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Novel noninvasive indices for the assessment of
liver fibrosis in primary biliary cholangitis
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Abstract. The present study aimed to investigate the accuracy
of new noninvasive markers in predicting liver fibrosis among
individuals with primary biliary cholangitis (PBC). This
retrospective analysis included subjects with PBC who had
liver biopsies. Scheuer's classification was used to determine
the fibrosis stage. The bilirubin to albumin (Alb) ratio (BAR),
fibrosis index based on the four factors (FIB-4), y-glutamyl
transpeptidase to platelet (PLT) ratio (GPR), red cell distribu-
tion width to PLT ratio (RPR), aspartate aminotransferase
(AST) to alanine aminotransferase ratio (AAR), AST to PLT
ratio index (APRI) and total bilirubin to PLT ratio (TPR) were
calculated based on the laboratory parameters. A novel index
called BARP was conceived as BAR x RPR. A total of 78
individuals with PBC were included in the study, 84.6% of
whom had significant fibrosis, 30.8% had advanced fibrosis
and 15.4% had cirrhosis. In the multivariate analysis, Alb was
determined to be an independent predictor of advanced fibrosis
(odds ratio=0.823, P=0.034). The area under the receiver oper-
ating characteristic curves (AUROCS) of the BAR, GPR, TPR
and BARP were statistically significant in predicting severe
fibrosis (P<0.05) and were 0.747, 0.684, 0.693 and 0.696,
respectively. In assessing advanced fibrosis, the AUROCsS for
the AAR, APRI, BAR, FIB-4, RPR, TPR and BARP were
0.726, 0.650, 0.742, 0.716, 0.670, 0.735 and 0.750, respectively.
The AUROCS for the APRI, BAR, FIB-4, RPR, TPR and
BARP for cirrhosis prediction were 0.776, 0.753, 0.821, 0.819,
0.808 and 0.832, respectively. By comparing the AUROC:S, it
was demonstrated that the diagnostic capabilities of the BARP
(P=0.021) and TPR (P=0.044) were superior to those of the
APRI in predicting advanced fibrosis. In conclusion, the BAR,
BARP and TPR were of predictive value for the grade of liver
fibrosis in PBC and Alb had a diagnostic value in identifying
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early fibrosis. The aforementioned noninvasive indices may be
used for predicting histologic stages of PBC.

Introduction

The chronic cholestatic liver illness known as primary biliary
cholangitis (PBC), previously referred to as primary biliary
cirrhosis, is characterized by a cycle of immune-mediated
destruction of intrahepatic bile ducts. At least two of the
following criteria can be used to diagnose PBC in patients:
Tests indicating cholestasis in the serum [such as unexplained
increase of alkaline phosphatase (ALP) or y-glutamyl
transferase (GGT) levels], positivity for antimitochondrial
antibodies (AMA) or PBC-specific antinuclear antibodies, and
the presence of cholangitis and nonsuppurative interlobular
bile duct damage on histopathology (1). The gold standard
for measuring histologic lesions and determining the stage
of liver fibrosis remains liver biopsy. However, it has several
significant drawbacks, including invasiveness, sampling errors,
unpredictability in histological evaluation, risk of severe
procedure-related consequences and high cost (2). Considering
the benefits-to-risk ratio, liver biopsy is seldom required for
diagnosing PBC (1), unless the cases are unusual or it is essen-
tial to rule out concurrent liver diseases such as autoimmune
hepatitis. PBC has the same potential for progression as other
chronic liver disorders, including fibrosis, cirrhosis and conse-
quences of portal hypertension. The major worldwide health
issue of liver cirrhosis, which has high morbidity and mortality
rates, may be prevented by detecting liver fibrosis early (3).
Given the limitations of liver biopsy, there is substantial
clinical value in exploring noninvasive, cost-effective, accu-
rate, readily available and reproducible indicators for assessing
hepatic fibrosis in individuals with PBC. Hematological
parameters are considered reliable indicators of prognosis in
PBC (4). Blood indices may be highly informative in evalu-
ating concurrent conditions linked to non-alcoholic fatty liver
disease (NAFLD), including atherosclerosis (5). Serum lipid
levels are often markedly elevated in PBC, although it has
remained uncertain whether this hyperlipidemia is linked to
an accelerated development of atherosclerosis. This question
was initially inconclusive due to the disease's progressive
nature but has gained clinical significance in light of improved
survival rates (6).

Various studies have demonstrated the influence of
numerous noninvasive markers (7-9) and the application
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potential of serum indices in the prediction of (10-12) the
fibrosis degree, particularly for NAFLD and viral hepatitis.
Examples include the aspartate aminotransferase (AST) to
platelet (PLT) ratio index (APRI), magnetic resonance elas-
tography, ultrasound elastography and the fibrosis index based
on four variables (FIB-4). However, there are fewer options
available for PBC. The diagnostic performances of these
noninvasive predictors are diversiform and need to be further
confirmed. It is widely recognized that an increase in serum
bilirubin and a decrease in serum albumin (Alb) indicate
exacerbation and poor prognosis of PBC (1,13). Currently, the
bilirubin to Alb ratio (BAR) is mainly used to predict hemolytic
disease in a newborn (14) and assess the prognosis of hepatic
encephalopathy (15). The association between PBC and BAR
has rarely been reported. In order to forecast the phases of
liver fibrosis in individuals with PBC, laboratory parameters
were analyzed in the present study and the diagnostic value of
noninvasive serum indicators was investigated.

Materials and methods

Patient population. Patients with PBC treated at the Affiliated
Hospital of Qinghai University (Xining, China) from January
2015 to September 2022 were gathered for this retrospective
analysis. The diagnostic criteria are based on recommenda-
tions for PBC identification and treatment (1). Adults with
PBC were included in the study if they had undergone a liver
biopsy with at least 10 portal tracts visible in the pathological
examination. Patients were excluded from the study if they met
any of the following criteria: i) Concurrent presence of other
factors causing chronic liver diseases, such as hepatitis viruses,
drug-induced liver damage or other autoimmune hepatitis, and
ii) the presence of hematological system disorders or other
systemic illnesses.

Data collection. The demographic and laboratory data acquired
during the preceding week before the biopsy included age,
gender, AST, red cell distribution width, PLT count, alanine
aminotransferase (ALT), ALP, GGT, total bilirubin (TBil) and
Alb.

Liver biopsy. Informed consent was obtained from all of the
patients before liver biopsy. Under computerized tomography
or ultrasonographic supervision, a needle biopsy was carried
out using a 16G disposable needle. The liver specimens were
pierced and at least 1.5 cm of the length was required. The liver
specimens were then collected, fixed with 4% formaldehyde
solution, embedded in paraffin, sliced into 2-3 mm slices and
stained for pathological analysis using hematoxylin-eosin and
Masson's trichrome stains. Two qualified pathologists used
Scheuer's classification to analyze the results of liver histology
as follows: F1, periportal fibrosis; F2, a few fibrotic septa; F3,
several septa; and F4, cirrhosis. Staging as F1 was considered
to indicate significant fibrosis; otherwise, it suggested minimal
fibrosis. Staging as F3 was used to identify advanced fibrosis;
otherwise, it denoted early fibrosis.

Index computation without intervention. The following
formulae were used to determine the AST to ALT ratio
(AAR), APRI (ULN:upper limit of normal value), bilirubin to

Alb ratio (BAR), FIB-4, GGT to PLT ratio (GPR), red blood
cell distribution width (RDW) to PLT ratio (RPR) and TBil to
PLT ratio (TPR):

i) AAR=AST (IU/)/ALT (IU/1)

ii) APRI=[AST (IU/1)/ULN (IU/)/PLT (10°/1)]x100

iii) BAR=TBIil (mg/dl)/Alb (g/dl)

iv) FIB-4=age (years) x AST (IU/)/[PLT (10%1) x ALT
au/m'?

v) GPR=GGT (IU/I)/PLT (10°/1)

vi) RPR=RDW (%)/PLT (10%/1)

vii) TPR=TBil (ymol/1)/PLT (10°/1)

Statistical analysis. All statistical analyses were conducted
using the MedCalc statistical program version 20.0.4
(MedCalc Software Ltd.) and SPSS software version 22.0
(IBM Corp.). The mean and standard deviation were used to
describe quantitative data with a normal distribution, while the
median (interquartile range) was used to express continuous
data with a non-normal distribution. Numbers (percentages)
were used for presenting categorical data. Student's t-tests
were used for normally distributed variables, Mann-Whitney
U-tests for non-normally distributed continuous variables
and the Chi-squared test for categorical variables to compare
groups. To identify fibrosis predictors, single-variable logistic
regression analysis was performed. Subsequently, multiple
logistic regression models were constructed by incorporating
fibrosis-related variables. The receiver operating characteristic
(ROC) curve was utilized to calculate the diagnostic accura-
cies of noninvasive indices. The highest sum of specificity
and sensitivity was used to determine the best cut-off values
for the fibrosis diagnosis. Using DeLong's test, the area under
the ROC curve (AUROC) was used to assess the diagnostic
performance and compare the AUROCs of various noninva-
sive markers. A 2-sided P<0.05 was considered to indicate
statistical significance.

Results

Characteristics of the study population. The present study
included 78 patients with PBC who underwent liver biop-
sies. Their average age was 54.0+9.3 years and the cohort
comprised 68 (87.2%) women and 10 (12.8%) men. Among
them, 67 (85.9%) were positive for AMA. In terms of the
Scheuer fibrosis staging, there were 12 (15.4%) patients with
F1, 42 (53.8%) patients with F2, 12 (15.4%) patients with F3
and 12 (15.4%) patients with F4. Significant variations in TBil,
BAR, GPR and TPR were observed between negligible fibrosis
(<F2) and considerable fibrosis (=F2). Patients with advanced
fibrosis (=F3) showed decreased PLT and Alb and elevated
levels of TBil, AAR, APRI, BAR, FIB-4, RPR and TPR
compared to those with early fibrosis (F3). Lowered PLT and
Alb and elevated RDW, TBil, APRI, BAR, FIB-4, RPR and
TPR were seen in patients with cirrhosis (F4). Table I displays
the demographic and laboratory characteristics of the patients.

Logistic regression analysis. First, univariate analysis was
used to evaluate variables related to cirrhosis, advanced fibrosis
and substantial fibrosis. In the univariate analysis, none of the
factors was significantly linked with fibrosis (P=0.05). PLT
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Table II. Factors influencing progressive fibrosis in subjects with primary biliary cholangitis.

Univariate analysis

Multivariate analysis

Variable OR (95% CI) P-value OR (95% CI) P-value
Female sex 1.913 (0.375-9.770) 0436

Age 1.027 (0.975-1.083) 0316

PLT 0.993 (0.986-0.999) 0.035 0.997 (0.990-1.005) 0.482
RDW 1.266 (0.969-1.653) 0.084

ALT 0.996 (0.984-1.009) 0.584

AST 1.006 (0.997-1.016) 0.183

GGT 1.000 (0.998-1.002) 0.873

ALP 1.000 (0.998-1.002) 0.960

Alb 0.802 (0.705-0.912) 0.001 0.833 (0.725-0.957) 0.010
TBil 1.414 (1.069-1.869) 0.015 1.205 (0.892-1.627) 0.225

PLT, platelets; RDW, red blood cell distribution width; ALT, alanine aminotransferase; AST, aspartate aminotransferase; GGT, y-glutamyl
transferase; ALP, alkaline phosphatase; Alb, albumin; Tbil, total bilirubin; OR, odds ratio.

Table III. Factors connected to cirrhosis in subjects with primary biliary cholangitis.

Univariate analysis

Multivariate analysis

Variable OR (95% CI) P-value OR (95% CI) P-value
Female sex 1737 (0.199-15.128) 0.617
Age 1.028 (0.961-1.099) 0427
PLT 0.975 (0.958-0.993) 0.006 0.979 (0.956-1.002) 0.070
RDW 1.470 (1.050-2.059) 0.025 1.042 (0.624-1.740) 0.874
ALT 0.995 (0.978-1.012) 0.573
AST 1.001 (0.991-1.012) 0.811
GGT 0.999 (0.996-1.001) 0.311
ALP 0.999 (0.995-1.002) 0.487
Alb 0.823 (0.719-0.941) 0.004 0.877 (0.755-1.019) 0.086
TBil 1.275 (1.012-1.607) 0.040 1.047 (0.784-1.398) 0.755

PLT, platelets; RDW, red blood cell distribution width; ALT, alanine aminotransferase; AST, aspartate aminotransferase; GGT, y-glutamyl
transferase; ALP, alkaline phosphatase; Alb, albumin; Tbil, total bilirubin; OR, odds ratio.

[odds ratio (OR)=0.993, P=0.035], Alb (OR=0.802, P=0.001)
and TBil (OR=1.414, P=0.015) exhibited negative correla-
tions with advanced fibrosis, whereas the latter had a positive
correlation. In the multivariate analysis, only Alb (OR=0.833,
P=0.010) was an independent negative predictor of advanced
fibrosis (Table II). In addition, cirrhosis was inversely linked
with PLT (OR=0.975,P=0.006) and Alb (OR=0.823,P=0.004).
Positive correlations were found between RDW (OR=1.470,
P=0.025) and TBil (OR=1.275, P=0.040) and cirrhosis. In the
multivariate analysis, none of the factors was an independent
predictor of cirrhosis (Table III).

Development of a novel index called BAR x RPR (BARP). From
the above results, PLT, RDW, Alb and TBil were statistically
significant laboratory parameters among different degrees
of fibrosis. Consequently, a novel index was envisioned that

combined the BAR with RPR. The novel index called BARP
was conceived, calculated as BAR x RPR. The BARP was
compared among different fibrosis stages and it was found
that there were statistically significant differences between
significant fibrosis and insignificant fibrosis (P=0.032),
advanced fibrosis and early fibrosis (P<0.001), and cirrhosis
and non-cirrhosis (P<0.001), respectively (Table IV).

Diagnostic performances of noninvasive indices. The diag-
nostic performance of each noninvasive index was estimated
using ROC curves. Table IV displays the AUROC, sensi-
tivity, specificity and cutoff values. The AUROCSs for BAR,
GPR, TPR and BARP demonstrated statistically significant
coefficients for predicting substantial liver fibrosis (=F2)
with P<0.05. Their respective values were 0.747 (95% CI:
0.598-0.897), 0.684 (95% CI: 0.510-0.858), 0.693 (95% CI:
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0.530-0.857) and 0.696 (95% CI: 0.535-0.857), as illustrated
in Fig. 1. Except for GPR (P=0.135), all of the noninvasive
indicators' AUROC: for differentiating advanced fibrosis (F3)
exhibited statistically noteworthy results (P<0.05; Fig. 2). The
AUROCs of AAR, APRI, BAR, FIB-4,RPR, TPR and BARP
were 0.726 (95%Cl: 0.597-0.855),0.650 (95%CI: 0.508-0.792),
0.742 (95%CI: 0.622-0.863), 0.716 (95%CI: 0.587-0.845),
0.670 (95%CI: 0.537-0.802), 0.735 (95%CI: 0.618-0.852) and
0.750 (95%CI: 0.635-0.865), respectively. For the prediction
of cirrhosis (=F4), the AUROCs of APRI, BAR, FIB-4, RPR,
TPR and BARP were 0.776 (95%CI: 0.652-0.899), 0.753
(95%CI: 0.601-0.904), 0.821 (95%CI: 0.720-0.921), 0.819
(95%CI: 0.721-0.918), 0.808 (95%CI: 0.699-0.917) and 0.832
(95%CI: 0.729-0.935), respectively, all of which were statisti-
cally significant (P<0.05; Fig. 3). When predicting significant
fibrosis, there were no statistically significant differences
among the BAR, GPR, TPR and BARP (P=0.05; Fig. 1). To
diagnose advanced fibrosis, the AUROCs of the BARP and
TPR outperformed those of the APRI (P=0.021 and 0.044,
respectively; Fig. 2). However, when assessing cirrhosis, there
were no statistically significant differences between APRI,
BAR, BARP, FIB-4, TPR and RPR (P=0.05; Fig. 3).

Discussion

PBC is an autoimmune cholestasis of the liver that primarily
affects females. Cholestatic biochemistry along with the
presence of AMA or other PBC-specific autoantibodies can
typically lead to a precise diagnosis of PBC in the majority
of patients. Liver biopsy is no longer recommended as a
diagnostic technique, with the exception of atypical cases,
such as those with low antibody levels or no PBC-specific
autoantibodies, because of its invasive nature, cost, potential
for sampling errors, and the risk of severe complications (1).
Effective treatments can facilitate slower progression and
better prognosis (16). However, the majority of individuals with
PBC are often asymptomatic and the condition is undetectable
in the early stages. If no effective treatment is available, the
condition tends to progress in most patients. PBC is a chronic
autoimmune cholestatic liver disease that can deteriorate
rapidly in the end stage and culminate in biliary cirrhosis and
complications related to portal hypertension over time (17).
Therefore, a condition with a lower overall survival rate
than that of the general population may substantially reduce
the quality of life for those affected and require long-term
monitoring. Early diagnosis, risk assessment, treatment and
long-term management are vital for patients with PBC (18).
Histological progression is closely related to prognosis in
PBC. Therefore, identifying liver fibrosis at an early stage is of
critical importance for preventing cirrhosis and improving the
prognosis of patients with PBC.

The present study aimed to explore new indices and
evaluate their diagnostic performance in predicting the stages
of liver fibrosis in patients with PBC. The results revealed
that individuals with severe fibrosis exhibited elevated levels
of TBil and GGT in their blood. Furthermore, advanced
fibrosis was associated with higher TBil levels and lower
levels of PLT and Alb. There were statistically significant
differences in PLT, RDW, Alb and TBil levels between the
cirrhosis and non-cirrhosis groups. Based on these results, it
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Figure 1. Receiver operating characteristic curves for the prediction of
substantial fibrosis using the BAR, GPR, TPR and BARP. BAR, bilirubin to
albumin ratio; GPR, y-glutamyl transpeptidase to platelet ratio; TPR, total
bilirubin to platelet ratio, BARP, BAR x red cell distribution width to platelet
ratio.
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Figure 2. Receiver operating characteristic curves for advanced fibrosis
prediction using the BARP, TPR and APRI. BARP, bilirubin to albumin
ratio xRPR; TPR, total bilirubin to platelet ratio; APRI, aspartate amino-
transferase to platelet ratio index.

was hypothesized that a novel noninvasive indicator called
BARP, derived from BAR x RPR, could be a valuable tool for
predicting liver fibrosis in PBC. Alb was found to be a distinct,
unfavorable predictor of advanced fibrosis in the multivariate
analysis. Of note, unlike other noninvasive indices, the BAR,
TPR and BARP exhibited statistically significant differences in
their diagnostic performance for significant fibrosis, advanced
fibrosis and cirrhosis. The present result suggested that BAR,
with the highest AUROC value (0.747, 95%CI: 0.598-0.897), is
a reasonable predictor of significant fibrosis. Furthermore, the
TPR and BAPR also showed definite advantages in assessing
advanced fibrosis (AUROC: 0.735, 0.750; 95%CI: 0.618-0.852,
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Figure 3. ROC curves for predicting cirrhosis using the APRI, BAR, BARP,
TPR, FIB-4 and RPR. APRI, aspartate aminotransferase to platelet ratio
index; BAR, bilirubin to albumin ratio; BARP, BAR x red cell distribution
width to platelet ratio; TPR, total bilirubin to platelet ratio; FIB-4, fibrosis
index based on the four factors.

0.635-0.865, respectively) and cirrhosis (AUROC: 0.808,
0.832; 95% CI: 0.699-0.917, 0.729-0.935, respectively). The
AUROC:s for identifying advanced fibrosis were greater for
BARP and TPR compared to APRI (P=0.021, 0.044, respec-
tively). The AAR, APRI, FIB-4, GPR and RPR had AUROCs
that were either slightly inferior to or comparable to those of
the BAR, TPR and BARP. To the best of our knowledge, the
present study was the first to use both the BAR index and the
new BARP index to predict the stages of PBC fibrosis.
Various studies have reported on the value of ultrasound
elastography in predicting liver fibrosis (19,20). Consistent with
previous research, transient elastography has a higher ability
to diagnose the liver fibrosis stage than liver stiffness measure-
ment (21,22). The ideal cutoff value for each liver condition
varies depending on the etiology of the condition. However,
the accuracy of the results is influenced by factors such as liver
inflammation, cholestasis, congestion and the patient's somato-
type, and it is not suitable for patients with ascites around the
liver. Of note, it is difficult to distinguish the differentiation
between adjoining liver fibrosis stages because of the extensive
overlap of cutoff values. The clinical use of blood biomarkers
or indices in predicting the degree of liver fibrosis has also
been the subject of several investigations (23,24). Serum
indices such as RDW, RPR, AAR, APRI and GPR have a
certain utility for evaluating liver fibrosis. The TPR was found
to more reliably predict early liver fibrosis in PBC in the study
by Jiang et al (25), and its AUROC was greater than that of
the AAR, APRI, FIB-4 and RPR. The outcomes of their study
are comparable to those of the present study. The histologic
stage of individuals with PBC is associated with RDW, RPR
and the RDW to lymphocyte ratio, and these tests demonstrate
superior diagnostic capabilities compared to typical indices
such as APRI, FIB-4 and AAR (26-28). In prior reports,
the GPR (29) and mean platelet volume (30) were found to
have certain utility for identifying advanced fibrosis in PBC.
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However, the diagnostic capabilities of those studies could
not be fully examined due to their small size or absence of a
95% CI for the AUROC. Compared to the AAR, FIB-4 and
APRI, the current investigation demonstrated that the growth
arrest-specific gene 6 protein to Alb ratio was more likely to
accurately diagnose advanced fibrosis (31). The diagnostic
performances and cutoff values of these noninvasive proce-
dures and markers are multifarious. To date, no consensus
has been reached regarding the most effective noninvasive
procedure, serum index or the optimal cutoff value. Given
the limitations of liver biopsy, noninvasive measurement of
hepatic fibrosis has become the standard. This field of study is
ongoing and the current findings require further confirmation.

The present study has certain limitations. First, it is a retro-
spective study without sampling and lacks a validation cohort.
Furthermore, certain patients included in the study had received
ursodeoxycholic acid treatments and therefore, the accuracy of
the results needs to be verified in further investigations. Finally,
the diagnostic performance of FibroScan was not assessed, as
only a limited number of individuals had undergone the test.
Larger, more diverse studies with robust methodologies are
needed to validate these markers and determine their clinical
relevance in managing PBC-related liver fibrosis.

In conclusion, the present study demonstrated that Alb is
useful for early fibrosis prediction, while the BAR, BARP and
TPR offer benefits in assessing liver fibrosis in PBC. All of
these can be easily calculated using standard blood counts and
inexpensive biochemical markers. However, the accuracy of
these results needs to be substantiated through multicenter
collaboration and randomized trials.
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