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Abstract

Aim: This study aimed to investigate the relationship between liver fibrosis measured by transient elastography and non-
invasive fibrosis scoring systems, including Fibrosis-4 (FIB-4) and aspartate-aminotransferase (AST)-to-platelet ratio index
(APRI), in patients with primary biliary cholangitis (PBC).

Material and Methods: A total of 45 PBC patients followed in the Gastroenterology Clinic were included in this
retrospective study. Transient elastography was performed on all participants, and liver stiffness measurement (LSM)
values were recorded in kilopascals (kPa). Fibrosis was defined as LSM > 6.3 kPa, while advanced fibrosis was defined as
LSM > 10.5 kPa. To calculate the APRI score, the formula [(AST / upper normal limit x 100) / platelet count] was used, and
for the FIB-4 score, the formula [(age x AST) / (platelet count X +/alanine aminotransferase)] was applied.

Results: Liver fibrosis was identified in 71.1% (n = 32) of patients, with advanced fibrosis present in 40.0% (n = 18). Patients
with fibrosis had higher APRI and FIB-4 scores compared to those without fibrosis. Also, the median APRI score (0.7 vs. 0.5,
p < 0.001) and median FIB-4 score (2.4 vs. 1.6, p < 0.001) were higher in patients with advanced liver fibrosis than in those
without. For detecting fibrosis, the AUROC values were 0.73 (95% Cl: 0.58-0.89) for APRI and 0.84 (95% Cl: 0.73-0.96) for
FIB-4. FIB-4 also showed higher accuracy than APRI for identifying advanced fibrosis (AUROC: 0.78 vs. 0.70, p = 0.048).

Conclusion: Both APRI and FIB-4 are useful non-invasive tools for detecting and staging fibrosis in PBC. However, FIB-
4 demonstrated superior diagnostic performance compared to APRI, particularly in predicting advanced fibrosis.

Incorporating these markers into routine clinical practice may reduce the need for invasive liver biopsy and help optimize
patient management.
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Amag: Bu calisma, primer biliyer kolanjit (PBC) hastalarinda transient elastografiile dl¢iilen karaciger fibrozisi ile Fibrozis-4
(FIB-4) ve aspartat-aminotransferaz-trombosit orani indeksi (APRI) gibi non-invaziv fibrozis skorlama sistemleri arasindaki
iliskiyi arastirmayr amacladi.

Gerec ve Yontemler: Gastroenteroloji Klinigi'nde takip edilen toplam 45 PBC hastasi bu retrospektif calismaya dahil edildi.
Tum katihmcilara transient elastografi uygulandi ve karaciger sertligi 6lcim (LSM) degerleri kilopaskal (kPa) cinsinden
kaydedildi. Fibrozis, LSM > 6.3 kPa olarak tanimlanirken, ileri fibrozis LSM > 10.5 kPa olarak kabul edildi. APRI skorunun
hesaplanmasinda [(AST / tst normal sinir X 100) / trombosit sayisi] formld, FIB-4 skorunun hesaplanmasinda ise [(yas x
AST) / (trombosit sayisi x valanin aminotransferaz)] formiilii uygulandi.

Bulgular: Hastalarin %71.1'inde (n = 32) karaciger fibrozisi, %40.0'inda (n = 18) ise ileri fibrozis saptandi. Fibrozisi olan
hastalarda ibrozisi olmayan hastalara kiyasla APRI ve FIB-4 skorlari f daha yiiksekti. ileri fibrozisi olan hastalarda ileri fibrozis
olmayan hastalara kiyasla da APRI (0.7 vs. 0.5, p < 0.001) ve FIB-4 (2.4 vs. 1.6, p < 0.001) skorlari daha yiiksekti. Fibrozisin
saptanmasinda, AUROC degerleri APRIigin 0.73 (%95 GA: 0.58-0.89) ve FIB-4 icin 0.84 (%95 GA: 0.73-0.96) olarak bulundu.
FIB-4, ileri fibrozisi belirlemede de APRI'ye gore daha yiiksek dogruluk gosterdi (AUROC: 0.78 karsi 0.70, p = 0.048).

Sonuglar: APRI ve FIB-4, PBC hastalarinda fibrozis tespiti ve evrelemesi icin kullanish non-invaziv araclardir. Bununla
birlikte, FIB-4 6zellikle ileri fibrozisi 5ngérmede APRI'ye kiyasla Ustiin tanisal performans sergilemistir. Bu belirteclerin rutin
klinik uygulamalara dahil edilmesi, invaziv karaciger biyopsisi ihtiyacini azaltabilir ve hasta yonetimini optimize etmeye

yardimci olabilir.

Introduction

Primary biliary cholangitis (PBC) is an autoimmune disease
that causes gradual destruction of the intrahepatic bile ducts,
increased inflammation in the periportal area, and cholestasis
(1, 2). It was previously known as primary biliary cirrhosis.
Although genetic factors are blamed for the etiology of PBC,
environmental factors are also thought to play a role (3, 4).
It is frequently seen in women between the ages of 30 and
60. In the USA, the incidence of PBC is estimated to be 45 per
million in women and 7 per million in men, and the prevalence
is 654 per million in women and 121 per million in men (5-
7). rolonged cholestasis associated with PBC can progress to
cirrhosis and portal hypertension, underscoring the need for
accurate fibrosis assessment (8).

Liver fibrosis, rather than bile duct loss, is considered a more
reliable marker of histological progression in PBC. Liver biopsy
is the gold standard for evaluating fibrosis, but its invasive
nature, associated risks, and patient discomfort limit its routine
use (9). non-invasive alternatives, such as the aspartate-
aminotransferase-to-platelet ratio index (APRI), Fibrosis-4 (FIB-
4) score, and imaging methods like transient elastography,
have gained traction for diagnosing and monitoring fibrosis

Anahtar Kelimeler: Primer biliyer kolanjit, transient elastografi, karaciger fibrozisi, FIB-4 skoru, APRI skoru

in PBC. Many studies have found that transient elastography
provides a higher diagnostic performance in the differential
diagnosis of fibrosis (10-14). However, transient elastography
has limitations, including high cost and limited availability in
many healthcare systems. In contrast, APRI and FIB-4 are cost-
effective, easy-to-calculate, and widely applicable, offering
a more accessible alternative for fibrosis evaluation (15, 16).
Despite their lower diagnostic accuracy compared to transient
elastography, their affordability and simplicity make them
valuable tools in clinical practice.

The current literature provides limited findings on the
diagnostic performance of these scoring systems in PBC
patients. Therefore, this study aimed to investigate the
relationship between liver fibrosis measured by transient
elastography and non-invasive fibrosis scoring systems,
including FIB-4 and APRI, in PBC patients.

Material and Methods

This retrospective study was conducted with PBC patients
who admitted to the Gastroenterology Clinic of the Umraniye
Training and Research Hospital. The present study adhered
to the ethical regulations and principles as stipulated in the
Declaration of Helsinki. The study received approval from the
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Ethical Committee of the Umraniye Training and Research
Hospital, Clinical Research Ethics Committee (Date: 02.11.2023,
Decision No. B.10.1.TKH.4.34.H.GP.0.01/412). The requirement
for obtaining informed consent was exempted by the Ethics
Committee, given the retrospective design of the study.

Study population

The study enrolled 45 patients diagnosed with PBC, monitored
atthe Liver Clinic from January 2016 to October 2021, and who
had transient elastography performed. PBC was diagnosed in
patients with elevated alkaline phosphatase (ALP) if one of
the following criteria was met: positivity for antimitochondrial
antibodies (AMA) or histopathological evidence of non-
suppurative destructive cholangitis with interlobular bile duct
damage [7]. Exclusion criteria comprised individuals under
18, those with decompensated cirrhosis confirmed clinically,
radiologically, or through laboratory findings, patients with
pacemakers, those with ascites, those with pregnant women,
those with alcohol consumption, those with viral hepatitis,
and those with missing transient elastography data or
incomplete records. Data on demographic information (age,
gender, waist circumference, height, weight, body mass index
(BMI)), clinical characteristics (comorbidities, duration of PBC),
and laboratory findings were retrieved from patient records.

Laboratory parameters

Blood samples for routine analyses, including complete blood
count and biochemical parameters, were taken from the
antecubital vein of all patients at the Liver Clinic following at
least 8 hours of fasting. All analyses are performed in the same
laboratory using consistent equipment. Non-invasive fibrosis
scores are calculated using the demographic and laboratory
data obtained (17-19):

_ AST (U/L) L 9
APRI = apper limit of normal AST (/L) x 100 + Platelets (x10° /L)
FIB- 4= Age X Aspartate aminotransferase (AST; U/L)

vAlanine aminotransferase (ALT; U/L) x Platelets (x10°/L)

Transient elastography

Transient elastography was conducted by a single operator
using the FibroScan® Compact 530 device (Echosens SA, Paris,
France). Participants were instructed to fast for at least 3 hours
prior to the assessment. The procedure was performed with
participants lying in the supine position, with their right arm
fully abducted. The M probe was used for all examinations, and
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the XL probe was employed when indicated by the automatic
probe selection tool. Only measurements with at least 10 valid
readings and an interquartile range (IQR) to median ratio of
<30% were considered reliable.

Liver stiffness measurement (LSM) values were recorded in
kilopascals (kPa) , while controlled attenuation parameter (CAP)
values, obtained simultaneously, were measured using the
second-generation CAP (CAPc) and expressed in dB/m. The
procedure was continued until CAP values were achieved for 100%
of measurements (20). Fibrosis was considered present at LSM >
6.3 kPa, while advanced fibrosis was defined as LSM > 10.5 kPa (20).

Statistical analysis

All statistical analyses were conducted using STATA/MP v.16
software (StataCorp LLC, Texas, USA). Numerical data with
a normal distribution, as determined by the Kolmogorov-
Smirnov test, are presented as mean * standard deviation,
whereas non-normally distributed variables are expressed
as median (25th-75th percentiles). Comparisons between
two groups were performed using the Student t-test for
normally distributed variables and the Mann-Whitney U
test for non-normally distributed variables. For comparisons
involving more than two groups, the ANOVA test (post-hoc:
Bonferroni) was used for normally distributed data, and
the Kruskal-Wallis H test (post-hoc: Dunn’s test) was used
for non-normally distributed data. Categorical variables
were summarized as numbers and percentages, with group
comparisons performed using the Chi-square test or Fisher’s
exact test when applicable. A multivariable logistic regression
analysis employing the backward Wald method was used
to identify potential independent predictors of fibrosis. The
diagnostic performance of non-invasive fibrosis scores was
evaluated through receiver operating characteristic (ROC)
curve analysis, with the area under the curve (AUC), standard
error (SE), sensitivity, and specificity reported. The optimal
cutoff values for predicting fibrosis were determined using the
Youden index method. A p-value of P < 0.05 was considered
statistically significant for all analyses.

Results

The study population consisted of 45 patients with a mean
age of 60.2 + 9.4 years, the majority of whom were female. The
mean disease duration was 5.4 + 1.8 years. The demographic
and clinical findings of the patients are detailed in Table 1.
Liver fibrosis was detected in 71.1% of cases (n = 32), with
advanced liver fibrosis present in 40.0% (n = 18). The ratio of
hypertension was higher in patients with liver fibrosis than in



those without (59.4% vs. 15.4%, p = 0.009). Other demographic
characteristics did not show significant differences between
the groups with and without liver fibrosis. The median AST
and ALT levels were similar in patients with and without liver
fibrosis, but mean platelet levels were lower in those with
fibrosis. The median APRI score (0.5 vs. 0.3, p = 0.015) and
median FIB-4 score (1.9 vs. 1.0, p < 0.001) were higher in in
patients with liver fibrosis than in those without (Table 1).

The demographic characteristics were comparable between
patients with and without advanced fibrosis. While platelet
and AST values did not differ significantly, the median AST

A~
RajsN

BiLGIC&ADALI
Non-invasive fibrosis assessment in primary biliary cholangitis

level was higher in patients with advanced fibrosis. The median
APRI score (0.7 vs. 0.5, p < 0.001) and median FIB-4 score (2.4
vs. 1.6, p < 0.001) were higher in patients with advanced liver
fibrosis than in those without (Table 2).

The diagnostic performance of the APRI and FIB-4 scores in
predicting fibrosis was evaluated using ROC curve analysis. The
area under the ROC curve (AUROC) for APRIin detecting fibrosis
was 0.73 (95% Cl: 0.58-0.89), while for FIB-4, the AUROC was
0.84 (95% Cl: 0.73-0.96). The FIB-4 score demonstrated superior
diagnostic performance in predicting fibrosis compared to the
APRI score (AUC: 0.84 vs. 0.73, p < 0.001) (Figure 1) (Table 3).
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The area under the ROC curve (AUROC) for APRI in detecting
advanced fibrosis was 0.70 (95% Cl: 0.53-0.86), while for FIB-
4, the AUROC was 0.78 (95% Cl: 0.58-0.89). The FIB-4 score
demonstrated superior diagnostic performance in predicting
fibrosis compared to the APRI score (AUC: 0.78 vs. 0.70, p =
0.048) (Figure 1) (Table 3).
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Figure 1. The diagnostic performance of the APRI and FIB-4 scores in
predicting presence (A) and advanced (B) fibrosis.

Discussion

To the best of our knowledge, this study is among the few

that investigate the correlation between fibrosis measured by
transient elastography and non-invasive fibrosis scoring systems
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in in patients with PBC. In the present study, we evaluated the
diagnostic accuracy of non-invasive fibrosis markers in patients
with PBC. Our findings demonstrated that both APRI and FIB-
4 scores were higher among patients with liver fibrosis, as well
as in those with advanced fibrosis. Furthermore, FIB-4 showed
a superior diagnostic performance compared to APRI for
detecting both presence and advanced fibrosis.

PBC typically presents more frequently in women aged
between 40 and 60 years, and patients are often diagnosed
in middle to older age (21, 22).The mean age of our cohort
and the predominance of women align with previously
reported demographic profiles. The study identified a higher
prevalence of hypertension in the fibrotic group. In a study
examining cardiac function and morphology in non-cirrhotic
PBC patients, it was reported that PBC, when compared to
age-matched controls, is linked to higher blood pressure,
heart remodeling, and functional abnormalities (23). While the
precise mechanisms connecting hypertension to PBC-related
fibrosis are not yet fully understood, systemic comorbidities
like hypertension are frequently associated with chronic
liver diseases and may indicate elevated vascular resistance
or portal hypertension in advanced stages. However, further
research is needed to determine whether hypertension arises
directly from liver-related pathophysiological changes or
shares common underlying risk factors.

In accordance with the literature, platelet levels were lower in
patients with fibrosis, likely due to hypersplenism and increased
platelet sequestration secondary to portal hypertension (24).
Although AST and ALT levels did not differ significantly between
those with and without fibrosis, we found that AST levels were
higher among patients with advanced fibrosis, suggesting a
more pronounced hepatocellular injury (25). Advanced fibrosis
is associated with increased risk of complications such as portal
hypertension and cirrhosis, emphasizing the importance of
early and accurate fibrosis detection.

A study by Corpechot et al. showed that elastography
outperformed non-invasive scores in identifying advanced
fibrosis and cirrhosis, while APRI and FIB-4 exhibited comparable
diagnostic performance (26). The challenges of elastography
include its unavailability in many clinics, as well as the additional
costs and time required. This underscores the importance of
more affordable and easily accessible non-invasive fibrosis
markers. Non-invasive tools such as APRI and FIB-4, which have
been extensively validated in chronic viral hepatitis and non-
alcoholic fatty liver disease, are increasingly being explored in
cholestatic conditions like PBC (27, 28). In our study, both APRI
and FIB-4 effectively predicted the presence and advanced
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fibrosis. FIB-4 demonstrated higher AUROC values compared
to APRI for identifying both fibrosis and advanced fibrosis. FIB-
4 index integrates age, AST, ALT, and platelet count, capturing
multiple components of fibrogenesis. This may explain its
particular effectiveness in predicting advanced fibrosis. In
contrast, APRI, which relies solely on AST levels and platelet
counts, provides a more limited perspective—yet remains
valuable due to its simplicity and low cost. However, the current
literature contains conflicting findings regarding the diagnostic
performance of these indices. A study by Li and colleagues
on PBC patients demonstrated AUROC values of 0.65 for APRI
and 0.72 for FIB-4 in predicting advanced fibrosis (28). A study
involving 107 PBC patients identified erythrocyte distribution
width, FIB-4, aloumin, and platelet levels as fibrosis-associated
markers, with FIB-4 demonstrating the greatest sensitivity and
specificity for differentiating histological severity (26). In a study
conducted by Olmez et al. involving 40 PBC patients, APRI and
FIB-4 scores were found to be higher in patients with early and
advanced-stage fibrosis. However, While the APRI score had a
higher AUROC value than the FIB-4 score, the difference was
not statistically significant (0.75 vs. 0.69, respectively) (29). In a
study conducted by Sayar et al. involving 53 PBC patients, APRI
and FIB-4 scores were reported to show no differences between
early and advanced fibrosis groups (16). Variations between
studies could be attributed to differences in patient selection.

From a clinical standpoint, our results highlight the significant
advantage of using these non-invasive indices to assess the
stage of fibrosis without requiring a liver biopsy. The invasive
nature of biopsy, along with the risk of complications such
as bleeding and patient discomfort, increasingly drives
the search for reliable non-invasive alternatives. The high
sensitivity and specificity of FIB-4 make it a particularly
valuable tool for guiding treatment decisions and monitoring
disease progression in PBC. Identifying patients at higher risk
of developing advanced fibrosis or cirrhosis at earlier stages
can help clinicians tailor more intensive therapeutic strategies.

One major limitation of this study is the relatively small sample size,
predominantly consisting of female patients, which may restrict the
generalizability of our findings. Second, the cross-sectional design
limits the ability to assess temporal changes in fibrosis markers or
their prognostic value over time. Additionally, liver biopsy, the gold
standard for diagnosing and staging fibrosis, was not utilized in this
study. Lastly, the study did notaccount for all potential confounders,
such as co-existing conditions (e.g. alcohol consumption, or viral
hepatitis), which could influence fibrosis progression or the values
of non-invasive markers. Future prospective studies with larger
cohorts and multifaceted evaluations are needed to establish
more comprehensive data in this field.
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Conclusion

This study confirms the diagnostic utility of non-invasive
markers such as APRI and FIB-4 for predicting both the
presence and severity of fibrosis in patients with PBC. FIB-4,
in particular, demonstrated superior performance and may
reduce the need for invasive liver biopsy in routine practice.
The integration of non-invasive approaches benéefits clinicians
by enabling earlier detection of fibrosis progression and
helping guide timely therapeutic interventions. Hence, the
use of tools like FIB-4 and APRI—either individually or in
combination with other diagnostic modalities—retains critical
importance in the early identification and management of
PBC-related fibrosis.
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