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Abstract
Autoimmune hepatitis, primary biliary cholangitis, and primary sclerosing chol-
angitis are immune-mediated chronic liver diseases of uncertain cause that have 
a global distribution and highly variable occurrence. The goals of this review are 
to describe the epidemiological studies that have identified the populations at 
risk, estimated the incidence and prevalence of each disease, suggested environ-
mental and genetic bases for their occurrence, and indicated trends that should 
direct the allocation of healthcare resources and investigational efforts. 
Population-based epidemiological studies have described patterns of susceptibil-
ity for each liver disease that reflect predilections for certain age groups, gender, 
geographical regions, and ethnic background. Familial studies and genetic analy-
ses have implicated a genetic predisposition for each disease, and population- 
based studies have suggested associations with triggering agents, including 
pollutants, xenobiotics, viruses, bacteria, and the intestinal microbiome. 
Variations in prevalence between ethnic groups within regions or between coun-
tries may reflect differences in early diagnosis, management, and outcome, and 
the increasing incidence of these diseases in certain regions and ethnic groups 
may help identify pivotal etiological factors that might be modified. Population- 
based epidemiological studies are lacking in China, India, and developing coun-
tries, and they are needed to complete the global perspective of these diseases 
and their consequences. In conclusion, autoimmune hepatitis and the immune- 
mediated cholangiopathies are rare, but they constitute a global healthcare bur-
den that is increasing in certain geographical regions and ethnic groups. 
Populations at risk and susceptibility factors must continue to be characterized, 
and interventions must be tailored to meet individual and regional needs.
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16.1  Introduction

Population-based epidemiological studies are essential for understanding the 
genetic susceptibilities and the possible antigenic triggers of autoimmune liver dis-
ease [1, 2]. They are also necessary to correctly allocate resources for improving 
the early diagnosis and management of this disease category [3]. Autoimmune 
liver disease encompasses acute and chronic forms of liver injury that are defined 
by cell- and antibody-mediated immune responses that lack a definable etiological 
agent [4]. They may have variable clinical phenotypes and severity, but they all 
tend to be persistent, progressive, and variably responsive to current therapies. 
Autoimmune hepatitis is the prototypic autoimmune liver disease, and primary 
biliary cholangitis (PBC) and primary sclerosing cholangitis (PSC) complete the 
disease category. Variant phenotypes also exist in which the features of autoim-
mune hepatitis can be intermixed with those of PBC or PSC [5–7]. The lack of 
codified diagnostic criteria for these variant or overlap syndromes and uncertainty 
about their pathogenic basis have limited the performance of epidemiological stud-
ies that clarify their disease burden.

Autoimmune liver disease is a consequence of misdirected and dysregulated 
immune responses against self-antigens in a genetically susceptible individual 
[4]. The triggering antigens may reflect molecular mimicry between environ-
mental or infectious agents and normal proteins within the liver [8]. Chronic or 
repeated exposures to these extrinsic agents may break immune tolerance of 
these normal self- proteins, and liver-infiltrating, antigen-sensitized, cytotoxic T 
lymphocytes may initiate and sustain hepatic injury [4, 9, 10]. The class II mol-
ecules of the major histocompatibility complex (MHC) can contribute to the 
presentation of antigens, sensitization of T helper lymphocytes, and differentia-
tion of the activated immune cells along cytokine-mediated pathways that result 
in cellular- and antibody- dependent immune responses [11–16]. Genetic factors 
outside the MHC, including polymorphisms of genes that influence the produc-
tion of various cytokines and immune modulators, may also affect the propen-
sity for tissue damage and its severity [17, 18]. Epigenetic factors that influence 
the transcriptional activity of regulatory genes without altering the sequence of 
deoxyribonucleic acid (DNA) can unbalance homeostatic mechanisms that 
maintain immune tolerance of self- antigens, alter susceptibility for immune-
mediated disease, and create an inheritable trait that has transgenerational con-
sequences [19–21].

Autoimmune liver disease has a global distribution, and its occurrence varies 
between ethnic groups within the same geographical region, in different age groups, 
and in different countries [1, 22]. The diversity of individual susceptibilities for 
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autoimmune liver disease may reflect genetic and epigenetic differences and varia-
tions in the nature and duration of exposure to environmental and microbial anti-
gens within a specific age range or geographical location [21, 23]. Region- specific 
environmental antigens may derive from water and food sources, industrial pollut-
ants, or toxic waste sites [24], and the microbial antigens may be indigenous infec-
tious agents [25] or region-specific microflora within the intestinal microbiome that 
are affected by factors such as diet, sanitation, socioeconomic status, and antibiotic 
exposure [26–32]. Epigenetic alterations in gene activity can be induced by these 
environmental factors [33, 34], and they can influence the risk for immune- mediated 
disease in individuals and their progeny in different geographical regions and eth-
nicities [35]. Population-based epidemiological studies are key mechanisms by 
which to identify these antigenic sources and develop management strategies that 
impact on disease occurrence.

Autoimmune liver disease constitutes only a fraction of patients with chronic 
liver disease, but it affects most individuals during productive phases of life [3]. 
Accordingly, its indirect costs due to years of productive life lost may far exceed its 
direct costs for medical care [3]. Furthermore, the recognition of differences in 
liver-related mortality among different ethnic groups in the same geographical 
region can direct efforts to understand and improve outcomes [36]. Hispanics in the 
United States have an overall liver-related mortality that is 49% higher than in non- 
Hispanic whites (13.7 cases per 100,000 persons versus 9.2 cases per 100,000 per-
sons) and 82% higher than in African Americans (13.7 cases per 100,000 persons 
versus 7.5 cases per 100,000 persons) [37]. The proper allocation of medical 
resources, the formulation of healthcare policies, and the direction of future investi-
gation in the autoimmune liver diseases require epidemiological studies that define 
the burden of each disease type in the general population and in different ethnic 
groups within that population.

The goals of this review are to describe the epidemiology of autoimmune hepa-
titis, PBC and PSC and to indicate how continued strengthening of this knowledge 
base can clarify pathogenic mechanisms, identify at risk subgroups, and direct the 
allocation of healthcare resources and future investigational efforts.

16.2  Epidemiology of Autoimmune Hepatitis

Population-based studies that have estimated the incidence and prevalence of auto-
immune hepatitis have been performed in Alaska [38], Australia [39], Denmark 
[40], southern Israel [41], the Netherlands [42], New Zealand [43], Norway [44], 
Singapore [45], Spain [46, 47], and Sweden [48]. Population-based studies within 
the United States have been performed mainly in the pediatric population [49] 
(Table 16.1). These assessments have indicated the rarity of autoimmune hepatitis 
(defined as an annual incidence less than 50 cases per 100,000 persons [50]) and the 
regional variability of its occurrence [38–42, 45]. Countries with healthcare systems 
that provide universal access, systematic data accumulation, and prescribed follow-
 up examinations (Sweden, Netherlands, Denmark, Norway, and New Zealand) have 
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performed the strongest population-based evaluations [51]. They have also been 
able to describe changes in occurrence, phenotype, and mortality, albeit mainly in 
homogeneous white populations.

16.2.1  Annual Incidence of Autoimmune Hepatitis

The annual incidence of autoimmune hepatitis in adults ranges from 0.67 cases per 
100,000 persons in southern Israel [41] to 2.0 cases per 100,000 persons in the 
Canterbury Region of New Zealand (95% confidence interval [CI]: 0.8–3.3 per 
100,000) (Table 16.1). The annual incidence of autoimmune hepatitis in Canadian 
children was 0.23 cases per 100,000 persons between 2000 and 2009 [52], and it 
was 0.4 cases per 100,000 persons in children residing in the United States (Utah) 
between 1986 and 2011 [49].

Two studies evaluating temporal trends have suggested that the incidence of 
autoimmune hepatitis has been increasing in the adult populations of Spain [46, 47] 
and Denmark [40] over 10–18 years, whereas a third study in New Zealand has 

Table 16.1 Incidence and prevalence of autoimmune hepatitis in different regions (lowest to 
highest annual incidence)

Geographical region
Annual incidence per 100,000 
persons Prevalence per 100,000 persons

Canada (children) [52, 
53] (2000–2009)

0.23 2.4, non-First Nations children
9.9, First Nations children

United States (children) 
[49] (1986–2011)

0.4 3.0

Singapore [45] Not reported 4.0 (similar in Chinese, 
Malaysian, and Indian 
subgroups)

Australia (Capital 
Territory) [39]

Not reported 8.0

Israel (southern) [41] 0.67 11.0
Spain (Sagunto/Valencia) 
[46, 47]

0.83–1.07 (women, 1.37–1.96; 
men, −0.12 to 0.26) (increasing 
incidence in women)

11.61 (women, 19.17; men, 
3.66)

Sweden [48] 0.85 10.7
Netherlands [42] 1.1 (increasing incidence over 

10 years)
18.3

Denmark [40] 
(1994–2012)

1.68 (rising incidence from 1.37 
to 2.33)

23.9 (women, 34.6; men, 13.0)

Norway (Oslo) [44] 1.9 16.9
New Zealand 
(Canterbury Region) [43] 
(2001–2007)

2.0 (1.7, age-standardized) 
(stable incidence over 6 years)

24.5 (18.9, age-standardized)

Alaska (native 
population) [38]

Not reported 42.9

Numbers in brackets are references
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suggested a stable incidence over a 6 year period from 2001 to 2007 [43]. Temporal 
trends may reflect changes in the methods of case-recognition, but they may also 
indicate a true increase in disease occurrence that warrants additional scrutiny. The 
wide range in incidence may reflect variations in the type and frequency of antigenic 
exposures, differences in genetic predispositions, or the effects of gender-specific 
(possibly hormonal) modifiers of the immune response [1, 4].

16.2.2  Prevalence of Autoimmune Hepatitis

The prevalence of autoimmune hepatitis in adults ranges from 4.0 cases per 100,000 
persons in Singapore (with a similar prevalence in the Chinese, Malaysian and 
Indian subpopulations) [45] to 42.9 cases per 100,000 persons in Alaskan natives 
[38] (Table 16.1). The prevalence of autoimmune hepatitis in Alaskan natives is 1.7- 
fold greater than the highest reported prevalence of autoimmune hepatitis elsewhere 
[38]. In children, the prevalence of autoimmune hepatitis is 3.0 cases per 100,000 
persons in Utah [49] and 2.4 cases per 100,000 persons in the non-native children of 
British Columbia, Canada [49, 53]. In contrast, the prevalence of autoimmune hepa-
titis in the First Nations (Aboriginal) children of British Columbia (9.9 cases per 
100,000 persons) is nearly fourfold greater than that of the non-native children 
within this same geographical region (2.4 cases per 100,000 persons) [53].

The differences in prevalence between children and adults from different geo-
graphical regions and between children within the same geographical region sug-
gest that predispositions for autoimmune hepatitis may be associated with 
age-related antigenic exposures and hereditary or culturally-specific factors. Other 
differences in prevalence among populations with autoimmune hepatitis have less 
apparent associations. Whereas the prevalence of autoimmune hepatitis is similar in 
Sweden and Spain (10.7–11.6 cases per 100,000 persons) [46–48], it is higher in 
Norway, the Netherlands, and Denmark (16.9–23.9 case per 100,000 persons) 
despite similarly predominant white adult populations, geographical proximity, and 
availability of tertiary medical care [40, 42, 44] (Table 16.1).

16.2.3  Variations of Phenotype in Different Geographical 
Regions and Ethnic Groups

The phenotype of autoimmune hepatitis can vary between different ethnic groups 
and geographical regions [1]. Autoimmune hepatitis is characterized by its inflam-
matory nature, and codified diagnostic criteria and scoring systems have been 
refined to exclude prominent cholestatic features [54–56]. In Alaskan natives [38], 
Somalians [57], and individuals from the Middle East [58] who have autoimmune 
hepatitis, clinical, laboratory, and histological changes of cholestasis are common 
(57–67%) (Table 16.2).

In the United Kingdom, 50% of children with autoimmune hepatitis have chol-
angiographic changes that suggest an autoimmune sclerosing cholangitis [59], 
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Table 16.2 Regional and ethnic differences in phenotypic manifestations of autoimmune 
hepatitis

Variable feature Manifestations Regional or ethnic differences
Age Children and adults in same 

geographical region have 
different frequencies of AIH 
[40, 43, 49, 52]
Adults in different countries 
have different ages of disease 
onset [40, 42]
Peak age shift to elderly 
adults [40, 43]

Highest prevalence in adults [40, 42, 43, 
49, 52]
Peak age (New Zealand), 60 years [43]
Peak age (Denmark), 70 years [40]
Median age (Netherlands), 
43–48 years [42]

Gender Female predilection varies in 
different countries [38, 40, 41, 
44, 45, 47]

Young Somalian men affected [57]
Unusual high female frequency in 
Alaskan natives and southern Israelis 
(91–95%) [38, 41]
F:M ratio (Singapore), 11:1 [45]
F:M ratio (USA, Europe), 2.6–5.2:1 [40, 
44, 47, 63]

Cholestasis Clinical, laboratory or 
histological findings of 
cholestasis [38, 57, 58]

Present in 57–67% of Alaskan natives, 
Somalians, Middle Easterners [38, 
57, 58]
Unusual in white North American and 
European adults [54, 55]

Autoimmune 
sclerosing 
cholangitis

Focal strictures and dilations 
by cholangiography in 
otherwise classical AIH [59]

Present in 50% of British children with 
AIH [59]
Present in 21% of Utah children with 
AIH [49]
Rare in North American and European 
adults (1–10%) unless CUC present 
(44%) [60–62]

Antibodies Variable frequencies of 
serological markers of AIH in 
children and adults between 
countries [52, 67, 70, 71, 73]

Anti-LKM1 occur mainly in children [66]
•  13% of Canadian children with 

AIH [52]
•  38% of British children with AIH 

[59, 67]
•  1% in American adults [68, 69]
Alaskan natives versus American adults
•  Anti-dsDNA, 48% versus 23–34% [70, 

71]
• ANCA, 38% versus 96% [70, 72]
• Anti-Ro, 11% versus 40% [70, 73, 74]
Japanese versus American adults
• Anti-Ro, 62% versus 38% [73]

AIH autoimmune hepatitis, ANCA anti-neutrophil cytoplasmic antibodies, anti-dsDNA antibodies 
to double-stranded deoxyribonucleic acid, anti-LKM1 antibodies to liver kidney microsome type 1, 
anti-Ro antibodies to ribonucleoprotein, CUC chronic ulcerative colitis, F:M ratio female-to- male 
ratio, USA United States of America
Numbers in brackets are references
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whereas in the United States (Utah), only 21% of children with autoimmune hepa-
titis have features of autoimmune sclerosing cholangitis [49] (Table 16.2). The over-
all incidence of autoimmune sclerosing cholangitis in Utah is 0.1 cases per 100,000 
persons, and the prevalence is 0.6 cases per 100,000 persons [49]. Cholangiographic 
changes of sclerosing cholangitis (focal biliary strictures and dilations) are even less 
frequent (2–10%) in white North American and European adults with autoimmune 
hepatitis [60, 61] unless they have concurrent chronic ulcerative colitis [62].

Autoimmune hepatitis has had a female propensity in all countries with the pos-
sible exception of Somalia where the disease appears to affect young males [57] 
(Table 16.2). Among Alaskan natives, 91% of patients with autoimmune hepatitis 
are women [38], and in southern Israel, 95% of patients are women [41]. The 
female-to-male ratio in Singapore is 11:1 [45]. In contrast, women constitute 
72–78% of patients with autoimmune hepatitis in Denmark [40], Sweden [48], the 
Netherlands [42], and the United States [63], and the prevalence of autoimmune 
hepatitis in northern Europe is only 2.6–5.2 times greater in women than in men 
[40, 44, 46, 47]. Women may also have a predilection to have concurrent immune 
diseases more commonly than men in white North American and European popu-
lations [64, 65].

Autoimmune hepatitis affects all ages, but its prevalence is higher in adults than 
children [40, 42–44, 49, 52] (Table 16.2). Furthermore, the age of onset in adults 
may be shifting from the young and middle-aged populations to the elderly. In New 
Zealand, the peak age at presentation was in the sixth decade, and 72% of patients 
presented after the age of 40 years [43]. In Denmark, the peak incidence of autoim-
mune hepatitis in both genders was at the age of 70 years [40]. In contrast, the peak 
incidence of autoimmune hepatitis in the Netherlands was in the middle age range. 
The median age at presentation was 48 years in Dutch women and 43 years in 
Dutch men [42].

The serological manifestations of autoimmune hepatitis can also vary between 
age ranges, ethnic groups, and countries [1] (Table 16.2). Antibodies to liver kidney 
microsome type 1 (anti-LKM1) occur mainly in children with autoimmune hepatitis 
[66]. They are detected in 13–38% of children with autoimmune hepatitis in the 
United Kingdom [59, 67] and in Canada [52], but they are present in only 1% of 
North American adults with autoimmune hepatitis [68, 69]. In Alaskan natives with 
autoimmune hepatitis, there is a higher frequency of antibodies to double stranded 
deoxyribonucleic acid (anti-dsDNA) (48% versus 23–34% depending on the assay) 
than in white North American patients [70, 71], and the frequencies of anti- 
neutrophil cytoplasmic antibodies (ANCA) (38% versus 96%) [70, 72] and antibod-
ies to ribonucleoprotein (anti-Ro) are lower (11% versus 40%) [70, 73, 74]. In 
contrast, antibodies to Ro are detected more commonly in Japanese patients with 
autoimmune hepatitis than in North American patients (62% versus 38%, 
P < 0.0001) [73].

Plasma cells that stain for immunoglobulin G4 (IgG4) and number more than 5 per 
high power field are present in the liver tissue of 3–35% of patients with autoimmune 
hepatitis [75–77]. These patients have been classified as having IgG4- associated 
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autoimmune hepatitis, and they commonly, but not invariably, have increased serum 
levels of IgG4 [76–78]. The frequency of IgG4-associated autoimmune hepatitis var-
ies with the stringency of the diagnostic criteria. Application of the most stringent 
criteria (definite autoimmune hepatitis by international criteria, ≥10  IgG4-staining 
plasma cells/high power field, and serum IgG4 level ≥135 mg/dL) has recognized the 
variant form in only 3.3% of patients with autoimmune hepatitis [76, 78].

IgG4-associated autoimmune hepatitis may represent a variant clinical pheno-
type of autoimmune hepatitis that is within a spectrum of IgG4-related diseases that 
includes autoimmune pancreatitis and IgG4-associated cholangitis [79]. Liver 
injury is recognized in 60–70% of patients with autoimmune pancreatitis, and the 
associated IgG4-hepatopathy is characterized by IgG4-staining plasma cells near 
the portal vein, portal inflammation, portal sclerosis, bile duct damage, lobular hep-
atitis, and cholestasis [76, 78]. The features of IgG4-associated autoimmune hepa-
titis have typical histological findings of autoimmune hepatitis except for the 
prominent infiltration of IgG4-staining plasma cells [76].

IgG4-associated autoimmune hepatitis has been described mainly in Japan and 
China, and all experiences have emphasized responsiveness to conventional gluco-
corticoid therapy [75–77, 80]. The de novo occurrence of IgG4-associated autoim-
mune hepatitis after liver transplantation [80], the absence of relapse after drug 
withdrawal [77], the development of autoimmune pancreatitis 2 years after diagno-
sis in one patient [81], and the occurrence of IgG4-associated cholangitis 5 years 
later in another patient [76] are clinical vignettes that emphasize the uncertain 
nature and consequences of this variant [76].

Patients with IgG4-associated autoimmune hepatitis have higher serum immu-
noglobulin E (IgE) levels than patients with classical autoimmune hepatitis, and 
this finding suggests that the IgG4-associated autoimmune hepatitis may be trig-
gered by antigens that generate an allergic response [76]. Both IgG4 and IgE are 
immune responses that have been recognized in allergic reactions [82, 83], and 
they are mediated by IL-10-secreting regulatory T cells which are abundant in 
autoimmune pancreatitis and IgG4-associated cholangitis [84]. The IgG4-staining 
histological phenotype of autoimmune hepatitis may reflect an allergic reaction to 
environmental antigens in a genetically-predisposed individual. Epidemiological 
studies are required to clarify the global distribution of IgG4-associated autoim-
mune hepatitis and the antigenic exposures associated with this variant form of 
autoimmune hepatitis.

16.2.4  Variations in Liver-Related Mortality in Different 
Geographical Regions and Ethnic Groups

Mortality rates can vary between ethnic groups and geographical regions, and these 
differences may reflect variable access to medical care, promptness of diagnosis and 
treatment, frequency of cirrhosis at presentation, type of treatment administered, dili-
gence of follow-up, frequency of co-morbidities (concurrent diseases, alcohol intake), 
and socioeconomic status [1]. Regional- and ethnic-specific differences in the intrinsic 
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behavior of the liver disease cannot be excluded, but they are more difficult to discover 
beneath an overlay of cultural, economic, and healthcare disparity [1]. Furthermore, 
the liver-related death burden may be underestimated in population studies that apply 
only one diagnostic category of the International Classification of Diseases (ICD). 
Liver-specific descriptors, such as hepatic encephalopathy, hepatorenal syndrome, and 
liver malignancy, must also be included in all outcome analyses [85].

Liver-related mortality can vary in different ethnic groups within the same geo-
graphical region [1]. Liver failure is more common at presentation in African- 
Americans with autoimmune hepatitis than in white American adults (38% versus 
9%) [86] (Table 16.3). African-Americans with autoimmune hepatitis are younger 
at diagnosis than white Americans; they have cirrhosis more frequently (57–85% 
versus 38%); they require liver transplantation more often (51% versus 23%); and 
their overall mortality is significantly higher (24% versus 6%), especially in black 

Table 16.3 Regional and ethnic differences in outcomes of autoimmune hepatitis

Outcomes Findings Regional or ethnic differences
Liver-related 
mortality

Different between ethnic groups 
in same region [86]
Different between geographical 
regions [40, 41, 45, 95–97]

African-American versus white 
American adults
•  Liver failure at presentation, 38% 

versus 9% [86]
• Mortality, 24% versus 6% [86]
•  Highest mortality in black 

males [86]
Regional differences in mortality
•  10 years, 7–10.3% in Europe, Israel, 

USA [40, 41, 95, 96]
• 5 years, 29% in Singapore [45]
•  <3 years (mean, 15.7 ± 17 months), 

25% in India [97]
Cirrhosis Different in ethnic groups in same 

region [86]
Different between geographical 
regions [40, 41, 45, 95–97]
Differences may reflect disease 
severity, genetic predisposition, or 
socioeconomic status [86]

African-Americans versus white 
Americans
• Younger at presentation [86]
•  Cirrhosis at presentation, 57–85% 

versus 38% [86, 87]
Regional differences in cirrhosis at 
presentation
• 42% in Singapore [45]
• 76% in India [97]
•  12–29% in Europe, Israel, USA 

[40–42, 96]
Mortality hazard (1st year), 3.25 (95% 
CI: 2.25–4.7) [40]

Liver 
transplantation

Differences may reflect disease 
severity, delayed diagnosis, or 
limited access to medical care 
[86, 92]

African-Americans versus white 
Americans
•  Liver transplantation indicated, 51% 

versus 23% [86]
•  Access to transplantation may be less 

[92, 94]

(continued)
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males [86, 87]. African-Americans also have a higher mortality associated with 
small, non-metastatic hepatocellular carcinoma [88, 89]. These findings may reflect 
a more aggressive autoimmune hepatitis, possibly because of different antigenic 
triggers or genetic predispositions in the black population, or they could reflect 
cultural or socioeconomic differences between the white and black populations that 
prevent early diagnosis and limit access to medical interventions, especially liver 
transplantation [90–94].

Liver-related mortality can also vary in different geographical regions. 
Autoimmune hepatitis has a 10-year all-cause mortality of 26.4% in Denmark (95% 
CI: 23.7–29.1%), but only 38.6% of the known causes of death are liver-related [40] 
(Table 16.3). The estimated 10-year liver-related mortality in Denmark is 10.2% 
and similar to the 10-year liver-related mortality of 9% in the United Kingdom [95], 
10.3% in southern Israel [41], and 7% in North America [96]. In each of these non- 
Asian countries, the mortality estimates are lower than the 5-year liver-related mor-
tality of 29% in Singapore [45] and the overall mortality of 25% in India during a 
mean observation period of only 15.7 ± 17 months [97].

The presence of cirrhosis at presentation in 42% of the patients in Singapore [45] 
and 76% of the patients in India [97] may explain the differences in mortality 
(Table 16.3). Cirrhosis at presentation occurs in only 12–29% of patients with auto-
immune hepatitis in Denmark [40], southern Israel [41], the Netherlands [42], and 
the United States [96], and it has a greater mortality hazard during the first year after 

Table 16.3 (continued)

Outcomes Findings Regional or ethnic differences
Hepatocellular 
carcinoma

Differences may reflect limited 
access to treatment in ethnic 
groups of same or different region 
[89–94]
Referral bias in tertiary medical 
centers may over-estimate 
occurrence [100]

African-Americans versus white 
Americans
•  Higher mortality with localized HCC 

[88, 89]
•  Lower frequency of liver 

transplantation [94]
Regional differences in occurrence
•  0.8 cases per 1000 person- years in 

Denmark [40]
•  0.7% 10 year cumulative risk in 

Denmark [40]
•  1% frequency (median, 6 years) in 

Netherlands [42]
•  1 case per 965 person-years in 

USA [99]
•  10.9 cases per 1000 person-years in 

UK [100]
Male predominant except in UK 
[40, 42, 98, 100]
Develops in cirrhosis only except in 
UK [40, 98, 100]

CI confidence interval, HCC hepatocellular carcinoma, UK United Kingdom, USA United States 
of America
Numbers in brackets are references
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diagnosis than the absence of cirrhosis (mortality hazard of cirrhosis, 3.25; 95% CI: 
2.25–4.70) [40].

Hepatocellular carcinoma has an incidence of 0.8 cases per 1000 person-years 
(95% CI: 0.3–1.5) in Denmark, especially in men with cirrhosis, and the 10-year 
cumulative risk of hepatocellular carcinoma has been 0.7% (95% CI: 0.3–1.5) 
[40] (Table 16.3). These findings are similar to those in the Netherlands where 
the frequency of hepatocellular carcinoma has been 1% during a median observa-
tion interval of 6 years [42]. In the United States, hepatocellular carcinoma has 
developed only in patients with longstanding cirrhosis (≥5 years duration) [98]; 
it has been male predominant [98]; and its incidence has been 1 per 965 person-
years [99]. In the United Kingdom, hepatocellular carcinoma has occurred at a 
rate of 10.9 cases per 1000 patient-years or 1.1% per year [100]. It has affected 
3.4% of patients without cirrhosis, and it has developed equally in men and 
women (6.4% versus 6.1%) [100]. The study in the United Kingdom was per-
formed in a tertiary medical center, and it may have reflected referral bias associ-
ated with more advanced and severe autoimmune hepatitis than encountered 
elsewhere.

16.2.5  Variations of Genetic Predisposition in Different 
Geographical Regions and Ethnic Groups

Autoimmune hepatitis has a complex genetic predisposition that can vary in chil-
dren and adults within the same geographical region and between adults in different 
regions [11]. Autoimmune hepatitis does not have a causative gene, but a constella-
tion of normal genes within and outside the MHC may favor immune reactivity. 
Familial occurrence is rare (0.2% in Brazil [101] and 0.3% in the Netherlands [42]), 
but monozygotic (not dizygotic) twins have been affected [42]. Furthermore, 42% 
of first-degree relatives in the Netherlands have had other autoimmune diseases 
(rheumatoid arthritis, type 1 diabetes, and autoimmune thyroid disease) [42]. The 
antibodies associated with autoimmune hepatitis have been uncommon in first 
degree relatives of juvenile patients in Britain, but the frequency of the human leu-
kocyte antigen (HLA) DRB1*0301, which has been associated with autoimmunity, 
has been similar in both populations [102]. These findings suggest a familial pro-
pensity for immune reactivity.

16.2.5.1  Genetic Susceptibilities Within the MHC
Genes within the MHC encode the antigen-binding groove of the class II MHC mol-
ecules, and they can affect the presentation of antigens and the nature of the autoreac-
tive response [11]. DRB1*0301 and DRB1*0401 are the principal susceptibility 
alleles in white North American and European adults with autoimmune hepatitis 
[103, 104] (Table 16.4). Each allele encodes a six amino acid sequence (leucine-
leucine-glutamic acid-glutamine-lysine-arginine) at positions DRβ67–72 of the anti-
gen binding groove, and this sequence has been associated with the occurrence of 
autoimmune hepatitis in these adult populations [103, 105].
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DRB1*0404 and DRB1*0405 are the principal susceptibility alleles in Japan 
[106, 107], mainland China [108], and Mexico [109], and DRB1*0405 and 
DQB1*0401 are the main susceptibility alleles in South Korea [110] (Table 16.4). 
The DRB1*0404 and DRB1*0405 alleles differ from the DRB1*0301 and DRB1*0401 
alleles by encoding an arginine for lysine at the DRβ71 position. This substitution of 

Table 16.4 Ethnic differences in genetic factors for autoimmune hepatitis

Genetic factors
Principal associations in ethnic 
groups with autoimmune hepatitis Clinical associations

Alleles inside 
MHC

White North American and 
European adults
•  DRB1*0301 and DRB1*0401 

[103, 104]
Japanese, Chinese, Mexicans, 
South Koreans
•  DRB1*0404 and DRB1*0405 

[106–110]
Argentina, Brazil, Venezuela, Peru
• DRB1*1301 (children) [111–115]
• DRB1*0405 (adults) [23]
•  DRB1*1301, DRB1*0405, 

DQB1*02, DQB1*0603 
(meta-analysis) [116]

North American and European 
children
• DQB1*0201 [122, 123]
•  Linked with DRB1*07, DRB1*03 

[123]

DRB1*03 and DRB1*04 alleles
•  Encode similar amino acid sequences 

in class II MHC molecules [11, 
103, 105]

•  May present similar triggering 
antigens [4]

DRB1*1301
•  Encodes different amino acid 

sequence than DRB1*03 and 
DRB1*04 alleles in class II MHC 
molecules [11, 117]

• Affects mainly children [23, 111]
• Associated with HAV infection [25]
•  May favor viral triggers [4]
DQB1*0201, DRB1*07 and DRB1*03
•  Associated with anti-LKM1 [122, 

123]
• Affects mainly children [122, 123]
•  May favor CYP2D6 or homologous 

viral epitopes [128, 129]
Variants outside 
MHC

North American adults
• CTLA-4 [131, 135]
• TNFRSF (Fas) [137]
• TNFA [138, 139]
European and Chinese adults
•  Vitamin D receptor (VDR) [140, 

141]
European adults
• SH2B3 [104]
• CARD10 [104]
Japanese adults
• TNFRSF (Fas) [136]
• STAT4 [142]
South American children and 
adults
• TGF-β1 [18]

Controversial pathogenic significance 
[134]
Statistical associations in small 
cohorts [132]
Not disease-specific [17, 130–132]
Uncertain functional differences 
between variants of same gene [4]
Variable presence in ethnic groups 
[131, 133]
No direct comparisons between 
ethnicities [1]
Constellations may be more important 
than any single variant [4, 11]

CARD10 caspase recruitment domain family member 10 gene, CTLA-4 cytotoxic T lymphocyte 
antigen-4 gene, MHC major histocompatibility complex, SH2B3 Scr homology 2 adaptor protein 
3 gene, STAT4 signal transducer and activator of transcription 4 gene, TGF-β1 transforming growth 
factor-beta 1 gene, TNFA tumor necrosis factor-α gene, TNFRSF tumor necrosis factor receptor 
super-family (Fas) gene
Numbers in brackets are references
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a similarly structured and charged amino acid for lysine would not greatly alter anti-
gen selection and presentation by the class II MHC molecules. Accordingly, the auto-
immune hepatitis associated with the alleles, DRB1*0301, DRB1*0401, DRB1*0404 
and DRB1*0405, could be triggered in different geographical regions and ethnic 
groups by antigens with homologous epitopes [4].

In contrast, DRB1*1301 is the principal susceptibility allele in Argentina [23, 
111], Brazil [112, 113], Venezuela [114], and Peru [115], and DRB1*0405, 
DQB1*02, and DQB1*0603 have also been implicated by meta-analysis [116] 
(Table  16.4). Children with autoimmune hepatitis in Argentina have mainly 
DRB1*1301 [111], whereas adults with autoimmune hepatitis in Argentina have 
mainly DRB1*0405 [23]. DRB1*1301 encodes a different amino acid sequence 
(isoleucine-leucine-glutamic acid-aspartic acid-glutamic acid-arginine) between 
positions DRβ67–72 than the DRB1*03 and DRB1*04 alleles, and this sequence 
would change the steric and electrostatic properties of the antigen binding groove of 
the class II MHC molecules [117].

The substitution of the negatively charged aspartic acid and glutamic acid at 
positions DRβ70 and 71 within the antigen binding groove suggest that the autoim-
mune hepatitis in South American children with DRB1*1301 is triggered by anti-
gens different than those encountered in South American, North American, and 
European adults who have mainly DRB1*03 and DRB1*04 alleles. The association 
of protracted hepatitis A virus infection in patients with DRB1*1301 [25] has sup-
ported speculation that the hepatitis A virus is a cause of autoimmune hepatitis, 
especially in areas like South America that are endemic for the virus [118–121]. 
This hypothesis might also extend elsewhere to other infectious agents that are more 
common in children than adults.

DQB1*0201 has been proposed as the principal susceptibility allele of autoim-
mune hepatitis that is characterized by the presence of anti-LKM1 [122, 123] 
(Table  16.4). This allele is in strong linkage disequilibrium with DRB1*07 and 
DRB1*03 [123], and HLA DRB1*07 has been associated with this type of autoim-
mune hepatitis in Brazil [112, 113, 124, 125], Britain [126], and Germany [127]. 
The cytochrome P450 2D6 (CYP2D6) is the target antigen of anti-LKM1, and it has 
homologies with peptide sequences in the hepatitis C virus, cytomegalovirus, and 
herpes simplex type 1 virus [128, 129]. The autoimmune hepatitis characterized by 
anti-LKM1 in European children may be a reflection of exposures to indigenous 
infectious or environmental agents that mimic CYP2D6. Susceptibility might be 
enhanced by alleles of the MHC that favor presentation of these antigens.

16.2.5.2  Genetic Susceptibilities Outside the MHC
Genetic polymorphisms outside the MHC are not antigen-directed, and they may 
modify the immune response and modulate the mechanisms of tissue damage and 
repair in a fashion that is not disease-specific [17, 130–132]. They are frequently 
present in non-hepatic immune-mediated diseases, and they are commonly absent 
in the same immune-mediated disease but in different ethnic groups [131, 133]. 
Accordingly, their presence is not essential for disease occurrence, and their true 
role in autoimmune hepatitis has been unclear and controversial [134].
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Polymorphisms of the cytotoxic T lymphocyte antigen-4 gene (CTLA-4) [131, 
135], Fas gene (tumor necrosis factor receptor super-family [TNFRSF] gene) [136, 
137], tumor necrosis factor-α (TNFA*2) gene [138, 139], vitamin D receptor (VDR) 
gene [140, 141], signal transducer and activator of transcription 4 (STAT4) gene 
[142], transforming growth factor-beta 1 (TGF-β1) gene [18], the Scr homology 2 
adaptor protein 3 (SH2B3) gene [104], and the caspase recruitment domain family 
member 10 (CARD10) gene [104] have been implicated as genetic factors in auto-
immune hepatitis (Table  16.4). Each has been described in region- and ethnic- 
specific cohorts; each has been implicated by statistical association of varying 
strength; and none has an established role in the occurrence or manifestations of 
autoimmune hepatitis. A constellation of polymorphisms may be a more critical 
determinant of the phenotype and behavior of autoimmune hepatitis in different 
populations than a single prime variant.

16.2.5.3  Genetic Associations with Clinical Course
The alleles within the MHC have been associated with differences in the phenotype 
and behavior of autoimmune hepatitis in patients of the same or different ethnicity 
[11]. DRB1*0301 has been associated with an earlier age of onset, more severe dis-
ease, higher frequency of treatment failure, and greater requirement for liver trans-
plantation than patients with DRB1*0401 in white North American and European 
adults [16, 64, 105, 143]. In contrast, patients with DRB1*0401 are more commonly 
women, have concurrent immune diseases more frequently, respond better to immu-
nosuppressive therapy, and are older at disease onset than patients with DRB1*0301 
[16, 64, 105]. Elderly patients (aged ≥60 years) have DRB1*0401 more often than 
young adults (aged ≤30 years), and they respond better to immunosuppressive ther-
apy despite having a greater frequency of cirrhosis at presentation [144, 145].

DRB1*0301 is rare in the Japanese population, and DRB1*0405 is the principal 
susceptibility allele for autoimmune hepatitis [106, 146, 147]. Japanese patients 
with autoimmune hepatitis are typically women with late onset disease, few or no 
symptoms, mild disease severity, responsiveness to treatment, and favorable long- 
term prognosis [148–150]. In this ethnic group, the common association of 
DRB1*0405 with autoimmune hepatitis and the almost complete absence of 
DRB1*0301 in the general population may have shaped a disease phenotype that is 
similar to that of women in western countries who also have DRB1*04 alleles. 
Genome wide association studies (GWAS) in diverse geographical regions and eth-
nic groups may be able to identify other genetic factors that influence outcome and 
help individualize management strategies.

16.2.6  Possible Epigenetic Changes Affecting Predisposition 
and Outcome

Micro-ribonucleic acids (miRNAs) are regulatory molecules that exert an epigene-
tic effect on the transcriptional activity of genes by binding with the messenger 
RNA (mRNA) produced by the gene and marking it for degradation by an RNA- 
induced silencing complex (RISC) [151, 152]. This gene silencing effect can repress 
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the activity of protein-encoding genes, and it may alter the expressions of pro- and 
anti-inflammatory genes in autoimmune liver disease [21]. Serum levels of the miR-
NAs miR-21 and miR-122 have fluctuated with the serum ALT concentrations in 
Japanese patients with autoimmune hepatitis, and the circulating level of miR-21 
has correlated with the histological grade of inflammation [153].

miRNAs have organ but not disease specificity, and their association with inflam-
matory activity in autoimmune hepatitis suggests that they may affect susceptibility 
and outcome. The expression of miRNAs is influenced by genetic factors, and the 
genes expressing the miRNAs themselves can be affected by epigenetic mecha-
nisms that may be cued from the environment [154, 155]. Epidemiological studies 
are required to determine if differences in clinical phenotype and outcome in diverse 
populations can be ascribed to variations in the expression of miRNAs as a result of 
genetic variation or environmental cues.

Vitamin D deficiency occurs in 51–92% of patients with non-cholestatic chronic 
liver disease [156–158] and 81% of Turkish patients with autoimmune hepatitis 
[159]. Low serum levels of 25-hydroxyvitamin D3 may result from impaired liver 
hydroxylation of the skin-derived vitamin D3 [156, 157] or impaired synthesis, 
absorption, or consumption of vitamin D3 [160]. Variations in sun exposure, sea-
sonal climate, diet, and contact with toxins that alter the metabolic activity of P450 
cytochromes can promote vitamin D deficiency and perturb the immunomodulatory 
actions of vitamin D [161].

Vitamin D has diverse immunomodulatory effects on the innate and adaptive 
immune systems [162–164], and the vitamin D receptor (VDR) is expressed on mul-
tiple cell types [165, 166]. Furthermore, the hydroxylating enzyme (25-hydroxyvita-
min D-1α hydroxylase) that converts inactive 25-hydroxyvitamin D3 to the active 
1,25-dihydroxyvitamin D3 is not restricted to the kidney. The expression of 
25-hydroxyvitamin D-1α hydroxylase can be induced in diverse cell types, and the 
hydroxylating enzyme can activate vitamin D outside the kidney [167, 168].

The activated 1,25-dihydroxyvitamin D3 can in turn interact with the vitamin D 
response element (VDRE) in regulatory genes, and it can modulate the immune 
response by exerting an epigenetic effect on the transcriptional activity of the tar-
geted gene [169]. Genetic factors can affect the structure and avidity of the VDR, 
and differences in vitamin D availability and metabolism may also affect suscepti-
bility to autoimmune hepatitis and its clinical phenotype in diverse populations 
[140, 141]. Population-based epidemiological studies will be pivotal in determining 
the impact of vitamin D deficiency and epigenetic changes on the distribution and 
consequences of autoimmune hepatitis.

16.3  Epidemiology of Primary Biliary Cholangitis

Primary biliary cholangitis is a progressive chronic liver disease in which the biliary 
epithelial cells rather than the hepatocytes are the primary targets of the immune 
response [170]. Clinical, laboratory, and histological changes (bile duct injury, 
destruction or loss) define a cholestatic phenotype that typifies PBC and distin-
guishes it from autoimmune hepatitis [171]. Importantly, the classical cholestatic 
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components can be absent at presentation [172] or intermixed with features of auto-
immune hepatitis (overlap syndrome) [6]. Furthermore, many patients may be 
asymptomatic and escape early detection [173, 174]. For these reasons, population- 
based epidemiological studies of PBC can be influenced greatly by the level of 
clinical expertise within the community being scrutinized [175].

16.3.1  Annual Incidence of Primary Biliary Cholangitis

The annual incidence of PBC has ranged from 0 to <1 case per 100,000 persons in 
Brunei, Darussalem [176] and Estonia [177] to 3.2 cases per 100,000 persons in 
Newcastle, United Kingdom [178, 179] (Table 16.5). Olmsted County, Minnesota 
(2.7 cases per 100,000 persons) [180], Calgary, Canada (3.03 cases per 100,000 
persons) [181], and Newcastle, United Kingdom (3.2 cases per 100,000 persons) 
[178, 179] have reported an annual incidence of PBC that is almost twofold greater 
than the annual incidence of PBC in Denmark (1.14 cases per 100,000 persons) 
[182], Sweden (1.4 cases per 100,000 persons) [173], Norway (1.6 cases per 100,000 
persons) [44], Italy (1.67 cases per 100,000 persons) [182], and Spain (1.72 cases 
per 100,000 persons) [183]. Furthermore, the annual incidence of PBC in Olmsted 

Table 16.5 Incidence and prevalence of primary biliary cholangitis in different regions (lowest to 
highest annual incidence)

Geographical region
Annual incidence per 
100,000 persons Prevalence per 100,000 persons

Australia (Victoria) [194, 198] Not reported 1.9–5.1 (Australian-born, 3.72; 
Italian-born, 19.9; Greek-born, 
20.8; British-born, 14.1)

Brunei, Darussalem [176, 306] 0–1 2.6 (Malaysian, 2.3; Chinese, 4.1)
Estonia [177] 0.23 2.69
Japan [175, 195] Not reported 2.7–5.4
China (southern) [196] Not reported 4.92 (15.6 in women aged 

>40 years)
Israel (southern) [197] Not reported 5.5
Denmark [182] 1.14 11.5
Sweden [173] 1.4 12.8
Norway (Oslo) [44] 1.6 14.6
Italy (Lombardia) [182] 1.67 16 (increasing prevalence)
Spain (Sabadell) [183] 1.72 19.5
United States (Olmsted County, 
Minnesota) [180]

2.7 (women, 4.5; men, 
0.7) (stable for 
20 years)

40.2 (women, 65.4; men, 12.1)

Canada (Calgary) [181] 3.03 (women, 4.84; 
men, 1.04) (stable from 
1996 to 2003)

22.7 (increased from 10 over 
6 years)

United Kingdom (Newcastle) 
[178, 179, 199]

3.2 (increased from 2.3 
over 7 years)

25.1 (increased from 14.9 over 
7 years)

Numbers in brackets are references
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County, Calgary, and Newcastle is almost 14-fold greater than the annual incidence 
of PBC in Estonia (0.23 cases per 100,000 persons) [177]. Importantly, each region 
with the highest annual incidence of PBC (Olmsted County, Minnesota, Calgary, 
Canada, and Newcastle, United Kingdom) has an academic medical center with a 
long-standing interest and expertise in PBC.

The annual incidence of PBC has been stable for 7 years in Calgary, Canada 
[181] and for 20 years in Olmsted County, Minnesota [180], but it has increased in 
Newcastle, United Kingdom (2.3–3.2 cases per 100,000 persons over 7 years) [178, 
179] (Table 16.5). In adults aged ≥20 years in Newcastle, the annual incidence has 
increased from 3.1 to 4.3 cases per 100,000 persons, and in women aged ≥40 years, 
it has increased from 9.1 to 10 cases per 100,000 women [179]. These trends have 
not been statistically significant, but they have been consistent in each analyzed 
subgroup. Since the three regions with the highest annual incidence of PBC have 
academic medical centers with similar interest and expertise in PBC, the increasing 
annual incidence of PBC in one area is unlikely to reflect a difference in case detec-
tion. Continued separation of the Newcastle region from the other two regions 
would suggest a newly introduced environmental factor for PBC or a changing 
population by age, gender or genetic composition.

The annual incidence of PBC in women has been 4.5 cases per 100,000 persons 
in Olmsted County, Minnesota [180] and 4.84 cases per 100,000 persons in Calgary, 
Canada [181]. The annual incidence of PBC in women has been 4.6- to 6.4-fold 
greater than in men residing in these same regions (Table 16.5). The female-to-male 
ratio of patients with PBC has been 2.3:1 in Lombardia, Italy [182], 4.2:1 in Denmark 
[182], and 9–10:1  in most other studies [50, 175, 184]. The bases for the female 
predisposition for PBC and the variable sex ratios in different regions are unclear 
[170]. Recent studies have suggested that the composition of the intestinal microbi-
ome can influence the immune response in PBC [185–188]. The intestinal microflora 
may also contribute to gender bias by influencing serum sex hormone levels and 
altering the antigenic stimuli that modulate the immune response [32, 189, 190].

The annual incidence of PBC is highly dependent on age, and in Calgary, the 
highest incidence is among individuals aged 60–79  years (annual incidence, 6.3 
cases per 100,000 persons) [181]. Primary biliary cholangitis does not affect chil-
dren, and the absence of childhood PBC also distinguishes it from autoimmune 
hepatitis and PSC [59, 67, 191–193]. The bases for protection against PBC in chil-
dren are unknown, and this uncertainty must generate speculation about the patho-
genic role of post-pubescent female hormones, infections, environmental factors, 
and age-related changes in the intestinal microbiome [32, 170].

16.3.2  Prevalence of Primary Biliary Cholangitis

The prevalence of PBC ranges from 1.9 cases per 100,000 persons in Victoria, 
Australia [194] to 40.2 cases per 100,000 persons in Olmsted County, Minnesota 
[180]. Asian countries (Japan [195] and China [196]) and southern Israel [197] have 
a prevalence of PBC that is one third the prevalence of PBC in Europe and one fifth 
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the prevalence in North America (Table 16.5). In contrast, Australia, whose popula-
tion is descended mainly from European settlers, has a lower prevalence of PBC 
than Europe, North America, Asia and southern Israel [194, 198]. Prevalence has 
been 5.4-fold higher in women than men in the United States (65.4 cases per 100,000 
women versus 12.1 cases per 100,000 men) [180], and it has been 15-fold higher in 
patients aged 60–79 years than in patients aged 20–39 years in Canada (57.3 cases 
per 100,000 persons versus 3.8 cases per 100,000 persons) [181].

Australian-born women aged ≥24  years have a prevalence of 5.1 cases per 
100,000 persons (95% CI: 3.75–6.79) [194], but this estimate is still lower than that 
reported in Europe [44, 173, 178, 179, 182, 183], North America [180, 181], and 
Japan [195] (Table 16.5). Australian-born individuals also have a lower prevalence 
of PBC (3.72 cases per 100,000 persons) compared to individuals who have migrated 
to Australia from Britain (14.1 cases per 100,000 persons), Italy (19.9 cases per 
1000,000 persons), and Greece (20.8 cases per 100,000 persons) [198]. Genetic fac-
tors are unlikely to be the basis for protection from PBC since most Australians are 
descended from British and European settlers [194] whose native populations have 
had a higher prevalence of PBC than native Victorians [179, 198]. These findings 
have justified speculation that individuals in Australia are protected from PBC 
because they lack an environmental factor encountered elsewhere [194, 198].

The prevalence of PBC has increased by more than twofold over a 6 year period 
in Calgary, Canada (from 10 to 22.7 cases per 100,000 persons) and by 1.7-fold over 
a 7 year period in Newcastle, United Kingdom [178, 179, 199] (Table 16.5). The 
prevalence may also have increased in Lombardia, Italy [182]. An increasing preva-
lence of PBC in certain regions suggests that the disease is being recognized at 
earlier asymptomatic stages and individuals with the disease are living longer [179]. 
Whereas greater recognition of the disease can be a consequence of improved case- 
detection, improved survival may relate to changes in the behavior, management or 
cause of the disease.

16.3.3  Variations in Liver-Related Mortality in Different 
Geographical Regions

The number of liver transplants performed in patients with PBC has been decreas-
ing [3, 200], and this finding suggests that earlier detection and improved manage-
ment have had an impact on prevalence. This possibility has not been established (or 
excluded) by comparisons of mortality between regions with rising and stable prev-
alence of PBC. The annual mortality of PBC in Calgary, Canada has been 3.4%; the 
standardized mortality ratio (SMR) has been 2.1 (95% CI: 1.2–3.4); the frequency 
of liver transplantation over 5.8 years (range, 10 days–10.9 years) has been 4.4%; 
and the 5- and 10-year survivals have been 83% and 73%, respectively [181]. The 
5- and 10-year survivals of women with PBC in Calgary are 87% and 80%, respec-
tively, compared to those of men (64% and 0%, respectively). Calgary has had a 
greater increase in prevalence of PBC than Newcastle, England and Lombardia, 
Italy. Survival has also been better in this region.
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The SMR for PBC has been 2.85 (95% CI: 2.54–3.19) in Newcastle, United 
Kingdom [179], and the 5- and 10-year survivals have been 70% and 61%, respec-
tively, in Lombardia Italy [182]. Women with PBC in Lombardia have had 5- and 
10-year survivals of 77% and 67%, respectively, compared to those of men (55% 
and 47%, respectively). In contrast, the estimated 10-year survival of PBC in 
Olmsted County, Minnesota, which has had a stable prevalence of PBC for 20 years, 
is 59% [180]. Countering the suggestion that increased survival is a basis for 
increasing prevalence of PBC in certain communities is the lack of statistically valid 
comparisons of survival between the regions of interest.

The marked predilection of women for PBC [50, 175, 177, 180, 182], the lower 
occurrence but higher mortality of men than women with the disease [181, 182], the 
relative protection of native-born Australians from PBC [194, 198], and the sparing 
of children [170] are epidemiological observations that lack an explanation, and 
these findings should direct future investigations.

16.3.4  Environmental Factors and the Occurrence of Primary 
Biliary Cholangitis

Environmental agents and conditions have been implicated as risk factors for PBC, 
and they may help explain the clustering of cases in certain areas within the same 
geographical region [201, 202].

16.3.4.1  Tobacco Smoking
Tobacco smoking has been strongly implicated as an environmental risk factor for 
PBC (Table 16.6). Regular smoking and a history of previous smoking have been 
more frequent in patients with PBC than control populations [203–209], and 
patients with PBC have had a higher frequency of persistent passive exposure to 
tobacco smoke [209, 210]. Furthermore, smoking history and the amount of 
tobacco consumed have been associated with advanced hepatic fibrosis [211, 
212]. Smoking intensity, defined by the number of pack-years, has been higher in 
patients with advanced hepatic fibrosis (stages 3 and 4) than in patients without 
these histological findings, and the likelihood of advanced hepatic fibrosis at pre-
sentation has increased by 5% (95% CI: 1.3–8.7%) for each increase in pack-year 
exposure [212]. Smoking has also been more frequent in other immune-mediated 
diseases, including rheumatoid arthritis (RA), systemic lupus erythematosus 
(SLE), multiple sclerosis (MS), and Graves’ disease [213]. These observations 
have supported concerns that tobacco smoke has deleterious effects on the immune 
system.

Smokers in general have increased plasma levels of the pro-inflammatory cyto-
kines, interleukin (IL)-1, IL-6, IL-8, and interferon-gamma (IFN-γ) [214–216]. The 
anti-inflammatory cytokine, IL-10, is also increased, but plasma IFN-γ (not IL-10) 
levels are higher in female smokers than male smokers [208, 217]. The predomi-
nance of IFN-γ in women in conjunction with other pro-inflammatory cytokines 
favor a type 1 cytokine pathway of lymphocyte differentiation and proliferation in 
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PBC [218]. Predominance of the type 1 cytokine pathway can in turn promote 
hepatic fibrosis [219]. Tobacco smoking can also suppress the secretion of cyto-
kines, IL-12 and IL-23, by dendritic cells and weaken the immune response to bac-
terial lipopolysaccharide [220]. A compromised immune defense could favor the 
occurrence of infections that might also trigger PBC [220]. Chronic expression of 
IFN-γ in a mouse model can produce an autoimmune cholangitis with female pre-
dominance that mimics human PBC [221].

Table 16.6 Environmental risk factors for primary biliary cholangitis

Risk factor Possible mechanism(s) Evidence
Cigarette 
smoking

Releases polycyclic aromatic 
hydrocarbons (including benzene) and 
ROS [216, 222, 223]
Pro-inflammatory cytokines increased 
[215]
Protective dendritic cell functions less 
[220]
Risk of infection increased [220]
Xenobiotic transformation of 
mitochondrial antigen into neo-antigen 
[216, 224]

History of smoking associated with 
PBC [205]
Regular smoking more common in 
PBC [209]
More lifetime exposure to second 
hand smoke [209]
Associated with advanced fibrosis 
[211, 212]
Dose-dependent effect on fibrosis 
risk [212]
Linked to RA, SLE, MS, Graves’ 
disease [213]

Toxic waste 
exposure

Possible exposures to benzene, 
trichloroethylene, and other aromatic 
and halogenated hydrocarbons [227]
Toxic liver injury may trigger 
autoreactive immune response [227]

Increased frequency of PBC on liver 
transplant list in zip code areas in or 
adjacent to Superfund toxic waste 
sites in New York [227]

Water source Soft water, low fluoride levels found 
[226]
Uncertain pathogenic effects [216]

PBC >10-fold more common in 
areas of Sheffield, England receiving 
water from one reservoir [184]

Nail polish
Hair dye

May alter or complex with self- 
proteins changing structure to induce 
immune response (xenobiotic effect) 
[228]

Controlled interview-based study 
showed increased association with 
PBC [205]

HRT Uncertain pathogenic effect [233]
Improves liver tests in PBC [234]

HRT use more frequent in PBC 
[205]
May be prescribed more commonly 
[205]

Urban living Presumed exposure to industrial 
pollution, infectious agents, toxic 
waste [230]

Associated with higher prevalence 
than in rural community [230]

Seasonality May relate to seasonal infections, 
pollutants, exercises, diets, sunlight/
UV exposure [235]

Peak diagnosis of PBC in northeast 
England during month of June [235]

HRT hormonal replacement therapy, MS multiple sclerosis, PBC primary biliary cholangitis, RA 
rheumatoid arthritis, ROS reactive oxygen species, SLE systemic lupus erythematosus, UV 
ultraviolet
Numbers in brackets are references
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Numerous other cytotoxic agents are also inhaled during tobacco smoking, 
including nicotine, polycyclic aromatic hydrocarbons (benzene), and reactive oxy-
gen species (ROS) [222, 223]. Chemical transformation of benzene through haloge-
nation can have a xenobiotic effect, and it may contribute to the development of 
PBC by altering mitochondrial antigens and inducing an autoreactive response 
[224]. ROS may also contribute by altering mitochondrial function, inducing apop-
tosis, provoking nitrosative stress, and stimulating hepatic fibrosis [225].

16.3.4.2  Water Sources, Toxic Waste Sites, Nail Polish, 
and Hormonal Replacement Therapy

The unusual occurrence of PBC in certain areas within a geographical region has 
supported the concept that a toxic agent might predispose to the disease by exerting 
a xenobiotic effect [24, 224, 226, 227]. Xenobiotics are foreign substances (chemi-
cals, drugs, and pollutants) that are not naturally produced or consumed. Their 
introduction into the system is usually fortuitous and unsuspected, and they can 
have deleterious consequences. The mitochondrial component, pyruvate dehydro-
genase complex-E2 (PDC-E2), can be altered in vitro by a xenobiotic [224, 228], 
and this molecular alteration could create a neo-antigen that enhances or extends an 
autoreactive response [229]. Modification of the PDC-E2 peptide with 2-octynoic 
acid induces a greater reactivity against PBC sera than against control sera, and the 
use of 2-octynoic acid in perfumes, lipstick, and food colorings ensures ample 
opportunity for environmental exposure to this xenobiotic [224].

Epidemiological studies have supported the concept of a xenobiotic effect in 
PBC (Table 16.6). A single water source in Sheffield, England has supplied an area 
in which the prevalence of PBC has been >10-fold higher than the prevalence of 
PBC in areas supplied by other water sources [226]. Neighborhoods in close prox-
imity to a toxic waste site have had more patients with PBC awaiting liver transplan-
tation than other neighborhoods of New York [227], and case-control studies have 
indicated a statistical association between the occurrence of PBC and yearly expo-
sures to nail polish (P < 0.0001) and hair dye (P = 0.04) [205]. The higher preva-
lence of PBC in urban communities (14.4 cases per 100,000 persons) than in rural 
communities (3.7 cases per 100,000 persons) supports speculation that PBC-causing 
xenobiotics are more plentiful in the urban environment [230].

Drugs may also exert a xenobiotic effect or cause drug-induced liver injury 
which may in turn promote a pro-inflammatory immune response [231]. A case- 
control study by questionnaire has demonstrated a statistically higher frequency of 
hormonal replacement therapy (HRT) in patients with PBC than in unaffected 
women [205] (Table  16.6). The pathogenic significance of this finding remains 
speculative since HRT is frequently prescribed in PBC as part of a management 
strategy to prevent or improve osteoporosis [232]. Estrogen receptors are present in 
the biliary epithelial cells of patients with PBC (in contrast to normal liver), but they 
disappear in advanced stages and their role in disease progression is unclear [233]. 
Furthermore, estradiol therapy has actually improved liver tests in PBC [234].

16 Autoimmune Hepatitis and Immune-Mediated Cholestatic Liver Diseases



272

16.3.4.3  Seasonal Variation
The diagnosis of PBC has a seasonality that may influence its detection at early 
stages and its prognosis (Table 16.6). The symptoms of PBC have been recognized 
most commonly in the Spring and early Summer in northeast England [230, 235], 
and the peak month for diagnosing PBC in this region has been June [235]. 
Furthermore, the distribution of patients with survivals >10 years has had a similar 
seasonality that has not been evident in the distribution of patients with survivals 
<5 years [235]. These findings have suggested that the summer occurrence of symp-
toms may have contributed to an early diagnosis of PBC that in turn favored an 
improved survival.

The seasonality of the diagnosis of PBC in northeast England could not be attrib-
uted to changes in the number of patients attending medical clinics or admitted to 
hospital, and a transient seasonal factor with a short lag time between exposure and 
effect has been suspected [235, 236]. Infections [237–241] and air pollutants whose 
occurrence can vary with weather conditions [242, 243] have been prime consider-
ations, but other seasonal factors (activities, dietary adjustments, and exposure to 
sunlight and ultraviolet radiation) cannot be overlooked. Similar epidemiological 
studies have not been performed in other countries to assess the regional specificity 
of the observations.

16.3.5  Infectious Agents and the Occurrence of Primary Biliary 
Cholangitis

Infectious agents may trigger an immune-mediated disease by sensitizing 
immune cells to peptide sequences within the pathogen that resemble those 
within the host (molecular mimicry) [9, 244]. They may also cause tissue dam-
age, create or expose neo-antigens within the host, and promote a pro-inflamma-
tory immune response that breaks self-tolerance [4]. Some infectious agents 
may metabolize xenobiotics, and these metabolic products may then alter the 
immunogenicity of normal host proteins (xenobiotic effect) [238]. An infectious 
etiology has long been considered in PBC [245–247], and this speculation has 
been supported by several epidemiological studies. Escherichia coli has been 
the most commonly implicated organism, and it induces the expression of anti-
bodies to PDC-E2 and histological changes of cholangitis in a mouse model 
[244]. Multiple other pathogens have also been proposed [247], but only 
Novoshingobium aromaticivorans [238, 241, 248, 249] and β-retrovirus 
 [250–254] have been well studied.

16.3.5.1  Escherichia coli and Urinary Tract Infections
Escherichia coli and PDC-E2 have structural similarities, and these homologies 
between the pathogen and the host (molecular mimicry) may generate a promiscu-
ous immune response that breaks self-tolerance of PDC-E2 and triggers PBC [9, 
244, 255, 256] (Table 16.7). In the United Kingdom, the frequency of urinary tract 
infection (UTI) has been higher in women with PBC (19%) than in women with 
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other chronic liver (7%) or non-liver (8%) diseases, and most UTIs have been 
caused by Escherichia coli [257, 258]. Furthermore, most women with PBC have 
had multiple, often asymptomatic UTIs that have disappeared and re-appeared 
spontaneously in patterns unaffected by antibiotic therapy [259].

Similar associations between UTIs and PBC have been recognized in the United 
States [205, 209, 216] and France [210] (Table 16.7). Multiple UTIs have been com-
mon in women with PBC (>1 episode per year in the United States [209] to >5 
episodes per lifetime in France [210]), and the infections have occurred mainly 
before the diagnosis of PBC [260]. The highest adjusted odds ratio (OR) for the 
occurrence of PBC (OR: 2.60 [1.02–6.63]) has been in British women aged 

Table 16.7 Infectious agents and the occurrence of primary biliary cholangitis

Infectious agent Laboratory evidence Clinical evidence
Escherichia coli Structural homologies with PDC-E2 [9]

Induces antibodies to PDC-E2 and 
cholangitis in mouse model [244]

UTIs more common in 
PBC [257, 258]
Most UTIs caused by 
E. coli [257]
Multiple UTIs are risk 
factors [259]
Association exists across 
regions [209, 210]

Novoshingobium 
aromaticivorans

Metabolizes xenobiotics [238]
Two homologies with PDC-E2 [241]
PBC sera reactive against bacteria [238]
Infected mice develop cholangitis [244]

PBC sera react to bacterial 
proteins [240]
Reactivity consistent with 
AMA [240]
FDRs may also react 
(1.2%) [240]
Bacteria in 25% PBC fecal 
specimens [240]

Human β-retrovirus Viral sequences in diseased livers [251]
Exogenous virus signature [251]
Retroviral antibodies in serum [250]
Retroviral sequences in genome [253]
Virus-like particles in biliary cells [237]

Better after anti-retroviral 
therapy [254]
Retroviral infection not in 
all PBC [252]
Retrovirus not disease-
specific [262]

Less robust candidates
• Epstein-Barr virus
•  Mycobacterium 

gordonae
•  Helicobacter pylori
•  Chlamydia 

pneumoniae
•  Mycoplasma 

pneumoniae

Increased EBV DNA in PBMC, liver 
tissue, and saliva of PBC patients [263]
PBC sera react against M. gordonae [264]
M. gordonae and AMA cross- react [264]
H. pylori in PBC liver tissue [265]
C. pneumoniae antigen and RNA in 
PBC liver tissue [266]
PDC subunits on mycoplasma [267]
Reactivity to mycoplasma in PBC [267]

No epidemiological studies 
or treatment trials [247]

AMA antimitochondrial antibodies, EBV DNA Epstein-Barr virus deoxyribonucleic acid, FDRs 
first degree relatives, PBC primary biliary cholangitis, PBMC peripheral blood mononuclear cells, 
PDC-E2 pyruvate dehydrogenase complex E2 subunits, RNA ribonucleic acid, UTIs urinary tract 
infections
Numbers in brackets are references
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<55 years who have had pyelonephritis 5 years prior to the diagnosis of PBC [260]. 
Animal studies have supported the epidemiological findings by demonstrating the 
development of autoimmune cholangitis and antimitochondrial antibodies (AMA) 
in genetically susceptible mice after infection with Escherichia coli [244].

16.3.5.2  Novoshingobium aromaticivorans
Novoshingobium aromaticivorans is an alphaproteobacterium. Alphaproteobacteria 
are ubiquitous, gram-negative, non-spore-forming, rod-shaped, aerobic organisms 
that are found mainly in soil sediments [239]. Novoshingobium aromaticivorans 
degrades aromatic compounds which may then act as xenobiotics, and it also activates 
environmental estrogens [238, 241] (Table  16.7). Two lipoylated proteins within 
Novoshingobium aromaticivorans have homology with PDC-E2, and sera from 
patients with PBC have uniformly reacted against these bacterial proteins in titers 
100- to 1000-fold higher than against Escherichia coli [238]. Furthermore, geneti-
cally-modified mice infected with Novoshingobium aromaticivorans have developed 
biliary changes, albeit less severe than in mice infected with Escherichia coli [244].

In Iceland, the sera of patients with PBC have reacted against the proteins of 
Novoshingobium aromaticivorans in a fashion consistent with their AMA status, 
and the one of 85 first-degree relatives (1.2%) who had AMA also had reactivity to 
the proteins of Novoshingobium aromaticivorans [239, 240] (Table  16.7). 
Novoshingobium aromaticivorans has been isolated in 25% of fecal specimens from 
patients with PBC, but it has also been recovered with similar frequency in healthy 
individuals from the same household (26%) and healthy individuals from different 
households (27%) [238].

There have been no epidemiological studies within the same geographical region 
or between regions to define the distribution or clustering of PBC that is associated 
with Novoshingobium aromaticivorans. Furthermore, there have been no studies 
that suggest routes of bacterial transmission, identify genetic, ethnic or age-related 
predispositions, characterize the clinical phenotype, or determine differences in out-
come. Causal relationships are difficult to establish by demonstrating molecular 
mimicries in the laboratory, coincident colonization of comparable frequency in 
patients and healthy individuals, and compatible but nonspecific biliary changes in 
genetically-modified animal models.

16.3.5.3  Human β-Retrovirus
Human β-retrovirus emerged as an etiological consideration in PBC when explor-
ative studies in the livers of patients with PBC failed to demonstrate bacterial 
infection [254]. Subsequent studies using subtractive hybridization techniques 
found viral sequences in the diseased livers that were consistent with an exogenous 
virus that had nucleotide similarities with a β-retrovirus associated with breast 
cancer in mice [251] (Table 16.7). Later studies in PBC demonstrated retroviral 
antibodies in serum samples [250], virus-like particles in biliary epithelial cells 
[237], and retroviral sequences in the genome of biliary epithelium [253]. 
Biochemical responses to a treatment combination of reverse transcriptase 
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inhibitor and protease inhibitor in patients with PBC provided a proof of principle 
that retrovirus might cause PBC [254, 261].

Subsequent studies have challenged the role of β-retrovirus in PBC. Immunological 
and molecular evidence of retroviral infection has been absent in one study [252], 
and retrovirus has been detected in liver diseases other than PBC in another study 
[262] (Table  16.7). Furthermore, the frequency of retroviral detection has been 
higher in other liver diseases than in PBC (27% versus 12%) [262]. There have been 
no epidemiological studies demonstrating the incidence, prevalence, distribution 
and consequences of human β-retroviral infection in PBC, and the pathogenic rela-
tionship between this viral agent and PBC remains uncertain.

16.3.5.4  Other Infectious Candidates
Epstein-Barr virus (EBV) [263], Mycobacterium gordonae [264], Helicobacter 
pylori [265], Chlamydia pneumoniae [266], and Mycoplasma pneumoniae [267] 
have all been proposed as causative agents of PBC, but none has been validated or 
aggressively pursued [247] (Table 16.7). Infection may be a consequence of chronic 
liver disease rather than its cause. Furthermore, the burden of infection with one or 
more organisms may be the critical factor triggering the disease rather than any 
individual agent [268].

16.3.6  Variations in Genetic Predisposition in Different 
Geographical Regions and Ethnic Groups

Epidemiological studies have implicated genetic factors in the occurrence of PBC 
[269–271], and these observations have been supported by genome-wide associa-
tion studies in North American, European, and Japanese cohorts [272–275]. PBC 
has occurred in 5 of 8 monozygotic twin sets within families that have had at least 
one index case of PBC, and it has not occurred in 8 dizygotic twin sets selected by 
the same criteria [270] (Table 16.8). The concordance rate of 0.63 among individu-
als that have genetic identity and shared environmental background (monozygotic 
twins) contrasts with the absence of disease in individuals that lack genetic identity 
but have shared environmental background (dizygotic twins). The findings strongly 
implicate genetic factors in the occurrence of PBC, and they are supported by other 
studies of familial occurrence.

PBC has clustered in families, including 5 of 8 sisters of Palestinian origin [202], 
and familial occurrence has been documented in 0.72% of first degree relatives in 
Newcastle, England [276]; 1% in Brazil [277]; 1.3% in London, England [278]; 
5.1–5.8% in different regions of Japan [269, 279]; 6.4% in New York, New York 
[280]; and 9.9% in Crete, Greece [271] (Table 16.8). First degree family members 
may also manifest autoantibodies, hypergammaglobulinemia, and extrahepatic 
autoimmune diseases that suggest a genetic propensity for immune reactivity. AMA 
have been demonstrated in 13% of first degree relatives in Olmsted County, 
Minnesota [281] and 18.8% in Larissa, Greece [282]. Immune mediated diseases of 
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a non-liver nature have also been present in 4% of first degree relatives in Brazil 
[277] and 14% of first degree relatives in Newcastle, England [283].

These findings are consistent with a hereditary propensity for the development of 
PBC, but they do not indicate a disease-related genotype of strong penetrance 
(Table 16.8). Only 1.2% of the offspring of PBC patients develop PBC [276], and 
the frequency of first degree relatives developing PBC is only 0.7% in the absence 
of AMA [284]. First degree relatives have a greater frequency of developing PBC if 
they express AMA (24%), but only if the serum alkaline phosphatase level is also 
increased [284]. The occurrence of PBC may be favored by hereditary factors, but 
other infectious, toxic or environmental agents may be necessary to trigger the dis-
ease. The variations in the occurrence of PBC, its laboratory manifestations, and 
other immune-mediated diseases in first degree relatives from different geographi-
cal regions and ethnic groups support these considerations.

PBC has been associated with the DRB1*08-DQB1*0402 haplotype, and this hap-
lotype extends weakly to include DPB1*0301 in British patients and DPB1*0501 in 
Japanese patients [285] (Table  16.8). Polymorphisms of genes that can affect the 
immune response in PBC are located on chromosomes 6p21.3 and 2q [286], and a 
polymorphism of the cytotoxic T lymphocyte antigen-4 (CTLA-4) gene has been 

Table 16.8 Genetic associations with primary biliary cholangitis

Sources Principal associations Clinical implications
Twin studies PBC in 5 of 8 MZ twin sets [270]

PBC in 0 of 8 DZ twin sets [270]
High concordance with genetic identity 
(0.63) [270]

Genetic identity a risk factor 
[270]
Shared environment less 
critical [270]

Familial occurrence PBC in 5 of 8 Palestinian sisters [202]
PBC in 0.72–10% of FDR [271, 276]
AMA in 13–19% of FDR [281, 282]
Autoimmune diseases in 4–14% of 
FDR [277, 283]
PBC in 1.2% of offspring [276]

Hereditary propensity for 
PBC [280]
Low penetrance of genotype 
[276]

HLA associations DRB1*08-DQB1*0402 haplotype 
[285]
Extends weakly to DPB1*0301 in 
British [285]
Extends weakly to DPB1*0501 in 
Japanese [285]
DRB1, DQA1, DQB1 loci by GWAS 
[275, 287, 288]

Contributory not causative 
[275]
Weak association [285]

Non-HLA 
associations

Located on chromosomes 6p21.3 and 
2q [275]
IL-12A, IL-12RB2 are major factors 
[289]
CTLA-4 implicated [17, 130]

Lack disease specificity [275]
Modulate immune reactivity 
[290]

AMA antimitochondrial antibodies, CTLA-4 cytotoxic T lymphocyte antigen-4 gene, DZ dizygotic, 
FDR first degree relatives, HLA human leukocyte antigen, IL interleukin, MZ monozygotic, PBC 
primary biliary cholangitis
Numbers in brackets are references
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implicated in PBC [17, 130]. Genome wide association studies have demonstrated 
genetic associations in PBC within and outside the MHC, and at least 27 risk loci unre-
lated to the human leukocyte antigen (HLA) have been associated with PBC [275, 287, 
288]. The HLA variants that have been described in PBC by GWAS are at DRB1, 
DQA1 and DQB1 loci, and the non-HLA loci have been mainly genes that affect the 
production of IL-12 and the family of cytokines that modulate immune reactivity [275]. 
Variants of IL-12A and IL-12RB2 have had strong associations with PBC [289], and 
they encode subunits on CD4+ T lymphocytes that induce molecular signaling path-
ways that promote the immune response [275, 290]. These loci have not been disease-
specific, have been shared in other immune-mediated diseases, and can vary in different 
ethnic groups. They probably constitute a genetic background that favors immune reac-
tivity after exposure to one or more environmental or infectious agents.

16.3.7  Possible Epigenetic Changes Affecting Predisposition 
and Outcome

Epigenetic changes that affect the expression of the chemokine receptor CXCR3 
may influence the migration of activated T lymphocytes and natural killer (NK) 
cells to sites of liver injury in PBC [291], and the miRNAs miR-451a and miR- 
642a- 3p may silence immune regulatory genes and contribute to disease severity 
[292]. Demethylation of the DNA molecule enwrapped with histones within the 
nucleosomes of chromatin can enhance the accessibility of transcription factors to 
DNA binding sites, increase the activity of ribonucleic acid polymerase (RNAP), 
and promote the transcriptional activity of immunomodulatory genes [21, 293, 
294]. In PBC, the CXCR3 gene promoter in the X chromosome of CD4+ T lympho-
cytes is demethylated [291], and this epigenetic change may affect the migration of 
liver-infiltrating inflammatory cells and the severity of PBC [295]. Similarly, the 
over-expression of miR-451a and miR-642a-3p in exosomes isolated from the 
plasma of patients with PBC may silence anti-inflammatory genes and increase dis-
ease severity as described in patients with rheumatoid arthritis [296]. Epigenetic 
changes are under-evaluated factors in the autoimmune liver diseases, and they may 
be affected by environmental cues, inherited as stable traits, and help shape suscep-
tibility and phenotypic diversity.

16.4  Epidemiology of Primary Sclerosing Cholangitis

The epidemiology of PSC has been difficult to study because its diagnosis has been 
dependent on evolving criteria and techniques [297–303]. Older studies may not 
have applied the same diagnostic tools or had the same interpretative expertise as 
more recent studies [61], and the same diagnostic methods may not have been applied 
uniformly in all centers in the same study or in different studies. Furthermore, certain 
aspects of the disease, such as small duct PSC [304], PSC unrelated to inflammatory 
bowel disease [305], PSC in children [192] and asymptomatic PSC [303], may have 
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been overlooked in some medical centers. Consequently, variations in the incidence 
and prevalence of PSC between studies in different regions may reflect differences in 
diagnostic methods and case identification rather than actual regional differences in 
the occurrence of the disease. These interpretive difficulties may be more pronounced 
in population-based studies of PSC than in population- based studies of autoimmune 
hepatitis and PBC [306].

16.4.1  Annual Incidence of Primary Sclerosing Cholangitis

The annual incidence of PSC has ranged from 0 cases per 100,000 persons among 
Alaskan natives [38, 307] to 1.3 cases per 100,000 persons in Norway [44] 
(Table  16.9). The most recent studies in Sweden (1992–2005) [305] and the 
Netherlands (2008–2011) [308] indicate a more than twofold difference in the 
annual incidence of PSC between the countries (1.22 cases per 100,000 persons in 
Sweden versus 0.5 cases per 100,000 cases in the Netherlands). Swedish men have 
a threefold higher incidence of PSC than Dutch men (1.78 cases per 100,000 per-
sons versus 0.6 cases per 100,000 persons), whereas Swedish women have a 1.7- 
fold higher incidence of PSC than Dutch women (0.69 cases per 100,000 persons 
versus 0.4 cases per 100,000 persons) [305, 308].

The United Kingdom [309, 310], the Netherlands [308]), the United States [311, 
312] and Canada [313] have annual incidences of PSC that are less than 1 case per 
100,000 persons (0.41–0.91 cases per 100,000 persons in the United Kingdom, 0.5 
cases per 100,000 persons in the Netherlands, 0.41–0.9 cases per 100,000 persons 
in the United States, and 0.92 cases per 100,000 persons in Canada) (Table 16.9). 
Spain is an exception among the European countries as the annual incidence of PSC 
was only 0.07 cases per 100,000 persons in a questionnaire study performed between 
1984 and 1988 [314]. Small duct PSC has an incidence of 0.15 cases per 100,000 
persons in Calgary, Canada, whereas the overall incidence of PSC in this region is 
more than sixfold greater at 0.92 cases per 100,000 persons [313].

In contrast to the European and North American experiences, the Scandinavian 
countries (Sweden, Norway) have an annual incidence of PSC that is greater than 1 
case per 100,000 persons (1.22 cases per 100,000 persons in Sweden and 1.31 cases 
per 100,000 persons in Norway), and the incidences are similar to each other despite 
differences in the time intervals of each study [44, 305] (Table 16.9). In all studies, 
PSC has been more common in men than women, and in the few pediatric studies, 
children have been less commonly affected than adults. The annual incidence of 
PSC among children in the United States (Utah) is 0.2 cases per 100,000 persons 
[49], and this incidence is lower than the annual incidence of 0.9 cases per 100,000 
persons among adults in the United States (Olmsted County, Minnesota) [311]. The 
annual incidence of PSC in Canadian children is 0.23 cases per 100,000 persons, 
and it is also lower than the annual incidence of PSC in Canadian adults (1.11 cases 
per 100,000 persons) [313]. The similar incidence of PSC in the children of Utah 
and Canada suggests that possible differences in ethnicity or cultural background 
were inconsequential.
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A meta-analysis restricted to eight population-based studies [44, 305, 309–311, 
313–315] has estimated the overall annual incidence of PSC as 1.0 case per 100,000 
persons [316]. The incidence of PSC was considered to be similar in North America 
and Europe, and the incidence ratio for males versus females was 1.7 (range, 1.34–
2.07). The median age at diagnosis was 41 years (range, 35–47 years), and the fre-
quency of concurrent inflammatory bowel disease was 67%. Importantly, the 
average annual percentage change (AAPC) in the incidence of PSC had increased in 
four studies, ranging from 3.06% to 27.2% [316]. A population-based study in 

Table 16.9 Incidence and prevalence of primary sclerosing cholangitis in different regions 
 (lowest to highest annual incidence)

Geographical region
Annual incidence
Per 100,000 persons

Prevalence
Per 100,000 persons

Alaska (Natives) [38, 307] 
(1984–2000)

0 Not reported

Spain [314] (1984–1988) 0.07
Increased from 0.02 to 0.07 
over 5 years

0.22 (December 31, 1988)
Increased from 0.08 to 0.22 
over 5 years

United States (Utah) [49] 
(1986–2011)

0.2 (children) 1.5 (children)

United Kingdom [309, 310] 
(1991–2001 and 1984–2003)

0.41–0.91
No significant increase over 
10 years

3.85 (2001)–12.7 (July 1, 
2003)
United Kingdom versus 
South Wales

Netherlands [308] 
(2008–2011)

0.5 (men, 0.6; women, 0.4)
0.25, female adolescents
0.93, men aged 40–49 years

6.0 (January 1, 2008)
Increasing prevalence 
(possible greater frequency 
of IBD)

United States [311, 312] 
(1991–2000 and 2000–2006)

0.41–0.9 (men, 0.45–1.25; 
women, 0.37–0.54)
No increase in men or women

4.03 (men, 4.92; women, 
3.19) to 13.6 (men, 20.9; 
women, 6.3)
California versus Minnesota

Canada (Calgary) [313] 
(2000–2005)

0.92 (adults, 1.11; children, 
0.23)
Small duct PSC, 0.15

Not reported

Japan [367] (2007) Not reported 0.95 (2007)
Sweden [305] (1992–2005) 1.22 (men, 1.78; women, 0.69)

Increased overall AAPC, 3.06
Increased AAPC for women:
• IBD-associated PSC, 7.01
• Large duct PSC, 6.32
Increased AAPC for men:
• Non-IBD related, 9.69
• Small duct PSC, 17.88

16.2 (December 31, 2005) 
(men, 23.7; women, 8.9)

Norway [44, 315] 
(1986–1995)

0.7–1.31 5.6–8.5 (December 31, 1995)

AAPC average annual percentage change, IBD inflammatory bowel disease, PSC primary scleros-
ing cholangitis
Numbers in brackets are references
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Sweden has indicated that the AAPC for large duct PSC has increased by 6.32% in 
women and that the AAPC for small duct PSC has increased by 17.88% in men 
[305] (Table 16.9).

The disparities between studies may reflect differences in the time intervals of 
each study, the methods that were applied for detection of PSC, and the level of 
expertise and interest in PSC among the participating institutions. Alternatively, the 
disparities may reflect true differences in susceptibility to the disease. Predispositions 
for PSC may be influenced by genetic factors [15, 132, 317–326], exposure to envi-
ronmental agents [327–329], alterations in the intestinal microbiome [330–332], 
and the presence of inflammatory bowel disease, especially ulcerative colitis [333, 
334]. These predisposing factors may vary among age groups, races, and regions 
within a country or between countries [321].

Inflammatory bowel disease (IBD), mainly ulcerative colitis, has been pres-
ent in 67–80% of patients with PSC in Europe and North America [311, 316, 
335], and men with PSC have had IBD more commonly than women with PSC 
in the United States (73% versus women 52%) [312]. Since 2.4–7.5% of patients 
with IBD have PSC [303, 336, 337], an increasing frequency of IBD in a popula-
tion may impact on the annual incidence of PSC in that region. The annual 
incidence of ulcerative colitis has increased from 22.1 cases per 100,000 per-
sons in Finland to 27.4 cases per 100,000 persons from 2001 to 2007 [338]. The 
annual incidence of ulcerative colitis is also higher in Finnish men than women 
(27.8 cases per 100,000 persons versus 21.9 cases per 100,000 persons). An 
increasing frequency of men with ulcerative colitis may explain in part an 
increasing annual incidence of PSC in some regions. An increase in the annual 
incidence of IBD has also been reported in Denmark [339] and suggested in the 
Netherlands [308].

16.4.2  Prevalence of Primary Sclerosing Cholangitis

The prevalence of PSC has been as low as 0.22 cases per 100,000 persons in Spain 
[314] to as high as 16.2 cases per 100,000 persons in Sweden [305] (Table 16.9). 
Sweden (16.2 cases per 100,000 persons) [305], Olmsted County, Minnesota in 
the United States (13.6 persons per 100,000 persons) [311], and Norway (8.5 
cases per 100,000 persons) [44] have had the highest prevalence of the disease, 
and these regions have also had tertiary medical centers with long-standing exper-
tise and interest in PSC. Men have had a 2.7-fold greater prevalence of PSC than 
women in Sweden [305] and a 3.3-fold greater prevalence in Olmsted County, 
Minnesota [311].

Prevalence in a geographic region has not closely reflected the incidence of the 
disease in that region (Table 16.9). Countries with similar annual incidences of 
PSC (United Kingdom [309] and the Netherlands [308], and Sweden [305] and 
Norway [44]) have had 1.9–2.3-fold differences in prevalence. A striking increase 
in the prevalence of PSC in Spain from 0.08 cases per 100,000 persons to 0.22 
cases per 100,000 persons over a 5 year period may have reflected improved case 
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detection [314], but a more recent population-based study in the Netherlands using 
current diagnostic criteria and methods has also suggested that the prevalence of 
PSC is increasing [308]. A factor that may account for this apparent increase in 
prevalence is improved survival through early diagnosis and the availability of 
liver transplantation.

16.4.3  Variations in Clinical Phenotype

16.4.3.1  Variant (“Overlap”) Syndromes
PSC may have clinical features that resemble autoimmune hepatitis or PBC [340], 
and the mixed manifestations may be present concurrently [341, 342] or emerge 
later [343–346]. Features reminiscent of autoimmune hepatitis are present in 4–54% 
of patients with PSC [347, 348], and cholangiographic features of PSC are present 
in 2–10% of patients with autoimmune hepatitis [60, 61]. The frequency that find-
ings of PSC and PBC coexist is estimated at 0.76% based on the presence of a 
mixed syndrome in two of 261 patients with autoimmune liver disease [346]. The 
diagnostic criteria for the variant (“overlap”) syndromes of PSC have not been codi-
fied, and treatment recommendations are based on weak clinical evidence [6, 7, 301, 
349]. Immunosuppressive therapy (prednisone or prednisolone with azathioprine) 
in combination with ursodeoxycholic acid has been recommended by the European 
Association for the Study of the Liver (EASL) [350] and the American Association 
for the Study of Liver Diseases (AASLD) [301]. The epidemiology of the variant 
syndromes of PSC is unknown.

16.4.3.2  IgG4-Associated Cholangitis
IgG4-associated cholangitis has cholangiographic features that are indistinguish-
able from those of PSC [351, 352]. The inflammatory lesions usually involve the 
extrahepatic, hilar, and perihilar bile ducts by cholangiography [352], but histologi-
cal examination of the liver can indicate small bile duct damage in 26% [353]. The 
histological manifestations of small bile duct injury are most common (80%) in 
patients with intrahepatic strictures [353], and the histological spectrum includes 
portal inflammation, >10 IgG4-staining plasma cells, and distinctive portal-based 
fibro-inflammatory micro-nodules composed of fibroblasts, plasma cells, lympho-
cytes, and eosinophils [354, 355].

IgG4-associated cholangitis is within the spectrum of IgG4-related diseases that 
have been characterized as fibro-inflammatory processes with a dense lymphoplas-
macytic infiltrate enriched with IgG4-staining plasma cells, storiform fibrosis, and 
obliterative phlebitis [355, 356]. The IgG4-related diseases have affected the colon, 
salivary glands, periorbital tissues, kidneys, lungs, thyroid, prostate, skin, and peri-
cardium in addition to the pancreas, liver, and biliary tract [356]. The diagnostic 
criteria of the Japan Biliary Association for IgG4-associated cholangitis include 
coexistence of IgG4-related disease outside the biliary tract [357]. The other criteria 
are characteristic cholangiographic changes, elevated serum IgG4 level, and typical 
histopathological findings.
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Autoimmune pancreatitis occurs in 19–92% of patients with IgG4-associated 
cholangitis, depending in part on the presence or absence of jaundice [351, 358], 
and the lungs, kidneys, colon, mesentery, retroperitoneum, and salivary glands may 
also be involved [359]. A lymphoplasmacytic infiltrate that contains >50 IgG4- 
staining plasma cells/high power field may involve the colon in patients with 
IgG4- associated cholangitis and mimic ulcerative colitis [359–361]. IgG4-related 
colitis should be differentiated from the ulcerative colitis more frequently associ-
ated with PSC.

Serum IgG4 levels are increased in 74–90% of patients with IgG4-associated 
cholangitis (versus 9–15% in patients with PSC) [358, 359, 362], and a ratio of 
serum IgG4/IgG1  >0.24 has been proposed as a feature distinguishing IgG4-
associated cholangitis from PSC [359]. IgG4-associated cholangitis must be distin-
guished from PSC and cholangiocarcinoma [363], and its characteristic 
responsiveness to glucocorticoid therapy can be a distinguishing feature and another 
criterion for its diagnosis [357]. The epidemiology of the IgG4-related diseases is 
unknown, albeit the early reports of this disease have been mainly from Japan.

16.4.4  Variations in Outcomes of Primary Sclerosing Cholangitis 
in Different Age Groups

The estimated median survival from diagnosis to liver transplantation or death from 
PSC was 21.2 years in a population-based study from the Netherlands, and the dura-
tion of transplant-free survival was 20.6 years [308]. Small duct PSC was associated 
with a better survival than large duct PSC, and the main causes of death were chol-
angiocarcinoma (32%), liver failure (18%), complications of liver transplantation 
(9%), and colorectal carcinoma (8%) [308].

The median transplant-free survival for pediatric patients with PSC has been 
12.7 years, and overall survival has been shorter than in an age- and gender-matched 
population [364]. Small duct PSC may be more common in children than adults 
(36% versus 6–11%), but the shorter transplant-free survival for children than adults 
suggests differences in the stage of PSC at diagnosis or the aggressiveness of the 
liver disease [365]. The 5-year survival with the native liver in children has been 
80%, and the 10-year survival after liver transplantation has been 89%. Unlike PSC 
in adults, the PSC in children has not been complicated by cholangiocarcinoma 
[364, 365].

Survival in adults has been better in studies based on population-based cohorts 
that are not weighted by disease severity compared to studies from tertiary medical 
centers where referrals for advanced disease are likely (median survival, 21.3 years 
in population-based cohorts versus 13.2 years in cohorts from tertiary referral cen-
ters) [308]. These observations may also apply to the pediatric experiences which 
are mainly derived from referral institutions [59, 192, 364, 365]. Variations in the 
prevalence of PSC among countries with a similar incidence of the disease may 
reflect differences in the severity and stage of the disease at presentation which may 
in turn vary with the nature of the medical centers participating in the study.
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16.4.5  Variations in the Occurrence of PSC in Different 
Geographic Regions and Ethnic Groups

Population-based epidemiological studies of PSC have been sparse in developing 
countries and different ethnic groups. PSC has been described in Japan [366, 367], 
India [368], and Singapore [369], and the major phenotypic difference between the 
PSC of Asia and western countries has been a lower frequency of concurrent IBD in 
Asia. PSC has been associated with IBD in only 20% of patients in Singapore [369], 
37% in Japan [366], and 50% in India [368]. A questionnaire-based epidemiological 
study in Japan in 2007 (which excluded sclerosing cholangitis associated with 
immunoglobulin-4) estimated the prevalence of PSC as 0.95 cases per 100,000 per-
sons [367]. This prevalence was at least fourfold lower than in western countries 
(Table 16.9). The basis for this disparity remains uncertain, albeit a lower frequency 
of IBD in these countries may have contributed.

Disparities in the occurrence of PSC have also been recognized in certain regions 
within the same country, and ethnic diversity may have been a contributing factor. 
The prevalence of PSC has been 3.3-fold greater in a region of the United Kingdom 
(South Wales) [310] than in the entire country [309], and the annual incidence (0.41 
versus 0.91 cases per 100,000 persons) and overall prevalence (4.03 versus 13.6 
cases per 100,000 persons) of PSC have varied in different regions of the United 
States (northern California [312] versus Olmsted County, Minnesota [311]).

Non-Hispanic whites in northern California (Oakland) account for 80% of the 
cases of IBD [312, 370]. African Americans account for 16% of cases, and Asians 
account for 9% [312, 370]. These ethnic variations in the occurrence of IBD may 
explain in part the regional differences in the occurrence of PSC. Importantly, the 
occurrence of IBD may not closely correlate with the occurrence of PSC as each 
disease has genetic factors that are independent of each other [319, 320]. Well- 
designed, population-based epidemiological studies are required to understand the 
regional differences within the same country.

16.4.6  External and Internal Environmental Factors in Primary 
Sclerosing Cholangitis

The major external environmental risk factor that has been implicated in PSC has 
been non-smoking (Table  16.10). Four case control studies have indicated that 
patients with PSC are more commonly non-smokers than healthy control subjects 
(66–70% versus 39–47%) [327–329, 371]. Furthermore, the odds ratio for PSC in 
current smokers compared to never-smokers is reduced (odds ratio, 0.13–0.21). The 
decreased odds for PSC in current and former smokers has been independent of the 
presence or absence of IBD, and a systemic protective effect of smoking on the 
occurrence of PSC has been proposed [327, 371]. Tonsillectomy has also been asso-
ciated with a decreased risk of PSC [329], whereas the protective effect of appen-
dectomy that had been proposed for ulcerative colitis [372] has not been recognized 
in PSC [328, 329, 371].

16 Autoimmune Hepatitis and Immune-Mediated Cholestatic Liver Diseases



284

Investigational scrutiny has also focused on the intestinal microbiome as a reser-
voir of microbial antigens, metabolic products, and activated immune cells that 
could affect susceptibility to IBD and PSC [32] (Table  16.10). Biliary epithelial 
cells in PSC express toll-like receptors (TLR4 and TLR9) that can respond to 
bacterial- derived lipopolysaccharide and produce pro-inflammatory cytokines [331, 
373]; atypical perinuclear anti-neutrophil cytoplasmic antibodies (pANCA) are 
directed against β-tubulin which cross-reacts with an intestinal bacterial antigen 
(FtsZ) [330]; and commensal bacteria in a murine model of PSC are protective 
against the disease [332]. Preliminary translational studies have supported the 
potential pathogenic role of the intestinal microbiome by demonstrating clinical and 
laboratory improvement in patients with PSC after antibiotic therapy [374]. The 
internal environment may be more important than the external environment in mod-
ulating the occurrence of this disease and affecting its distribution among different 
ethnic groups and countries [375].

16.4.7  Genetic Factors in the Occurrence of Primary 
Sclerosing Cholangitis

The disparities in the occurrence of PSC between age-groups, different ethnicities, 
and various countries may be a consequence of genetic factors that favor or protect 
against IBD or PSC (Table 16.10). The frequency of PSC among first degree rela-
tives is 0.7%, and it is 1.5% among siblings [376]. Three percent of patients with 
PSC have first degree relatives with PSC, and this occurrence is almost 100-fold 
greater than in the general population [376]. The risk of PSC in first degree relatives 
is independent of the presence of IBD, and the genetic factors associated with PSC 
have been different than those associated with IBD by high resolution typing of 
DRB1 and DQB1 loci [319]. These observations support a genetic basis for PSC, 
and they suggest a complex genetic disease that lacks a single genetic determinant.

PSC has been associated with HLA DRB1*03 and HLA B8 [377, 378], and hap-
lotypes containing DRB3*0101-DRB1*0301 and DRB3*0101-DRB1*1301 have 
been proposed as risk factors for the disease [318] (Table 16.10). Furthermore, the 
haplotype containing DRB1*04-DQB1*0501 has been associated with protection 
from the disease [318, 378]. Genome wide association studies have found the stron-
gest associations with PSC near HLA-B at chromosome 6p21, and it has also impli-
cated alleles outside the HLA complex at chromosome 13q31 [12, 336].

HLA associations with HLA B8 and HLA DRB1*13 have been identified as risk 
factors for PSC in patients listed for liver transplantation, and HLA DRB1*04 has 
been protective [321] (Table 16.10). African Americans were at greater risk for liver 
transplantation than European Americans (odds ratio, 1.323; 95% CI: 1.221–1.438), 
and they had HLA B8 more commonly than the HLA B8-DRB1*03 linkage dis-
equilibrium found in European Americans. These observations introduced the pos-
sibility that refinements in HLA typing might be able to distinguish ethnic differences 
in susceptibility to PSC. Such differences might explain in part regional variations 
in the occurrence of PSC and support future studies designed to discover triggering 
antigens in different age groups, ethnic populations, and geographical regions.
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Table 16.10 Risk factors for primary sclerosing cholangitis

Risk factor Presumed mechanism Evidence
Non-smoking Smoking may be 

protective against 
IBD [327, 371]
Actions uncertain 
[327]

More non-smokers in PSC than controls [327–329, 
371]
Independent of protective effect on IBD [327, 371]

Tonsillectomy Uncertain [329] Statistical association in risk survey [329]
Intestinal 
microbiome

Reservoir of 
microbial agents, 
metabolic products, 
and activated 
immune cells affect 
systemic immune 
responses [32]

BEC express TLR4 and TLR9 [373]
BEC respond to bacterial LPS [331, 373]
BEC produce pro-inflammatory cytokines [331, 373]
pANCA cross-react with microbial antigen [330]
Commensal intestinal bacteria protective [332]
Antibiotic therapy improves patients [374]

IBD Disordered intestinal 
microbiome 
(dysbiosis) [32]
Increased intestinal 
permeability to 
microbial antigens 
and gut-derived 
immune cells [32]

Present in 67–80% of patients with PSC [311, 316, 
335]
Different genetic risk factors than PSC [320]
More frequent in men with or without PSC [312, 338]
Increasing frequency in certain countries [308, 338, 
339]
May be basis for increasing frequency of PSC [338, 
339]

Family history Genetic 
predisposition with 
low penetrance [376]

PSC in 0.7% of FDRs and 1.5% of siblings [376]
3% of patients with PSC have FDRs with PSC [376]

Genetic 
predisposition

Complex genetic 
disease associated 
with susceptibility 
loci within and 
outside MHC [12, 
322, 325]

Associated with HLA DRB1*03 and HLA B8 [377]
HLA DRB1*04 protective [321, 378]
DRB3*0101-DRB1*0301 and DRB3*0101-
DRB1*1301 are susceptibility haplotypes [318]
DRB1*04-DQB1*0501 is protective haplotype [318]
Associated with HLA-B locus at chromosome 6p21 
and non-HLA alleles on chromosome 13q31 by 
GWAS [12]

BEC biliary epithelial cells, FDRs first degree relatives, GWAS genome-wide association studies, 
HLA human leukocyte antigen, IBD inflammatory bowel disease, LPS lipopolysaccharide, MHC 
major histocompatibility complex, PSC primary sclerosing cholangitis, TLR toll-like receptors
Numbers in brackets are references

16.4.8  Possible Epigenetic Changes Affecting Predisposition 
and Outcome

Patients with PSC have 21 miRNAs that are differentially expressed, and miR-200c 
is the principal distinguishing marker [379]. miR-200c is down-regulated in PSC 
compared to healthy individuals but up-regulated in patients with cholangiocarci-
noma. The miRNAs associated with PSC may influence the actions of diverse regu-
latory genes that may include anti- and pro-inflammatory genes and tumor 
suppressors. Aberrant DNA methylation has been described in the genes of patients 
with cholangiocarcinoma and PSC [380], and these epigenetic changes might be 
clues to the mechanisms of malignant transformation in PSC and the identity of 
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biomarkers that reflect this propensity [381]. The genes regulating the expression of 
the miRNAs are subject to epigenetic factors that may be influenced by inheritable 
traits or environmental cues, and these epigenetic changes could contribute to varia-
tions in disease behavior between individuals, populations or geographical regions.

16.5  Overview

Autoimmune hepatitis, PBC and PSC are rare chronic liver diseases (annual inci-
dence, <50 cases per 100,000 persons), but they are persistent, progressive, and 
variably responsive to current management strategies. They can affect individuals in 
their most productive phases of life, and their societal costs may be high. Misdirected 
immune-mediated mechanisms and regulatory pathways have been implicated in 
their occurrence, and a constellation of genetic factors may influence susceptibility 
to the disease and outcome.

Variant (overlap) syndromes have also been described in which patients with 
autoimmune hepatitis may have features similar to those of PBC or PSC, and 
patients with PBC or PSC may have features similar to those of autoimmune hepa-
titis [5, 6]. The pathogenic bases for these variant syndromes are uncertain; diagnos-
tic criteria have not been codified; and their inclusion within the classical disease 
categories based on their predominant component remains controversial [349]. 
These variant syndromes may confound epidemiological studies of the classical 
immune-mediated liver diseases. They may also re-shape the understanding of host- 
dependent mechanisms and pathogenic pathways of autoimmunity and help explain 
regional differences in the occurrence, clinical phenotype, and outcomes of autoim-
mune hepatitis, PBC and PSC.

Population-based epidemiological studies have indicated that autoimmune hepa-
titis, PBC, and PSC can occur with different frequencies in different geographical 
regions, ethnic groups, and age-ranges and that the incidence and prevalence of each 
disease may be increasing in certain regions. The etiological triggers for autoim-
mune hepatitis, PBC and PSC are uncertain, but the preferential emergence of these 
diseases in certain populations and their clustering in certain locations suggests that 
environmental and infectious agents are critical factors in genetically predisposed 
individuals.

Variations in the incidence of the disease in different regions and ethnic groups 
should direct investigations that define genetic susceptibility factors and etiological 
agents, and variations in prevalence should direct evaluations of management strate-
gies that impact on immediate and long-term survival. Population-based studies 
have been lacking in developing countries, and they have also been deficient in 
describing the burden, distribution, and trends of autoimmune hepatitis and the vari-
ant syndromes world-wide. Epidemiological studies that fill these current gaps in 
knowledge are essential to design pertinent investigational protocols, appropriately 
allocate resources, and impel changes in healthcare policy and practice.
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 Table of Landmark Literature

Study title and authors Study design Summary results Main limitations
Ngu JH et al. J 
Gastroenterol Hepatol 
2010;25:1681–86

Population-based 
study of AIH in 
Canterbury, New 
Zealand

•  Peak age in sixth 
decade

• Ethnic-specificity

•  Tertiary referral 
center 
over-representative

Gronbaek L, et al. J 
Hepatol 2014;60:612–17

Population-based 
study of AIH using 
Danish National 
Patient Registry

• Cirrhosis in 28%
•  Incidence 

increasing
•  Prognosis 

improving

•  Uncertain 
uniformity of 
diagnostic criteria

Van Gerven NM, et al. 
Scand J Gastroenterol 
2014;49:1245–54

Population-based 
study of AIH in the 
Netherlands

•  Concurrent immune 
diseases in 26%

•  Incomplete 
datasets

•  Diagnostic 
uncertainties

Sood S, et al. 
Gastroenterology 
2004;127:470–5

Population-based 
studies of PBC in 
Victoria, Australia

• Victorians protected
•  Absent 

environmental 
trigger possible

•  Inconsistent case 
finding methods 
used

Myers RP, et al. 
Hepatology 
2009;50:1884–92

Population-based 
study of PBC in 
Calgary, Canada

•  Increasing 
prevalence

•  Need for better 
therapy

•  Risk factors 
unavailable

•  Incomplete 
datasets

Gershwin ME, et al. 
Hepatology 
2005;42:1194–1202

Large case- 
controlled 
interview-based 
study of PBC

•  Risk factors of 
family history, 
UTIs, past smoking, 
and HRT

•  Patients highly 
selected

•  Dependent on 
patient’s recall and 
understanding

Bambha K, et al. 
Gastroenterology 
2003;125:1364–69

Population-based 
study of PSC in 
U.S. community

• Male predominance
•  73% of PSC with 

IBD
•  Poor overall 

survival

•  Uncertain case 
discovery

Molodecky NA, et al. 
Hepatology 
2011;53:1590–99

Meta-analysis of 8 
mainly population- 
based studies of 
PSC

•  Incidence 
increasing

•  Small number of 
studies

• No prevalence data

Boonstra K, et al. 
Hepatology 
2013;58:2045–55

Population-based 
study of PSC in the 
Netherlands

•  Lower survival in 
tertiary referral 
centers

• CRC increased

•  Incomplete 
datasets

•  Uncertain case 
discovery

AIH autoimmune hepatitis, CRC colorectal cancer, HRT hormone replacement therapy, IBD 
inflammatory bowel disease, PBC primary biliary cholangitis, PSC primary sclerosing cholangitis, 
UTIs urinary tract infections
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