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Background: Existing epidemiological evidence is controversial regarding the possible associations between coffee
consumption and risk of prostate cancer (PCa) by aggressiveness of the disease.
Materials and methods: We conducted a random-effects dose–response meta-analysis to assess the relationships
between coffee consumption and nonaggressive, aggressive and fatal PCa risk. Studies were identified by a search of
Medline and Embase databases to 15 July 2013. We carried out separate analyses by grade (Gleason score: low-grade,
high-grade) and stage (TNM staging system: localized, advanced) of the tumors. Nonaggressive tumors were defined as
low-grade or localized, while aggressive tumors were defined as high-grade or advanced.
Results: Eight studies (three case–control and five cohort) were included in this meta-analysis. Gleason 7 tumors were
classified as high-grade in one study, while in another study, Gleason 7(4 + 3) tumors were classified as high-grade and
Gleason 7(3 + 4) as low-grade. In the remaining four studies, Gleason 7 tumors were excluded from the analyses or ana-
lyzed separately. The pooled relative risk (RR) for a consumption increment of 3 cups/day was 0.97 [95% confidence
interval (CI) 0.92–1.03] for low-grade PCa (n = 6), 0.97 (95% CI 0.94–0.99) for localized PCa (n = 6), 0.89 (95% CI 0.78–
1.00) for high-grade PCa (n = 6), 0.95 (95% CI 0.85–1.06) for advanced PCa (n = 6) and 0.89 (95% CI 0.82–0.97) for fatal
PCa (n = 4). No evidence of publication bias was observed. Heterogeneity was absent or marginal (I2 range = 0–26%),
with the only exception of the analysis on advanced PCa, where moderate heterogeneity was observed (I2 = 60%). When
restricting the analyses only to those studies that defined high-grade tumors as Gleason 8–10, the inverse association
became slightly stronger [RR: 0.84 (95% CI 0.72–0.98); n = 4].
Conclusions: Results from this dose–response meta-analysis suggest that coffee consumption may be inversely asso-
ciated with the risk of fatal PCa. No clear evidence of an association with PCa incidence was observed.
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introduction
Coffee is one of the most common beverages worldwide, while
prostate cancer (PCa) is the most frequent cancer malignancy
among men and the third leading cause of cancer death in men
in the developed world [1]. Thus, even small effects of coffee
consumption on PCa risk could have significant public health
consequences. In fact, coffee has been observed to increase levels
of adiponectin [2–5], an insulin sensitizer, which is in turn asso-
ciated with lower concentrations of both plasma insulin and
insulin-like growth factor 1 (IGF-1) [6]. Additionally, both
coffee and adiponectin have been observed to be associated with
lower oxidative stress [7–9] and increased sex hormone-binding
globulin (SHBG) concentrations [10, 11]. Changes in insulin,

IGF-1, SHBG and oxidative stress have also been showed to
be associated with the development and progression of PCa
[12–16]. A relation between coffee consumption and PCa risk is
therefore biologically plausible.
Existing epidemiological evidence is controversial regarding

the associations between coffee consumption and PCa risk
by aggressiveness of the disease (nonaggressive, aggressive and
fatal). In fact, some epidemiological studies observed inverse
associations limited to nonaggressive PCa [17, 18], while other
studies found inverse associations with aggressive or fatal PCa
only [19–21]. The two available meta-analyses on coffee and
PCa incidence summarized the existing evidence on total PCa
incidence only [22, 23]. In addition, results from studies on the
association between coffee consumption and fatal PCa risk have
not yet been summarized.
To clarify potential associations between coffee consump-

tion and risk of nonaggressive, aggressive and fatal PCa, we
carried out a dose–response meta-analysis of case–control and
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cohort studies. We also examined the possibility of nonlinear
associations.

materials andmethods

search strategy
We carried out a literature search for studies in humans to 15
July 2013 using the Medline and Embase databases using the
following search query: [(coffee or beverages) and (PCa or pros-
tatic neoplasms or prostate neoplasms)]. No language restric-
tions were imposed. Furthermore, we reviewed the references
lists from retrieved articles for additional relevant studies.

selection criteria
Studies were included in the meta-analysis if they met the fol-
lowing criteria: (i) the exposure of interest was coffee consump-
tion; (ii) the outcome of interest was incident PCa (analyzed by
aggressiveness) or fatal PCa; (iii) RRs with corresponding 95%
confidence intervals (CIs), number of cases and person-years
(or number of noncases) per coffee consumption category were
reported; (iv) the analyses were adjusted for smoking status,
since smoking has been observed to be a risk factor for PCa in
some studies [24–26], and it is also associated with higher coffee
consumption levels.

data extraction
Data extracted from each study included: last name of the first
author, publication year, country were the study was carried out
and study period, number of cases and cohort size (or alterna-
tively number of controls), criteria for classification of incident
PCa cases according to their aggressiveness, variables adjusted
for in the multivariable analysis and RRs with corresponding
95% CIs for each category of coffee consumption. We extracted
the RR that reflected the greatest degree of adjustment for po-
tential confounding variables. Two authors (AD and NO) inde-
pendently retrieved the data. Disagreements were resolved by
consensus.

classification of incident PCa cases according
to their aggressiveness
We pooled RRs from studies that adopted similar criteria for the
classification of incident PCa cases; this was done in order to
analyze homogenous outcomes and to examine potential differ-
ences in the associations between coffee consumption and PCa
risk by aggressiveness of the disease at diagnosis. In particular,
we analyzed separately low-grade from high-grade PCa (clas-
sified using Gleason score) and localized from advanced PCa
(classified using TNM staging system). To do so, we had to re-
analyze the study by Discacciati et al. [18], which used a com-
posite classification criterion that mixed together Gleason score,
TNM staging system and prostate-specific antigen. We reana-
lyzed that study using Gleason score only [2–6 (low-grade)
versus 8–10 (high-grade)] and TNM staging system only [T1-2,
N0 and M0 (localized) versus T3-4, N1 or M1 or PCa death
(advanced)] as the criteria for PCa classification (see supple-
mentary Table S1, available at Annals of Oncology online).

In the present study, low-grade and localized tumors were
defined as nonaggressive, while high-grade and advanced
tumors cases were defined as aggressive.

statistical analysis
We repeated the following statistical analyses for all the out-
comes considered in the present study, namely low-grade, high-
grade, localized, advanced and fatal PCa.
We carried out a random-effect dose–response meta-analysis

using the method proposed by Greenland and Longnecker [27]
and Orsini et al. [28], which takes into account the correlation
between the log RR estimates across categories of coffee con-
sumption. We also explored the possibility of nonlinear relation-
ships by modeling coffee consumption using restricted cubic
splines with three knots (i.e. two spline transformations) at fixed
percentiles (25%, 50% and 75%) of coffee distribution. A P-
value for nonlinearity was calculated by testing against the null
hypothesis that the coefficient of the second spline transform-
ation was equal to zero [29]. The median coffee consumption
for each specific category was assigned to each corresponding
log RR estimate. If the median consumption was not reported in
the article, we used the midpoint between the upper and lower
boundary. If the lowest category was open-ended, its lower
boundary was set to zero. If the upper boundary of the highest
category was left unspecified, we assumed the category to be of
the same amplitude as the preceding one. Statistical hetero-
geneity across studies was assessed using the Q and I2 statistics
[30]. An I2 statistic <30% indicated no or marginal between-
study heterogeneity, 30%–75% moderate heterogeneity and
>75% considerable heterogeneity. Publication bias was evaluated
by means of Egger’s regression test [31]. We also carried out
subgroup meta-analyses by type of study design (case–control
versus cohort).
All reported P-values are two sided. All statistical analyses

were carried out using Stata release 12.1 (StataCorp, College
Station, TX).

results

literature search
A flowchart of the identification of relevant studies is presented
in Figure 1. We identified a total of 512 articles by searching the
Medline and Embase databases. After removing the duplicates
(n = 86), a total of 426 articles were left. We excluded 408 arti-
cles after review of the title or abstract, while 6 additional articles
were identified from reference lists or other sources. Of the
remaining 24 articles, 16 were excluded because did not report
results for nonaggressive and aggressive incident PCa separately,
while 2 articles on fatal PCa were excluded because did not
adjust for smoking and, additionally, did not present the
number of cases and person-years per coffee consumption cat-
egory. Overall, eight articles met the inclusion criteria and were
therefore available for the analyses of incident PCa by aggres-
siveness of the disease [17–21, 32–34]. Four studies were avail-
able for the meta-analysis on fatal PCa [17, 18, 20, 21].
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study characteristics
The dose–response meta-analysis on incident PCa includes
eight epidemiological studies (three case–control [21, 32, 33]
and five cohort studies [17–20, 34]), published between 2011
and 2013. Of the three case–control studies, one was conducted
in Italy [32], one in the United States [33] and one in Sweden
[21]. Of the five cohort studies, two were conducted in the
United States [17, 20], one in the United Kingdom [19], one in
Sweden [18] and one in Japan [34]. Four of the eight available
studies repeated the analyses using both Gleason score only and
TNM staging system only for the classification of incident PCa
cases [18, 20, 21, 33], two studies used Gleason score only [19,
32] and two studies used TNM staging system only [17, 34]. In
particular, one study included Gleason 7 cases among high-
grade tumors [32], another study classified Gleason (3 + 4) cases
as low-grade and Gleason (4 + 3) cases as high-grade [33], while
the remaining four studies excluded Gleason 7 cases from
the analyses of low-grade and high-grade tumors [18–21].
Advanced PCa cases were defined as (T3-4, N1 or M1 or PCa
death) in three studies [17, 18, 20] and as (T4, N1 or M1 or PCa

death) in one study [21]. Two studies did not report details on
the TNM classification criteria [33, 34]. Most of the studies pro-
vided RR estimates adjusted for age (n = 8), smoking status
(n = 8), body mass index (BMI) (n = 7), family history of PCa
(n = 6), energy intake (n = 6) and physical activity (PA) (n = 5).
Race was adjusted for in all the studies conducted in the United
States (n = 3). Combined, those eight studies involved a total of
406 718 subjects and 5733 cases of low-grade PCa (n = 6), 25 188
cases of localized PCa (n = 6), 1965 cases of high-grade PCa (n = 6)
and 5724 cases of advanced PCa (n = 6) (see supplementary
Tables S2 and S3, available at Annals of Oncology online).
The dose–response meta-analysis on fatal PCa includes four

epidemiological studies (one case–control [21] and three cohort
studies [17, 18, 20]), which were published between 2011 and
2013. The case–control study was conducted in Sweden [21],
while among the three cohort studies, two were conducted in
the United States [17, 20] and one in Sweden [18]. All the four
studies adjusted for age, smoking status BMI and energy intake.
Three studies adjusted also for family history of PCa and PA.
Overall, those four studies included 382 327 study participants

426 screened after removing duplicates

16 did not meet criteria:

14 did not report separate analysis
by PCa aggressiveness

2 did not report the number of cases
and person-years per coffee 
consumption category and did not
adjust for smoking

512 records identified through database
searching

Medline (n = 364)
Embase (n = 148)

24 comprehensively assessed

86 duplicates

6 identified from references
and other sources 

4 for fatal PCa

408 excluded on first pass

8 datasets for the final analyses

Nonaggressive PCa

6 for low-grade PCa
6 for localized PCa

Aggressive PCa

6 for high-grade PCa
6 for advanced PCa

Figure 1. Flowchart of selection of studies for inclusion in the meta-analysis on coffee consumption and prostate cancer risk. PCa, prostate cancer.
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and 2381 fatal PCa cases (see supplementary Table S4, available
at Annals of Oncology online).

dose–response meta-analysis for nonaggressive
PCa
For low-grade PCa, we observed a non-statistically significant
inverse linear association with coffee consumption: for every
3 cups/day increase, the pooled RR was 0.97 (95% CI 0.92–1.03)
(Pnonlinearity = 0.12). There was no evidence of statistical hetero-
geneity among the studies [I2 = 0% (95% CI 0%–75%)] or of
publication bias (P = 0.63) (Figure 2).
For localized PCa, we observed a statistically significant

decreased 3% risk for every 3 cups/day increase in coffee con-
sumption [RR: 0.97 (95% CI 0.94–0.99)] (Pnonlinearity = 0.10). No
evidence of between-study heterogeneity [I2 = 0% (95% CI 0%–
75%)] or of publication bias was observed (P = 0.94) (Figure 2).

dose–response meta-analysis for aggressive PCa
For high-grade PCa, we observed a borderline statistically signifi-
cant pooled RR of 0.89 (95% CI 0.78–1.00) for every 3 cups/day in-
crease in coffee consumption (Pnonlinearity = 0.89). No evidence of
substantial between-study heterogeneity [I2 = 26% (95% CI 0%–
69%)] or of publication bias (P = 0.26) was observed (Figure 3).
For advanced PCa, we observed a nonstatistically significant

linear inverse association with coffee consumption, with a 5%
decreased risk [RR: 0.95 (95% CI 0.85–1.06)] for every 3 cups/day
in coffee consumption (Pnonlinearity = 0.18). Moderate heterogeneity

among the study was observed [I2 = 60% (95% CI 2%–84%)], but
no evidence of publication bias (P = 0.54) (Figure 3).

dose–response meta-analysis for fatal PCa
For fatal PCa, we observed a statistically significant 11% reduced
PCa mortality [RR: 0.89 (95% CI 0.82–0.97)] for every 3 cups/
day increase in coffee consumption (Pnonlinearity = 0.36). No evi-
dence of between-study heterogeneity [I2 = 0% (95% CI 0%–
85%)] or of publication bias was observed (P = 0.58) (Figure 4).

subgroup and sensitivity analyses
The association between coffee consumption and the five differ-
ent outcomes by type of study design are presented in Table 1.
Cohort studies always showed a stronger inverse association
between coffee consumption and the different outcomes when
compared with case–control studies. In particular, among
cohort studies on nonaggressive PCa, every 3 cups/day increase
in coffee consumption were associated with a 5% decreased risk
of low-grade PCa [RR: 0.95 (95% CI 0.89–1.01); n = 3] and a 3%
decreased risk of localized PCa [RR: 0.97 (95% CI 0.95–0.99);
n = 4]. Among the cohort studies on aggressive PCa, a 15%
decreased risk of high-grade PCa [RR: 0.85 (95% CI 0.69–1.04);
n = 3] and a 9% decreased risk of advanced PCa [RR: 0.91 (95%
CI 0.80–1.05); n = 4] were observed for every 3 cups/day in
coffee increase. Finally, the cohort studies on fatal PCa showed a
12% reduced PCa mortality risk [RR: 0.88 (95% CI 0.81–0.97);
n = 3] for every 3 cups/day increase in coffee consumption.

Note: Weights are from random effects analysis

Low-grade prostate cancer

Polesel et al. (2012)

Geybels et al. (2013)

Wilson et al. (2013)

Wilson et al. (2011)

Shafique et al. (2012)

Discacciati et al. (2013)

Total

Localized prostate cancer

Geybels et al. (2013)

Wilson et al. (2013)

Wilson et al. (2011)

Bosire et al. (2013)

Discacciati et al. (2013)

Li et al. (2013)

Total

1.09 (0.86, 1.37)

1.10 (0.90, 1.34)

1.02 (0.83, 1.25)

0.98 (0.89, 1.07)

0.68 (0.31, 1.46)

0.93 (0.85, 1.02)

0.97 (0.92, 1.03)

1.04 (0.86, 1.27)

1.00 (0.83, 1.20)

0.99 (0.92, 1.07)

0.97 (0.94, 1.00)

0.91 (0.84, 0.98)

0.82 (0.39, 1.72)

0.97 (0.94, 0.99)

RR (95% CI)

0.5 0.75 1 1.25

Coffee and nonaggressive prostate cancer
For every 3 cups/day increase

Figure 2. Relative risks of nonaggressive prostate cancer for every 3 cups/day increase in coffee consumption. RR, relative risk; CI, confidence interval.
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Concerns may arise regarding the classification of Gleason 7
PCa cases, given the heterogeneity of those tumors and the dif-
ferent outcomes observed for Gleason 3 + 4 when compared
with Gleason 4 + 3 tumors [35]. In a sensitivity analysis, we

pooled the RRs only from those studies that defined low-grade
tumors as Gleason 2–6 (n = 5) and high-grade tumors as
Gleason 8–10 (n = 4). The observed associations became slightly
stronger, especially for high-grade PCa: RRs were 0.96 (95% CI

Note: Weights are from random effects analysis

High-grade prostate cancer

Polesel et al. (2012)

Geybels et al. (2013)

Wilson et al. (2013)

Wilson et al. (2011)

Shafique et al. (2012)

Discacciati et al. (2013)

Total

Advanced prostate cancer

Geybels et al. (2013)

Wilson et al. (2013)

Wilson et al. (2011)

Bosire et al. (2013)

Discacciati et al. (2013)

Li et al. (2013)

Total

1.07 (0.81, 1.40)

0.93 (0.67, 1.31)

0.77 (0.58, 1.01)

0.89 (0.72, 1.09)

0.52 (0.30, 0.90)

0.92 (0.78, 1.09)

0.89 (0.78, 1.00)

1.18 (0.86, 1.63)

1.03 (0.80, 1.32)

0.79 (0.68, 0.92)

1.03 (0.96, 1.10)

0.93 (0.83, 1.04)

0.73 (0.41, 1.31)

0.95 (0.85, 1.06)

RR (95% CI)

0.5 0.75 1 1.25

Coffee and aggressive prostate cancer
For every 3 cups/day increase

Figure 3. Relative risks of aggressive prostate cancer for every 3 cups/day increase in coffee consumption. RR, relative risk; CI, confidence interval.

Note: Weights are from random effects analysis

Fatal prostate cancer

Wilson et al. (2013)

Wilson et al. (2011)

Bosire et al. (2013)

Discacciati et al. (2013)

Total

0.97 (0.73, 1.28)

0.80 (0.67, 0.96)

0.92 (0.81, 1.04)

0.90 (0.75, 1.07)

0.89 (0.82, 0.97)

RR (95% CI)

0.75 0.9 1 1.1

Coffee and fatal prostate cancer
For every 3 cups/day increase

Figure 4. Relative Risks of fatal prostate cancer for every 3 cups/day increase in coffee consumption. RR, relative risk; CI, confidence interval.

reviews Annals of Oncology

 | Discacciati et al. Volume 25 | No. 3 | March 2014



0.91–1.02) (low-grade) and 0.84 (95% CI 0.72–0.98) (high-
grade) for every 3 cups/day increase in coffee consumption.
In the analysis of localized PCa, one single study contributed

with nearly 75% of all the PCa cases [17]. Leaving that study out
of the analysis, however, did not appreciably change the pooled
RR point estimate [RR: 0.96 (95% CI 0.91–1.01)], for every 3
cups/day increase in coffee consumption).

discussion
Findings from this meta-analysis suggest that coffee consump-
tion might be inversely associated with risk of fatal PCa. No
clear evidence of an inverse association between coffee con-
sumption and PCa incidence was found, although slightly stron-
ger associations were observed among cohort studies for both
nonaggressive and aggressive PCa.
This is the first meta-analysis to explore the association

between coffee consumption and incidence of PCa by aggres-
siveness of the disease. Two meta-analyses on coffee consump-
tion and incidence of total PCa have been carried out so far,
both of which reported only a pooled RR for high versus low
coffee intake [22, 23]. The meta-analysis that included both
case–control (n = 8) and cohort studies (n = 4) observed a 16%
increased risk of total PCa [RR: 1.16 (95% CI 1.01–1.33)], but
the pooled RR from cohort studies only did not reach statistical
significance [RR: 1.06 (95% CI 0.83–1.35)] [22]. The authors of
that study observed strong evidence of publication bias
(P < 0.001), which we did not observe. In contrast, the meta-
analysis that included only cohort studies (n = 5) observed a
statistically significant 21% reduced risk of total PCa [RR: 0.79
(95% CI 0.61–0.98)], which is compatible with our findings
[23]. Noteworthy, those two previously published meta-analyses
have only two cohort studies in common; differences between

the two meta-analyses in terms of literature search strategies and
inclusion criteria of the single studies could explain, at least par-
tially, the different results.
The higher heterogeneity that we observed among studies on

aggressive PCa, when compared with studies on nonaggressive
PCa, was similarly observed in a previous meta-analysis on BMI
and incidence of PCa [36] and in a recent meta-analysis on dia-
betes mellitus and PCa risk [37]. Recall bias might, at least
partly, explain the stronger inverse associations observed among
cohort studies when compared with case–control studies. In
fact, if drinking much coffee is perceived as unhealthy, subjects
diagnosed with PCa (cases) might tend to overestimate their
past coffee consumption when compared with noncases. This
might lead, among case–control studies, to weaker or even posi-
tive observed associations.
To the best of our knowledge, the present study is the first

meta-analysis that summarized the association between coffee
consumption and risk of fatal PCa. Two small cohort studies on
fatal PCa were not included in the present study since did
not report the number of cases and person-years per coffee
consumption category and did not adjust for smoking status
[38, 39]. One of those studies, based on 93 PCa deaths, observed
a RR of 0.70 (95% CI 0.38–1.30) for men drinking ≥2 cups/day
compared with nondrinkers [39]. In the other study, including
149 PCa deaths, the authors found no evidence of an association
between coffee and fatal PCa death: the RRs were 0.8 (95% CI
0.6–1.2) and 1.0 (95% CI 0.6–1.6) for men who drank 3–4 and
≥5 cups of coffee per day, respectively, when compared with
those who drank <3 cups/day [38]. Given the wide confidence
intervals, the results from those two studies are not incompatible
with ours.
Strengths of this meta-analysis, in addition to the use of a

dose–response approach, are the assessment of potential

Table 1. Summary estimates of the dose–response association between coffee consumption and prostate cancer risk

No. of studies Pooled RR (95% CI)a Heterogeneity

Q df P-value I2 (%)

Nonaggressive PCa
Low-grade 6 0.97 (0.92–1.03) 4.5 5 0.48 0
Case–control studies 3 1.07 (0.95–1.20) 0.3 2 0.87 0
Cohort studies 3 0.95 (0.89–1.01) 1.3 2 0.48 0

Localized 6 0.97 (0.94–0.99) 3.6 5 0.61 0
Case–control studies 2 1.02 (0.89–1.17) 0.1 1 0.76 0
Cohort studies 4 0.97 (0.95–0.99) 2.9 3 0.41 0

Aggressive PCa

High-grade 6 0.89 (0.78–1.00) 6.8 5 0.24 26
Case–control studies 3 0.91 (0.75–1.15) 2.8 2 0.25 29
Cohort studies 3 0.85 (0.69–1.04) 3.8 2 0.15 48

Advanced 6 0.95 (0.85–1.06) 12.5 5 0.03 60
Case–control studies 2 1.08 (0.89–1.32) 0.5 1 0.50 0
Cohort studies 4 0.91 (0.80–1.05) 12.5 3 0.01 73

Fatal PCa 4 0.89 (0.82–0.97) 2.0 3 0.58 0
Case–control studies 1 0.97 (0.73–1.28) — — — —

Cohort studies 3 0.88 (0.81–0.97) 1.6 2 0.45 0

aFor every 3 cups/day increase in coffee consumption.
PCa, prostate cancer; RR, relative risk; CI, confidence interval; df, degrees of freedom.
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nonlinear relationships and the separate analyses by aggressive-
ness of the disease using homogeneous classification criteria, in
order to explore possible differences in the associations by PCa
aggressiveness. Noteworthy, no studies were excluded from this
meta-analysis because of inconsistent classification methods, as
we had the possibility to reanalyze the data from one study [18].
However, our study has several limitations too and our analyses
must be interpreted in the context of the limited available data.
The problem of confounding, which is inherent in all observa-
tional studies, cannot be solved at a meta-analysis level, but has
to be addressed within the individual studies. Although all
studies adjusted for important confounders such as age and
smoking status and most of the studies adjusted for other poten-
tial confounders too, it is not possible to rule out unmeasured
confounding as a partial explanation of the observed results.
Residual confounding by inadequately measured covariates
could also be of concern. Another limitation is misclassification
of coffee consumption, which was inevitable since all the
studies relied on self-reported consumption. However, data
from validation studies showed that coffee consumption was
reported with rather high validity. In particular, the correlations
between coffee consumption assessed by questionnaires data
and assessed by diet records were 0.6 and 0.7 in Swedish men
[18, 21], 0.7 in Japanese men [34] and 0.8 and 0.9 in US men
[17, 20]. We have no information on the methods of coffee prep-
aration (e.g. boiled, filtered, espresso), type of coffee (caffeinated,
decaffeinated) or brewing strength. However, two studies
reported results for both caffeinated and decaffeinated coffee
and observed no appreciable differences [17, 20]. Lastly, since in
all studies included in this meta-analysis the classification of the
tumors was carried out at diagnosis, we have no information
about the possible upstaging of some of the cases following
radical prostatectomy.
An inverse association between coffee consumption and PCa

risk is biologically plausible and, in fact, several mechanisms
could explain the observed inverse, albeit weak, associations.
Adiponectin is an endogenous insulin sensitizer [40], which has
been observed to be directly associated with coffee consumption
both in clinical trials [3, 4] and in observational studies [2, 5].
Adiponectin itself has been associated to a reduced risk of PCa,
as recently reviewed [41]. In addition, higher adiponectin plasma
concentrations have been shown to decrease both plasma insulin
and IGF-1 blood levels [6]. Insulin levels, in turn, have been
observed to be directly associated with PCa mortality [42, 43], in-
cidence [44] and recurrence [45]. Furthermore, IGF-1 levels were
observed to be directly associated with PCa risk in a pooled ana-
lysis of individual patient data from 12 prospective studies [14], as
well as in a more recent nested case–control study [13].
Coffee consumption was observed to be directly associated

with SHBG in both men [10] and women [46–49]; consistently
with this finding, adiponectin was also observed to be positively
correlated with SHBG concentration [10, 11]. In a collaborative
analysis of 18 prospective studies, SHBG was observed to be
weakly inversely associated with PCa incidence [15].
Lastly, adiponectin has been observed to inhibit oxidative

stress in human prostate carcinoma cells in a dose–response
fashion [7]. In addition, coffee is an important source of antioxi-
dants [8, 9]. Oxidative stress is a key event in the development of
PCa and although no conclusive data have been presented so far

to start recommending any antioxidants as chemopreventive
agents [50], various dietary antioxidants have been observed to
be associated with a decreased risk of advanced PCa [12, 16].
These results could explain, at least partly, the inverse associa-
tions between coffee consumption and risk of PCa incidence
and mortality that we observed in the present meta-analysis.
In conclusion, results from this meta-analysis suggest that

coffee consumption may be associated with a lower risk of PCa
mortality.
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