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Original Article: Hepatology

The Epidemiology of Pediatric Autoimmune Hepatitis in 
Scotland: A National Cohort Study

*Harry Sutton, MBBS, *Rachel Tayler, MBCHB, §Iain Chalmers, MBCHB, *Jennifer Cowieson, BSC,  
*Karen Fraser, †‡Paul Henderson, PHD, and *Richard Hansen, PHD    

Objectives: Autoimmune hepatitis (AIH) is a rare, but potentially severe, 
cause of liver disease in children. We aimed to summarize how children with 
AIH in Scotland presented, were investigated and managed in addition to pro-
ducing novel epidemiological data and outcomes.
Methods: All prevalent pediatric patients with AIH cared for in pediat-
ric services between January 2013 and September 2018 were included. 
Individual patient data were obtained from electronic patient records in 
the 3-main academic pediatric centers in Scotland covering the entire 
population.
Results: Thirty-eight patients were included (25 female) with median 
follow-up of 33 months (range, 2–145 mo) and 136 total patient years. 
The incidence between 2014 and 2017 was 0.49/100 000/y (95% confi-
dence interval, 0.29-0.78) and point prevalence between 2013 and 2018 
was 1.75/100 000 (95% confidence interval, 1.42-2.13). Thirty-five (92%) 
patients were autoantibody positive, most commonly anti-nuclear anti-
body (63%) and anti-smooth muscle antibody (42%). Thirty-seven (97%) 
patients had induction therapy with oral corticosteroids, 30 (79%) required 
maintenance treatment with azathioprine, and 23 (61%) received ursode-
oxycholic acid. There were 1.4 disease flares per 10 patient years and 3 
patients required liver transplantation with an overall 5-year survival rate 
without the need for transplantation of 95%.
Conclusions: We calculated a novel incidence and prevalence rate for pediat-
ric AIH in Scotland. Nearly all were invariably treated initially with cortico-
steroids with most placed-on azathioprine as maintenance therapy. Outcomes 
were generally favorable with low rates of disease flares and the need for 
transplantation being rare.

Key Words: autoimmune hepatitis, azathioprine, corticosteroids, liver 
transplant, prevalence

INTRODUCTION
Autoimmune hepatitis (AIH) is characterized by the pres-

ence of inflammation and fibrosis of the liver parenchyma and the 
intra- and/or extra-hepatic biliary tree associated with autoantibod-
ies and raised IgG. It can lead to liver cirrhosis and potentially liver 
failure if left untreated (1). Its etiology is currently unknown but is 
believed to be multifactorial, with both environmental and genetic 
components interacting over time (2). AIH is typically managed 
with immunosuppression, although liver transplantation may be 
necessary when treatment fails or complications arise (3). AIH is the 
indication for liver transplantation in 2%–4% of pediatric cases, and 
the lifetime need for transplantation in AIH ranges between 9% and 
55% (4). There is a close association between AIH and other autoim-
mune conditions (5), and the clinical presentation can be very vari-
able (6). AIH is divided into 2 subtypes—AIH-1 and AIH-2, based 
on autoantibody positivity. Patients with AIH-1 show positivity for 
anti-nuclear antibody (ANA) and/or anti-smooth muscle antibody 
(SMA), while those with AIH-2 show positivity for anti-liver kidney 
microsomal type 1 antibody (anti-LKM-1) and/or anti-liver cytosol 
type 1 antibody (anti-LC-1) (6,7). Differences in presentation and 
outcomes between type 1 and type 2 have been reported (8).

There is currently a lack of research on the epidemiology and 
outcomes of pediatric AIH. Previous studies have reported preva-
lence rates from 2 to 17 per 100 000 children, with a female pre-
ponderance, and have reported incidence rates ranging from 0.23 to 
0.60 per 100 000 children (9–11). In this study, we provide an over-
view of the presentation, initial investigation, management, and out-
comes of all children with AIH in Scotland over a 5-year period. This 
allowed determination of population incidence and prevalence over 
this period with a captive denominator. We were also able to analyze 
the outcomes of these children with the ultimate goal of improving 
future management in the hopes of reducing disease flares and the 
need for liver transplantation.
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What Is Known

• Autoimmune hepatitis (AIH) is a potential cause of 
liver cirrhosis and liver failure if left untreated.

• Previous studies have reported prevalence rates of 
2.4–17.0 per 100 000 children.

What Is New

• The prevalence rate of AIH in children under 16 in 
Scotland is 1.75 per 100 000 children.

• The overall incidence of AIH was 0.49/100 000/y 
with type 1 AIH 0.44/100 000/y and type 2 AIH 
0.05/100 000/y.

• Outcomes for children with AIH in Scotland were favor-
able overall with a 95% 5-year native liver survival.
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METHODS

Setting
This was a multicenter, retrospective, audit of all AIH pediat-

ric patients in Scotland over a 5-year period. Scotland is a devolved 
nation of the United Kingdom with a total population of 5.4 million 
people and 918 000 children under 16 years old (12). Scottish chil-
dren with symptoms suggestive of AIH are referred from their local 
hospital or general practitioner to one of 3 tertiary pediatric gas-
troenterology centers in Scotland (Glasgow, Aberdeen, Edinburgh) 
for investigation, diagnosis and ongoing management. Additionally, 
children who move to Scotland after diagnosis in their home country 
have their care taken over by one of these 3 centers.

All 3 hospitals are operated through the National Health 
Service Scotland, the publicly funded single provider healthcare 
system for the country, which provides care free at the point of ser-
vice. National Health Service Scotland is divided into smaller trusts, 
which are responsible for specific geographical areas.

Patient Identification
All patients were diagnosed by their local centers as per local 

guidelines, with those diagnosed outside of Scotland meeting the rel-
evant center’s diagnostic criteria (or being reevaluated if appropriate). 
Common criteria included biochemical, clinical, and/or histologi-
cal evidence of hepatitis and the presence of SMA, ANA, and anti-
LKM-1 positivity with elevated IgG level. Those patients born and 
diagnosed abroad were included for our general analysis and preva-
lence calculations but were excluded from incidence calculations.

Children with a diagnosis of AIH in Scotland between January 
2013 and September 2018 were identified from prospectively popu-
lated incident databases at each site. A proforma for data collection 
was developed and the pediatric gastroenterology departments in 
Glasgow, Edinburgh, and Aberdeen provided the relevant patient data 
to encompass the whole population. Patients diagnosed after their 
16th birthday were excluded. Data were obtained through retrospec-
tive review of electronic and paper records. The data were combined 
into a single dataset for analyses. The date of last follow-up was Sep-
tember 30, 2018, or the last clinical episode before transition/trans-
fer/death. Follow-up duration was taken from the date of diagnosis 
regardless of whether the child was originally diagnosed in Scotland.

Diagnostic Work-Up and Management
Individual patient work-up was not uniform across all cen-

ters, although variation was minimal and was based on the treating 
physician’s assessment. However, standard diagnostic investigations 
included baseline biochemistry, immunoglobulins, autoantibody pro-
file, screening for other causes of chronic liver disease (eg, Wilson’s 
disease), and liver biopsy. Routine biochemistry and ultrasounds 
were repeated at regular intervals, at the discretion of the treating 
physician. Additional investigations included magnetic resonance 
cholangiopancreatographies (MRCPs), screening for inflammatory 
bowel disease (IBD) and celiac disease, and thiopurine methyltrans-
ferase (TPMT) genotyping and/or activity level. MRCP and liver 
biopsy specimens were reported by radiologists and pathologists 
from the patient’s local center, with a significant proportion of biop-
sies reviewed by one of the 3 UK quaternary Pediatric Hepatology 
centers.

The standard initial management of children with AIH was 
consistent across all 3 centers. Children were initially treated with 
1–2 mg/kg (maximum dosing ranged from 40 to 60 mg) oral pred-
nisolone, which was weaned over a course of 6–10 weeks depend-
ing on closely monitored biochemical response. Azathioprine was 
used as an additional maintenance therapy. At the time of manage-
ment, patients were treated in accordance with the most up-to-date 
European Society of Paediatric Gastroenterology Hepatology and 

Nutrition guidelines (13). For this study, disease flares were diag-
nosed by a pediatric gastroenterologist and generally presented 
clinically as either newly developed or worsening symptoms/signs 
or rising transaminases. However, to allow better classification, we 
chose to categorize flares retrospectively by how they were managed: 
a mild flare was one that was managed with a nonmaximal steroid 
dose increase; a moderate flare managed with resuming maximal 
(2 mg/kg, maximum 60 mg) steroid dose; and a severe flare managed 
with in inpatient admission for intravenous (IV) methylprednisolone. 
Based on our review of the literature, there is currently no consensus 
on definition of disease flare; hence, our seeking to formally outline 
what we defined as a flare within the paper.

At-Risk Population and Statistics
The unique Scotland-wide community health index number 

was used to identify patients and to avoid duplication. To allow for 
changes in population structure (although the total population of 
children <16 y in Scotland only rose by 0.87% from 2013 to 2018), 
incidence and prevalence rates were first calculated from official, 
publicly available, mid-year population figures, and then standard-
ized to the 2018 mid-year estimate (12,14). Rates were then calcu-
lated using the direct method and 95% confidence intervals (CIs) 
were determined using a method based on gamma distribution (14). 
All rates are presented as per 100 000 of the at-risk population (ie, 
those < 16 y old). Point prevalence rates were calculated on July 1 
annually from 2013 to 2018; incidence rates were calculated from 
2014 to 2017 to ensure robust analysis. Patients were removed from 
any prevalence calculations once they reached their 16th birthday. 
All analyses were carried out using R (v3.1.1, R Foundation for 
Statistical Computing, Vienna, Austria) with the epitools package 
utilized where appropriate (15). A 2-tailed P value of less than 0.05 
was considered significant in all analyses and 95% CIs given where 
appropriate. Biochemical values were expressed as percentages and 
medians ± range.

Institutional ethics approval was not sought for this research 
as all patient data was collected retrospectively as part of a national 
audit. All data were anonymized at the point of amalgamation.

RESULTS

Demographics and Epidemiology
Across Scotland, a total of 38 children were included (25 

females; 66%). The median age at diagnosis was 11.4 years for all 
children (range, 1.0–15.9) and 11.4 and 12.0 for type 1 and 2, respec-
tively. Children were followed up for a median of 33 months (range, 
2–145 mo), totaling 136 patient years. Thirty-one (82%) were diag-
nosed as AIH type 1, while 7 (18%) had AIH type 2. Full antibody 
positivity is summarized in Table 1.

TABLE 1. Autoantibody positivity for children with type 1 
and type 2 autoimmune hepatitis

Antibodies Type 1, N = 31(82%) Type 2, n = 7 (18%)

ANA 23 (74) 1 (14)

Anti-SMA 16 (52) 0

Anti-LKM-1 0 7 (100)

Anti-LC-1 1 (3) 1 (14)

Anti-MPO3 3 (10) 1 (14)

Anti-mito-
chondrial

0 1 (14)

ANA = anti-nuclear antibodies; LC = liver cytosol; LKM = liver kidney microsomal; 
MPO = myeloperoxidase; SMA = smooth muscle antibodies.
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There were 2 patients with autoantibodies associated with both 
type 1 and type 2 AIH. The first patient was positive for SMA anti-
bodies and anti-LC-1 antibodies. Although the most recent American 
Association for the Study of Liver Disease guidelines for diagnosis 
and management of AIH classifies anti-LC-1 antibodies as associated 
with type 2 AIH, it does not include it in its diagnostic requisites, 
stating “type 2 is characterized by the antibodies to anti-LKM-1, usu-
ally in the absence of ANA and SMA” (6). Because SMA positivity 
is part of the diagnostic requisite for type 1 AIH, the patient was 
classified as type 1. The second patient was positive for anti-LKM-1 
but was also found to be weakly positive for ANA. As stated above, 
anti-LKM-1 is diagnostic of type 2 AIH, and although this is usually 
in the absence of ANA and SMA, this is not required. This patient 
was therefore classified as type 2.

The incidence of AIH between 2014 and 2017 was 
0.49/100 000/y (95% CI, 0.29-0.78) with type 1 AIH 0.44/100 000/y 
(95% CI, 0.25-0.71) and type 2 AIH 0.05/100 000/y (95% CI, 0.01-
0.20). Point prevalence between 2013 and 2018 was 1.75/100 000 
(95% CI, 1.42-2.13).

Presentation
Of the 38 children, 6 (16%) also had a member of their imme-

diate family with an autoimmune condition. Eighteen (47%) had 
comorbidities, 14 of whom had IBD (37% of total). Eight (57%) of 
these 14 had ulcerative colitis, 5 (35%) had Crohn’s disease and 1 
(7%) had colonic IBD type unclassified. Full demographics are sum-
marized in Table 2. The most common clinical findings at diagnosis 
were jaundice, incidentally raised transaminases and abdominal pain, 
summarized in Table  3. The median duration of symptoms before 
presentation was 4 weeks (range, 0–72 wk).

In those who had IBD, 8 (57%) were diagnosed along with 
AIH during initial investigations, 3 (21%) were diagnosed prior (5 
y, 2 mo, and 2 mo, respectively), and 3 were diagnosed after (6 mo, 
1 y, and 10 y, respectively) to their AIH diagnosis. Five (36%) had 
overlap syndrome, 4 of whom had ulcerative colitis.

Investigations
At initial presentation, all children had their transaminases, 

albumin, bilirubin, IgG, platelets, and antibodies checked. All chil-
dren also underwent abdominal ultrasound and had their spleen size 
assessed. The median results at diagnosis and at 1-year post-diagno-
sis are summarized in Table 4.

Pathology reports were obtained from 35 (92%) of 38 chil-
dren. Thirty-three (94%) of the biopsies were performed at one of 
the 3 tertiary Scottish centers, 2 biopsies were done abroad, and their 
reports were obtained by the Scottish institutions when care was 
taken over. Three children had no recorded biopsy, 2 of whom were 
not biopsied as they proceeded directly to transplant. Explant biopsy 
reports were not found during chart review. The third patient without 
an available liver biopsy report was diagnosed at an outside center, 
and so the biopsy report was not available on chart review but they 
tested strongly positive for ANA and anti-SMA. MRCP was included 
in the work-up of 31 (81%) children. MRCP identified findings con-
sistent with overlap syndrome in 8 (21%) children, including strictur-
ing and dilation of the biliary tract.

Additional work-up varied between patients. In 31 (82%) 
children anti-tissue transglutaminase (TTG) antibody was tested, 
28 (73%) had TPMT genotyping and/or activity level (76% of those 

TABLE 2. Demographic and follow-up patient data in all children and by autoimmune type

Variable Type 1 (n = 31) Type 2 (n = 7) All (n = 38)

Age, y (range) 11.4 (1.5–15.9) 12.0 (1.0–15.2) 11.4 (1.0–15.9)

Female (%) 20 (64) 5 (71) 25 (66)

Follow-up time, mo (range) 32.5 (2–145) 62 (24–88) 33 (2–145)

IBD (%) 13 (42) 1 (14) 14 (36)

Positive AI family history* (%) 5 (16) 1 (14) 6 (16)

Comorbidities† (%) 17 (55) 1 (14) 18 (47)

AI = autoimmune; IBD = inflammatory bowel disease.
*AI family history included type 1 diabetes mellitus (n = 2), hyperthyroidism, hypothyroidism, multiple sclerosis, IBD, and celiac disease.
†Comorbidities included: celiac disease (n = 3), asthma (n = 2), sickle cell disease, idiopathic scoliosis, autoimmune hemolytic anemia, beta-thalassemia trait, and juvenile idio-

pathic arthritis.

TABLE 3. Presenting signs and symptoms for children with 
type 1 and type 2 autoimmune hepatitis

Presenting symptoms and signs Type 1, N = 31 (%) Type 2, n = 7 (%)

Jaundice 15 (48) 2 (28)

Incidental transaminitis 9 (29) 1 (14)

Abdominal pain 8 (25) 2 (28)

Fatigue 6 (20) 1 (14)

Colitic symptoms 8 (25) 0

Weight change 4 (13) 1 (14)

Vomiting 2 (6) 1 (14)

Dark urine 3 (10) 0

Organomegaly 0 1 (14)

TABLE 4. Median values with ranges of biochemical data 
and spleen size z score at diagnosis and 1-year follow-up

Investigation
At diagnosis,  

median (range)
At 1-y post-diagnosis, 

median (range)

Albumin (g/L) 35 (20–35) n = 35 41 (36–51) n = 33

ALT (IU/L) 444 (73–2429) n = 36 24 (11–73) n = 34

AST (IU/L) 376 (46–2308) n = 22 33 (17–66) n = 21

ALP (IU/L) 365 (158–896) n = 34 220 (72–501) n = 34

Bilirubin (umol/L) 92 (21–373) n = 37 NA

GGT (IU/L) 32 (1–194) n = 37 8 (3–20) n = 34

IgG (g/L) 22.25 (8.03–86.3) n = 36 13.7 (8.29–23.7) n = 19

Platelets (×109/L) 240 (49–785) n = 37 234 (113–399) n = 34

Spleen size z score 3.67 (0.12–11.27) n = 24 1.85 (1.25–7.67) n = 19

ALP = alkaline phosphatase; ALT = alanine aminotransferase; AST = aspartate ami-
notransferase; GGT = gamma-glutamyltransferase; NA = not available.
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treated with azathioprine), 16 (42%) underwent endoscopic assess-
ment, and 14 (37%) had a fecal calprotectin test. Two patients were 
found to be positive for anti-TTG antibody, 2 patients had signs of 
portal hypertension on baseline endoscopy and 8 patients had fecal 
calprotectin levels >200 μg/g, 7 of whom were diagnosed with IBD.

Of the 28 patients tested for TPMT, 26 (93%) had no variants 
detected or normal activity level. One patient had high TPMT activ-
ity and was not treated with azathioprine. The other had double point 
mutations at positions 460 and 719 (TPMT *3A genotype 1); they were 
treated with 75 mg of azathioprine. Their first 6-TGT level was 585.

Outcomes
Oral steroids were used as therapy in 37 (97%) children, and 

30 (79%) received azathioprine. One patient was switched from aza-
thioprine to mycophenolate mofetil after a moderate disease flare 
and continued on mycophenolate mofetil without subsequent flares. 
Eight (21%) children required an inpatient admission for IV corti-
costeroids due to a severe disease flare post-diagnosis. The median 
length of IV treatment was 6 days (range, 4–10 d). In addition to 
immunosuppression, 23 (61%) patients were treated with ursodeoxy-
cholic acid though this was eventually discontinued in 6.

Initial steroid dosing ranged from 1 to 4 mg/kg with maximum 
doses between 40 and 60 mg. Median maintenance dose of steroids 
was 5 mg (range, 2.5–10 mg) and was reached in a median of 13.5 
weeks (range, 6–24 wk). All but 2 patients continued on low-dose 
maintenance steroids, both of whom were managed with azathio-
prine monotherapy.

In those with IBD and AIH, all but 3 were managed with com-
bination low-dose steroids and azathioprine, the 3 others were man-
aged with low-dose corticosteroid monotherapy (maintenance dosages 
ranged from 2.5 to 5 mg). One patient with Crohn’s disease was able to 
be weaned off steroids and managed with azathioprine alone.

Disease flares (clinical or biochemical deterioration) were 
managed by increasing the patient’s steroid dose. Four (10%) patients 
had mild disease flares, 7 (18%) had moderate flares, 6 (16%) had 
severe flares, and 20 (52%) patients had no flares during follow-up. 
There was an average of 1.4 flares per 10 patient years, and no patient 
had more than 2 disease flares. Three (7%) patients required liver 
transplantation. Two presented with acute-on-chronic liver failure 
and both were transplanted within 1 month of listing. One patient 
presented with decompensated liver failure 8 years after diagnosis 
and was transplanted after no improvement with antibiotics and IV 
steroids. Overall 5-year survival rate without the need for transplan-
tation was 95%.

DISCUSSION
In this retrospective, nationwide audit, the diagnosis, work-

up, management, and disease course of all pediatric patients with 
AIH in Scotland over a 5-year period were reported. The majority 
of patients were diagnosed after several weeks of symptoms and 
had deranged blood investigations at the time of diagnosis. IBD 
was the predominant comorbidity in our cohort, affecting 37% of 
our patients; this was nearly double previously reported rates from 
Canada and London (10,16). The cause of this discrepancy is unclear 
but possibly reflects increased patient identification through initial 
work-up. Despite no standard guideline being in place, variation in 
patient work-up was minimal. Most patients responded well to man-
agement, with the majority having normalized liver function tests at 
1-year post-diagnosis. The majority of patients had no disease flares, 
and no patient had more than 2 disease flares during follow-up. Only 
3 patients required liver transplant, 2 of whom presented in acute-on-
chronic liver failure.

We were able to calculate novel incidence and prevalence 
rates. To our knowledge, this is the first time a prevalence rate of AIH 

in children has been calculated in the United Kingdom. Our findings 
were similar to rates calculated in the United States (incidence 0.4, 
and prevalence 3.0 cases/100 000) and Canada (incidence 0.23, and 
prevalence 2.4 and 9.9 cases/100 000 for non-native and native chil-
dren, respectively) (10,11,17).

The strength of our study comes from our population-based 
approach including all 3 pediatric gastroenterology centers in Scot-
land, effectively capturing all incident cases of AIH in the country 
between the years 2013 and 2018.

Establishing a standardized patient work-up and management 
can aid physicians dealing with rare diseases where they may have 
less experience. Our hope is to add to the available literature that can 
be called upon to create department protocols. Once a diagnosis of 
AIH has been established with positive antibodies and biopsy, there 
should be a baseline of additional investigations for these patients. 
Screening for the most common comorbidities such as celiac dis-
ease, with anti-TTG antibodies, autoimmune sclerosing cholangitis/
overlap syndrome with MCRP and IBD with fecal calprotectin are 
all warranted, as these diagnoses may impact disease course and 
management of the patient. Screening for additional causes of liver 
dysfunction such as Wilson’s disease, drug-induced liver disease, 
viral hepatitis, and non-alcoholic fatty liver disease should also be 
included in the investigation work-up. Pretreatment genotyping and/
or activity level of TPMT allows for the identification of patients at 
increased risk for developing severe myelosuppression if treated with 
a thiopurine (18). This should therefore be strongly considered dur-
ing the initial work-up of these patients. A suggested complete set 
of investigations encompassing the diagnosis and these other con-
siderations has been summarized in Supplemental Table 1 (http://
links.lww.com/PG9/A87). This is now the standard of practice across 
Scotland.

Surveillance endoscopy for upper gastrointestinal varices is 
commonly done at many pediatric liver centers, although this remains 
controversial and is mainly reserved for those with established portal 
hypertension (19,20). Although not available at all of our centers, 
there is growing evidence for the use of elastography to monitor the 
development of fibrosis and cirrhosis (21,22). Current recommenda-
tions for its use in adult AIH are to wait 6 months from initiating 
treatment, as liver inflammation can impair its accuracy (23).

This study had several limitations. The retrospective design 
limited the scope of study. Additionally, although there was fairly 
consistent work-up and management of patients across the 3 cen-
ters, the multicenter approach meant we did not have uniformity in 
the choice of investigations undertaken and how disease flares were 
managed. Another significant limitation came in the MRCP and his-
tology reports. Ideally, a single, radiologist/pathologist would review 
all MRCP images/biopsy samples in order to eliminate any inter-
observer variability that may result from having multiple physicians 
reporting (24). The addition of formal fibrosis scoring across the 
cohort would also be useful but was too inconsistent to present here. 
Last, because the data were collected retrospectively not all results 
were available leading to missing data from some patients.

The diagnosis, work-up, and management of AIH in the adult 
population are well established but pediatric research on the topic 
remains limited. A study from a large pediatric liver center in the 
United States was recently published reporting the differences seen 
between their type 1 and type 2 AIH patients (8). Additional pediatric 
research is required across different settings and populations. Further 
reporting on pediatric AIH experience, particularly with regards to 
diagnosing, investigating, and managing the condition in children, 
would help unify management strategies with potential impact on 
clinical outcomes.

The development of a standard of care is a long-established 
practice. This can be difficult in the field of pediatrics, where there 
is a paucity of data. In 2018, the European Society of Paediatric 
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Gastroenterology Hepatology and Nutrition Hepatology Commit-
tee published a position paper on the diagnosis and management 
of pediatric AI liver disease (13). These position papers, that help 
to guide management across the continent, are made possible by 
aggregating smaller studies, like the one we have presented. Here, 
we have reported the management and clinical course of all children 
diagnosed with AIH in Scotland, over a 5-year period. We have also 
reported novel incidence and prevalence rates. We hope this data can 
help guide the care of future patients with this rare and potentially 
severe disease.
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