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Coffee consumption and the risk of prostate
cancer: the Ohsaki Cohort Study
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Background: Epidemiological evidence regarding the effect of coffee on the incidence of prostate cancer is inconsistent. We
aimed to investigate coffee consumption and the risk of prostate cancer risk in a general Japanese population.

Methods: We conducted a prospective cohort study in Ohsaki city, Japan, where 18853 men aged 40-79 years participated in a
baseline survey. Coffee consumption was assessed via a validated self-administered questionnaire. During 11 years of follow-up
(from January 1 1995 to December 31, 2005), 318 incident cases of prostate cancer were detected. The Cox proportional hazards
regression model was used to calculate the hazard ratios (HRs) and 95% confidence interval (Cls).

Results: There was a significant inverse association between coffee consumption and the incidence risk of prostate cancer.
Compared with those who did not drink coffee, the multivariate adjusted HRs were 0.81 (95% CI: 0.61-1.07), 0.73 (95% Cl: 0.53—
1.00), and 0.63 (095% CI: 0.39-1.00) for those who drank coffee occasionally, 1-2 cups per day, and >3 cups per day, respectively,
with a P for trend of 0.02.

Conclusion: This prospective finding from a Japanese population adds evidence that coffee intake is inversely associated with the

incidence of prostate cancer.

Prostate cancer is the second most frequently diagnosed cancer and
the sixth leading cause of cancer death in men globally (World
Health Organization, 2008; Jemal et al, 2011). Recently, the
incidence of prostate cancer in Japan has increased rapidly
(Matsuda et al, 2012), and it is estimated that by 2020 it will
become the most commonly diagnosed cancer in Japanese men
(Tabata et al, 2008). Primary prevention of prostate cancer is
therefore a critical public health challenge.

Coffee is one of the most frequently consumed beverages in
Japan and its popularity continues to increase as the national
lifestyle becomes more westernised. Recent national data from
Japan have revealed that the average per capita coffee consumption
is about 127.1g per day (Japan Ministry of Health Labour and
Welfare, 2010). Therefore, even small effects of coffee on
individuals can have a large effect on public health.

The antioxidant, anti-inflammatory, and anti-carcinogenic
activities of coffee constituents suggest that coffee would likely

prevent cancer (Cavin et al, 2002; Svilaas et al, 2004; Gomez-Ruiz
et al, 2007; Cardenas et al, 2011). In fact, we have observed
protective effects of coffee consumption on the risk of liver, oral,
pharyngeal, and oesophageal cancers (Shimazu et al, 2005;
Naganuma et al, 2008). Coffee drinking is also positively related
to the serum levels of total testosterone and sex hormones (Hsieh
et al, 1998; Svartberg et al, 2003), which further influence the risk
of prostate cancer. However, previous studies of the association
between coffee consumption and prostate cancer risk produced
inconsistent results. Although earlier prospective studies did not
find any such association (Phillips and Snowdon, 1983; Jacobsen
et al, 1986; Nomura et al, 1986; Severson et al, 1989; Hsing et al,
1990; Le Marchand et al, 1994; Ellison, 2000; Nilsson et al, 2010),
more recent studies including a large cohort in the Health
Professionals Follow-up study conducted in USA and a small
cohort in UK have reported that consumption of coffee was
associated with a lower risk of aggressive (or high Gleason grade)
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prostate cancer (Wilson et al, 2011; Shafique et al, 2012). As few
studies have involved Asian populations, we conducted the present
prospective study in Japan, where the national lifestyle (including
coffee consumption) and the incidence of prostate cancer are
different from those in western countries, to further test the
association between coffee consumption and total prostate cancer
incidence.

MATERIALS AND METHODS

Study population. We used a prospective study cohort, the
Ohsaki cohort, to evaluate the association between -coffee
consumption and the risk of prostate cancer. The details design
and implementation of this population-based prospective cohort
study conducted in Ohsaki city, Miyagi Prefecture, northeastern
Japan, have been reported previously (Tsuji et al, 1998; Kuriyama
et al, 2006; Li et al, 2008; Watanabe et al, 2009). Briefly, between
October and December 1994, all National Health Insurance (NHI)
beneficiaries aged 40-79 years living in the catchment area of the
Ohsaki Public Health Center were delivered a self-administered
questionnaire to collect baseline characteristics (including demo-
graphic data, medical history, health-related lifestyle factors, and
dietary habits) and then followed up. The Ohsaki Public Health
Center, a local government agency, provides preventive health care
services to the residents of 14 municipalities in Miyagi Prefecture.
Among a total of 26481 eligible male participants, 24 895 (94%)
responded. We considered the return of self-administered ques-
tionnaires signed by the participants to imply their consent to
participate in the study. The study protocol was reviewed and
approved by the ethics committee of Tohoku University School of
Medicine.

We excluded 322 subjects from our cohort study because they
had withdrawn before the start of follow-up from 1 January 1995.
We also excluded 1558 subjects with a history of cancer, 3957
subjects who failed to supply data on coffee consumption, and 205
subjects who reported extreme daily energy intakes (upper 0.5%
cutoff 3592.18 kcal per day; lower 0.5% cutoft 383.13 kcal per day) or
for whom data on diet were missing. Finally, 18853 subjects
remained for analysis. During 11 years of follow-up (to 31 December
2005), 318 incident cases of prostate cancer were identified.

Measurement. We collected baseline data (age, height, weight,
smoking and drinking status, physical activity and other lifestyle
characteristics) through a structured questionnaire. Dietary habits
including coffee drinking were assessed using a valid food
frequency questionnaire (FFQ) in which five food consumption
frequency categories were used for major foods or food groups.
The five categories for drinks such as coffee and tea were: almost
never, occasionally, 1-2 cups per day, 3-4 cups per day, and >5
cups per day. The volume of a typical cup of coffee was 150 ml in
the study region. In addition, we collected information on whether
sugar and/or milk were regularly added to the coffee. We combined
the last two categories of coffee consumption into a single category
of >3 cups per day because of the low numbers of individuals in
the highest consumption categories. We then classified the subject
into four groups (never, occasionally, 1-2 cups per day, and >3
cups per day). The validity of this FFQ was subsequently evaluated
by calculating Spearman’s correlation coefficients for the four
3-day diet records collected during four seasons within the year,
and the reproducibility of this FFQ was evaluated from the
coefficients of correlation between the two FFQs 1 year apart. The
results for coffee showed a reasonably high level of reproducibility
(rs=0.70) and validity (r,=0.72) among our study population
(Shimazu et al, 2005). No questions were asked about the type of
coffee drunk, the method of brewing or temperature. The volume
of a typical cup of coffee in the study area was 150 ml.

Follow-up and case ascertainment. We followed the incidence of
cancer through a computerised record link to the Miyagi Prefecture
Cancer Registry, one of the oldest and most accurate population-
based cancer registries in Japan (Takano and Okuno, 1997; Curado
et al, 2007). The relevant cases were abstracted from the medical
records of the hospitals by a medical doctor or trained medical
records reviewer, except for cases reported to the registry from an
institution. The percentage registered by death certificates only
(DCO) for prostate cancer was 8% for men during 1998-2002. We
ascertained the death, emigration or loss of NHI qualification of
each study subject, and the corresponding date, from the NHI
claim history files kept by Miyagi NHI Association. The end point
of interest was prostate cancer incidence. According to the
International Classification of Diseases for Oncology, 2nd edition
(ICD-0O-2), prostate cancer incidence was defined as code C61.9.
Clinical stage was classified as localised (cancer confined to within
the prostate), advanced (extraprostatic or metastatic cancer
involving lymph nodes or other organs) or unknown. If
clinical stage information was not available, a Gleason score of 7
or less was considered to indicate localised cases, and a score of > 8
was considered to indicate advanced cases. Follow-up of the
subjects who had withdrawn from the NHI was discontinued
because of logistic limitations. We obtained the baseline informa-
tion, the NHI claim history, and the cancer registry data in
individual files and connected them with the unique ID number of
each beneficiary.

Statistical analysis. We counted the person-years of follow-up for
each subject from 1 January 1995, until the date of diagnosis of
prostate cancer, date of withdrawal from the NHI, date of death, or
the end of the study period (31 December 2005), whichever
occurred first. A total of 168 181 person-years were accumulated.
We used the Cox proportional hazards regression model to
estimate the hazard ratios (HRs) and 95% confidence interval (Cls)
of prostate cancer incidence according to the consumption of
coffee, using the SAS version 9.3 statistical software package (SAS
Institute Inc., Cary, NC, USA). Tests of HR linear trend for the
different frequencies of coffee consumption were performed by
fitting models with the orders of each consumption category as a
continuous variable. We conducted further analysis excluding
prostate cancer cases diagnosed in the first 2 years to minimise the
possibility that diet or lifestyle factors had changed in response to
subclinical disease. We also conducted stratified analysis according
to the main confounders (such as age, body mass index, smoking
status, alcohol drinking status, and stage of prostate cancer) to
lessen the possible influence of convincing covariates. Additionally,
separate analyses of prostate cancer incidence according to
differences in coffee type and tea type were conducted. All
reported P-values are two-sided, and the cutoff point for statistical
significance was <0.05.

We considered the following variables to be potential con-
founders, as they are major risk factors for prostate cancer or
correlated with both coffee consumption and prostate cancer
incidence (Nilsson et al, 2010; Wilson et al, 2011): age at the
baseline (continuous variable), education level (junior high school
or lower, high school, college/university or higher), body mass
index (BMI, calculated as weight in kg divided by height in m?
(<18.5, 18.5-24.9 or >25.0kgm ™ ?), time engaged in sports or
exercise (<1, 1-2 or >3h per week), marital status (married, or
widowed/divorced/single), time spent walking (<lor >1h per
day), smoking status (never, former, current smoking <20
cigarettes per day, or current smoking >20 cigarettes per day),
family history of cancer (yes or no), consumption of tea
(never or occasionally, 1-2, 3-4 or >5 cups per day), job status
(employed or unemployed), daily total energy intake (continuous
variable), passive smoking (yes or no), alcohol drinking
(never, former, current with <45.6g per day ethanol, or current
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Table 1. Baseline characteristics of participants according to the frequency of coffee consumption

Frequency of coffee consumption |
Occasionally 1-2 Cups per day >3 Cups per day
Characteristics Never (n=3,637) (n=6,680) (n=5,959) (n=2,577) P-value®
Age in years, mean (s.d.), year 61.5 (10.0) 60.1 (10.0) 56.8 (10.5) 53.4 (10.4) <0.01
Job status, n (%) <0.01
Employed 1874 (69.1%) 3972 (79.7%) 3746 (84.0%) 1769 (89.9%) —
Unemployed 839 (30.9%) 1,013 (20.3%) 711 (16.0%) 198 (10.1%) —
Education level, n (%) <0.01
Junior high school or lower 2344 (67.0%) 4011 (62.2%) 3200 (55.5%) 1207 (48.1%) —
High school 942 (26.9%) 1965 (30.5%) 2048 (35.5%) 1023 (40.7%) —
College/university or higher 213 (6.1%) 469 (7.3%) 522 (9.0%) 281 (11.2%) —
Marital status, n (%) 0.27
Married 3025 (88.6%) 5528 (89.2%) 4998 (89.2%) 2121 (87.9%) —
Widowed/divorced/single 389 (11.4%) 667 (10.8%) 606 (10.8%) 292 (12.1%) —
BMI, n (%) 0.68
<25.0kgm ~? 2553 (73.8%) 4705 (73.6%) 4264 (74.4%) 1857 (74.5%) —
>25.0kgm 2 908 (26.2%) 1692 (26.4%) 1468 (25.6%) 636 (25.5%) —
Weekly sport duration, n (%) <0.01
>3h 538 (15.6%) 991 (16.0%) 789 (14.0%) 293 (12.0%) —
1-2h 510 (14.8%) 987 (15.9%) 843 (15.0%) 346 (14.2%) —
<1h 2394 (69.6%) 4233 (68.2%) 3990 (71.0%) 1798 (73.8%) —
Walking duration, n (%) <0.01
<1h per day 1448 (43.0%) 3004 (48.2%) 2794 (49.9%) 1282 (52.3%)
>1h per day 1918 (57.0%) 3224 (51.8%) 2803 (50.1%) 1169 (47.7%)
Smoking status, n (%) <0.01
Never 770 (22.9%) 1406 (22.9%) 966 (17.5%) 290 (12.1%) —
Former 1094 (32.5%) 1761 (28.7%) 1271 (23.0%) 371 (15.5%) —
Current, <20 cigarettes per day 631 (18.7%) 1131 (18.4%) 1038 (18.8%) 335 (14.0%) —
Current, >20 cigarettes per day 874 (25.9%) 1843 (30.0%) 2250 (40.7%) 1405 (58.5%) —
Passive smoking, n (%) <0.01
Yes 1701 (46.8%) 2919 (43.7%) 2083 (35.0%) 619 (24.0%) —
No 1936 (53.2%) 3761 (56.3%) 3876 (65.0%) 1958 (76.0%) —
Alcohol drinking, n (%) <0.01
Never 542 (15.6%) 937 (14.8%) 1022 (17.8%) 559 (22.8%) —
Former 519 (14.9%) 630 (9.9%) 495 (8.6%) 245 (10.0%) —
Current, <45.6 g per day ethanol 1163 (33.4%) 2684 (42.3%) 2453 (42.8%) 968 (39.4%) —
Current, >45.6 g per day ethanol 1255 (36.1%) 2094 (33.0%) 1762 (30.7%) 682 (27.8%) —
Family history of cancer, n (%) 0.86
No 2574 (70.8%) 4691 (70.2%) 4188 (70.3%) 1829 (71.0%) —
Yes 1063 (29.2%) 1989 (29.8%) 1771 (29.7%) 748 (29.0%) —
Total energy intake, mean (s.d.), kcal per 1794 (596.6) 1820 (592.0) 1851 (599.5) 1920 (607.1) <0.01
day
Daily consumption of miso soup, n (%) <0.01
No 356 (9.9%) 631 (9.6%) 674 (11.5%) 348 (13.7%) —
Yes 3230 (90.1%) 5953 (90.4%) 5201 (88.5%) 2188 (86.3%) —
Tea consumption, n (%) <0.01
<1 cups per day 1183 (32.7%) 1725 (27.9%) 1485 (28.6%) 746 (33.3%) —
1-2 cups per day 693 (19.2%) 1316 (21.3%) 1526 (29.4%) 536 (23.9%) —
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Table 1. (Continued)

Frequency of coffee consumption

Characteristics

Never (n=3,637)

Occasionally
(n=6,680)

1-2 Cups per day

(n=5,959)

>3 Cups per day
(n=2,577)

P-value®

3-4 cups per day

701 (19.4%)

1315 (21.3%)

1100 (21.2%)

409 (18.3%)

>5 cups per day

1036 (28.7%)

1826 (29.5%)

1076 (20.7%)

550 (24.5%)

2Obtained by using 7 test for variables of proportion and one-factor ANOVA for continuous variables.

Table 2. The association of coffee consumption with incidence of prostate cancer

Frequency of coffee consumption

Never Occasionally 1-2 Cups per day >3 Cups per day Pyirend
Total participants (person-years) 31128.3 59029.3 54348.8 23674.9 —
Prostate cancer (cases) 84 124 86 24 —
Crude HR (95% Cl) 1.00 0.77 (0.58-1.01) 0.57 (0.42-0.77) 0.36 (0.23-0.57) <0.01
Age-adjusted HR (95% Cl) 1.00 0.83 (0.63-1.10) 0.77 (0.57-1.05) 0.65 (0.41-1.03) 0.04
Multivariate-adjusted HR1? (95% Cl) 1.00 0.82 (0.62-1.08) 0.74 (0.54-1.01) 0.63 (0.39-1.00) 0.02
Multivariate-adjusted HR2P (95% Cl) 1.00 0.81 (0.61-1.07) 0.73 (0.53-1.00) 0.63 (0.39-1.00) 0.02
Multivariate-adjusted HR2®,¢ (95% ClI) 1.00 0.81 (0.60-1.08) 0.70 (0.50-0.98) 0.68 (0.42-1.10) 0.03

Participants who developed cancer within the first 2 years of follow-up were excluded.

®HR1 have been adjusted for age (continuous variable), education level (junior high school or lower, high school, college/university or higher), BMI (<18.5, 18.5-24.9, or >25.0kgm ), time
engaging in sports or exercise (<1, 1-2 or >3h per week), marital status (married, or widowed/divorced/single), time spent walking (< Tor > h per day), smoking status (never, former, current
smoking <20 or current smoking =20 cigarettes per day), family history of cancer (yes or no), consumption of tea (<1, 1-2, 3-4 or =5 cups per day).

PHR2 have been adjusted for those in HR1 and further adjusted for job status (employed or unemployed), daily total energy intake (continuous variable), passive smoking (yes or no), alcohol
drinking (never, former, current drinking <45.6 or current drinking >45.6 g per day ethanol), daily consumption of miso soup (yes or no).

with >45.6g per day ethanol), and daily consumption of
miso soup (yes or no). To ensure that the estimates were not
biased by multicollinearity, the unadjusted, age-adjusted,
and different multivariate adjusted models were also computed
and compared. Interactions between confounders were tested
through the addition of cross-product terms to the multivariate-
adjusted model.

RESULTS

The detailed characteristics of the subjects according to coffee
consumption category are shown in Table 1. Among the
participants, 3637 reported that they never drank coffee, 6680
drank coffee only occasionally, 5959 drank 1-2 cups of coffee per
day, and 2577 drank >3 cups per day. Individuals who
drank coffee more frequently tended to be younger, with a
higher education level, and were more likely to be employed, but
tended to walk and engage in sports less frequently. Frequent
coffee drinkers were also more likely to be current heavy smokers,
to have a greater chance of exposure to passive smoking, to
have a higher total calorie intake, and to consume less miso soup.
There were no significant relationships of coffee consumption to
average BMI, marital status, or presence/absence of a family history
of cancer.

A total of 318 cases of prostate cancer were documented during
the 11 years of follow-up. Table 2 shows the association between
coffee consumption and the incident risk of prostate cancer.
Compared with subjects who never drank coffee, the multivariate-

adjusted HRs (95% ClIs) were 0.81 (0.61-1.07), 0.73 (0.53-1.00),
and 0.63 (0.39-1.00) for those who drank coffee occasionally, 1-2
cups per day, and >3 cups per day, respectively (P for trend, 0.02).
The HRs were stable when adjusted for age or multi-adjusted for
different confounders. The inverse association was also consistent
after excluding cases of prostate cancer diagnosed in the first 2
years of follow-up.

Hazard ratios for prostate cancer were recalculated after
stratifying the participants by age, BMI level, and smoking
status (Table 3). The association between coffee consumption and
prostate cancer was statistically significant for men who were
older (age =60 years, P=0.04), not overweight (BMI <25kgm ~ 2,
P=0.03), and current smokers (P<0.01). There was no
interaction between coffee drinking and age, or between coffee
drinking and BMI, or between coffee drinking and alcohol
drinking. However, for the interaction between coffee drinking
and cigarette smoking, a statistically significant interaction was
detected (P=0.03).

We further tested the association between coffee consumption
and different clinical stages of prostate cancer (Table 4). The HRs
for prostate cancer in men who drank coffee most frequently were
less than unity for localised stage (multivariate-adjusted HR 0.46),
advanced stage (multivariate-adjusted HR 0.77), and missing stage
(multivariate-adjusted HR 0.60). This indicated a potentially
protective effect of coffee in terms of the risk of prostate cancer
for both localised stage and advanced stage, although it did not
reach statistical significance.

We analysed the association of coffee consumption with
prostate cancer incidence according to differences in the type of
coffee/condiments consumed (Table 5). Consumption of sugared
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Table 3. The association of coffee consumption with prostate cancer incidence stratified by age, BMI, and smoking

Frequency of coffee consumption

Never Occasionally 1-2 Cups per day >3 Cups per day Piend | Pinteraction
Age <60 (cases) 10 16 15 9 — 0.21
Age-adjusted HR (95% ClI) 1.00 0.79 (0.36-1.74) 0.71 (0.32-1.58) 1.02 (0.41-2.52) 0.89 —
Multivariate-adjusted HR® (95% ClI) 1.00 0.75 (0.33-1.67) 0.66 (0.29-1.51) 1.07 (0.41-2.76) 0.92 —
Multivariate-adjusted HR*® (95% Cl) 1.00 0.75 (0.33-1.67) 0.66 (0.29-1.51) 1.07 (0.41-2.76) 0.92 —
Age >60 (Cases) 74 108 71 15 — —
Age-adjusted HR (95% Cl) 1.00 0.83 (0.62-1.12) 0.80 (0.58-1.11) 0.58 (0.33-1.01) 0.04 —
Multivariate-adjusted HR® (95% ClI) 1.00 0.82 (0.61-1.11) 0.76 (0.54-1.07) 0.55 (0.31-0.97) 0.03 —
Multivariate-adjusted HR® (95% Cl) 1.00 0.82 (0.60-1.13) 0.73 (0.51-1.05) 0.62 (0.35-1.11) 0.04 —
BMI <25 (Cases) 65 96 62 16 — 0.17
Age-adjusted HR (95% Cl) 1.00 0.83 (0.60-1.13) 0.72 (0.50-1.02) 0.55 (0.32-0.96) 0.02 —
Multivariate-adjusted HR® (95% ClI) 1.00 0.83 (0.60-1.14) 0.70 (0.49-1.01) 0.58 (0.33-1.02) 0.02 —
Multivariate-adjusted HR>P (95% Cl) 1.00 0.85 (0.60-1.19) 0.66 (0.45-0.98) 0.64 (0.36-1.15) 0.03 —
BMI =25 (Cases) 16 23 18 7 — —
Age-adjusted HR (95% Cl) 1.00 0.82 (0.43-1.56) 0.86 (0.44-1.70) 1.05 (0.43-2.59) 0.97 —
Multivariate-adjusted HR® (95% ClI) 1.00 0.73 (0.38-1.41) 0.75 (0.37-1.52) 0.89 (0.35-2.2¢) 0.67 —
Multivariate-adjusted HR*>® (95% Cl) 1.00 0.69 (0.35-1.34) 0.72 (0.35-1.48) 0.94 (0.37-2.41) 0.73 —
Non-smoker or past smoker (Cases) 45 67 43 11 0.03
Age-adjusted HR (95% Cl) 1.00 0.91 (0.63-1.33) 0.89 (0.59-1.36) 0.96 (0.49-1.86) 0.70 —
Multivariate-adjusted HR® (95% ClI) 1.00 0.88 (0.60-1.29) 0.86 (0.56-1.33) 0.94 (0.48-1.85) 0.62 —
Multivariate-adjusted HR*® (95% ClI) 1.00 0.83 (0.55-1.23) 0.79 (0.50-1.24) 0.98 (0.50-1.94) 0.54 —
Current smoker (Cases) 37 52 39 11 —
Age-adjusted HR (95% Cl) 1.00 0.74 (0.48-1.12) 0.63 (0.40-0.99) 0.43 (0.22-0.84) 0.01 —
Multivariate-adjusted HR® (95% ClI) 1.00 0.70 (0.46-1.08) 0.58 (0.36-0.93) 0.37 (0.18-0.75) <0.01 —
Multivariate-adjusted HR*® (95% Cl) 1.00 0.72 (0.46-1.13) 0.58 (0.35-0.95) 0.41 (0.20-0.85) <0.01 —
Non-alocohol drinker (Cases) 60 84 58 17 — 0.35
Age-adjusted HR (95% Cl) 1.00 0.69 (0.50-0.9¢) 0.52 (0.36-0.75) 0.39 (0.23-0.66) <0.01 —
Multivariate-adjusted HR® (95% ClI) 1.00 0.76 (0.55-1.06) 0.75 (0.52-1.08) 0.77 (0.45-1.33) 0.18 —
Multivariate-adjusted HR>® (95% CI) 1.00 0.77 (0.54-1.09) 0.64 (0.43-0.96) 0.79 (0.45-1.39) 0.10 —
Alocohol drinker (cases) 23 38 26 5 — —
Age-adjusted HR (95% Cl) 1.00 1.03 (0.61-1.73) 0.69 (0.40-1.22) 0.24 (0.09-0.63) <0.01 —
Multivariate-adjusted HR® (95% ClI) 1.00 1.06 (0.63-1.78) 0.82 (0.47-1.44) 0.38 (0.14-1.00) 0.05 —
Multivariate-adjusted HR*P (95% Cl) 1.00 1.13 (0.66-1.91) 0.88 (0.49-1.58) 0.39 (0.14-1.08) 0.10 —
First half of follow-up (Cases) 29 37 30 7 — —
Age-adjusted HR (95% Cl) 1.00 0.68 (0.42-1.11) 0.61 (0.36-1.01) 0.33 (0.14-0.75) <0.01 —
Multivariate-adjusted HR® (95% ClI) 1.00 0.73 (0.44-1.19) 0.85 (0.50-1.44) 0.68 (0.29-1.60) 0.45 —
First half of follow-up (Cases) 55 87 56 17 — —
Age-adjusted HR (95% Cl) 1.00 0.81 (0.58-1.14) 0.55 (0.38-0.80) 0.38 (0.22-0.65) <0.01 —
Multivariate-adjusted HR?® (95% Cl) 1.00 0.85 (0.60-1.19) 0.67 (0.46-1.00) 0.59 (0.33-1.04) 0.02 —
HR have been adjusted for age (continuous variable), education level (junior high school or lower, high school, college/university or higher), BMI (<18.5, 18.5-24.9, or >250kgm~2), time
engaging in sports or exercise (<1, 1-2 or >3h per week), marital status (married, or widowed/divorced/single), time spent walking (< Tor 2 1h per day), smoking status (never, former, current
smoking <20 or current smoking > 20 cigarettes per day), family history of cancer (yes or no), consumption of tea (<1, 1-2, 34 or =5 cups per day), job status (employed or unemployed), daily
total energy intake (continuous variable), passive smoking (yes or no), alcohol drinking (never, former, current drinking <45.6 or current drinking >45.6 g per day ethanol), daily consumption of
miso soup (yes or no).

Participants who developed cancer within the first 2 years of follow-up were excluded.

coffee and sugar-free coffee showed a similar relationship with  without milk or cream appeared to afford significant protection
prostate cancer risk, the point-estimated HRs being close. The against prostate cancer. The HR was 0.42 (95% CI: 0.21-0.85) for
significant P-value in the group who drank sugared coffee may subjects who frequently drank coffee without added milk or cream
have been attributable to the larger sample size, as most people in  vs non-coffee-drinkers, whereas it was 0.81 (95% CI: 0.46-1.44) for
the study area added sugar to coffee. Only consumption of coffee  those who frequently drank coffee with added milk or cream vs
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Table 4. The association of coffee consumption with prostate cancer incidence

Frequency of coffee consumption
Stage Never Occasionally 1-2 Cups per day >3 Cups per day Pyirend
Localised stage (cases) 18 29 27 4
Age-adjusted HR (95% Cl) 1.00 0.91 (0.50-1.63) 1.13 (0.62-2.05) 0.50 (0.17-1.50) 0.65
Multivariate-adjusted HR? (95% ClI) 1.00 0.86 (0.47-1.56) 1.08 (0.58-2.00) 0.46 (0.15-1.41) 0.54
Multivariate-adjusted HRP (95% Cl) 1.00 0.89 (0.48-1.65) 1.16 (0.61-2.20) 0.54 (0.18-1.66) 0.77
Advanced stage (cases) 24 50 27 8 —
Age-adjusted HR (95% Cl) 1.00 1.18 (0.73-1.93) 0.86 (0.49-1.49) 0.76 (0.34-1.71) 0.32
Multivariate-adjusted HR® (95% ClI) 1.00 1.21 (0.74-1.99) 0.89 (0.50-1.57) 0.77 (0.34-1.78) 0.38
Multivariate-adjusted HR® (95% Cl) 1.00 1.26 (0.73-2.16) 0.73 (0.38-1.39) 0.90 (0.38-2.12) 0.33
Missing stage (cases) 42 45 32 12 —
Age-adjusted HR (95% Cl) 1.00 0.60 (0.39-0.92) 0.57 (0.36-0.91) 0.65 (0.34-1.24) 0.05
Multivariate-adjusted HR® (95% ClI) 1.00 0.57 (0.37-0.87) 0.50 (0.31-0.81) 0.60 (0.31-1.18) 0.02
Multivariate-adjusted HRP (95% Cl) 1.00 0.55 (0.35-0.85) 0.50 (0.30-0.81) 0.61 (0.31-1.20) 0.03
3Same adjustment as for HR1 in Table 3.
PHR2 have been adjusted for those in HRa and further adjusted for period of diagnosis (1995-1997, 1998-2000, 2001-2003, 2004-2005).

Table 5. The association of coffee consumption with prostate cancer incidence in different coffee type

Frequency of coffee consumption

Never Occasionally 1-2 Cups per day >3 Cups per day Pirend
Coffee without sugar (cases) 84 33 23 8 —
Age-adjusted HR (95% Cl) 1.00 0.71 (0.48-1.07) 0.72 (0.45-1.15) 0.68 (0.33-1.42) 0.08
Multivariate-adjusted HR® (95% Cl) 1.00 0.69 (0.46-1.05) 0.67 (0.41-1.10) 0.67 (0.31-1.43) 0.07
Coffee with sugar (cases) 84 91 63 16 —
Age-adjusted HR (95% Cl) 1.00 0.88 (0.66-1.19) 0.79 (0.57-1.10) 0.63 (0.37-1.08) 0.05
Multivariate-adjusted HR® (95% Cl) 1.00 0.85 (0.63-1.15) 0.73 (0.52-1.02) 0.57 (0.33-0.99) 0.02
Coffee without milk or cream (cases) 84 60 34 9 —
Age-adjusted HR (95% Cl) 1.00 0.75 (0.54-1.05) 0.64 (0.43-0.95) 0.44 (0.22-0.88) <0.01
Multivariate-adjusted HR® (95% Cl) 1.00 0.72 (0.52-1.02) 0.60 (0.39-0.91) 0.42 (0.21-0.85) <0.01
Coffee with milk or cream (cases) 84 64 52 15 —
Age-adjusted HR (95% Cl) 1.00 0.91 (0.66-1.27) 0.89 (0.63-1.25) 0.88 (0.51-1.54) 0.48
Multivariate-adjusted HR® (95% Cl) 1.00 0.89 (0.64-1.25) 0.83 (0.58-1.19) 0.81 (0.46-1.44) 0.29
3Same adjustment as for HRa in Table 3.

non-coffee-drinkers. No interaction between coffee and sugar, or
between coffee and milk, was found.

We also investigated the relationship between other individual
caffeine-containing beverages and the risk of prostate cancer.
However, no association with the risk of prostate cancer was found
for the consumption of green tea, black tea or oolong tea (Table 6).

DISCUSSION

In this population-based, prospective cohort that included 18 853
Japanese men among whom 318 cases of prostate cancer were
detected during an 11-year follow-up, we observed an inverse
association between coffee consumption and the incident risk of
prostate cancer. The protective effects of coffee drinking were

robust in men who were older, non-overweight, and current
smokers. A dose-response relationship was observed, as ~37% of
prostate cancers were estimated to be prevented in men consuming
three or more cups of coffee per day, compared with non-coffee
drinkers.

It remains unclear which constituent(s) of coffee contributed to
the protective affect against prostate cancer. Caffeine, the major
component of coffee, has been thought to inhibit carcinogenesis
in vivo (Hashimoto et al, 2004). Green tea, black tea and oolong tea
also contain caffeine, but we did not find any protective effect of
these beverages against prostate cancer. Therefore, we consider that
caffeine does not have a role in protecting against prostate cancer.
The coffee-specific diterpenes, cafestol and kahweol, have been
proved to possess anticarcinogenetic activity (Cavin et al, 2002).
Furthermore, coffee drinking may be associated with increased
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Table 6. The association of tea consumption with prostate cancer incidence

| Frequency of consumption |
Never Occasionally ‘ 1-2 Cups perDay ‘ >3 Cups per day ‘ Pyirend

Green tea
Prostate cancer (cases) 17 55 56 159 —
Following period (person-years) 14520 34236 34416 68821 —
Age-adjusted HR (95% ClI) 1.00 1.22 (0.83-1.80) 1.17 (0.80-1.72) 1.32 (0.96-1.82) 0.58
Multivariate-adjusted HR® (95% Cl) 1.00 1.18 (0.80-1.75) 1.12 (0.76-1.66) 1.26 (0.90-1.76) 0.37
Black tea
Prostate cancer (cases) 168 66 6 2 —
Following period (Person-years) 87488 41247 3110 1008 —
Age-adjusted HR (95% ClI) 1.00 0.94 (0.71-1.23) 0.97 (0.43-2.18) 0.92 (0.23-3.69) 0.72
Multivariate-adjusted HR® (95% ClI) 1.00 0.88 (0.67-1.17) 0.93 (0.41-2.10) 0.94 (0.23-3.81) 0.95
Oolong tea
Prostate cancer (cases) 155 62 11 10 —
Following period (person-years) 82890 39567 7026 4652 —
Age-adjusted HR (95% Cl) 1.00 0.94 (0.71-1.24) 1.07 (0.58-1.95) 1.26 (0.67-2.37) 0.61
Multivariate-adjusted HR® (95% Cl) 1.00 0.90 (0.68-1.20) 1.03 (0.56-1.89) 1.18 (0.63-2.24) 0.31
#Same adjustment as for HRa in Table 3.

levels of sex hormone-binding globulin and testosterone, which
have a role in prostate cancer (Svartberg et al, 2003). Coffee
consumption is also associated with reductions in the levels of
inflammation-related molecules, which may have a potential role
in prostatic carcinogenesis and tumour progression (Maki et al,
2010; Sfanos and De Marzo, 2012).

The protective effect against prostate cancer was more robust in
subjects who drank coffee without added milk or cream than in
those who added milk or cream. As milk consumption has been
shown to be positively associated with prostate cancer risk in
previous case-control and cohort studies (Qin et al, 2004, 2007), it
is reasonable that drinking coffee with added milk or cream would
afford less-effective protection. Higher risk of prostate cancer
incidence was found for current smokers, and the protective effects
of coffee on prostate cancer were also stronger for current smokers
with interaction between coffee and smoking being found.

Existing reviews of the epidemiological literature reveal incon-
sistencies in the effects of coffee consumption on prostate cancer,
although they may have been methodologically flawed (Arab,
2011). One meta-analysis published in 2010 found no such
association in cohort studies (Park et al, 2010), while another meta-
analysis published in 2011 demonstrated a protective effect of
coffee based on five prospective cohort studies (Yu et al, 2011). Our
results are coincident with the second meta-analysis, and are also
generally consistent with the recent large cohort study from USA
and the small cohort conducted in UK (Wilson et al, 2011;
Shafique et al, 2012). The cohort study in USA found a protective
effect in subjects who drank six or more cups of coffee daily vs
non-coffee-drinkers, and the effect was more significant for
advanced or lethal prostate cancer (Wilson et al, 2011). The
investigation in UK suggested that consumption of three or more
cups of coffee daily had the greatest effect vs non-coffee-drinkers in
terms of high Gleason grade prostate cancer (Shafique et al, 2012).
Our significant dose-response result from an Asian population has
contributed new evidence of coffee’s effect on overall prostate
cancer. The discrepancy in findings between the present study and
earlier cohort studies may be partially attributed to the limited
number of incident cases of prostate cancer, and inadequate
adjustment for covariates (Phillips and Snowdon, 1983; Jacobsen

et al, 1986; Nomura et al, 1986; Severson et al, 1989; Hsing et al,
1990; Le Marchand et al, 1994; Ellison, 2000; Nilsson et al, 2010).

Prostate specific antigen (PSA) mass screening has been
introduced to detect prostate cancer at an early stage. In Japan,
PSA mass screening has been provided free (or at low charge)
during annual health checkups by public health care facilities to all
men aged >40 once in every 5 years. In our study, the rate of
participation in annual health checkups did not differ between
subjects of different coffee consumption category. Therefore, our
results were less likely to be influenced by PSA mass screening.

Our study had some strengths. The FFQ we used had a
reasonably high level of reproducibility and validity, and the elderly
population we examined tended to maintain relatively stable
dietary habits. We followed up this population for a sufficiently
long period and accumulated an adequate number of incident cases
of prostate cancer. Furthermore, we tested associations by multi-
variate analysis in which possible risk factors were carefully
considered, and different covariate-adjusted models were employed
and compared. In addition, we also stratified the analysis by age,
BMI, smoking status, and stage of prostate cancer to control for
major confounding factors.

Our study also had several limitations. First, as coffee
consumption habits were self-reported and collected only once at
the baseline, some misclassification caused by changes in coffee
consumption during the follow-up period may have arisen.
However, this misclassification would have tended to be non-
differential, resulting in a conservative estimation of the effect of
coffee consumption. Second, we did not enquire about the specific
types of coffee consumed or the method of preparation, but
included all kinds of coffee as a whole. Any potentially cancer-
related chemical ingredients may differ according to the type of
coffee consumed (such as decaffeinated or regular coffee) and the
preparation method employed (such as filtering or percolating).
Third, we excluded 4162 subjects for whom data on coffee
consumption were missing, or who reported extreme daily
energy intakes (upper 0.5% and lower 0.5%). Among the
excluded subjects, 74 cases of prostate cancer were diagnosed,
which was close to the proportion of subjects involved in our
analysis, and the corresponding multivariate-adjusted HR revealed
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no difference in prostate cancer incidence between those included
and those excluded (HR=0.93, P=0.60). Thus, our results
would not have been markedly biased by this exclusion. Fourth,
our result results showed only an association, and the associations
were borderline especially for the stratified analysis. A direct
cause-and-effect link between coffee intake and prostate cancer is
far from proven.

In conclusion, evidence derived from this population-based
prospective cohort study carried out in Japan suggests a protective
association between coffee consumption and the risk of prostate
cancer. These results indicate that coffee consumption may
contribute to the prevention of prostate cancer, and randomized
controlled trials are needed to further prove this association.
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