index based on 4 factors (FIB-4), King's score,
Forns index and gamma-glutamyl transpeptidase (GGT)-to-PLT ratio (GPR),
were evaluated for each group.

Research results

Higher ALT levels were associated with higher non-invasive test scores for the
prediction of liver fibrosis. Patients with the same fibrosis stage but higher ALT
levels showed higher non-invasive test scores. The areas under the receiver
operating characteristics curves (AUROCs) of the non-invasive tests for the =
S2 prediction were higher in patients with ALT < 40 U/L (range 0.705-0.755)
and 40 < ALT < 80 UIL (range 0.726-0.79) than in patients with ALT > 80 U/L
(range 0.604-0.701). The AUROCs for the = S3 and S4 predictions were
higher in patients with ALT << 40 U/L (range 0.736-0.814 for = S3, 0.79-0.833
for S4) than in patients with 40 < ALT << 80 U/L (range 0.732-0.754 for = S3,
range 0.626-0.723 for S4) and ALT > 80 U/L (range 0.7-0.784 for = S3, range
0.662-0.719 for S4). The diagnostic accuracy of the non-invasive fibrosis tests
decreased in a stepwise manner with the increase ALT level.

Research conclusions
ALT has a significant effect on the diagnostic performances of non-invasive
fibrosis tests.

Roishidenge ~ WJCC | www.wjgnet.com

Research perspectives
The ALT level should be considered before performing these non-invasive tests.
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