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Background: Epidemiological studies of autoimmune hepatitis are scarce and often based on single centre

Aims: We conducted a nationwide register study of incidence, prevalence, survival, and causes of death
of autoimmune hepatitis patients in Finland.

Methods: Autoimmune hepatitis cases 1995-2015 were retrieved from the national database of special
reimbursements for drugs costs. Data on causes of death were retrieved from Statistics Finland.

Results: After incomplete registration of AIH during the first years, the incidence of autoimmune hepatitis
stabilised to 1.1/100,000 person-years (1.6 in women and 0.52 in men) in 2008-2015. The prevalence of
autoimmune hepatitis at the end of 2015 was 14.3/100,000, 23.0/100,000 in women and 6.6/100,000 in
men. The all-cause standardized mortality ratio (SMR) of autoimmune hepatitis patients was 1.81 (95%
confidence interval (CI) 1.47-2.20). The SMR was increased in all age groups and in both sexes. The SMR
for hepatocellular carcinoma was 20.6 (95% CI 10.3-36.8), and for digestive diseases in overall 13.5 (95%
CI 8.2-20.8), constituting mainly from autoimmune hepatitis and liver cirrhosis.

Conclusion: Incidence of autoimmune hepatitis has remained stable, with clear female predominance.
Autoimmune hepatitis is associated with a markedly increased risk of death with hepatocellular cancer
forming the greatest risk.

Epidemiology
Mortality
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Lay summary

Incidence and prevalence of autoimmune hepatitis is stable in
Finland, based on nationwide medical registries. All-cause mortal-
ity is higher than in the normal population, and when compared
to controls without autoimmune hepatitis, mainly due to consid-
erable risk of hepatocellular carcinoma.

Key summary

Prior to this study, studies reporting incidence, prevalence, sur-
vival, and causes of death have been scarce.
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We report the second largest patient cohort of autoimmune hep-
atitis with the longest follow-up so far. Also, we report a different
distribution of AIH than what has been previously reported. We
also show, that increase in the risk of death is present already at
the diagnosis of AIH

1. Introduction

Autoimmune hepatitis (AIH) is a chronic liver disease char-
acterized by interface hepatitis, rosette formation, plasma cell
infiltration, and emperipolesis in histological examination, hyper-
gammaglobulinemia and a selection of unspecific autoantibodies
[1]. Incidence rates from 0.7 to 2.0 per 100,000 person-years have
been reported previously with point prevalence from 8 to 42.9 per
100,000 population [2-11]. However, most of these studies have
been performed based on a single centre population [2-5,7-10]
with only one covering an entire population [6]. The data on the
incidence and prevalence of AIH are summarized in Table 1.

There is also uncertainty of the impact of AIH on a patients’ prog-
nosis. Some studies have suggested that patients on corticosteroid
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Table 1
Incidence and prevalence rates of autoimmune hepatitis in selected registries.
Location Incidence/100,000 Prevalence/100,000 Period Population Reference
Oslo, Norway 1.9 16.9 1986-1995 130,000 2
Canberra, Australia NA 8 NA 525,000 3
Sourhern Israel 0.7 11.0 1995-2010 910,000 4
Alaska NA 429 1984-2000 100,312 5
Denmark 1.7 23.9 1994-2012 5,600,000 6
Women 2.4 Women 34.6
Men 0.9 Men 13.0
Valencia, Spain 0.8 11.6 1990-2003 112,003 7
Women 1.4 Women 19.2
Men 0.3 Men 3.7
Valencia, Spain 1.1 NA 2003 1,774,736 8
Women 2.0
Men 0.1
Canterbury, New Zealand 2.0 24.5 2001-2008 494,170 9
Women 35.3
Men 13.2
Sweden 0.9 10.7 1990-2003 715,000 10
Women 1.2 Women 15
Men 0.5 Men 6.2
Amsterdam, The netherlands 1.1 183 1967-2011 799,000 11

NA, not available.

and/or azathioprine [12,13] have a similar survival as the general
population. However, other studies have shown an impaired sur-
vival in AIH patients [6,14-17], related to pre-existing cirrhosis or
uncontrolled inflammatory activity and cirrhosis development dur-
ing the observation period. We have previously shown that AIH
patients diagnosed in Finland seldom present with cirrhosis at the
time of diagnosis (7%) [18].

Clinical decisions regarding the treatment of AIH are based on
knowledge of the epidemiology and the prognosis of this disease.
Our aim was to collect valid data on epidemiology and survival of
AlH in a nationwide population-based cohort with a long duration
of follow-up.

2. Materials and methods
2.1. Data sources

In this population-based study, we gathered data from The
Social Insurance Institution of Finland (SII), comprising patients
with International Classification of Diseases and Related Health
Problems volume 10 (ICD-10) diagnosis chronic active hepatitis
K73.2 and autoimmune hepatitis K75.4, used for AIH. Every Finnish
resident has a unique personal identity code (PIC), which allows
the person to be identified from all official registries. Patients with
certain chronic diseases, such as autoimmune hepatitis, get a reim-
bursement covering medical costs up to 70 percent, when the
treating physician (usually a gastroenterologist, internist or a pae-
diatrician) provides a written certificate that meets the predefined
criteria for the diagnosis of the disease. These medications include
corticosteroids, azathioprine, 6-mercaptopurine and cyclosporine.
Prior to approval, the certificate is checked by a medical examiner,
physician or a pharmacist in the SII. As a rule, the drug reimburse-
ment is granted indefinitely. The common coverage without this
special reimbursement system is 40 percent of the costs of the med-
ication. The data from the SII covers the whole Finland. The SII data
from patients living in the catchment area of Helsinki University
Hospital, was cross-checked with our own hospital’s AIH patients’
registry to validate the data.

The time and the cause of death of the AIH patients were
extracted from Statistics Finland using the PIC as the linkage key.
The death certificate is written by the treating physician.

For calculations of survival, the population registry centre pro-
vided for every AIH patient five sex-matched controls with the same

birth year, same age and living in Finland at the index date October
12th, 2016.

ICD-10 was taken in use in 1995. The data were collected from
1995 to 2015, since the ICD-10 classification was estimated to be
more precise in finding AIH patients than the previous ICD codes.
Special reimbursement for AIH has also been available since 1992
in Finland. We did not include patients who were granted spe-
cial reimbursement for AIH prior to 1995. In December 31th, 2016,
the total population of Finland was 5,503,297. There was a sharp
increase in recorded cases of AIH in 2006, after which we saw a
decline, and the incidence has remained stable after 2008. Regard-
ingincidence, we decided toinclude the data after 2008. Concerning
causes of death and patient survival, we used the whole data set,
since there was no difference in survival in patients diagnosed prior
to 2008 and thereafter.

2.2. Statistics

The crude incidence and prevalence rates were calculated per
100,000 person-years. The sex- and age-specific numbers were cal-
culated according to Statistics Finland data.

Kaplan-Meier curves were used for survival. Survival hazard
ratios were calculated according to Cox regression.

The numbers of observed deaths and person-years at risk were
counted by sex, age and years of follow-up. The expected numbers
of all causes of death combined and for specific causes of death sep-
arately were calculated by multiplying the number of person-years
in each stratum by the corresponding mortality rate in inhabitants
of Finland. To calculate the standardized mortality ratio (SMR), the
observed number of deaths was divided by the expected number.
The 95% confidence intervals (CI) for the SMR were based on the
assumption that the number of observed cases followed a Poisson
distribution. Statistical computation was performed using the IBM
SPSS Statistics version 24 and R environment for statistical comput-
ing and graphics (R Development Core Team 2015) using popEpi
package. p <0.05 was considered as statistically significant.

2.3. Ethics

Approval for the study were obtained from the Ethics committee
of Internal medicine, Helsinki University Hospital (diary num-
ber 150/13/03/01/2012) and the Internal Medicine department.
According to Finnish regulations, patient consent is not needed in
registry studies.
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Fig. 1. Crude incidence of autoimmune hepatitis per 100,000 person-years, by year of first reimbursement.
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Fig. 2. Age- and sex-specific incidence rates of autoimmune hepatitis 2008-2015.

3. Results
3.1. Incidence and prevalence

The cohort consisted of 887 AIH patients, 678 women (76%) and
209 (24%) men, with 6324 person-years of follow-up. In December
2016, total population of Finland was 5,503,000 and 51% were
women. The mean incidence of autoimmune hepatitis between
2008 and 2015 was 1.1/100,000/year, 1.6/100,000/year in women
and 0.52/100,000/year in men. The recorded incidence 1995-2005
was 0.44/100,000,0.60/100,000 in women and 0.22/100000 in men,
peaking to 1.9/100,000 in 2006 and 2007 (2.9/100,000 in women
and 0.89/100,000 in men). Thereafter, the incidence remained sta-
ble during the study period. Incidence by year and sex is presented
in Fig. 1. Age- and sex-specific incidence are presented in Fig. 2.
The prevalence of autoimmune hepatitis in December 2015 was
14.3/100,000, 23.0/100,000 in women and 6.6/100,000 in men.
There was a trend in increasing incidence of AIH among women
with age, until a rapid decrease after age 85. In men, there was no
difference with age. The greatest portion of patients were 45-84
years old. In men, the incidence remained remarkably stable until

age 75, and there were no cases older than 75 during the whole
study period (Fig. 2).

3.2. Survival

The survival of patients with AIH is markedly impaired com-
pared to the age- and sex matched general population (Fig. 3).
The mean 10-year survival was 84% and twenty-year survival
76%. There was no difference in patient survival between genders.
During the study period, 22 (2.5%) patients underwent liver trans-
plantation for AIH.

3.3. Causes of death

Causes and number of deaths are shown in Table 3. The all-
cause SMR of patients with autoimmune hepatitis was 1.81 (95%
CI 1.47-2.20), with elevated SMR in all age groups (Table 2). The
hazard ratio for death was 1.62 (95% CI 1.31-2.01). The SMR was
increased in all diseases studied, SMR 1.74 (95% CI 1.40-2.14).
For digestive diseases overall, SMR was 13.48 (95% CI 8.23-20.81),
constituting mainly from disease codes of AIH and liver cirrhosis.
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Table 2
All cause standardized mortality ratios in autoimmune hepatitis patients.
Men and women Women Men
SMR 95%CI SMR 95%CI SMR 95%CI
All ages 1.81 1.47-2.20"" 1.69 1.32-2.14" 2.14 1.44-3.04™
Age 0-29 6.69 1.38-19.55 6.62 0.17-36.85 6.73 0.81-24.31
Age 30-59 2.08 1.19-3.37 1.88 0.86-3.56 2.40 0.97-4.94
Age 60+ 1.72 1.36-2.13"" 1.65 1.26-2.12"" 1.94 1.20-2.96"
CI, confidence interval; SMR, standardized mortality ratio.
Table 3
Observed and expected numbers of deaths of various causes and standardized mortality ratios among Finnish AIH patients in 1995-2015.
Cause of death Observed Expected SMR 95%CI
Men and women
All diseases 89 51.05 1.74 1.40-2.14"
All malignant neoplasms 27 15.91 1.70 1.12-2.46
Hepatocellular carcinoma 11 0.54 20.56 10.26-36.78
Diseases of the digestive system (non-alcohol) 20 1.48 13.48 8.23-20.81"
Liver cirrhosis 11
Autoimmune hepatitis 8
Other 1
Women
All diseases 61 38.55 1.58 1.21-2.03"
Hepatocellular carcinoma 7 0.37 18.82 7.57-38.78
Diseases of the respiratory system 2 0.24 8.42 1.02-30.42
Diseases of the digestive system (non-alcohol) 12 1.18 10.16 5.25-17.74"
Liver cirrhosis 7
Autoimmune hepatitis 5
Men
All diseases 28 12.50 224 1.49-3.23"
Hepatocellular carcinoma 4 0.16 24.51 6.68-62.75
Diseases of the circulatory system 3 0.56 5.35 1.10-15.64
Diseases of the digestive system (non-alcohol) 8 0.30 26.41 11.40-52.04"
Liver cirrhosis 3
Autoimmune hepatitis 4
Other 1
AlIH, autoimmune hepatitis; SMR, standardized mortality ratio; CI, confidence interval.
' p<0.05.
" p<0.01.
™ p<0.001.
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Fig. 3. Survival of autoimmune hepatitis patients diagnosed 1995-2015 compared
to controls.

For hepatocellular carcinoma (HCC), the SMR was 20.56 (95% CI
10.26-36.78). These findings were similar in both genders. There
was a statistical increase in SMR for respiratory diseases in women

that AIH is less common after age 65 or 75 [8,10,11,33]. In men, the
incidence remained remarkably stable until age 75, and there were
no cases older than that in the study population. In total, only 22
patients (2.5%) underwent liver transplantation during the study
period.

AIH diagnosis may often be challenging. In clinical studies, val-
idated scoring systems have been used [19,20]. The problem in
epidemiological studies is that these criteria cannot usually reliably
be retrospectively confirmed. We evaluated the Finnish hospital
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discharge registry and found 1984 cases of AIH in Finland during
1995-2015. In our previous study [ 18], only 49% of the AIH patients
in the Finnish Hospital Discharge Registry fulfilled the simplified
criteria for the diagnosis of autoimmune hepatitis [20]. We believe
that the AIH diagnoses in discharge registries over-estimate the
incidence of AIH. In this study, we used the drug reimbursement
registry, which comprises only patients with confirmed diagnosis.
Sl does not routinely use validated diagnostic criteria for AIH while
evaluating drug reimbursement certificates, but they still evaluate
the validity of the diagnosis. This registry has been successfully used
in previous studies in the field of gastroenterology and hepatology
[21,22].

The incidence of AIH varied during the study years. There was
an increase in the incidence along the study period, which is in
concordance with what was previously reported [6].

Previous studies have shown different patterns of incidence
among age groups. AIH can occur in all ages, but the bimodal age-
distribution (peaks in childhood and teenage as well as in middle
age) shown in earlier studies, have been challenged by more recent
ones [6,10,11]. Autoimmune hepatitis in the elderly has also been
evaluated in two studies [23,24], which showed that AIH in the
elderly has a similar phenotype as in younger patients. It has pre-
viously been reported that AIH is less common after age 65 or 75
[8,10,11,33]. The sex ratio has been similar as in previous studies,
men comprising 25-30% of the population affected [5,6,10,11].

The overall mortality of patients with AIH was elevated; the
SMR was 2.14 in men and 1.69 in women. The high SMR as mainly
explained by hepatocellular carcinoma, liver cirrhosis and autoim-
mune hepatitis per se. Table 3 shows, that there are 38 cases of
excess death in AIH patients (89 observed and 51 expected). 11 of
them are HCC, 8 AIH and 11 cirrhosis constituting 30 cases of these
38. These are listed as primary causes of death. We do not know
the exact reason for death, but probably they are part of the same
continuum of AIH progressing to cirrhosis. Unfortunately, our data
reports cirrhosis only wheniitis listed as the primary cause of death.
The proportion of cirrhotic patients would be important to know
because HCC is thought to develop only in cirrhotic AIH. Higher
mortality due to hepatic malignancies is a conundrum since hep-
atic malignancies are known to be associated with advanced liver
disease, as well as immunosuppressive therapy [6,25-28]. We did
not find any increased mortality risk for lymphomas, infections or
skin cancers, including melanoma, which have been reported to be
increased in patients on immunosuppressive therapy [29-32]. In
earlier studies, conflicting results have been reported on the sur-
vival of AIH patients. Our study on a large nationwide population
with the longest follow-up so far clearly demonstrates that there
is a constant increase in the risk of death already from the time of
diagnosis. This was an unexpected finding, as we have previously
shown that patients in Finland are more often non-cirrhotic at the
time of diagnosis than reported in earlier studies. It has been sug-
gested that it is not AIH as such, but merely the cirrhosis leading in
decreased survival, as proposed by earlier studies [6,12-17].

In conclusion, we have demonstrated that the incidence and
prevalence of AIH have remained stable after 2008 in Finland, in this
second largest cohort with the longest follow-up. Short- and long-
term prognosis in AIH patients is markedly impaired compared to
that of the general population, mainly due to hepatocellular carci-
noma and liver cirrhosis. Despite the improved follow-up methods
and treatment options, including new medications and liver trans-
plantation, AIH is still associated with a significantly decreased life
expectancy. The markedly increased risk of hepatocellular cancer
underlines the importance of early detection of cirrhosis and sys-
tematic surveillance of AIH patients for HCC.
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