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Abstract
Higher coffee consumption has been associated inversely with the incidence of chronic liver
disease in population studies. We examined the relationship of coffee consumption with liver
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disease progression in individuals with advanced hepatitis C related liver disease. Baseline coffee
and tea intake was assessed in 766 participants of the Hepatitis C Antiviral Long-Term Treatment
against Cirrhosis (HALT-C) trial who had hepatitis C-related bridging fibrosis or cirrhosis on liver
biopsy and failed to achieve a sustained virological response to peginterferon plus ribavirin
treatment. Participants were followed for 3.8 years for clinical outcomes and for those without
cirrhosis, a 2 point increase in Ishak fibrosis score on protocol biopsies. At baseline, higher coffee
consumption was associated with less severe steatosis on biopsy, lower serum AST/ALT ratio,
alpha-fetoprotein, insulin, and HOMA2 score, and higher albumin (p<0.05 for all). 230 patients
had outcomes. Outcome rates declined with increasing coffee intake: 11.1/100 person-years for
none, 12.1 for <1 cup/day, 8.2 for 1 to <3 cups/day, and 6.3 for ≥ 3 cups/day (p-trend=0.0011).
Relative risks (95% confidence intervals) were 1.11 (0.76–1.61) for < 1 cup/day; 0.70 (0.48–1.02)
for 1 to <3 cups/day; and 0.47 (0.27–0.85) for ≥3 cups/day (p-trend = 0.0003), versus not
drinking. Risk estimates did not vary by treatment assignment or cirrhosis status at baseline. Tea
intake was not associated with outcomes.

Conclusion—In a large prospective study of participants with advanced hepatitis-C related liver
disease, regular coffee consumption was associated with lower rates of disease progression.
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Hepatitis C virus (HCV) infects approximately 2.2% of the World’s population (including
more than three million individuals in the United States).(1) Treatment with peginterferon
and ribavirin for 24–48 weeks clears virus and resolves chronic hepatitis in approximately
half of patients.(2) The remaining patients and patients ineligible for or unable to tolerate
treatment have few additional options, such that identification of modifiable risk factors for
disease progression is a clinically important issue.

Coffee intake may have beneficial effects on the liver. Increasing coffee consumption has
been inversely associated with liver enzyme concentrations, including alanine
aminotransferase (ALT), aspartate aminotransferase (AST), and γ-glutamyltransferase.(3–8)
In population studies, among persons with unknown diagnosis of liver disease, greater
coffee intake has been associated with lower risk of cirrhosis,(6, 9–12) chronic liver disease,
(13) and hepatocellular carcinoma.(14, 15) Laboratory studies suggest that several
components of coffee, including caffeine(16–19), diterpenes,(20) and polyphenols,(21) may
have beneficial effects on the liver. But, heretofore, no studies have examined the
relationship between coffee consumption and progression of liver disease among persons
known to have advanced hepatic fibrosis.

We prospectively examined the association of coffee intake and liver disease progression in
participants of the HALT-C trial, a large randomized controlled trial evaluating the role of
long-term peginterferon alfa-2a for the prevention of disease progression in patients with
hepatitis C-related bridging fibrosis and cirrhosis who had failed to respond to peginterferon
plus ribavirin therapy.

MATERIALS AND METHODS
Study population

The design and results of the HALT-C trial has been published.(22) Randomized subjects
had detectable HCV RNA and met the following criteria: failure to achieve a sustained
virological response with previous peginterferon/ribavirin therapy; advanced hepatic fibrosis
on liver biopsy (Ishak stage ≥ 3); no history of hepatic decompensation or HCC; and
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absence of defined exclusion criteria (such as liver disease other than hepatitis C,
uncontrolled medical or psychiatric conditions). All participants were required to have an
ultrasound, computed tomography or magnetic resonance imaging with no evidence of
hepatic mass lesion suspicious of HCC. Participants were randomized to low dose
maintenance therapy (peginterferon alfa-2a 90 mcg weekly) or no treatment. Liver biopsies
were repeated 1.5 and 3.5 years after randomization. All biopsies were reviewed in
conference by a panel of twelve hepatic pathologists. The Ishak scoring system was used to
assess inflammation (0–18) and fibrosis (0–6).(23) The homeostatic model assessment
(HOMA2) score of insulin resistance was calculated as previously described.(24) Treated
and untreated participant data from the randomized phase of the trial were combined,
because maintenance low dose peginterferon therapy did not affect clinical outcome or
histologic progression.(22)

Of 1,050 randomized participants, we excluded 241 participants who did not complete the
food frequency questionnaire (FFQ), 1 participant with extreme caloric intake (total energy
intake more than two interquartile ranges from the median), and 42 participants lacking
follow-up biopsies. After exclusions, our dataset included 766 participants.

Exposure assessment
At study baseline, participants completed the Block 98.2 FFQ (Block data systems,
Berkeley, CA), which has been extensively validated.(25, 26) Participants were asked to
report their typical frequency of intake and portion size over the past year, using 9 frequency
categories ranging from ‘never’ to ‘every day’ and 4 categories of portion size (1 cup, 2
cups, 3–4 cups, and 5+ cups). One question assessed coffee consumption and a second
question assessed black or green tea intake. Participants also completed a second Block 98.2
FFQ approximately 13 months (median= 12.9 months, interquartile range= 12.3–15.4
months) after randomization. We calculated typical intake (cups per day) from the
questionnaire. For analysis, we created categorical variables of coffee (never, > 0 to <1, ≥1
to <3, and ≥ 3 cups/day) and tea intake (never, > 0 to <1, ≥1 to <2, and ≥ 2 cups/day).
Participants also completed a short form 36 item quality of life questionnaire (SF-36)(27) at
baseline.

Assessment of outcomes
Participants were seen every three months during the study period. Complete blood counts,
liver chemistry panel and alpha-fetoprotein (AFP) were tested at each clinical site.
Participants had at least one ultrasound examination every 12 months. Predefined clinical
outcomes included ascites, Child-Turcotte-Pugh score of ≥7 on two consecutive study visits,
liver disease related death, hepatic encephalopathy, hepatocellular carcinoma, spontaneous
bacterial peritonitis, or variceal hemorrhage; and for participants with bridging fibrosis at
baseline, a ≥ 2 point increase in Ishak fibrosis score on either of the follow-up biopsies. All
outcome reports were reviewed by an Outcomes Review Panel consisting of three
investigators from the participating clinical centers. Excluding hepatocellular carcinoma (23
events) did not alter results (data not shown).

We present results for a combined endpoint, which included both clinical outcomes and, for
those with fibrosis at randomization, a two point increase in Ishak fibrosis score. Results for
individual endpoints were similar (Figure 1).

All details of this study were approved by the local Institutional Review Board at each
participating institution and all participants gave written informed consent.
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Statistical Analyses
Analyses were performed with SAS release 9.1 (SAS Institute, Cary, NC). An alpha level of
<0.05 was considered statistically significant and all tests were two sided.

We tabulated baseline demographic, behavioral, and clinical factors by categories of coffee
(Table 1) or tea intake (data not shown). Statistically significant variation across categories
of increasing coffee or tea intake was assessed with the Mantel-Haenszel test for trend for
categorical variables and the Jonckheere-Terpstra test for trend for continuous variables.

Relative risks and 95% confidence intervals for the association of coffee and tea intake and
liver disease progression were calculated by use of Cox proportional hazards regression.(28)
We calculated follow-up time in person-years from baseline to first outcome, end of study,
or date of patient withdrawal. Linear trend tests across increasing categories of coffee and
tea intake were performed by assigning participants the median intake for their categories
and entering that term as a continuous variable in the regression model. We tested the
proportional hazards assumption by modeling interaction terms of time and the trend
variable for coffee or tea intake and found no significant deviations.

We examined risk estimates from crude and multivariate models that were adjusted for
known and suspected confounders, including age, baseline Ishak fibrosis score, body mass
index, education, gender, race and ethnicity, lifetime alcohol intake, pack-years of cigarette
use, and intake of total energy, and coffee or tea with progression of liver disease.

Possible effect modification by randomization group, cirrhosis at baseline, self-reported
health, sex, use of alcohol or cigarettes at baseline, hepatic steatosis grade, esophageal
varices, serum AFP levels, AST/ALT ratio, bilirubin, and albumin were assessed by
stratification and formally tested by including an interaction term between each stratifying
variable and continuous coffee intake in the model.

The concordance of reported coffee intake between the two food frequency questionnaires
was assessed by the weighted kappa statistic. We also examined whether the consistency of
reported coffee intake across questionnaires affected the association coffee intake with liver
disease progression. These analyses were restricted to those who completed both
questionnaires (n=633) and did not have an outcome prior to completion of their second
questionnaire (n=586); follow-up time began at the date of the second questionnaire. For
analysis, a single variable with mutually exclusive categories from intake reported on each
questionnaire was used.

RESULTS
Coffee intake varied from zero to five or more cups per day, with a median intake of one cup
per day. At baseline, higher coffee consumption was associated with male gender, Caucasian
race, higher lifetime alcohol and cigarette use, increased tea consumption and total energy
intake, lower baseline HOMA2 score, lower fasting insulin levels, higher log HCV RNA
level, and less severe liver disease (lower AFP levels, serum AST/ALT ratio, hepatic
steatosis grade, and higher albumin), p <0.05 for all (Table 1). We observed no association
between coffee intake and age, body mass index, cirrhosis status, diabetes, educational
attainment, HCV genotype, Ishak inflammation score, platelets, prothrombin time, or
treatment group (Table 1). We also examined the association of SF-36 quality of life
domains with coffee intake. The physical functioning score had no association with coffee
intake (p=0.78), though coffee drinkers tended to have poorer general health (p=0.29) and
vitality scores (p=0.018) than non-drinkers. Among baseline variables examined, higher tea

Freedman et al. Page 4

Hepatology. Author manuscript; available in PMC 2010 November 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



consumption was associated only with total energy intake and coffee intake (data not
shown).

During 2,407 person-years of follow-up (median: 3.8 years per patient, interquartile range:
2.6–3.8 years), 230 individuals had a two point increase in fibrosis score from baseline or a
clinical outcome for liver disease. Combining these endpoints, we observed an inverse
association between coffee intake and liver disease progression (Table 2). In crude models,
the relative risk (RR) associated with a one cup per day increase in coffee consumption was
0.88 (95% confidence interval (CI): 0.79–0.98). In analyses involving categorical variables,
we found that individuals drinking three or more cups of coffee per day had a RR of 0.56
(95%CI: 0.33–0.97) relative to non-coffee drinkers. Across increasing categories of coffee
consumption, the p for trend was 0.0013. In multivariate models adjusted for age, baseline
Ishak fibrosis score, body mass index, education, gender, race and ethnicity, lifetime alcohol
intake, pack-years of cigarette use, tea intake, and total energy intake, we observed similar
risk estimates to those from crude models. Relative to non-drinkers, drinkers of three or
more cups of coffee per day had a RR of 0.47 (95%CI: 0.27–0.85) for reaching an endpoint
indicative of disease progression.

In contrast to coffee intake, no association between black and green tea intake with liver
disease progression was observed. In crude models, the RR associated with a one cup per
day increase in tea intake was 1.03 (95%CI: 0.91–1.18); the RR from multivariate adjusted
models was 1.02 (95%CI: 0.90–1.17) (Table 3).

In addition to the baseline FFQ, 633 participants also completed a second FFQ
approximately 13 months later. Participants reported similar coffee intakes on both FFQs
with a weighted kappa = 0.59, which indicates good agreement. The test of symmetry was
not rejected (p=0.92) indicating that there was no systematic increase or decrease in coffee
consumption between the two time points. In analyses restricted to events that occurred after
administration of the second FFQ (n=599), we observed similar associations between coffee
intake and progression of liver disease, whether we used coffee intake reported on the
baseline or the subsequent FFQ. From multivariate adjusted models, an increase of one cup
of coffee per day on the first FFQ was associated with a RR of 0.84 (95%CI: 0.72–0.97).
Similarly, an increase of one cup of coffee per day on the second FFQ was associated with a
RR of 0.78 (95%CI: 0.67–0.92). Relative to non-drinkers on both FFQs, coffee drinkers
reporting up to three cups of coffee per day on either FFQ had a RR of 0.79 (95%CI: 0.50–
1.24), drinkers of three or more cups of coffee per day on either FFQ had a RR of 0.60
(95%CI: 0.30–1.19), and drinkers of three or more cups of coffee per day on both FFQs had
a RR of 0.38 (95%CI: 0.14–1.03).

We examined whether risk estimates for coffee intake and liver disease progression varied
by treatment group, cirrhosis status at baseline, type of outcome, sex, current alcohol and
cigarette use, and markers of liver disease severity, presenting results for drinking three or
more cups per day relative to non-drinking (Figure 1). Risk estimates did not vary by
treatment group (p for interaction= 0.16). We observed a RR of 0.51 (95%CI: 0.19–1.39) in
the active treatment group (112 events) and 0.45 (95%CI: 0.22–0.95) in the control group
(118 events) relative to non-drinkers. Estimates also did not vary by cirrhosis status. For
those starting with bridging fibrosis (146 events), the RR was 0.46 (95%CI: 0.23–0.91),
while for those starting with cirrhosis (84 events), it was 0.44 (95%CI: 0.14–1.38); p for
interaction=0.39. Risk estimates were similar for the development of clinical outcomes
(0.54, 95%CI: 0.23–1.26) and for a two point increase on Ishak score (0.34, 0.15–0.75). Risk
estimates were similar in men and women (0.56, 95%CI: 0.29–1.09; in women: 0.14,
95%CI: 0.03–0.72) and did not vary by use of alcohol (p for interaction= 0.48) or cigarettes
(p for interaction=0.40) at baseline.
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We also observed similar risk estimates for those with above median values and below
median values of AFP, albumin, AST/ALT ratio, bilirubin, hepatic steatosis grade, platelets,
and those with and without esophageal varices at baseline (p for interaction > 0.2 for all)
(Figure 1). Additionally adjusting for these markers of liver disease severity attenuated the
association between coffee intake and liver disease progression (0.66, 95%CI: 0.36–1.19; p-
trend across categories=0.041; without adjustment for these markers, RR: 0.47, 95%CI:
0.27–0.85; p-trend=0.0003; Table 2).

Adjustment for SF-36 general health score did not meaningfully alter risk estimates (0.47,
95%CI: 0.27–0.84; Table 2). Risk estimates were similar in those with a less than the
median SF-36 general health score (RR: 0.39, 95%CI: 0.19–0.77, 126 events) and those with
a greater than median general health score (RR: 0.76, 95%CI: 0.27–2.10, 96 events); p for
interaction= 0.29 (Figure 1). Results for other SF-36 quality of life domains were similar
(data not shown).

Finally, we examined whether risk estimates for coffee intake varied after adjustment for
biochemical markers of insulin resistance and inflammation. Adjustment for diabetes or
glucose as a continuous variable did not affect risk estimates (data not shown). In contrast,
in models restricted to 593 participants with measured insulin, addition of insulin or
HOMA2 score attenuated risk estimates slightly (three cups per day or more relative to non-
drinking without insulin or HOMA2 score in the model: 0.48, 95%CI: 0.25–0.93; with
insulin in the model: 0.56, 95%CI: 0.28–1.10; with HOMA2 in the model: 0.55 95%CI:
0.28–1.08). With regards to inflammation, results did not change after adjustment for Ishak
inflammation score at baseline (HR for three or more cups per day relative to non-drinking:
0.46, 95%CI: 0.26–0.83).

DISCUSSION
In this prospective study of patients with chronic hepatitis C and advanced liver disease who
had failed to achieve a sustained virological response with peginterferon plus ribavirin
treatment, we observed an inverse association between coffee intake and liver disease
progression. Drinkers of three or more cups of coffee per day had 53% lower risk of liver
disease progression than non-coffee drinkers. Results were consistent for coffee intake
assessed on the baseline questionnaire and coffee intake assessed on a second questionnaire
13 months later. Results were also similar for those with both bridging fibrosis and cirrhosis
at baseline. In contrast to coffee, we observed no association with consumption of black or
green tea.

This is the first study to address the association between coffee intake and liver disease
progression. Previous studies in persons with unknown liver disease, however, have
observed inverse associations between coffee intake and the risk of cirrhosis,(6, 9–12)
chronic liver disease,(13) and hepatocellular carcinoma.(14, 15) A limitation of these and
other previous studies has been the inclusion of persons without liver disease, who were not
at risk of its complications. Inverse associations in these studies could simply reflect a lack
of coffee drinking in persons with advanced liver disease. In contrast to these studies, all
patients in the HALT-C trial had advanced liver disease documented by liver biopsy.
Furthermore, all patients in HALT-C had chronic hepatitis C; patients with other causes of
liver disease were excluded. Hence, the trial participants were homogeneous for the cause
and stage of liver disease. This design and the ability to assess a large number of potentially
confounding factors rendered this trial an excellent vehicle for studying risk factors for liver
disease progression.
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In support of our prospective findings regarding liver disease progression, we found that
coffee drinking at baseline was associated with better status for many markers of liver
disease and portal hypertension including lower AFP levels, serum AST/ALT ratio, hepatic
steatosis grade, and higher albumin. Previous studies from the United States, Japan, and
Italy(3–8) reported similar results in cross-sectional comparisons of coffee intake and liver
disease markers (γ-glutamyltranspeptidase, ALT, AST, and the AST/ALT ratio).

Symptoms of poor health may cause individuals to decrease their coffee intake, perhaps
resulting in the observed association between coffee intake and reduced disease progression.
In our study, however, individuals with lower general health and vitality scores actually
reported drinking more coffee than individuals with higher scores. Also, including SF-36
health scores in risk models did not alter results. We observed no evidence for an association
between reduced coffee consumption on the second FFQ, relative to the first, and
subsequent disease outcomes. Risk estimates were also similar for those with fibrosis and
cirrhosis at baseline. Although coffee intake was associated inversely with several markers
of severe liver disease at baseline, risk estimates appeared similar in those with higher and
lower values for these markers. Including these markers in the models attenuated risk
estimates, but evidence for an inverse association with coffee intake persisted even after
adjustment.

Individuals who drank coffee had higher lifetime alcohol consumption and cigarette use and
were also more likely to be current alcohol drinkers and cigarette smokers than non-coffee
drinkers (data not shown). Adjustment for lifetime or current alcohol consumption or
cigarette use did not affect risk estimates for the association of coffee and liver disease
progression. Risk estimates for coffee and liver disease progression were similar in both
individuals who smoked cigarettes or drank alcohol at baseline, and those who did not.
Finally, lifetime or current use of alcohol or cigarettes was not associated with liver disease
progression (data not shown). Together, these results suggest that the association between
coffee and liver disease progression observed in this study was independent of alcohol
intake and cigarette smoking.

Coffee intake could be a marker of socioeconomic status or another unmeasured or poorly
measured exposure. With regards to socio-economic status, coffee intake did not vary by
educational attainment. In addition, participants were part of a NIH-funded clinical trial and
as such received excellent medical care during the study, regardless of their education or
socioeconomic status. Inverse associations between coffee intake and liver disease have
been observed in diverse geographic regions, each with different risk factors for liver
disease, arguing against coffee as a surrogate for another protective factor. Coffee intake is
also not generally considered to be part of a healthy lifestyle. Nevertheless, as in all
observational analyses, observed associations in this study could be due to unmeasured or
poorly measured confounders.

Coffee intake might protect against liver disease via several mechanisms. Coffee intake has
been associated with a decreased risk of type 2 diabetes, (29) and diabetes has been
associated with liver disease,(30) suggesting that coffee intake could affect liver disease by
modulating insulin sensitivity. Supporting this mechanism, the coffee constituent
chlorogenic acid has been shown to inhibit activity of glucose-6-phosphatase,(31) an
important regulator of blood glucose levels.(32) In our study, we observed an inverse
association between coffee intake and serum insulin levels and baseline HOMA2 score, but
no association with serum glucose. Addition of insulin or HOMA2 score to the models
slightly attenuated the results for coffee, suggesting that the effect of coffee may act, at least
in part, through insulin signaling. Coffee intake could also act by reducing inflammation, as
the inflammatory response to liver injury is thought to cause fibrosis and cirrhosis.(33)
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Several studies have found evidence for an inverse association between coffee intake and
mortality from other inflammation related diseases(34, 35) as well as surrogate markers of
inflammation such as C-reactive protein;(36) though not all studies are consistent.(37) In our
study, coffee intake was not associated with hepatic inflammation at baseline, and adjusting
for inflammation score did not affect risk estimates. Finally, coffee could act by reducing
oxidative stress, which may play a role in hepatic damage and disease progression.(38)

Coffee contains more than 1000 chemical compounds. The most studied constituent is
caffeine, which has potent pharmacologic effects and is present in coffee at high amounts. In
a previous study, the association between caffeine and ALT levels was stronger than that
between coffee and ALT levels.(7) In addition, caffeine has been shown to inhibit hepatic
carcinogenesis in rats(39) and TGF-beta signaling in rat hepatocytes.(17) However, the
association of other caffeinated beverages (including tea and soft drinks) with liver disease
has been inconsistent, even in populations who consume large quantities of tea, such as in
Japan.(6, 8, 10, 40–42) We observed no association with tea intake, although tea, which
contains lower concentrations of caffeine than coffee, was consumed less frequently. In
addition to caffeine, coffee provides a rich source of bioactive compounds including
diterpenes(20) and polyphenols.(21) Future work is needed to identify bioactive components
in coffee and determine their effect in vivo.

Our study benefited from a prospective design, assessment of diet at two time points,
comprehensive assessment of clinical and histologic features, and careful assessment of
clinical and histologic endpoints. Limitations include lack of information on decaffeinated
coffee, soft drinks, and coffee brewing methods. As an observational study, the association
observed with coffee intake could reflect another exposure or could have been the result of,
rather than the cause of, liver disease progression. Also, the SF-36 questionnaire assessing
self-reported health may not accurately assess gastro-intestinal symptoms that may affect
coffee intake. Our data on coffee consumption was also self reported and may not accurately
reflect consumption over the entire time period of liver disease progression. Finally,
individuals in this study were hepatitis C positive, had advanced chronic liver disease, and
did not respond to standard of care therapy. As such, our findings may not be generalizable
to healthier populations. Nevertheless, as individuals who do not respond to standard of care
therapy represent a sizable proportion of hepatitis C positive individuals, these findings are
of potential importance to a large number of individuals worldwide.

In summary, in a prospective study of individuals with hepatitis C and bridging fibrosis or
cirrhosis at baseline, we found a significant inverse association between regular coffee
intake and liver disease progression.
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Figure 1.
Subgroup analysis of the association of baseline coffee intake with liver disease progression
in the HALT-C trial. Relative Risk estimates shown are for drinking ≥ 3 cups of coffee per
day relative to non-drinking and are adjusted for age, body mass index, education, ethnicity,
gender, baseline ishak fibrosis score, total energy intake, lifetime alcohol intake, pack-years
of cigarette use, and tea intake. Black diamond indicates the overall point estimate. Black
circles and squares represent the point estimate for each indicated subgroup. Horizontal lines
represent 95% confidence intervals (CI). The solid vertical line indicates a relative risk of 1.
P-values are for the interaction between coffee intake and each stratifying variable and are
taken from the Wald-test for the cross-product term of each stratifying variable and
continuous coffee intake. Abbreviations: CI: confidence interval.
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