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Abstract

Purpose: Tea and coffee contain bioactive compounds and both beverages have recently been
associated with a reduced risk of prostate cancer (PCa).

Methods: We studied associations of tea and coffee consumption with PCa risk in a population-
based case-control study from King County, Washington, US. Prostate cancer cases were
diagnosed in 2002-2005 and matched to controls by five-year age groups. Logistic regression was
used to generate odds ratios (ORs) and 95% confidence intervals (Cls).

Results: Among controls, 19% and 58% consumed at least one cup per day of tea and coffee,
respectively. The analysis of tea included 892 cases and 863 controls and tea consumption was
associated with a reduced overall PCa risk with an adjusted OR of 0.63 (95% CI: 0.45, 0.90; P for
trend = 0.02) for men in the highest compared to lowest category of tea intake (=2 cups/day versus
<1 cup/week). Risk estimates did not vary substantially by Gleason grade or disease stage. Coffee
consumption was not associated with risk of overall PCa or PCa in subgroups defined by tumor
grade or stage.

Conclusions: Our results contribute further evidence that tea consumption may be a modifiable
exposure that reduces PCa risk.
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Background

Tea and coffee contain biologically active compounds that may have anti-cancer effects.
While the biological properties of tea are mostly attributed to its polyphenol content (1, 2),
coffee is a complex mixture of many potentially chemopreventive agents such as caffeine,
cafestol, kahweal, polyphenols, chlorogenic acid, and caffeic acid (3-6).
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Prostate cancer (PCa) is the most frequent cancer among men in developed countries (7).
Compared with other common cancers such as breast and lung cancer, however, very few
modifiable PCa risk or protective factors have been identified. Both tea and coffee
consumption have recently been associated with a decreased risk of PCa in one large-scale
study each (8, 9). The study of tea, which was conducted in the Netherlands, showed that tea
consumption was inversely associated with the risk of advanced stage PCa, but not overall
or non-advanced PCa (8). The study of coffee, which was conducted among US Health
professionals, showed an association with a modest decrease in risk of overall PCa and a
non-significant association with a decreased risk of high grade PCa (9). The study
additionally showed that coffee consumption was associated with a substantial decrease in
risk of lethal PCa (defined as PCa-specific death or metastatic disease) (9). A number of
other studies of tea and coffee consumption in relation to PCa risk have been conducted and
the results of those studies have been inconclusive (10, 11). Most of those prior studies,
however, had some limitations related to sample size, lack of a wide range of consumption,
and no data on clinical features of PCa such as tumor stage and grade.

To further investigate this, we performed a population-based case-control study of PCa and
both tea and coffee consumption among men from King County, Washington, US. We
investigated overall PCa risk and PCa risk in subgroups based on disease stage and grade.

Materials and Methods

Study population

Study participants were Caucasian and African-American men, aged 35 to 74 years, enrolled
in a population-based case-control study conducted in King County, Washington, US (12).
Incident cases (n = 1,001) were diagnosed with histologically confirmed adenocarcinoma of
the prostate from January 1, 2002, through December 31, 2005, and were identified via the
Seattle-Puget Sound Surveillance, Epidemiology, and End Results (SEER) Program cancer
registry. This registry provided information on Gleason score, tumor stage, and serum
prostate-specific antigen (PSA) level at diagnosis. Control subjects (n = 942) were identified
via random digit dialing, frequency matched to cases by five-year age groups, and recruited
evenly throughout the ascertainment period for cases. The study was approved by the
institutional review board of the Fred Hutchinson Cancer Research Center, and written
informed consent was obtained from all participants.

Exposure assessment

Dietary intake of study participants was derived from a 120-item food frequency
questionnaire (FFQ) (13), that concentrated on intake two years prior to the reference date
(date of diagnosis for cases and an assigned date for controls that approximated the
distribution of the diagnosis dates of cases). With regard to tea and coffee consumption,
frequency of intake was assessed by using nine categories that ranged from never or less
than once a month to six or more times per day. Although the type of tea was not specified,
it is assumed that men in this US-based study rarely drink tea other than black tea (14). The
FFQ was completed by 897 cases (90%) and 865 controls (92%). An additional five cases
and two controls had missing data on tea consumption and were excluded from those
analyses (892 cases, 863 controls). An additional three cases and five controls had missing
data on coffee consumption and were excluded from those analyses (894 cases, 860
controls). Subjects also completed a structured, in-person interview, administered by a
trained male interviewer, about demographic and lifestyle information, family history of
cancer, medical history, medication use, and PCa screening history prior to the reference
date.
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Statistical analyses

Results

Tea and coffee consumption was tabulated according to a number of selected characteristics.
Unconditional logistic regression was used to calculate odds ratios (ORs) and corresponding
95% confidence intervals (Cls) for the associations between tea and coffee consumption and
overall PCa risk and PCa risk in subgroups defined by Gleason grade and disease stage. We
modeled four categories of tea consumption (<1/week; 2-6/week; 1/day; >2/day) and five
categories of coffee consumption (<1/week; 2-6/week; 1/day; 2-3/day; >4/day) with the
lowest category (<1/week) as the referent group. We completed age-adjusted (five-year age
groups) models and multivariable models that were additionally adjusted for race
(Caucasian, African-American), first-degree family history of prostate cancer (no, yes),
smoking status (never, former, current), and prostate cancer screening within the five-year
period prior to the reference date (none, digital rectal examination only, PSA testing). P
values for linear trends were calculated by using median values within consumption
categories. We also modeled tea and coffee consumption as a continuous variable (one cup
per week increment). The following factors were additionally assessed as potential
confounders: education, body mass index (BMI), lifetime alcohol consumption, recent
exercise frequency, aspirin use, non-aspirin NSAID use, diabetes mellitus, energy-adjusted
total fat intake, and consumption of tea (when studying coffee) or coffee (when studying
tea). None of these was included in the final models, as they had little effect on the effect
estimates or precision. Effect modification of the association between tea and coffee
consumption and PCa by reference age (median age of controls as cut-off value; <62, 262
years) was tested by using cross-product terms in the regression model. The Wald statistic
was used to test for interaction. Risk differences by race and family history of PCa were not
examined due to limited sample sizes. All P values were two-sided and a P value less than
0.05 was considered to be statistically significant. Analyses were performed using STATA
software (release 11, STATA Corporation, College Station, TX).

For the analysis of tea there were 892 PCa cases and 863 controls and for the analysis of
coffee there were 894 cases and 860 controls. Prostate cancer cases compared to controls
were more likely to be African-American (P = 0.03), have a family history of PCa in a first-
degree relative (P <0.01), and to have had PSA testing prior to the reference date (P <0.01)
(data not in tables). Among control subjects, 19% consumed at least one cup of tea per day
and 11% were in the highest category of tea consumption (=2 cups/day). Tea consumption
was associated with older age, less (current and former) cigarette smoking, and lower coffee
consumption (all P <0.01) (Table 1). Among controls, 58% consumed at least one cup of
coffee per day and 12% were in the highest category of coffee consumption (=4 cups/day).
Coffee consumption was higher in Caucasians and men who ever smoked and coffee
consumption was lower in those reporting tea consumption (all P <0.01) (Table 1).

Tea consumption was associated with a decreased risk of overall PCa with an adjusted OR
of 0.63 (95% CI: 0.45, 0.90; P for trend = 0.02) for men in the highest compared to lowest
category of consumption (=2 cups/day versus <1 cup/week) (Table 2). The adjusted OR for
an increment of one cup of tea per week was 0.98 (95% ClI: 0.96, 0.99). Risk estimates for
men in the highest compared to lowest category of tea intake did not vary substantially by
Gleason grade or stage of PCa. The association of tea consumption and overall PCa risk was
similar when the analysis was restricted to men who received PSA testing within the five-
year period before reference date (adjusted OR for an increment of one cup per week of
0.97; 95% ClI: 0.95, 0.99) or men who were never smokers (adjusted OR for an increment of
one cup per week of 0.98; 95% CI: 0.96, 1.00) (data not in tables).
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Coffee consumption was not associated with risk of overall PCa; the adjusted OR for the
highest versus lowest category of intake (=4 cups/day versus <1 cup/week) was 1.16 (95%
Cl: 0.82, 1.63; P for trend = 0.32) (Table 3). No associations between coffee consumption
and a decreased PCa risk were observed in subgroups based on Gleason grade and disease
stage. We, however, observed a statistically significant association with an increased risk of
Gleason 7(4+3)-10 PCa for men consuming 2-6 cups/week versus <lcup/week (adjusted OR
=1.72; 95% CI: 1.00, 2.97). Coffee consumption was not associated with overall PCa risk
when the analysis was restricted to men with a positive PSA screening history or men who
were never smokers (data not in tables).

The association between tea and coffee consumption and overall PCa risk was not modified
by reference age (data not in tables). We observed a slightly stronger association between
tea consumption and overall PCa risk in the older age group (=62 years), but there was no
significant interaction (P for interaction >0.05) (data not in tables).

Discussion

In this population-based case-control study, tea consumption was associated with a reduced
risk of PCa. No associations were observed for coffee. The ORs were similar after
multivariable adjustment, which implies that there was no substantial confounding by any of
the additionally included covariables.

Our finding of an inverse association between tea consumption and PCa risk is supported by
the results from a recent large prospective study from the Netherlands Cohort Study (8).
Similar to that study, men in our US-based population were assumed to rarely drink any
other tea than black tea (14). The study from the Netherlands was conducted among 58,279
men and during 17.3 years of follow-up, 3,362 prostate cancers were identified, including
1,164 advanced (stage I11/1V) cancers. The authors showed that men in the highest compared
to lowest category of tea consumption (=5 versus <1 cups/day) had a decreased risk of stage
I1I/IV PCa (hazard ratio (HR) = 0.75; 95% CI: 0.59, 0.97) and stage IV PCa (HR = 0.67;
95% CI: 0.50, 0.91). In contrast to our study, no associations were observed between tea
consumption and risk of overall and non-advanced PCa. Although we had low case numbers
for the analysis by grade and stage, particularly for the highest intakes, we found suggestive
evidence that associations with tea consumption were more pronounced for higher grade and
more advanced stage PCa. One difference between our study and the Netherlands study is
the much higher frequency of tea consumption in the Netherlands, where the highest and
lowest categories of tea consumption were =5 and <1 cups per day, respectively. In our US-
based case-control study, only 19% of control subjects consumed one or more cups of tea
per day. The actual tea intake in both populations, however, may be not that different
because it is estimated that the standard cup size in the US is approximately two times larger
than in the Netherlands (8oz versus 125 mL or ~ 40z) (15).

The inverse association of tea consumption with PCa risk that we observed was consistent
with one previous case-control study from Canada (16). The study included 617 cases and
637 controls and showed that men who consumed two cups or more per day compared to
non-drinkers had an OR of overall PCa of 0.70 (95% ClI: 0.50, 0.99). An inverse association
of black tea consumption and overall PCa risk was, however, not found in a meta-analysis of
11 studies (three prospective cohort studies, two retrospective cohort studies, and six case-
control studies) including a total of 3,367 PCa cases (11). In subgroup analyses, the authors
did show that the risk reduction was stronger among prospective cohort studies (OR = 0.83;
95% CI: 0.63, 1.08) than case-control studies (11). There have been two small-scale,
prospective studies of black tea consumption and PCa risk, not included in the meta-analysis
described above, that showed a positive association (17, 18). The contradictory evidence
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from observational studies of black tea and PCa may be attributed to the differences in tea
consumption pattern and drinking habits across the various study populations. These
differences may be related to brewing method (e.g. infusion time), the brand of black tea,
and possibly leaf size and tea bag porosity, which affects the concentration of bioactive tea
compounds (19). Most observational studies, including ours, had no data on these variables.
Also, interpretation of many studies may be hampered by the possibility that recall and
selection biases or insufficient control of confounders influenced the results. Furthermore,
tea consumption in some studies was probably too low to find a meaningful association.

About 78% of all tea produced worldwide is black tea, which is the most commonly
consumed type of tea in the Western world (14). Green tea, which is popular in Japan and
parts of China, accounts for about 20% of worldwide tea production (14). Both green and
black tea are produced from the leaves of the plant Camellia sinensis, and these tea types
have some chemical differences due to a different production process (14). In the processing
of green tea, fresh tea leaves are heat-treated immediately after harvest, resulting in minimal
oxidation of the naturally occurring polyphenols. In the processing of black tea, tea leaves
are dried and crushed upon harvesting to encourage oxidation, which converts part of the
endogenous tea polyphenols (primarily catechins) to theaflavins and thearubigens. Although
the anti-cancer mechanisms may be different for black and green tea, potential
chemopreventive effects of tea are mostly attributed to monomeric polyphenols such as
catechins and flavonols, which are abundantly present in both tea types (1, 2, 20). A recent
meta-analysis of PCa and consumption of green tea (seven studies) showed an association
with a decreased PCa risk (11). The pooled estimate, however, only reached statistical
significance for case-control studies (three studies), and not for cohort studies (four studies).

A recent report from the Health Professionals Follow-up Study by Wilson et al. showed that
coffee reduced the incidence of PCa (9). That study was conducted among 47,911 US health
professionals and included 5,035 prostate cancers, including 896 advanced cancers (642
metastatic or fatal cancers plus 254 additional extraprostatic cancers). The data showed that
men in the highest compared to lowest category of coffee intake (=6 cups/day versus non-
consumers) had a modest decreased risk of overall PCa (HR = 0.82; 95% ClI: 0.68, 0.98) and
the association was more pronounced for advanced (HR = 0.47; 95% CI: 0.28, 0.77) and
lethal PCa (defined as PCa-specific death or metastatic disease; HR = 0.40; 95% ClI: 0.22,
0.75). Our study did not confirm the association between coffee consumption and a reduced
overall PCa risk. Metastatic and fatal prostate cancers in the Wilson et al. study were
identified after additional follow-up of incident prostate cancers. Our analysis was focused
on PCa risk and not outcomes, and PCa progression or PCa-specific mortality were therefore
not an endpoint in our study. In both our study and the Wilson et al. study, risk of PCa was
assessed in subgroups on the basis of Gleason grade. Wilson et al. showed that men in the
highest compared to lowest category of coffee intake had a non-significant decreased risk of
Gleason 8-10 PCa (HR for =6 cups/day versus non-consumers = 0.53; 95% CI: 0.27, 1.02).
This was not confirmed by our study where we found no evidence of a reduced risk of high
grade (Gleason 7(4+3)-10) PCa (OR for =4 cups/day versus <1 cup/week = 1.04; 95% CI:
0.55, 1.96). Interestingly, we found an increased risk of high grade PCa for men consuming
2-6 cups of coffee per week versus <1 cup/week (OR = 1.72; 95% CI: 1.00, 1.72). This latter
finding was unexpected and requires further study. Another recent small-scale prospective
study, among 6,016 Scottish men, showed that coffee consumption was not associated with
overall PCa risk, but the investigators found a reduced risk of Gleason 8-10 PCa for men
consuming 3 or more cups per day compared to non-consumers (HR = 0.45; 95% ClI: 0.23,
0.90) (21). The association, however, was not significant after multivariable adjustment and
it is important to note that the study included only 38 incident Gleason 8-10 prostate
cancers. There has been a meta-analysis of coffee consumption and overall PCa risk (eight
case-control studies and four cohort studies) and this study does not support an association
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with a reduced risk (10). In subgroup analyses, there was an association with an increased
PCa risk in case-control studies but not in cohort studies. The meta-analysis did not evaluate
subgroups based on grade, stage, or PCa outcomes.

The potential chemopreventive effects of tea on PCa have received considerable attention
and animal studies and studies using cell lines showed that extracts from green and black tea
reduce PCa growth (20, 22, 23). Most of those experimental studies used polyphenolic
fractions isolated from green tea or purified epigallocatechin-3-gallate (20), which is a
catechin that is found almost exclusively in tea (24, 25). Tea polyphenols are mainly
absorbed from the small intestine and are then subject to phase Il metabolism, which likely
affects their bioavailability (20). A human preprostatectomy trial, however, showed that
black and green tea polyphenols are bioavailable in the prostate (26). There has been one
small proof-of-principle clinical trial investigating the potential chemopreventive effects of
green tea catechins on PCa that deserves particular attention (27). That study included 60
men with high grade prostate intra-epithelial neoplasia, which is thought to be a precursor of
PCa (28), and men in the treatment group (n = 30) were given three (200 mg) green tea
catechins capsules per day. After 1 year of follow-up, only one man in the treatment group
was diagnosed with PCa compared to nine in the placebo group. Potential anticancer
activities of polyphenols may be related to their antioxidant activities, effects on enzyme
activities, anti-inflammatory effects, and inhibition of angiogenesis (29-31).

Strengths of our study include the population-based approach, detailed data on tumor grade
and stage, and relatively wide range of tea and coffee intakes. Due to the observational
nature of our study, bias due to confounding cannot be ruled out. One potentially important
confounder of the association between tea consumption and PCa risk is PCa screening. In an
attempt to address this possibility, we included PCa screening history in the multivariable
analysis and found that the inverse association remained statistically significant. We
additionally showed that when the analysis was restricted to men who received PSA testing
prior to the reference date, tea consumption continued to be associated with a lower risk of
overall PCa. Besides that, the high frequency if PCa screening in our US-based population
makes it difficult to compare results for overall PCa with studies in populations were PCa
screening is less common such as Western Europe. Another limitation is the possibility that
non-participants of our study had a different prevalence of tea and coffee consumption.
Although we had no data on non-participants, the prevalence of tea and coffee consumption
in our control group is similar to that in other large US-based study populations (9, 15, 32).
Recall bias is possible but this study was conducted prior to publications suggesting a
preventive effect of tea on PCa.

In conclusion, this US population-based study showed that tea consumption is associated
with a reduced PCa risk. These results are supported by prior observational and
experimental studies and provide further evidence that consumption of tea may be a
modifiable exposure that can reduce PCa risk.
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Table 1

Selected characteristics of population-based controls according to categories of tea and coffee consumption,
King County, Washington, 2002-2005

Categories of consumption (cups/unit of time)

Tea <l/week  2-6/week 1l/day >2/day
Controls, No. 594 109 69 91
Mean age, y (SD) 61.2(8.4) 59.3(7.1) 63.8(6.9) 63.5(7.3)
Caucasian, % 90.7 85.3 92.8 92.3
First-degree family history of prostate cancer, %  12.3 11.9 7.2 9.9
College or graduate degree, % 56.4 62.4 65.2 65.9
Mean BMI, kg/m? (SD) 27.9(46) 275(41) 265(4.8) 27.1(4.8)
Never smoker, % 44.8 40.4 56.5 57.1
Aspirin use*, % 51.3 53.2 53.6 53.8
Non-aspirin NSAID use*, % 20.9 23.9 13.0 16.5
Diabetes mellitus, % 10.4 11.9 10.1 9.9
History of PSA testingf, % 58.2 52.3 60.9 71.4
>2 cups of coffee per day, % 46.5 355 324 24.2

Coffee <1/week 2-6/week  1/day 2-3/day >4/day
Controls, No. 257 100 146 253 104
Mean age, y (SD) 60.3(85) 60.9(7.8) 62.1(85) 62.0(7.8) 61.4(7.2)
Caucasian, % 86.8 81.0 90.4 95.3 96.2
First-degree family history of prostate cancer, %  11.7 10.0 11.0 13.0 10.6
College or graduate degree, % 60.3 56.0 61.0 62.5 46.2
Mean BMI, kg/m? (SD) 27.6(5.2) 28.2(4.6) 272(41) 27.6(41) 27.8(45)
Never smoker, % 62.3 56.0 50.0 36.4 17.3
Aspirin use*, % 479 51.0 52.1 53.0 60.6
Non-aspirin NSAID use*, % 21.0 17.0 17.8 21.3 21.4
Diabetes mellitus, % 9.7 10.0 9.6 12.6 9.6
History of PSA testing f % 55.3 51.0 67.1 61.7 57.7
21 cup of tea per day, % 28.9 8.1 22.6 15.8 3.8

Abbreviations: SD, standard deviation; NSAID, non-steroidal anti-inflammatory drug; PSA, prostate-specific antigen.
*
Use at least once a week for 3 months or longer.

fPSA testing within the 5-year period before reference date.
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