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Abstract

Background & Aims—Coffee consumption has been associated with decreased risk of liver
disease and related outcomes. However, coffee drinking has not been investigated among patients
with cholestatic autoimmune liver diseases, primary biliary cirrhosis (PBC), or primary sclerosing
cholangitis (PSC). We investigated the relationship between coffee consumption and risk of PBC
and PSC in a large North American cohort.

Methods—L .ifetime coffee drinking habits were determined from responses to questionnaires
from 606 patients with PBC, 480 with PSC, and 564 healthy volunteers (controls). Patients (those
with PBC or PSC) were compared to controls utilizing the Wilcoxon rank sum test for continuous
variables and ¢2 method for discrete variables. Logistic regression was used to analyze the
estimate the effects of different coffee parameters (time, frequency, and type of coffee
consumption) after adjusting for age, sex, smoking status, and education level.

Results—Patients with PBC and controls did not differ in coffee parameters. However, 24% of
patients with PSC had never drank coffee compared to 16% of controls (P<.05), and only 67%
were current drinkers compared with 77% of controls (P<.05). Patients with PSC also consumed
fewer lifetime cups per month (45 vs 47 for controls, P<.05) and spent a smaller percentage of
their lifetime of coffee drinking coffee (46.6% vs 66.7% for controls, P<.05). These differences
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remained significant in a multivariate model. Among PSC patients with concurrent ulcerative
colitis, coffee protected against proctocolectomy (hazard ratio=0.34, P<.001).

Conclusions—Coffee consumption is lower among patients with PSC, but not PBC, compared
to controls.
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INTRODUCTION

The robust stimulant qualities of coffee have been enriching human vitality since its
incarnation, however only recently have specific health benefits of this brew been reported
in the scientific literature. Coffee is now considered as a medically beneficial beverage
given inverse associations with metabolic syndrome?, cardiovascular disease?, and weight
gain3, despite previous reports.* A recent study by Freedman et al., revealed a strong inverse
dose-dependent relationship between coffee consumption and total and cause specific
mortality.?

Coffee attributes extrapolate to chronic liver disease as well; multiple studies over the last
20 years support an association between coffee consumption and decreased risk of liver
disease. A sentinel study specific to alcoholic liver disease revealed an inverse relationship
between coffee and risk of liver cirrhosis.® Subsequently, coffee was linked to more
favorable liver tests in high-risk patients’, as well as decreased mortality in patients with
cirrhosis.® Recently, improved liver-related outcomes and reduced hepatic fibrosis was seen
in viral hepatitis C patients who consumed 2 coffee-cup equivalents per day.® Lastly, a
recent meta-analysis revealed approximately 40% risk reduction for hepatocellular
carcinoma among individuals that drink coffee and 50% risk reduction for those that drink
coffee heavily compared to non-drinkers.10

Despite population-based associations between coffee and liver disease risk and outcomes,
an examination between coffee consumption and cholestatic liver disorders is currently
lacking. PBC and PSC are both chronic autoimmune liver diseases characterized by biliary
inflammation leading to biliary fibrosis and subsequent cirrhasis, liver transplant, or
death.11-13 To date, the pathogenesis of PBC and PSC remains unclear, although both likely
involve numerous complex interactions between predisposing genetic alleles and
environmental exposures. Prior reports of fibrosis mitigation in other chronic liver disorders
led us to hypothesize that coffee consumption exerts a protective role in the development of
PBC and PSC. In the current study we aimed to assess patterns of coffee consumption
among a cohort of PBC and PSC patients and controls drawn from our own medical center.

METHODS

Study Populations

The Mayo Cholestatic Liver Disease (MCLD) resource (Figure 1), includes PBC and PSC
patients obtained from 2 cohorts recruited at our medical center as a part of the (i) Mayo
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Clinic PBC Genetic Epidemiology (MCPGE) Registryl415, and (ii) PSC Resource of
Genetic Risk, Environment and Synergy Studies (PROGRESS). 16 These resources were
established with the aim of elucidating the genetic and environmental contributors to PBC
and PSC pathogenesis. PBC and PSC patients met clinically accepted standards of each
diagnosis.1’ Controls were serially recruited from the Mayo Clinic Division of General
Internal Medicine during annual visits for preventive medical examination. Moreover, all
controls and cases were tested for anti-mitochondrial antibodies and alkaline phosphatase in
serum at the time of enrollment. Control exclusion criteria included evidence of prior or
current liver disease. 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.

Demographic, Medical History, and Lifestyle Assessment

At time of enrollment, cases and controls within the MCLD resource were supplied a study
questionnaire directly or through the mail. This study instrument was developed by the
Mayo Clinic Survey Center (MCSC) and collected information regarding demographics,
medical history, and lifestyle exposures.1® For instance, smoking was assessed, and a
positive smoking history was defined as current or past smoking of >= 100 cigarettes during
the patient’s lifetime up until diagnosis of PBC or PSC18:19, or in the case of controls, up
until completion of the questionnaire. A second questionnaire was mailed within two months
of the initial contact in non-respondents.

Coffee Assessment

To assess coffee consumption, patients within the MCLD resource were mailed a two page,
scannable questionnaire that included a prepaid return envelope. This study tool, developed
with the assistance of the MCSC, was composed of ten questions highlighting current (i.e.,
within the past one year) and past (i.e., lifetime) coffee drinking habits. Coffee consumption
was assessed using eleven frequency categories, ranging from less than one cup per month
to more than 9 cups per day. The questionnaire also obtained detailed information regarding
coffee start and quit ages, if available, allowing assessment of average lifetime cups of
coffee per month and percentage of lifetime consuming at least one cup of coffee per month.
The total reported years consuming coffee and reported cup frequencies were used to
calculate “average lifetime cups of coffee”. ““Percentage of lifetime consuming coffee” was
calculated using age and reported duration of drinking at least one cup of coffee per month.
“Lifetime coffee status” was classified by 3 separate categories: current, past, and never a
coffee drinker. Parameters of coffee consumption were completed by totaling caffeinated
and decaffeinated data. Participants that did not respond to the first mailing within six weeks
were sent another coffee questionnaire.

Statistical Analysis

PBC or PSC patients were compared individually to a group of subjects (i.e., controls)
without evidence of PBC or PSC. Continuous variables were summarized using medians and
the 251 and 75! percentiles and P-values were obtained using the Wilcoxon rank sum test.
P-values for discrete variables were obtained from the chi-square test. Logistic regression
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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. Coffee
consumption was calculated using the age of initial coffee consumption and was modeled as
a time-dependent covariate; only those subjects who were either non-drinkers or who
included a start age were included in this analysis. Cox regression analysis was completed
for pertinent clinical endpoints after adjusting for age and sex. Patients who had clinical
records at Mayo Clinic were followed from diagnosis to the last clinical review of the
medical charts.

Demographic, Medical History, and Lifestyle

At the time of study inception, the MCLD resource was composed of 724 PBC and 619 PSC
patients, as well as 652 controls. Within 3 months of the initial coffee questionnaire
distribution, the overall response rate was 84% for PBC, 79% for PSC, and 87% for controls
(Figure 1). The time between enrollment and coffee survey was 5.9 years in PBC and 3.3
years in PSC patients. Responding PBC patients and controls were similar in age, yet
median age in PSC patients was lower (Table 1). Both cohorts differed from the controls in
terms of sex. Fewer PBC patients reported education beyond the high school level compared
to controls, whereas PSC patients were similar to controls. Significantly more PBC and
fewer PSC patients reported a history of smoking than controls. Inflammatory bowel disease
(IBD) was not prevalent in PBC patients or controls, however 74% of PSC patients reported
concurrent diagnosis of IBD. 55% of this group reported a diagnosis of Ulcerative Colitis
(UC), 10% reported Crohn’s disease (CD) and 9% reported both.

Coffee Consumption

PBC and PSC patients and controls were assessed for “lifetime coffee status”, defined as
current, past, or never a coffee drinker. PBC patients and controls did not differ according to
this parameter; however, 24% of PSC patients reporting reported to be never a coffee
drinker compared to 16% of controls (Table 2). Similarly, fewer PSC patients than controls
reported being a coffee drinker by age 18, although this finding was not statistically
different. Assessment of patients and controls according to coffee drinking adjusted over
lifetime included the average lifetime cups of coffee consumed per month and total
percentage of lifetime drinking coffee (at least 1 cup/month). As shown in Table 2, PBC
patients and controls were very similar in regards to coffee drinking adjusted over lifetime
including average lifetime cups of coffee consumed per month and total percentage of
lifetime drinking coffee (at least 1 cup/month). Even after adjustment for sex, a history of
higher education, significant smoking exposure, body mass index (BMI), daily activity level,
and duration of time since completing the MCPGE Registry survey, no differences existed
between PBC patients and controls (data not shown). However, PSC patients were found to
have consumed fewer cups of coffee per month (45 vs. 47, P < 0.05) and spent less total
percentage of lifetime consuming coffee compared to controls (46.6% vs. 66.7%, P < 0.05).
Observed differences among PSC patients and controls remained significantly different in
models that included sex, a history of higher education, significant smoking exposure, BMl,
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daily activity level, and duration of time since completing the PROGRESS survey (data not
shown).

Logistic regression models were used to assess coffee parameters while controlling for age,
sex, higher education, and smoking status in PSC patients and controls given observed
differences in coffee consumption and demographics (Table 4). After adjustment, the odds
of PSC was statistically lower for individuals identified as current coffee drinker vs. never a
coffee drinker (OR = 0.68, CI: 0.47-0.99, P = 0.044). Also, individuals with an increase in
percentage of lifetime drinking coffee (OR = 0.88 per 20 percentage increase, Cl: 0.79-0.97,
P = 0.013) and more average cups of coffee per month (OR = 0.89 per 20 cup increase, CI:
0.83-0.94, P < 0.001) had statistically lower odds of PSC.

PSC, Inflammatory Bowel Disease, and Lifetime Coffee Status

We performed additional analyses to clarify the contribution of concurrent IBD on the
observed effect of decreased coffee consumption in PSC. At the time of enrollment, 74% of
PSC patients had IBD with self-reported diagnosis of either UC (PSC-UC) or CD (PSC-
CD). Among PSC-UC patients, there were a total of 95 (60%) proctocolectomies (prior to
coffee survey). Further analysis of these groups according to age at onset and
proctocolectomy per lifetime coffee drinking status was completed (Table 3). There were no
differences between median age of disease onset (PSC, PSC-UC, or PSC-CD) or
proctocolectomy according to lifetime coffee drinking groups. However, 63% of PSC-UC
and 55% of PSC-CD patients reported current coffee drinking at the time of survey
completion. Only 27% of PSC-UC patients and 31% of PSC-CD patients reported never
drinking coffee in their lifetime. Cessation of coffee in the past for any reason included few
patients within each group (10% PSC-UC and 14% PSC-CD). Interestingly, 55% of PSC-
UC patients with proctocolectomy were current drinkers of coffee, whereas 44% never
consumed coffee.

Cox Regression

Cox regression analysis was completed for outcomes among PSC patients including liver
transplant, cholangiocarcinoma (CCA), and proctocolectomy adjusting for diagnosis age and
sex. At the time of PSC diagnosis, 47 (10%) patients had proctocolectomy, this was not
associated with coffee exposure at the time of PSC diagnosis (P = 0.33). There were 45 PSC
patients who underwent a proctocolectomy following diagnosis, coffee consumption was
associated with a decreased risk of surgery (HR = 0.34, Cl = 0.19-0.62, P < 0.001). There
was no significant predictive relationship of coffee exposure with liver transplant (74
patients, HR = 0.91, Cl = 0.55-1.53) or with CCA (33 patients, HR = 0.64, Cl = 0.31-1.34).
Coffee consumption at diagnosis was present in approximately 65% of patients, therefore
there was 80% power to detect hazards ratios of 0.41 (endpoint of proctocolectomy), 0.51
(liver transplant), and 0.36 (CCA).

DISCUSSION

This large, observational study of coffee consumption in both PBC and PSC patients from
North America demonstrated less coffee consumption among individuals with PSC, but not
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PBC. Specifically, PSC patients were more likely to have never consumed coffee in their
lifetime as compared to controls. Assessment of other coffee drinking behavior revealed
fewer lifetime cups of coffee per month and less percentage of life spent consuming at least
1 cup of coffee per month in PSC patients compared to controls, but not in PBC patients.
The observation of reduced coffee consumption in PSC remained statistically significant
after adjusting for age, sex, higher education and significant history of smoking.

Our study represents the first quantitative assessment of coffee drinking among a large
cohort of both PBC and PSC patients. PBC and PSC are rare, however they both may result
in significant liver-related morbidities'1~13 and no detailed assessment of coffee use has
been completed. PBC and PSC pathogenesis is unclear, yet both are likely the result of
complex interactions between genes and environment. Identification of modifiable
exposures affecting disease risk is enticing for obvious clinical implications, but also
disparity between PBC and PSC among risk exposures may provide insight into potential
cellular mechanisms in disease pathogenesis.

The observed finding of reduced coffee consumption among PSC patients within our study
may represent effective attenuation of genetic or environmental risks, immune system
activation, or progression of fibrosis. Recently, a study of nongenetic risk factors among a
modestly sized Norwegian PSC cohort revealed similar findings.29 Despite only assessing
patients with PSC, the negative association between disease and coffee consumption in this
cohort was driven specifically by findings in male patients. Nonetheless, in our study it
remains remarkable that the observed association between PSC and coffee was not apparent
in those with PBC. A potential explanation may be elucidated by the seemingly important
intricacies of the gut-liver axis present in PSC. This hypothesized mechanism underscoring
PSC pathogenesis has renewed interest given advancement in the characterization of bowel
microbiota via genomic technology?! A possible genetic constituent underscoring the
importance of intestinal microbiota in PSC was recently observed in a large PSC genome-
wide association study.22 Polymorphisms strongly associated with PSC located within the
gene FUT2, a protein important in protein glycosylation, were particularly interesting given
a prior locus association with CD and other infectious diseases such as streptococcus?3 and
candida.24 Coffee has also been recently shown to have significant influence at the level of
bowel flora, as reported by Nakayama.2> Coffee fed mice displayed altered galacto-
oligosaccharide consumption by gut bacteria as well altered populations of E. coli,
Clostridium, and Bifidiobacterium species. Furthermore, the importance of the gut-liver axis
in PSC pathogenesis is also supported by the evidence of decreased hazard of
proctocolectomy in PSC-UC patients that were identified as previous or current coffee
drinkers.

PSC has strong HLA associations and shared genetic risk loci with other autoimmune
disease, suggesting an underlying inflammatory dysregulation as a component of disease
pathogenesis.?2 Polyphenols, present at high concentrations in coffee, are bioactive
substances associated with potent anti-oxidant activity in experimental models.® These
compounds exert an effect through signaling cascades that can modulate gene expression
and promote anti-inflammatory mediators.26 Thus, coffee consumption may exert balance to
unregulated immune activation in PSC via alteration of gene expression and down
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regulation of inflammation pathways. Possible cellular mediators were recently highlighted
by Vitaglione.2” A reduction in hepatic concentrations of pro-inflammatory molecules TNF-
a and interferon-y with concurrently increased anti-inflammatory mediators interleukin-4
and interleukin-10 were seen in mice fed the equivalent of 2 cups of filtered coffee daily.

Coffee consumption and smoking habits have been shown to be highly correlative?8, and
prior studies have identified a significant smoking history associated with increased risk of
PBC15 yet a decreased risk in PSC.2% Our data support these prior findings (Table 1), and
we show that the effects of coffee remained independent after adjusting for smoking. No
evidence of an association between coffee consumption and PBC is particularly interesting
given the lack of concurrent IBD association. However, the clinical nature of IBD and
stimulant effects of coffee could integrate as a potential confounder in the observed study
effect. Recently, Cohen et al.30, published findings of significant dietary perceptions of
patients with IBD. Soda, red meat, leafy and non-leafy vegetables, dairy products, fruit, fried
foods, and alcohol were all more frequently reported as worsening symptoms of UC
compared to coffee. In this study, less than 5% of patients with UC and proctocolectomy
reported any change of bowel symptoms with coffee.

Nonetheless, we assessed for modified patient behavior in patients with past coffee
consumption without being a current coffee drinker. We saw that PBC (7%), PSC (9%)
patients and controls (7%) had similar numbers of past coffee drinkers. In a sub-analysis
(Table 3), past coffee drinkers were similar within the PSC-UC (9%), PSC-CD (13%), and
PSC-UC with proctocolectomy (6%) groups as well. In order to assess for confounding from
altered gastrointestinal transit, a multivariable model was completed that included age, sex,
higher education and significant smoking history among patients without a history of
proctocolectomy. This adjusted model revealed that the odds of PSC were statistically lower
for patients that drank more average cups of coffee per month (OR = 0.89, CI: 0.83-0.94, P
< 0.001). However, a longitudinal study is warranted to further address this issue.

Despite including a large group of PBC and PSC patients as well as controls, the MCLD
resource still has potential limitations. For example, patient self-reporting of coffee
consumption history has conceivable memory bias and the survey term “coffee” represents a
variable product. We were unable to assess for brands, preparations, and additives.
Measurement variability also exists in “what defines a cup of coffee” as well as other
product consumption containing important bioactive substances. Given the rarity of PSC,
overcoming these limitations by utilizing a prospective design would be challenging.

In conclusion, study of coffee in the MCLD resource revealed decreased coffee consumption
among patients with PSC, but not PBC. Our results demonstrate that PSC patients were
more likely to have never consumed coffee in their lifetime, spent less percentage of their
life consuming coffee and drank fewer average cups of coffee per month compared to
controls. Despite classification of PBC and PSC as autoimmune cholestatic liver disorders,
coffee consumption represents another key disparity between these diseases. Nonetheless,
the benefit of coffee in PSC is congruent with other chronic liver disorders, therefore,
prospective study of liver-related outcomes and survival in PSC should be completed.
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MCLD resource

PBC cases PSC cases Controls
n=724 n=619 n =652

Coffee questionnaire

PBC cases PSC cases Controls
84% 79% 87%
FIGURE 1.

Participants and Coffee Questionnaire Response Rate within the Mayo Cholestatic Liver
Disease (MCLD) Resource
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Demographics and Lifestyle Assessment of PBC patients, PSC patients and Controls in the MCLD Resource

PBC Patients (n=606)

PSC Patients (n=480)

Controls (n=564)

Sex, % female

)**

542 (90%

173 (36%) ™"

414 (78)%

Age at coffee survey*

66 (60.0, 72.0)

55 (43.0, 65.0)

66 (59.0, 73.0)

Diagnosis of IBD, % diagnosis 13 (3%) 354 (74%) ™" 7 (1%)
Higher Education, % beyond high school 426 (70%)™ 402 (84%) 453 (80%)
>100 lifetime cigarettes, n (%) 330 (55%) ™" 124 (26%)™ 230 (41%)

Variable summarized as median (lSt quartile, 3rd quartile)

Fk

Identifies P-values of < 0.05 for comparison of each patient group (PBC or PSC) versus controls
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TABLE 2
Coffee Consumption Assessment of PBC patients, PSC patients, and Controls in the MCLD Resource

| PBC Patients (n=606) | PSC Patients (n=480) | Controls (n=564)

% of life drinking coffee™ | 66.7 (34.6, 74.6) | 46.6 (1.4, 66.2) | 66.7 (34.3, 73.9)

Coffee drinker at age 18, n (%) | 225 (37%) 151 (32%) 203 (36%)

Lifetime cups of coffee/month (caffeinated and decaffeinated) ™ 47 (45.0, 105.0) 45 (4.0,90.0 47 (45.0,105.5)

Never coffee drinker, n (%) 96 (16%) 116 (24%) 88 (16%)
Past coffee drinker, n (%) 44 (7%) 44 (9%) 41 (7%)
Current coffee drinker, n (%) 466 (77%) 320 (67%) 434 (7T7%)

Lifetime coffee status ‘ ** ‘

*
Variable summarized as median (1St quartile, 3rd quartile)

*k
Identifies P-values of < 0.05 for comparison of each patient group (PBC or PSC) versus controls
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Logistic Regression Analysis with and without Adjustment for Patient Characteristics: Age, Sex, Higher
Education, and Smoking Exposure.

Odds Ratios (95% Confidence Interval)
unadjusted

Odds Ratios (95% Confidence Interval) after
adjustment *

Risk Factor

PSC Patients vs.

Controls

PBC Patients vs.

Controls

PSC Patients vs.
Controls

PBC Patients vs.
Controls

% of life drinking coffee, per
increase of 20%

0.73 (0.67, 0.80)

1.00 (0.92, 1.08)

0.88 (0.79, 0.97)

0.98 (0.90, 1.06)

Coffee drinker at age 18

0.82 (0.63, 1.06)

1.05 (0.83, 1.34)

0.88 (0.64, 1.20)

0.98 (0.76, 1.26)

Lifetime cups of coffee/month
(caffeinated and decaffeinated), per
increase of 20 cups

0.83 (0.79, 0.88)

1.00 (0.97, 1.05)

0.89 (0.83, 0.94)

0.99 (0.95, 1.03)

Current coffee status
- Past coffee drinker versus Never

- Current coffee drinker versus
Never

0.81 (0.49, 1.35)

0.56 (0.41, 0.77)

0.98 (0.59, 1.65)

0.98 (0.72, 1.35)

1.05 (0.58, 1.92)

0.68 (0.47, 0.99)

1.03 (0.60, 1.77)

0.94 (0.67, 1.31)

Each of the shown risk factors is from a separate logistic regression model.

*
The adjusted models show the Odds Ratios for each risk factor after adjusting for survey age, sex higher education and significant smoking

exposure.
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