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Abstract
AIM
To determine incidence and clinical biomarkers of 
marked necroinflammation and fibrosis characteristics 
among chronic hepatitis B (CHB) patients with 
persistently normal alanine aminotransferase (PNALT).

METHODS
Liver biopsy was performed on 115 CHB patients with 
PNALT. Necroinflammation and fibrosis were graded 
by the Knodell histologic activity index and the Ishak 
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fibrosis score, respectively. Correlations between the 
available clinical parameters and necroinflammation 
and fibrosis were analysed.

RESULTS
Marked necroinflammation (Knodell activity index ≥ 
7) and fibrosis (Ishak fibrosis score ≥ 3) were found 
in 36.5% and 15.5% of CHB patients with PNALT, 
respectively. Following a univariate logistic regression 
analysis, multiple logistic regression analysis indicated 
that aspartate transaminase (AST) (AUROC = 0.852, 
cut-off value = 22.5 U/l) serves as an independent 
predictor of notable liver inflammation, while platelet 
(PLT) count (AUROC = 0.905, cut-off value = 171.5 ×
109/ml) and gamma-glutamyl transpeptidase (GGT) 
(AUROC = 0.909, cut-off value = 21.5 U/l) level serve 
as independent predictors of notable liver fibrosis.

CONCLUSION
A considerable proportion of marked histological 
abnormalities existed in our cohort, who will benefit 
from optimal therapeutic strategies administered 
according to predictive indication by AST, PLT and GGT 
levels.

Key words: Chronic hepatitis B; Liver biopsy; Normal 
alanine aminotransferase; Necroinflammation; Hepatic 
fibrosis

© The Author(s) 2017. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: Marked necroinflammation and fibrosis were 
present in the livers of chronic hepatitis B virus-infected 
Chinese patients with persistently normal alanine 
aminotransferase. Clinical parameters associated with 
liver injury were identified. The identified biomarkers 
can indicate patients with liver injury.

Cheng JL, Wang XL, Yang SG, Zhao H, Wu JJ, Li LJ. Non-ALT 
biomarkers for markedly abnormal liver histology among Chinese 
persistently normal alanine aminotransferase-chronic hepatitis 
B patients. World J Gastroenterol 2017; 23(15): 2802-2810  
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v23/i15/2802.htm  DOI: http://dx.doi.org/10.3748/wjg.v23.
i15.2802

INTRODUCTION
Approximately 240 million people worldwide are 
chronically infected with the hepatitis B virus (HBV)[1,2]. 
Despite the availability of an effective HBV vaccine, 4.5 
million new HBV infections occur each year[3]. Chronic 
HBV infection displays a broad spectrum of clinical 
manifestations, from inactive hepatitis B surface 
antigen (HBsAg) carrier status to chronic hepatitis 
B (CHB) infection with severe liver injury leading to 
cirrhosis, liver failure and hepatocellular carcinoma 

(HCC)[4]. 
Current antiviral therapy is effective in mitigating 

liver injury and blocking the progression of CHB to 
advanced stages of chronic liver disease. Current 
treatment guidelines recommend antiviral therapy 
for CHB patients with: (1) either serum alanine 
aminotransferase (ALT) levels twice the upper limit 
of normal (ULN) or liver histology showing grade (G) 
≥ 2 (mild/spotty periportal inflammation; focal or 
unicellular necrosis) or stage (S) ≥ 2 (early periportal 
fibrosis or rare portal septa with intact architecture); 
and (2) HBV DNA levels of either ≥ 10000 IU/ml for 
patients who are negative for the hepatitis B e antigen 
(HBeAg) or ≥ 100000 IU/ml for HBeAg-positive 
patients[2,5,6]. Liver biopsy is also suggested for patients 
over 40 years of age with mildly elevated (1-2 × ULN) 
serum ALT levels. However, antiviral treatment is not 
recommended for patients with persistently normal 
alanine aminotransferase (PNALT) because they are 
categorized as having an absence of significant liver 
injury.

Elevated ALT is usually an indicator of liver injury 
and is an important reference for physicians making 
treatment decisions. However, some studies have 
demonstrated that ALT may not be sensitive enough 
to reflect hepatic necroinflammation under certain 
circumstances. Other studies found that 10% to 
37% of HBsAg carriers with PNALT had significant 
necroinflammation and fibrosis, and 61.8% of HBeAg-
negative inactive carriers had severe liver injury[7,8]; 
yet, it is a challenge to identify patients with PNALT 
who are experiencing liver injury and need antiviral 
treatment. Liver biopsy remains a preferred approach 
for confirming the presence and extent of hepatic 
injury before administration of antivirals, as advanced 
imaging techniques remain unable to accurately detect 
necroinflammation and early stages of fibrosis in the 
liver[9].

In this study, we investigated the frequency of 
hepatic necroinflammation and fibrosis among 115 
Chinese CHB patients with PNALT who underwent 
liver biopsy. We analysed correlations between clinical 
parameters and marked histological changes in the 
liver and identified additional biomarkers, other than 
ALT, which may indicate notable hepatic necroin
flammation and fibrosis. 

MATERIALS AND METHODS
Materials
Between January 1, 2010 and December 31, 2015, 
115 CHB patients with PNALT were recruited and 
underwent liver biopsies at the First Affiliated Hospital, 
Medical College of Zhejiang University. All patients met 
the following inclusion criteria: (1) positivity for HBsAg 
for at least 6 mo; (2) ALT and aspartate transaminase 
(AST) testing every 3 mo showing normal levels for at 
least 1 year prior to liver biopsy; (3) HBV DNA level > 
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1000 IU/ml; and (4) naivety to antiviral treatment. 
Patients were excluded if they had significant alcohol 
consumption (30 g/d for males; 20 g/d for females), 
concomitant liver diseases or viral infections, including 
hepatitis C/D virus, human immunodeficiency virus 
dual-infection, auto-immune hepatitis, Wilson’s 
disease, biliary tract disease or cirrhosis. This study 
was approved by the Ethics Committee of Zhejiang 
University, and written informed consent was obtained 
from all participants.

Methods
Biochemical assays and viral parameters: Serum 
samples were obtained from all patients prior to liver 
biopsy. The serum biochemical tests included: ALT, 
AST, alkaline phosphatase (ALP), total bilirubin (TB), 
gamma-glutamyl transpeptidase (GGT), total bile acid 
(TBA), creatinine (Cr), albumin (ALB), globulin (GLB), 
albumin to globulin (A/G) ratio, white blood cell count 
(WBC), platelet (PLT) count, prothrombin time (PT) 
and thrombin time (TT). The ULN for ALT level was 
defined as 40 IU/L for males and 35 IU/L for females.

Serum HBsAg, anti-HBsAg, HBeAg, anti-HBeAg 
and hepatitis B core antibody (HBcAb) were tested by 
immunoassay (Abbott GmbH & Co. KG, Wiesbaden, 
Germany). Serum HBV DNA was measured by a 
quantitative fluorescence polymerase chain reaction 
(PCR) kit (Ai Kang Biological Technology Co. Ltd., 
Hangzhou, China).

Biopsy samples: Ultrasound-guided liver biopsies 
were obtained with 18G biopsy Magnum® needles 
(BARD Ltd., Tempe, AZ, United States). Samples of 
liver tissue that were at least 1.5 cm long or contained 
at least six portal areas were considered acceptable 
for inclusion in the study. Biopsy specimens were 
fixed and paraffin-embedded. Sections were stained 
with haematoxylin and eosin (HE) for morphological 
evaluation and Masson’s trichrome for assessment of 
fibrosis. The Knodell histologic activity index (HAI)[10] 
was used to grade necroinflammation from 0 to 18 
points, with grade of 7 or greater indicating significant 
necroinflammation. The Ishak fibrosis score[11] was 
used to stage liver fibrosis from 0 to 6 points, and 
a score of 3 or higher (presence of bridging fibrosis 
or cirrhosis) reflected significant fibrosis. Two senior 
pathologists, who were blinded to the clinical data, 
independently read the sections, and joint discussions 
were used to resolve differences in scoring between 
the two pathologists.

Statistical analysis
SPSS (version 16.0; SPSS Inc., Chicago, IL, United 
States) was used to perform all statistical analyses. 
Categorical variables were analysed by Pearson’s 
χ 2 test. Continuous variables were compared using 
independent t-tests for normally distributed data 
and Mann-Whitney U tests for skewed data. Simple 

and multiple logistic regression models were used to 
identify serum markers associated with marked liver 
necroinflammation and fibrosis. All significant factors 
identified by the univariate analysis were entered 
into the multivariate models for identifying predictors 
associated with marked alterations of liver histology. 
A P value less than 0.05 was considered statistically 
significant. 

RESULTS
The baseline characteristics of 115 carriers with PNALT 
are shown in Table 1. The mean age was 39.7 years 
(range, 21-67 years), and 62 (54.2%) subjects were 
male. Among the 115 patients, 86 (55.5%) were 
HBeAg-positive and 69 (44.5%) were HBeAg-negative.

The frequency and score distributions for liver 
necroinflammation and fibrosis are shown in Figure 1. 
Marked necroinflammation (Knodell activity index ≥ 7) 
and fibrosis (Ishak fibrosis score ≥ 3) were observed 
in 36.5% (n = 42) of patients (of which 59.5% (n = 
25) were HBeAg-positive, and 40.4% (n = 17) were 
HBeAg-negative) and 15.5% (n = 24) (of which 
70.8% (n = 17) were HBeAg-positive, and 29.2% (n 
= 7) were HBeAg-negative) of subjects, respectively. 
Classic histological characteristics of necroinflammation 
and fibrosis are shown in Figure 2.

Distributions of marked liver abnormalities for 
those with lower (ALT ≤ 0.5 × ULN) and higher (0.5 
× ULN < ALT < 1 × ULN) normal ALT levels are shown 
in Figure 3. There were no significant differences in 
liver necroinflammation and fibrosis between HBeAg-
positive subgroup (p = 0.0264 and p = 0.094) and 
HBeAg-negative subgroup (p = 0.095 and p = 0.497 
respectively); however, the HBeAg-positive subgroup 
tended to have more severe necroinflammation and 
fibrosis when compared to the HBeAg-negative group. 
And, the higher normal ALT levels displayed the same 
trend regardless of the state of the e antigen. 

The percentage of biopsies with marked liver 
necroinflammation and fibrosis in patients among the 
different age ranges are shown in Figure 4. Percentage 
of liver necroinflammation increased from 22.6% in 
patients aged 30 years or younger to 34.6% in the 
41-50 years group; then, the percentage  decreased 
to 23.6% in patients older than 50 years. The highest 
prevalence of significant necroinflammation was 
detected in the 41-50 years group (n = 18, P = 0.713) 
(Figure 4A). The patients who were 41- to 50-years-
old in the HBeAg-positive and HBeAg-negative 
subgroups showed a similar trend of significant 
necroinflammation (n = 9, 39.1%; n = 9, 31.0%, 
separately). The majority of subjects with significant 
fibrosis were 50-years-old (23.5%, P = 0.205), with 
a dramatic increase detected in the HBeAg-positive 
subgroup (42.9%) (Figure 4B). But, the percentage 
of significant fibrosis in the HBeAg-negative subgroup 
with 50 years old was similar with that of the 41-50 
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independently associated with marked liver infla
mmation. Multiple logistic regression analysis with 
stepwise forward selection identified AST (P = 0.007 < 
0.05) as a possible independent predictor for marked 
liver inflammation (OR = 1.682, 95%CI: 0.791-0.913). 
The area under receiver operating characteristic curve 
(AUROC) for AST was 0.852, a 22.5 U/l AST cut-
off value for predicting moderate necroinflammation 
(Knodell activity index HAI ≥ 7) had 86.7% sensitivity 
and 82.5% specificity (Figure 5A). PLT (P = 0.003), 
AST (P = 0.036), ALP (P = 0.006), GGT (P = 0.007) 
and TBA (P = 0.048) were independently associated 
with marked liver fibrosis by univariate logistic re
gression analysis, and multiple logistic regression 
analysis showed PLT (P = 0.008, OR = 0.688, 95%CI: 
0.854-0.955) and GGT (P = 0.036, OR = 1.453, 
95%CI: 0.856-0.963) levels as possible independent 
predictors for marked liver fibrosis. The AUROCs for 

years group; however, there was again no statistical 
significance to the observed difference (P = 0.199; P = 
0.707, separately).

Demographic and clinical characteristics of subjects 
with and without marked hepatic histological changes 
are presented in Table 2. Patients with significant liver 
necroinflammation had higher ALT and AST values 
(both, p < 0.01) and lower PLT values (p = 0.016) 
compared to patients without necroinflammation. 
Patients with marked liver fibrosis had higher AST, ALP, 
GGT and TBA values (P = 0.012, 0.004, 0.000 and 
0.002, respectively) and lower PLT value (p = 0.001) 
compared to those without fibrosis.

Clinical parameters that may function as predictors 
for marked liver necroinflammation and fibrosis were 
identified by univariate and multivariate analyses 
(Table 3). Univariate analysis showed that PLT (P = 
0.030), ALT (P = 0.009) and AST (P = 0.002) were 

Table 1  Baseline demographic and clinical characteristics of all subjects with normal alanine aminotransferase level

All (n  = 155) HBeAg-positive (n  = 86) HBeAg-negative (n  = 69)

Age (yr)   39.7 ± 9.9   42.9 ± 8.9 37.2 ± 9.9
Male, n (%) 84 (54.2) 52 (60.9) 34 (48.8)
HBV DNA (logIU/mL)     5.8 ± 2.1     4.3 ± 1.4   6.9 ± 1.9
WBC (109/mL)     5.9 ± 3.1     5.9 ± 4.4   5.8 ± 1.5
PLT (109/mL) 190.08 ± 62.9 182.29 ± 57.7 196.3 ± 66.5
ALT (U/L)   26.0 ± 8.7   25.0 ± 9.2 26.8 ± 8.1
AST (U/L)   24.6 ± 6.6   24.1 ± 6.1 25.1 ± 7.0
ALP (U/L)     68.1 ± 20.1     67.1 ± 17.2   68.9 ± 22.2
GGT (U/L)     21.8 ± 14.6     21.1 ± 11.9   22.3 ± 16.5
TB (g/L)   13.6 ± 6.7   13.6 ± 7.5 13.6 ± 6.1
PT (s)   11.4 ± 1.1   11.4 ± 1.0 11.4 ± 1.4
TT (s)   19.1 ± 1.7   18.8 ± 1.8 19.3 ± 1.5
A/G ratio     1.7 ± 0.4     1.8 ± 0.4   1.7 ± 0.4
Cr (μmol/L)     70.2 ± 14.6     70.0 ± 15.2   70.4 ± 14.2
TBA (μmol/L)       8.7 ± 14.1     6.3 ± 6.0   10.7 ± 17.9
GLB (g/L)   27.2 ± 4.3   26.9 ± 4.1 27.5 ± 4.4
ALB (g/L)   45.6 ± 4.0   46.7 ± 4.0 44.5 ± 3.9

A/G ratio: Albumin to globulin (A/G) ratio; ALB: Albumin; ALP: Alkaline phosphatase; ALT: Alanine aminotransferase; AST: Aspartate transaminase; Cr: 
Creatinine; GGT: Gamma-glutamyl transpeptidase; GLB: Globulin; PT: Prothrombin time; TB: Total bilirubin; TBA: Total bile acid; TT: Thrombin time.
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Figure 1  Distribution of the liver histological score by hepatitis e antigen status. A: Percentages of liver necroinflammation in HBeAg-positive, HBeAg-negative 
and total patients; B: Percentages of liver fibrosis in HBeAg-positive, HBeAg-negative and total patients. HBeAg: Hepatitis e antigen.
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PLT and GGT were 0.905 and 0.909; and, when 171.5
× 109/ml for PLT and 21.5 U/l for GGT were used 
as the cut-off values for predicting moderate fibrosis 
(Ishak fibrosis score ≥ 3), there were 81.8% and 
80.0% sensitivity and 86.7% & 82.5% specificity, 
respectively (Figure 5B and C).

DISCUSSION
In this study, we performed liver biopsies on 115 
chronically infected HBV patients with PNALT and found 

that 36.5% and 15.5% of them had marked liver 
necroinflammation and fibrosis, respectively. Thus, 
nearly one-third of these patients experienced liver 
injury despite PNALT. Tan et al[12] reported only 9.8% 
necroinflammation and 12.1% fibrosis in Chinese 
CHB patients whose ALT levels were persistently 
normal. However, our findings were consistent 
with another previous study, in which 37% of CHB 
patients with PNALT levels were found to have marked 
necroinflammation and fibrosis in the livers[13]. Yet other 
studies have further suggested that CHB patients with 

A B

C D

100 μm

Figure 2  Characteristics of marked hepatic necroinflammation and fibrosis. A: Piecemeal necrosis; B: Multi-site focal necrosis; C: The Rosette structure; D: 
Bridging fibrosis with Masson-trichrome straining.
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Figure 3  Comparison of percentage of liver biopsies with marked histological abnormalities between those with low and high normal alanine 
aminotransferase levels. A: Percentages of marked necroinflammation in patients with two different ALT levels; B: Percentages of marked fibrosis in patients with 
two different ALT levels. HBeAg: Hepatitis e antigen; ALT: Alanine aminotransferase.
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normal ALT levels have an increased risk of long-term 
cirrhotic complications and HCC[14,15]. Published studies 
suggest that ALT may not be an effective marker for 
hepatic injury in selecting patients for antiviral therapy, 
since serum ALT levels may fail to indicate liver injury 
under certain circumstances. 

The American Association for the Study of Liver 
Diseases notes that the ULN ALT range increases from 
childhood through adulthood, especially in males, 
and that the upper limit is about 10% higher in men 
aged 40 years compared to those at 25[2]. Some 
scholars have questioned whether the current upper 
limit of ALT should be lowered. Prati et al[16] suggested 
lowering it to 30 U/L for men and 19 U/L for women. 
An Asian study based on 1105 healthy individuals also 
concluded the ULN of ALT level should be lowered to 
33 U/L for men and 25 U/L for women[17]. In addition, 
patients with ALT above 1.5 × ULN (defined as 53 U/L 
for males and 36 U/L for females in that study) were 
already at increased risk for cirrhotic complications[14]. 
Thus, patients with ALT at the ULN will likely 
experience liver injury. 

A number of studies have shown no significant 
differences in marked liver necroinflammation and 
fibrosis among patients with up to twice the ULN 
of ALT[18,19], suggesting that ALT is sometimes not 
sensitive enough to indicate the extent of liver injury. 
Our results suggest that a majority of patients 
aged 41-50 had marked liver necroinflammation 
and fibrosis. A likely explanation for age-associated 
increase in liver injury is that liver injury in patients 
with PNALT occurs on a small scale that may not cause 
ALT elevation, even though the accumulation of liver 
injury over decades can lead to significant alterations 
in liver histology[20]. However, in our study, prevalence 
of liver damage appeared to decline in those 50 and 
older.

No difference was noted in the percentages of 
liver necroinflammation and fibrosis between HBeAg-
positive and -negative subgroups (p > 0.05). Similar 
percentages of fibrosis in these groups suggest that 
fibrosis observed in the HBeAg-negative patients was 
likely carried over from the HBeAg-positive phase. 
The similar percentages of necroinflammation in these 
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Figure 4  Percentages of liver biopsies with marked necroinflammation and fibrosis categorized by age. A: Percentages of marked necroinflammation in 
different age groups; B: Percentages of marked fibrosis in different age groups. HBeAg: Hepatitis e antigen.
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two groups were a surprise, suggesting a portion of 
HBeAg-negative patients were experiencing the liver 
injury as reported in HBeAg-negative patients who had 
pre-core stop mutations accompanied by high level of 
HBV replication and elevated liver injury. Data from 
published studies have failed to yield consensus on this 
issue. For instance, Chao et al[21] reviewed 9 studies 
(n = 830) and found that Asian CHB patients with ALT 
levels ≤ 40 U/L had significant fibrosis, irrespective 
of HBeAg status. Another study found that significant 
histological changes in the liver were rare in HBeAg-
negative patients with PNALT levels[22]. 

We also analysed correlations of biochemical and 
virological parameters with liver necroinflammation 

and fibrosis. It appeared that a higher AST level may 
predict significant necroinflammation. This correlation 
was in agreement with the report that AST level can 
accurately reflect the extent of liver necroinflammation 
in HBeAg-positive CHB patients[23]. 

In this study, lower PLT count and elevated GGT 
were independently associated with marked fibrosis (P 
= 0.008 and 0.036, respectively). These findings were 
consistent with previous studies in which decreased 
PLT counts were accompanied by liver fibrosis among 
CHB patients[24-26], due largely to decreased production 
of thrombopoietin by the reduced number of functional 
hepatocytes[27]. As reported, serum GGT levels can 
be an independent predictor for liver fibrosis[28]. Our 

Table 2  Demographic and clinical characteristics of carriers with and without significant liver changes

Significant necroinflammation 
(n  = 42)

No significant 
necroinflammation (n  = 113)

P  value Significant fibrosis 
(n  = 24)

No significant fibrosis 
(n  = 131)

P  value

Age (yr) 40.0 ± 9.3   39.7 ± 10.1 0.854   41.3 ± 10.3 39.5 ± 9.8 0.416
Male, n (%) 13 79 0.417 20 23 0.505
HBV DNA (logIU/mL)   6.0 ± 2.0   5.7 ± 2.2 0.368   5.6 ± 2.0   5.8 ± 2.1 0.733
WBC (109/mL)   6.2 ± 5.7   5.7 ± 1.4 0.560   4.9 ± 1.2   6.0 ± 3.3 0.117
PLT (109/mL) 170.2 ± 58.4 197.5 ± 63.2 0.016 150.3 ± 51.1 197.4 ± 62.3 0.001
ALT (U/L) 29.6 ± 8.8 24.6 ± 8.3 0.001 29.7 ± 8.0 25.3 ± 8.6 0.116
AST (U/L) 27.5 ± 6.0 23.6 ± 6.0 0.004 27.8 ± 6.4 24.1 ± 6.6 0.012
ALP (U/L)   70.4 ± 25.0   67.2 ± 17.9 0.463   78.7 ± 29.4   66.1 ± 17.3 0.004
GGT (U/L)   25.8 ± 19.4   20.3 ± 12.1 0.423   33.9 ± 25.4   19.6 ± 10.3 0.000
TB (g/L) 14.1 ± 6.9 13.4 ± 6.7 0.538 16.0 ± 7.2 13.2 ± 6.6 0.057
PT (s) 11.6 ± 1.0 11.3 ± 1.2 0.100 11.7 ± 1.0 11.3 ± 1.2 0.152
TT (s) 19.4 ± 1.7 19.0 ± 1.6 0.235 19.2 ± 1.8 19.1 ± 1.6 0.776
A/G ratio   1.8 ± 0.4   1.7 ± 0.4 0.173   1.7 ± 0.3   1.8 ± 0.4 0.700
Cr (μmol/L)   66.7 ± 14.6   71.5 ± 14.4 0.070   71.8 ± 14.2   69.9 ± 14.7 0.557
TBA (μmol/L)   9.0 ± 8.1     8.7 ± 15.7 0.900   16.8 ± 30.5   7.3 ± 7.4 0.002
GLB (g/L) 26.5 ± 4.3 27.5 ± 4.2 0.183 27.3 ± 3.9 27.2 ± 4.3 0.915
ALB (g/L) 45.1 ± 3.4 45.8 ± 4.2 0.335 44.2 ± 3.5 45.9 ± 4.1 0.058

A/G ratio: Albumin to globulin (A/G) ratio; ALB: Albumin; ALP: Alkaline phosphatase; ALT: Alanine aminotransferase; AST: Aspartate transaminase; Cr: 
Creatinine; GGT: Gamma-glutamyl transpeptidase; GLB: Globulin; PT: Prothrombin time; TB: Total bilirubin; TBA: Total bile acid; TT: Thrombin time.

Table 3  Univariate and multivariate logistic regression analysis of risk factors of significant necroinflammation and fibrosis

Significant necroinflammation Significant fibrosis
Univariate Multivariate Univariate Multivariate

OR (95%CI) P  value OR (95%CI) P  value OR (95%CI) P  value OR (95%CI) P  value
Age (yr) 0.994 (0.949, 1.042)   0.812 1.003 (0.968, 1.040) 0.120
Male 1.351 (0.530, 3.440)   0.529 1.346 (0.656, 2.760) 0.418
HBV-DNA (logIU/mL) 1.249 (0.978, 1.595)   0.075 1.078 (0.910, 1.276) 0.385
WBC (109/mL) 0.907 (0.648, 1.269)   0.569 0.611 (0.359, 1.039) 0.069
PLT (109/mL) 0.990 (0.980, 0.999) 0.03 0.692 (0.646, 0.709) 0.003 0.688 (0.641, 0.723) 0.008
ALT (U/L) 1.081 (1.020, 1.147)   0.009 1.059 (0.985,1.139) 0.121
AST (U/L) 1.590 (1.502, 1.651)     0.0002 1.682 (1.613, 1.704) 0.007 1.091 (1.006, 1.185) 0.036
ALP (U/L) 1.018 (0.994, 1.042)   0.139 1.051 (1.015, 1.089) 0.006
GGT (U/L) 1.021 (0.993, 1.050)   0.151 1.524 (1.491, 1.587) 0.007 1.453 (1.406, 1.511) 0.036
TB (g/L) 0.988 (0.921, 1.059)   0.723 1.025 (0.945, 1.112) 0.547
PT (s) 1.683 (0.941, 3.009)   0.079 2.022 (1.012, 4.042) 0.083
TT (s) 1.235 (0.945, 1.615)   0.122 1.294 (0.948, 1.768) 0.105
A/G ratio 2.053 (0.570, 7.393)   0.271 0.580 (0.099, 3.394) 0.546
Cr (μmol/L) 0.974 (0.941, 1.009)   0.143 1.000 (0.957, 1.046) 0.997
TBA (μmol/L) 1.063 (0.998, 1.131)   0.057 1.065 (1.001, 1.133) 0.048
GLB (g/L) 0.953 (0.862, 1.053)   0.345 1.001 (0.877, 1.143) 0.986
ALB (g/L) 0.931 (0.836, 1.036)   0.191 0.923 (0.805, 1.058) 0.250

A/G ratio: Albumin to globulin (A/G) ratio; ALB: Albumin; ALP: Alkaline phosphatase; ALT: Alanine aminotransferase; AST: Aspartate transaminase; Cr: 
Creatinine; GGT: Gamma-glutamyl transpeptidase; GLB: Globulin; PT: Prothrombin time; TB: Total bilirubin; TBA: Total bile acid; TT: Thrombin time.
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findings were consistent with a previous study that 
showed both PLT count and GGT correlated with sig
nificant fibrosis[29]. 

There were a few limitations in our study. First, 
this was a retrospective cross-sectional study that 
introduced selection bias. Second, the size of our 
cohort was small; however, CHB patients with PNALT 
do not routinely undergo liver biopsy, and some 
patients were reluctant to accept such an invasive 
procedure. Thus, the 115 patients in our study should 
be an appropriate size in this regard. We plan to 
screen for possible prognosis markers from the serum 
and tissues of the PNALT-CHB patients with molecular 
and proteomic tools, and then to combine these 
findings with the clinical parameters to achieve better 
prediction of prognosis. 

In summary, we found that nearly one-third of CHB 
patients with PNALT had significant alterations in their 
liver histology, including prominent necroinflammation 
and fibrosis. We further found that patients with lower 
normal ALT level and HBeAg negativity were more 
likely to have liver injury, and that most patients 
with significant pathological changes in their livers 
were 41-50 years old. Higher AST may help indicate 
liver injury. Our results imply: (1) the current ULN 
of ALT is too high to sensitively indicate liver injury if 
which occurs on a small scale; (2) CHB patients with 
PNALT should be screened for liver injury, and higher 
than 22.5 IU/L and 21.5 IU/L of AST and GGT, and 
lower than 171.5 × 109/ml of PLT can be used as an 
additional reference for selection of patients for liver 
biopsy to confirm liver injury; and (3) if patients with 
PNALT do have severe liver injury confirmed by liver 
biopsy, they should be given appropriate therapy to 
prevent further progression of liver disease. 

COMMENTS
Background
Chronic hepatitis B (CHB) patients with persistently normal alanine 
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