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Abstract

Background and Aims: Primary biliary cholangitis (PBC) 
and autoimmune hepatitis (AIH) are hepatobiliary diseas-
es of presumed immune-mediated origin that have been 
shown to overlap. The aim of this retrospective trial was to 
use national data to examine the characteristics and out-
comes of patients hospitalized with overlapping PBC and 
AIH (PBC/AIH). Methods: The National Inpatient Sample 
was used to identify hospitalized adult patients with PBC, 
AIH, and PBC/AIH from 2010 to 2014 by International Clas-
sification of Diseases-Ninth Edition Revision codes; patients 
with hepatitis B virus and hepatitis C virus infection were 
excluded. Primary outcomes measures were in-hospital 
outcomes that included mortality, respiratory failure, septic 
shock, length of stay, and total hospital charges. Second-
ary outcomes were the clinical characteristics of PBC/AIH, 
including the comorbid extrahepatic autoimmune disease 
pattern and complications of cirrhosis. Results: A total of 
3,478 patients with PBC/AIH were included in the study. 
PBC/AIH was associated with higher rates of Sjögren’s syn-
drome (p<0.001; p<0.001), lower rates of Crohn’s disease 
(p<0.05; p<0.05), and higher rates of cirrhosis-related 
complications when compared to PBC or AIH alone. There 
were similar rates of mortality between the PBC/AIH, PBC, 
and AIH groups. The PBC/AIH group had higher rates of 
septic shock when compared to the PBC group (p<0.05) 
and AIH group (p<0.05) after adjusting for possible con-
founders. Conclusions: PBC/AIH is associated with a lower 
rate of Crohn’s disease, a higher rate of Sjögren’s syn-
drome, higher rates of cirrhosis-related complications, and 
significantly increased risk of septic shock compared to PBC 

and AIH individually.

Citation of this article: Jiang Y, Xu BH, Rodgers B, Pyr-
sopoulos N. Characteristics and inpatient outcomes of pri-
mary biliary cholangitis and autoimmune hepatitis overlap 
syndrome. J Clin Transl Hepatol 2021;9(3):392–398. doi: 
10.14218/JCTH.2021.00008.

Introduction

Primary biliary cholangitis (PBC) and autoimmune hepati-
tis (AIH) are diseases of presumed immune-mediated ori-
gin that affect the hepatobiliary system. They are distinct 
entities, though they share some similarities clinicopatho-
logically.1 Previous studies have suggested that variant 
forms of AIH develop in patients with PBC at diagnosis or 
during follow-up, and vice versa.2–4 It has also been re-
ported that patients with typical features of PBC or AIH can 
switch from one disease to another over time.3 Moreover, 
some patients present with overlapping features of these 
two disorders within the spectrum of autoimmune liver dis-
eases.5 As a result of these observed clinical correlations, 
there has been an increased focus on the overlap of PBC 
and AIH.

Whether the coexistence of PBC and AIH are sequential, 
a concurrent occurrence of two independent autoimmune 
liver diseases (AILDs), or a primary AILD with one or more 
features of another AILD, is still under debate.6 Neverthe-
less, it is important to recognize the coexisting disease 
pattern because it demonstrates unique clinical character-
istics and outcomes that are different from either PBC or 
AIH. Previous studies have found that patients with both 
features of PBC and AIH developed cirrhosis more rapidly 
and had decreased responses to ursodeoxycholic acid and 
steroid therapy compared to AIH alone.7 Compared to the 
PBC group, patients with PBC and AIH overlap have shown 
higher rates of mortality and orthotopic liver transplanta-
tion, with more cirrhosis-related complications, such as 
symptomatic portal hypertension, esophageal varices, gas-
trointestinal bleeding, and ascites.8,9 Additionally, a large 
number of extrahepatic autoimmune diseases were found 
to be associated with AIH and PBC.10

Due to the relatively low prevalence of both PBC and AIH, 
systemic studies with sufficient numbers have been chal-
lenging. Indeed, the previous studies have been limited by 
small population sizes; thus, variable results have been ob-
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tained, without firm conclusions. To date, there have not 
been large nationally representative studies to elucidate the 
characteristics and outcomes of PBC and AIH overlap syn-
drome.

In this nationwide study, we aimed to examine the char-
acteristics (including demographics, comorbidities, related 
interventions) and inpatient outcomes [including length of 
stay (LOS), total hospital charges, in-hospital mortality, 
respiratory failure, and septic shock] for patients admitted 
with concomitant PBC and AIH (i.e. PBC/AIH). Specifically, 
we investigated the comorbid extrahepatic autoimmune dis-
ease pattern and complications of cirrhosis in this patient 
population.

Methods

Data source

Data were obtained from the Nationwide Inpatient Sample 
(NIS) database, which is the largest all-payer inpatient care 
database in the USA. It is designed to approximate a 20% 
sample of the USA community hospitals. Yearly sampling 
weights are applied to generate national estimates.11 This 
database has been used previously to provide estimate bur-
dens of AIH12 and PBC13 hospitalizations in the USA. The 
data includes demographics (age, sex, race/ethnicity), hos-
pital information (bed size, type), insurance, discharge dis-
position, total hospital charges, and LOS. Diagnoses and 
procedures were identified by International Classification of 
Diseases-Ninth Edition Revision, Clinical Modification (ICD-9 
CM) codes.

Study design and inclusion criteria

This study was a retrospective cohort study of adult (18–90 
years-old) patients hospitalized with discharge diagnoses of 
both PBC (ICD-9 CM code: 571.6) and AIH (ICD-9 CM code: 
571.42) across the USA, from 2010 to 2014. Two control 
groups from the same time period were selected. One con-
trol group was all PBC patients without diagnosis of AIH 
(the PBC group), while the other control group was all AIH 
patients without diagnosis of PBC (the AIH group). All three 
groups excluded patients with the diagnoses of hepatitis B 
virus infection or hepatitis C virus infection. Demographic 
and clinical characteristics were collected (Table 1).

The Elixhauser Comorbidity Index,14 which measures 29 
common medical conditions and assigns different weights to 
compile a score, was used to analyze the severity of comor-
bidities. Other comorbid conditions included were hypercho-
lesterolemia, vitamin D deficiency, osteoporosis, obesity, 
cirrhosis-related complications, hepatocellular carcinoma, 
inflammatory bowel disease (ulcerative colitis and Crohn’s 
disease), lymphoma, non-dialysis dependent chronic kidney 
disease, end-stage renal disease and autoimmune diseas-
es, including Sjögren’s syndrome (SJS), systemic sclerosis 
(SS), rheumatoid arthritis, systemic lupus erythematosus, 
autoimmune thyroid disease (AITD), psoriasis and celiac 
disease. Hepatobiliary procedures or interventions such as 
liver transplantation and endoscopic retrograde cholangio-
pancreatography (commonly referred to as ERCP) were also 
included. ICD-9-CM codes are provided in the Supplemen-
tary Table 1.

Primary outcomes measures were in-hospital outcomes 
that included mortality, respiratory failure, septic shock, 
LOS, and total hospital charges. Secondary outcomes were 
the clinical characteristics of PBC/AIH, including the comor-
bid extrahepatic autoimmune disease pattern and complica-

tions of cirrhosis.

Statistical analysis

SAS survey procedures (SAS 9.4; SAS Institute Inc, Cary, 
NC, USA) were used for all statistical analyses. The national 
estimates were calculated after accounting for the sample 
design elements (clusters, strata, and trend weights) pro-
vided by the NIS. Continuous variables were reported as 
weighted means±standard errors, and categorical variables 
were reported as weighted numbers (n) and percentages 
(%). The standard errors of weighted means were esti-
mated by using the Taylor linearization method that incor-
porates the sample design. Rao-Scott modified chi-square 
test was used to test the difference of distribution for cat-
egorical variables, while weighted Student’s t-test was used 
to analyze the normally distributed continuous variables. 
Variables that are not normally-distributed were tested by 
Wilcoxon rank-sum tests. A multivariate logistic regression 
was used to estimate the odds ratio of in-hospital mortal-
ity, respiratory failure, and septic shock after adjusting for 
patient demographics, hospital bed size, hospital location/
teaching status, insurance type, median household income, 
Elixhauser Comorbidity Index score, and other comorbidi-
ties that showed statistically significant difference in com-
parisons between groups. In addition, a multivariate linear 
regression was used to estimate the average change in LOS 
and hospital charges after adjusting for the same covariates 
mentioned above.

Ethical information

Only de-identified patient demographics from the NIS data-
base were used and there were no patients actively involved 
in this study. Therefore, Institutional Review Board approval 
was deemed unnecessary.

Results

Patient characteristics (Table 1)

In this study, a total of 56,369 patients were admitted with 
PBC, 82,747 with AIH, and 3,478 with PBC/AIH. Those 
with PBC/AIH, PBC, and AIH were predominantly women 
(89.3%, 84.3%, and 80.2%, respectively) with a Cauca-
sian prevalence (58.2%, 71.2%, and 60%), as shown in 
Table 1. Compared to the PBC group, patients with PBC/AIH 
were younger in age (57.3 vs. 64.4 years, p<0.001) and 
more likely to be admitted to large (69.1% vs. 63.3%) and 
urban teaching (65.8% vs. 58.6%) hospitals. The PBC/AIH 
cohort was also associated with less hypercholesterolemia 
(2.3% vs. 3.8%, p<0.05), a lower rate of non-dialysis de-
pendent chronic kidney disease (10.5% vs. 13.9%, p<0.05) 
and fewer comorbid Crohn’s disease cases (0.4% vs. 0.9%, 
p<0.05). However, the PBC/AIH cohort was associated with 
significantly more SJS (7.2% vs. 3.1%, p<0.001) and sys-
temic lupus erythematosus (5.7% vs. 2.2%, p<0.05). Com-
pared with the AIH group, patients with PBC/AIH were de-
mographically similar but were associated with higher rates 
of vitamin D deficiency (4.1% vs. 2%, p<0.05) and osteo-
porosis (11.4% vs. 7.4%, p=0.002), and a lower rate of 
obesity (10.2% vs. 13%, p<0.05). Fewer comorbid Crohn’s 
disease (0.4% vs. 0.9%, p<0.05) cases and more SJS 
(7.2% vs. 2.4%, p<0.001) and systemic sclerosis (4.7% 
vs. 0.8%, p=0.001) cases were seen in the PBC/AIH group. 
Interestingly, the PBC/AIH group did not show significantly 
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different Elixhauser Comorbidity Index scores when com-
pared to the PBC or AIH groups.

Liver-related comorbid conditions

This study’s analysis revealed that PBC/AIH was associated 
with higher rates of ascites (20.7% vs. 14.8%, p<0.001) 
and portal hypertension (19.6% vs. 15.4%, p<0.05) com-
pared to PBC. Similarly, compared to AIH, PBC/AIH cas-
es were associated with higher rates of ascites (20.7% 
vs. 13.6%, p<0.001) and portal hypertension (19.6% vs. 
12.5%, p<0.001), and associated with higher rates of he-
patic encephalopathy (5.3% vs. 3.5%, p<0.05) and hepa-
torenal syndrome (2.3% vs. 1.1%, p<0.05). Furthermore, 
multivariate analysis (Table 2) demonstrated that PBC/AIH 
was associated with higher rates of ascites compared to 
PBC [adjusted odds ratio (aOR): 0.69, 95% confidence in-
terval (CI): 0.56–0.84, p<0.001] or AIH (aOR: 0.58, 95% 
CI: 0.48–0.71, p<0.001). In addition, PBC/AIH was associ-
ated with higher rates of variceal bleeding (aOR: 0.47, 95% 
CI: 0.25–0.88, p<0.05), portal hypertension (aOR: 0.57, 
95% CI: 0.47–0.7, p<0.001) and hepatorenal syndrome 
(aOR: 0.49, 95% CI: 0.29–0.84, p<0.05). Interestingly, 
when comparing the rates of hepatocellular carcinoma, liver 
transplantation, and interventions including diagnostic and 
therapeutic ERCP, there was no difference between PBC/AIH 
vs. PBC, or PBC vs. AIH.

In-hospital outcomes

For the measures of hospital stay outcomes, there was a 
similar rate of mortality (3.2% vs. 4.1%, p=0.190) and res-
piratory failure (3% vs. 3.4%, p=0.529) between the PBC/
AIH and PBC groups. Moreover, there was no statistically sig-
nificant difference in hospitalization burden found in terms 
of LOS (5.9±0.2 days vs. 5.8±0.1 days, p=0.628) or total 
hospital charges ($61539.8±3977.3 vs. $54295.5±1565.4, 
p=0.075). However, the PBC/AIH group had a significantly 

higher rate of septic shock (3.6% vs. 1.8%, p<0.05) than 
the PBC group. Additionally, compared to the AIH group, the 
PBC/AIH group was associated with a higher rate of septic 
shock (3.6% vs. 1.7%, p<0.05) and higher total hospital 
charges ($61539.8±3977.3 vs. $51638.1±1215.1, p<0.05). 
The rates of mortality (3.2% vs. 3.8%, p=0.380), respirato-
ry failure (3% vs. 2.9%, p=0.881), and LOS (5.9±0.2 days 
vs. 5.8±0.1 days, p=0.628) were not markedly different 
between the PBC/AIH and AIH groups (Table 1). Patients 
with PBC (aOR: 0.54, 95% CI: 0.35–0.83, p<0.05) and AIH 
(aOR: 0.49, 95% CI: 0.32–0.75, p=0.001) retained the 
lower rates of septic shock compared to patients with PBC/
AIH (Table 3) after adjusting for possible confounders.

Discussion

This nationwide study examined the characteristics and 
inpatient outcomes of PBC/AIH compared to PBC or AIH 
alone. The major finding included that PBC/AIH was associ-
ated with a specific extrahepatic autoimmune disease pat-
tern, with SJS being the most common extrahepatic auto-
immune disease. PBC/AIH patients had significantly higher 
rates of cirrhosis-related complications. Furthermore, this 
study found that PBC/AIH was associated with a higher 
rate of septic shock compared to PBC and AIH, individually. 
This finding remained significant after adjusting for possi-
ble confounders, which suggests that PBC/AIH patients may 
present with an increased level of immunosuppression that 
increases the risk of dysregulated response leading to dis-
seminated infection.

In regards to the higher rate of septic shock observed in 
the PBC/AIH cohort in this study, one possible explanation 
is the compromised immune system in PBC/AIH patients. It 
has been reported that PBC and AIH have a shared altered 
immune regulatory mechanism. Lohse et al.15 described 
the concept of “spontaneous immunosuppression” in AIH, 
based upon observations in a murine model of experimental 
AIH as well as in patients. T cells obtained during remission 
markedly suppressed the liver-specific T cell responses by 

Table 2.  Multivariate analysis for cirrhosis-related complications in patients hospitalized with primary biliary cholangitis (PBC), autoimmune hepatitis 
(AIH) and concomitant PBC and AIH (PBC/AIH)

Cirrhosis-related complications Unadjusted OR or 
coefficient (95% CI) p-value aOR or coeffi-

cient* (95% CI) p-value

Ascitesa 0.6 (0.55, 0.66) <0.001 0.58 (0.48, 0.71) <0.001

Hepatic encephalopathya 0.65 (0.56, 0.76) <0.001 0.71 (0.5, 1.02) 0.063

Variceal bleedinga 0.43 (0.32, 0.56) <0.001 0.47 (0.25, 0.88) <0.05

Portal hypertensiona 0.59 (0.54, 0.64) <0.001 0.57 (0.47, 0.7) <0.001

Hepatorenal syndromea 0.47 (0.38, 0.6) <0.001 0.49 (0.29, 0.84) 0.009

Spontaneous bacterial peritonitisa 0.5 (0.37, 0.67) <0.001 0.55 (0.27, 1.11) 0.093

Ascitesb 0.66 (0.61, 0.72) <0.001 0.69 (0.56, 0.84) <0.001

Hepatic encephalopathyb 0.68 (0.58, 0.8) <0.001 0.79 (0.55, 1.13) 0.195

Variceal bleedingb 0.71 (0.54, 0.93) <0.05 0.84 (0.45, 1.57) 0.582

Portal hypertensionb 0.75 (0.69, 0.82) <0.001 0.85 (0.69, 1.04) 0.105

Hepatorenal syndromeb 0.62 (0.49, 0.78) <0.001 0.69 (0.41, 1.19) 0.184

Spontaneous bacterial peritonitisb 0.51 (0.38, 0.7) <0.001 0.63 (0.31, 1.3) 0.215

aPBC/AIH as reference, results for the AIH group.
bPBC/AIH as reference, results for the PBC group.
*Adjusted for age, sex, race, primary insurance payer, hospital type, hospital bed size, income quartile, Elixhauser Comorbidity Index score, hypercholesterolemia, 
vitamin D deficiency, osteoporosis, obesity, Crohn’s disease, Sjögren’s syndrome, systemic sclerosis, systemic lupus erythematosus, autoimmune thyroid disease, and 
non-dialysis dependent chronic kidney disease.
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T cells obtained during the active phase of the AIH. Thus, 
it is postulated that spontaneous remission and long-last-
ing remission after discontinuance of immunosuppressive 
therapy may result from spontaneous immunosuppression. 
In addition, more data have suggested that regulatory T 
cells (Tregs) are numerically impaired in AILDs, especially 
during its active phase.16 Similarly, it was reported that the 
pathogenesis of PBC likely involves an imbalance in im-
mune tolerance rather than an over-reactive immune sys-
tem directed against a self-antigen,17,18 which explains the 
extensive failure of immunosuppressants in treating PBC.19 
Hence, immunoregulatory failure and dysfunction of Tregs 
play a vital role in the initiation and pathogenesis of both 
PBC and AIH, leading to further altered immune regulation 
in PBC/AIH, which may contribute to the increased rate of 
septic shock. An alternative explanation for the higher rate 
of septic shock in patients with PBC/AIH could be attrib-
uted to the treatment method. We hypothesize that more 
aggressive immunosuppressive induction and maintenance 
therapy offered to patients with PBC/AIH based on the rapid 
progression of disease course and higher rates of complica-
tions may further compromise the ability to protect against 
infection. Taken together, underlying dysregulation of the 
immune system from concomitant AILDs and related im-
munosuppressive treatment may increase the risk of septic 
shock.

Despite having the highest rate of septic shock, PBC/AIH 
had similar in-hospital mortality rates and LOS compared 
to PBC and AIH individually after adjusting for confounding 
factors. Previous studies have shown worse long-term mor-
tality rates and more liver-related deaths in the PBC/AIH 
overlap group.8,20 A plausible explanation for the contrary 
finding in this study is that PBC/AIH concomitant disease is 
a chronic progressive disease, either by its pathophysiol-
ogy or as a result of effective treatment, and is associated 
with less acute decompensation that would contribute to 
in-hospital mortality.

This analysis revealed that PBC/AIH patients were rel-
atively young and more likely to be admitted to a large 
teaching hospital when compared to PBC patients. This find-
ing reflects the complexity and severity of PBC/AIH. Not 
surprisingly, PBC/AIH was associated with more vitamin D 
deficiency and osteoporosis. These patients were also less 
likely to be obese when compared to AIH patients. These 
findings can be explained by steatorrhea and weight loss 
from malabsorption due to decreased biliary secretion of 
bile acids, which are commonly seen in advanced PBC.21,22 
Interestingly, this study found significantly less Crohn’s dis-
ease in the PBC/AIH group compared to either PBC or AIH. 
However, there was no difference in the incidence of ulcera-
tive colitis found between all three groups. Ulcerative colitis 
has been reported to share similar human leukocyte antigen 
haplotypes with PBC,23 and the same atypical antineutrophil 
cytoplasmic antibodies with AIH.24 However, the data avail-
able regarding the association between Crohn’s disease and 
PBC or AIH are very limited. The authors of one Japanese 
study commented on genetic polymorphisms, suggesting 
that they may be related to PBC and Crohn’s disease sus-
ceptibility. Three alleles involved in the interleukin-12 sign-
aling pathway perform in opposite directions in these two 
diseases, indicating an opposite pathogenic pathway that 
leads to a different balance of immune responses.25 Further 
investigation on how PBC and AIH interaction can affect the 
pathogenesis of Crohn’s disease is needed.

The observation of concurrent extrahepatic autoim-
mune diseases has been reported frequently in patients 
with AILDs.26,27 The “mosaic of autoimmunity” has been 
proposed to describe this condition.28 In our study’s hos-
pitalized patient cohort, SJS was the most common extra-
hepatic autoimmune comorbidity of PBC/AIH. Consistently, 
two other studies documented SJS as the most common Ta
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systemic autoimmune disease in AILDs.10,26 It is reported 
that both PBC and SJS are characterized by inflammation 
of target epithelial elements sharing a similar target anti-
gen.10,29 Similarly, an inflammatory process with CD3+ T 
cell predominant lymphocytic infiltration on histological ex-
amination has been found in both liver and labial salivary 
glands in AIH patients.30 These findings support a close re-
lationship between PBC/AIH and SJS. AITD was reported 
to have a high prevalence rate in AILDs. In one study that 
focused on the gastroenterology clinic population, AITD was 
found in 18.3% of patients.10 Conversely, this study’s in-
patient population cohort did not show a significantly high 
number of patients with AITD. This result may be attributed 
to underestimation by lacking specific ICD-9 codes or miss-
ing documentation in hospitalized patients, given the rela-
tive chronic course of AITD.

This study revealed higher rates of cirrhosis-related com-
plications, most notably in ascites in the PBC/AIH group 
compared with PBC or AIH alone. Moreover, the PBC/AIH 
group demonstrated higher rates of variceal bleeding, portal 
hypertension and hepatorenal syndrome when compared 
to the AIH group. These results are consistent with previ-
ous findings7–9 in which clinically significant progression to 
cirrhosis-related complications were more likely to be seen 
in the PBC/AIH population. In AILDs such as PBC or AIH, 
liver fibrogenesis is a complex process, influenced by im-
mune and inflammatory mechanisms. The activation of he-
patic stellate cells is considered the most important event in 
the fibrogenesis of both PBC31 and AIH.32 Portal fibroblasts, 
located around portal tracts, have been reported to be of 
particular importance in PBC and differentiate from hepatic 
stellate cells in regards to their profibrogenic function.33 The 
targets of the autoimmune response in AIH are hepatocytes, 
whereas the target in PBC is the biliary epithelial cells. In 
addition to the classic wound healing reaction from un-re-
solving inflammation and persistent liver injury, the prolif-
eration of bile ducts and the direct or indirect contribution 
of bile acid to the fibrogenic process has been reported in 
PBC.34,35 Furthermore, other mediators (such as CD4+ and 
CD8+ T cell response36,37 and nitric oxide38,39) and other 
mechanisms (such as oxidant stress liver injury40,41) for the 
process of liver fibrogenesis have been shown to be shared 
by PBC and AIH. Considering the shared and disease-spe-
cific features between PBC and AIH fibrogenesis pathways, 
it can be hypothesized that an overlapping immune-medi-
ated process accelerates the liver fibrogenesis in PBC/AIH 
overlap syndrome by targeting both hepatocytes and bil-
iary epithelial cells, which may subsequently cause a higher 
prevalence of cirrhosis-related complications. Although the 
exact pathways of the overlapping immune-mediated pro-
cess are unclear, this hypothesis is supported by several 
retrospective studies on the treatment of PBC/AIH, in which 
stable and decreased liver fibrosis states were observed in 
the patients with PBC/AIH who received combined immuno-
suppressive therapy.5,42,43

This study has several strengths and limitations. With 
nationwide samples, the NIS database provided the larg-
est sample size to study two concomitant uncommon con-
ditions, PBC and AIH. Therefore, our results are based on 
a high-power study and provide a national review of the 
disease. However, all diagnoses are dependent on the ac-
curacy of ICD-9 codes, for which validation is routinely per-
formed by the Agency for Healthcare Research and Quality, 
although coding errors may compromise the quality of the 
data. A recent study using the main diagnostic ICD-9-CM 
code (571.6) for PBC showed a good accuracy with most 
clinical and demographic parameters, comparable to the 
previously reported data.13 There are other inherent limi-
tations of this NIS study. For example, NIS provides inpa-
tient data but none of the laboratory values, images, or 
pharmacological interventions are recorded. Therefore, in-

formation about outpatient follow-up, long-term outcomes 
or prognosis are not available, and additional information 
that may help better classify PBC/AIH overlap syndrome, 
such as liver function test results and histologic findings are 
not available. Also, a small proportion of patients who had 
readmissions were counted more than once, and this group 
of patients was non-identifiable. Therefore, the prevalence 
of disease might be overreported.

In conclusion, this national study used a large data set 
from the USA to examine the characteristics and in-hospital 
outcomes of PBC/AIH. Our results strengthened previous 
data showing high rates of cirrhosis-related complications, 
and also SJS as the most common extrahepatic autoimmune 
disease associated with AILDs in patients with PBC/AIH. The 
study identified that PBC/AIH is independently associated 
with a higher rate of septic shock compared to PBC and AIH 
individually. This result provokes clinicians to consider sep-
sis screening early in patients’ presentations to the hospital 
and optimize the treatment of infections. Although previ-
ous studies reported worse liver-related mortality and long-
term survival, this study did not observe worse in-patient 
mortality in PBC/AIH patients. These findings will inspire 
more work to be done in the future. Prospective studies at 
genetic and clinicopathological levels will assist in gaining a 
better understanding of the mechanism of the overlap be-
tween PBC and AIH, including the role of Treg cells and their 
interactions with immunosuppressive therapy. Ultimately, 
more progress in the field of immunomodulated therapy is 
expected.
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