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Abstract: 

 
Autoimmune hepatitis (AIH), primary biliary cholangitis (PBC) and primary sclerosing 

cholangitis (PSC) are immune-mediated chronic progressive inflammatory liver diseases. 

Precise aetiology of these autoimmune liver diseases continues to remain elusive. 

Epidemiological research remains important, not only to understand the current burden 

of disease, but relevant trends or changes in disease occurrence can help identify 

potential aetiopathogenic factors. There is significant paucity of population-based 

epidemiological data, especially from Southern hemisphere relating to AIH, PBC and 

PSC. 

 

In this thesis, we describe historical perspective as well as provide a review of current 

understanding of aetiopathogenesis of AIH, PBC and PSC in chapter 1. We further 

undertake a detailed systematic literature review and qualitatively synthesise 

epidemiological data on incidence, prevalence, and trends of autoimmune liver 

diseases. These findings are discussed in detail in chapter 2. In chapter 3, we discuss 

results of our prospective population-based epidemiological study from Canterbury, 

New Zealand concerning AIH, PBC and PSC. In chapter 4, using the prospective 

Canterbury cohort, we describe clinical and serological characteristics as well as long-

term outcomes in patients with seronegative AIH, compared to classical AIH. 
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The main findings of our study are: 

 

1. The incidence of AIH in Canterbury increased significantly during the study 

period. The mean annualised incidence rate of AIH per 100,000 was 2.93 (95%CI 

1.72-3.23) for year 2014-2016, compared to 1.37 (95%CI 0.85-2.05) for year 

2008-2010 

2. The prevalence of AIH in Canterbury on 31/12/2016 was 27.5 per 100,000. This 

is one of the highest reported prevalence rates for AIH. 

3. The incidence rate for PBC in Canterbury remains low. The mean annualised 

incidence rate for PBC per 100,000 was 0.51 (95%CI 0.33-1.17), which is 2-9 

times lower than compared to the European data. 

4. Patients with seronegative AIH presented more commonly with advanced 

fibrosis or cirrhosis, when compared to patients with classical AIH (75% and 

49.4% respectively, p<0.05) at diagnosis. Patients with seronegative AIH had 

significantly higher rates of decompensation within 90 days of diagnosis 

compared to classical AIH (18.2% and 0.5% respectively, p<0.05). 

5. Patients with seronegative AIH responded well to conventional 

immunosuppressive therapy. Rates of alanine transaminase (ALT) normalisation 

at 6 months in seronegative and classical AIH patients were 69.2% and 71.1% 

respectively (p=0.89).  

6. There was no significant difference in 5-year transplant free survival in patients 

with seronegative AIH and classical AIH. 
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Chapter 1 

 

Overview of autoimmune liver diseases 
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1.1 – Introduction 

 

Autoimmune liver diseases (AILD) is an umbrella term used to define chronic progressive 

inflammatory liver diseases caused by immune mediated reaction to hepatocytes or bile 

ducts. AILD encompasses three entities: autoimmune hepatitis (AIH), primary biliary 

cholangitis (PBC) and primary sclerosing cholangitis (PSC).  In this chapter, we will review 

the historical perspective, aetiopathogenesis and diagnostic criteria for each of the three 

diseases. To assess contemporary global epidemiology of these autoimmune liver 

diseases, we performed a systematic review of literature. These findings are presented 

in chapter 2. 

 

1.2 -  Autoimmune hepatitis 
 
 

AIH is a chronic progressive inflammatory disease of the liver of an unknown aetiology, 

predominantly affecting hepatocytes.1 It is characterised by the presence of interface 

hepatitis and lymphoplasmacytic infiltration on histology, hypergammaglobulinemia 

and presence of certain autoantibodies.2-4  

 

AIH has been variably reported in literature. The condition was first described by 

Walderston in 1950 as a chronic active hepatitis characterised by jaundice and 

hypergammaglobulinemia in a young woman, which progressed to liver cirrhosis.5 

Several cases were described in following years and an association with positive lupus 

erythematous cell test, used earlier to test for anti-nuclear antibody (ANA) was noted. 

AIH in 1960s – 70s  therefore began to be known as ‘lupoid hepatitis’.6 With the advent 
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of immunofluorescence testing, ANA and anti-smooth muscle antibody (SMA) were 

found to be typically associated with the condition, further strengthening the 

hypothesis that AIH was an autoimmune disorder. The term, ‘autoimmune hepatitis’ 

was first proposed by Mackay in 1965 and was later formally adopted by the 

International AIH group in 1993.7,8 

 

The pathogenesis of AIH however remains incompletely understood to date. It is 

believed that AIH results from an environmental antigenic exposure in genetically 

predisposed individuals, thereby eliciting a T-cell mediated aberrant immune response 

directed against hepatocyte antigens.3  Various environmental triggers have been 

proposed, including viruses, toxins and drugs. Certain viral epitopes share structural 

similarities to liver antigens, thereby potentially triggering cross-activation of T-cells 

which may explain their pathogenic role. Various viruses have thus been implicated in 

causing AIH including measles virus, hepatitis viruses, Epstein-Barr virus and 

Cytomegalovirus.9, 10, 11 Similarly, various medications have been suggested as triggers 

including minocycline, nitrofurantoin, atorvastatin, interferon, pemoline, diclofenac and 

methyldopa.12-15 

 

Clinically, two types of AIH are recognised, based on circulating antibodies: Type 1 and 

Type 2 AIH.16 17-19 Type 1 AIH is characterised by the presence of ANA or SMA, or both 

and represents 80% of all cases. Atypical peripheral anti-neutrophil cytoplasmic 

antibody (pANCA) is found in up to 52% - 90% of patients with Type 1 AIH, and is 

typically not present in Type 2 AIH.20 Other autoantibodies such as anti-actin antibody 

(AAA) have higher specificity for AIH and present in 86% of patients with positive 
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SMA.21, 22  Type 1 AIH can occur at any age, and is more common in females.23  Up to 

30% of Type 1 AIH have concomitant presence of other autoimmune disorders such as 

thyroid disease, rheumatoid arthritis, coeliac disease and inflammatory bowel 

disease.23-29 Type 1 AIH is generally associated with HLA-DR3 or HLA-DR4 serotype. 

Patients with HLA-DR3 serotype typically demonstrate an early onset AIH and a 

clinically severe course, compared to HLA-DR4, which tends to occur in older patients 

and follows a relatively milder course with good response to corticosteroids.3  

 

On the other hand, Type 2 AIH cases are characterised by presence of anti – liver kidney 

microsomal antibody type 1 (LKM-1) or antibody to liver cytosol type 1 (LC1).16  Less 

commonly, soluble liver antigen / liver pancreas antibody (SLA/LP) can be present in 10-

30% of patients.30 Type 2 AIH has been reported to be associated with HLA-DQB1 and 

HLA-DRB1 alleles.27 In contrast to Type 1 AIH, patients with Type 2 AIH are generally 

younger and  follow a severe phenotype with frequent relapses. Like type 1 AIH, 

concurrent autoimmune diseases are common, and include vitiligo, autoimmune 

thyroiditis and type 1 diabetes. 
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1.3 - Diagnosis of Autoimmune hepatitis 
 

The diagnosis of AIH is particularly challenging, since a pathognomonic diagnostic 

marker does not exist. While AIH can present with acute or severe fulminant hepatitis, 

resembling toxic or viral hepatitis, up to a third of patients may be completely 

asymptomatic at presentation with only undulating derangements in liver enzymes. 

Certainly, the advent of serological markers has led the way to systematically detect AIH 

where clinical suspicion exists. However, a significant number of patients with AIH do 

not demonstrate presence of typical auto-antibodies, making diagnosis of sero-negative 

AIH difficult. To further add to the complexity, there is currently no international 

consensus on definition of sero-negative AIH. This has been further addressed in detail 

in Chapter 1.9 and Chapter 4.  

 

Broadly, diagnosis of AIH requires exclusion of viral hepatitis and presence of 

hypergammaglobulinemia, circulating auto-antibodies and inflammatory changes on 

liver histology.3 The differential diagnosis of AIH are presented in table 1.  

 

Table 1. Differential diagnosis of autoimmune hepatitis31 

Primary biliary cholangitis 

Primary sclerosing cholangitis 

Immunoglobulin G4 (IgG4) associated cholangitis 

Chronic hepatitis B 
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Chronic hepatitis C 

Cholangiopathy due to human immunodeficiency virus infection 

Alcoholic liver disease 

Drug induced liver injury 

Granulomatous hepatitis 

Haemochromatosis 

Non-alcoholic steatohepatitis (NASH) 

Alpha-1 antitrypsin deficiency 

Wilson’s disease 

Systemic lupus erythematosus 

Coeliac disease 

 

 

Liver chemistry 

 

The liver chemistry typically demonstrates a hepatocellular pattern, with elevation in 

alanine aminotransferase (ALT) , aspartate aminotransferase (AST) and bilirubin, from 

mild elevation in chronic cases to 10-20 times the upper limit of normal in acute 

presentations. Typically, alkaline phosphatase (ALP) is normal or only mildly elevated.32, 

33 Gamma glutamyl transferase (GGT) can be elevated, however low levels following 

treatment can potentially serve as a marker of response to immunosuppression.34 
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Immunoglobulins 

 

Elevation in immunoglobulin G (IgG) is characteristically seen in up to 85% of patients 

with AIH.35, 36 In contrast, other immunoglobulins, such as immunoglobulin A (IgA) and 

immunoglobulin M (IgM)  may not be elevated in AIH. Levels of IgG correspond to 

hepatic inflammatory activity, and are useful for monitoring response to 

immunosuppression.1, 37 

 

Autoantibodies 

 

Various non-organ specific autoantibodies are commonly seen in patients with AIH. 

ANA and SMA are markers of type 1 AIH, and these account for about 75% of all 

cases.38-40 The antigenic target of ANA is not known, while SMA reacts to several 

elements in cytoskeleton, including F-actin (AAA) in about 40% of cases.41 Antibody to 

soluble liver antigen / liver pancreas antibody (SLA/LP), in addition to being highly 

specific for AIH, holds prognostic value. SLA/LP is present in 53% to 100% of patients 

with AIH who relapse on corticosteroid withdrawal and also predicts severe disease 

course.42, 43 On the other hand, LKM-1 and LC-1 antibodies are serological markers of 

type 2 AIH, with respective targets identified as P4502D6 (CYP2D6) and 

formiminotransferase cyclodeaminase respectively.31 Other antibodies, including 

pANCA and anti-mitochondrial antibody (AMA) can be present in AIH, and often co-exist 

with other autoantibodies.31 
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Diagnostic criteria for AIH 

 

The diagnostic criteria for AIH was first codified by a group of 27 clinicians and 

pathologists with special interest in AIH in 1993, thereby became known as the 

International autoimmune hepatitis group (IAIHG).8 The IAIHG reconvened again in 

1999 and published a revised diagnostic criteria for AIH.2 The revised criteria (hereafter 

referred as the ‘revised original score’) is described below in table 2. The main intent of 

developing the revised original score was to facilitate clinical research by providing an 

objective definition for AIH, and therefore making comparison between different 

population groups possible. It encompassed several clinical, serological, and histological 

parameters including response to corticosteroids. Based on this criterion, a pre-

treatment score of 10-15 denotes probable AIH, while a score >15 denotes definite AIH. 

When applied after institution of corticosteroid therapy, a score of 12-17 denotes 

probable AIH, while >17 denotes definite AIH.  

 

Given the number of parameters involved, the original revised criteria remained a 

cumbersome test to use in day-to-day clinical practice, thereby limiting its applicability. 

A new simplified scoring system was developed in 2008, which involved commonly 

assessed laboratory and histological parameters to diagnose probable or definite AIH.44 

The simplified scoring system is described in table 3. The simplified score includes 

assessment of circulating antibodies – ANA, SMA, LKM-1 and SLA/LP, IgG levels, 

histological assessment as well as viral hepatitis markers. A score of 6 out of 8 denotes 

probable AIH, while a score of >6 denotes definite AIH. 

 



 9 

A comparative validation study undertaken by Yeoman et al45 in 2010 showed that the 

overall sensitivity and specificity of the simplified score was 90% and 98% respectively 

for diagnosis of probable AIH, and 70% and 100% respectively for diagnosis of definite 

AIH. In the same cohort, sensitivity, and specificity of the revised original score for 

diagnosis of probable AIH was 100% and 97%, and 99.5% and 98% respectively. 

Moreover, sensitivity of the simplified score was lower (24%) in patients with fulminant 

liver failure. Therefore, while the simplified score has advantage of easier applicability 

and use by ‘bedside’, given its relatively lower sensitivity, the revised original score 

should still be considered for diagnosis in indeterminate cases where clinical suspicion 

remains high. 

 

For the purposes of this thesis, diagnosis of AIH was made on clinical grounds and if any 

of the two criterion were met: revised original criteria or simplified criteria supported a 

diagnosis of probable or definite AIH. 
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Table 2. Revised original score for diagnosis of autoimmune hepatitis2 

 

Parameters / features Score 

Female sex +2 

ALP:AST (or ALT) ratio  

     <1.5 +2 

     1.5-3.0 0 

     >3.0 -2 

Serum globulins or IgG above normal  

     >2.0 +3 

     1.5-2.0 +2 

     1.0-1.5 +1 

     <1.0 0 

ANA, SMA or LKM-1  

     >1.80 +3 

     1:80 +2 

     1:40 +1 

     <1:40 0 

AMA positive -4 

Hepatitis viral markers  

     Positive -4 

     Negative +1 

Average alcohol intake  

     <25g/day +2 

     >60g/day -2 

Liver histology  

     Interface hepatitis +3 

     Predominantly lymphoplasmacytic infiltrate +1 

     Rosetting of liver cells +1 

     None of the above -5 
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     Biliary changes -3 

     Other changes -3 

Other autoimmune disease(s) +2 

Optional additional parameters:  

     Seropositivity for other defined autoantibodies +2 

     HLA DR3 or DR4 +1 

Response to therapy  

     Complete +2 

     Relapse +3 

 

Adapted from Alvarez F, Berg PA, Bianchi FB, Bianchi L, Burroughs AK, Cancado EL, et 

al. International Autoimmune Hepatitis Group Report: review of criteria for diagnosis 

of autoimmune hepatitis. J Hepatol 1999;31:929–938. 

 

ALP – alkaline phosphatase 

AST – aspartate aminotransferase 

ALT – alanine aminotransferase 

 

Interpretation of aggregate scores: 

Pre-treatment 

     Definite AIH  >15 

     Probable AIH  10-15 

 

Post-treatment: 

     Definite AIH  >17 

     Probable AIH  12-17 
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Table 3. Simplified criteria for diagnosis of autoimmune hepatitis44 

 

Variable Cut-off Points 

Autoantibodies  Maximum points 2 

     ANA or SMA  ≥ 1:40 1 

     ANA or SMA  ≥ 1:80 2 

    Or LKM-1 Positive 2 

    Or  SLA Positive 2 

IgG  Maximum points 2 

 >upper limit of normal 1 

 >1.10 time the upper limit of 

normal 

2 

Histology  Maximum points 2 

 Features compatible with 

AIH 

1 

 Features typical of AIH 2 

Absence of viral hepatitis Yes 2 

 

 

Interpretation of aggregate score:  

     Probable AIH  Score  = 6  

     Definite AIH  Score > 6 (out of 8) 
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Features considered typical for AIH: Each of the following three features to be present: 

Interface hepatitis, lymphocytic/lymphoplasmacytic infiltrates in portal tracts and 

extending into the lobule, emperipolesis (active penetration by one cell into and 

through a larger cell), and hepatic rosette formation. 

 

Features compatible with diagnosis of AIH: A picture of chronic hepatitis with 

lymphocytic infiltration without all the features considered typical 

 

If liver histology showed signs of another diagnosis, this was regarded as atypical and 

no points were allocated. 

 

Adapted from : Hennes EM, Zeniya M, Czaja AJ, Parés A, Dalekos GN, Krawitt EL, 

Bittencourt PL, Porta G, Boberg KM, Hofer H, Bianchi FB, Shibata M, Schramm C, 

Eisenmann de Torres B, Galle PR, McFarlane I, Dienes HP, Lohse AW; International 

Autoimmune Hepatitis Group. Simplified criteria for the diagnosis of autoimmune 

hepatitis. Hepatology. 2008 Jul;48(1):169-76. Doi: 10.1002/hep.22322. PMID: 18537184  
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1.4 – Primary biliary cholangitis 

 

PBC is the most common chronic autoimmune liver disease in the United States, 

typically affecting middle-aged females.46  It encompasses a T-lymphocyte mediated 

progressive destruction and loss of small intralobular bile ducts.46-48 Sustained loss of 

bile duct results in cholestasis, eventually culminating in cirrhosis and liver failure. 

 

PBC was first described by Addison and Gull49 in 1851, however it was not until 1950 

when Ahrens et al50 first coined the term ‘primary biliary cirrhosis’, and remained in  

extensive use  for the next 65 years.  However, with developments in diagnostics and 

therapy, a significant improvement in prognosis was achieved. In addition, thanks to 

early diagnosis, it was observed that patients with PBC were often not cirrhotic at 

presentation. Following the second European association for the study of the Liver 

(EASL) monothematic conference on primary biliary cirrhosis in 2014, the terminology 

was eventually changed to primary biliary cholangitis as a more accurate description of 

contemporary disease presentation and natural history.51 

 

The precise aetiology of PBC remains unknown, however it is likely triggered by an 

environmental factor in genetically predisposed individuals. The serological hallmark of 

PBC is AMA, which was first described in the 1960s. It is highly disease-specific and is 

present in 95% of patients with PBC.52 The characteristic pathophysiological feature of 

PBC involves loss of immune tolerance to E2-subunit of the mitochondrial pyruvate 

dehydrogenase complex (PDC-E2) in biliary epithelial cells (BEC).53, 54 While the causes 

remain unclear, molecular mimicry between an exogenous antigen and endogenous 
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PDC-E2 has been suggested as the inciting event leading to T-cell mediated immune 

destruction of bile ducts.55 So far, a specific aetiologic agent has not been identified, 

however several viruses, bacteria and xenobiotics have been linked in observational 

studies. These include, retroviruses56, Propionibacterium Acnes57, Chlamydia 

Pneumoniae58, Escherichia Coli59-63 , lactobacillus64 as well as certain chemicals such as 

6,8-bis (acetylthio) octanoic acid65, 66, 2-octynoic acid and 2-nonynoic acid.67-69 Similarly, 

other environmental triggers implicated include smoking and residing in close vicinity to 

urban industrial regions.70, 71 The role of environmental factors in aetiology of PBC is 

further supported by evidence of geographical clustering and seasonal variation as 

noted in observational studies.72-74 
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1.5 – Diagnosis of primary biliary cholangitis 
 
 
 

In contemporary clinical practice, PBC is often suspected and diagnosed based on 

biochemical abnormalities alone in otherwise asymptomatic patients, where liver 

chemistry was assessed for other indications.75-77 About half of new patients present 

with symptoms of fatigue and / or pruritus, and less commonly due to complications of 

advanced liver disease such as cirrhosis.78 The diagnosis is largely made based on liver 

chemistry and serum autoantibody results as described below. 

 

Liver chemistry 

 

Patients with PBC present with unexplained elevation of ALP, however minor elevation 

of ALT and AST can be present. Generally, the degree of ALP and bilirubin elevation 

corresponds to severity of ductopenia. 

 

Autoantibodies 

 

AMA is highly specific for diagnosis of PBC and is present in 90 to 95% of all patients.78 It 

targets four principle auto-antigens, including PDC-E2 located on the inner 

mitochondrial membrane in BEC.79 ANA is present in up to 70% of patients with PBC, 

however demonstrates specific immunofluorescence pattern which are considered PBC 

specific, including multiple nuclear dots pattern and rim like / membrane pattern.80 
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Liver histology 

 

Classically, PBC is characterised by non-suppurative cholangitis affecting interlobular 

and septal bile ducts. While liver biopsy does provide additional useful prognostic 

information such as severity of ductopenia and degree of liver fibrosis, it is generally 

not needed as diagnosis of PBC  is based on serological tests which have been described 

below. 

 

Diagnostic criteria for PBC 

 

In the present thesis, we used widely accepted diagnostic criteria.81 The diagnosis of 

PBC was confirmed if any two of the following three criteria were met: 

 

a) ALP ≥ 1.5 times the upper limit of normal 

b) Presence of AMA in titres ≥ 1:40 

c) Liver histology showing non-suppurative cholangitis involving interlobular and 

septal bile ducts. 
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1.6 – Primary sclerosing cholangitis 
 

 

PSC is a chronic cholestatic immune-mediated liver disease, characterised by 

inflammation and fibrosis of medium and large calibre intra and extrahepatic bile ducts, 

leading to multifocal biliary strictures.82-84  In the majority of patients, persistent and 

progressive cholestatic injury results in hepatic fibrosis, progressing to cirrhosis and 

liver failure.85 The diagnosis of PSC is established based upon contrast cholangiography 

and demonstration of multifocal stricturing and focal dilation of intra and extrahepatic 

bile ducts.83 

 

The first case of PSC was documented by Delbet in 1924.86 However, PSC was only 

described in a few case-series until the 1960s, as the diagnosis of fibrotic biliary ducts 

was only made at laparotomy.87 It was only after the advent and wide spread use of 

endoscopic retrograde cholangiopancreatography (ERCP) in the 1980s that PSC became 

clinically well-recognised and the natural history was described.88-90 Over recent 

decades, magnetic resonance cholangiopancreatography (MRCP) has become the 

investigation of choice owing to its non-invasiveness, and avoidance of the adverse 

effects associated with ERCP. Recent meta-analysis has demonstrated superior 

sensitivity and specificity of MRCP at 86% and 94% respectively for the diagnosis of 

PSC.91 

 

The precise aetiopathogenesis of PSC remains unknown. However, several theories as 

well as contradictions with regards to pathogenesis exist which can be summarised as 

below: 
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a) Genetic factors: It has been observed that first degree relatives of patients with PSC 

have an increased risk of developing PSC (11-fold).92 However, the biological basis of 

such strong genetic predisposition is not well understood. Several HLA haplotypes 

have been shown to be strongly associated with PSC including DRB3*0101, 

DRB1*1301 and DRB1*1501 amongst others.93-95 However, it is unlikely that a single 

HLA haplotype determines susceptibility. On the other hand, association 

polymorphisms in non-major histocompatibility complex (MHC) genes with PSC has 

not been consistently demonstrated.96-98 

 

b) Immunological factors: PSC is commonly associated with the presence of several 

non-organ specific antibodies including ANA, SMA, atypical pANCA, rheumatoid 

factor (RF); however none of these autoantibodies are directly associated with 

pathogenesis of PSC.99, 100 Association of PSC has been observed with other 

autoimmune conditions such as type 1 diabetes and Graves disease101, and as 

discussed above, appears susceptible to genes in HLA loci, thereby suggesting an 

underlying immune-mediated process. Nonetheless, immunosuppressive drugs in 

pre or post-transplant status have not proven to be beneficial.102, 103 

 
 

c) Bacterial infection, endotoxins, and non-infectious toxins: A strong association exists 

between inflammatory bowel disease (IBD) and PSC. 90% of all patients with PSC 

have evidence of IBD, of whom 85 to 90% have ulcerative colitis (UC), while the 

remainder have Crohn’s disease (CD) or indeterminate colitis.88, 89, 104-107 It has 
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therefore been postulated that in colitis, owing to the loss of a healthy mucosal 

barrier,  bacteria, endotoxins or non-infectious toxins may penetrate into the biliary 

system, thereby inciting an inflammatory process and eventually causing fibrosis. 

However, several questions remain answered by the toxic injury hypothesis, 

including the following: clinically severe PSC requiring liver transplantation is 

typically associated with milder course of UC; PSC is not associated with severity of 

colitis; PSC may develop several years after proctocolectomy; and lastly in some 

patients, UC develops after liver transplantation for PSC.108, 109 

 
 

Overall, it is likely that an aberrant immune response to an unknown antigen in 

susceptible individuals is the major mechanism driving PSC.110 The bile duct strictures 

are likely a delayed manifestation of this primary immune-mediated process, which 

further confounds clinical observations and associations. Further studies are required to 

understand the underlying pathogenesis before effective therapy can be developed. 

 

 

 

 

 

 

 

 

 

 

 



 21 

1.7 – Diagnosis of primary sclerosing cholangitis 
 
 

There are no standardised criteria that have been universally adopted for diagnosis of 

PSC. PSC is typically suspected in the presence of persistent chronic cholestatic liver test 

abnormalities, with demonstration of typical cholangiographic abnormalities (discussed 

below) after causes of secondary sclerosing cholangitis have been ruled out. The causes 

of secondary sclerosing cholangitis are described in table 4.  

 

 

Table 4. Causes of secondary sclerosing cholangitis111 

 

Cholangiocarcinoma 

Choledocholithiasis 

Diffuse intrahepatic metastasis 

Eosinophilic cholangitis 

Hepatic inflammatory pseudotumor 

Histiocytosis X 

IgG4-associated cholangitis 

Intra-arterial chemotherapy 

Ischemic cholangitis 

Mast cell cholangiopathy 

Portal hypertensive biliopathy 

Recurrent pancreatitis 

Recurrent pyogenic cholangitis 

Surgical biliary trauma 
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Liver chemistry 

 

ALP is typically elevated in patients with PSC. ALT and AST can be elevated; however, 

the magnitude of elevation is generally less than 4-5 times the upper limit of normal. 

 

 

Autoantibodies 

 

 Several circulating autoantibodies can be present in patients with PSC, including 

pANCA, ANA, SMA, RF among others. However, none of these autoantibodies are 

disease-specific and therefore, are not part of the diagnostic criteria. 

 

Imaging findings 

 

 The diagnosis is typically established by demonstration of scarring and multifocal 

stricturing with dilation of intra and extrahepatic bile ducts. The cholangiography can be 

obtained either by ERCP or MRCP. The diagnostic accuracy of MRCP and ERCP were 

found to be similar in comparative (tandem) studies.112, 113 With increased availability of 

MRCP, non-invasiveness and absence of ERCP related adverse effects, MRCP has now 

become the first line radiographic investigation for the diagnosis of PSC.  
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Histology 

 

Histology is routinely not required, as diagnosis is based predominantly on 

cholangiographic appearance. The characteristic lesion in PSC is concentric fibrosis 

surrounding medium sized bile ducts, described as ‘onionskin’ appearance, and this is 

seen in less than half of the people with PSC.114-117 In 5-10% people with PSC, the 

smaller interlobular and septal bile ducts are found to be obliterated by the fibrotic 

process (called fibro-obliterative cholangitis), which has higher specificity for the 

diagnosis of PSC.116, 117 Other features include periductal inflammation, ductopenia and 

bile duct proliferation. 

 

Small duct PSC 

 

A small minority of patients with PSC have a variant known as ‘small duct PSC’. In these 

patients, the cholangitic process involves small calibre bile ducts only, therefore the 

cross-sectional imaging does not reveal abnormality in medium and large calibre bile 

ducts and diagnosis is made histologically. A  multicentre observational study reported 

that up to 23% of patients with small duct PSC progressed to classical PSC at median of 

7.4 years.118 However, overall, small duct PSC appears to have better prognosis than 

classical PSC, characterised by longer transplant free survival and low risk of progression 

to cholangiocarcinoma.  

 

For the purposes of this thesis and in keeping with widely accepted criteria, the 

diagnosis of PSC was based on the following criteria: 111, 119 
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Classical PSC 

 

a) Elevated ALP for > 6months 

b) Characteristic findings on MRCP or ERCP 

c) Absence of secondary sclerosing cholangitis 

 

 

Small duct PSC 

 

a) Elevated ALP for >6 months 

b) Liver histology suggestive of PSC 

c) Absence of secondary sclerosing cholangitis 
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1.8 – Epidemiology of autoimmune liver diseases 
 

Epidemiological research is important not only to assess the current burden of disease, 

but also once relevant trends in epidemiology are understood, potential 

aetiopathogenic factors can be identified which have thus far remained elusive. For this 

reason, epidemiological research is especially important for rare conditions like 

autoimmune liver diseases.  

 
There have been several epidemiological studies, both population-based and non-

population based performed over the last 4 decades to explore the incidence and 

prevalence of autoimmune liver disease, albeit with differing quality of research 

methodology. The reported incidence and prevalence of AIH, PBC and PSC show 

marked variation across geographical regions and time. Similarly, affected by factors 

discussed above, the temporal trends in incidence and prevalence of these rare liver 

diseases have not been found to be consistent across studies. 

 

The apparent heterogeneity is likely due to both, differing study methodologies as well 

as pathogenetic factors. Descriptive studies originating from tertiary referral centres 

often tend to over-represent the true prevalence of a disease. On the other hand, 

population-based studies which may provide a more accurate representation of 

prevalence of a disease are scarce for several reasons. Firstly, only a few countries 

record and provide reliable information on health outcomes in their population. 

Populations within a geographical area are often serviced by more than one 

government or private hospital, and therefore, a high degree of research collaboration 

and data acquisition is required for accurate estimation of disease epidemiology. 



 26 

Further, epidemiological studies are ideally performed prospectively, to minimise 

several biases including selection bias, recall bias and interviewer bias which can 

significantly affect the reliability and generalisability of results. While some of the 

variation in incidence and prevalence can be explained by differing research 

methodology, it potentially also reflects differing underlying genetic predisposition as 

well as interactions with local environmental triggers. Lastly, the majority of studies 

originate from Europe and North America, and local contemporaneous data is lacking. 

Given that significant geographical variation in epidemiology of autoimmune conditions 

is not unexpected, extrapolation of data from other continents may not be appropriate 

and thus, conducting local epidemiological study remains crucial.  
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1.9 – Seronegative autoimmune hepatitis 

 

AIH is a progressive inflammatory liver disease of unknown aetiology which may lead to 

cirrhosis, liver failure, hepatocellular carcinoma (HCC) and death.120 AIH lacks a 

pathognomonic clinical or pathological feature, and diagnosis is based on presence of a 

typical clinical phenotype and exclusion of other causes of liver diseases (table 1, 

chapter 1.3).   

 

AIH is classically characterised by the presence of typical autoantibodies, 

hypergammaglobulinemia, necroinflammatory changes at histology as well as rapid 

clinical response to corticosteroids.2, 3, 121-123 As discussed in chapter 1.3 (Diagnosis of 

autoimmune hepatitis; subsection – ‘Autoantibodies’), the serological repertoire used 

to support the diagnosis of AIH includes ANA, SMA,LKM-1 and SLA/LP2.20, 120, 124, 125 

However, none of these characteristics is a pre-requisite, and absence of one or more 

of these features does not preclude the possibility of AIH.126, 127  Moreover, up to 6-22% 

of patients with AIH do not demonstrate the presence of these conventional serological 

markers, thereby making diagnosis challenging and potentially delaying institution of 

immunosuppressive therapy.2, 128-131 

 

There are currently no internationally accepted diagnostic criteria to define 

seronegative AIH. However experts define it as a disease typical of classical AIH but 

without the presence of conventional serological markers.132-134 Given lack of a 

standardised approach to diagnosis, these patients have been variably described in the 
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literature and in some cases could have been misclassified as having chronic 

cryptogenic hepatitis.133  

 

The argument that seronegative AIH and classical AIH are similar disease processes is 

supported by various clinical observations. For example, the demographic features (age 

and gender distribution) and coexistence of other autoimmune diseases are similar in 

reported seronegative AIH, when compared to classical AIH cases.126, 135-139 Further, 

seronegative AIH patients demonstrate presence of classical histological features 

including plasma cell infiltration and interface hepatitis.128, 135, 136, 140 Moreover, the 

autoantibodies, while playing a crucial role in diagnosis of classical AIH, do not appear 

to play a role in disease pathogenesis.22, 128, 141 

 

The simplified scoring criteria44 (chapter 1.3, table 3) relies heavily on presence of 

typical autoantibodies. In the absence of a typical autoantibody (ANA or SMA), the 

scoring system would not support the diagnosis of a ‘definite AIH’. A score of 6/8 

supports the diagnosis of ‘’probable AIH’ in patients with seronegative AIH if all three 

features are present: IgG level is significantly elevated (> 1.10 times the upper limit of 

normal); liver histology demonstrates typical features of AIH, and absence of Hepatitis C 

virus (HCV) infection is confirmed. On the other hand, use of the revised original 

criteria2 (chapter 1.3, table 2) is particularly useful, as it involves assessment of several 

other variables, including treatment response to corticosteroids. Due to the challenges 

involved in making an accurate diagnosis, it is conceivable that diagnosis in patients 

with seronegative AIH may be inadvertently delayed and such patients may have 

progressed to advanced fibrosis at time of diagnosis. Prevalence of fibrosis in 
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seronegative AIH has been examined in two comparative retrospective studies, albeit 

with varying results. Mehendiratta et al128 reported cirrhosis in 12% patients with 

classical AIH, compared to 10% with seronegative AIH (p=0.08). Similarly, the mean 

stage of fibrosis (reported on a scale of 0-6) was 1.6 compared to 1.4 in patients with 

classical and seronegative AIH respectively (p=0.75). On the other hand, Wang et al129 

reported higher prevalence of advanced fibrosis or cirrhosis in 76.5% patients with 

seronegative AIH, compared to 39.1% in patients with classical AIH (p<0.01).  

 

Clinical outcomes in seronegative AIH 

 

There is however limited reported data on long-term clinical outcomes in patients with 

seronegative AIH. In a comparative retrospective study, Gassert et al examined clinical 

outcomes in patients with classical and seronegative AIH. The rate of ALT normalisation 

at 3 months in 18 classical and 6 seronegative AIH patients was 88.9% and 66.7% 

respectively (p=0.25). No long-term clinical outcome was available. In another 

retrospective study by Mehendiratta et al, 52 patients (42 classical AIH, 10 seronegative 

AIH) were assessed. The authors concluded overall similar treatment response to 

immunosuppression on the basis of mean values of ALT in respective groups (classical 

and seronegative AIH) at 1, 6 and 12 months after institution of treatment. In a larger 

retrospective cohort from China, Wang et al129 reported biochemical remission in 86% 

patients with seronegative AIH compared to 87% in classical AIH (p=0.66) at median 

follow-up of 24 months. However, data on long-term clinical outcomes, such as risk of 

liver decompensation and transplant-free survival in patients with seronegative AIH 

remains unknown. This is especially important, given the challenges associated with 
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diagnosis of seronegative AIH as discussed above, which may lead to delayed detection 

and consequently poorer clinical outcome in these patients.  
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1.10 - Study aims 

The preceding discussion has highlighted several important clinical issues which will be 

addressed in this thesis towards Master of Medical Science degree. 

 
 
Aim 1 – To undertake a systematic literature review and qualitatively synthesise the 

available epidemiological data on incidence, prevalence and trends of autoimmune liver 

diseases 

 

• Aim 1a – To undertake a detailed systematic literature review assessing 

epidemiology of AIH 

• Aim 1b – To undertake a detailed systematic literature review assessing 

epidemiology of PBC 

• Aim 1c – To undertake a detailed systematic literature review assessing 

epidemiology of PSC 

 
 
 
Aim 2 – To undertake a detailed prospective and population-based epidemiological study 

assessing AIH, PBC and PSC in Canterbury, New Zealand 

 

• Aim 2a – To undertake a detailed prospective population-based epidemiology 

study of AIH in Canterbury, New Zealand 

• Aim 2b – To undertake a detailed prospective population-based 

epidemiology study of PBC in Canterbury, New Zealand 
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• Aim 2c – To undertake a detailed prospective population-based epidemiology 

study of PSC in Canterbury, New Zealand 

 

Aim 3 - To describe clinical characteristics and long-term outcomes in patients with 

seronegative AIH in the population-based Canterbury cohort 

 

• Aim 3a – To assess prevalence of seronegative AIH in the Canterbury cohort 

• Aim 3b – To assess serological and histological characteristics of seronegative 

AIH in the Canterbury cohort 

• Aim 3c – To assess response to immunosuppressive therapy and risk of early 

hepatic decompensation in seronegative AIH 

• Aim 3d – To assess 5-year transplant free survival  
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Chapter 2 

 

Epidemiology of AIH, PBC and PSC:                      

a systematic literature review 
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2.1 - Introduction 
 

 

As discussed in chapter 1.8, there is a significant heterogeneity in published 

epidemiological data relating to AIH, PBC, PSC affected by several factors including: 

quality and robustness of research methodology employed, contemporaneousness as 

well as geographical variation and interplay of genetic – environmental factors. Since 

the most recent systematic review of epidemiology of autoimmune liver diseases by 

Jepsen et al142 where studies reported till 2014 were reviewed, there have been several 

population-level studies published.143-166 Therefore, an updated systematic review is 

required to gain understanding regarding the contemporary global epidemiology of 

autoimmune liver disease. 

 

 

2.2 - Methods  
 
 

A comprehensive literature search was performed in a peer-reviewed medical database 

MEDLINE/PubMed by ML to identify all relevant studies published till 31st October 

2020. The literature search included relevant keywords and medical subject headings 

(MeSH). The author’s epidemiological study arising out of this thesis was not included in 

this systematic review. 
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The following search strategy was used: (("Cholangitis, 

Sclerosing/epidemiology"[Mesh]) OR ("Liver Cirrhosis, 

Biliary/epidemiology"[Mesh]) OR ("Hepatitis, Autoimmune/epidemiology"[Mesh]) 

OR (autoimmune liver diseas*[Tiab]) AND ((epidemiol*[Tiab]) OR (incidenc*[Tiab]) 

OR (Prevalen*[Tiab])). Additional records were identified by screening references 

of original and review articles. 

 

In addition, suitable articles were hand-searched using reference lists from relevant 

articles. All eligible titles and abstracts were screened. Articles were selected if either 

incidence or prevalence of AIH, PBC or PSC was reported on a population-level, 

encompassing a geographical area of at least 100,000 inhabitants. Studies that did not 

report original data (review articles, editorials) were excluded. Articles where a high-risk 

of selection bias existed, for example prevalence of PSC in patients with IBD, or 

prevalence of AIH in patients with known chronic liver disease were excluded. Full-

length articles were obtained through University of Otago clinical library web portal, 

OpenAthens or Sci-Hub. The full text of selected articles was retrieved and reviewed 

systematically.  

 

The following data was extracted from articles: study area, study period, number of 

inhabitants, number of patients, gender distribution, details on case ascertainment, 

incidence, and prevalence rate per 100,000 population, and details on reported trends 

in incidence or prevalence. In addition, for studies assessing epidemiology of AIH, 

details were obtained for diagnostic criteria used, and in case of epidemiological studies 

of PSC, details were obtained for concomitant presence of IBD. 
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2.3 - Flow-chart of articles identified for systematic review 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Adapted from: Moher D, Liberati A, Tetzlaff J, Altman DG, The PRISMA Group (2009). Preferred 

Reporting Items for Systematic Reviews and Meta-Analyses: The PRISMA Statement. PLoS Med 6(7): 

e1000097. doi:10.1371/journal.pmed1000097 

 

Records identified through 
database searching 

n = 727 

Additional records identified 
through other sources 

n = 38 

Records after duplicates removed 
n = 742 

Records screened 
n = 742 

Record excluded as not relevant 
based on title or abstract 

n = 584 
 

nn 

Full-text articles assessed 
for eligibility 

n = 76 

Full-text articles excluded, with 
reasons 
(n = 11) 

Review articles – 3 
Not population based – 4 
Full text article not available - 4 
 

 
 

Studies included in qualitative 
synthesis 

n = 65 
(AIH – 20, PBC – 37, PSC – 15) 
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2.4 - Results 

 

Overall, 765 records were identified in total that met the predefined selection criteria 

and articles identified from other sources including reference lists. Of these, abstracts 

of 742 articles were reviewed. After reviewing abstracts, 584 articles were excluded. 

Another 11 articles were excluded as, full-text article could not be accessed for 4 

studies, 3 articles did not contain original data (review articles) and 4 articles did not 

address population-based epidemiology. 65 articles met the criteria for qualitative 

analyses. Of these, 20, 37 and 15 articles each addressed incidence and / or prevalence 

data for AIH, PBC and PSC respectively. The results are discussed in detail below. 

 

2.4.1 - Autoimmune Hepatitis 

 

We found 20 relevant studies assessing the epidemiology of AIH, including 15 and 19 

studies reporting incidence and prevalence respectively. These are described in table 5 

and the overall prevalence across various geographical regions is shown in figure 1.  Out 

of these, twelve studies originated from Europe38, 39, 144-146, 148, 149, 167-171, five from 

Asia147, 151, 172-174, two from North America143, 175 and one from New Zealand176. 

 

Whilst assessing especially older epidemiological data on AIH, some methodological 

factors need to be taken into consideration. For example, the definition of AIH has 

evolved over time. Before the discovery and widespread testing of HCV, AIH was 

reported as part of chronic active hepatitis (CAH) or idiopathic CAH.177-181 Therefore, 

early epidemiological studies grossly over-represented the true incidence and 
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prevalence of AIH. Secondly, the international consensus on defining AIH has evolved 

over time, with the IAIHG first proposing a scoring system in 1993 followed by a later 

revision in 1999.2, 8 Further, a more recently published simplified scoring system in 2008 

has the added advantage of easier applicability and higher specificity, but relatively 

lower sensitivity.44, 126 Some epidemiological studies are based on coded diagnoses 

alone, while others involve the rigor of reviewing individual clinical records and 

ensuring that the clinical and laboratory parameters meet the accepted international 

scoring criteria for diagnosis of AIH. Lastly, compared to the older studies, increased 

clinical awareness, and improved access to specialist care and investigations may be 

responsible for improved identification of cases and consequently apparent increase in 

incidence. 

 

Earlier studies from Norway spanning an observation period from 1985 to 1995 

reported a mean annualised incidence rate of 1.6 to 1.9 per 100,000 and prevalence of 

14 to 16.9 per 100,000.170, 171 Reported incidence rates from Finland, Netherlands and 

Denmark have varied from 1.1 to 1.68 per 100,000.39, 148, 167 However, observed rates in 

these studies may be higher than true incidence rates, since diagnosis was largely based 

on clinical diagnosis and liver biopsy was not commonly obtained. Upon restricting to 

contemporary studies where diagnosis was based upon fulfilment of internationally 

accepted scoring criteria, except for Iceland, the incidence rate has been observed to be 

somewhat lower. For example, in a collaborative study from ten university hospitals in 

Sweden, Borssen et al149 reported an incidence rate of 1.2 per 100,000 (year 1990-

2009), while Primo et al168 found a similar incidence rate of 1.07 per 100,000 in Valencia 

(Spain) for year 2003. Interestingly, in the population-based study from Iceland, the 
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incidence and prevalence rate were noted to be significantly higher at 2.2 per 100,000 

and 27 per 100,000 respectively.144 In the latter study, drug induced AIH was over-

represented, responsible for 18% of all cases, which may explain apparent higher 

incidence of AIH compared to Nordic counterparts. 

 

There is a significant paucity of epidemiological data outside of Europe which restricts 

true assessment of global occurrence of AIH. The incidence of AIH in North America 

remains unknown, as the few cross-sectional epidemiological studies have only 

reported data on prevalence of AIH. An observational study from Alaska175 for example 

reported a very high point-prevalence of AIH at 42.3 amongst Alaska’s Native peoples in 

year 2000, with 58% of patients having advanced fibrosis at presentation. On the other 

hand,  a more recent study from the United States found143 AIH prevalence at 31.2 per 

100,000 in year 2019. As discussed below, genetic factors likely play significant role in 

determining susceptibility, and further studies including assessment of HLA alleles in 

Alaskan Native population would be useful to explore this association further. 

 

There have been no published epidemiological studies from Australia. Ngu et al176 

reported detailed epidemiological data for autoimmune hepatitis from Canterbury, 

New Zealand. The reported incidence and prevalence of AIH in 2008 was 1.7 per 

100,000 and 18.9 per 100,000, which is similar to the Northern European experience. 

AIH prevalence rates in Singapore174 and South Korea150 were found to be very low, at 4 

cases and 4.8 cases per 100,000 respectively. The overall incidence of AIH appears to be 

significantly lower in Asian population compared to those of Northern European 

descent, likely contributed by differential susceptibility ascribed by underlying genetic 
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predisposition. For example, AIH in Northern America and Europe has been associated 

with HLA DRB1*0301 and HLA DRB*0401.182, 183 On the other hand, certain HLA 

haplotypes such as A1-B8-DR3 are almost absent in Japan. HLA DRB*0405 has been 

found to be associated with AIH in Japanese and Argentinian population, HLA 

DRB*0404 in Mexico while HLA DRB*1301 seen in Brazil and Venezuela.184-189 Ngu et al 

found in a population-based study that HLA DRB*0301 was the dominant allele 

associated with AIH in Canterbury, New Zealand.190 It is important to note that DRB 

alleles DRB*0301, DRB*0401, DRB*0404 and DRB*0405 encode similar amino acid 

sequences in the antigen-binding groove and any changes to polarity in this area could 

potentially affect autoantigen presentation to T-cell receptors, and ultimately T-cell 

response. In addition to environmental factors, it is therefore plausible that underlying 

genetic predisposition may be responsible for higher incidence and prevalence 

observed in certain ethnic population groups. 
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Table 5. Systematic review: Epidemiology of autoimmune hepatitis 

 

Study 

(Reference)  

Location 

Year 

published 

Case-

finding 

Case-

definition 

Period No of 

patients 

Population Incidence 

Per 

100,000 

(95%CI) 

Prevalence 

Per 100,000 

(95%CI) 

 

Temporal 

trend 

Female % Note 

Tunio et al143 

 

US 

 

2020 Medical 

record 

database 

Clinical 

diagnosis 

2014 - 

2019 

11,600 

 

37,161,280 

 

 31.2 

 

N/A 80%  

Valgeirsson et 

al144 

 

Iceland 

2020 Medical 

record 

database, 

Laboratory 

database, 

Clinical 

records, 

Personal 

physician 

registry 

Simplified 

or revised 

score 

2006 – 

2015 

71 319,043 2.2 27 Incidence  86% 1 

Gronbaek et 

al145 

 

England 

 

2020 Medical 

record 

database 

Clinical 

diagnosis 

1997 - 

2015 

882 N/A 2.08 (1.94 

– 2.22) 

19.24 (18.08 

– 20.41) 

Incidence   75.1% 2 
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Sebode et al146 

 

Germany 

 

2020 Insurance 

medical 

record 

database 

Clinical 

diagnosis 

2011 - 

2014 

1700 8,100,000 N/A 23 (22 – 24) Prevalence  74.5%  

Tanaka et al147 

 

Japan 

2019 Personal 

physician 

registry 

Japanese 

diagnostic 

guidelines 

by Ohira 

et al191 

 

Jan to 

Dec 

2016 

8505 N/A N/A 23.9 (23.3-

24.5) 

Prevalence 80.98% 3 

Puustinen et 

al148 

 

Finland 

 

2019 Insurance 

medical 

record 

database 

Clinical 

diagnosis 

1995 – 

2015 

887 5,503,000 

 

1.1 14.3 Incidence  76% 4 

Borssen et al149 

 

Sweden 

 

2017 Medical 

record 

database, 

clinical 

records 

Revised 

criteria 

1990 – 

2009 

634 N/A 1.2 17.3 Incidence  

Prevalence  

NA  

Kim et al150 

 

South Korea 

 

2017 Insurance 

medical 

record 

database 

Clinical 

diagnosis 

2009 – 

2013 

4,085 N/A 1.07 4.82 N/A 85.5%  
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Yoshizawa et 

al151 

 

Ueda area, 

Japan 

 

2016 Personal 

physician 

registry, 

Clinical 

records, 

prospective 

registration 

Revised 

criteria 

2004-

2014 

48 187,205 1.52 15 N/A 81.2%  

Gronbaek et 

al167 

 

Denmark 

 

2014 Hospital 

medical 

record 

database 

Clinical 

diagnosis 

1994-

2012 

1721 N/A 1.68 23.9 Incidence 

 

72%  

Van Gerven et 

al39 

 

Netherlands 

 

2014 Hospital 

medical 

record 

database 

Clinical 

diagnosis 

1967 – 

2011 

1313 16,700,000 1.1 18.3 Incidence  78%  

Delgado et al173 

 

Southern Israel 

 

2013 Hospital 

record 

database, 

pathology 

record 

database, 

Laboratory 

database, 

Simplified 

criteria 

1995 - 

2010 

100 N/A 0.67 11 N/A 95%  
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Personal 

physician 

registry 

Ngu et al176 

 

Canterbury, 

New Zealand 

 

2010 Hospital 

medical 

record 

database, 

prospective 

registration 

Revised 

criteria or 

simplified 

criteria 

Until 

2008 

138 494,170 1.7 18.9 N/A   

Primo et al168 

 

Valencia, Spain 

 

 

2009 NA Revised 

criteria 

2003 19 1,774,736  

 

1.07 N/A N/A 94.7%  

Werner et al38 

 

Sweden 

 

2008 Hospital 

medical 

record 

database 

Revised 

criteria 

Until 

2003 

473 N/A 0.85 10.7 Incidence  

Prevalence 

76% 5 

Primo et al169 

 

Spain 

 

2004 Hospital 

medical 

record 

database 

Revised 

criteria 

1990 - 

2003 

13 112,003 0.83 11.6 Incidence  84.6%  
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Hurlburt et al175 

 

Alaska 

 

2002 Hospital 

medical 

record 

database 

Revised 

criteria 

1984 - 

2000 

49 100,312 N/A 42.9 N/A 91.8%  

Lee et al174 

 

Singapore 

 

2001 Hospital 

record 

database 

Clinical 

diagnosis 

1990 - 

1996 

24 567,685 N/A 4 N/A 91.7% 6 

Berdal et al170 

 

Norway 

 

1998 - NA 1985 - 

1994 

21 N/A 1.6 14 N/A 100% 7 

Boberg et al171 

 

Oslo, Norway 

 

1998 Prospective 

registration 

Clinical 

diagnosis 

1986 – 

1995 

25 130,000 1.9 16.9 Prevalence 80% 6 

 

N/A – not available 
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Notes: 

 

1. Incidence in 2014-2015 was higher than the incidence in 2006 – 2013 (Risk ratio 2.2, 95%CI 1.4-3.6). 70% patients met the simplified 

criteria for either probable or definite AIH. 

2. The age and sex standardised incidence rose 2 folds from 1997 to 2015 

3. The prevalence of AIH in 2016 was significantly higher compared to 2004.  

a. The diagnosis was based on the 2013 Japanese Guidelines191 

 

 

 

 

 

 

 

 

 

4. The reported incidence increased from 1995 (0.44 per 100,000) and peaked in 2006 – 2007 (1.90 per 100,000), thereafter remained 

stable from 2008 – 2015 

5. The incidence and prevalence were calculated from four university hospitals, servicing a catchment area of 715,000 individuals, for 

years 1990 – 2003 
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6. The diagnosis of AIH was based on consensus criteria accepted by International autoimmune hepatitis group meeting in 19938 

7. Full article not accessible  
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2.4.2 - Primary biliary cholangitis 
 

 

A total of 37 studies were identified as part of the systematic review, published 

between 1983 and 2020 (see table 6).  Of these, 27 studies reported on prevalence 

while 35 studies reported on incidence of PBC. Twenty two studies were from 

Europe146, 152, 154-157, 162, 171, 192-205, seven were from North America158, 159, 161, 172, 175, 206, 207, 

four were from Asia147, 160, 163, 208 and four were from Oceania153, 209-211. Over half of 

these studies have been published over the last 8 years, thereby providing a 

contemporary glimpse of modern epidemiology of PBC.  

 

The majority of these studies employed multiple case-finding strategies, with the most 

common being retrospective review of hospital record database. Few studies153, 156, 196-

200, 202, 205, 206, 208-211 used questionnaires to the treating physicians in addition to 

searching laboratory databases. We found only one study by Ngu et al209, where 

prospective registration of cases was used, in addition to retrospective identification. 

The median number of patients with PBC across the selected epidemiological studies 

was 225 (range 18 – 10,847). PBC was consistently observed to be significantly more 

common in women across all studies, with female patients representing 75.8% to 100% 

of all cases. 

 

There was a wide variation in reported incidence and prevalence across all studies. 

While the variation was certainly influenced by rigoristic case-ascertainment 

methodology, the time-period during which epidemiology was assessed and 

geographical location appeared to be relevant. For example, Witt-Sullivan et al207 
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reported a PBC prevalence of 2.23 per 100,000 in 1986 in Ontario, Canada. In contrast, 

in a more recent nation-wide study from Canada, Yoshida et al158 in 2015 found the 

prevalence to be much higher at 31.8 per 100,000. While increased clinician awareness 

and improved access to specialist services may be at least partially responsible for 

nearly 15-fold increase in prevalence, the case-ascertainment methodology employed 

needs to be examined in closer detail. In the earlier study, case-ascertainment was 

based on questionnaires to physicians only which likely significantly under-estimated 

the true prevalence, while the more recent study involved use of a more 

comprehensive central administrative healthcare database. Similarly, the older regional 

epidemiology studies from Sweden in the early 1980s found PBC prevalence to be 

between 9.2 to 12.8 per 100,000, while the prevalence was found to be much higher at 

34.6 per 100,000 in the more recent nation-wide Swedish study in 2014.155, 202, 203 

 

While the aetiology of PBC remains unknown, there is significant geographical variation 

in incidence and prevalence of PBC. Figure 3 describes variation in PBC prevalence 

across the world, using epidemiology data from 1991 to 2020. Within Europe, 

significant variation in prevalence of PBC was seen. For example, a relatively high 

prevalence of PBC was observed in the United Kingdom198 (33.5 per 100,000, year 

1994), Iceland156 (41 per 100,000, year 2015) and Greece162 (58.2 per 100,000, year 

2015). On the other hand, prevalence was observed to be relatively lower in 

Netherlands194 (13.2 per 100,000, year 2008), Finland196 (18 per 100,000, year 1998) 

and Norway170 (14.6 per 100,000, year 1995). Similar variation has been seen across 

Asia, with a high prevalence of PBC observed in Japan147 (33.8 per 100,000) in 2016, 
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compared to prevalence rates of 4.75 to 5.64 per 100,000 in Israel208, Hong Kong160 and 

South Korea163.  

 

There have been several reports suggesting geographical clustering and therefore 

strongly suggestive of environmental factors influencing occurrence of PBC. For 

example, Prince et al74 showed significant variation in geographical distribution of PBC 

patients in North-East England. Similarly, a significant association was demonstrated in 

a North American study between a cluster of PBC patients and superfund toxic waste 

sites supporting hypothesis of environmental toxins in pathogenesis of PBC.71 

 

The potential interplay between genetic predisposition and environmental factors has 

been demonstrated in an epidemiology study from Victoria, Australia. Sood et al210 

found that even though the majority of Australians are of Anglo-Celtic descent, the 

prevalence of PBC was observed to be nearly 4 times lower in people born in Australia 

(3.7 per 100,000, year 2002) compared to migrants from the United Kingdom (14.1 per 

100,000). The authors hypothesised the presence of an unknown environmental 

protective factor to be responsible for the markedly lower prevalence of PBC in those 

born in Australia. The lower prevalence of PBC in Oceania was further confirmed in a 

study by Ngu et al from Canterbury, New Zealand the prevalence of PBC was found to 

be 9.9 per 100,000 (year 2008), significantly lower than the prevalence in Europe.209 

 

Figure 4 represents temporal change in incidence rate across studies reported between   

1973 and 2018. Some studies reported an increase in incidence 160, 194, 196, 197, 201, 205, 

while others showed stable incidence152, 155, 159, 161, 172, 192, 193, 195, 198, 199, 202, 206 of PBC.
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Table 6. Systematic review: Epidemiology of primary biliary cholangitis 

 

Study 

(Reference)  

Location 

Year 

published 

Case-finding Period No of 

patients 

Population Incidence 

Per 100,000 

(95%CI) 

Prevalence 

Per 100,000 

(95%CI) 

 

Temporal 

trend 

Female 

% 

Note 

Drazilova et 

al152 

 

Eastern 

Slovakia 

 

2020 Personal physician 

registry 

1999-

2019 

256 1,600,000 0.7 – 1.5 14.9 Incidence  

 

Prevalence 

95.7% 1 

French et al153 

 

Victoria, 

Australia 

2020 Personal physician 

registry, Hospital 

record database, 

Laboratory record 

database 

2013 1,012 5,350,000 N/A 18.9 Prevalence 87.5%  

Sebode et al146 

 

Germany 

 

 

2020 Insurance medical-

record database 

2011 - 

2014 

2,495 8,100,000 N/A 36.9 (35.6-

38.2) 

 

Prevalence 83%  
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Madir et al154 

Croatia 

2019 Hospital record 

database 

2007 – 

2017 

74 627,483 0.79  and 

0.89 

11.5 and 

12.5 

N/A 86.7% 2 

Marschall et 

al155 

 

Sweden 

 

2019 Medical record 

database 

1987 - 

2014 

5,350 N/A 2.6 34.6 Incidence  

 

Prevalence 

80%  

Ornolfsson et 

al156 

 

Iceland 

 

 

2019 Laboratory 

database, pathology 

database 

1991-

2015 

222 N/A 2 – 2.5 41 N/A 82% 3 

Tanaka et al147 

 

Japan 

 

 

2019 Hospital based 

epidemiological 

survey 

2016 10,847 N/A N/A 33.8 Prevalence 79.6% 4 

Marzioini et 

al157 

 

Italy 

 

2019 GP medical record 

database 

2014-

2015 

412 1,204,216 

 

5.3 27.9 N/A 82%  
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Yoshida et 

al158 

 

Canada 

 

 

2018 Medical record 

database 

2007 - 

2015 

8680 N/A N/A 31.8 Prevalence 78.5%  

Lu et al159 

 

US 

 

2018 Medical record 

database 

2003 - 

2014 

3,488 N/A 3.5 – 4.8 39.2 Incidence  

 

Prevalence 

81.7% 5 

Cheung et 

al160 

Hong Kong 

 

2017 Medical record 

database 

2000 - 

2015 

1,016 7,300,000 0.84 5.64 Incidence  

 

Prevalence 

79%  

Kanth et al161 

Wisconsin, US 

 

2017 Medical record 

database, Clinical 

records 

1992 – 

2011 

79 N/A 4.9 N/A Incidence  

 

95%  
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Gatselis et 

al162 

Greece 

 

2017 Hospital record 

database 

2000 - 

2015 

482 750,000 N/A 58.2 Prevalence 86.5% 6 

 

Jeong et al163 

 

South Korea 

2016 Insurance medical 

record database 

2009 - 

2013 

2,824 N/A 0.86 4.75 N/A 86.1% 

 

 

Koulentaki et 

al192 

Crete, Greece 

2014 Hospital record 

database 

1990-

2010 

245 600,000 2.1 36.5 Incidence  

 

87.8%  

McNally et 

al193 

Northeast 

England 

2014 Personal physician 

registry, Clinical 

records 

1987 – 

2003 

982 2,050,000 4.5-5.3 N/A Incidence  

 

90.3% 7 

Boonstra et 

al194 

 

Netherlands 

2014 Medical record 

database, Clinical 

records 

2000 - 

2008 

992 N/A 1.1 13.2 Incidence  

 

Prevalence 

88%  
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Ngu et al209 

Canterbury, 

New Zealand 

2012 Hospital record 

database, Clinical 

records, Laboratory 

record database, 

Prospective 

registration 

1980 – 

2008 

71 494,170 0.8 (0.1 - 1.6) 9.9 (7.1 – 

12.7) 

N/A 92%  

Baldursdottir 

et al195 

Iceland 

2012 Laboratory record 

database, Clinical 

records 

1991 - 

2010 

168 317,630 2 (1.5 - 2.5) – 

2.5 (2 – 3) 

38.3  Incidence  

 

82% 8 

Myers et al206 

Calgary Health 

Region, 

Canada 

 

2009 Insurance medical 

record database, 

Hospital medical 

record database 

1996 – 

2003 

224 1,100,000 3.03  22.7  

Incidence  

 

Prevalence 

83%  

Rautiainen et 

al196 

Finland 

 

2007 Hospital medical 

record database, 

Pathology database, 

Personal physician 

registry 

1988 - 

1999 

545 2,972,189 1.2 (1 – 1.4) – 

1.7 (1.5 – 2.0) 

18 (17.2 – 

18.9) 

Incidence  

 

Prevalence 

85-87% 9 

Pla et al197 

Spain 

2007 Hospital medical 

record database, 

Laboratory and 

pathology record 

1990 - 

2002 

87 389,758 1.72 19.5 Incidence  

 

Prevalence 

96.6%  
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 database, Personal 

physician registry 

Delgado et 

al208 

Southern 

Israel 

 

2005 Personal physician 

registry, Hospital 

medical record 

database, 

Laboratory, and 

pathology record 

database 

2004 47 826,000 N/A 5.5 N/A 100%  

Sood et al210 

Victoria, 

Australia 

 

2004 Personal physician 

registry, Hospital 

medical record 

database,  

2002 249 4,880,000 N/A 5.1 Prevalence 89.9%  

Hurlburt et 

al175 

Alaska 

2000 Medical record 

database 

1984 - 

2000 

18 100,312 N/A 16 (12.9 – 

25.4) 

N/A 100%  

Kim et al172 

Olmstead 

county, 

Minnesota, US 

2000 Medical record 

database, Clinical 

records 

1975 - 

1995 

46 N/A 2.7 (1.9 – 3.5) 40.2 (27.2 – 

53.1) 

Incidence  

 

89%  
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James et al198 

UK 

 

1999 Personal physician 

registry, hospital 

record database, 

laboratory record 

database 

1987 - 

1994 

770 2,052,668 2.61 33.46 

 

Incidence  

Prevalence  

90.1%  

Boberg et al171 

Oslo, Norway 

 

1998 Hospital record 

database 

1986 – 

1995 

21 130,000 1.6 14.6  

Prevalence 

76.2%  

Metcalf et 

al199 

New castle 

upon Tyne, 

England 

1997 Personal physician 

registry, medical 

record database, 

Laboratory record 

database, Pathology 

record database 

1987 – 

1994 

160 285,310 1.4 – 3.2 24 Incidence  

 

Prevalence 

90.6%  

Watson et 

al211 

Victoria, 

Australia 

1995 Personal physician 

registry, Hospital 

record database, 

Clinical records 

1990 - 

1991 

84 4,390,000 N/A 1.9 (1.53 – 

2.37) 

N/A 91.7%  
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Remmel et 

al200 

Estonia 

1995 Personal physician 

registry, Laboratory 

record database 

1973 – 

1992 

69 1,526,177 0.23  2.69 Prevalence 95.7%  

Myszor et al201 

North-east 

England 

 

1990 Hospital record 

database, 

Laboratory record 

database, Personal 

physician registry 

1965 – 

1987 

471 1,920,000 1.98 12.8 Incidence  

 

Prevalence 

90.2%  

Witt-Sullivan 

et al207 

Ontario, 

Canada 

1990 Personal physician 

registry 

1987 225 N/A 0.33 2.23 N/A 93.1% 10 

Danielsson et 

al202 

Northern 

Sweden 

 

1990 Hospital record 

database, 

Laboratory record 

database, Personal 

physician registry 

1973 - 

1982 

111 570,000 1.33 15.1 Incidence  

 

Prevalence 

86.5%  

Löfgren et 

al203 

1985 Hospital record 

database 

1967-

1983 

18 164,063 1.4 12.8 Prevalence 77.8%  
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Örebro, 

Sweden 

 

Eriksson et 

al204 

Malmö, 

Sweden 

1984 Hospital record 

database 

1973-

1982 

33 240,000 1.37 9.2 Prevalence 75.8%  

Hamlyn et 

al205 

Northeast 

England 

 

1983 Hospital record 

database, 

laboratory record 

database 

1960-

1979 

117 2,080,000 1 3.7 to 14.4 Incidence  

 

93.2% 11 

 

 

 

N/A – not available 
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Notes: 

 

1 – information on average annual incidence was not available. The stated annual incidence was during the periods of 2014 – 2018. The 

prevalence was observed to increase numerically, however no statistical evidence was presented in the paper. 

2 – The incidence and prevalence are for catchment areas of two university hospitals in north-western and southwestern Croatia respectively:  

University Hospital Dubrava, Zagreb, and University Hospital Centre Rijeka. 

3 – The incidence varied from 2.0 to 2.5 per 100,000 during study periods 1991 – 2000, 2001 – 2010 and 2011 – 2015. 

4 - The study involved an epidemiological survey sent to a ‘random’ sample of departments / hospitals based on predetermined stratification. 

      The prevalence of PBC increased almost 3-fold in the 12-year period from 2004 to 2016. 

5 - The incidence varied from 3.5 to 4.8 between the years 2006 and 2014. 

6 – The prevalence reflects ‘period prevalence’ during 2000 – 2015 in the region of Thessaly, Greece.  

7 – Only patients 40 years of age or older were included.  The Age-standardised rates were calculated for 1987-1994 and 1995-2003 period. 

There was no significant difference in incidence rate during the two periods. 

8 – The age-standardised incidence was 2 per 100,000 for period 1991 – 2000 and 2.5 per 100,000 for period 2001 – 2010. 

9 – The age-standardised incidence rate increased from 1.2 per 100,000 to 1.7 per 100,000 from 1988 to 1999. 

10 – The incidence was calculated for the period from January 1987 to December 1987. 

11 – The prevalence varied from 3.7 per 100,000 in rural areas to 14.4 per 100,000 in urban areas in the study.  
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Figure 3. Global prevalence of primary biliary cholangitis - epidemiological studies from 1991 to 2020 
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2.4.3 - Primary sclerosing cholangitis 

 
Fifteen studies were identified which reported on incidence or prevalence of PSC. Of 

these, 5 studies were from North America104, 164, 175, 212, 213, 8 from Europe165, 166, 171, 214-

218 and 1 each from Asia147 and Oceania219. These have been described in table 7. 

Overall, unlike other autoimmune conditions, including AIH and PBC, male 

predominance is observed in PSC with 53.2% to 71.4% cases observed in male 

population. An association with IBD was reported in the majority of studies, with 46% to 

76% patients having co-existent IBD, commonly UC. 

 

Incidence and prevalence were reported in 4 and 3 studies respectively from North 

America. In an earlier study by Bambha et al219 from Olmsted County, United States, a 

mean incidence of 0.9 per 100,000 cases of PSC was reported from year 1976 to 2000. 

An updated analysis from the same group by Bakshi et al164 reported a higher incidence 

rate of 1.47 per 100,000 during 2001 to 2017. A somewhat lower incidence rate was 

observed in a population-based study from Calgary, Canada with rates of PSC diagnosis 

at 0.92 cases per 100,000 person-years for the period 2000 – 2005.213 Interestingly, 

another study from Northern California, United States reported a much lower incidence 

rate of 0.41 cases per 100,000 for the period 2000 – 2006.212 However, the latter study 

employed much less robust case-ascertainment methodology, as it was not strictly 

population-based and data was obtained from a private healthcare database only, 

thereby creating a significant risk of under-estimation of true cases. In the Alaskan 

study175 which involved a single referral centre for a population of 100,312 inhabitants, 

no cases of PSC were identified during a 17 year observation period. 
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The reported incidence of PSC in Northern Europe has varied from 0.5 per 100,000 in 

Netherlands (2000-2007), to 1.58 per 100,000 in Finland from 1990 to 2015.165, 220 

Interestingly, the Finnish study reported the highest prevalence of PSC in Europe, at 

31.7 cases per 100,000 in 2015. The authors hypothesised that since the rate of liver 

transplantation was low (7.8% patients) and survival was longer, patients in the Finnish 

cohort were likely actively investigated and diagnosed at an earlier and more 

asymptomatic stage compared to other studies. Two studies from the United 

Kingdom216, 217 assessed epidemiology based on data obtained from a medical record 

database and reported somewhat lower incidence and prevalence at 0.41 – 0.68 and 

3.85 – 5.58 per 100,000 respectively during years 1991 to 2014. Two other European 

studies reported a very low incidence rate of 0.07 and 0.1 per 100,000 cases, from 

Spain and Italy respectively however the case ascertainment methodology employed 

needs consideration.166, 218 An older Spanish study identified cases only on the basis of 

questionnaires sent to physicians, thereby likely under-estimating the true incidence. A 

more recent Italian study ascertained cases based on a national rare diseases’ registry, 

and other case-finding methods were not used. There are no published estimates on 

reliability of data capture by the rare diseases’ registry, thereby raising the possibility of 

under-estimation of true cases. 

 

There are no published epidemiological data for PSC from Australia. Ngu et al explored 

epidemiology of PSC in Canterbury, New Zealand using multiple case-finding 

methods.221 Similar to the North American and European experience, the observed 
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incidence and prevalence of PSC in 2008 was 1.6 per 100,000 cases and 11.7 per 

100,000 cases respectively in Canterbury.  

 

The prevalence of PSC appeared to be increasing across the majority of the studies, 

however there was no clear trend observed for change in the incidence rates (figure 5). 

Liang et al216 reported a 3-year moving average for incidence rate of PSC and no 

significant change was observed during 1998 – 2014. On the other hand, in the Finnish 

study165, incidence rates increased during the observation period from 1990 to 2007, 

however declined during the period 2008 – 2015.   

 

In addition to the quality of study methodology employed, there are several reasons to 

account for temporal changes in incidence and prevalence of PSC. Availability and 

access to diagnostic tools play a major role, especially as diagnosis of PSC is 

predominantly based upon cholangiography. ERCP was first performed in 1970s, but 

procedure-related complication such as pancreatitis, bleeding and perforation impeded 

wide-spread diagnostic application.222 Once non-invasive diagnostic methods such as 

MRCP became available in 1990s, the diagnostic threshold for using cholangiography 

was lowered, and consequently more patients with PSC were now identified.223 

Moreover, since PSC is closely related to IBD, geographical variation in IBD occurrence 

naturally affects incidence of PSC.  
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Table 7.  Systematic review: Epidemiology of primary sclerosing cholangitis 

 

Study 

(Reference)  

Location 

Year 

published 

Case-finding Period No of 

patients 

Population Incidence 

Per 

100,000 

(95%CI) 

Prevalence 

Per 

100,000 

(95%CI) 

 

Temporal 

trend 

IBD % Male 

% 

Note 

Bakshi et al 

 

Olmsted 

county, US 

 

31932891 164 

2020 

 

Medical record 

database, 

clinical records 

1976 – 

2017 

56 N/A 1.47 

(0.99-1.96) 

23.99 

(16.44-

31.55) 

 

Incidence  57.1% 71.4% 1 

Tanaka et al 

Japan 

 

30932290 147 

2019 Personal 

physician 

registry 

Until 

2016 

906 N/A N/A 1.8 

(1.75-1.85) 

Prevalence  ? 53.2% 2 

Barner-

Rasmussen et 

al165 

Finland 

 

31902255 

2020 Medical record 

database,  

Clinical records 

1990 - 

2015 

632 1,600,000 1.58 31.7 Incidence 

increased 

from 1990 to 

2007, then 

declined  

68% 54%  

Carbone et 

al166 

2020 Medical record 

database 

1985 - 

2014 

502 60,795,612 

 

0.1 (0.08-

0.13) 

N/A Incidence  

 

N/A 60%  
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Italy 

 

32365682 

 

  

Boonstra et 

al220 

 

Netherlands 

 

23775876 

2013 Pathology 

database, 

hospital billing 

database, 

endoscopy 

database, 

Personal 

physician 

registry, Liver 

transplant and 

IBD registry 

2000 – 

2007 

590 7,758,980 0.5 6 Prevalence  68% 64%  

Toy et al212 

 

Northern 

California, US 

 

21767410 

 

 

2011 Medical record 

database 

2000 - 

2006 

169 3,236,094 0.41  

(0.32 – 

0.51) 

 

4.03 

(3.36 – 

4.70) 

N/A 64.5% 59.8%  
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Ngu et al219 

 

Canterbury, 

New Zealand 

 

 
21893134 

 

2013 Hospital 

clinical 

records, 

pathology 

database, 

laboratory 

database, 

prospective 

registration 

1980 – 

2008 

79 494,170 1.6 (0.5 – 

2.7) 

11.7 (8.7 – 

14.8) 

N/A 76% 62%  

Lindkvist et 

al215 

 

Southern 

Sweden 

 

20683956 

 

2010 Hospital 

medical record 

database, 

Clinical records 

1992 – 

2005 

199 1,492,000 1.22 16.2 Incidence  76% 71% 3 

Kaplan et al213 

 

Calgary, 

Canada 

 

17313496 

 

 

2007 Medical 

records, 

endoscopic, 

imaging and 

pathology 

database 

2000 - 

2005 

49 1,112,521 0.92 

 

N/A N/A 67% 55%  
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Liang et al216 

UK 

 

28614231 

 Medical record 

research 

database 

1998 - 

2014 

421 N/A 0.68 

(0.45 – 

0.99) 

5.58  

(4.82 – 

7.35) 

Incidence:  

 

 

54% 60.6% 4 

Card et al217 

 

UK 

 

18433916 

 

 

 

2008 

 

Medical record 

research 

database 

1991 – 

2001 

223 2,027,909 0.41 

(0.34 – 

0.48) 

3.85 

(3.04 – 

4.80) 

Incidence  48% 63.5% 5 

Bambha et 

al104 

 

Olmsted 

county, US 

 

14598252 

2003 Medical record 

database, IBD 

database, 

Clinical records 

1976 – 

2000 

22 N/A 0.9 

(0.56 – 

1.36) 

13.6 

(7.1 – 20.1) 

Incidence  73% 68% 6 

Hurlburt et 

al175 

 

Alaska 

 

12358264 

2002 Clinical records 1984 – 

2000 

0 100,312 N/A N/A N/A N/A N/A  
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Boberg et al171 

 

Oslo, Norway 

 

9489916 

 

 

1998 Prospective 

registration 

1986 – 

1995 

17 130,000 1.3 8.5 Prevalence  71% 71%  

Escorsell et 

al218 

 

Spain 

 

7890895 

 

 

1994 Personal 

physician 

registry 

1984 – 

1988 

43 19,23,000 0.07 0.22 Incidence  

 

Prevalence  

46.5% 

 

 

  

60.5%  

 

 

N/A – not available 
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Notes: 

 

1 – The age and sex adjusted incidence increased almost 2-fold from 2001 to 2017, compared to 1976 – 2000  

2 – The study involved an epidemiological survey sent to a ‘random’ sample of departments / hospitals based on predetermined stratification. 

      The prevalence of PSC increased almost 2-fold in 2016, compared to 2007 

3 – The incidence of PSC increased by 35% over a 10-year period 

4 – There was no clear trend in incidence, however prevalence increased almost two folds from 1998 to 2014 

5 – The incidence of PSC increased by almost 50% in periods 1994 – 1996 and 1997 – 2001 when compared to 1991 – 1993 

6 - A trend towards increasing incidence was noted in men (but not women) from 1976 to 2000. However, when analysis was restricted to 

1991 – 2000, no change in incidence was observed. 
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2.5 - Conclusion 

 

We performed a systematic review to assess reported incidence and prevalence of AIH, 

PBC and PSC and understand variations based on geographical location as well as time-

period of the analysis. We assessed all studies published till 31st October 2020 and 

indexed in MEDLINE/PubMed, including non-English language articles. We further 

expanded our search by assessing references of original articles and reviews, to identify 

candidate epidemiological articles for inclusion in the current study. 

 

We found significant variation in reported incidence and prevalence rates as well as 

temporal trends of all three autoimmune liver diseases across various geographical 

regions. However, the apparent differences in occurrence rate of these rare liver 

diseases need to be taken in context of study design. The quality of case-finding 

methods and case-definitions varied significantly. Earlier epidemiological studies relied 

on case-finding by sending questionnaires to treating clinicians only, which significantly 

risk under-estimating the true prevalence of disease. Some studies-based case-

definition on clinical judgement alone, while other studies involved re-assessment of 

clinical records to ensure commonly accepted objective criteria were met.  

 

We also observed significant differences in observed trends of incidence and 

prevalence across various studies. In addition to any true change in incidence of a 

disease, there are several non-disease related factors related to quality of case-

identification in epidemiological research which need to be taken into consideration. 

Introduction of computers and digitisation of health records, laboratory and 
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pathological databases has significantly improved the overall quality of epidemiological 

research, making case-finding easier, reproducible, and reliable. In addition, 

improvements in diagnostic tools, improved access to specialist services, increased 

awareness amongst clinicians which is especially relevant for rare diseases has led to 

increased case-identification over the recent decades. By the same measure, the above 

health-care related factors are distributed unequally globally which also affects 

observed epidemiology of diseases in different parts of the world. 

 

Overall, high quality epidemiological research in autoimmune liver disease remains 

sparse. The majority of studies relating to autoimmune liver disease originate from the 

western world and we did not find any population level epidemiological study from 

Africa, India or China. The only population-based epidemiological data from New 

Zealand comes from Canterbury, where incidence and prevalence of autoimmune liver 

diseases were reported until year 2008. Similarly, there have been no studies assessing 

epidemiology of PSC or AIH from Australia. Therefore, there is a need for local 

contemporary epidemiological data of these rare autoimmune liver disease.  
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3.1 - Abstract 

 

Background & Aims 

 

AIH, PBC and PSC are autoimmune liver diseases of unknown aetiology. We studied 

trends in incidences of AIH, PBC, and PSC in a population-based prospective study 

Canterbury, New Zealand. 

 

Methods 

 

 We collected data on patients with AIH (n=99), PBC (n=26), or PSC (n=47) from public 

hospitals and private practices in Canterbury from 2008 through 2016. Diagnoses were 

made based on international standardized criteria. We calculated incidence rates for 

the time periods of 2008–2010, 2011–2013, and 2014–2016 and compared them using 

2-tailed mid-P exact tests. 

 

Results 

 

Overall incidence rates were 1.93 per 100,000 for AIH (95% CI, 1.58–2.34), 0.51 per 

100,000 for PBC (95% CI, 0.33–0.73), and 0.92 per 100,000 for PSC (95% CI, 0.68–1.21). 

The incidence of AIH was significantly higher during the period of 2014–2016 (2.39 per 

100,000; 95% CI, 1.76–3.23) than during the period of 2008–2010 (1.37 per 100,000; 

95% CI, 0.91– 2.06) (P<.05). Incidences of PBC and PSC did not change significantly. In 

2016, prevalence values were 27.4 per 100,000 for AIH (95% CI, 23.58–32.0), 9.33 per 
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100,000 for PBC (95% CI, 7.13–12.05), and 13.17 per 100,000 for PSC (95% CI, 10.56–

16.42).  

 

Conclusions 

 

In a population-based prospective study, we found that the incidence of AIH was 

significantly higher in the 2014–2016 period than the 2008–2010 period; incidences of 

PBC and PSC were unchanged over the same period. Further studies are needed to 

determine the reasons for changes in incidence of autoimmune liver diseases. 
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3.2 - Introduction 

 

AIH, PBC and PSC are chronic autoimmune liver diseases of unknown aetiology, 

eventually leading to cirrhosis and liver failure.224-226 These diseases are thought to arise 

from a complex interplay between environmental factors and antigen exposure in 

genetically susceptible individuals.  Population-based epidemiology data for 

autoimmune liver diseases is relatively sparse. The majority of epidemiological studies 

have originated from Europe and North America, showing both heterogeneous results 

and inconsistent trends in the incidence and prevalence of autoimmune liver 

diseases.38, 104, 150, 159, 167, 170, 171, 198, 206, 209, 213, 215, 220, 227 For example, while the incidence 

of PBC was observed to increase during 1987-1994 in Northern England, the more 

recent epidemiological studies from Canada and the United States found that incidence 

has remained unchanged.159, 198, 206 Similarly, incidence of PSC was observed to have 

increased in a Swedish study between 1992 to 2005, while a North American 

population-based study reported unchanged incidence from 1991-2000.104, 215  

 

Varying trends in the incidence rates of AIH have similarly been observed. One 

retrospective population-based study from Sweden found stable incidence over a 

period of 13 years, while two other retrospective population-based studies from 

Denmark and Netherlands observed an increase in incidence of AIH.38, 39, 167 Moreover, 

diagnostic criteria of AIH used in studies have varied, with some using the standardized 

criteria, while in the Danish cohort, diagnosis was made based on clinical assessment. 

The epidemiological trends of these autoimmune liver diseases therefore remain 

incompletely understood. 
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Our group has previously reported incidence and prevalence of AIH, PBC and PSC in a 

population-based cohort.176, 209, 219 The aim of this study was to analyse the temporal 

trends in the incidence and prevalence of autoimmune liver diseases in a prospective 

population-based study over a nine-year period. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 82 

3.3 - Methods 

3.3.1 - Study population 

 

New Zealand provides free hospital-care including specialist consultations, 

investigations, and hospital admissions, thereby ensuring secondary healthcare access 

to all New Zealand citizens and permanent residents. The study was conducted in a 

geographically well-defined area of the region of Canterbury, New Zealand. 

Christchurch Hospital is the only tertiary care hospital in Canterbury that provides 

specialist gastroenterology services. A minority of New Zealanders seek private health 

care and clinical data was obtained from all private gastroenterology practices in 

Christchurch, making complete case ascertainment possible.  

 

3.3.2 - Canterbury population 

 

Population data was obtained from Statistics New Zealand based on the census and 

population projections.228 Canterbury experienced significant earthquakes in year 2010 

and 2011 which led to temporary change in demographics. In the immediate aftermath 

of the 2011 earthquakes, the population of urban Christchurch fell by up to 2.9% 

predominantly due to migration to other parts of Canterbury and New Zealand, which 

recovered by year 2013-2014.229, 230 The population of Canterbury in 2016 was 599,900, 

of which 50.24% were male. The majority of the Canterbury’s population is of European 

descent (83.17%) followed by Maori (7.77%), Asian (6.65%) and Pacific Peoples 

(2.36%).231 19.5% of residents were born overseas including 9.6% from Europe and 
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North America, 5.5% from Asia and 1.6%, 1.2% and 1.4% from Australia, Pacific islands 

and Middle-east and Africa respectively. 

 

3.3.3 - Case identification 

 

All patients who were diagnosed with AIH, PBC and PSC, both at public hospital and 

private gastroenterology practices from 01/01/2008 till 31/12/2016 were prospectively 

enrolled in the database. Patients diagnosed before 01/01/2008 were identified 

retrospectively. Methods used to identify cases diagnosed prior to 2008 have previously 

been described in detail elsewhere.176, 209, 219 

 

 

3.3.4 - Diagnostic Criteria 

 

Diagnosis of AIH was defined based on clinical diagnosis and supported by any one of 

the two standardized scoring systems: score ≥ 6 based on the simplified criteria,44 or 

score ≥ 10 based on the revised original criteria.2 PBC was defined if at least 2 of the 

following were present: positive AMA (titre ≥ 1:40), raised alkaline phosphatase (>1.5 

times the upper limit of normal) for > 6 months or compatible liver biopsy (non-

suppurative destructive cholangitis affecting interlobular and septal bile ducts).232 PSC 

was diagnosed based on demonstration of typical cholangiographic appearance 

(multifocal structuring and ectasia of biliary ducts) or compatible histologic findings if 

liver biopsy was available. 
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3.3.5 - Statistical analysis 

 

To minimize random variation, the 9-year study period was divided into three 3-year 

periods: 2008-2010, 2011-2013, 2014-2016. The incident cases were aggregated, and 

annualized incidence rate was calculated for each of the 3-year periods with 95% 

confidence intervals and compared using 2-tailed mid-P exact tests. Where the 

incidence rate had changed significantly, the rate ratio was calculated as the conditional 

maximum likelihood estimate with 95% confidence intervals. Point prevalence rate was 

calculated for 31st December of each year. P-value of ≤ 0.05 was considered statistically 

significant. 
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3.4 – Results 

 

3.4.1 - Autoimmune hepatitis 

 

During 2008-2016, 99 patients were diagnosed with AIH.  The mean age at diagnosis 

was 51.6 years and most patients were female (67.7%). Bi-modal age of presentation 

was observed with two peaks – the first peak in patients younger than 20 years and the 

second and larger peak in 50-69 years age-group (figure 6). 64 patients were classified 

as ‘definite AIH’, while the remaining 35 patients were classified as ‘probable AIH’, 

based on the standardized diagnostic criteria.2, 44 Liver biopsy was obtained in 96% of 

patients. Advanced fibrosis or cirrhosis was present in 44.4% at the time of diagnosis. 

There were no observed differences in proportion of patients with advanced fibrosis 

during the 3 three-year study periods. Elevated ANA (titre ≥1:40) and SMA (titre ≥1:40) 

were present in 59.6% and 62.6% respectively. Raised IgG levels (>14 g/l) were present 

in 81.8% patients with AIH. LKM-1 was found positive in only 1 of 89 patients. Overall, 

15 of 99 patients were classified as sero-negative AIH based on absence of ANA, SMA 

and normal IgG levels at diagnosis. 

 

The overall incidence rate of AIH was 1.93 per 100,000 (95%CI 1.58-2.34). The annual 

incidence of AIH during the first 3-year period (2008-2010) was 1.37 (95%CI 0.91- 2.06), 

which increased significantly to 2.39 (95%CI 1.76-3.23) during the last 3-year period of 

observation (2014-2016) (p = 0.04). The incidence rate ratio for the two periods was 

1.69 (95%CI 1.02-2.84). The point prevalence of AIH at the end of study (2016) was 27.5 

per 100,000 (95%CI 23.58-32.0) which was significantly higher compared to 19.7 (95%CI 
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16.24-23.65) in 2008 (p<0.01) (figure 7). There was no significant difference in the age 

at diagnosis (p=0.73) or gender distribution (p=0.13) between the two study periods 

(table 8). 

 

 

 

 

Figure 6. Age at diagnosis of autoimmune hepatitis 
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Figure 7. Point prevalence of autoimmune hepatitis, primary biliary cholangitis 

and primary sclerosing cholangitis during 2008 to 2016 
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Table 8. Incidence of autoimmune hepatitis during the three periods: 2008-10, 

2011-13 and 2014-16. 

 

 

Period 

Male Female Total 

No. of 

cases 

Incidence per 

100,000 (95% CI) 

No. of 

cases 

Incidence per 

100,000 (95% CI) 

No. of 

cases 

Incidence per 

100,000 (95% CI) 

2008-2010 5 0.60 (0.22 – 

1.34) 

18 2.11 (1.29 – 

3.27) 

23 1.37 (0.87-2.05) 

2011-2013 10 1.20 (0.61 – 

2.14) 

24 2.83 (1.86 - 4.15) 34 2.03 (1.40-2.83) 

2014-2016 17 1.932 (1.16 – 

3.02) 

25 2.84 (1.88 – 

4.14) 

42 2.39 (1.72-3.23) 

 

 

AIH – autoimmune hepatitis 
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3.4.2 - Primary biliary cholangitis 

 

Twenty-six patients were diagnosed with PBC during the study period. The mean age at 

presentation was 57.9 years and 77% (20) were female. The annual incidence of PBC 

observed during the study was 0.51 per 100,000 (95%CI 0.33-0.73) (table 9). Annual 

incidence during the first 3-year period was 0.65 (95%CI 0.33-1.17), which was similar 

when compared to the 2014-2016 period (0.45, 95%CI 0.20-0.90). The point prevalence 

of PBC in 2016 was 9.33 cases per 100,000 (95%CI 7.13-12.05), compared to 9.39 

(95%CI 7.08-12.22) in 2008 (p=0.49) (figure 7).  

 

 

Table 9. Incidence of primary biliary cholangitis during the three periods: 2008-

10, 2011-13 and 2014-16. 

 

 

Period 

Male Female Total 

No. of 

cases 

Incidence per 

100,000 (95% CI) 

No. of 

cases 

Incidence per 

100,000 (95% CI) 

No. of 

cases 

Incidence per 

100,000 (95% CI) 

2008-2010 3 0.36 (0.09 – 0.99) 8 0.94 (0.44 – 1.78) 11 0.65 (0.33-1.17) 

2011-2013 1 0.12 (0.01 – 0.59) 6 0.71 (0.29 – 1.47) 7 0.42 (0.17-0.86) 

2014-2016 2 0.23 (0.04 – 0.75) 6 0.68 (0.28 – 1.42) 8 0.45 (0.20-0.90) 

 

PBC – primary biliary cholangitis 
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3.4.3 - Primary sclerosing cholangitis 

 

During 2008-2016, 47 patients were diagnosed with PSC. The mean age at diagnosis 

was 52 years and an incidence peak were noted between 50-79 years of age (figure 8). 

A similar proportion of male and female patients (24 and 23 patients respectively) were 

diagnosed with PSC. Concomitant diagnosis of IBD was present in 27 (57.45%) patients. 

CD and UC were present in 13 and 14 patients respectively, and a majority of CD 

patients (76.9%) had evidence of colonic involvement. Patients with IBD-PSC were 

younger (mean 46.6 years) compared to non-IBD PSC patients (mean 60.1 years) 

(p=0.02).  

 

The overall incidence of PSC was 0.92 per 100,000 (95%CI 0.68-1.21) (table 10). The 

incidence rate for 2008-2010 period was 1.01 per 100,000 (95%CI 0.59-1.62), similar to 

the 2014-2016 period (0.74, 95%CI 0.39-1.26) (p=0.40). The point prevalence of PSC in 

2016 was 13.17 per 100,000 (95%CI 10.56-16.42), which was not significantly different 

when compared to year 2008 (11.01, 95%CI 8.57-14.16) (p=0.30) (figure 7). 
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Table 10. Incidence of primary sclerosing cholangitis during the three periods: 

2008-10, 2011-13 and 2014-16 

 

 

Period 

Male Female Total 

No. of 

cases 

Incidence per 

100,000 (95% CI) 

No. of 

cases 

Incidence per 

100,000 (95% CI) 

No. of 

cases 

Incidence per 

100,000 (95% CI) 

2008-2010 10 1.21 (0.61 – 2.15) 7 0.82 (0.36 – 1.62) 17 1.01 (0.59-1.62) 

2011-2013 7 0.84 (0.37 – 1.67) 10 1.18 (0.6 – 2.1) 17 1.01 (0.59-1.62) 

2014-2016 7 0.79 (0.35 – 1.57) 6 0.68 (0.28 – 1.42) 13 0.74 (0.39-1.26) 

 

 

 

 

Figure 8. Age at diagnosis of primary sclerosing cholangitis 
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3.4.4. - Overlap syndrome 

 

A total of 9 patients were diagnosed with AIH-PBC overlap syndrome. The average age 

at diagnosis was 55 years and 67% of patients were female, similar to patients with PBC 

without overlap syndrome. Six out of 9 patients were classified as definite AIH based on 

standardized scoring criteria. Four patients were diagnosed with AIH-PSC overlap 

syndrome. Patients with AIH-PSC overlap syndrome were significantly younger, with 

mean age at diagnosis 21.4 years, compared to 51.7 years in PSC patients without 

overlap (p<0.001). All four patients had liver biopsy and classified as definite AIH based 

on the scoring system. 3 out of 4 patients with AIH-PSC overlap were male, similar to 

the gender distribution observed in PSC patients without overlap. 
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3.5 - Discussion 

 

Several retrospective population-based and institution-based cohort studies have 

evaluated trends in the incidence and prevalence of autoimmune liver diseases, 

however there is paucity of high-quality contemporary epidemiology data. In this 

population-based prospective study from New Zealand, we attempted to overcome 

some of these limitations and sought to assess epidemiology and temporal trends of 

major autoimmune liver diseases – AIH, PBC and PSC over a course of 9 years from 2008 

to 2016. 

 

The most striking finding of our study was the significant increase in incidence of AIH 

during the study period. AIH incidence rate rose significantly during the last 3-year 

period of the study (2014-2016) compared to the first 3-year period (2008-2010) with 

an incidence rate-ratio of 1.69 (95%CI 1.02-2.84). The prevalence of AIH increased 

significantly during the same time-period, secondary to increase in the incident cases of 

AIH. The point prevalence of AIH in 2016 was observed at 27.5 cases per 100,000 which 

is one of the highest prevalence rates reported. Several European studies have reported 

on trends in the incidence and prevalence of AIH in last 3 decades. For example, Werner 

et al reported stable incidence of AIH in Sweden during 1990-2003.38 On the other 

hand, more recent epidemiological studies from Denmark (1994-2012) and Netherlands 

(2000-2010) reported an increase in incidence of AIH.39, 167 Given that majority of the 

Canterbury population is of Northern European descent, common underlying genetic 

predisposition may be responsible for similar trends seen in parts of Europe and New 

Zealand. In addition, we confirmed a bi-modal distribution of age at presentation with a 
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second and larger peak observed in patients 50-69 years of age. This bimodal 

distribution of age-incidence has been described by our group previously and has been 

consistently observed across epidemiological studies in Europe.38, 167, 176 

 

The other important finding of our study was that, during the same study period, no 

change in incidence of PBC and PSC was observed. Our findings of stable incidence of 

PBC is in keeping with observation from retrospective cohorts in the United States (year 

2006-2014)159 and Canada (year 1996-2002)206 where no change in incidence was 

observed. An earlier population-based retrospective study from the UK found an 

increasing incidence of PBC during 1987-1994, however it is unclear if these were 

simply due to increased recognition and/or improved access to diagnostics rather than 

a true increase in the incidence.198 There have been a few European retrospective 

cohort studies examining temporal trends in the incidence of PSC and reported varied 

outcomes. For example, Lindkvist et al observed an increasing annual incidence of PSC 

in a population-based cohort from Sweden during 1992-2005.215 Card et al made a 

similar observation of rising PSC incidence in a UK cohort during year 1994-2001 when 

compared to 1991-1993.217 On the contrary, in a more recent UK study by Liang et al, 

no change in incidence of PSC was observed for years 1998-2014.216 Since majority of 

patients with PSC are diagnosed based on radiological imaging, it is possible that an 

apparent rise in incidence in the late 1990s may have been secondary to ascertainment 

bias led by increasing availability of endoscopic retrograde cholangiopancreatography 

and magnetic resonance cholangiopancreatography.  
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In the current study, the incidence of PBC was observed to be lower than PSC, which 

contrasts with the European and North American experience.214 This observation has 

previously been consistently demonstrated in studies from New Zealand and Australia. 

A previous population based study from Canterbury209 found that the incidence of PSC 

was higher than PBC. Similarly, two epidemiology studies from Victoria, Australia 

showed lower incidence of PBC, especially in people of European origin born in 

Australia when compared to the Europeans born overseas.210, 211  While the 

etiopathogenesis of PBC remains unknown, several environmental factors have been 

implicated including exposure to industrialized toxins, seasonal variation and tobacco 

smoking.71, 73, 233 It is possible that lower level of the culprit environmental trigger in 

Australasia is responsible for lower incidence of PBC, when compared to Europe and 

North America. 

 

The earthquakes of Canterbury in 2010-2011 led to a significant adverse effect on 

mental health including higher rates of psychological distress, anxiety and 

depression.234 A few observational studies have found an association between adverse 

mental health and some autoimmune disorders including Inflammatory bowel disease, 

rheumatoid arthritis and systemic lupus. In the absence of data suggesting causation 

and a plausible biological mechanism, it is unclear if adverse mental health resulting 

from earthquakes in Canterbury may have contributed to a differential change in 

incidence of autoimmune liver disease.  

 

We believe that the observed differential trends in the incidence of these autoimmune 

liver diseases truly reflects their contemporary epidemiology. There has been no 
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significant change in coding, diagnostic criteria, or access to gastroenterology service in 

Canterbury over the last 9 years. Liver chemistry tests are commonly requested by 

primary care practitioners for general patient evaluation and referrals are made to the 

gastroenterology service for symptomatic patients and those with persistently 

abnormal tests. The increase in the incidence of AIH is unlikely to be due to an increase 

in diagnostic scrutiny, especially when the incidence of other autoimmune liver diseases 

such as PBC and PSC during the same observation period have remained unchanged. 

 

Our study has several limitations which ought to be acknowledged. Firstly, we do not 

have a plausible biological explanation for the observed differential trend in incidence 

of autoimmune liver diseases. The increased incidence of AIH parallels rising incidence 

and prevalence of other autoimmune disorders such as IBD, type-1 diabetes and 

multiple sclerosis in New Zealand, and it is unclear whether these autoimmune 

conditions share a common local environmental trigger.235-237 Environmental factors 

likely play a central role augmenting phenotypic expression in genetically predisposed 

individuals. For example, gut microbiome dysbiosis can cause immune dysregulation, 

thereby leading to autoimmune disorders.238-242 Xenobiotics have been implicated in 

pathogenesis of AIH and increased pharmaceutical use over the last few decades may 

be a contributing factor.243 The precise cause of increased incidence of AIH however 

remains to be determined. Secondly, 35.3% of patients with AIH were classified as 

‘probable’ cases based on the established diagnostic criteria. Given overlapping 

histological changes, it is possible that a small proportion of patients with drug induced 

liver injury or non-alcoholic steatohepatitis may have been included as probable AIH. 

However, number of such cases is likely to be very small, as during clinical follow-up 
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diagnosis of AIH was not revised in any of these patients. Moreover, the proportion of 

probable compared to definite AIH cases in our series is similar to other epidemiological 

studies from Europe.38, 39  

 

The main strengths of our study include our ability to accurately define the numerator 

and denominator population as our study area is geographically well-defined and a 

complete case-ascertainment was possible by prospectively registering cases diagnosed 

in both public hospital and private practices. Provision of free hospital-care to all New 

Zealand residents ensured that all symptomatic patients were referred for specialist 

evaluation and identified. Lastly, the diagnosis of autoimmune liver disease in our study 

were based on validated standardized criteria and not clinical features alone and were 

therefore able to overcome some of the methodological limitations encountered in 

previous retrospective epidemiological studies. 
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3.6 – Conclusion 

In conclusion, in this prospective population-based study from a geographically well-

defined region, we demonstrate that the incidence of AIH is increasing. In contrast, the 

incidence rates of PBC and PSC have remained unchanged. The reason for observed 

differential change in incidence of these autoimmune liver diseases is unclear and 

future collaborative prospective epidemiological study would be required to assess this 

further. 
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3.7 Supplementary figures 

 

 

Figure 9. Age at diagnosis of primary biliary cholangitis 

 

 

 

 

 

 

 

 

 

Figure 10. Incidence of autoimmune hepatitis, primary biliary cholangitis and 

primary sclerosing cholangitis from 2008 to 2016 
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Chapter 4 

 

Clinical characteristics and long-term 

outcomes in seronegative autoimmune 

hepatitis 
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4.1 - Abstract 

 
Background & Aims  

 

Clinical characteristics of seronegative AIH cases are not well defined. In this 

population-based study, we aimed to describe clinical phenotype and long-term 

prognosis of seronegative AIH compared to classical AIH. 

 

Methods 

 

Diagnosis of AIH was made by standardised diagnostic criteria.  Seronegative AIH was 

defined if titres of ANA and SMA were <1:40 and LKM-1 were negative. Risks of liver 

decompensation within 90 days after diagnosis and overall transplant-free survival 

were evaluated. 

 

Results 

 

Of 213 AIH patients included in the study, 24 patients (11.3%) were seronegative. 

Median follow-up was 8 years (IQR 2.7 – 14.9). There was no significant difference in 

age, gender or ethnicity between seronegative and classical AIH. Seronegative AIH 

patients were more likely to have advanced fibrosis (OR 2.72, 95%CI 1.04-7.13, p=0.04) 

at diagnosis. 18.2% of seronegative AIH developed liver decompensation within 90 days 

of diagnosis, compared to 0.5% in the classical AIH group (HR 6.9, 95%CI 1.2 – 38.4, 

p=0.03). The rate of biochemical remission (ALT<30 IU/L) with immunosuppression was 

similar between the two groups and no significant difference in 5-year transplant-free 
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survival rate was observed (p=0.99). 41.7% of seronegative AIH cases demonstrated 

delayed expression of ANA or SMA upon repeat testing at median interval of 3.7 years. 

 

Conclusions 

 

Seronegative AIH patients are more likely to present with advanced liver fibrosis and 

develop early liver decompensation compared to classical AIH. However, seronegative 

AIH patients show similar response to immunosuppression as classical AIH and have 

similar long-term transplant-free survival. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 103 

4.2 - Introduction  

 

AIH is a progressive inflammatory liver disease of unknown aetiology which may lead to 

cirrhosis, liver failure, HCC and death.120 The disease is classically characterised by the 

presence of typical autoantibodies, hypergammaglobulinemia, necroinflammatory 

changes at histology as well as rapid clinical response to corticosteroids.2, 3, 121-123 The 

serological repertoire used to support the diagnosis of AIH includes ANA, SMA, LKM-1 

and SLA/LP.20, 120, 124, 125 However, up to 10-20% of patients with AIH do not 

demonstrate the presence of conventional serological markers, thereby making 

diagnosis and management of seronegative AIH challenging.2, 128, 129 

 

There are currently no internationally accepted diagnostic criteria to define 

seronegative AIH. Consequently, these patients have been variably described in the 

literature and in some cases could be misclassified as having chronic cryptogenic 

hepatitis.133 Given the paucity of available clinical data, the clinical course and prognosis 

in patients with seronegative AIH remain poorly understood. We have recently 

described contemporary epidemiology of autoimmune liver diseases in a population-

based study from Canterbury New Zealand.244 In the present study, we aimed to assess 

clinical characteristics and long term prognosis in patients with seronegative AIH 

compared to classical AIH. 
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4.3 - Methods 

 

4.3.1 - Study population 

 

The study was conducted in a geographically well-defined area of the region of 

Canterbury, New Zealand. Christchurch Hospital is the only public hospital that provides 

gastroenterology service to the residents of Canterbury. A minority of New Zealanders 

seek private health care and clinical data was obtained from all private 

gastroenterology practices in Christchurch, making complete case ascertainment 

possible.  

  

4.3.2 - Case identification 

 

All patients who were diagnosed with AIH from 01/01/2008 till 31/12/2016, both at 

Christchurch Hospital and private gastroenterology practices in Christchurch, were 

prospectively enrolled in the database. Patients diagnosed with AIH before 01/01/2008 

were identified retrospectively. Methods used for retrospective case ascertainment 

have previously been described in detail elsewhere.176 Demographic data, serology, 

histology and clinical follow-up were available for all patients. 
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4.3.3 - Diagnostic Criteria 

 

Diagnosis of AIH was defined based on clinical diagnosis and supported by any one of 

the two standardized scoring systems: score ≥ 6 based on the simplified criteria, or 

score ≥ 10 based on the revised original criteria.2, 44 Patients were classified as having 

seronegative or classical AIH based on the autoantibody profile. Seronegative AIH was 

defined if titres of ANA and SMA were lower than 1:40, and LKM-1 were negative.  

 

4.3.4 - Treatment of autoimmune hepatitis 

 

At our institution, patients diagnosed with AIH are generally commenced on 

corticosteroids at 40-60 mg per day dose and taper is guided by induction and 

maintenance of biochemical response. Thiopurines (azathioprine or 6-mercaptopurine) 

are first-line steroid-sparing agents of choice used to maintain remission. The standard 

dose of azathioprine used is 1-2mg/kg/day. In patient’s intolerant or non-responsive to 

thiopurines, other immunosuppressant agents such as mycophenolate or calcineurin 

inhibitors are used.  We defined complete biochemical response to initial 

immunosuppression as ALT < 30 U/l at 6 months from diagnosis. In a previous 

population-based study by our group, incomplete normalization of ALT was found to be 

one of the independent predictors associated with increased long-term risk of liver 

transplantation and liver-related mortality.245 

 

Liver decompensation was defined if any of the following events occurred: 

development of ascites, spontaneous bacterial peritonitis, hepatic encephalopathy, 
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hepatorenal syndrome or hospitalisation for variceal bleeding. Patients were followed 

up until 31/12/2016. 

 

4.3.5 - Statistical analysis 

 

Categorical variables were compared using chi-squared test and continuous variables 

were compared using t-test or Chi-square test. Kaplan-Meier analysis was used to 

assess transplant free survival and risk of liver decompensation and compared between 

seronegative and classical AIH patients using log-rank test. P-value of ≤ 0.05 was 

considered statistically significant. Analyses were performed using GraphPad prism 

8.4.3. 

 

The study has been approved by the University of Otago Ethics Committee no. 

HD18/102 and Canterbury District Health Board Research Office. 
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4.4 Results 

 

4.4.1 Demographic profile 

 

Two hundred and thirteen patients diagnosed with AIH met the study criteria with a 

median follow-up of 8.15 years (IQR 2.77-15.09). Of these, 147 patients (69%) were 

classified as definite AIH and the remainder as probable AIH. Based on serology results 

at diagnosis, 24 patients (11.3%) were defined as seronegative AIH.   

 

Demographic characteristics of patients diagnosed with AIH are described in table 1. 

Overall, the median age at diagnosis of AIH was 54.82 years (IQR 37.21-63.26) and 69% 

were female. Bi-modal age at presentation was observed with 71.8% patients 

diagnosed after 40 years of age (figure 11).  A majority of all patients with AIH were of 

European origin (90.6%), while Maori and Asian patients constituted 3.8% and 3.3% 

each. There was no significant difference in age, gender, or ethnic distribution amongst 

patients with seronegative and classical AIH. 
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Table 11. Demographic characteristics of patients with seronegative and 

classical AIH 

 

 Overall 

 

(n=213) 

Seronegative 

AIH 

(n=24) 

Classical AIH 

 

(n=189) 

p-value 

Age, median (IQR) 54.82  

(37.21-63.26) 

53.34  

 

(47.34-59.93) 

 

 

54.82 

 

(35.86-64.15) 

 

 

0.86 

 

Sex, female (%) 147 (69) 14 (58.3) 133 (70.3) 0.23 

Ethnicity, n (%) 

 

• European 

• Asian 

• Maori 

• Other* 
 

 

 

193 (90.6) 

7 (3.3) 

8 (3.8) 

5 (2.3) 

  

 

 

20 (83.3) 

1 (4.2) 

2 (8.3) 

1 (4.2) 

 

 

173 (91.5) 

6 (3.2) 

6 (3.2) 

4 (2.1) 

 

0.35 

 

AIH – autoimmune hepatitis 

*Other includes Pacific peoples, Samoan, Middle Eastern, African population 
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Figure 11. Age distribution of patients with AIH 

 

 

 

 

4.4.2 - Serology profile 
 

Among patients with classical AIH, ANA and SMA were positive in 71.8% and 73.4% 

respectively. LKM-1 autoantibody was positive in only 4 patients (2.8%). Elevated IgG 

levels were present in 90.7% of patients with classical AIH at presentation, compared to 

56.5% in patients with seronegative AIH (p<0.01). SLA was tested in 20 patients, of 

which one case tested positive. This patient also demonstrated positive ANA and SMA. 

 

In the seronegative AIH group, 12 patients (50%) underwent repeat testing for ANA or 

SMA at a later stage, of whom 5 patients (41.7%) tested positive (titre ≥ 1:40) at a 

median interval of 3.7 years after diagnosis (range 0.3 – 14 years). Immunoglobulin 
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levels were assessed in 14 patients during the follow-up period. None of the patients 

with prior normal IgG levels developed elevated IgG levels in the follow-up period. 

 

4.4.3 - Histological characteristics 
 

 

Histological features at diagnosis are described in table 12. Liver biopsy was obtained in 

198 patients (93%). There was no significant difference in histological characteristics of 

AIH between patients with seronegative or classical AIH. Histological features typical for 

AIH (interface hepatitis, lymphocytic or lymphoplasmacytic infiltrate in portal tracts, 

emperipolesis, and hepatic rosette formation) were observed in 58.3% of patients with 

seronegative AIH, compared to 69.5% of patients with classical AIH (p=0.27). However, 

significant differences in degree of fibrosis were observed between patients with 

seronegative and classical AIH. 75% of patients with seronegative AIH had advanced 

fibrosis or cirrhosis at diagnosis, compared to 49.4% in patients with classical AIH (OR 

2.72, 95%CI 1.04-7.13) (p=0.04) (figure 12). 
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Table 12. Histological characteristics of patients with seronegative and classical 

AIH 

 

 

 Overall 

 

(n=198) 

Seronegative 

AIH 

(n=24) 

Classical AIH 

 

(n=174) 

p-value 

Histological features 

of AIH, n(%) 

• Typical 

• Compatible 

 

 

135 (68.2) 

63 (31.8) 

 

 

14 (58.3) 

10 (41.7) 

 

 

121 (69.5) 

53 (30.5) 

 

 

 0.27 

 

Fibrosis*, n(%) 

• F0 

• F1 

• F2 

• F3 

• F4 

 

26 (13.1) 

28 (14.1) 

37 (18.7) 

46 (23.2) 

61 (30.8) 

 

3 (12.5) 

1 (4.2) 

2 (8.3) 

7 (29.2) 

11 (45.8) 

 

23 (13.2) 

27 (15.6) 

35 (20.1) 

39 (22.4) 

50 (28.7) 

 

 

 

0.21 

 

AIH – autoimmune hepatitis 

*Liver fibrosis classified using the Metavir classification 
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Figure 12. Hepatic fibrosis in classical and seronegative AIH 
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4.4.4 - Clinical outcome 
 
 

The risk of developing early liver decompensation is shown in figure 3. Fourteen 

patients developed liver decompensation at presentation or within 90 days of 

diagnosis. The risk of early liver decompensation was significantly higher in patients 

with seronegative AIH. 18.2% (4) patients with seronegative AIH developed 

decompensation, compared to 0.5% (10) in patients with classical AIH (HR 6.9, 95%CI 

1.2 – 38.4, p=0.03) (figure 13).   

 

After institution of immunosuppressive therapy, 69.2% patients with seronegative AIH 

achieved normalisation of ALT (<30 IU/L) at 6 months, compared to 71.1% in the 

classical AIH cohort (p=0.89). During a median observation period of 8 years (IQR 2.7 – 

14.9), 5 patient received liver transplantation and 56 patients died (seronegative AIH – 

5, classical AIH – 51). Four patients (1.9%) developed HCC at median age of 81.1 years. 

Overall, 5-year transplant-free survival in patients with seronegative AIH was 84.9% 

(95%CI 59.7 – 95), which was similar to 89.4% (95%CI 85.6 – 95.2) in patients with 

classical AIH (p=0.99) (figure 14).  
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Figure 13. Risk of early liver decompensation in classical AIH and seronegative 

AIH within 90 days of diagnosis 

 

 

Figure 14. Overall transplant free survival in seronegative AIH and classical AIH 
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4.5 - Discussion 

 

Patients with seronegative AIH represent a diagnostic challenge. In the absence of an 

internationally accepted definition of seronegative AIH and owing to paucity of 

published data, the clinical characteristics of seronegative AIH remain poorly defined. 

Few retrospective studies have included seronegative AIH cases in their reports, 

however results have been heterogeneous due to smaller sample size and relatively 

shorter follow-up periods.128, 129, 246 None of the studies to our knowledge have 

examined long-term clinical outcomes in patients with seronegative AIH. In our current 

study, using a population-based cohort of AIH patients, we were able to describe clinical 

and histological characteristics as well as present data on long-term clinical outcomes in 

patients with seronegative AIH compared to classical AIH. 

 

The prevalence of seronegative AIH in our cohort was 11.3%, which is comparable to 

previously published estimates, which have varied from 6-22%.128-131 No significant 

difference was observed in demographic characteristics, including age, gender or 

ethnicity between patients diagnosed with seronegative AIH and classical AIH. We 

found distinct histological characteristics in patients with seronegative AIH. In our 

cohort, 75% of patients with seronegative AIH were found to have advanced fibrosis or 

cirrhosis at diagnosis, compared to 49.4% in patients with classical AIH (OR 2.72, 95%CI 

1.04-7.13) (p=0.04) (figure 12). Higher prevalence of advanced fibrosis in seronegative 

AIH has not been consistently demonstrated in previous studies. For example, 

Mehendiratta et al128 found a similar distribution of advanced fibrosis in seronegative 

and classical AIH patients, but Wang et al129 in a larger retrospective cohort study 
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observed that seronegative patients were more likely to present with a higher grade of 

fibrosis. 

 

Interestingly, despite having higher grade of fibrosis, the proportion of patients with 

histological changes typical or compatible with AIH were observed to be similar in 

seronegative and classical AIH cohorts. Histological features and grade of 

necroinflammatory activity in seronegative and classical AIH patients have been 

evaluated in detail in several retrospective studies.128, 129, 138 For example, Mehendiratta 

et al128 found similar degree of portal and lobular inflammation, plasma cell distribution 

and piecemeal necrosis in patients with seronegative and classical AIH. Similarly, 

Gassert et al138 found similar degree of interface hepatitis in seronegative and classical 

AIH. 

 

In addition, we observed that patients with seronegative AIH were almost 7 times more 

likely to develop early liver decompensation (within 3 months of diagnosis), when 

compared to classical AIH. This is likely explained by higher prevalence of advanced 

fibrosis or cirrhosis in seronegative AIH patients at presentation. Reassuringly, similar 

biochemical response to immunosuppression was observed in patients with 

seronegative and classical AIH. ALT normalization within 6 months of diagnosis was 

achieved in 69.2% patients with seronegative AIH compared to 71.1% in classical AIH 

(p=0.89). Long-term prognosis was observed to be similar in patients with seronegative 

and classical AIH. The 5-year transplant-free survival in seronegative AIH was observed 

at 84.9% (95%CI 59.7 – 95), compared to 89.4% (95%CI 85.6 – 95.2) in patients with 

classical AIH (p=0.99). 
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Our study highlights several interesting findings. The disease biology in seronegative 

and classical AIH appears to be similar, as evidenced by comparable histological 

features of necro-inflammatory activity and response to the standard 

immunosuppressive therapy. We further demonstrate that nearly half of patients with 

seronegative AIH later expressed standard autoantibodies at a median interval of 3.7 

years. We do need to be reminded that, while typical autoantibody repertoire plays a 

pivotal role in diagnosis, these are neither specific or pathogenic.141 In addition, we 

found that elevated IgG was only found in only 56.5% of patients with seronegative AIH, 

compared to 90.7% with classical AIH. This further exemplifies the diagnostic challenge 

posed in absence of a favourable serological profile, likely resulting in a delayed 

diagnosis. Therefore, a high degree of clinical suspicion is required for timely diagnosis 

of autoimmune hepatitis.  

 

Our study has some limitations that need to be acknowledged. Overall sample size of 

patients with seronegative autoimmune hepatitis was relatively small. Therefore, 

results need to be interpreted with caution. Further, we combined retrospective and 

prospective cohorts to enrich the sample size given the rarity of seronegative AIH cases. 

While multiple case-finding methods were used to identify retrospective cases, biases 

resulting from the retrospective study design cannot be ruled out. SLA antibodies were 

not assessed in all patients, and this could have led to re-classification of a minority of 

seronegative AIH cases as classical AIH patients, however the number of such patients is 

likely to be small. Overall, SLA is found to be positive in only 10-30% of patients with 

type-1 AIH,  and the majority of patients with SLA also demonstrate presence of ANA or 
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SMA.247, 248 In our cohort, out of 20 patients who were tested for SLA, only one patient 

tested positive, who was also positive for ANA and SMA. Therefore, SLA testing is 

expected to diagnose AIH in only a small number of patients with negative ANA and 

SMA. Lastly, the histology specimens were not assessed in a blinded manner, which 

may have introduced inter-observer bias. The main strength of our study includes a 

population-based study design ensuring complete case ascertainment and long-term 

follow-up data. Secondly, biopsies were performed on the majority of patients with AIH, 

and all diagnoses were confirmed in accordance with accepted international 

standardised scoring criteria. 
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4.6 - Conclusion  

 

In conclusion, we found that patients with seronegative AIH commonly present with 

advanced fibrosis or cirrhosis at diagnosis and are at higher risk of developing early liver 

decompensation. However, these patients show similar response to 

immunosuppression as classical AIH and have similar long-term transplant free survival. 
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Introduction 

 

Autoimmune liver diseases encompass three main conditions: AIH, PBC and PSC. These 

are chronic progressive inflammatory liver diseases of unknown aetiology. 

Epidemiology of these liver conditions is not well defined. While there have been 

several epidemiological studies reported over the last four decades, many had 

significant methodological limitations. Nearly all studies were retrospective in nature 

and some studies did not have a robust criterion for case-definition. Due to these 

factors, the published incidence and prevalence rates of AIH, PBC and PSC have 

significantly varied globally across different studies. Similarly, studies assessing 

temporal change in incidence of these diseases, secondary to above limitations have 

yielded inconsistent results. Moreover, there is a relative paucity of population-level 

epidemiology studies from Australasia.  

 

While a large proportion of patients with AIH demonstrate the presence of typical 

autoantibodies on serological assessment, 10-20% patients with AIH do not 

demonstrate presence of these autoantibodies. These seronegative AIH patients pose a 

diagnostic challenge which can lead to delayed diagnosis and institution of treatment in 

some patients. While some retrospective case reports found that treatment response in 

seronegative AIH patients is comparable to classical AIH cases, none of the studies have 

assessed long-term liver related outcomes in these patients. 

 

We designed our study, specifically to address the above unresolved issues. We 

undertook an updated systematic review to qualitatively to qualitatively assess all 
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population-level studies published till 31st October 2020, involving a population cohort 

of at least 100,000 people. We have described our methodology and inclusion criteria in 

detail in chapter 2. Further, we carried out a prospective population-based detailed 

epidemiology study, assessing contemporary incidence, prevalence as well as temporal 

trends of AIH, PBC and PSC in a geographically well-defined region of Canterbury, New 

Zealand from 2009 to 2016.  Lastly, we identified patients with seronegative AIH from 

our prospective population-based cohort. Using electronic health data, we undertook 

detailed analysis of laboratory characteristics and clinical outcome in patients with 

seronegative AIH, comparing them with classical AIH. In this chapter, we aim to discuss 

and summarise the key findings. 
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Chapter 2 - Epidemiology of autoimmune liver diseases: a systematic literature 

review 

 

 

Aim 1a – To undertake detailed systematic literature review assessing epidemiology 

of AIH 

 

We found 20 relevant studies detailing population-level incidence and/or prevalence of 

AIH reported till 31/10/2020. Detailed study data is presented in chapter 2, table 5. 

Significant variations were observed in reported incidence rates, ranging from an 

annual incidence of 0.67 cases per 100,000 population in Southern Israel173 for period 

1995 – 2010, to as high as 2.08 cases per 100,000 in a recent observational study from 

the United Kingdom145 for period 1997 – 2015. Similarly, large variation in reported 

prevalence rate was noted even when observation period was limited to the last 20 

years. For example, AIH prevalence in South Korea150 for period 2009-2013 was 4.82 

cases per 100,000 population, while Tunio et al143 reported prevalence rates of 31.2 per 

100,000 from the United States for period 2014-2019. The population-based study from 

Canterbury reported incidence and prevalence rates of 1.7 and 18.9 cases per 100,000 

respectively. There were a few studies reporting on temporal trends of incidence 

rates38, 39, 144, 145, 148, 149, 167, 169 which have yielded inconsistent results, with some 

showing stable incidence,38, 148, 149 while others show rising incidence with time.39, 144, 

145, 167, 169 Overall, while the global epidemiology data especially outside Europe is sparse 

and quality of study methodology varied, some inferences can be drawn regarding the 

geographical distribution of AIH. Overall, AIH appears to be relatively common in the 

Western Europe, North America, and New Zealand, while the incidence is particularly 

low in other parts of Asia including South Korea, Japan, and Israel.  
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Aim 1b – To undertake detailed systematic literature review assessing epidemiology 

of PBC 

 

As part of the systematic review, we found 37 eligible studies for inclusion. Compared 

to other autoimmune liver diseases, PBC has the most epidemiological data, with 22 

studies reported from Europe146, 152, 154-157, 162, 171, 192-205, 7 from North America158, 159, 161, 

172, 175, 206, 207, 4 each from Asia147, 160, 163, 208 and Oceania153, 209-211. One of the disease 

related factors which has facilitated wide-spread conduction of epidemiology studies, is 

relative simpler diagnostic criteria which involves assessment of liver chemistry and 

AMA, both of which are widely available. Liver histology is seldom needed, as AMA is 

positive in up to 95% patients with PBC.52 With improving access to these diagnostic 

tools and increasing awareness, PBC in contemporary practice is increasingly diagnosed 

in the asymptomatic stage. Moreover, following the first successful trial of 

ursodeoxycholic acid249 and wide-spread clinical use,  overall survival has improved 

significantly.250-252 These factors need to be carefully factored in when examining 

epidemiology studies and temporal trends of PBC. 

 

Like AIH, significant geographical variation in incidence and prevalence for PBC was 

observed. Restricting to studies undertaken in the last 20 years, the annual incidence of 

PBC in Hongkong and South Korea was noted to be 0.84 to 0.86 cases per 100,000. On 

the other hand, retrospective observational studies from Italy found an incidence rate 

of 5.3 cases per 100,000. We similarly highlight large variations in prevalence rates, in 

chapter 2, figure 3. For example, a relatively high prevalence of PBC was observed in the 
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United Kingdom198, Iceland156 and Greece162 (33.5 to 58.2 cases per 100,000), while, 

prevalence was observed to be relatively lower in Netherlands194, Finland196 and 

Norway170  with prevalence rates ranging from 13.2 – 18 per 100,000. In this chapter, 

we also highlight, the surprisingly low incidence and prevalence of PBC in Australia153, 

210, 211 and New Zealand209, when compared to the Western counterparts, suggesting a 

possible role of environmental factors in disease expression. 

 

Aim 1c – To undertake detailed systematic literature review assessing epidemiology 

of PSC 

 

Fifteen studies reported on epidemiology of PSC till 31/10/2020, including 5 studies 

from North America104, 164, 175, 212, 213, 8 from Europe165, 166, 171, 214-218 and 1 each from 

Asia147 and Oceania219. Overall, when restricted to studies that employed more robust 

case-finding methodology, the incidence rates of PSC in North America ranged from 

0.97 per 100,000 (2000-2005) in Calgary, Canada213 to 1.47 cases per 100,000 (2001-

2017) in a geographically well-defined region of Olmsted county, Minnesota, United 

States164. On the other hand, the incidence and prevalence rates in United Kingdom216, 

217 and Netherlands220 were 0.41-0.68 per 100,000 and 3.85-6 per 100,000 respectively, 

while relatively higher rate were observed in Southern Sweden215, and Finland165 at 

1.22-1.58 cases and 16.2 – 31.7 cases per 100,000 respectively. Incidence and 

prevalence rates of PSC were comparable in New Zealand219 at 1.6 and 11.7 cases per 

100,000 respectively (year 2008). Only four studies reported on temporal trends in 

incidence of PSC (chapter 2, figure 5), which reported stable incidence rates over the 

observation period. 
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There are several factors that affect observed incidence and prevalence rates, including 

underlying prevalence of IBD in a given population, but also access and local threshold 

for referral to specialised diagnostic investigations such as MRCP, with latter being 

relevant especially in diagnosing early PSC. This was highlighted, and hypothesised as a 

possible explanation for seemingly high prevalence of PSC in Finland165, when 

compared to other regions in Northern Europe. 
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Chapter 3 - Contemporary epidemiology of autoimmune liver disease in 

Canterbury 

 
 

We carried out a prospective population-based epidemiological study assessing 

incidence, prevalence and temporal trends for AIH, PBC and PSC. Canterbury is a well-

defined geographical region located in South Island, New Zealand, with a population of 

close to 600,000.231 Performing a population-based study in Canterbury has distinct 

advantages. It is a geographically well-defined region, with one tertiary level 

government hospital which provides specialist gastroenterology services. A small 

proportion of patients seek private health care, however since all gastroenterologists 

who work privately, also provide services at Christchurch public hospital, complete 

prospective data acquisition was possible. All patients diagnosed with AIH, PBC and PSC 

based on widely accepted diagnostic criteria were prospectively recruited in a database 

from 2008 to 2016. Data on patients diagnosed prior to 2008 were collected 

retrospectively using multiple case identification methods, as described previously.176, 

209, 219 Diagnostic criteria used have been described in detail in chapter 3.3.  

 

Aim 2a – To undertake detailed prospective population-based epidemiology study of 

AIH in Canterbury, New Zealand 

 

During 2008 – 2016, a total of 99 patients were identified with AIH, including 64 

patients with ‘definite AIH’. The average age at diagnosis of AIH was 51.6 years and the 

majority of patients (67.7%) were female. As shown in previous studies, we found a bi-

modal age curve with two peaks: patients younger than 20 years, and a larger peak in 

patients aged 50-69 years. The mean annualised incidence rate of AIH during 2008 to 
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2016 was 1.93 (95%CI 1.58 - 2.34) per 100,000. The mean annualised incidence rates for 

year 2008 – 2010, 2011-2013 and 2014-2016 were 1.37 (95%CI 0.85 – 2.05), 2.03 

(95%CI 1.40 – 2.83) and 2.93 (95%CI 1.72 – 3.23) respectively (chapter 3, table 8). The 

point prevalence of AIH at 31/12/2016 was 27.5 per 100,000 (95%CI 16.24 – 23.65). 

 

The most important finding of our study was of an increase in the incidence rate of AIH 

during the study period. The incidence rate in the period 2014-2016 was 1.69 times 

(95%CI 1.02 – 2.84) higher than the incidence rate in 2008 – 2016. Reflecting the rise in 

incidence rate, the prevalence of AIH also increased (chapter 3, figure 7), rising from 

19.7 per 100,000 in year 2008 to 27.5 per 100,000 in year 2016.   

 

Within the context of previously published epidemiology data, our findings show that 

incidence of AIH in Canterbury, New Zealand is similar to that of Northern Europe. We 

also show that the incidence of AIH has clearly increased over the last 9 years, 

consistent with the trends seen in Spain169, England145, Iceland144, Netherlands39 and 

Denmark167. The overall structure of health-care delivery in Canterbury has not changed 

over the last 9 years. Patients are generally referred for specialist consultation by 

general practitioners, and access to primary healthcare, laboratory services or specialist 

services have not changed during study period. If the rise in incidence rate was simply 

due to an earlier diagnosis, we may have expected patients with AIH diagnosed in later 

years, to have lower degree of fibrosis. However, we did not notice any significant 

difference in the proportion of patients presenting with advanced fibrosis or cirrhosis 

during the three 3-year study periods. Lastly, potential impact of Canterbury 

earthquakes merits discussion. Canterbury experienced two major earthquakes in 2010 
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and 2011, which led to a significant adverse effect on mental health including higher 

rates of psychological distress, anxiety and depression.234 While possible association of 

mental health has been studied in relation to several autoimmune disorders253, no 

plausible biological association exists. The possibility of an earthquake event exposing 

genetically predisposed patients to an environmental trigger is possible, there is no 

scientific evidence to support this hypothesis yet. The rise in incidence of AIH parallels 

increasing incidence and prevalence of IBD, type-1 diabetes and multiple sclerosis in 

New Zealand and it is unclear, whether these autoimmune conditions share a common 

local environmental trigger.235-237  

 

 

Aim 2b – To undertake detailed prospective population-based epidemiology study of 

PBC in Canterbury, New Zealand 

 

Twenty-six patients with PBC were diagnosed during the study period. The mean age at 

diagnosis was 57.9 years and 20 of 26 patients were female. The mean annualised 

incidence rate was 0.51 (95%CI 0.33 – 1.17) per 100,000. No significant difference was 

observed in the mean-incidence rate of PBC during 2008 – 2010, 2011 – 2013, and 2014 

– 2016 (p = 0.49) (chapter 3, table 9). The prevalence of PBC at the end of the study 

period was 9.33 (95%CI 7.13 – 12.05) per 100,000. 

 

Our study highlights and confirms an observation previously made in studies from 

Victoria, Australia153, 210 and New Zealand209. The overall incidence rate of PBC in our 

study is strikingly lower compared to the incidence rate in Europe. For example, 
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incidence of PBC in our study was nearly 10 times lower when compared to incidence 

rate of 5.3 per 100,000 in a study from the United Kingdom193. Similarly, higher 

incidence rates to the order of 2-9 times have been observed in cohort studies from 

Netherlands194, Spain197, Greece192, Sweden155, Italy157, Finland196, 156, and Iceland195. 

Since, over 80% of Canterbarians (82.4%) are of European descent254, and therefore 

have comparable genetic predisposition, the markedly low incidence of PBC exemplifies 

the role environmental factors may play in expression of PBC.  

 

Aim 2c – To undertake detailed prospective population-based epidemiology study of 

PSC in Canterbury, New Zealand 

 

During 2008 to 2016, 47 patients with PSC were identified. The mean age at diagnosis 

was 52 years and 51% were male. Twenty-seven (57.45%) patients were found to have 

co-existing IBD including 14 patients with UC. Patients with co-existing IBD were 

diagnosed at a younger age compared to non-PSC IBD patients (mean 46.6years, 

compared to 60.1 years, p = 0.02). The mean annualised incidence rate of PSC was 0.92 

per 100,000 (95%CI 0.68-1.21) and point prevalence on 31/12/2016 was 13.17 per 

100,000 (95%CI 10.56-16.42). Like PBC, we did not find any significant difference in the 

mean annualized incidence rate of PSC during the three 3-year periods (p = 0.40) 

(chapter 3, table 7). 

 

The incidence rates of PSC in our study are comparable to the rates observed in 

Europe165, 166, 171, 214-218 and North America104, 164, 175, 212, 213. Like other epidemiological 

studies assessing temporal trends, we did not notice any significant change in incidence 
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of PSC in our cohort. Interestingly however, in a recent epidemiological study from 

Canterbury, New Zealand, Su et al235 observed that the incidence of IBD had risen 1.6 

times in the year 2014, when compared to 2004. We did not observe any corresponding 

change in incidence of PSC in the current observation period, however the IBD-related 

effect on incidence of PSC may become apparent in coming years. 
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Chapter 4 - Clinical characteristics and long-term outcomes in seronegative 

autoimmune hepatitis 

 
 

All patients with AIH in Canterbury till 31/12/2016 were identified using prospective 

and retrospective methods as described previously. We defined seronegative AIH, as 

those patients who had a confirmed diagnosis of AIH based on either the simplified 

scoring criteria (score ≥ 6)44 or the revised original scoring system (score ≥ 10)2 and if 

titres of ANA and SMA were lower than 1:40, and LKM-1 were negative. Demographic, 

serology, histology, and clinical follow-up data were available for all patients. 

 

 
Aim 3a – To assess prevalence of seronegative AIH in Canterbury cohort 

 

A total of 213 patients were diagnosed with definite or probable AIH based on the 

international scoring criteria. ANA and SMA were positive in 71.8% and 73.4% patients 

respectively, while LKM-1 was positive in 2.8% cases. SLA/LP2 was tested in 20 patients, 

however, was positive in only 1 patient.  

 

Overall, in our cohort, 24 patients (11.3%) were classified as seronegative AIH and the 

remainder as classical AIH, which is similar to published estimates.128-131. 

 

Aim 3b – To assess serological and histological characteristics of seronegative AIH 

 

In addition to the presence of typical autoantibodies, elevated IgG is one of the 

serological hallmarks of AIH. However, patients with seronegative AIH, in addition to 

demonstrating absence of ANA and SMA, commonly had normal IgG levels at 
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presentation. For example, elevated IgG was present in 90.7% of patients with classical 

AIH, compared to only 56.5% of patients with seronegative AIH (p<0.01). The latter 

finding is not surprising as raised IgG reflects heightened status of immunoreactivity, 

which is manifested by appearance of autoantibodies. Czaja in his analysis of 107 

patients with AIH made a similar observation, where IgG levels were closely correlated 

to persistence or disappearance of autoantibodies in patients undergoing treatment for 

AIH.141 

 

Amongst patients with seronegative AIH, 12 of 24 patients underwent repeat testing for 

ANA or SMA at a later date. Interestingly, 5 out of 12 (41.7%) tested positive for ANA or 

SMA at a median interval of 3.7 years from diagnosis. It is important to consider that, 

while these typical autoantibodies are hallmarks of AIH and have diagnostic 

significance, they do not appear to have any pathogenic relevance and correlate poorly 

with disease activity.22, 128, 141 Moreover, it has been hypothesised that antigen-antibody 

interaction may result in development of complexes which are not detectable by 

current immunoassays, thereby resulting in false-negativity.132  

 

In our cohort, liver biopsies were obtained in 198 patients (93%). The histological 

features typical for diagnosis of AIH (interface hepatitis, lymphocytic or 

lymphoplasmacytic infiltrate in portal tracts, emperipolesis and hepatic rosette 

formation) were observed in 58.3% of patients with seronegative AIH, compared to 

69.5% of patients with classical AIH (p=0.27). However, 75% of patients with 

seronegative AIH had advanced fibrosis or cirrhosis at diagnosis, compared to 49.4% in 

patients with classical AIH (OR 2.72, 95%CI 1.04-7.13) (p=0.04). Our findings are 
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consistent with a report by Wang et al129, where higher prevalence of advanced fibrosis 

or cirrhosis was observed in patients with seronegative AIH compared to classical AIH 

(76.5% and 39.1% respectively, p <0.01). Since the conventional serological battery of 

tests is unhelpful in diagnosing AIH in seronegative cases and liver biopsy commonly 

required, it is likely that diagnosis is delayed in these patients, which may explain higher 

proportion of seronegative patients progressing to higher degree of fibrosis compared 

to classical AIH. 

 

Aim 3c – To assess response to immunosuppressive therapy and risk of early hepatic 

decompensation in seronegative AIH 

 

Fourteen patients developed liver decompensation within 90 days of diagnosis, 

including 4 (18.2%) patients in seronegative cohort and 10 (0.5%) in classical AIH cohort. 

Overall, patients with seronegative AIH were nearly 7 times more likely to develop liver 

decompensation within the first 90 days (HR 6.9, 95%CI 1.2 – 38.4, p=0.03) when 

compared to patients with classical AIH (chapter 4, figure 13). Overall, 5-year 

transplant-free survival in patients with seronegative AIH was 84.9% (95%CI 59.7 – 95), 

which was similar to 89.4% (95%CI 85.6 – 95.2) in patients with classical AIH (p=0.99) 

(chapter 4, figure 14). 

 

After institution of immunosuppressive therapy, 69.2% patients in seronegative cohort 

and 71.1% in classical AIH cohort developed normalisation of ALT (<30 IU/L) at 6 

months (p = 0.89). Incomplete normalisation of ALT at 6 months has previously been 

reported by Ngu et al, to be a significant independent predictor of liver-related 
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mortality and need for liver transplant.245 Our findings are reassuring, and consistent 

with previous reports where treatment response in seronegative AIH cases was 

comparable to classical AIH.136-138 This also suggests that, while conventional 

autoantibodies are not expressed or detected by current immunoassays, the underlying 

disease biology and immune milieu is likely similar to classical AIH. 

 

The risk of early decompensation needs to be taken in context of existing advanced 

fibrosis. As discussed above, 18 out of 24 patients with seronegative AIH had 

progressed to advanced fibrosis or cirrhosis at presentation, before institution of 

treatment. Therefore, the risk of early decompensation (at 90 days) reflects severity of 

hepatitis at diagnosis. However, once the immunosuppression was instituted, the 

overall 5-year transplant free survival was similar between patients with seronegative 

AIH and classical AIH. 

 

To our knowledge, this is the first study to assess transplant free survival in patients 

with seronegative AIH. While our finding supports the argument that seronegative AIH 

and classical AIH share similar disease biology and respond well to immunosuppression, 

it also highlights that diagnosis in the former is likely delayed, are more likely to have 

advanced fibrosis or cirrhosis and consequently are at higher risk of liver-related 

morbidity in short-term.  
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Appendix B.1 

 

Profile of Canterbury 
 

Canterbury is a central – eastern region in the South Island of New Zealand located 

between 43.750 South latitude and 171.160 East longitude. It encompasses an area of 

44, 508 square kilometres and is New Zealand’s largest region by area. The region of 

Canterbury is divided into nine territorial authorities: Kaikoura district,  Hurunui district, 

Selwyn district, Waimate district, Ashburton district, Timaru district, Mackenzie district, 

Waimakariri district and Christchurch city. 

 

The population of Canterbury in June 2020 was estimated at 645,900 representing 

12.7% of New Zealand’s population.254 The majority of the Canterbury’s population is of 

European descent (83.17%) followed by Maori (7.77%), Asian (6.65%) and Pacific 

Peoples (2.36%).231 Canterbury has lower proportion of Maori and Pacific people when 

compared to the National average. Based on the 2018 consensus, Maori and Pacific 

people represented 9.1% and 2.5% of Canterbury district health board (CDHB) 

catchment population, when compared to the New Zealand average of 15.7% and 6.5% 

respectively.255 19.5% of Canterbury residents were born overseas including 9.6% from 

Europe and North America, 5.5% from Asia and 1.6%, 1.2% and 1.4% from Australia, 

Pacific islands and Middle-east and Africa respectively. 

 

The overall life expectancy of Canterbarians is 81.5 years, similar to the national 

average of 81.4 years.256 The per capita gross domestic product of the Canterbury 



 

 181 

region in 2019 was $60,101.257 Overall, fewer people living in Canterbury region were in 

high deprivation areas, compared to the national average as evidenced by the New 

Zealand deprivation index 2013 and index of multiple deprivation.258 

 

 

Health 

 

Healthcare in New Zealand has appreciable similarities to that of the United Kingdom, 

with funding derived from general taxation. Hospital care is free, while a co-payment is 

generally required for general practitioner visits.  The CDHB, which is one of the twenty 

district health boards in New Zealand, is the primary body responsible for providing 

healthcare to the Canterbury region. The CDHB owns and operates six major facilities 

including Christchurch public Hospital, Christchurch Women’s Hospital, Princess 

Margaret Hospital, Burwood hospital, Hillmorton Hospital and Ashburton Hospital. 

 

 

Canterbury earthquakes 

 

Canterbury experienced two major earthquakes on 4th September 2010 and 22nd 

February 2011, which resulted in 185 fatalities and over 5,799 people were injured.259 

Population of Christchurch city immediately after the earthquakes declined initially, 

however recovered in ensuing years.  The initial reduction in population mostly 

comprised of women and families with young children. Access to general practitioners 

was not affected as a result of the earthquakes.260 
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Appendix B.2 

Map of Canterbury, New Zealand 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Image obtained from Wikimedia Commons: Accessed at: 

https://commons.wikimedia.org/wiki/File:Position_of_Canterbury_Region.png  

 

https://commons.wikimedia.org/wiki/File:Position_of_Canterbury_Region.png
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Appendix B.3 

Territorial authority boundaries, Canterbury 
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Image obtained from Environment Canterbury Regional Council. Accessed at: 

https://ecan.govt.nz/assets/Uploads/Maps/High-Res/Ecan-Canterbury-Map-Territorial-

authorities-High-Res.jpg. Accessed on 1st December 2020. 

https://ecan.govt.nz/assets/Uploads/Maps/High-Res/Ecan-Canterbury-Map-Territorial-authorities-High-Res.jpg
https://ecan.govt.nz/assets/Uploads/Maps/High-Res/Ecan-Canterbury-Map-Territorial-authorities-High-Res.jpg
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