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Background: Significant histopathologic changes of hepatic injury (SHCHI) play a decisive role in 
evaluating the condition and initiating antiviral in hepatitis B virus (HBV)-infected patients, especially those 
with normal or mildly elevated alanine transaminase levels. Considering that non-invasive methods were 
established through experience with chronic hepatitis C, the aim of this study was to establish and verify a 
nomogram based on hepatitis B for diagnosing SHCHI. 
Methods: Three hundred eighty-four patients who fulfilled requirements for participation were randomly 
assigned to training cohort (n=270) and validation cohort (n=114) according to 7:3. The selection criteria 
for clinical factors were based on the previous research papers. SHCHI was subgrouped as followed: grade ≥ 
G2 inflammation and/or stage ≥ S2 fibrosis. The predictive accuracy and discriminative ability of nomogram 
were determined by a concordance index (C-index), calibration curve and the area under the receiver-
operating characteristic curve (AUROC). We also compared diagnostic value of nomogram with model for 
AST-to-PLT ratio index (APRI) score and model for Fibrosis-4 (FIB-4) score. 
Results: Two hundred and two patients (74.44%) and 87 patients (76.32%) were diagnosed as SHCHI, 
in the training and validation cohort. Logistic regression analysis illustrated that hepatitis B e antigen 
(HBeAg), aspartate aminotransferase (AST), γ-glutamyl transferase (GGT), and prothrombin time (PT) all 
independently served as risk factors for SHCHI (P<0.05) and were thus utilized to create the nomogram. 
The nomogram had well-fitted calibration curves and attained excellent concordance indices of 0.80 and 
0.75. The sensitivity of nomogram in the diagnosis of SHCHI was 79.7%, the specificity was 68.1%. The 
area under the curve {AUC; 0.80 [95% confidence interval (CI): 0.74–0.86]} for diagnosing SHCHI by the 
nomogram was greater in comparison to that of APRI [0.78 (95% CI: 0.71–0.84)], and FIB-4 [0.76 (95% CI: 
0.69–0.82)]. Patients with nomogram scores less than 119 were considered to have a lower risk of SHCHI. 
Conclusions: The constructed nomogram is suitable to serve as a SHCHI screening tool in chronic 
HBV-infected patients. But the dependability of the nomogram will necessitate further confirmation in a 
prospective study and further external validation is needed.
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Introduction

Indicators for therapy in patients with chronic hepatitis B 
virus (HBV) infection include viremia and the severity of 
liver fibrosis and inflammation (1,2). As liver inflammation 
can only be determined by the use of a liver biopsy, serum 
alanine transaminase (ALT) levels are often employed for 
risk stratification (3). However, several recent studies have 
suggested that patients whose levels of ALT are considered 
“normal” may be at risk for liver histological alteration and 
may even require antiviral treatment (4-6). Since using ALT 
and HBV DNA levels without employing a liver biopsy to 
identify an “inactive carrier status” could miss histologically 
relevant i l lnesses in a proportion of patients (7),  
the recent recommendations from the American Association 
for the Study of Liver Disease (AASLD) advise that patients 
with increased HBV DNA levels who have no therapeutic 
indication based on (non-invasively measured) fibrosis 
stage should undergo a liver biopsy to rule out severe 
inflammatory responses (2). Hence, the most reliable 
approach for examining the stage of liver fibrosis and 
thus the most appropriate therapeutic choice is the liver 
biopsy (8). However, because of the high cost and the 
invasive nature of the surgery, which could increase patient 
discomfort and the risk of bleeding and pneumothorax, 
its usage is restricted (9). Considering that chronic HBV 

infection may cause a wide variety of illnesses and has such 
a complex natural history, the World Health Organization 
(WHO) guidelines (10) proposed that in addition to the 
clinical criteria and the other laboratory parameters (HBV 
DNA and ALT levels), the non-invasive fibrosis models 
should be employed.

To date, liver fibrosis has inspired the development of 
more than 30 different non-invasive diagnostic methods, 
of which the aspartate aminotransferase (AST) to platelet 
(PLT) ratio index (APRI), Fibro test, and the FIB-4 
index,  red cell distribution width to PLT ratio (RPR), 
2-dimensional shear wave elastography (2D-SWE), 
γ-glutamyl transpeptidase to PLT ratio (GPR), point 
shear wave elastography (P-SWE), transient elastography 
(TE), as well as diffusion-weighted magnetic resonance in 
predicting liver fibrosis in patients with hepatitis B and C 
infections, have higher value (11,12). However, the majority 
of these methods were established through experience 
with chronic hepatitis C, and the WHO has only approved 
APRI, FIB-4, and FibroScan as alternatives for liver biopsy 
in chronic HBV infection (10). However, in CHB patients, 
the performance of FIB-4 and APRI in distinguishing 
between fibrosis stages has not been well established (10). 
The study demonstrated (10) that APRI and FIB-4 non-
invasive models did not show distinct advantage over ALT 
to predict significant inflammation (G ≥2) in the HBV-
infected patients with normal or mildly elevated ALT 
levels. The lack of simple and convenient evaluations 
remains a major problem in clinical practice especially in 
the patients with normal or mildly elevated ALT levels. 
Consequently, a more finely-tuned approach for predicting 
personalized liver fibrosis and inflammatory responses 
of chronic HBV-infected patients is necessary. In recent 
years, nomograms have been emphasized in the prediction 
of HBV-related diseases, such as, in predicting survival in 
patients with acute-on-chronic HBV liver failure after liver 
transplantation (13), in assessing mortality in patients with 
acute and chronic HBV liver failure (14).

The present study aimed to create and verify a 
nomogram for detecting significant histopathologic changes 
in hepatic injury (SHCHI) in chronic HBV-infected 
patients exhibiting normal or mildly increased ALT levels 
and to compare the predictive significance with that of 
other noninvasive fibrosis indicators, such as APRI and 
FIB-4. We present the following article in accordance with 
the STARD reporting checklist (available at https://atm.
amegroups.com/article/view/10.21037/atm-22-5840/rc).

Highlight box

Key findings 
• The constructed nomogram demonstrated outstanding diagnostic 

sensitivity, and it allows for a more visual and individualized 
assessment of the likelihood of SHCHI in chronic HBV-infected 
patients whose ALT levels are either normal or mildly increased.  

What is known and what is new?  
• Indicators for therapy in patients with chronic hepatitis B virus 

(HBV) infection include viremia and the severity of liver fibrosis 
and inflammation.

• This study aimed to create and verify a nomogram for detecting 
significant histopathologic changes in hepatic injury (SHCHI) 
in chronic HBV-infected patients exhibiting normal or mildly 
increased ALT levels and to compare the predictive significance 
with that of other noninvasive fibrosis indicators.

What is the implication, and what should change now? 
• Both univariate and multivariate logistic regression analyses 

were utilized to conduct the risk factor screening for SHCHI. A 
nomogram was developed, and its accuracy was confirmed using 
the above two cohorts.

https://atm.amegroups.com/article/view/10.21037/atm-22-5840/rc
https://atm.amegroups.com/article/view/10.21037/atm-22-5840/rc
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Methods

Patients

This was a retrospective study involving one center. From 
January 2017 to December 2021, data on consecutive 
patients with chronic HBV infection who did not receive 
antiviral treatment and had undergone liver biopsy at 
Yantai Qishan Hospital were collected. The following 
requirements were used for inclusion: HBV was identified 
by the presence of HBsAg for over 6 months; age >18 years; 
ALT ≤2 upper limit of normal (ULN; the ULN of ALT 
is 40 U/L); the results of standard laboratory tests and a 
liver biopsy; without antiviral treatment. The following 
criteria were used for exclusion: coinfection with human 
immunodeficiency virus (HIV), hepatitis D virus (HDV), 
or hepatitis C virus (HCV); accompanied with other 
chronic liver illnesses, including autoimmune liver disease 
or Wilson disease; with liver cirrhosis, decompensated 
liver disease, hepatocellular carcinoma, or other kinds of 
malignancies; or with incomplete clinical data. Finally, this 
research comprised 384 HBV-infected individuals who 
received liver biopsies. A total of 270 of these cases were 
classified into the training cohort for the construction of the 
nomogram, and the remaining 114 patients were classified 
into the validation cohort to determine how well the models 
performed. All 384 patients were randomly assigned to the 
two cohorts. The Institutional Committee of Yantai Qishan 
Hospital granted research approval (No. 202208) before it 
was conducted. Before participation in this study, informed 
consent was provided by each patient before their data was 
utilized. The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013).

Liver biopsy

The liver tissues were retrieved with the use of biopsy 
needles with a gauge size of 16 during a percutaneous liver 
biopsy that was guided by ultrasonography. Hematoxylin-
eosin (HE) staining, as well as Gomori reticular fiber 
staining, were used on the samples after they were fixed and 
embedded in paraffin. The diagnostic procedure requires at 
least 1.5 cm of liver tissue with a minimum of 6 portal tracts. 
As per Scheuer’s classification (15), two pathologists who 
were blinded to the clinical data performed the histological 
grading of necro-inflammation (G0–G4) and the staging of 
liver fibrosis (S0–S4). SHCHI were established as grade ≥ 
G2 inflammation and/or stage ≥ S2 fibrosis (16). According 

to the definition of SHCHI in literature 16, the five levels 
of inflammation and fibrosis were classified into two 
categories, but the five levels were not compared separately 
(Figure 1).

Clinical features

Within 3 days, comprehensive biochemical testing, 
ultrasonography, and liver biopsies were carried out on 
each patient. Before the biopsy of the liver was performed, 
blood samples were extracted. Patient data included 
age (at time of liver biopsy), gender, HBsAg (+) time 
(month), Family history, levels of ALT, AST, GGT, ALP, 
ALB, TBIL, PT, INR, FIB, WBC count, PLT count, 
number of HBeAg (+) cases, number of HBeAg (−) cases, 
logHBVDNA quantification, logHBsAg quantification, 
logHBeAg quantification, HBcAb quantification, and 
data on histopathological characteristics (Table 1). In our 
hospital’s lab, biochemical testing was carried out using 
commercially available assays. A real-time polymerase chain 
reaction (RT-PCR) system (ABI7300, Applied Biosystems, 
Foster City, CA, USA) was utilized to ascertain the HBV 
DNA level in the serum with a lower limit of detection of 
20 IU/mL. The level of 40 U/L was considered the upper 
limit of the control (ULC) range. An enzyme immunoassay 
based on microparticles was used in conjunction with a 
commercial kit (EIA, Abbott Laboratories, Chicago, IL, 
USA) to determine the HBeAg levels. There was a direct 
link between the level of HBeAg that was present in these 
samples and the relative light units (RLUs) that were 
determined through chemiluminescent reaction. The ratio 
of the RLU of the sample to that of the control cutoff 
(S/CO) was used to determine HBeAg levels. This led 
to the production of semiquantitative findings that were 
proportional to the HBeAg level. Titers of HBeAg with a 
value of >1.0 S/CO were considered to be positive, whereas 
titers of anti-HBeAg with a value of <1.0 S/CO were 
considered negative. After samples were diluted at 1:100, 
the Architect HBsAg assay (Abbott Laboratories; dynamic 
range 0.05–250 IU/mL) was used to determine the HBsAg 
level. When the HBsAg content of the above-mentioned 
sample (1:100 dilution) was more than 250 IU/mL, we 
diluted the sample with 1:1,000 and then detected it again.

Calculations for the non-invasive models were carried 
out using the following equations: 

( ) ( )9APRI= AST/ULN 100/platelet count 10 /L×
 

[1]
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Figure 1 Hepatic pathological features in patients with hepatitis B viral infection (200×). (A) HE staining, inflammation grade < G2; (B) HE 
staining, inflammation grade ≥ G2; (C) Gomori reticular fiber staining, fibrotic stage < S2; (D) Gomori reticular fiber staining, fibrotic stage 
≥ S2. HE, hematoxylin-eosin.

( ) ( )( ) ( ) ( )[ ]( )9 1/2FIB-4= age y AST U/L platelet count 10 /L ALT U/L/  
 × × [2]

Statistical analysis

Our analysis illustrated that the continuous data [HBV-
DNA, HBsAg, HBeAg, HBcAb, ALT, AST, GGT, ALP, 
total bilirubin (TBIL), prothrombin time (PT), international 
normalized ratio (INR)] were not normally distributed. Only 
the continuous data [age, HBsAg (+) time] conformed to 
normal distribution. Consequently, the normally distributed 
continuous data were presented as mean ± standard 
deviation (x ± SD), and the others were presented as median 
[interquartile range (IQR)]. The differences (variations) 
across groups were subjected to a comparison by t-test or 
Mann-Whitney U test. The categorical data were described 
by frequency, and variations across groups were contrasted by 
the χ2 test or Fisher’s exact test.

A priori analysis was undertaken to determine the risk 
variables linked to SHCHI. This analysis was based on 
the clinical significance, scientific comprehension, and 
predictors discovered in previous research papers (17,18). 
Univariate and multivariate logistic regression analyses 

were conducted to analyze the risk factors. All variables 
were grouped via three methods before univariate logistic 
analysis. First, the areas under the receiver operating 
characteristic (ROC) curve were employed to determine 
the diagnostic value of indexes for SHIHC, including age, 
ALT, AST, GGT, ALP, ALB, TBIL, PT, INR, and HBcAb. 
Second, optimal scale regression was utilized to examine the 
diagnostic value of HBeAg and HBsAg. Third, HBV DNA 
was grouped according to published literature, gender was 
grouped by male/female, and family history was divided by 
yes or no. In the multivariate analysis of logistic regression, 
we only considered those variables that had shown statistical 
significance in the univariate analysis (P<0.05), and the 
forward stepwise technique, also known as the likelihood 
ratio test, was utilized in selecting the variables that would 
ultimately be incorporated into the model. Tolerance (TOL) 
or variance inflation factor (VIF) was used to evaluate 
plausible interaction terms before multivariate logistic 
regression analysis. As there was no evidence of significant 
interactions, the multivariable analysis did not include any 
interaction terms.

By employing the rms package included in R, version 
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Table 1 Baseline characteristics of enrolled patients

Variables Training cohort (N=270) Validation cohort (N=114) P value

Gender, n (%)

Male 159 (58.89) 79 (69.30) 0.055

Female 111 (41.11) 35 (30.70)

Age (years), mean ± SD 45.71±10.93 44.31±10.44 0.246

HBsAg (+) time (month), mean ± SD 96.20±97.24 105.73±101.55 0.132

Family history (yes), n (%) 84 (31.11) 36 (31.58) 0.928

ALT (U/L), median (IQR) 38.00 (29.03) 40 (25.33) 0.009

AST (U/L), median (IQR) 29.00 (18.00) 39.2 (17.47) 0.578

GGT (U/L), median (IQR) 24.65 (32.25) 43.56 (24.95) 0.028

ALP (U/L), median (IQR) 75.25 (26.00) 76.62 (20.03) 0.417

ALB (g/L), median (IQR) 43.00 (6.00) 43.52 (5.46) 0.063

TBIL (μmol/L), median (IQR) 17.05 (10.34) 16.25 (11.19) 0.302

PT (s), median (IQR) 12.00 (1.80) 12.6 (1.2) 0.000

INR, median (IQR) 0.97 (0.12) 1.02 (0.1) 0.003

FIB (g/L), mean ± SD 2.83±0.47 2.71±0.53 0.023

WBC (10 9/L), mean ± SD 5.35±1.71 6.38±2.38 0.000

PLT (10 9/L), mean ± SD 174.72±71.08 167.21±55.42 0.315

HBeAg (+), n (%) 143 (52.96) 68 (59.65) 0.229

HBeAg (−), n (%) 127 (47.04) 46 (40.35)

logHBVDNA (IU/mL), median (IQR) 3.63 (3.76) 4.37 (4.54) 0.796

logHBsAg (IU/mL), median (IQR) 3.56 (1.06) 3.55 (0.95) 0.256

logHBeAg (S/CO), median (IQR) 0.16 (3.31) 0.67 (2.46) 0.642

HBcAb (S/CO), mean ± SD 8.98±2.02 8.91 (2.24) 0.455

Grading of inflammation, n (%)

G0 3 (1.1) 1 (0.89) 1.000

G1 82 (30.4) 28 (24.56) 0.250

G2 112 (41.5) 59 (51.75) 0.064

G3 67 (24.8) 24 (21.05) 0.428

G4 6 (2.2) 2 (1.75) 1.000

Stage of liver fibrosis, n (%)

S0 9 (3.3) 11 (9.65) 0.011

S1 90 (33.3) 41 (35.97) 0.619

S2 72 (26.7) 40 (35.09) 0.097

S3 60 (22.2) 13 (11.40) 0.000

S4 39 (14.4) 9 (7.89) 0.076

SHCHI ≥ G2 and/or ≥ S2, n (%) 201 (74.44) 87 (76.32) 0.699

SD, standard deviation; HBsAg, hepatitis B surface antigen; ALT, alanine transaminase; IQR, interquartile range; AST, aspartate 
aminotransferase; GGT, γ-glutamyl transferase; ALP, alkaline phosphatase; ALB, albumin; TBIL, total bilirubin; PT, prothrombin time; INR, 
international normalized ratio; FIB, fibrinogen; WBC, white blood cell; PLT, platelet; HBeAg, hepatitis B e antigen; HBVDNA, Hepatitis B 
virus deoxyribonucleic acid; SHCHI, significant histopathologic changes of hepatic injury.
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4.1.0 (http://www.r-project.org/; the R Foundation for 
Statistical Computing, Vienna, Austria) (17), a nomogram 
was created premised on the findings of a multivariate 
analysis. The nomogram was derived from the process of 
proportionally transforming each regression coefficient. 
The predictive ability of the nomogram was verified 
utilizing the concordance index (C-index), and its accuracy 
was further calibrated using 40 bootstrap samples to reduce 
the degree of overfitting bias. 

By employing the StataSE-64 software, we compared 
the AUC values between different diagnostic models 
(nomogram APRI and FIB-4). The accuracy of APRI 
and FIB-4 for the diagnosis of SHCHI were evaluated 
depending on the values for the area under the ROC 
curves (AUC) and maximizing Youden’s index led to the 
identification of the optimum cut-off points. The evaluation 
of the diagnostic performance was based on the specificity, 
sensitivity, positive predictive value (PPV) and negative 
predictive value (NPV), positive likelihood ratio (PLR), 
and negative likelihood ratio (NLR). The predictive values, 
specificity, sensitivity, and likelihood ratios were utilized to 
determine the accuracy of the optimal cutoff value.

The software SPSS 22.0 (IBM Corp., Armonk, NY, 
USA) and R version 4.1.0 were utilized to execute all 
analyses of statistical data. Statistical significance was set at 
two-side P<0.05. 

Results

Baseline features of patients included in the study

During this study period, ultrasound percutaneous liver 
biopsy was performed on 472 patients (training cohort, 
n=341; validation cohort n=131) who had chronic HBV 
infection. Some 384 patients who were eligible to participate 
based on the set of criteria for inclusion were involved and 
categorized into the training (n=270) and validation (n=114) 
cohorts.

Table 1 outlines the various characteristics of the patients 
who belonged to the training and validation cohorts. The 
SHCHI were found in 201 (74.44%) and 87 (76.32%) 
patients in the two cohorts (P=0.699), respectively (Table 1).

Logistic regression analysis of SHCHI in the training 
cohort

As per Scheuer’s classification, the 270 patients in the 
training cohort were split into two groups: a group with 

significant histopathologic changes of hepatic injury (n=69 
instances) and a group with no such changes (n=201). The 
results of univariate logistic analysis illustrated remarkable 
differences in age, HBeAg, HBcAb, ALT, AST, GGT, 
ALP, TBIL, HBV DNA, PT INR, and FIB between the 
two groups (all P<0.05, Table 2). The multivariate analysis 
regression was to include these variables. Since 1 of the 
HBsAg positive time (months) groups (<168 vs. >252, 
P=0.866) and 1 of the HBsAg, IU/mL groups (<8,000 
vs. 8,000–38,000, P=0.60) did not exhibit any significant 
differences (P>0.05), the 2 variables were excluded (Table 2). 
Based on the findings of multivariate analysis, it was shown 
that HBeAg, AST, PT, and GGT, were independently 
associated with SHCHI (all P<0.05, Table 3).

Establishment and verification of an SHCHI-diagnosing 
nomogram

By taking SHCHI as the dependent variable and HBeAg, 
AST, PT, and GGT as the independent variables, a 
nomogram was developed with the help of the R software 
(Figure 2A). Figure 2B shows that the nomogram had a 
C-index of 0.80, indicating that it had a strong capacity for 
discriminating and excellent accuracy in evaluating the risk 
of SHCHI.

The bootstrap approach was selected for use in the 
training cohort as the procedure for conducting internal 
verification. There were a total of 40 repetitions of 
the sampling procedure, and the error probability was 
calculated to be 0.011 on average. The calibration line 
within the calibration plot visually demonstrated that 
there was a strong consistency in the existence of SHCHI 
between the risk assessment provided by the nomogram and 
the histopathologic diagnosis obtained from the liver biopsy. 
When applied to the validation cohort, the nomogram 
showed a C-index of 0.75 when calculating the SHCHI risk 
(Figure 2C). Furthermore, there was a reasonable calibration 
curve for the risk estimation as depicted in Figure 2C. 
Collectively, a high level of accuracy was achieved by the 
nomogram developed for the diagnosis of SHCHI.

Diagnostic Values of the Nomogram Compared with ARPI 
and FIB-4

In terms of the AUC values for predicting significant 
histological changes, the nomogram outperformed APRI 
(0.80 vs. 0.78, P=0.527, and FIB-4 (0.80 vs. 0.76, P=0.272) 
(Table 4 and Figure 3). The optional cut-off values for 
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Table 2 Univariate logistic regression analysis of SHCHI in the training cohort

Variables β Wald OR 95% CI P value

Gender (male vs. female) −0.110 0.150 0.895 0.512–1.566 0.698

Age (years) (≤49 vs. >49) 0.888 7.447 2.430 1.284–4.598 0.006

Family history (yes vs. no) 0.425 1.797 1.529 0.822–2.846 0.180

HBsAg positive time (months)

<168 vs. 169–252 −0.752 4.617 0.472 0.238–0.936 0.032

<168 vs. >252 −0.116 0.028 0.891 0.232–3.419 0.866

HBeAg (positive vs. negative) −0.036 0.16 0.965 0.558–1.670 0.899

HBsAg (IU/mL)

<8,000 vs. 8,000–38,000 −0.700 3.529 0.497 0.239–1.031 0.60

<8,000 vs. >38,000 −1.851 21.910 0.157 0.072–0.341 0.000

HBeAg (S/CO)

 <700 vs. 700–1,600 −1.336 6.914 0.263 0.097–0.712 0.009

<700 vs. >1,600 −3.071 27.666 0.046 0.015–0.146 0.000

HBcAb (S/CO) (≤7.935 vs. >7.935) 0.801 7.177 2.229 1.240–4.005 0.007

ALT (U/L) (≤21.08 vs. >21.08) 0.868 7.322 2.383 1.270–4.470 0.007

AST (U/L) (≤29.15 vs. >29.15) 1.312 18.031 3.713 2.026–6.802 0.000

GGT (U/L) (≤30.46 vs. >30.46) 1.299 15.396 3.664 1.915–7.010 0.000

ALP (U/L) (≤108 vs. >108) 1.534 6.146 4.639 1.379–15.603 0.013

TBIL (μmol/L) (≤14.1 vs. >14.1) 0.709 6.132 2.032 1.159–3.563 0.013

PT (s) (≤12.65 vs. >12.65) 1.545 16.102 4.689 2.204–9.975 0.000

INR (≤0.98 vs. >0.98) 1.088 12.088 2.969 1.608–5.483 0.001

HBVDNA (U/mL)

<20 vs. 20–2,000 −1.440 4.866 0.237 0.066–0.852 0.027

<20 vs. ≥2,000 −1.733 7.678 0.177 0.052–0.602 0.006

SHCHI, significant histopathologic changes of hepatic injury; β, regression coefficient; Wald, Wald test; OR, odds ratio; 95% CI, 
confidence interval; HBsAg, hepatitis B surface antigen; HBeAg, hepatitis B e antigen; S/CO, the ratio of the RLU (the relative light units) 
of the sample to that of the control cutoff; ALT, alanine transaminase; AST, aspartate aminotransferase; GGT, γ-glutamyl transferase; 
ALP, alkaline phosphatase; TBIL, total bilirubin; PT, prothrombin time; INR, international normalized ratio; HBVDNA, hepatitis B virus 
deoxyribonucleic acid.

Table 3 Multivariate logistic regression analysis of SHCHI in the training cohort

Variables β Wald P value OR 95% CI

HBeAg (S/CO)

≤700 vs. 700–1,600 −0.831 4.753 0.029 0.435 0.206−0.920

≤700 vs. >1,600 −2.360 9.667 0.002 0.094 0.021−0.418

AST (U/L) (≤29.15 vs. >29.15) 1.028 8.398 0.004 2.794 1.395−5.599

PT (s) (≤12.65 vs. >12.65) 1.694 14.928 0.000 5.443 2.304−12.855

GGT (U/L) (≤29.15 vs. >29.15) 1.048 7.789 0.005 2.853 1.366−5.958

SHCHI, significant histopathologic changes of hepatic injury; β, regression coefficient; Wald, Wald test; OR, odds ratio; CI, confidence 
interval; HBeAg, hepatitis B e antigen; S/CO, The ratio of the RLU (the relative light units) of the sample to that of the control cutoff; AST, 
aspartate aminotransferase; PT, prothrombin time; GGT, γ-glutamyl transferase.
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Figure 2 Construction and verification of a SHCHI-diagnosing nomogram. (A) Nomogram to measure the risk of SHCHI in patients with 
chronic HBV infection exhibiting alanine transaminase levels that are normal or mildly increased. To make use of the nomogram, locate the value 
of each variable along the axis that corresponds to it, create a line to the axis of points to represent the number of points, compile the values from 
each of the different variables, and create a line starting from the axis that represents the total number of points to figure out the SHCHI risks at 
the bottom line of the nomogram. A greater total score suggested a higher likelihood of SHCHI diagnosis. (B) Calibration plot illustrating the 
predictive ability of the nomogram in determining the likelihood of SHCHI being present in the training cohort (n=270). Illustration of SHCHI 
prediction based on the 40-sample bootstrapped calibration plot. C(ROC) is used to calculate the C index to examine the discrimination of the 
nomogram. The Brier scale evaluates the calibration degree of the nomogram, and R2 is the fitting degree of the nomogram. The ideal line 
represents the ideal fit; the bias-corrected line signifies the bootstrap-corrected estimate values; the apparent line highlights nomogram-predicted 
probabilities. (C) Validity of the prediction accuracy of the nomogram in assessing the risk of SHCHI presence in the validation cohort (n=114). 
HBeAg, hepatitis B e antigen; AST, aspartate aminotransferase; GGT, γ-glutamyl transferase; PT, prothrombin time; SHCHI, significant 
histopathologic changes of hepatic injury; C(ROC), C index, concordance index; ROC, receiver operating characteristic.

predicting substantial histological changes were obtained 
by determining the results of maximizing Youden’s index. 
These values were 119 for the nomogram, 0.38 for 
the APRI, and 1.18 for the FIB-4. The accuracy of the 
nomogram, APRI, and FIB-4 in diagnosing SHCHI were 
76.29%, 73.67%, and 70.78%, respectively (Table 4 and 
Figure 3). The sensitivity, specificity, PPV, and NPV were 

79.10%, 68.10%, 87.84%, and 52.80%, respectively, when 
the nomogram was utilized to distinguish the presence and 
absence of SHCHI.

Discussion

HBV infections pose a significant burden on both 
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Table 4 The diagnostic performance of markers for diagnosing SHCHI

Models AUC 95% CI Cut-off Se (%) Sp (%) PLR NLR PPV (%) NPV (%) Accuracy (%)

Nomogram 0.80 0.74–0.86 119 79.10 68.10 2.48 0.31 87.84 52.80 76.29

APRI* 0.78 0.71–0.84 0.38 72.60 76.80 3.13 0.36 90.11 49.04 73.67

FIB-4* 0.76 0.69–0.82 1.18 68.20 78.30 3.14 0.41 90.15 45.81 70.78

*, AUROC of APRI and FIB-4 were no significant difference in comparison with Nomogram, P>0.05. SHCHI, significant histopathologic 
changes of hepatic injury; APRI, aspartate transaminase to platelet ratio index, FIB-4, fibrosis index based on the four factors; AUC, area 
under the receiver operating characteristic curve; CI, confidence interval; Se, sensitivity; Sp, specificity; PLR, positive likelihood ratio; NLR, 
negative likelihood ratio; PPV, positive predictive value; NPV, negative predictive value.

public health and the economy across the world, with 
approximately 257 mil l ion individuals  worldwide 
experiencing chronic infection (19-21). Depending on the 
natural progression course of the illness, chronic HBV 
infection and chronic hepatitis B (CHB) are often broken 
down into 4 distinct phases throughout their respective 
natural histories: the immune-tolerant period (chronic HBV 
carrier state), immune clearance period (HBeAg-positive 
CHB), immune control period (inactive HBsAg carrier 
state), and reactivation period (HBeAg-negative CHB) (21).  
The immune-tolerant phase is the most fascinating and, 
according to our expectations, the least understood (3) 

chronic HBV carrier, which as a state is also in dynamic 
change. Over time, the immune tolerance state will 
spontaneously be completely or not completely broken and 
be taken to the immune clearance stage, with liver tissue 
immune injury, so that the disease gradually progresses, or 
even advances to cirrhosis or hepatocellular carcinoma (20). 
Does the patient with positive HBV DNA and normal or 
mildly elevated ALT have to be in an immune tolerance 
period? A few recent studies demonstrated that people 
with “normal” ALT levels can experience liver histological 
abnormalities and may necessitate antiviral treatment (6). 
In a study from the Netherlands (7) that included 2,991 
patients, significant liver fibrosis occurred in 7.2% of 
patients having ALT <1 ULN and in 25% of patients whose 
ALT was 1–2 ULN. In addition, a retrospective study of  
253 patients with CHB who received liver biopsies from 
1990 to 2009 at the DÜSSELDORF in Germany (22) 
showed that among untreated patients with ALT <1 ULN 
or 1–2 ULN, the prevalence of fibrosis and cirrhosis was 
35.9% and 17.9%. As per these findings, in a European 
context, patients with CHB infection who have normal 
transaminase levels typically have substantial liver 
cirrhosis or fibrosis (22). Back in 2010, research involving  
522 patients with newly diagnosed CHB who received 
liver biopsy showed that a high proportion (21–30 years 
old, 17.4%) of young patients (≤30 years old) with normal 
ALT still had significant histopathological changes (5). 
It might be that these patients still need to be tested for 
histologic liver disease and treated accordingly to slow 
disease progression and achieve long-term clinical benefits. 
Notably, some patients with HBeAg-negative could not 
express HBeAg because of gene mutation, but still had 
significant liver inflammation and replicating fibrosis  
(23-25). A study of HBeAg-negative patients showed that  
43 patients (35.9%) had a fibrotic stage ≥2 whereas  
48 patients (40%) had a fibrotic stage ≥2 and/or hepatic 
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Figure 3 ROC plot for nomogram, FIB-4, and APRI in diagnosing 
SHCHI patients in the training cohort (n=270). AUROCs of 
Nomogram, FIB-4 and APRI were 0.80, 0.76, 0.78, respectively. 
ROC, receiver operating characteristic; FIB-4, Fibrosis-4 scoring 
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significant histopathologic changes of hepatic injury; AUROCs, 
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activity index (HAI) ≥6 (24). Furthermore, the results of 
another review (25) illustrated that among 9 studies (n=830 
patients), a high percentage [20.7%; 95% confidence 
interval (CI): 16.2–26.0%] of CHB patients who had ALT 
levels ≤40 U/L exhibited severe fibrosis regardless of their 
HBeAg status. Currently, with the lack of novel indicators 
that can distinguish between the distinct stages of the 
natural history of chronic HBV infection, liver histology 
continues to be the golden criterion for measuring whether 
or not a patient with normal or mildly elevated ALT levels 
needs therapy. However, due to the invasive nature, liver 
biopsies are generally not performed in clinical practice 
if the patient’s ALT level is normal or mildly elevated. 
Moreover, it is not enough to monitor ALT levels for 
these patients, so they are often ignored (26,27). Recently, 
although there have been various indicators that have been 
reported to be the alternative for a biopsy, the accuracy of 
the evaluation of liver fibrosis and liver inflammation has 
been contentious. As such, this paper aimed to create a 
simple and convenient nomogram for diagnosing SHCHI in 
patients with chronic HBV infection exhibiting normal or 
mild levels of ALT and to verify its diagnostic performance. 

Based on the findings of the univariate and multivariate 
logistic regression analyses, after adjusting factors for age, 
HBsAg positive time (months), HBcAb, ALT, ALP, INR, 
and HBV-DNA, HBeAg, AST, GGT, and PT were found 
to independently serve as risk indicators for SHCHI [odds 
ratio (OR) and 95% CI of 0.965 (0.558–1.670), 3.713 
(2.026–6.802), 3.664 (1.915–7.010), 4.689 (2.204–9.975)]. 
Patients with persistent HBV infection who had ALT levels 
that were either normal or mildly elevated had a good 
concordance between the SHCHI-nomogram and liver 
biopsies that predicted histological alterations (21).

Compared with the other nomograms, our study has 
several strengths such as a wider application range and greater 
suitability for clinical practice. Chang et al. (28) and Wang 

et al. (29) established a nomogram or non-invasive model of 
chronic HBV infection with normal ALT which aimed at the 
HBeAg-positive patients but did not include HBeAg-negative 
cases. Therefore, the application of the models was limited 
to a certain extent. In our study, the occurrence of SHCHI 
was independent of HBeAg positivity or negativity, and 
HBeAg was quantitatively modeled as a whole regardless of 
positive or negative status, which allows the model to be used 
more widely. In addition, the patients selected in this paper 
were not excluded due to steatosis, which was more practical 
and in line with the actual situation of clinical patients. The 
diagnostic performance of the newly created nomogram was 

not hindered by the presence of steatosis, in contrast with the 
FibroScan, which was hampered by this constraint. Further, 
the 4 variables included in our model were all routinely 
available clinical parameters.

In the past decade, numerous non-invasive models 
for diagnosing HBV-infection-related liver fibrosis have 
emerged. Nonetheless, the majority of non-invasive 
diagnostic methods were derived from chronic hepatitis 
C, and their accuracy is limited to identifying cirrhosis 
from diseases characterized by little or mild fibrosis  
(30-32). When applied to estimate the extent of liver fibrosis 
in individuals with CHB, such models have produced 
conflicting findings (33). In a systematic review, both 
FIB-4 and APRI were shown to have a reasonable level 
of sensitivity and accuracy when it came to diagnosing 
fibrosis caused by HBV in a systematic review (34). The 
AUCs for patients with normal ALT were 0.71 and 0.72,  
respectively (34). Compared with the diagnostic efficiency of 
APRI and FIB-4, the diagnostic efficiency of the nomogram 
(AUC 0.80) was greater compared to the AUC of APRI 
and FIB-4 (0.78, 0.76). Although the differences were not 
statistically significant (nomogram vs. APRI, P=0.527; 
nomogram vs. FIB-4, P=0.272), the nomogram was more 
accurate in diagnosing SHCHI than APRI and FIB-4.

When assessing clinical applications of the model in 
measuring the risk of SHCHI, we analyzed the specificity, 
sensitivity, NPV, and PPV, with 119 serving as the cutoff 
point. Patients with a score of 119 or above were considered 
members of the SHCHI high-risk group (PPV, 87.84%). 
The nomogram, which is premised on predictions, could 
be used as a resource to additionally examine the state of 
immunological tolerance-period patients and HBeAg-
negative patients with normal ALT, as well as to identify 
which individuals should receive antiviral medication.

It is important to emphasize that the dependability 
of the nomogram will necessitate further confirmation 
in a prospective study for our research to be considered 
conclusive. In addition, this investigation relied on the 
data from a single center; hence, it is essential to confirm 
the findings from multiple centers. Furthermore, although 
the nomogram had an excellent prediction accuracy with a 
cutoff value of 119, it had a false-positive rate of 31.9% and 
a false-negative rate of 20.9%, therefore, comprehensive 
consideration is still needed before making clinical decisions.

Conclusions

A nomogram was created by incorporating 4 SHCHI-
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related primary risk variables. The model gives an 
appropriate assessment of the risk of SHCHI in patients 
who have chronic HBV infection and ALT levels that 
are either normal or mildly increased. In addition, the 
nomogram performed well on internal validation and was 
superior to some other non-invasive models (including 
APRI, and FIB-4). For people in the immune tolerance 
stage or with normal or mildly elevated ALT, guidelines 
recommend that treatment depends on liver biopsy results 
and a comprehensive evaluation (21). Our nomogram could 
provide an accurate, practical, convenient, reliable, and 
non-invasive evaluation tool for this population. Moreover, 
it could also replace liver biopsy to dynamically assess the 
progress of the disease in this population. This would offer 
a novel chance for targeted, early HBV therapy in patients 
for whom it is urgently required, with the ultimate goal 
of reducing complications linked to HBV. To prove the 
nomogram’s utility in identifying SHCHI risk in patients 
with chronic HBV infection and ALT levels that are normal 
or only moderately raised, additional studies will need to be 
conducted in the future to perform an external validation of 
the nomogram.
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