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Abstract
Background  The purpose of this study was to evaluate how nonalcoholic fatty liver disease (NAFLD) impacts the 
progression and prognosis of primary biliary cholangitis (PBC).

Methods  This retrospective study enrolled patients diagnosed with PBC. NAFLD patients were identified according 
to the 2023 American Association for the Study of Liver Diseases guidelines. The primary outcome measured the 
percentage of patients achieving a complete biochemical response as defined by the Paris criteria, while secondary 
outcomes included non-invasive fibrosis scoring systems and a transplantation-free survival risk model. Statistical 
analyses employed independent samples Student’s t-test or Mann-Whitney U test for continuous variables and 
Pearson’s chi-square or Fisher’s exact test for categorical variables, with significance set at a two-tailed P-value of less 
than 0.05.

Results  Among 363 patients diagnosed with PBC, 87 (24.0%) were also diagnosed with NAFLD. Biochemical 
response rates did not differ significantly between patients with only PBC and those with concurrent PBC and NAFLD 
(P>0.05). However, after one year of ursodesoxycholic acid (UDCA) treatment, significant differences were observed 
in aspartate aminotransferase-to-platelet ratio index (APRI) and fibrosis 4 (FIB-4) score between PBC patients with and 
without NAFLD (APRI: 0.35 vs. 0.47, P = 0.02; FIB-4 score: 1.95 vs. 2.53, P = 0.01). The GLOBE score revealed that patients 
with both PBC and NAFLD had higher 5-, 10-, and 15-year liver transplant-free survival rates compared to those with 
only PBC (81.9%, 58.3%, and 38.0% respectively, all P < 0.05).

Conclusions  Patients with concurrent PBC and NAFLD do not significantly impact the biochemical response to 
UDCA but may improve the degree of liver fibrosis and long-term prognosis.
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Introduction
Primary biliary cholangitis (PBC) is a chronic, progres-
sive autoimmune cholestatic liver disease characterized 
by the immune-mediated destruction of the small hepatic 
bile ducts. Recent advancements in understanding this 
disease, coupled with improvements in laboratory tech-
niques, have led to an increase in its reported prevalence, 
with estimates ranging from 2.7 to 39.2 per 100,000 indi-
viduals between 2004 and 2014 [1]. PBC has a multifac-
eted etiology, involving genetic, immunological, and bile 
pathway interactions, and is distinguished by its clinical 
heterogeneity in manifestations, disease progression, and 
treatment responses [2, 3]. Often presenting insidiously, 
PBC typically lacks specific symptoms, which can delay 
diagnosis and potentially lead to end-stage liver disease 
[4, 5].

Nonalcoholic fatty liver disease (NAFLD) is a preva-
lent chronic metabolic liver disease linked to insulin 
resistance, obesity, and genetic factors. Over the past 
four decades, its widespread prevalence has necessitated 
investigations into its prognostic and clinical implica-
tions, particularly when coexisting with other liver dis-
eases [6]. Studies indicate that hepatitis B virus (HBV) 
infection in conjunction with NAFLD may lead to higher 
rates of HBsAg seroclearance and seroconversion, and 
less severe liver fibrosis [7, 8]. At the same time, some 
studies have proposed contrasting findings, indicating 
that CHB patients with MASLD exhibit more severe liver 
fibrosis, with a twofold increased risk of significant fibro-
sis [9]. These discrepancies may stem from variations in 
study populations (NAFLD vs. MASLD) and potential 
selection biases.

However, there is paucity of clinical data on how 
NAFLD impacts the progression and prognosis of PBC.

Previous research has shown that 57% of PBC patients 
(28 out of 49) exhibited histological or imaging-based 
evidence of hepatic steatosis [10], yet the specific preva-
lence of PBC coexisting with NAFLD is increasing, albeit 
unspecified. Recent studies suggest that PBC patients 
exhibit the lowest degree of hepatic steatosis compared to 
those with other chronic liver diseases [11]. The disease 
progression and prognosis in PBC patients with NAFLD 
are complex, with some studies suggesting no adverse 
effects on PBC activity, severity, or progression due to 
concurrent NAFLD [12]. Conversely, other researchers 
propose that PBC and NAFLD comorbidity may exac-
erbate liver disease burden and worsen prognosis [13]. 
The conflicting evidence introduces challenges in clini-
cal decision-making, necessitating further investigation. 
Despite the growing prevalence of NAFLD among PBC 
patients, comprehensive information on how NAFLD 
influences PBC progression and prognosis remains scant. 
This retrospective study aims to assess the prevalence of 

NAFLD in PBC patients and explore its impact on bio-
chemical responses, liver fibrosis, and mortality risk.

Materials and methods
Study design and population
This retrospective study was conducted by Peking Uni-
versity People’s Hospital in Beijing, China, from January 
2018 to August 2023. Inclusion criteria for participants 
encompassed individuals aged 18 years and above diag-
nosed with PBC or PBC/NAFLD, possessing detailed 
clinical and laboratory information as per medical 
records review. The diagnosis of PBC was established 
based on at least two of the following three criteria being 
present according to the 2018 American Association for 
the Study of Liver Diseases (AASLD) guidelines: (1) per-
sistently elevated serum ALP levels of greater than six 
months duration, (2) a positive (≥ 1:80 titre) antimito-
chondrial antibody test and (3) liver histology in keeping 
with PBC [14]. The diagnosis of NAFLD was confirmed 
by the presence of hepatic steatosis on abdominal imag-
ing, characterized by heightened echogenicity relative to 
the right kidney, reduced visualization of portal echoes, 
and hepatomegaly, in the absence of a readily identified 
alternative cause of steatosis (e.g., medications, starva-
tion, monogenic disorders) in individuals who drink 
little or no alcohol (defined as < 20  g/d for women and 
< 30  g/d for men) according to the 2023 AASLD guide-
lines [15]. Participants were excluded from the study if 
they exhibited the following criteria: (1) incomplete clini-
cal data; (2) presence of additional liver diseases, such as 
chronic hepatitis B and C infections, drug-induced liver 
disease, hereditary hemochromatosis, Wilson’s disease, 
autoimmune hepatitis (AIH), primary sclerosing chol-
angitis (PSC), IgG4 disease as well as alcohol-associated 
liver disease.; (3) less than one year of follow-up. Writ-
ten informed consent was not deemed necessary for this 
study, as it had received approval from the Medical Ethics 
Committee of Peking University People’s Hospital (No. 
2022PHB231-001). The study protocol adhered to the 
ethical guidelines of the latest version of the Declaration 
of Helsinki (2024).

Clinical and laboratory parameters
Demographic characteristics and clinical data, such as 
age, gender, liver cirrhosis and co-morbidities (e.g. hyper-
tension, diabetes, and coronary heart disease), were 
documented in the electronic medical records system. 
Additionally, laboratory parameters including alanine 
transaminase (ALT), aspartate aminotransferase (AST), 
alkaline phosphatase (ALP), gamma-glutamyl trans-
peptidase (GGT), total bilirubin (TBIL), direct bilirubin 
(DBIL), albumin, urea, serum creatinine (Cr), total cho-
lesterol (TC), low-density lipoprotein (LDL), high-density 
lipoprotein (HDL), triglyceride (TG), Immunoglobulin A 
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(IgA), and Immunoglobulin M (IgM) were collected. His-
tories for alcohol intake were also obtained from the elec-
tronic medical record system.

Outcomes
The primary outcome was defined as the percentage of 
patients with a complete biochemical response follow-
ing one year of ursodeoxycholic acid (UDCA) treatment 
using the PARIS I [16] (ALP ≤ 3 upper limit of normal 
(ULN), AST ≤ 2 ULN, and bilirubin ≤ 1 mg/dL after 1 year 
of UDCA) and PARIS II [17] (ALP and AST 1.5 ≤ upper 
limit of normal, with a normal bilirubin level after 1 year 
of UDCA) criteria. One of the secondary outcomes fol-
lowing one year of treatment with UDCA were the aspar-
tate aminotransferase-to-platelet ratio index (APRI) and 
fibrosis 4 (FIB-4) Score. APRI is calculated by dividing 
the patient’s AST level (adjusted for the upper limit of 
normal in the blood) by the patient’s platelet count [18], 
with classifications for the absence of cirrhosis (< 1), 
inconclusive (1–2), and cirrhosis (≥ 2). The FIB-4 score, 
calculated as (Age × AST)/(Platelet count × ALT1/2), is 
commonly utilized for assessing the extent of fibrosis in 
individuals either suspected of or already diagnosed with 
hepatic fibrosis [19]. The resulting FIB-4 score is cat-
egorized into three groups: absence of cirrhosis (< 1.45), 
inconclusive (1.45–3.25), and cirrhosis (> 3.25) [20]. Fur-
thermore, we utilized the GLOBE risk score model to 
predict the transplantation-free survival of patients diag-
nosed with PBC or PBC/NAFLD over a period of three 
to fifteen years as another of the secondary outcomes. 
The baseline survival curve at the mean GLOBE score 
S0(t) was: 0.9652, 0.9385, 0.8429, and 0.7361 at 3-, 5-, 10-, 
and 15-year follow-up, respectively. The survival S(t) for 
any given patients was then calculated by S(t) = S0(t)exp 
(GLOBE score) [21].

Statistical analysis
The statistical analysis was performed using SPSS 26.0 
(Chicago, IL, USA). Continuous data with a normal dis-
tribution were reported as mean (standard deviation 
[SD]), while non-normally distributed variables were 
presented as median (interquartile range [IQR]). Inde-
pendent samples Student’s t test or Mann-Whitney U test 
were utilized to assess variations in the distribution of 
continuous variables. The frequencies of categorical vari-
ables were compared using either Pearson’s chi-square or 
Fisher’s exact test. Subgroup analysis was performed to 
investigate differences in biochemical response rate, APRI 
and FIB-4 score among patients with PBC and those with 
PBC/NAFLD. Multiple  logistic  regression  analysis was 
applied to evaluate the relationship between NAFLD 
and liver fibrosis among individuals diagnosed with PBC 
when control for potential confounders (i.e., gender, age, 
the history of hypertension, diabetes, and coronary heart 

disease). Statistical significance was defined as a two-
tailed P-value of less than 0.05.

Results
A total of 363 patients diagnosed with PBC were included 
in the analysis, of which 87 (24.0%) were found to also 
have NAFLD. The cohort had a mean age of 60.26 ± 10.98 
years and was predominantly male (n = 316, 87.05%). 199 
patients (54.82%) had a history of liver cirrhosis. The 
baseline clinical characteristics and laboratory param-
eters of patients with only PBC and those with both PBC 
and NAFLD are presented in Table 1. Statistical analysis 
revealed significant differences between disease status 
and a history of liver cirrhosis, hypertension, as well as 
levels of ALT, ALP, DB, Albumin, HDL, TG, and IgM (all 
P<0.05). The patients with PBC/NAFLD showed higher 
prevalence of hypertension (P = 0.01) but lower incidence 
of liver fibrosis (P = 0.01), along with significantly ele-
vated levels of ALT, albumin, and TG compared to those 
with only PBC (all P < 0.01). Conversely, the only PBC 
group demonstrated higher levels of DB, HDL, and IgM 
(all P < 0.01), as well as increased APRI and FIB-4 scores, 
consistent with their greater degree of liver fibrosis. The 
study found that the biochemical response rate follow-
ing one year of UDCA treatment was higher in patients 
with PBC/NAFLD compared to those with only PBC, 
although this did not reach statistical significance (Paris 
I criteria: 66.67% vs. 62.68%, P = 0.50; Paris I criteria: 
60.92% vs. 57.61%, P = 0.59). Subgroup analysis, as pre-
sented in Table 2, did not reveal a significant difference 
between PBC patients with and without NAFLD.

There was a significant difference in APRI and FIB-4 
scores following one year of UDCA treatment among 
PBC patients with and without NAFLD (APRI: 0.35 vs. 
0.47, P = 0.02; FIB-4 score: 1.95 vs. 2.53, P = 0.01) (Fig. 1). 
Subgroup analysis results are presented in Table 3, indi-
cating that the median FIB-4 score in PBC patients was 
higher than those with NAFLD in female individuals 
(P = 0.01) and those aged < 60 years (P = 0.04). Among 
individuals without a history of liver cirrhosis, both APRI 
and FIB-4 scores were observed to be higher in patients 
with PBC compared to those with PBC and NAFLD (all 
P < 0.05). Furthermore, the prevalence of liver fibrosis (as 
indicated by APRI > 1.5 or FIB-4 > 3.25) was more com-
mon in patients with only PBC than in those with PBC 
and NAFLD (FIB-4: 39.13% vs. 18.19%, P = 0.04; APRI: 
13.77% vs. 2.27%, P = 0.03) (Fig. 2).

Subsequent analysis was conducted to examine the 
relationship between NAFLD and liver fibrosis in 
patients with PBC while controlling for other variables. 
The results of the multivariable analysis indicated that 
PBC patients with NAFLD had a significantly reduced 
risk of liver fibrosis compared to those without NAFLD 
(as measured by APRI: OR = 0.11 [95% CI: 0.01–0.93], 
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P = 0.03; FIB-4: 0.31 [0.13–0.77], P = 0.04). Additionally, 
those who aged 60 years or old was identified as potential 
risk factors for liver fibrosis in PBC patients (3.10 [1.57–
6.12], P < 0.01) (Table 4).

The GLOBE score identified the 3-, 5-, 10-, and 15-year 
liver transplant-free survival rates of patients with PBC 
and NAFLD were 89.4%, 81.9%, 58.3%, and 38.0% respec-
tively, and significantly higher than those observed in 
patients with only PBC (all P < 0.05) (Fig. 3).

Discussion
This retrospective study investigated the prevalence of 
NAFLD in PBC patients and examined its association 
with biochemical response, liver fibrosis, and mortal-
ity risk. In this study, the prevalence of NAFLD in PBC 
patients was 24.0%, which aligns with the reported preva-
lence in the general population. Patients with both PBC 
and NAFLD did not exhibit differences in biochemical 
response after one year of UDCA treatment compared to 
those with only PBC. However, the combination of PBC 
with NAFLD seemed to protect against hepatic fibro-
sis. Moreover, the study found a decreased risk of death 
among PBC patients with NAFLD.

The clinical and histological coexistence of NAFLD 
and PBC has recently been reported, potentially reflect-
ing the global rise in NAFLD prevalence, which now 
approaches 30% [12]. Research has indicated that dyslip-
idemia in PBC patients may be due to the body’s protec-
tive response, mitigating the detergent effect of bile acids 
on blood corpuscles and vascular endothelial cell mem-
branes [22]. Additionally, bile acids are closely associated 
with lipid metabolism, and cholestasis in PBC patients 
can disrupt this process, leading to excessive liver fat 
accumulation [23]. Therefore, PBC patients are at high 
risk of steatosis. Hindi et al. observed NAFLD in over 
50% of PBC patients in a small retrospective study [10]. 
In our study, 24% of PBC patients had NAFLD, which 
is lower than previous reports, potentially due to the 
patient group being older and, therefore, probably sicker 
than other cohorts reported in the literature.

The current study evaluated the impact of NAFLD on 
the biochemical response after one year of UDCA treat-
ment in PBC patients according to the Paris I and II crite-
ria. Consistent with previous studies, our study indicates 
that concurrent NAFLD does not affect PBC activity [12]. 
We conducted further subgroup analysis, exploring three 
relevant factors that also revealed no significant differ-
ences. According to the Paris I and II criteria, ALP, AST, 
and TBIL are established prognostic indicators for PBC 
[16, 17]. However, in NAFLD patients, ALT and AST 
are the primary abnormal biochemical markers suggest-
ing chronic liver damage, while TBIL and ALP remain 
stable [15]. Huang’s review on incomplete responses to 
UDCA also indicated that NAFLD does not significantly 

Table 1  Baseline characteristics between PBC patients with and 
without NAFLD
Characteristics All patients

(n = 363)
Only PBC
(n = 276)

PBC & 
NAFLD
(n = 87)

P-
value

Age (years) 60.3 ± 11.0 60.8 ± 11.0 58.7 ± 10.7 0.12
  < 60 172 (47.4) 125 (45.3) 47 (54.0) 0.16
  ≥ 60 191 (52.6) 151 (54.7) 40 (46.0)
Gender (n,%)
  Male 47 (12.9) 35 (12.7) 12 (13.8) 0.93
  Female 316 (87.1) 241 (87.3) 75 (86.2) 0.79
Co-morbidities (n, %)
  Hypertension 58 (16.0) 36 (13.0) 22 (25.3) 0.01
  Diabetes 29 (8.0) 19 (6.9) 10 (11.5) 0.25
  Coronary heart 
disease

20 (5.5) 15 (5.4) 5 (5.7) 0.91

  Liver cirrhosis 199 (54.8) 162 (58.7) 37 (42.5) 0.01
  APRI 0.43 (0.28, 

0.87)
0.45 
(0.29,1.03)

0.41 (0.25, 
0.66)

< 0.01

  FIB-4 Score 2.07 (1.30, 
4.48)

2.12 (1.38, 
4.84)

1.74 (1.15, 
2.52)

< 0.01

Laboratory parameters
  ALT (U/L) 25.0 (17.0, 

39.0)
23.5 (16.0, 
38.0)

28.0 (20.0, 
48.0)

< 0.01

  AST (U/L) 31.0 (24.0, 
46.0)

31.0 (24.0, 
43.0)

33.0 (24.0, 
50.0)

0.43

  GGT (U/L) 61.0 (37.0, 
121.0)

61.0 (36.0, 
124.0)

59.0 (39.0, 
104.0)

0.83

  ALP (U/L) 119.0 (89.0, 
164.0)

120.0 (90.0, 
117.8)

109.0 (86.0, 
144.0)

0.04

  DB (µmol/L) 4.5 (3.3, 6.4) 4.7 (3.4, 7.2) 3.8 (3.1, 5.1) < 0.01
  TBIL (µmol/L) 14.6 (11.3, 

19.0)
14.7 (11.4, 
19.7)

13.8 (10.8, 
18.3)

0.13

  Albumin (G/L) 42.6 (39.4, 
44.8)

42.1 (38.8, 
44.3)

44.1 (42.4, 
46.3)

< 0.01

  Urea (mmol/L) 4.9 (4.0, 5.8) 4.8 (3.9,5.6) 5.0 (4.2, 5.8) 0.54
  Cr (µmol/L) 61.0 (52.0, 

69.0)
62.0 (52.0, 
70.0)

58.0 (52.0, 
69.0)

0.16

  TC (mmol/L) 5.1 (4.4, 5.9) 5.1 (4.3, 5.9) 5.4 (4.7, 6.1) 0.14
  LDL (mmol/L) 3.1 (2.5, 3.6) 3.0 (2.4, 3.6) 3.2 (2.6, 3.8) 0.06
  HDL (mmol/L) 1.4 (1.1, 1.6) 1.4 (1.2, 1.7) 1.2 (1.1, 1.4) < 0.01
  TG (mmol/L) 1.3 (1.0, 1.9) 1.2 (0.9, 1.7) 1.7 (1.4, 2.2) < 0.01
  PLT (10^9/L) 190 (131, 255) 187 (116, 

252)
219 (151, 
277)

0.31

  IgA* 2.7 (2.0, 3.6) 2.7 (2.0, 3.8) 2.8 (2.4, 3.3) 0.95
  IgM* 2.1 (1.2, 3.7) 2.4 (1.4, 3.9) 1.3 (1.0, 2.0) < 0.01
Categorical values are shown as n (%). Continuous variables are shown as 
mean ± SEs. Skewed data are presented as median (interquartile range, IQR) 

PBC  primary biliary cholangitis,  NAFLD  nonalcoholic fatty liver disease, APRI 
aspartate aminotransferase-to-platelet ratio index, FIB-4 fibrosis 4 score, ALT 
alanine aminotransferase, AST aspartate aminotransferase, GGT gamma-
glutamyl transferase, ALP alkaline phosphatase, DB Direct bilirubin, TBIL total 
bilirubin, Cr creatinine, TC total cholesterol, LDL low-density lipoprotein, 
HDL high-density lipoprotein, TG triglyceride, PLT:platelet counts, IgA 
immunoglobulin A, IgM Immunoglobulin M

*Missing rate was 52.6%
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affect PBC treatment outcomes [2]. In a previous study, 
liver samples of PBC patients with differing responses 
to UDCA were analyzed for underlying mechanisms, 
revealing that the poor responses of UDCA may be 
related to T cell activation and apoptosis causing on-
going bile-duct damage [24]. Various studies have shown 
that hepatocytes are the primary target for NAFLD, but 
not bile duct cells due to lipid accumulation [25]. Thus, 
while PBC and NAFLD together cause additional liver 
damage, they likely do not fully overlap with bile duct 
injuries, which may explain why NAFLD does not influ-
ence UDCA response in PBC.

Liver biopsy remains the gold standard method for 
evaluating the liver fibrosis stage. Unfortunately, we 
were unable to perform biopsies due to a lack of samples; 
hence, alternative noninvasive liver fibrosis assessment 
methods were utilized. Specifically, we employed FIB-4 
and APRI concurrently, yielding relatively consistent 
results. Although various studies have demonstrated that 
hepatic steatosis decelerates liver fibrosis progression 
in other liver diseases such as HBV, its effect on fibrosis 
progression in PBC patients remains unclear (8).

Our analyses revealed a significant difference in APRI 
and FIB-4 scores after one year of UDCA treatment 

Table 2  Subgroup analysis of biochemical response rate after one year of UDCA treatment among patients with PBC alone and those 
with PBC/NAFLD (n = 363)
Subgroup Paris I treatment response rate (n,%) P-value Paris II treatment response rate (n,%) P-value

Poor Better Poor Better
Gender
  Female PBC 93 (38.6) 148 (61.4) 0.21 106 (44.0) 135 (56.0) 0.30

PBC & NAFLD 23 (30.7) 53 (69.3) 28 (37.3) 47 (62.7)
  Male PBC 10 (28.6) 25 (71.4) 0.29 11 (31.4) 24 (68.6) 0.31

PBC & NAFLD 6 (50.0) 6 (50.0) 6 (50.0) 6 (50.0)
Age (years)
  < 50 PBC 41 (32.8) 84 (67.2) 0.91 51 (40.8) 74 (59.2) 0.42

PBC & NAFLD 15 (31.9) 32 (68.1) 16 (34.0) 31 (66.0)
  ≥ 50 PBC 62 (41.1) 89 (58.9) 0.50 66 (43.7) 85 (56.3) 0.88

PBC & NAFLD 14 (35.0) 26 (65.0) 18 (45.0) 22 (55.0)
History of liver cirrhosis
  Yes PBC 25 (21.9) 89 (78.1) 0.57 33 (28.9) 81 (71.1) 0.70

PBC & NAFLD 13 (26.0) 37 (74.0) 16 (32.0) 34 (68.0)
  No PBC 78 (48.1) 84 (51.9) 0.59 84 (51.9) 78 (48.1) 0.73

PBC & NAFLD 16 (47.2) 21 (56.8) 18 (48.6) 21 (51.4)
Categorical values are shown as n (%)

PBC primary biliary cholangitis, NAFLD nonalcoholic fatty liver disease

Fig. 1  The degree of liver fibrosis of PBC patients with and without NAFLD. A The FIB-4 scores of PBC patients with and without NAFLD. B The APRI scores 
of PBC patients with and without NAFLD. PBC: primary biliary cholangitis. NAFLD: nonalcoholic fatty liver disease. FIB-4: fibrosis 4 score. APRI: aspartate 
aminotransferase-to-platelet ratio index
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among PBC patients with and without NAFLD. PBC 
patients exhibited more significant liver fibrosis than 
those with PBC/NAFLD; however, conflicting conclu-
sions have arisen from another study, indicating that con-
comitant NAFLD exacerbates liver fibrosis based on a 
small cohort study of 49 PBC patients. The inconsistency 

in results may be partly attributable to the small sample 
size and demographic differences. Notably, the findings 
primarily focused on NASH rather than simple steatosis, 
highlighting an important distinction between outcomes 
in PBC/NAFLD and PBC/NASH cases (9). In another 
retrospective study, 168 PBC patients and 68 PBC/
NAFLD patients were enrolled. The researchers similarly 
used APRI and FIB-4 to estimate liver fibrosis. Although 
no statistically significant changes were observed, the 
authors noted a notable proportion of only PBC patients 
transitioning to higher FIB-4 and APRI scores compared 
to those with PBC/NAFLD (11). In other chronic liver 
diseases, some studies have reported that the combina-
tion of hepatitis B and NAFLD may reduce the degree of 
fibrosis by influencing HBV DNA levels [26]. However, 
there is a paucity of research on the mechanism by which 
PBC combined with NAFLD affects fibrosis. Accord-
ing to some reports in the literature, the possible reason 
is that there are differences in inflammatory cells and 
cytokine profiles between only PBC and PBC/NAFLD, 
liver Treg cells in PBC patients are decreased, and the 
recruitment of liver Treg cells in MAFLD is increased, 
which can restore immunity, and Treg tends to balance 
in PBC with liver fatty changes [27, 28]. Besides, insulin 
resistance and FXR receptor are involved in the process 
of bile acid metabolism, which may play a role in improv-
ing fibrosis, but the specific mechanism is not very clear 
and still needs further research in the future [29]. This 

Table 3  Subgroup analysis of APRI and FIB 4 score after one year 
of UDCA treatment among patients with PBC alone and those 
with PBC/NAFLD (n = 182)
Subgroup APRI P-value FIB-4 score P-value
Gender
  Female PBC 0.5 (0.3, 1.0) 0.06 2.6 (1.4, 5.0) 0.06

PBC & NAFLD 0.4 (0.3, 0.5) 2.1 (1.3, 2.7)
  Male PBC 0.4 (0.3, 0.6) 0.06 2.4 (1.7, 3.1) 0.01*

PBC & NAFLD 0.3 (0.2, 0.3) 1.0 (0.7, 1.2)
Age (years)
  < 60 PBC 0.4 (0.3, 1.0) 0.08 1.5 (1.0, 3.4) 0.04*

PBC & NAFLD 0.3 (0.3, 0.4) 1.2 (0.9, 2.0)
  ≥ 60 PBC 0.5 (0.3, 0.9) 0.23 3.2 (2.2, 6.2) 0.17

PBC & NAFLD 0.4 (0.3, 0.7) 2.3 (1.9, 4.6)
History of liver cirrhosis
  Yes PBC 0.6 (0.3, 1.3) 0.02* 3.4 (1.9, 6.2) <0.01*

PBC & NAFLD 0.4 (0.3, 0.7) 2.2 (1.2, 2.7)
  No PBC 0.3 (0.2, 0.5) 0.93 1.4 (1.1, 2.1) 0.70

PBC & NAFLD 0.3 (0.2, 0.4) 1.6 (1.1, 2.2)
Continuous data are expressed as median (interquartile range, IQR)

PBC primary biliary cholangitis, NAFLD nonalcoholic fatty liver disease, APRI 
aspartate aminotransferase-to-platelet ratio index, FIB-4 fibrosis 4 score

Fig. 2  Liver fibrosis stage classification in PBC and PBC with NAFLD patients using APRI and FIB-4 scores. A Classification of fibrosis stages by APRI in PBC 
and PBC/NAFLD patients. B Classification of fibrosis stages by FIB-4 in PBC and PBC/NAFLD patients. PBC: primary biliary cholangitis. NAFLD: nonalcoholic 
fatty liver disease. FIB-4: fibrosis 4 score. APRI: aspartate aminotransferase-to-platelet ratio index
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Table 4  The effect of NAFLD on liver fibrosis in PBC patients when adjusting for the related factors (n = 182)
Characteristics Liver fibrosis according to APRI Liver fibrosis according to FIB 4 score

n,% Adjusted
OR [95% CI]

P-value n,% Adjusted
OR [95% CI]

P-value

Gender
  Male 19(12.2) Ref 57(36.5) Ref
  Female 1(3.8) 0.29(0.04, 2.37) 0.25 5(19.2) 0.42(0.14, 1.24) 0.12
Age (years)
  < 60 12(14.1) Ref 18(21.2) Ref
  ≥ 60 8(8.2) 0.43(0.15,1.17) 0.10 44(45.4) 3.10(1.57,6.12) < 0.01
Hypertension 7(16.7) 2.55(0.77,8.42) 0.13 17(40.5) 1.39(0.59,3.28) 0.45
Diabetes 2(10.0) 0.51(0.08,3.29) 0.48 9(45.0) 1.80(0.60,5.38) 0.29
Coronary heart disease 3(25.0) 2.43(0.47,12.69) 0.30 6(50.0) 1.55(0.41,5.89) 0.52
Disease status
  PBC 19(13.8) Ref 54(39.1) Ref
  PBC & NAFLD 1(2.3) 0.11 (0.01,0.93) 0.04 8(18.2) 0.31 (0.13,0.77) 0.03
Categorical values are shown as n (%)

PBC primary biliary cholangitis, NAFLD nonalcoholic fatty liver disease, APRI aspartate aminotransferase-to-platelet ratio index, FIB-4 fibrosis 4 score, OR odds ratio, 
CI confidence interval

Fig. 3  The liver transplant-free survival rates of PBC patients with and without NAFLD according to the GLOBE score. A The 3-year liver transplant-free 
survival rates of PBC patients with and without NAFLD. B The 5-year liver transplant-free survival rates of PBC patients with and without NAFLD. C The 
10-year liver transplant-free survival rates of PBC patients with and without NAFLD. D The 15-year liver transplant-free survival rates of PBC patients with 
and without NAFLD. PBC: primary biliary cholangitis. NAFLD: nonalcoholic fatty liver disease
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underscores the need for further investigation using 
larger liver biopsy samples to validate current findings.

Moreover, we investigated the effect of NAFLD on 
mortality risk among PBC patients. We assessed GLOBE 
scores due to the relatively few events (deaths) during 
the study period. Our analysis demonstrated that PBC 
coexisting with NAFLD reduced transplant-free survival 
rates, contrary to common expectations. PBC/NAFLD 
patients may exhibit a survival benefit, as evidenced by 
our prior analysis showing lower degrees of liver fibrosis 
compared to only PBC patients. In a study by Daniel et 
al., a retrospective observational study involving 68 PBC/
NAFLD patients and 136 NAFLD alone patients found 
that PBC does not adversely affect the severity or course 
of NAFLD [30]. Furthermore, UDCA is the cornerstone 
of PBC treatment and may have beneficial effects on 
NAFLD patients. Literature suggests that UDCA could 
potentially prevent NAFLD progression due to its anti-
apoptotic properties [31]. High-dose UDCA has also 
shown promise in improving aminotransferase levels, 
serum fibrosis markers, and selected metabolic param-
eters in NASH patients [32]. Additionally, lifestyle modi-
fications may also positively impact prognosis in PBC/
NAFLD patients.

Our data suggest that PBC patients with NAFLD may 
constitute a distinct clinical subgroup characterized by 
milder fibrotic progression and more favorable long-term 
outcomes. The underlying mechanisms remain unclear 
and warrant further investigation to optimize patient 
management. Nevertheless, the study has several limi-
tations. First, as a retrospective single-center observa-
tional study with a relatively small sample size, potential 
selection bias may exist since we only included hospital-
based patients with complete clinical records, poten-
tially excluding those with milder disease who did not 
seek hospital care. Additionally, the retrospective design 
precludes establishing definitive temporal relationships 
between NAFLD development and fibrosis progression in 
PBC patients. Second, NAFLD diagnosis relied on ultra-
sound findings, which have lower sensitivity for mild ste-
atosis compared to magnetic resonance imaging-proton 
density fat fraction (MRI-PDFF) or liver biopsy, and we 
lacked liver stiffness measurements to further character-
ize hepatic steatosis or fibrosis. Future prospective stud-
ies incorporating more sensitive imaging modalities and 
standardized clinical assessments are warranted to vali-
date our findings. Third, liver fibrosis was assessed using 
APRI and FIB-4 scores without histological confirmation 
due to the absence of liver biopsy data. Finally, mortality 
risk was estimated using GLOBE score-derived equations 
rather than actual outcomes, which was necessary given 
the small number of deceased patients in our cohort.

Conclusions
In conclusion, patients with concurrent PBC and NAFLD 
do not impact the biochemical response but may improve 
the degree of liver fibrosis and long-term prognosis. 
Additional research is needed to elucidate this counter-
intuitive finding.
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