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Purpose: Smoking is a risk factor for some autoimmune diseases, but its association with autoimmune hepatitis remains unknown.
We conducted a population-based matched case—control study to examine the association between tobacco smoking and the risk of
autoimmune hepatitis in England.

Patients and Methods: From the Clinical Practice Research Datalink and linked Hospital Episode Statistics, 2005-2017, we
included 987 cases diagnosed with autoimmune hepatitis after age 18 years and up to 10 frequency-matched population controls per
case. We used multiple logistic regression to estimate the odds ratio of autoimmune hepatitis in ever-smokers vs never-smokers,
adjusting for sex, age, general practice, calendar time of registration with the general practice, and socioeconomic status.

Results: The autoimmune hepatitis cases were more likely to be ever-smokers than the controls (44% vs 37%). The ever-smokers had an
increased risk of autoimmune hepatitis compared with the never-smokers (adjusted odds ratio = 1.20, 95% confidence interval 1.03—1.39).
Conclusion: Smoking was associated with an increased risk of autoimmune hepatitis.

Plain Language Summary: Autoimmune hepatitis is a chronic liver disease associated with genetic variants and environmental
exposures, but the causes of autoimmune hepatitis remain unknown. Using registry data, we evaluated the association between tobacco
smoking and the risk for autoimmune hepatitis. We found that tobacco smoking was associated with an increased risk of autoimmune

hepatitis.
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Introduction

Autoimmune hepatitis (AIH) is a rare, female-predominated chronic inflammatory liver disease with an increased
mortality rate.'”> AIH may present heterogeneously from indolently to cirrhosis or acute hepatitis. The diagnosis is
based on characteristic autoantibodies, biochemistry, histology, and the exclusion of other causes of liver disease.> The
incidence of AIH is increasing with a doubling in less than 20 years, 1997-2015.% Diagnostic approaches might have
changed in this time period, but changing risk factor exposure could be a more likely explanation. AIH has
a multifactorial aetiology,”* and associations with genetic variants, particularly human leucocyte antigen (HLA)-
DRB1*03,> and environmental exposures, such as infectious agents, medicines, vaccines, and psychological stress,
have been suggested.’ Tobacco smoking is a highly prevalent behaviour and a known risk factor for some autoimmune
diseases with a 1.5 to 2 times increased risk of Crohn’s disease,® primary biliary cholangitis (PBC), rheumatoid arthritis,
multiple sclerosis, and hyperthyroidism;’ but smoking appears to exert a protective effect on other autoimmune diseases

by halving the risk for ulcerative colitis® and celiac disease.® Smoking carries numerous exposures that may result in
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a hyperactive and dysregulated immune system: free radicals causing DNA alterations, increased activity of inflamma-
tory cells and pro-inflammatory factors, and disruption of immune clearance.”’ In genetically predisposed persons such
exposure may trigger autoimmune disease development, and this could also be the case with ATH. Smoking may be a risk
factor for AIH development — a hypothesis supported by the case of a male smoker who developed AIH, and no potential
risk factor other than smoking could be identified.'® One study found a higher prevalence of current smoking in patients
with ATH but not of previous smoking,'' and yet another study evaluated the effect of smoking on AIH and found
indications of a slightly higher AIH incidence rate among smokers.'? The association between smoking and AIH remains
unsettled. Our aim was to conduct a population-based matched case—control study examining the association between
tobacco smoking and the risk of AIH. We hypothesised that tobacco smoking is a risk factor for AIH development.

Materials and Methods

This is a population-based case—control study of English patients registered with an AIH diagnosis in primary or
secondary care, 2005-2017, and their matched control persons from the English general population. The study is registry-
based, and no patient enrolment was involved. The study was approved by the Independent Scientific Advisory
Committee for MHRA Database Research, United Kingdom (protocol 18 022R).

We extracted data from the Clinical Practice Research Datalink (CPRD) (www.cprd.com)'® and person-level linked
data from Hospital Episode Statistics (HES) (www.data.gov.uk) to identify cases with AIH and population controls. The
AIH cases were defined by a first time CPRD registration of a Read code for AIH or by HES registration of an
International Classification Code (ICD) 10th edition for AIH. We excluded cases with alcoholic liver disease, viral
hepatitis B or C, primary sclerosing cholangitis (PSC), or PBC (Supplementary Table 1 shows Read codes and ICD-10

codes for inclusion and exclusion). Patients from primary and secondary care were included using the same inclusion and
exclusion criteria as in our previous study and previously validated.” We included 987 cases diagnosed with AIH after
age 18 years between 1 January 2005 and 31 July 2017 and up to 10 frequency-matched population controls per case
(matching variables: sex, 20-year age categories, general practice, and calendar year for registration with general
practice).

We categorised the AIH cases and the controls as to exposure of smoking based on the last CPRD record of smoking
status before the ATH diagnosis. We defined ‘ever-smokers’ as patients recorded with indicators of current or previous
smoking and ‘never-smokers’ as patients recorded as non-smokers and never recorded as a current or previous smoker.
A patient, who was previously recorded as a smoker but later as a non-smoker, would be categorised as an “ex-smoker.”
Information on smoking status was obtained by a validated method of using three sources from the CPRD dataset:'* Read
codes related to smoking in clinical and referral files, records of smoking status in additional files, and prescriptions for
smoking cessation in therapy files (Supplementary Table 2 shows Read codes, product codes, and product names used for

categorising cases and controls as to smoking status).

We used a multiple logistic regression model to estimate the odds ratio (OR) of AIH in “ever-smokers” vs “never-
smokers” including the frequency matching variables, while also adjusting for age as a continuous variable and for
socioeconomic status (expressed by quintiles of Index of Multiple Deprivation [IMD]). We adjusted for sex and age, as
these factors may affect the possibility of being a smoker and at the same time may affect the possibility of developing
AlIH; we adjusted for IMD as socioeconomic status may affect the probability of being a smoker and may be used as
a proxy for unknown environmental factors. We repeated analyses in stratified groups of sex, age, and quintiles of IMD.
We also performed likelihood ratio tests (significance level of 0.05) to assess the presence of interaction effects in the
multiple logistic regression models. These tests were conducted to determine whether the inclusion of interaction terms
significantly improved the model fit compared to a model without interaction terms. To deal with missing data, we
conducted complete-case analyses and multiple imputation analyses.'”> To evaluate if ascertainment bias in “ever-
smokers” (more and earlier AIH diagnoses resulting from more general practitioner visits) could explain any higher
risk of having an AIH diagnosis, we estimated the cumulative mortality after AIH diagnosis in “ever-smokers” and
“never-smokers” using the Kaplan Meier estimator of survival: If “ever-smokers” were seen more regularly by their
general practitioner and thereby were diagnosed at an earlier stage of AIH, they could have a better survival than would
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be otherwise expected. For a more detailed description of methods and statistical analyses, see Supplementary Material.

All data management and analyses were carried out using MonetDB SQL and Stata software version 14.2.

Results

We identified 1213 cases with AIH, and 8524 matched controls. We excluded 226 cases (37 with alcoholic liver disease,
61 with viral hepatitis, 58 with PSC, and 70 with PBC) and their matched controls and another 67 controls (19 with
alcoholic liver disease, 22 with viral hepatitis, 18 with PSC, and 8 with PBC). We included the remaining 987 cases and
6767 matched controls.

At the time of AIH diagnosis, the cases and the controls did not differ in terms of sex, age, IMD, or regional
affiliation (Table 1). The AIH cases were more likely to be “ever-smokers” than the controls (52% vs 48% of those with
registered smoking status), and the AIH cases were less likely to have missing information on their smoking status than
the controls (18% vs 22%). Men were more likely to be “ever-smokers” than women (42% vs 37%), and men were more
likely to have missing records on smoking than women (27% vs 20%) (Table 1).

When we conducted complete-case analysis on the 808 AIH cases and 5262 controls with complete records, the odds
of AIH were higher in “ever-smokers” than in “never-smokers” (adjusted OR = 1.19, 95% confidence interval [CI] 1.02—
1.38.) The stratified analyses indicated a stronger association between smoking and AIH in women compared with men
and in the younger compared with the older, but the confidence intervals were wide and overlapping (Table 2), and we
found no statistically significant interaction between smoking, sex, and age (Likelihood ratio significance test,
p-value=0.32). We found that the association between smoking and AIH was essentially the same in the deprived and
the affluent (Table 2 and Figure 1). The result from the analysis on all 987 cases and 6767 matched controls with imputed

Table | Characteristics of Cases with Autoimmune Hepatitis (AlH) and Matched Controls at the Time of AIH
Diagnosis and Characteristics Based on Their Smoking Status

AIH Cases Controls AIH Cases and Controls (N=7754)
“Ever- “Never- Missing Data
Smokers” Smokers” on Smoking
(N=987) (N=6767) (N=2914) (N=3314) (N=1679)
Sex, N (%)
Female 770 (78.0) 5244 (77.5) 2213 (75.3) 2586 (82.5) 1215 (72.4)
Male 217 (22.0) 1523 (22.5) 728 (24.8) 548 (17.5) 464 (27.6)
Age group, N (%)
18—40 years 166 (16.8) 1126 (16.6) 454 (15.4) 542 (17.3) 296 (17.6)
41-60 years 338 (34.3) 2504 (37.0) 1034 (35.2) 1156 (36.9) 652 (38.8)
61-80 years 418 (42.4) 2808 (41.5) 1319 (44.9) 1258 (40.2) 648 (38.6)
81+ years 65 (6.6) 329 (4.9) 134 (4.6) 177 (5.7) 83 (4.9)
Smoking status
Ever—smoker, N (%) 422 (43.8) 2519 (37.2) 2914 (100.0) - -
Current smoker 145 (14.6) 900 (13.3) - - -
Ex—smoker 277 (28.1) 1619 (23.9) - - -
Never—smoker, N (%) 387 (39.2) 2747 (40.6) - 3314 (100.0) -
Missing data, N (%) 178 (18.0) 1501 (22.2) - - 1679 (100.0)
(Continued)
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Table 1 (Continued).

AIH Cases Controls AIH Cases and Controls (N=7754)
“Ever- “Never- Missing Data
Smokers” Smokers” on Smoking
(N=987) (N=6767) (N=2914) (N=3314) (N=1679)
IMD, N (%)
| 225 (22.8) 1570 (23.2) 570 (19.4) 887 (28.3) 338 (20.1)
2 222 (22.5) 1586 (23.4) 647 (22.0) 748 (23.9) 413 (24.6)
3 215 (21.8) 1479 (21.9) 659 (22.4) 670 (21.4) 365 (21.7)
4 192 (19.5) 1180 (17.4) 551 (18.8) 505 (l6.1) 316 (18.8)
5 132 (13.4) 947 (14.0) 511 (17.4) 322 (10.3) 246 (14.7)
Missing data I (0.1) 5 (0.1) 3(0.1) 2 (0.1) 1 (0.1)
Region, N (%)

North East 26 (2.6) 143 (2.1) 91 (3.1) 48 (1.5) 30 (1.8)
North West 149 (15.1) 980 (14.5) 483 (16.4) 431 (13.8) 215 (12.8)
Yorkshire and the Humber 40 (4.1) 296 (4.4) 150 (5.1) 161 (5.1) 25 (1.5)
East Midlands 35 (3.6) 204 (3.0) 101 (3.4) 98 (3.1) 40 (2.4)
West Midlands 114 (11.6) 722 (10.7) 311 (10.6) 370 (11.8) 155 (9.2)
East of England 110 (11.1) 760 (11.2) 325 (11.1) 368 (11.7) 177 (10.5)
South West 130 (13.2) 915 (13.5) 422 (14.4) 396 (12.6) 227 (13.5)
South Central 107 (10.8) 781 (11.5) 332 (11.3) 357 (11.4) 199 (11.9)
London 147 (14.9) 1022 (15.1) 312 (10.6) 487 (15.5) 370 (22.0)
South East Coast 129 (13.1) 944 (14.0) 414 (14.1) 418 (13.3) 241 (14.4)

Abbreviation: IMD, Index of Multiple Deprivation.

data on missing information was similar to the result from the complete-case analysis (adjusted OR = 1.20, 95% CI 1.03—
1.40). When we compared the mortality after AIH diagnosis in “ever-smokers” and “never-smokers” we found a slightly
higher mortality in “ever-smokers” (5-year cumulative mortality in “ever-smokers” = 18.9%, 95% CI 13.9-25.4; “never-
smokers” = 17.2%, 95% CI 12.0-24.3).

Discussion

This population-based case—control study evaluated the association between tobacco smoking and the risk for AIH. Our
study suggests that smoking increases the risk for AIH. The main strengths of our study are that it is population-based,
large, and includes patients with AIH from both primary and secondary care. AIH is a symptomatic disease eventually
leading to a medical contact, and with cost-free access to diagnostic procedures in the UK our case ascertainment is most
likely complete. We used the same inclusion and exclusion criteria for AIH cases as in our previous study, and we
presume a high diagnostic validity, as previously argued.” The systematic registration of smoking status in general
practice in England allowed us to examine smoking as a risk factor for AIH development, and we used a validated
method of categorising cases and controls as for smoking status. The validity of registry status of current- and non-
smoking is presumed to be high, whereas ex-smoking might be underreported.'* We cannot rule out the possibility that
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Table 2 The Odds Ratio (OR) of Autoimmune Hepatitis
Among “Ever-Smokers” vs “Never-Smokers” in Stratified
Groups of Sex, Age, and Quintiles of Index of Multiple

Deprivation
“Ever-Smokers” vs
“Never-Smokers”
Adjusted OR (95% CI)
All 1.19 (1.02-1.38)
Sex
Male 1.03 (0.74-1.44)
Female 1.24 (1.05-1.47)
Age group
18-39 years 1.38 (0.86-2.21)
40-59 years 1.49 (1.06-2.11)
60-79 years 1.05 (0.75-1.49)
81+ years 0.90 (0.50-1.62)
Index of Multiple Deprivation
| 0.98 (0.71-1.34)
2 1.57 (1.15-2.15)
3 1.25 (0.90-1.72)
4 1.01 (0.73-1.41)
5 1.20 (0.77-1.85)

Notes: The adjusted OR was estimated using logistic regression including fre-
quency-matching variables (sex, 20-year age categories, general practice, and calen-
dar time for registration with the general practice) and also adjusting for age as
a continuous variable and for socioeconomic status (expressed by quintiles of Index
of Multiple Deprivation).

some cases of ex-smokers were misclassified as never-smokers, and our result might be an underestimate of the true
association between smoking and AIH. We could not evaluate any effect from the intensity of smoking because only 38%
of those 809 cases with record of their smoking status had the smoking intensity recorded, and for controls it was only
32% of 5266. The linked data enabled us to adjust for confounding from sex, age, and IMD and thereby indirectly adjust
for any unknown environmental factor associated with socioeconomic status. We considered adjustment for other
autoimmune diseases or cancers for which smoking may be a risk factor. At the same time, AIH could be a risk factor
for developing such comorbidities, and adjustment for common effects from exposure and outcome would introduce bias.
We evaluated if ascertainment bias could explain our finding of a higher risk of AIH in “ever-smokers” vs “never-
smokers”, but our finding of a slightly higher mortality in “ever-smokers” after an AIH diagnosis speaks against any
noteworthy effect from ascertainment bias.

In this study, we found that a current or previous history of smoking was associated with an increased risk of having
an AIH diagnosis. Our study supports the hypothesis that smoking could be an environmental risk factor of pathogenic
significance in the complex aetiology of AIH. Tobacco smoke contains several chemicals that may trigger immunogenic
changes leading to the development of autoimmune diseases.” Smoking has been proposed to be a risk factor, particularly
in those with HLA-DRB1*03, for rheumatoid arthritis'® and multiple sclerosis,'” and similar gene-environmental
interactions might apply to AIH.” One questionnaire-based study from the USA examining risk factors for AIH found
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Figure | The odds ratio of autoimmune hepatitis among “ever-smokers” vs “never-smokers” overall and in strata defined by sex, age, and quintiles of Index of Multiple
Deprivation (IMD). Errors bars indicate 95% confidence intervals.

a much higher prevalence of current-smoking in AIH patients than in controls (19% vs 7%), but a similar prevalence of
ever-smoking (38% vs 41%)."" However, the ATH patients and the controls in that study were voluntarily recruited and
may not be representative of AIH patients in general nor representative of the general population, and the questionnaire-
based approach makes the study prone to recall bias. Another study evaluated the effect of smoking on AIH and found
indications of a slightly higher AIH incidence rate among smokers (incidence rate of 2.24, 95% CI 1.94-2.55 in smokers
vs 1.96, 95% CI 1.79-2.12 per 100,000 population per year in non-smokers), but the difference was not statistically
significant.'? Another study with a main aim of assessing the incidence of autoimmune liver diseases in relation to
latitude examined the association between smoking and AIH in the United Kingdom.'* That study showed a similar
prevalence of smokers (current and ex-smokers) among AIH patients as our study (45% vs 44%), but it was unspecified
how the smoking categories were defined. In line with our study, their results suggested a higher incidence of AIH among
smokers compared with non-smokers.

In our study, the stratified analyses might indicate a slightly stronger association between smoking and the risk of AIH
in women and younger persons, though we were unable to demonstrate statistical significance for this. We did not have
the data to evaluate any differences in the intensity of smoking between women and men and between younger and older
persons, and we cannot rule out the possibility that any such differences contributed to our results. In general, the risk of
autoimmunity is higher in women compared with men, and this may relate to hormonal, immunological, and genetic
differences that may influence the susceptibility to environmental factors, such as smoking.'® Changing environmental
factor exposures and interactions are also the likely explanation for the increasing incidence of AIH over time. The
prevalence of smoking in the UK for both sexes and all ages has been declining during the last two decades (https://www.
ons.gov.uk/peoplepopulationandcommunity/healthandsocialcare/healthandlifeexpectancies/bulletins/adultsmokinghabit

singreatbritain/2021), but exposure to other unknown environmental risk factors may have increased or exposure to

protective factors may have dropped. We assume generalisability of our results, but with the complexity of AIH
aetiology, our results are not necessarily reproducible in other countries where genetic pre-dispositions and exposure

to other environmental factors may be different.
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In conclusion, we found that tobacco smoking was associated with an increased risk of AIH. Our study, like many
others, suggests the need for sustained prevention of tobacco smoking.

Abbreviations

AIH, Autoimmune hepatitis; CPRD, clinical practice research datalink; CI, confidence interval; GWAS, Genome-wide
association studies; HES, hospital episode statistics; HLA, human leucocyte antigen; ICD-10, international classification
of diseases 10th edition; IMD, index of multiple deprivation; OR, odds ratio; PBC, primary biliary cholangitis; PSC,
primary sclerosing cholangitis.
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