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Abstract

Objectives Controversial results were reported among
several epidemiologic studies on the relationship between
coffee consumption and urologic cancer risk. We, therefore,
conducted this meta-analysis to clarify these associations.
Methods Electronic databases including Pubmed, Em-
base and Cochrane library were searched between January
1966 and August 2013 for eligible studies. Pooled relative
risk (RR) and its 95 % confidence interval (CI) were cal-
culated. All P values are two tailed.

Results  Thirteen cohorts were eligible for inclusion. As to
prostate cancer (PCa), significant reverse association was
found among highest versus none/lowest analysis with
acceptable heterogeneity (RR 0.86, 95 % CI 0.79-0.95; I*
25 %, P value for heterogeneity: 0.221). A pooled RR
which assessed advanced PCa was 0.73 (with 95 % CI
0.50-1.07), and a slight stronger reverse association was
found in fatal PCa. However, a slight insignificant reverse
association, basing on 8 studies with 9 outcomes, was
found in dose-response analysis (RR 0.98, 95 % CI
0.93-1.03). For kidney and bladder cancer, insignificant
associations were found in both highest versus none/lowest
analyses and dose-response analyses.
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Conclusions Our findings suggest that coffee consump-
tion may reduce the risk of PCa. No associations were
found with both bladder and kidney cancer. Further well-
designed large-scaled cohort studies are warranted to pro-
vide more definitive conclusions.
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Introduction

Coffee, one of the most frequently consumed beverages
worldwide, has demonstrated its protective effect against
several chronic diseases, including type two diabetes
mellitus, cardiovascular diseases, stroke and Parkinson’s
disease. Considering antioxidant and anti-inflammatory
nature of its beneficial components, many scholars had
great interest in the relationship between coffee consump-
tion and risk of cancer. As for urologic cancer, the asso-
ciations of coffee consumption with kidney cancer [1-3],
prostate cancer (PCa) [1, 4-6] and bladder cancer [7-9]
risk were reported in several cohort studies, all of which
had not detect any statistically significant associations. In
2010 [10], a meta-analysis, which assessed the association
between coffee consumption and risk of total PCa, reported
a contradictory result based on eight case—control studies
and four cohort studies. Statistically significant association
was found in case—control studies (relative risk (RR) 1.21,
95 % confidence interval (CI) 1.03-1.43), but not in
cohorts (RR 1.06, 95 % CI 0.83-1.35). In relation to
bladder cancer, a dose-response meta-analysis published in
2012 [11], which was based on 23 case—control studies and
five cohort studies, did not report a clear conclusive
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evidence due to inconsistencies between case—control and
cohort studies. Half of the included studies in both meta-
analyses are case—control studies, which are with nature of
recall bias and selection bias, so it is hard to obtain per-
suasive results.

Recently, several large-scale prospective cohort studies
[12—14] were published and showed an inverse association
between coffee consumption and risk of PCa. Therefore,
updated dose-response meta-analysis was needed to
quantitatively assess this association. Besides, the relations
between coffee consumption and bladder (or kidney) can-
cer were also clarified in present meta-analysis.

Methods
Data source and search strategy

The present meta-analysis was conducted in accordance
with the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses [15]. Electronic databases including
Pubmed, Embase and Cochrane library were searched
between January 1966 and August 2013 to identify eligible
studies, using following key words: “coffee or caffeine or
beverages or diet or dietary or drink” and “bladder or
prostate or kidney or testicular or urinary tract or urologic”
and “cancer or carcinoma or neoplasm or tumor or mass”.
Furthermore, the reference lists of every article retrieved
and reviews were manually searched to identify additional
eligible studies.

Criteria for inclusion and exclusion

Studies are eligible for inclusion if they meet the following
criteria: (1) had to be cohort study; (2) the exposure of
interest was coffee consumption; (3) reported RRs or hazard
ratios (HRs) and their corresponding 95 % Cls, or sufficient
data to calculate them; (4) reported three or more quantitative
categories of coffee consumption; (5) provided person-year
of every categories or data to calculate them. Studies will be
excluded if they achieve the following requirements: (1) the
study was case—control study, review article, case report,
letter to the editor or editor comment; (2) no categories of
coffee consumption were reported; (3) no available data to
calculate person-year. When multiple reports based on the
same study are published, only the most recent or complete
report can be used. When more than one estimate is avail-
able, we will choose the one adjusted for most variables.

Data extraction and outcomes of interest

Eligibility evaluation and data abstraction were carried out
independently by two reviewers (Tian-bao Huang and
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Zhui-feng Guo), which according to the meta-analysis of
observational studies in epidemiology, guidelines and dis-
crepancies were adjudicated by discussion with a third
reviewer (Jun-hua Zheng) [16]. The following data which
were extracted from each study included first author; year
of publication; country; follow-up period; number of sub-
jects and cases; age; cancer sites; category amounts of
coffee consumption; person-years of every category; RR or
HR; and its 95 % CI for every category of coffee intake
and adjusted factors.

Statistical analysis

Pooled RRs and their 95 % Cls were computed to assess
the associations between coffee consumption and risk of
urologic cancer. If RRs are not available, crude RRs and
their 95 % CIs will be calculated from exposure distribu-
tions. In study reported by Ellison et al. [6], coffee con-
sumption was indicated in milliliters, and we assumed
250 ml as approximately equivalent to 1 cup. Reference
refer to never drink [6, 7, 13, 14, 17-20], <lcup/day [21],
<2 cups/day [1, 2] or 1 to 3 cups/day [12]. One study
which was published in 2000 [22] used 4-5 cups/day in
man group and 3—4 cups/day in women group as reference.
The advanced PCa refers to Gleason Score (GS) equal or
more than seven. The statistical heterogeneity among
studies was evaluated by using the Cochrane’s Q and I
statistics. As for Q statistic, heterogeneity was considered
exist for P < 0.05. When P > 0.05 and I*> < 50 %, the
including studies were considered with acceptable hetero-
geneity, and fixed-effects model was used. Otherwise, the
random-effects model was used.

For PCa, subgroup analyses were performed based on
geographic location (Europe vs America vs Asia), pub-
lished data (before 2010 vs after 2010), and the following
factors were adjusted or not: smoking, body mass index
(BMI), family history of PCa, diabetes, physical activity
and the number of adjusted factors (equal or more than 10
vs <10). However, as to bladder cancer, we only carried
out two subgroup analyses which were based on geo-
graphic location and sex. Moreover, sensitivity analysis
was also conducted to explore whether the final effects
were strongly influenced by individual studies.

For the dose-response meta-analyses, methods which
were proposed by Greenlan and Orsini were used to esti-
mate study-specific slopes. If data are available, the median
or mean coffee consumption for each category will be
assigned to each corresponding RR. If it is unavailable, we
will assign the midpoint of the upper and lower boundaries
in each category as the average consumption. When the
lowest category was unrestricted, we set the lower
boundary to zero. If the upper boundary for the highest
category was open-ended, we assessed that the boundary
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will have the same amplitude as the preceding category.
Moreover, if total person-years are not available, it will be
approximated from follow-up duration and number of
subjects [23], and if total number of cases and person-years
are available, we will estimate the distribution of person-
years using method reported by Aune et al. [24]. All the
meta-analyses were done by using Stata 11 software (Stata
Corp LP, College Station, TX, USA).

Results
Study characteristics

The detailed steps of our literature search were displayed in
Fig. 1. Briefly, two papers, which evaluated the association
between coffee consumption and aggressiveness or prog-
nosis of PCa, were excluded. Nine papers, seven of them
did not have quantitative coffee intake data and the
remaining two did not have enough information to calcu-
late person-years, were also excluded. After that, 13 cohort
studies were eligible for inclusion in this meta-analysis.
The characteristics of the included studies were showed in
Table 1. The 13 cohort studies included five studies
including 969 bladder cancer cases which occurred in
201,272 participants [1, 2, 7, 17, 22], eight studies
including 32,735 PCa cases which involved in 447,458

participants [1, 2, 6, 12-14, 18, 20] and four studies
including 366 kidney cancer among 310,625 participants
[1, 2, 19, 21]. When it came to geographic location, five
studies were conducted in Europe [1, 2, 12, 18, 22], five
studies were in America [6, 7, 13, 20, 21] and the other
three studies were conducted in Asia [14, 17, 19].

Highest versus none/lowest analysis

In overall analysis, highest coffee consumption had an
inverse association with risk of PCa (RR 0.86, 95 % CI
0.79-0.95; Fig. 2¢), but not bladder cancer and kidney
cancer (RR 1.08, 95 % CI 0.71-1.66; RR 0.99, 95 % CI
0.52-1.89, respectively, Fig. 2a). However, there was some
evidence of heterogeneity. We, therefore, conducted sub-
group analyses among single cancer, respectively. For
bladder cancer, coffee consumption might be a risk factor
of bladder cancer in men population without reaching
statistically significant difference (RR 1.34, 95 % CI
0.99-1.8, P value = 0.056; Fig. 2a), while in female
population, insignificant reverse association was detected
with bladder cancer risk (RR 0.55, 95 % CI 0.25-1.18,
P =0.123).

As for PCa, series of subgroup analyses were carried
out to detect the source of heterogeneity and relevant
confounding factors, which were presented in Table 2. In
the subgroup analysis by geographic location, a

Fig. 1 The detailed steps of our
electronic literature search for
eligible studies

After excluded duplicates
9730 relevant publications identified and
screened for retrieval

5374 papers excluded based on
publication type and
experimental subjects

4329 studies excluded based on

title/abstract review

\4

4356 potential eligible
studies identified

14 articles excluded:
1 large-scale case-control

study

A 4

7 publications not have
quantitative data
2 papers reports from the

27 full-text articles
assessed for eligibility

same cohorts
2 papers not have enough
data to calculate person-years.

1 paper evaluated the
> association between coffee
consumption and PCa

A 4

aggressiveness.
1 paper assessed the
association between coffee

13 relevant studies for meta-analysis

intake and prostate cancer
prognosis.
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Fig. 2 Meta-analysis of the association between coffee consumption
and risk of bladder cancer and PCa, respectively. a Forest plot of
coffee consumption and risk of bladder cancer stratified by sex.
b Coffee consumption and risk of bladder cancer, dose-response
analysis, per 2 cups/day. ¢ Forest plot of coffee consumption and risk
of PCa in highest Vs none/lowest analysis. d Coffee consumption and
risk of PCa, dose-response analysis, per 2 cups/day. No statistically
significant difference was showed in the association between highest

statistically significant inverse association was observed in
studies carried out in Europe (RR 0.82; 95 % CI
0.72-0.93; 2o %, P value for heterogeneity: 0.702), but
not in America and Asia (RR 0.92; 95 % CI 0.79-1.07;
RR 0.63, 95 % CI 0.39-1.01, respectively). Pooled RR
from five studies published after 2010 [12-14, 18, 20]
showed a moderate result that compared with none/lowest
coffee consumption, and highest coffee intake may reduce
the PCa risk (RR 0.87, 95 % CI 0.81-0.95; I* 16.2 %,
P value for heterogeneity: 0.309); however, no association
was detected among studies published before 2010 (RR
0.84, 95 % CI 0.49-1.44). Finally, a pooled RR which
assessed highest coffee consumption and risk of advanced
PCa was 0.73 (with 95 % CI 0.50-1.07) and a slightly

coffee consumption and risk of bladder cancer, while a significant
reverse association was detected with PCa. The summary RR of each
increment of 2 cups of coffee consumption dairy by using random-
effects models was 1.03 (95 % CI 0.80-1.32) for bladder cancer, 0.98
(0.93-1.03) for PCa. There was no evidence of a nonlinear association
between coffee consumption and both cancer, P-nonlinearity = 0.827
for bladder cancer, P-nonlinearity = 0.361 for PCa

stronger reverse association was found in fatal PCa (RR
0.70,95 % CI 0.46-1.05), but both of which turned out to
be insignificant.

Dose-response meta-analysis

In dose-response meta-analysis, we found that no associ-
ations were detected between coffee consumption (2 cups/
day increased) and urologic cancer risk (bladder cancer:
RR 1.03, 95 % CI 0.8-1.3; kidney cancer: RR 0.95, 95 %
CI 0.56-1.59; PCa: RR 0.98, 95 % CI 0.93-1.03, respec-
tively, Fig. 2). As to fatal PCa and advanced PCa, still no
associations were found (RR 0.95, 95 % CI 0.77-1.16; RR
0.98, 95 % CI 0.86-1.12; Fig. 3).
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Table 2 Overall and subgroup
analyses of the association
between coffee consumption
(highest versus none/least) and
risk of prostate cancer
(including localized, advanced
and fatal prostate cancer),
bladder cancer and kidney
cancer, respectively

RR relative ratio, CI confidence
interval, BMI body mass index,
PCa prostate cancer, N number

@ Springer

Main outcomes Summary P value Study heterogeneity
of interests RR(95 % CI) > >
b df P value I© (%)

PCa 0.86 (0.79-0.95) 0.002 10.66 8 0.221 25.0
Geographic location

Europe 0.82 (0.72-0.93) 0.002 2.06 4 0.725 0

America 0.92 (0.79-1.07) 0.259 3.74 2 0.156 46.3

Asia 0.63 (0.39-1.01) 0.054 - - - -
Publication date

Before 2010 0.84 (0.49-1.44) 0.528 4.46 2 0.108 55.2

After 2010 0.87 (0.81-0.95) 0.002 5.97 5 0.309 16.2
Smoking

Adjusted 0.90 (0.85-0.96) 0.001 3.8 0.434 0

Not 0.77 (0.53-1.12) 0.172 5.28 3 0.152 43.20
BMI

Adjusted 0.88 (0.81-0.95) 0.002 5.97 5 0.309 16.2

Not 0.84 (0.49-1.44) 0.528 4.46 2 0.108 55.2
Family history

Adjusted 0.87 (0.79-0.95) 0.003 5.92 4 0.205 324

Not 0.87 (0.63-1.21) 0.406 4.71 3 0.194 36.4
Diabetes

Adjusted 0.89 (0.82-0.96) 0.004 3.76 3 0.288 20.3

Not 0.81 (0.61-1.07) 0.144 6.18 0.186 353
Physical activity

Adjusted 0.87 (0.79-0.95) 0.003 5.92 4 0.205 324

Not 0.87 (0.63-1.20) 0.406 4.71 3 0.194 36.4
N of adjusted factor

<10 0.81 (0.61-1.07) 0.144 6.18 4 0.186 353

>10 0.89 (0.82-0.96) 0.004 3.76 3 0.288 20.3
Bladder cancer 1.08 (0.71-1.66) 0.716 18.88 7 0.009 62.9
Geographic location

Europe 1.04 (0.56-1.97) 0.894 13.54 4 0.009 70.5

America 1.99 (0.91-4.35) 0.084 - - - -

Asia 0.92 (0.38-2.23) 0.853 2.82 1 0.009 62.9
Sex

Man only 1.34 (0.99-1.80) 0.056 1.39 2 0.498 0

Women only 0.55 (0.25-1.18) 0.123 3.48 2 0.176 42.5
Kidney cancer 0.99 (0.52-1.89) 0.98 7.3 4 0.121 452
Fatal PCa 0.70 (0.46-1.05) 0.082 4.7 2 0.095 57.5
Advanced PCa 0.73 (0.50-1.07) 0.107 14.71 4 0.005 72.8
Localized PCa 0.90 (0.83-0.97) 0.004 2.65 3 0.448 0
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Fig. 3 Meta-analysis of the association between coffee consumption
and risk of fatal, advanced and localized PCa. a Forest plot of coffee
consumption and risk of fatal, advanced and localized cancer in
highest versus none/lowest analysis. b Coffee consumption and fatal
PCa, dose-response analysis, per 2 cups/day. ¢ Coffee consumption
and advanced PCa, dose-response analysis, per 2 cups/day. d Coffee
consumption and localized PCa, dose—response analysis, per 2 cups/
day. In highest versus none/lowest analysis, the estimated RR were
0.70 (95 % CI 0.46-1.05) for fatal prostate/kidney cancer, 0.73 (95 %

Discussion

There were two systematic reviews summarizing the evi-
dence about coffee consumption and risk of urologic can-
cer. Zhou et al. [11] reported an inconsistent outcome
between case—control and cohort studies. Data from case—
control studies suggested that coffee was a risk factor for
bladder cancer (RR for 4 cups/day vs. non-drinkers: 1.29,
95 % CI 1.12-1.48), but no significant association was
obtained from cohort studies (RR 0.77, 95 % CI
0.77-1.56). Park et al. [10] performed a meta-analysis in
2010 and showed that coffee consumption might have
harmful effect on PCa. Data from cohort studies did not
reach statistically significant differences, but the RR was

Coffee consumption, cups/day

95% confidence interval
relative ratio

CI 0.50-1.07) for advanced PCa, 0.89 (95 % CI 0.83-0.96) for
localized PCa. There were no evidence of a nonlinear association
between coffee consumption and fatal prostate/kidney cancer (RR for
two cups/day increased = 0.95, 95 % CI 0.77-1.17, P-nonlinear-
ity = 0.621), advanced PCa (RR for two cups/day increased = 0.98,
95 % CI 0.86-1.12, P-nonlinearity = 0.737) and localized
PCa (RR for 2 cups/day increased = 0.98, 95 % CI 0.92-1.04,
P-nonlinearity = 0.465)

>1, with a wide CI. No meta-analysis was conducted to
evaluate the dose-response relationship between coffee
consumption and PCa risk, especially fatal and advanced
PCa. So we performed this meta-analysis to renew these
data. Considering recall bias and select bias of case—control
studies, we only took cohort studies into consideration.
For PCa, several biological mechanisms have been
proposed which may explain the inverse association
between coffee consumption and risk of PCa, especially the
association with fatal or advanced PCa. One possible
mechanism was that coffee inhibited intestinal glucose
absorption and improved glucose handling [25]. Several
cross-sectional studies found that coffee intake has been
associated with lower glucose levels and circulating
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C-peptide [26], which is a marker of insulin secretion.
Growing evidence showed that higher insulin levels might
have harmful effect on PCa progression through the insulin
and insulin-like growth factor 1 receptors. Inflammation
was hypothesized to play a role in the development of PCa,
and several recent studies showed that there is a positive
association between coffee drinking and lower inflamma-
tion markers. Recently published data [27] indicated that
dietary total antioxidant content had a weak inverse asso-
ciation with PCa (RR = 0.91 for total PCa, RR = (.82 for
advanced PCa) and this association mainly due to coffee.
Besides, coffee had influence on the levels of circulating
sex hormones by affecting the levels of sex-hormone-
binding globulin [28, 29].

In the present meta-analysis, a stronger association was
detected in fatal or advanced cancer without reaching sta-
tistically significant difference, which might result from
small number of included studies with few cases. Further
well-designed large-scaled studies are needed to strengthen
those findings. In subgroup analyses, we found that there
was a distinct difference in finding between studies pub-
lished before and after 2010. Studies published after 2010
may have better design with adjusting for more con-
founding factors, including BMI, tea consumption and
physical activity and so on. After ruling out the influence of
these factors, a moderate reverse association still existed,
which confirmed our findings.

For bladder cancer, a slightly increased risk was found
among heavy coffee drinkers. Beside, opposite associations
were found between male and female. However, the reason
is still unclear. Regarding the differences in findings by the
geographic location where the studies carried out, several
reasons could be considered, such as potential risks of
bladder cancer in each population, national differences of
coffee intake, type of coffee beans and the brewing method
and so on [10].

No association was found between coffee drinking and
kidney cancer risk based on four relevant studies. However,
recently published animal experiments [30] showed that
insulin-mediated oxidative stress might result in genomic
damage and antioxidants might exert protective effects in
clear cell renal cell carcinoma. Active substances contained
in coffee may result in lower production of insulin men-
tioned before. Maybe there existed several other mecha-
nisms, which neutralized the protection effect.

Several limitations should be taken into account in the
present meta-analysis. Firstly, cohort studies were less
susceptible to bias due to their prospective design, and risk
estimates which adjusted for the most factors were
extracted. These data might reduce the influence of
potential confounders to a large extent. However, there
were still several potential known or unknown confounders
failed to be adjusted. If data were not available, crude RRs

@ Springer

were calculated [1, 2]. These factors might influence con-
clusion drawn from the meta-analysis compiled from these
studies. Secondly, seven studies only reported frequencies
of coffee consumption which were hard to convert to cups
per day. Two studies did not provide person-years or
enough data to calculate them. And several studies only
reported <3 categories. All these studies were excluded in
this meta-analysis, which may result in a certain degree of
bias. Thirdly, misclassification of coffee consumption also
should be taken into account. Most of included studies used
the number of cups to assess coffee consumption. How-
ever, the size of cups may be different. Bracken et al. [31]
pointed out that serving sizes and brewing methods for
coffee can vary substantially within and between countries.
Finally, only published studies were included in present
meta-analysis, which might result in publication bias.

In conclusion, our findings suggest that coffee con-
sumption may reduce the risk of PCa. No associations were
found with both bladder and kidney cancer. Considering
the limitation of included studies, further well-designed
large-scaled cohort studies are warranted to provide more
definitive conclusions.
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