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Original article

AST to ALT ratio as a prospective risk predictor for 
liver cirrhosis in patients with chronic HBV infection
Xiaohuan Laia*, Haiyan Chenb*, Xiaofeng Dongc, Guanlin Zhoua, Dong Liangc, Fei Xua, Hongxia Liua, 
Yingmin Luoa, Hui Liua and Shaogui Wana,b

Background Serum aspartate aminotransferase (AST) to alanine aminotransferase (ALT) ratio (AAR) is one of the most 
frequent indicators to discriminate fibrosis and cirrhosis. However, the results remained controversial. The aim of this study 
was to evaluate the predictive effect of AAR on hepatitis B virus (HBV)-related cirrhosis development.
Method A retrospective cohort study was conducted based on 1754 chronic HBV-infected patients. Clinical variables at their 
initial visit and follow-up data were collected. Cox proportional hazards model was constructed to evaluate the predictive 
value of AAR on cirrhosis risk, and its discrimination accuracy was determined by receiver operating characteristic (ROC). The 
time-dependent effect was assessed by a Fine and Gray competing risk model.
Results Compared to patients with lower AAR, those with elevated AAR level had higher risk of cirrhosis development by 
adjusting for host characteristics (dichotomized analyses: hazard ratio = 2.77, P = 8.25 × 10-4; tertile analyses: hazard ratio =  
2.95, P = 1.61 × 10-3), with an increasing risk trend (P trend = 4.56 × 10-4). The effect remained prominent when ALT or AST 
was abnormal, while no significant risk was observed when AST and ALT were simultaneously normal. Time-dependent effect 
analysis demonstrated a persistently higher risk, with the average hazard ratio equivalent to 1.92. AAR level could improve the 
discrimination efficacy of host variables with area under the curve increased from 0.684 to 0.711 (P = 0.039).
Conclusion Higher AAR was significantly associated with increased risk of HBV-related cirrhosis, and might be a potential 
predictor of cirrhosis development. Eur J Gastroenterol Hepatol 36: 338–344
Copyright © 2024 The Author(s). Published by Wolters Kluwer Health, Inc.

Background

Cirrhosis is the final stage of liver fibrosis, which is char-
acterized by extensive degeneration and necrosis of hepat-
ocytes, diffuse proliferation of fibrous tissue, as well as 
formation of regenerative nodules. It can be identified as a 
perpetuated wound-healing process after undergoing any 
chronic liver injury, in which chronic HBV infection play a 
dominate role. It is reported that there are nearly 257 mil-
lion people suffering from hepatitis B virus (HBV) infection 
over the world, and approximately 444 000 people die from 
cirrhosis in 1 year [1].Cirrhosis has become a greater bur-
den on the individual and on public health, which was esti-
mated to be responsible for 560.4 age-standardized deaths 

per 100 000 population globally in 2019. And meanwhile it 
will give rise to growing financial burden [2]. The presence 
of cirrhosis is also the main factor associated with the prog-
nosis and management of chronic liver diseases (CLDs), 
triggering for surveillance programmes for hepatocellular 
carcinoma and esophageal varices inpatients [3,4].

Accordingly, it is highly of great importance and cost-ef-
fectiveness for early identification on cirrhosis. Liver biopsy 
which has been considered the standard for cirrhosis has been 
limited in clinical application owing to its invasion, unclear 
accuracy and costly procedure [5]. Thus, various non-inva-
sive approaches, based on the detection of individual serum 
markers, displaying either the deposition or the removal of 
extracellular matrix in the liver or simple routine blood test 
were proposed [6]. Aspartate aminotransferase (AST) to 
alanine aminotransferase (ALT) ratio (AAR) was one of the 
most extensively explored variables for its risk association 
with cirrhosis but harvesting no consistent finding.

Herein, we sought to conduct a prospective study to 
thoroughly evaluate the risk association of AAR level with 
cirrhosis development in hospitalized patients, in order to 
determine whether AAR can be used as a reliably predic-
tive index. To the best of our knowledge, this is one of the 
first prospective analysis performed to evaluate the predic-
tive role of AAR on cirrhosis in hospitalized CHB patients.

Methods

Study population

All subjects in this study were identified from a hospital- 
based cohort, which was comprised of hospitalized 
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patients who visited the Ganzhou Fifth People’s Hospital 
and underwent treatment from 2016 to 2021.There was 
a total of 4700 chronic HBV patients enrolled in this 
cohort. In final, as shown in Fig. 1, we selected 1754 cases 
of chronic HBV patients by exclusive of the ones who 
did meet for the following criteria: (i)patients who were 
confirmed as liver cancer or other malignancies, or com-
bined with other diseases such as hepatitis C virus (HCV), 
non-alcoholic fatty liver (NAFL), HIV, etc, so as to elimi-
nate the confounding effects from other illness etiologies. 
(ii) patients who were pregnancies, juveniles or mental dis-
ordered. (iii) patients with severe diseases in other systems; 
(iv) patients with no complete clinical data or follow-up 
information, or whose follow-up time was shorter than 
6 months. The study was approved by Ethics Committee 
of Ganzhou Fifth People’s Hospital and strictly comfort 
to the guidelines referring to administrate human subject- 
based research. The informed consents were obtained 
from each patient.

Data collection

Demographic, clinical data and laboratory test were 
acquired for each patient by medical chart review and/or 
consultation with the competent physicians. Demographic 
parameters were collected such as gender, age, smoking 
status and drinking status. Clinical variables included 
whether to receive antiviral treatment (including Oral 
Entecavir/ tenofovir dipivoxil, or Injecting interferon 
α-2b), imaging examinations [computed tomography 
(CT) or MRI, etc, presentations (such as ascites, enceph-
alopathy, and gastrointestinal bleeding), etc. Laboratory 
test with the records of albumin (ALB), total bilirubin, 
AST, ALT, HBV antigen and antibody detection] at the 

initial visit during this study. For each patient, hepatitis 
viral infection status was clinically determined before or 
at enrollment. The CHB patients were defined as being 
infected by HBV viral for at least 6 months. The albu-
min–bilirubin (ALBI) score, a simple index reflecting the 
underlying liver function, was calculated for each patient 
by the following formula based on the albumin and bili-
rubin levels: ALBI score=0.66×log10 bilirubin－0.085×al-
bumin, where bilirubin is in μmol/L and albumin in g/L. 
ALBI grade was assessed according to ALBI score, when 
ALBI score ≤-2.60 it was determined as ALBI grade 1, and 
grade 2 when ranged (-2.60,1.39), grade 3 when ALBI 
score>1.39. The AAR was defined as AST divided by ALT 
using the baseline laboratory test data. Liver cirrhosis was 
diagnosed mainly through imaging studies, which was 
charactered by medial segment atrophy of the left lobe, 
caudate lobe hypertrophy, or liver nodularity for ear-
ly-stage disease, and images of portal hypertension such 
as varices, splenomegaly, patent paraumbilical vein, or 
ascites in advanced stage disease. Other evidences were 
adopted to support imaging results, consisting of clinical 
presentations (such as ascites, encephalopathy, and gas-
trointestinal bleeding), laboratory examination (such as 
thrombocytopenia, serum albumin, and prolonged pro-
thrombin time), and liver biopsy.

After their first hospitalization, patients were followed 
up every 3 months. Endpoint of this study was liver cir-
rhosis development. Time to cirrhosis development was 
generated by the date difference from the study entry to 
the date of cirrhosis development during follow-up, or the 
date of last follow-up if the patients were alive or dead 
without cirrhosis. Patients free of cirrhosis at the whole 
follow-up period were censored for analysis. All baseline 
data were obtained at the first hospitalization period.

Fig. 1. Enrollment diagram of study population.
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Statistical analysis

Statistical analysis was performed using the R software 
version 4.1.2. The risk of HBV-related cirrhosis with 
patients’ characteristics and AAR were estimated using 
the Cox proportional hazards regression model represent-
ing by hazards ratio (HR) and 95% confidence interval 
(CI), adopting univariate as well as multivariate analy-
ses adjusting for age, gender, smoking status, drinking 
status, ALBI grade and AAR value. The AAR value was 
expressed asa categorical variable grouping by the median 
and the interquartile cutoff. The P for trend between AAR 
and cirrhosis risk was analyzed by setting AAR value as 
a continuous variable. Kaplan–Meier analysis was con-
ducted to distinguish the cumulative incidence of cirrho-
sis development in patients with different AAR value, 
with log-rank test being used to examine the statistical 
significance. Receiver operating characteristic (ROC) 
curves were constructed to evaluate the area under the 
curve (AUC), the specificity and sensitivity of predicting 
cirrhosis by respectively using AAR value, demographic 
variables and the combination of AAR and demographic 
variables, which were correspondingly called AAR model, 
demo model and full model. An ROC test was carried out 
to compare the AUC difference between demo model and 
full model by the method of 2000 bootstrap resampling. 
In order to explore the time-dependent effects of AAR on 
cirrhosis risk during follow-up time, we constructed a Fine 
and Gray competing risk model to present the dynamic 
HR value. All statistical tests were two-sided, and the 
difference was statistically significant as the threshold of 
P-value was <0.05.

Results

Characteristics of the study population

There were a total of 1754 cases of chronic HBV patients 
enrolled in this study, who were all followed up over a 
1-year exclusion window. During a median follow-up 
time of 2.6 (interquartile range: 1.8–3.6) years, 59 
patients developed to cirrhosis (incidence rate, 3.36%). 
As summarized in Table 1, the majority of patients were 

male (89.83%), never smokers (50.85%), ever drinkers 
(61.02%), ALBI Grade 2 and 3 (76.27%), and accepted 
anti-virus treatment (71.19%). Older age (HR = 1.97, 
95%CI 1.11–3.51) and receiving anti-virus treatment 
(HR = 1.82, 95%CI 1.03–3.22) were the most significant 
risk factors for cirrhosis development. Although signifi-
cantly increased cirrhosis risks were also observed in ever 
smokers, and among patients with ALBI grade 2 and 3 in 
the univariate analysis, the associations became nonsignif-
icant in the multivariate analysis.

Prospective association of AAR with cirrhosis risk in 
HBV patients

We analyzed the association between baseline value of 
AAR and cirrhosis risk using univariate and multivari-
ate Cox model by categorizing the ratio into two levels 
(dichotomization analysis using a cutoff of the median 
AAR in all subjects) and three levels (tertile analysis using 
AAR cutoffs of tri-sectional quantiles in all subjects) 
(Table 2), using the lowest AAR value as reference. As 
shown in Table 2, a significant increasing risk between 
dichotomized value of AAR and cirrhosis were observed 
by both of univariate analysis and multivariate analysis. 
An increasing risk trend was exhibited with the increase of 
AAR according to quartile analyses (P trend = 4.56 × 10-4).  
Consistent with the Cox analyses, cumulative incidences 
of cirrhosis assessed by the Kaplan–Meier method and 
Log-rank test were significantly higher in patients with 
higher AAR in both dichotomization and tertile analyses 
(Fig. 2).

Risk of AAR associated with cirrhosis stratified by liver 
function

Furthermore, we stratified all CHB patients by liver func-
tion condition, the ones with elevated AST (>40 U/L) or 
ALT (>50 U/L) were recognized as liver dysfunction. As 
shown in Table 3, higher risk of cirrhosis associated with 
higher AAR value was observed when ALT or AST was 
abnormal, while no significant risk was observed when 
AST and ALT were simultaneously normal.

Table 1. The association between patients’ characteristics and HBV-induced cirrhosis risk

Variables

Total (%) Cirrhosis (%) Univariate Multivariatea

(n = 1754) (n = 59) HR (95%CI) P-value HR (95% CI) P-value

Age (years old)
 � <37 909 (51.82) 18 (30.51) 1.00 1.00
 � ≥37 845 (49.28) 41 (69.49) 2.49 (1.43–4.33) 1.34 × 10-3 1.97 (1.11–3.51) 0.021
Gender
 � Female 355 (20.24) 6 (10.17) 1.00 1.00
 � Male 1399 (79.76) 53 (89.83) 2.26 (0.97–5.27) 0.058 1.74 (0.71–4.27) 0.224
Smoking status
 � Never smokers 1239 (70.64) 30 (50.85) 1.00 1.00
 � Ever smokers 515 (29.36) 29 (49.15) 2.33 (1.39–3.91) 1.27 × 10-3 1.69 (0.96–2.98) 0.070
Drinking status
 � Never drinkers 918 (52.34) 23 (38.98) 1.00 1.00
 � Ever drinkers 836 (47.66) 36 (61.02) 1.69 (1.00–2.86) 0.051 1.24 (0.71–2.6) 0.443
ALBI Grade
 � 1 617 (35.18) 14 (23.73) 1.00 1.00
 � 2 and 3 1137 (64.82) 45 (76.27) 1.88 (1.03–3.43) 0.040 1. 56 (0.84–2.89) 0.160
Receiving antiviral treatment
 � Yes 1456 (83.01) 42 (71.19) 1.00 1.00
 � No 298 (16.99) 17 (28.81) 1.83 (1.04–3.22) 0.037 1.82 (1.03–3.22) 0.039

aAdjusted for age, gender, smoking and drinking status, ALBI grade, antiviral treatment.
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Time-dependent effect of AAR value on cirrhosis risk

To evaluate the association between AAR and cirrhosis 
risk over time, we adopted a Fine and Gray competing 
risk model to explore the time-dependent effects of AAR 
on cirrhosis risk during the whole follow-up time, by 

adjusting for host variables (Fig. 3). The line was fluctu-
ated up and down with the line of HR = 1.92. Increased 
risk of cirrhosis conferred by AAR was decreased with 
increasing of follow-up time, and arrived a lowest point 
at 2.1 years. Then the HR value remained constantly 
increased.

Table 2. The association between AAR value and cirrhosis risk

AAR value

Total (%) Cirrhosis(%) Univariate Multivariatea

Log-rank P(n = 1754) (n = 59) HR (95% CI) P-value HR (95% CI) P-value

By median
 � ≤0.53 866 (49.37) 15 (25.42) 1.00 1.00
 � >0.53 888 (50.63) 44 (74.58) 2.68 (1.49–4.83) 9.97 × 10-4 2.77 (1.53–5.04) 8.25 × 10-4 1.00 × 10-6
By tertile
 � <0.42 589 (33.58) 12 (20.34) 1.00 1.00
 � <0.70 586 (33.41) 10 (16.95) 0.78 (0.34–1.81) 0.57 0.92 (0.40–2.14) 0.85
 � ≥0.70 579 (33.01) 37 (62.71) 2.89 (1.50–5.55) 1.47 × 10-3 2.95 (1.51–5.78) 1.61 × 10-3 2.00 × 10-7
P trend 2.68 × 10-4 4.56 × 10-4

aAdjusted for age, gender, smoking and drinking status, ALBI grade, and antiviral treatment.

Fig. 2. Cumulative incidence of HBV-related cirrhosis. The cumulative incidence of cirrhosis risk was derived using the Kaplan–Meier method and log-rank 
test based on a cutoff of median and tertile AAR. a by median; and b by tertile.

Table 3. The cirrhosis risk associated with AAR stratified by AST and ALT status

Status AAR

Total cirrhosis Univariate Multivariatea

(n = 1754) (n = 59) HR(95%CI) P-value HR (95% CI) P-value

Normal AST + normal ALT
≤median 96 (49.23) 3 (23.08) 1.00 1.00
> median 99 (50.77) 10 (76.92) 3.04 (0.82–11.24) 0.095 2.27 (0.58–8.92) 0.241

ASTb or ALTc abnormal
≤median 780 (50.03) 15 (32.61) 1.00
> median 779 (49.97) 31 (67.39) 2.06 (1.11–3.82) 0.022 1.91 (1.01–3.61) 0.047

aAdjusted for age, gender, smoking and drinking status, ABLI grade, and antiviral treatment.
bAST abnormal: AST > 40U/L.
cALT abnormal: ALT > 50U/L.
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Cirrhosis risk prediction models incorporating AAR

A time-dependent ROC curve was constructed, in order to 
evaluate their discrimination accuracy by calculating and 
comparing the AUC in different models (Fig. 4). 3 curves 
were drawn to exhibit the predictive accuracy of various 
models, including AAR only, host variables (age, gender, 
smoking status, drinking status, ALBI Grade) only (host 
model), and AAR plus demographic variables (Full model), 
with the AUC was 0.654, 0.684 and 0.711 respectively. 
The added AUC from Demo to full model was statistically 
significant (P = 0.039) by bootstrap resampling method.

Discussion

In this study, we evaluated the predicting role of AAR 
value on developing cirrhosis in a prospectively enrolled 
cohort of hospitalized CHB patients by collecting their 
clinical and follow-up data after at least 6 months. We 
arrived at the conclusion that patients with higher AAR 
value exhibited significantly increasing risk of cirrhosis 
development independent of other host characteristics 
(gender, age, drinking history, smoking history and ALBI 
grade). Moreover, the effect remained prominent with the 
increasing follow-up time.

Cirrhosis is a multi-stage process involving many 
pathological changes, manifested as extensive liver paren-
chyma damage, liver cell necrosis, fibrous tissue prolifer-
ation, normal liver structure disorder and hard texture 
[7]. Consequently, it is accomplished with abnormal liver 
function at the most time. Hepatic function produces a 
marked effect on predicting the development and prog-
nosis of patients with cirrhosis and other liver diseases 
[8,9]. Serum ALT and AST are two common liver enzymes 
that are routinely detected in the clinical setting, which 
was originated from damaged hepatocytes [10]. Their 
activities have been widely considered the commonest 
marker to reflect the severity of liver injury [11], so as 
to monitor CLD prognosis and treating response, as well 
as in aiding decisions for clinical strategy. For example, 

normalized levels of enzymes for a prolonged period are 
a prompting to discontinue treatment in patients with 
hepatitis B, autoimmune hepatitis and overlap syndrome 
[12,13]. AAR value is one main effective hallmark to 
reflect extent of liver damage and relevant complication 
[14], by comprehensively considering the characteristics 
of AST and ALT released into the blood. According to 
previous study, AAR was mainly used as a marker to 
identify fibrosis in patients with NAFLD(non-alcoholic 
fatty liver disease) [15,16], and performed good dis-
crimination accuracy in advanced alcoholic liver disease 
(ALD) [17]. Furthermore, AAR value was also revealed 
to be correlated with increased risks for development of 

Fig. 3. Time-dependent effect of AAR value on cirrhosis risk. Time-dependent effects of AAR on cirrhosis risk were explored by a Fine and Gray competing 
risk model. The blue solid line, hazard ratios; the blue dotted line, 95% confidence intervals.

Fig. 4. Discrimination accuracy of the prediction models. Discrimination 
accuracy for predicting cirrhosis risk after initial sample collection was 
assessed by constructing ROC of different models. The AAR-only model 
was based on baseline of AAR as continuous variable. Host model was 
based on demographic variables including age, gender, smoking status, 
drinking status, ALBI Grade and antiviral treatment. Full model was based 
on the combination of AAR and host variables. P values for the differ-
ences between Full and host models were calculated by 2000 bootstrap 
resampling.
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CHC-related cirrhosis [18]. Although numerous clinical 
data were conducted to identify the clinical value of AAR 
on liver diseases, non-ignorable disputation was mani-
fested [19–21].

A stratified analysis by liver enzymes AST and ALT 
status was also demonstrated to reveal that higher AAR 
level conferred a significant risk at the case of abnormal 
liver enzymes, but no risk observed at the normal status. 
It followed that the predictive effect of AAR value on 
cirrhosis had been covered up by normal liver enzymes. 
And the population with abnormal AST or ALT were the 
beneficiary whose higher AAR value could acquire the 
best clinical utility in predicting cirrhosis. At the other 
aspect, the result might be brought about perhaps due to 
the small number of cirrhosis patients in the sub-cohort 
of normal liver enzymes. As similar to the result, Fredrik 
Åberg developed adynamic AAR model (dAAR) based on 
age, ALT and AAR to discover that dAAR performed well 
in predicting incident severe liver disease [22]. A hint was 
given to us that AAR added with other useful variables 
may provide a better prospective performance.

Another potentially important finding of our study was 
that AAR had a performance with AUC value of 0.654 
in predicting cirrhosis development, which significantly 
improve the accuracy of host variables. As Nyblom H’s 
study suggested, AAR seemed to be a hint to the diagnosis 
of cirrhosis in patients with primary biliary cirrhosis [23]. 
It was also reported that AAR had a predictive perfor-
mance in development of esophageal varices (EVs)among 
cirrhotic patients with the AUC value of 0.726, and high-
risk EVs with AUC of 0.648 [24]. Based on the result of 
Behnaz Amernia’s study, AAR appeared to perform the 
ability of differentiating fibrosis in NAFLD patients with 
AUC value of 0.720[15].AAR was also applied to con-
struct a scoring system with age, hyperglycemia, BMI, 
platelet count and albumin, which could accurately dis-
tinguish advanced fibrosis from NAFLD patients [25]. 
Although the discrimination performance of AAR only 
on cirrhosis prediction was not very well, it could be a 
potential indicator to predict cirrhosis development. The 
result might be caused by the small number of cirrhosis 
patients.

Several strengths were exhibited in our study. The first 
one was that a relatively large population was included 
with 1754 cases of CHB patients from a single hospital. 
The second superiority was that the variable we focused 
on for the comprehensive analysis was the single one, so 
as to eliminate the multiple comparison issue. Last but 
not least, the research was based on a respective cohort, 
which had a stronger credibility of causality than pre-
vious cross-sectional studies. Nevertheless, the present 
study had several limitations. First, as a retrospective 
study, there was an inevitable data bias. Second, the 
patient population was limited to hospitalized patients 
with CHB, whose clinical symptoms were fairly severe 
or with a prolong course. In addition, we only assessed 
the risk of a proportion of demographic and clinical var-
iables which led to a comparatively low discriminative 
accuracy. More parameters should be incorporated into 
the model.

In summary, a prospective hospital-based cohort study 
was undertaken to ascertain the correlation between 
AAR value and cirrhosis development. Elevated AAR 

value seemed to be of clinic value to predict the devel-
opment of cirrhosis in patients with chronic hepatitis B, 
though the performance appeared to be not very well. 
Further studies are warranted to validate this finding and 
test its clinical applicability in prediction of developing 
cirrhosis. We propose that other effective risk factors 
may be evaluated and combined with AAR to build a 
cirrhosis risk assessment model that can be utilized in the 
clinical settings.

Conclusion

A prospective hospital-based cohort study that included a 
large number of CHB patients was adopted to reveal the 
predictive role of higher AAR level on the risk of HBV-
related cirrhosis, especially in patients with abnormal liver 
function. In addition, the correlation remained prominent 
over time, and the adding of AAR could make the pre-
dictive performance of cirrhosis better on the basis of 
demographic variables. Therefore, higher AAR might be a 
potential predictor of cirrhosis development.
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