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INTRODUCTION

L iver cirrhosis (LC) is an outcome of chronic liver injury and
tissue repair that occur in chronic liver diseases. Chronic
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Abstract: Aspartate aminotransferase to platelet ratio index (APRI)

has originally been considered as a noninvasive marker for detecting

hepatic fibrosis in patients with chronic hepatitis B and C. APRI has

been used for predicting liver-related mortality in patients with chronic

hepatitis C virus infection or alcoholic liver disease. However, whether

APRI could be useful for predicting mortality in chronic hepatitis B

virus (HBV) infection remains unevaluated. This study aims to address

this knowledge gap.

A total of 193 hospitalized chronic HBV-infected patients (cirrhosis,

n¼ 100; noncirrhosis, n¼ 93) and 88 healthy subjects were retrospec-

tively enrolled. All patients were followed up for 4 months. Mortality

that occurred within 90 days of hospital stay was compared among

patients with different APRI. APRI predictive value was evaluated by

univariate and multivariate regression embedded in a Cox proportional

hazards model.

APRI varied significantly in our cohort (range, 0.16–10.00). Elev-

ated APRI was associated with increased severity of liver disease and 3-

month mortality in hospitalized patients with HBV-related cirrhosis.

Multivariate analysis demonstrated that APRI (odds ratio: 1.456,

P< 0.001) and the model for end-stage liver disease score (odds ratio:

1.194, P< 0.001) were 2 independent markers for predicting mortality.

APRI is a simple marker that may serve as an additional predictor of

3-month mortality in hospitalized patients with HBV-related decom-

pensated cirrhosis.

(Medicine 95(9):e2946)

Abbreviations: ACLF = acute-on-chronic liver failure, ALT =

alanine aminotransferase, APRI = aspartate aminotransferase to

platelet ratio index, AST = aspartate aminotransferase, CHBc =

hronic hepatitis B, CRP = C-reactive protein, HBV = hepatitis B

virus, HCh = ealthy control, INR = international normalized ratio,

LCl = iver cirrhosis, MELD = model for end-stage liver disease.
an, MD, Sha Lin, MD, and Bo Ye, MD

hepatitis B virus (HBV) infection remains a major cause of LC in
China.1 A cirrhotic liver may progressively deteriorate from a well-
compensated state to decompensated conditions.2–5 Each year,
approximately 2% to 5% of patients with compensated cirrhosis
advance into a decompensated status. Cirrhosis-related compli-
cations represent the main cause for mortality in patients with
decompensated cirrhosis, and the prognosis of decompensated
cirrhosis is markedly worse, with 14% to 35% 5-year survival
rate, compared with 84% in compensated cirrhosis.5,6 Although a
preferable treatment option for decompensated LC is liver trans-
plantation, constant shortage of donor livers and high cost make
this approach impracticable in most cases at present.6,7 Therefore,
the discovery of a marker that is associated with disease severity
would be helpful for improving clinical management.

Aspartate aminotransferase to platelet ratio index (APRI)
was initially proposed as a predictive marker for liver fibrosis
and cirrhosis in hepatitis C virus (HCV)-infected patients.8

Subsequently, various studies have attempted to extend this
marker for assessing other liver diseases.9 Although its clinical
value has been questioned by controversial findings, APRI
remains an attractive and frequently used marker for assessing
a patient’s prognosis. APRI is a simple, noninvasive, and easy to
calculate index that helps clinicians identify individuals in need
of greater care, especially in outpatient clinics.10–14 For
instance, APRI was found to be predictive of liver mortality
in a cohort of patients with alcoholic liver disease.15 Moreover,
it was suggested in a recent study that APRI also predicted liver-
related mortality in HCV-infected individuals.16

In China and other HBV-infected endemic regions, a
portion of patients with chronic HBV infection-related cirrhosis
can experience unpredictable flare-ups of liver injury, resulting
in acute-on-chronic liver failure (ACLF) and high mortality.
There is an urgent need to evaluate and validate simple and
accurate markers for predicting outcomes of these patients and
improve clinical management. Liver-related mortality is largely
determined by liver failure, which can trigger multi-organ
failures and jeopardize a patient’s life. APRI combines 2
markers to reflect extent of liver injury and compensatory state
of hepatic function. In this study, we determined APRI and
investigated the association of APRI with the progression of
HBV-related liver disease and mortality among patients with or
without HBV-related cirrhosis.

MATERIALS AND METHODS

Subjects
Adult patients with chronic hepatitis B (CHB) who were

admitted to the First Affiliated Hospital of Zhejiang University
College of Medicine between August 1, 2013 and August 1, 2014
were consecutively recruited. The diagnosis of chronic HBV
infection was based on the criteria recommended by Viral Hepatitis
s, which was adopted by the Chinese
iseases and Parasitology, and the Chinese
of the Chinese Medical Association.17 In
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brief, CHB is diagnosed when a HBV positive patients experienced
HBV infection for more than 6 months, and accompanied by
symptoms or/and signs of hepatitis, abnormal liver biochemistry,
or histological changes. Exclusion criteria included patients with
acute hepatitis, hematologic disorders, hepatocellular carcinoma,
pregnancy, co-infected human immunodeficiency virus (HIV),
hepatitis A virus, HCV, or hepatitis D virus, or other chronic liver
diseases related to alcohol, drugs, or autoimmune diseases. Among
the 193 CHB patients, 100 patients were diagnosed with HBV-
related cirrhosis; and the remaining 93 patients were noncirrhotic.
All patients were followed-up for 3 months or longer to assess the 3-
month in-hospital mortality. After discharge, all patients were
followed-up monthly by phone, and every 3 months by patient’s
visit to the hospital.

This study was approved by the Ethics Committee of the
First Affiliated Hospital of Zhejiang University College of
Medicine. Written informed consent was obtained from each
participant prior to enrollment into this study.

Laboratory Analysis
Blood samples were collected from all CHB patients within

24 h after admission, and blood samples were collected from 88
healthy controls (HCs) at the time of recruitment. Serum creatinine,
albumin, total protein, total bilirubin, aspartate aminotransferase
(AST), and alanine aminotransferase (ALT) levels were measured
using an automatic analyzer (Hitachi 7600, Tokyo, Japan). Inter-
national normalized ratio (INR) was determined using a Sysmex
CA-1500 fully automated blood coagulation analyzer (Sysmex
Corp, Hyogo, Japan). Platelet and hemoglobin levels were deter-
mined using a Sysmex XE-2100 automated hematology analyzer
(Sysmex Corp, Kobe, Japan), as the part of the complete blood
count. Serum C-reactive protein (CRP) levels were measured by
immunonephelometry (IMMAGE Nephelometer; Beckman Coul-
ter, Fullerton, CA). The diagnosis of cirrhosis was supported by
liver biopsy in 30 patients (30%), while the remaining 70 patients
(70%) were diagnosed through a combination of physical stigmata
of cirrhosis with biochemical markers (e.g., decreased serum
albumin and increased serum globulin levels), ultrasonography
or computed tomography (e.g., nodular liver surface, coarsened
echogenicity of liver parenchyma, enlarged spleen, or ascites)
findings, if liver biopsy was not conducted.18,19 At the same time,
among the 93 noncirrhosis patients, 37 patients were diagnosed
histologically; and the remaining patients were diagnosed by
clinical, endoscopic, or ultrasound evaluation. Liver-related
mortality in patients with cirrhosis is caused by variceal hemor-
rhage, liver failure, ascites complications, or development of
hepatocellular carcinoma.20 At baseline, all demographic and
clinical characteristics were collected including the model for
end-stage liver disease (MELD) score.

MELD Score
Liver disease severity was evaluated via MELD score,

which uses the patient’s serum bilirubin and creatinine levels
and the INR for prothrombin time to predict survival. The
MELD score was calculated using the web site calculator
(http://www.mayoclinic.org/gi-rst/mayomodel7.html).

APRI Calculation
APRI was calculated using the formula: APRI¼AST

Mao et al
(U/L)/(upper limit of the normal range)� 100/platelet count
(109/L). The 40 U/L of AST was used as the upper limit of the
normal rate.8

2 | www.md-journal.com
Assessment for Decompensated LC
All cirrhotic patients underwent clinical and laboratory

assessment to establish the liver severity using Child–Pugh
classification.21,22 Liver decompensation criterion was set at
score 8 of Child–Pugh classification.23

Statistical Analysis
All continuous variables were expressed as mean� stan-

standard deviation (SD) or medians (range), and categorical
data were calculated as percentages. Differences between vari-
ables were evaluated using ANOVA, Student t tests, and the
Kruskal–Wallis and Mann–Whitney U tests. Categorical data
were evaluated by x2 test or Fisher exact test, as appropriate.
Correlations between variables were examined using Spearman
correlation analysis. Cox proportional hazards regression was
used to conduct multivariate analysis, and all possible clinical
factors were included into the analysis. Statistical analysis was
performed using SPSS V.16.0 (SPSS Inc, IL, USA), and
P< 0.05 was statistically significant.

RESULTS

Baseline Characteristics of the Study Population
A total of 193 chronic HBV-infected patients (100 cirrho-

tic and 93 noncirrhotic) and 88 HCs were recruited into this
study. Mean age of patients on admission was 47.1 years (range,
21–72 years; SD, 13.1 years). In comparing the age and gender
composition among the 3 groups, we found that older men were
associated with cirrhotic patients. We also found that liver
disease in the cirrhotic group was more severe, as demonstrated
by low levels of total proteins and serum albumin, and high
INR, total bilirubin, APRI, and MELD score. Baseline charac-
teristics are shown in Table 1.

Baseline Characteristics and Factors Associated
With APRI in Cirrhotic Patients

Positive correlations between APRI and both CRP
(r¼ 0.459, P< 0.001) and MELD scores (r¼ 0.433,
P< 0.001), and an inverse correlation with serum albumin
concentrations (r¼�0.242, P¼ 0.016) were detected in cir-
rhotic patients (Figure 1).

We divided cirrhotic patients into 3 groups for further
analysis based on APRI levels: group A (APRI � 1.0), group B
(>1.0, but <2.0), and group C (�2.0). Clinical and laboratory
characteristics among patients with various APRI levels are
listed in Table 2. There were significant differences in INR,
MELD score, ALT, and total bilirubin among the 3 groups
(P< 0.001, P< 0.001, P¼ 0.026, and P¼ 0.002, respectively).
Moreover, highly elevated APRI was associated with higher
frequencies of clinical complications such as ascites and ence-
phalopathy (all P< 0.01). Furthermore, increased APRI was
associated with worsened Child–Pugh grade and increased the
proportion of decompensated patients (both P¼ 0.001). There
were no significant differences detected in serum total proteins,
albumin, hemoglobin and creatinine levels, gender, and age
among the 3 groups. MELD scores in groups A, B, and C were
7.1� 6.0, 13.3� 7.4, and 17.2� 7.4, respectively. The increase
in APRI was in parallel with the increase in MELD scores
(P¼ 0.001 between groups A and B, and P¼ 0.040 between
groups B and C; Figure 2, left). In addition, group C patients had

Medicine � Volume 95, Number 9, March 2016
significantly higher AST levels compared with patients in
groups A and B, and platelet count was lower in patients in
group C than in groups A and B. These data suggest that higher

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.
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TABLE 1. Clinical Characteristics of Subjects at Baseline

Cirrhosis (n¼ 100) Noncirrhosis (n¼ 93) HCs (n¼ 88) P

Gender, male/female 76/24 71/22 40/48 <0.001
Age, y 52.1� 11.7 44.7� 10.2 41.7� 12.3 <0.01
Total protein, g/L 60.4� 7.7 64.4� 7.2 70.5� 4.0 <0.001
Albumin, g/L 31.1� 5.3 37.5� 5.8 45.4� 3.2 <0.001
ALT, U/L 33.0 (18.3–54.5) 91.0 (40.5–220.5) 16.5 (12.0–24.0) <0.01
Total bilirubin, mmol/L 39.5 (19.0–78.0) 51.0 (18.5–69.0) 12.0 (9.0–15.0) <0.001
INR 1.47� 0.52 1.12� 0.15 0.88� 0.30 <0.01
Creatinine, mmol/L 71.0 (60.0–109.3) 64.0 (49.0–79.5) 62.0 (55.0–78.0) <0.001
MELD score 12.0 (7.0–18.0) 6.7 (3.8–10.8) – <0.001
APRI 1.61 (0.90–2.68) 0.91 (0.50–1.72) 0.22 (0.19–0.32) <0.001
AST, U/L 42.5 (29.0–62.3) 51.0 (26.5–87.0) 19.0 (17.0–24.0) <0.001
Platelet count 69.5 (46.7–118.5) 151.0 (104.5–188.0) 214.0 (180.3–245.0) <0.001
HBsAg-positive, n 100 93 0 –
HBeAg-positive, n 45 93 0 –
HBV-DNA positive, n 100 93 0 –

Data are expressed as n, mean� standard deviation, or median (interquartile range).
o pl
LD
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APRI in cirrhotic patients could be primarily attributed to
increased AST levels and decreased platelet count.

Association of APRI With 3-Month Mortality in
Cirrhotic Patients

These patients were followed for a median 60 days (inter-
quartile range: 20–95). During the follow up, 54 patients died
within 3 months from liver failure (n¼ 42) or variceal bleeding
(n¼ 12). Three-month mortality significantly increased with
the increase in APRI values; from 19.2% in group A to 54.3% in
group B and 76.9% in group C (P¼ 0.012 between groups A
and B, and P¼ 0.040 between groups B and C; Figure 2, right).

Univariate logistic regression analysis demonstrated that
patients with higher APRI and MELD score and lower albumin
concentrations had a significantly higher death hazard. Multi-
variate logistic regression analysis revealed that APRI and
MELD score were 2 independent factors for predicting the
mortality rate (Table 3). Receiver operating characteristic
curves were obtained to evaluate the clinical value of APRI

ALT¼ alanine aminotransferase, APRI¼ aspartate aminotransferase t
virus, HC ¼ healthy control, INR¼ international normalized ratio, ME
and MELD score in predicting mortality (Figure 3). Area under
the curve (AUC) was calculated as 0.844� 0.039 for the MELD
score and 0.738� 0.049 for APRI (both P< 0.001). When

FIGURE 1. Correlation between serum albumin concentrations (left), M
with hepatitis B virus-related liver cirrhosis. APRI ¼ aspartate amin
MELD¼model for end-stage liver disease.

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.
APRI and the MELD score were combined, AUC reached
0.935� 0.023 (P< 0.001); which increased the efficiency of
prediction by nearly 10%.

DISCUSSION
A daunting challenge in managing chronic HBV-infected

patients with cirrhosis is to accurately predict prognosis with
simple and reliable markers. This study aimed to evaluate the
clinical value of APRI as a marker in predicting the 3-month
mortality in our cohort, which consisted of 100 cirrhotic
patients. We found that patients with cirrhosis exhibited a
significantly higher APRI compared with noncirrhotic patients
and HCs. Increased APRI was accompanied by increased
MELD scores, which is an established marker for reflecting
the severity of end-stage liver disease. Both APRI and MELD
score could predict the 3-month mortality of patients with HBV-
related cirrhosis effectively. A combination of APRI and MELD
score could increase prediction efficiency to 94%.

Chronic HBV infection is often accompanied by an

atelet ratio index, AST¼ aspartate aminotransferase, HBV¼ hepatitis B
¼model for end-stage liver disease.
ongoing liver injury. Repeated repairs of damaged liver par-
enchyma could lead to fibrosis and cirrhosis. A cirrhosis patient,
who has advanced to the decompensatory stage, can be very

ELD scores (middle), and CRP levels (right) with APRIs in patients
otransferase to platelet ratio index, CRP ¼ C-reactive protein,

www.md-journal.com | 3



TABLE 2. Clinical and Laboratory Characteristics of Cirrhotic Patients With Different Aspartate Aminotransferase/Platelet Ratio
Index Values at Admission

Group A
(APRI � 1.0, n¼ 26)

Group B
(1.0 < APRI < 2.0, n¼ 35)

Group C
(APRI � 2.0, n¼ 39) P

APRI 0.54� 0.23 1.46� 0.29 4.00� 2.12 <0.001
Age, y 54.4� 13.2 51.7� 11.2 51.0� 12.1 0.482
Gender, male/female 21/5 30/5 25/14 0.076
Hemoglobin, g/dL 95.0� 20.9 101.8� 23.4 101.5� 25.0 0.468
Total protein, g/L 61.4� 6.0 59.4� 9.1 60.6� 7.9 0.614
Albumin, g/L 32.3� 3.6 30.9� 6.3 30.6� 5.3 0.442
ALT, U/L 21.7� 10.2 46.9� 43.4 82.6� 136.9 0.026
INR 1.20� 0.17 1.43� 0.32 1.69� 0.71 <0.001
Creatinine, mmol/L 89.9� 43.4 95.3� 66.5 110.6� 164.3 0.735
Total bilirubin, mmol/L 22.9� 18.8 72.0� 71.1 114.8� 140.3 0.002
MELD score 7.1� 6.0 13.3� 7.7 17.2� 8.2 <0.001
AST, U/L 29.2� 12.6 46.6� 26.1 82.6� 64.9 <0.001
Platelet count 156.3� 76.6 83.4� 54.5 53.3� 28.2 <0.001
Ascites, yes/no 10/16 25/10 26/13 0.022
Encephalopathy, yes/no 2/24 6/29 15/24 0.009
Decompensatory state, yes/no 12/14 27/8 34/5 0.001
Child-Pugh classification, A/B/C 14/11/1 8/13/14 5/13/21 <0.001
Mortality, yes/no 5/21 19/16 30/9 0.001
Cause of liver-related deaths
Liver failure, n 3 14 25 –
Variceal bleeding, n 2 5 5 –

Data are expressed as n, or mean� standard deviation.
plat
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vulnerable to new insults including reactivation of HBV repli-
cation in the infected liver; which frequently develops into liver
failure (or ACLF). A liver failure can trigger multi-organ
failures, which is the main cause of death in HBV cirrhotic
patients. In our cohort, 73 of 100 cirrhosis patients deteriorated
into a decompensatory state with cirrhosis-related compli-
cations of ascites, encephalopathy, or/and variceal bleeding.
Furthermore, 54 of 100 patients died during the 3-month follow-
up period; and majority of them (n¼ 42, 77.8%) died from liver
failure. Thus, underlying pathologic changes leading to
mortality in HBV cirrhotic patients include decompensated

ALT¼ alanine aminotransferase, APRI¼ aspartate aminotransferase/
normalized ratio, MELD¼model for end-stage liver disease.
liver function and new insults to an already fragile liver.
There are several biochemical markers that can reveal both

liver function and the extent of liver injury. APRI uses platelet

FIGURE 2. Comparisons of MELD scores (left) and mortality rates (righ
into 3 groups: groups A (APRI � 1.0), B (1.0 < APRI< 2.0), and C (APR
MELD¼model for end-stage liver disease.

4 | www.md-journal.com
count and AST levels to reflect insufficient liver function and
new stress/damage to the liver. Decreased platelet count and
increased AST levels are known as clinical manifestations of
progression of LC. A reduction in platelet count can be caused
by the accelerating destruction of an enlarged spleen,24–26

which is termed as ‘‘hypersplenism’’ secondary to portal
hypertension in cirrhosis. It can be also induced by reduced
production. Studies of liver functions in transplant patients
revealed that liver fibrosis progression was associated with
decreased production of thrombopoietin by hepatocytes, lead-
ing to reduced platelet production.27,28 A cirrhotic liver can

elet ratio index, AST¼ aspartate aminotransferase, INR¼ international
often be subjected to new stresses or insults from different
etiologies. Reactivation of HBV replication represents a fre-
quent cause for new liver injury in HBV-related cirrhosis. Liver

t) among patients with different APRI levels. Patients were divided
I � 2.0). APRI ¼ aspartate aminotransferase to platelet ratio index,

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.



TABLE 3. Cox Proportional Hazards Analysis for Predictors of Death

Univariable Multivariable

OR 95% CI P Odds Ratio 95% CI P

APRI 1.861 1.296–2.674 0.001 1.456 1.021–2.077 0.038
MELD score 1.237 1.137–1.347 0.001 1.194 1.095–1.303 0.001
Age, y 1.041 1.000–1.016 0.283 – – –
Total protein, g/L 0.957 0.907–1.009 0.102 – – –
Albumin, g/L 0.865 0.791–0.945 0.001 0.897 0.804–1.001 0.052
Hemoglobin, g/dL 0.995 0.978–1.012 0.551 – – –
ALT, U/L 1.003 0.997–1.010 0.325 – – –

pla
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injury including mitochondrial injury results in the release
of more AST, which is more abundantly present in the mito-
chondria and cytoplasm relative to ALT.29,30 Liver fibrosis
progression may also reduce the clearance of AST, leading
to the retention of AST in blood.31 Therefore, high AST levels
combined with low platelet count may be used to predict the
severity and progression of liver injury in cirrhotic patients.
Thus, APRI prediction is built on a sound pathologic foundation
(increased hepatic necro-inflammatory activity and worsening
liver function).

Moreover, we found a strong positive correlation between
APRI and CRP levels in cirrhotic patients. CRP is synthesized

ALT¼ alanine aminotransferase, APRI¼ aspartate aminotransferase to
liver disease, OR ¼ odds ratio.
in the acute phase of inflammation in response to interleukin-
6,32 and an elevated CRP suggests the presence of hepatic
inflammation as a response to liver injury. We also detected the

FIGURE 3. Mortality prediction efficiency by APRI (—), MELD
score (���), and their combination (����). All markers were
measured at the time of admission. Data are plotted as receiver
operating characteristic curve. APRI ¼ aspartate aminotransferase
to platelet ratio index, MELD¼model for end-stage liver disease.

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.
inverse correlation of APRI with serum albumin levels. Albu-
min is exclusively synthesized by hepatocytes, and a reduction
in albumin levels suggests a significant reduction of the number
of functioning hepatocytes. Thus, the pathologic validity of
APRI for predication was further independently supported by
CRP and albumin levels.

In this study, APRI was identified as an independent pre-
dictor for mortality in patients with cirrhosis (Table 3). The
MELD score has been frequently used to predict patient survival
with end-stage liver disease and to determine the urgency of liver
transplantation.33 Our previous study reported that the MELD
score reflected the prognosis of patients with ACLF.34 In this
present study, a positive correlation between the MELD score and
APRI was identified; and multivariate logistic regression analysis
has shown that APRI and MELD score were 2 independent
markers for predicting the 3-month mortality in our cohort.
However, APRI only involves 2 markers, which is simpler
and easier to calculate than MELD score. A combination of
APRI and MELD score further augmented the predicting power.

A few limitations of this study warrant mention. First, our
study was retrospectively conducted, which carried bias in
selecting participants. We acknowledge that the historical
diagnosis of LC was made only in a portion of patients in
our cohorts, because many of them were not suitable for or
declined liver biopsy. Second, this was a single-center study,
and sample size was relatively small. Our findings need to be
verified in large multi-center and prospective studies. Finally,
APRI was not kinetically monitored. We were not able to
determine which APRI over time would perform better in
predicting outcomes of HBV cirrhotic patients.

In summary, our study demonstrates that APRI is a simple
and noninvasive scoring system that could predict risk for the
development of liver-related complications and mortality in
patients with HBV-related cirrhosis. APRI can be used as an
additional marker for managing HBV-related cirrhosis patients.
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