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3. Timeline: We aim to have a complete draft of the manuscript for the co-authors to review
by 9/1/17.

4. Rationale:

According to the 2015-2020 Dietary Guidelines for Americans, moderate coffee consumption
(up to 3-5 cups/d or providing up to 400 mg/d of caffeine) is not associated with long-term health
risks and therefore can be incorporated into healthy eating styles (1). In fact, coffee consumption
has been shown to be protective of chronic illnesses such as type 2 diabetes (2, 3), coronary heart
disease (4), some cancers (5, 6) as well as total mortality (7, 8). Recent studies have found that
coffee consumption may be protective of liver disease.

Liver-related mortality has become a growing burden in the US, accounting for approximately
34,000 deaths per year (9). The 3 most common causes of chronic liver disease are viral
hepatitis, alcohol consumption, and obesity. Few studies have examined the association between
coffee and hepatitis B (10). One study that evaluated the clinical effect of coffee in HBV-positive
patients found no influence of coffee on the severity of hepatitis B (11). A study on hepatitis C
patients found a beneficial effect of coffee on the disease progression in these patients (12). They
found lower incidence of fibrosis and cirrhosis in coffee drinkers compared to non-coffee
drinkers. In a cross-sectional study, high coffee consumption was associated with a lower
prevalence of clinically significant fibrosis (8.8% vs. 16.3%). Liver disease that is related to
obesity and diabetes, also known as nonalcoholic fatty liver disease (NAFLD) is largely tied to
type 2 diabetes as part of metabolic syndrome (13). Currently, there is mixed evidence on the
association between coffee consumption and NAFLD. There are a number of studies worldwide
that have found coffee to be protective against the development of metabolic syndrome as well
as NAFLD (14-17). On the other hand, another study found that coffee was associated with less
severe fibrosis in patients with NAFLD, but did not find an association between coffee and new
onset NAFLD (18). Some studies suggest that the biological mechanisms stem from the caffeine
in coffee (17). Others suggest that antioxidants, which are present in both caffeinated and
decaffeinated coffee, have a role in reducing liver disease (16). In general, most of these studies
have been cross-sectional and there is a need for more cohort studies that look prospectively at
the incidence of fibrosis and clinical outcomes such as liver related hospitalizations.

Our study seeks to examine the association of regular coffee consumption with risk of clinical
and subclinical liver disease in a community-based setting.

5. Main Hypothesis/Study Questions: We hypothesize that higher coffee consumption is
associated with a lower risk of incident liver disease (liver disease-related hospitalizations and
elevated non-invasive markers of fibrosis) after adjustment for major confounding factors among
ARIC study participants.



6. Design and analysis (study design, inclusion/exclusion, outcome and other variables of
interest with specific reference to the time of their collection, summary of data analysis,
and any anticipated methodologic limitations or challenges if present).

Study Design: We will conduct a prospective analysis of the ARIC study, including participants
from baseline (Visit 1, 1987-1989) through December 31, 2013 or most recent follow-up
available.

Exposure: The primary exposure will be coffee consumption, measured by an interviewer-
administered food frequency questionnaire (FFQ) at the baseline and year 6 visits. Participants
reported usual consumption over the past year. Participants were asked how frequently they
consume an 8-ounce cup of regular (non-decaffeinated) coffee. Frequency options included
“almost never,” “1-3 cups per month,” “1 cup per week,” “2-4 cups per week,” “5-6 cups per
week,” “1 cup per day,” “2-3 cups per day,” “4-6 cups per day,” and “6 cups per day.” We will
re-categorize these consumption levels into low, moderate, and high. In order to report more
precise and etiologically relevant levels of intake, we will use the cumulative average of coffee
consumption, by calculating the mean of 2 assessments (visits 1 and 3).

Outcomes:

Our two main outcomes are liver-related hospitalizations and elevation in liver enzymes. For the
assessment of incident elevated liver enzymes, we will use measurements of liver enzymes at
visit 2 and visit 4.

1. Liver-related hospitalizations and deaths identified through recent cohort
surveillance files that include one of the following ICD-9 codes based on prior
reports (19): “571.0 Alcoholic fatty liver”, “571.2 Alcoholic cirrhosis of the liver”,
“571.3 Alcoholic liver damage, unspecified”, “571.40 Chronic hepatitis,
unspecified”, “571.41 Chronic persistent hepatitis™, “571.49 Other chronic
hepatitis”, “571.5 Cirrhosis of liver without mention of alcohol”, “571.6 Biliary
cirrhosis”, “571.8 Other chronic nonalcoholic liver disease”, “571.9 Unspecified
chronic liver disease without mention of alcohol”

2. We will examine the individual enzymes. Incident elevated enzymes at visit 4 will
be assessed among participants without prevalent elevated enzymes at visit 2.

a. Alanine amino-transferase (ALT), aspartate amino-transferase (AST),
gamma glutamyl-amino-transferase (GGT)

b. Elevated enzyme levels: ratio of ALT/AST>1, ALT > 40 U/l, AST > 40 U/I,
GGT > 60 U/l (20, 21).

Sensitivity analyses for the outcome definitions:
1. For liver-related hospitalizations, restrict the outcome definition to hospitalizations
and deaths with liver-related code as the primary code.
2. Non-invasive liver fibrosis score (FIB-4), an accepted score with proven validity
across liver diseases of different etiologies (22-24):
a. FIB-4 will be calculated at visit 2 and visit 4 from age, AST (U/l), platelet
(10%L), and ALT (U/I), according to the published formula: FIB-4 = (age
[years] x AST [U/L])/(PLT [10%/L] x (ALT [U/L])Y?) (24, 25).




b. Non-invasive liver fibrosis score (FIB-4) will be defined using the published
cut-off of FIB-4>2.67 at visit 4 among participants without prevalent elevated
FIB-4 at visit 2 (26).

Exclusions: We will exclude participants who are missing >10 FFQ items at each visit or who
have extreme values for total energy intake (<500 or >3,500 kcal/d for women; <700 or >4,500
kcal/d for men).

Covariates: We will use the following variables as covariates: sex, race-center, age, physical
activity, smoking, education level, diabetes status, BMI, added sugar consumption, total energy
intake, alcohol consumption, baseline liver enzymes (visit 2).

Main Analyses:

1)

2)

3)

4)

We will assess differences in socio-demographic risk factors and liver-related risk factors
according to categories of coffee consumption.
We will estimate the hazard ratios and associated 95% Cls for incident risk of liver
disease associated with different categories of coffee intake (low, moderate, high) using
Cox regression models.
Model 1: Adjusted for total energy intake
Model 2: Adjusted for model 1 plus sex, race-center, age, education
Model 3: adjusted for model 2+ physical activity, smoking,
Model 4: Model 3 plus alcohol, sugar sweetened beverages, and other food and
beverage groups
Model 5: Model 4+ diabetes status, BMI

f. Model 6: Model 5+baseline liver enzymes (visit 2)
We will also estimate the risk of liver disease by coffee consumption category within
subgroups of people by race (black/white), smoking (current/former/never), BMI
categories (obese vs. not obese), diabetes status (yes/no), and alcohol consumption levels
(former and heavy alcohol consumers vs. moderate alcohol consumers vs. never alcohol
consumers). We will test for interactions between these factors and coffee consumption
to see whether they may be effect modifiers. Variables such as diabetes status will be
treated as time-varying.
We will estimate competing risk of all-cause mortality prior to development of liver
disease using cumulative incidence function (stcrreg, stcurve command)
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Limitations:

1)

There may be measurement error in the assessment of dietary intake (coffee, alcohol,
added sugar, total energy intake) due to the use of self-reported 66-item food frequency
questionnaires. It should also be noted that several strategies were employed to minimize
reporting error, including the administration of the food frequency questionnaires by
trained interviewers and the use of visual representations of serving sizes. To obtain a
more precise estimate, we will use the cumulative average in coffee intake incorporating
dietary data collected at visit 1 and visit 3.



2) The liver disease outcome based on hospitalizations and deaths may underestimate the
number of individuals who developed liver disease. We will additionally use liver
enzyme data for the ascertainment of liver disease due to the lack of liver biopsy data.

3) Our exposure and outcome do not align perfectly in terms of timeline for the analysis of
liver enzymes. Coffee consumption will be based on visit 1 dietary data, while our
baseline measure for prevalent liver disease will be based on measurement of liver
enzymes at visit 2. Coffee intake, as reported on the food frequency questionnaire,
represents usual intake over the past year. Therefore, we can use dietary data from visit 1
to approximate diet in visit 2.

4) The FIB-4 score has only been validated in populations with HIV and liver disease (24-
27). Therefore, using this score may not be suitable to be used in a general population
like ARIC. However, this score is a relevant clinical outcome and would strengthen our
study. We have included it in this proposal as a sensitivity analysis.
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