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Abstract

Background Coffee drinking has been associated with decreased risk of some autoimmune diseases as well liver disease
and outcomes. Environmental factors, such as coffee consumption, are yet to be assessed among patients with autoimmune
hepatitis (AIH).

Aim We sought to investigate the relationship between coffee consumption and risk of AIH utilizing the Genetic Repository
of Autoimmune Liver Disease and Contributing Exposures (GRACE) database.

Methods Lifetime coffee drinking was collected from 358 AIH patients (cases) and 564 volunteers (controls) from primary
care visits. Groups were compared utilizing the Wilcoxon rank sum test for continuous variables and the Chi-square test for
discrete variables. Logistic regression was used to analyze the effects of different coffee parameters (time, frequency, and
cups) after adjusting for age, sex, education, smoking status, BMI, and daily activity.

Results 24.6% of AIH patients never drank coffee compared to 15.7% of controls (p <0.001), and only 65.6% were current
drinkers compared with 77% of controls (p <0.001). Among “ever” coffee drinkers, AIH patients consumed fewer lifetime
cups of coffee per month (45 vs. 47 for controls, p<0.001) and spent less percentage of life drinking coffee (62.5% vs.
69.1% for controls, p <0.001). Concurrent inflammatory bowel disease was higher among AIH patients than controls (5.7%
vs. 1.2%, p<0.001), yet did not significantly contribute to “never” coffee drinking status. The relationship between lower
coffee consumption and AIH persisted even after controlling for covariates.

Conclusions Coffee consumption is lower among patients with AIH compared to controls.
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Abbreviations Introduction

AIH Autoimmune hepatitis

GRACE Genetic Repository of Autoimmune Liver Dis- Autoimmune hepatitis (AIH) is a chronic liver disease result-
ease and Contributing Exposures ing from immune intolerance and failure of immunologic

PBC Primary biliary cholangitis homeostasis. AIH can be diagnosed in any population demo-

PSC Primary sclerosing cholangitis graphic, yet worse outcomes have been associated with those

ucC Ulcerative colitis with early disease onset, incomplete normalization of liver

IBD Inflammatory bowel disease tests following therapy, advanced fibrosis at diagnosis, and

CD Crohn’s disease African-Americans [1-3].

The etiology of AIH remains uncertain, but is likely
established as the result of a permissive genetic architec-
ture and several yet unknown environmental exposures. The
strongest support of an environmental contribution to ATH
development includes small observational studies of viruses
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observed in idiopathic AIH [6]. Other environmental risks
must be important, but assessment of other external factors
remains incomplete [7].

Coffee is ubiquitous, and the benefits of this bever-
age have been touted since scientific literature has shown
numerous health benefits. Not only has coffee been linked
to reduced all-cause mortality [8], it has also has been pro-
tective in liver disease against elevated liver tests and fibro-
sis progression [9, 10]. Further, coffee may be protective
of some autoimmune diseases (ulcerative colitis, multiple
sclerosis) [11], and recently, we showed primary sclerosing
cholangitis (PSC) patients drank less coffee than controls
[12].

Assessment of coffee drinking among AIH patients has
not been performed. In the current study, we aimed to assess
prevalence and patterns of coffee consumption among a
well-described cohort of AIH patients and control group.

Methods
Study Populations

The Genetic Repository of Autoimmune Liver Disease and
Contributing Exposures (GRACE) study contains consecu-
tively recruited AIH patients from Indiana University [13].
This ongoing AIH patient repository was initiated in 2014
to collect retrospective and prospective AIH cases in order
investigate genetic and environmental underpinnings of
disease development. All AIH patients within the GRACE
study had confirmed AIH per most recent clinical guidelines
[14].

Controls were serially recruited from the Mayo Clinic
Division of General Internal Medicine during annual visits
for preventive medical examination. Control exclusion crite-
ria included evidence of prior or current liver disease or any
historical abnormal liver enzyme levels. Informed consent
was obtained from all the study participants. The present
study and included cohorts conform to the ethical guidelines
of the 1975 Declaration of Helsinki and have been approved
by the Institutional Review Board of Mayo Clinic and Indi-
ana University.

Demographic, Medical History, and Lifestyle
Assessment

Both cases and controls were provided general and coffee-
specific questionnaires at time of enrollment. The general
questionnaire included information regarding demograph-
ics, medical history, and lifestyle and environmental expo-
sures (such as tobacco use). The coffee questionnaire col-
lected details of coffee drinking. These were completed
at study visit or returned via mail. The study instruments

were developed by the Mayo Clinic Survey Center (MCSC).
Follow-up questionnaires were resent to enrolled subjects
within 2 months of recruitment in the case of non-response.

Coffee Assessment

The coffee use questionnaire included ten questions outlin-
ing current (i.e., coffee use in the past one year) and past
(i.e., lifetime) habits of coffee drinking [12]. Parameters
of coffee consumption were completed by totaling caffein-
ated and decaffeinated coffee responses. The questionnaire
assessed coffee drinking using 11 frequency categories,
ranging from less than one cup per month to more than 9
cups per day. It also included detailed information to define
age started drinking coffee and age stopped drinking coffee,
thus providing assessment of average lifetime cups of cof-
fee per month and percentage of lifetime consuming at least
one cup of coffee per month. In this study, the total years
drinking coffee and cup frequency allowed the calculation of
“average lifetime cups of coffee” and age and time drinking
at least one cup of coffee per month allowed calculation of
“percentage of lifetime drinking coffee.” A “lifetime coffee
status” was identified by three separate categories including
current, past, and never a coffee drinker.

Statistical Analysis

Continuous variables were summarized using medians and
the 25th and 75th percentiles, and p values were obtained
using the Wilcoxon rank sum test. p values for discrete varia-
bles were obtained from the Chi-square test. Logistic regres-
sion was used to estimate the influence of the various coffee
parameters either univariately or after adjusting for age at
coffee survey, sex, smoking status, and higher education.

Results
Demographic, Medical History, and Lifestyle

At the time of study completion, the GRACE study was
composed of 512 AIH patients and 349 (68.2% response
rate) had returned both study questionnaires. The control
group included 563 participants (87% response rate). The
median time between enrollment and survey collection
among AIH patients was < 1 month. In this study, AIH
patients were more likely to be younger at the time of sur-
vey (55 years vs. 66 years, p <0.001) and have concurrent
inflammatory bowel disease (5.7% vs. 1.2%, p<0.001)
compared to controls (Table 1). AIH patients were simi-
lar to controls in regard to percentage female sex, reporting
higher education, BMI, and smoking status (smoked more
than 100 cigarettes in lifetime). Daily activity level of AIH
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Table 1 Demographics and

) AIH patients Controls p value
lifestyle assessment of AIH
patients and controls (n=349) (n=563)
Sex, % female 275 (78.8%) 414 (73.5%) 0.072
BMI 27.4 (23.1,32.7) 26.6 (23.7,29.9 0.126
Age at coffee survey® 55 (44.0, 64) 66 (59.0, 73.0) <0.001
Diagnosis of IBD, % diagnosis 19 (5.7%) 7 (1.2%) <0.001
Higher education, % beyond high school 270 (78.9%) 452 (81%) 0.452
> 100 lifetime cigarettes, n (%) 133 (39.0%) 231 (41.2%) 0.519

*Variable summarized as median (first quartile, third quartile)

patients was generally lower than controls (p <0.001), as
AIH patients had higher frequencies of no activity (13.3%)
and mild activity level (39.8%) than controls (6.4% and
35.2%, respectively).

Coffee Drinking

ATIH patients and controls were different according to life-
time coffee status (Table 2). Among AIH patients, 24.6%
reported never, 9.7% past, and 65.6% current coffee drink-
ing, whereas 15.7% of controls reported never, 7.3% past,
and 77% current coffee drinking (p <0.001). A similar
minority of ATH patients (36.4%) and controls (35.9%) had

not started drinking coffee by 18 years of age. AIH patients
reported they had spent 50% of their life drinking coffee
(at least on average 1 cup/month) compared to 66.7% of
controls (p <0.001). The average lifetime cups of coffee
consumed per month were lower in AIH patients com-
pared to controls (14 cups (0, 45) (25th percentile, 75th
percentile) vs. 45 (7.5, 105), p<0.001). Considering only
“ever” coffee drinkers, AIH patients reported less percent
of their life drinking coffee compared to controls (62.5% vs.
69.1%, p<0.001). “Ever” coffee drinking ATH patients also
reported fewer average cups of coffee consumed per month
compared to controls (45 (5, 55) vs. 47 (45, 106), p <0.001).
Observed differences in coffee use between AIH patients and

Table 2 Coffee consumption assessment of AIH patients and controls (A) and coffee consumption assessment of AIH patients and controls

among “ever” drinkers (B)

AIH patients Controls p value
(n=349) (n=563)
A
% of life drinking coffee® 50 (2.2, 69.1) 66.7 (34.3, 73.8) <0.001
Coffee drinker at age 18, n (%) 127 (36.4%) 202 (35.9%) 0.89
Lifetime cups of coffee/month (caffeinated and 14 (0, 46) 47 (8, 105) <0.001
decaffeinated)®
Lifetime coffee status <0.001
Never coffee drinker, n (%) 86 (24.6%) 88 (15.7%)
Past coffee drinker, n (%) 34 (9.7%) 41 (7.3%)
Current coffee drinker, n (%) 229 (65.6%) 433 (77%)
AIH patients Controls p value
(n=263) (n=474)
(B)
% of life drinking coffee® 62.5(39,71.2) 69.1 (57.1,75.3) <0.001
Coffee drinker at age 18, n (%) 127 (48.3%) 202 (42.6%) 0.14
Lifetime cups of coffee/month (caffeinated and 45 (5, 55) 47 (45, 106) <0.001
decaffeinated)®
Lifetime coffee status 0.066
Never coffee drinker, n (%) 0 0
Past coffee drinker, n (%) 34 (12.9%) 41 (8.6%)
Current coffee drinker, n (%) 229 (87.1%) 433 (91.4)

*Variable summarized as median (first quartile, third quartile)
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controls remained different in models including age, sex,
higher education, significant smoking exposure, and BMI
(data not shown).

AlH, Inflammatory Bowel Disease, and Lifetime
Coffee Status

We completed additional analysis to identify any contribu-
tion of IBD on the observation of decreased coffee drink-
ing in AIH patients. At the time of study enrollment, only
5.7% of AIH patients reported a diagnosis of inflammatory
bowel disease (IBD) (controls 1.2%, p <0.001). The major-
ity of concurrent IBD cases were ulcerative colitis (89.4%).
Among AIH patients with ulcerative colitis (AIH-UC), only
two reported proctocolectomies that were completed prior
to study enrollment.

AIH diagnosis date was not available in 38% of AIH
patients. Patients that never drank coffee were diagnosed
at a younger age compared to those that ever drank cof-
fee (44 years (32, 50) vs. 53 (41, 60), p<0.001) (Table 3).
There was no difference in age of AIH diagnosis among
AIH patients with IBD (AIH-UC) according to coffee status.
Among “ever” coffee drinkers, 95% were AIH patients with-
out IBD, 4.6% with AIH-UC, and 0.4% AIH-CD. “Never”
coffee drinkers included 93% AIH patients without IBD,
5.8% AIH-UC, and 1.2% AIH-CD.

Discussion

This study provides the first assessment of coffee drinking
in a large cohort of well-phenotyped AIH patients within the
GRACE study at Indiana University [13]. The adjusted odds
of AIH were lower for current coffee drinkers (OR =0.66)
and those consuming more average cups of coffee per month
(OR =0.88 per 20 cup increase). Furthermore, we observed
a lower median age of diagnosis of AIH among both ATH
patients with and without IBD that ever drank coffee relative
to never coffee drinking AIH patients.

We have utilized the same coffee consumption instru-
ment and observed a similar protective relationship of cof-
fee drinking among PSC patients compared to controls,

but not in primary biliary cholangitis (PBC) patients [12].
Autoimmune liver diseases (AIH, PSC, and PBC) are clini-
cally heterogeneous, but foundationally are the result of
interplay between complex genetic and environmental fac-
tors. Known genetic risks among AIH patients are limited
because there has only been one genome-wide association
study completed to date [15]. Similar to genetic risks in
PSC and PBC, AIH has strong association with HLA locus
variants and has shown enrichment among multiple immu-
noregulatory genes. Less than 20% of disease heritability
has been accounted for in PSC and PBC with GWAS stud-
ies [16], and approximately 50% of disease susceptibility
may be related to environmental contributions [17]. Beyond
viral and compound-specific AIH triggers, no widespread
environmental factors have been consistently linked to AIH
[7]. This contrasts with PSC and PBC, where disease risk
has been repeatedly linked to factors such as tobacco smok-
ing and urinary tract infections [18, 19]. In our study, there
was no significant association between AIH and smoking
(Table 1). The importance of environment in among PSC
and PBC has been further substantiated by historical data of
molecular mimicry between a list of bacterial pathogenetic
factors, xenobiotic modification of epitopes, as well as clus-
tering regionally and around superfund sites [20].

Coffee contains a diverse group of compounds capable of
exerting physiologic effects that can shape responses from
innate and adaptive immune systems, modify LPS-triggered
inflammatory responses and cytokine signaling, work to
scavenge free radicals, induce the activation DNA repair
and detoxification enzymes, and function as anti-mutagens
[11, 21-23]. All or few of these cellular responses may be
central to the influence of coffee among autoimmune dis-
eases, where both risk and protection have been observed
among coffee drinkers. Coffee has been linked to increased
risk of rheumatoid arthritis and type I diabetes mellitus, yet
reported to provided protection against multiple sclerosis,
ulcerative colitis and Parkinson’s disease [11, 24]. Women
with high and low volume of coffee drinking were recently
shown to have differential gene expression data [25]. Nearly
300 genes were differentially expressed between groups, and
many were directed at the influence of both inflammatory
and metabolic pathways. The bioactive molecule(s) within

Table 3 AIH and concurrent diagnosis of IBD according to lifetime coffee status: never and ever coffee drinking

Never a coffee drinker Ever a coffee drinker p value (n) p value (age)

n=_86 N=263

n Age* n Age*
AIH without IBD 80 (93%) 44 (33.8, 50.2) 250 (95%) 53 (42, 60) 0.47 <0.001
AIH-UC 5(5.8%) 21 (19.5, 30.5) 12 (4.6%) 44 (35, 53.5) 0.64 0.11
AIH-CD 1(1.2%) n/a 1(0.4%) 32 (32,32) 0.4 n/a
Colectomy among AIH-UC 1(1.2%) n/a 1(0.4%) n/a 0.4 n/a

*Age at AIH diagnosis summarized as median in years (first quartile, third quartile)
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coffee that provides net immunomodulatory benefit in auto-
immune disease remains unknown. However, any of the bio-
active compounds found in coffee such as caffeine, cafestol,
kahweol, or polyphenols may contribute to this effect [26,
27].

Our data suggest a dose-dependent relationship between
coffee and risk of AIH development. Odds of AIH were
reduced for every increase in % of life drinking coffee per
20 cups (OR =0.9) as well as for every increase in 20 cups
of coffee/month (OR =0.87). Dose-dependent coffee benefit
has been observed in reduction of all-cause mortality [28]
as well as mortality associated with other chronic diseases
[29]. Disease modification has also been observed with cof-
fee including reduced risk of cirrhosis development among
chronic liver disease patients [30] and even delay in onset
of Parkinson’s disease [31]. In our study, we observed AIH
patients that never drank coffee had an earlier median age
of disease onset compared to AIH patients that ever drank
coffee (Table 3) albeit a significant missing proportion with
available age of diagnosis. Animal and cellular models
have identified a number of plausible bioactive compounds
responsible, yet in the real world even the type of coffee
[32], brewing technique [33], and filter use may have dra-
matic impact on coffee makeup [34].

The beneficial attributes of coffee have been reportedly
prevalent among chronic liver diseases. Nearly 30 years
ago, a sentinel study of heavy drinkers first revealed the
risk of liver cirrhosis among concurrent coffee drinkers
was one-fifth the risk of non-coffee drinkers [9]. Subse-
quently, coffee was associated with more favorable liver
tests among high-risk patients [10] and decreased mortality
in patients with cirrhosis [35]. We were unable to assess
the relationship between disease progression and coffee use
in this study given the cross-sectional approach. However,
30 AIH patients in this study had undergone transplant by
time enrollment. Transplanted AIH patients were no differ-
ent from AIH patients without transplant according to per-
cent life drinking coffee, drinking status at age 18, average
cups per month, and lifetime coffee drinking status (data not
shown). Limitations within this study include self-reporting
of coffee habits and memory bias inherent in considering a
lifetime of coffee use, as well as a low population of patients
and controls that have previously drank coffee then stopped.
Among our control group that has been used previously to
examine other chronic liver diseases, 77% of individuals
were current coffee drinkers. This is quite similar to the 75%
of current drinkers over the age of 20 years observed in the
2003 to 2012 National Health and Nutrition Examination
Survey data [36].

Further, coffee use could encompass a wide range of
products, and we were unable to assess for this variability,
how beverages were prepared, or the fluid ounces per cup.
We believe the observed findings are valid as the survey
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tool has performed well among PSC and PBC patients, is
biologically plausible, and includes an excellent response
rate in the well-phenotyped AIH study cohort. Furthermore,
we were able to adjust for important confounders such as
smoking, age, education level, and BMI.

In conclusion, we observed less coffee consumption
among AIH patients compared to a control population.
Future studies examining a relationship between coffee
consumption and liver-related outcomes and transplant-free
survival in AIH should be considered.
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