Diabetologia (2004) 47:1071-1078
DOI 10.1007/s00125-004-1415-6

Diabetologia

Diabetes mellitus and risk of prostate cancer: a meta-analysis

S. Bonovas!: 3 - K. Filioussi! - A. Tsantes?

I Department of General Practice, Athens General Hospital “G. Gennimatas”, Athens, Greece
2 Department of Internal Medicine, Athens General Hospital “G. Gennimatas”, Athens, Greece

3 Asklipiou 17-19, 15354 Glika Nera, Greece

Abstract

Aims/hypothesis. The association of diabetes mellitus
with prostate cancer has been controversial. This
study examines the strength of this association by con-
ducting a detailed meta-analysis of the studies pub-
lished in peer-reviewed literature on the subject.
Methods. A comprehensive search for articles pub-
lished up to 2003 was performed, reviews of each
study were conducted and data were abstracted. Prior
to meta-analysis, the studies were evaluated for publi-
cation bias and heterogeneity. Pooled relative risk
(RR) was calculated using the random- and the fixed-
effects models. Subgroup and sensitivity analyses
were also performed.

Results. We included 14 studies, published between
1971 and 2002, in the meta-analysis (five case-control
studies, nine cohort studies). We found no evidence of
publication bias (p=0.89) or heterogeneity among the

studies (p=0.38). The association of diabetes with
prostate cancer was statistically significant, both on
the basis of a random-effects model (RR=0.91, 95%
CI: 0.86 to 0.96), and on the basis of a fixed-effects
model (RR=0.91, 95% CI: 0.88 to 0.94). When the
analysis was stratified into subgroups according to
study design, the association was inverse in both co-
hort and case-control studies, but only in the former
was it statistically significant. The sensitivity analysis
strengthened our confidence in the validity of this as-
sociation.

Conclusions/interpretation. Our meta-analysis find-
ings provide strong evidence that people with diabetes
have a significant decrease in risk of developing pros-
tate cancer. There is biological evidence to support
this association.

Keywords Diabetes mellitus - Epidemiology -
Meta-analysis - Prostatic neoplasms

Introduction

Diabetes mellitus has been associated with an in-
creased risk of several cancers, notably cancer of the
pancreas, liver, biliary tract, endometrium, kidney and
oesophagus [1, 2, 3, 4].
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The association between diabetes and prostate can-
cer has been investigated by numerous epidemiologi-
cal studies. The findings from these studies are incon-
sistent. Some report a lower risk of prostate cancer
among men with diabetes compared to men without,
while others found no or positive associations. Under-
standing the association between diabetes and prostate
cancer has no doubt been hindered by the rarity of
their co-occurrence in observational studies and the
subsequent lack of statistical power to analyse this re-
lationship adequately.

The overall aim of this study was to evaluate the
strength of this controversial association, by conduct-
ing a detailed meta-analysis of the studies published
on the subject in peer-reviewed literature.
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Materials and methods

Retrieval of published studies. To identify the studies of inter-
est we conducted a computerised literature search. Sources in-
cluded MEDLINE (from 1966 through to October 2003),
OLDMEDLINE (from 1953 through to 1965) and EMBASE
(from 1980 through to October 2003). Search terms included:
“diabetes mellitus” or “diabetes” combined with “prostatic
neoplasms” or “prostatic cancer” or “prostate neoplasms” or
“prostate cancer”. The titles and abstracts of studies identified
in the computerised search were scanned to exclude any that
were clearly irrelevant. The full text of the remaining articles
was read to determine whether it contained information on the
topic of interest. The reference lists of articles with informa-
tion on the topic were reviewed to identify citations to other
studies of the same topic. Reference lists of review articles
were also reviewed to check that the assembled list of relevant
publications was complete.

Inclusion and exclusion criteria. The studies considered in this
meta-analysis were case-control, cohort or cross-sectional
studies that evaluated diabetes mellitus and prostate cancer in-
cidence and/or mortality.

Articles were excluded from the analyses for either or both
of the following reasons: (i) they did not include diabetes as a
risk factor for prostate cancer; (ii) there was insufficient pub-
lished data to estimate relative risk (RR) or determine a confi-
dence interval. In studies with multiple publications from the
same cohort or population, only data from the most recent pub-
lication were included in the meta-analysis, with reference in
the text to the older publications.

We did not assess the methodological quality of the primary
studies, since quality scoring in meta-analysis of observational
studies is controversial. Scores constructed in an ad hoc fash-
ion may lack demonstrated validity, and results may not be as-
sociated with quality [5, 6, 7]. Instead, we performed subgroup
and sensitivity analyses as is widely recommended [7, 8, 9].
Hence, no study was rejected because of methodological char-
acteristics or any subjective quality criteria.

We included in this meta-analysis studies reporting differ-
ent measures of relative risk (odds ratio, incidence rate ratio,
standardised incidence ratio). In practice, the three measures of
effect yield very similar estimates of relative risk, since pros-
tate cancer is a rare occurrence.

Data extraction. Information from the studies was extracted by
S. Bonovas and K. Filioussi, working independently. Standard-
ised data-abstraction forms were used for this purpose. The
following data were collected from each study: (i) publication
data, first author’s last name, year of publication, country of
the population studied; (ii) study design; (iii) number of sub-
jects; (iv) age of subjects; (v) relative risk and 95% confidence
intervals; (vi) case definition for prostate cancer; (vii) diabetes
ascertainment; (viii) control for confounding factors by match-
ing or adjustments. Information was not always provided for
all of the above-named categories.

Inconsistencies were reviewed again until agreement was
achieved.

In studies where more than one estimate of effect (RR) was
presented, we chose the “most adjusted” estimate, i.e. the esti-
mate adjusted for the largest number of potential confounders.

Statistical analysis. Two techniques were used to estimate the
pooled relative risk estimates of these dichotomous factors: the
Mantel-Haenszel method [10] for the assumption of a fixed-ef-
fects model, and the DerSimonian-Laird method [11] for the
assumption of a random-effects model. The fixed-effects mod-
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el leads to valid inferences about the studies assembled, where-
as the random-effects model assumes that the particular study
samples were drawn from a larger universe of possible studies,
and leads to inferences about all studies in that hypothetical
population of studies. The random-effects approach often leads
to wider confidence intervals. If heterogeneity is not present,
the fixed-effects and the random-effects models provide simi-
lar results. When heterogeneity is found (p<0.05), both models
may be biased.

Publication bias was evaluated using the funnel graph, the
Begg and Mazumdar adjusted-rank correlation test [12] and
the Egger regression asymmetry test [13]. The Begg and
Mazumdar test is a statistical analogue of the visual funnel
graph. It determines whether there is a significant correlation
between the effect estimates and their variances. The absence
of a significant correlation suggests that the studies have been
selected in an unbiased manner. The Egger regression asym-
metry test tends to suggest the presence of a publication bias
more frequently than the Begg approach. It detects funnel plot
asymmetry by determining whether the intercept deviates sig-
nificantly from zero in a regression of the standardised-effect
estimates against their precision.

To evaluate whether the results of the studies were homoge-
neous, we used Cochran’s Q test [14]. It is a chi square test
with degrees of freedom equal to the number of studies minus
one, and is used to test the null hypothesis that the difference
between the study estimates of relative risk is due to chance
(the smaller the p value, the less homogeneity present among
study results).

Data were stratified into subgroups on the basis of study
design. This was done to examine consistency across varying
study designs with different potential biases. Homogeneity was
assessed overall and within this stratification.

To evaluate the robustness of the results of this meta-analy-
sis, we also performed a one-way sensitivity analysis. In this
analysis, the overall homogeneity and effect size were calculat-
ed, removing one study at a time [15].

We also calculated the overall homogeneity and effect size
excluding studies where diabetes was ascertained on the basis
of a positive history alone.

Finally, to investigate the impact of the control for con-
founding factors on the study estimates of relative risk, we
grouped the studies into two categories. The first category in-
cluded studies with adequate control for potential confounders
(=2), the second one included studies with poor control (0 or 1).

STATA 6 software was used for the statistical analyses
(STATA , College Station, Tex., USA).

For all tests, a probability level of less than 0.05 was con-
sidered statistically significant.

Results

Search results. The primary computerised literature
search identified 233 records. Examination of these
records yielded 47 potentially relevant manuscripts for
further review. The full text was read and the refer-
ence lists were checked carefully. Finally, we identi-
fied 25 studies examining the association between dia-
betes and prostate cancer [16, 17, 18, 19, 20, 21, 22,
23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36,
37, 38, 39, 40].

Of these, eight studies [16, 17, 18, 19, 20, 21, 22,
23] did not provide sufficient data to estimate relative
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Table 1. Studies included in the meta-analysis
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Study Study Study All Subjects’ PC Relative  95% CI Control for Comments:
location  design subjects  age cases  risk potential
confounders®
Rosenberg etal., USA Case- 509 69+9 320 0.60 0.34-1.06 1,2,3
2002 [27]2 control
Tavani et al., Italy & Case- 1616 NA 608 1.07 0.68-1.66 1,4,5 Combined data
2002 [28] Greece control from 2 case-control
studies [25, 26]
Weiderpass et al., Sweden Cohort of 135950 61.7 2455 0.91 0.87-0.94 1 Incident cases;
2002 [29] DM patients excluded cases
diagnosed within
1 year of diagnosis
of DM
Will et al., USA Cohort 305065 >30 2523 1.13 0.88-1.45 1 Incident cases
1999 [30]
Giovannucci et al., USA Cohort 47781 40-75 1369  0.75 0.59-0.95 1,2,5,6,7 Incident cases
1998 [31]
Wideroff et al., Denmark  Cohort of 54571 64 505 0.9 0.8-1.0 1,8 Incident cases;
1997 [32] DM patients excluded cases
diagnosed within
1 year of cohort entry
Coughlin et al., USA Cohort 320909 35-57 760  0.77 0.43-1.36 1,2,9, 10, Prostate cancer
1996 [33] 11 deaths
Steenland et al., USA Cohort NA 25-74 156 1.45 0.78-2.71 1,5,9, 10, Incident cases and
1995 [34] 12,13 deaths
La Vecchiaetal., Italy Case- 3258 <75 125 0.7 0.3-1.6 1
1994 [35] control
Smith et al., England  Cohort 18274 40-64 90  0.78 0.11-583 1 Prostate cancer
1992 [36] deaths
Thompson etal., USA Cohort 1776 50-84 54 0.5 0.2-1.7 1, 3,5, 10, Incident cases;
1989 [37] 11, 14 excluded cases
diagnosed within
1 year of cohort entry
Checkoway et al., USA Case- 104 =50 40 1.38¢ 041-4.61c -
1987 [38] control
Ragozzinoetal., USA Cohort of NA NA 9 12 0.5-2.2 1 Incident cases and
1982 [39] DM patients deaths; excluded
cases diagnosed within
1 year of diagnosis
of DM
Wynder et al., USA Case- 700 35-59 300 1.18¢ 0.66-2.13¢ - Excluded cases
1971 [40] control diagnosed within

2 years of diagnosis
of DM

DM, diabetes mellitus; NA, information was not available; PC,
prostate cancer. 2 Numbers in square brackets: reference cita-
tions. b 1, age; 2, race; 3, coronary heart disease; 4, education;
5, BMI; 6, vasectomy; 7, energy/fat/calcium/fructose/lycopene

risk or determine a confidence interval. They were ex-
cluded from the meta-analysis. We did not contact the
prime investigators of these studies, as this would have
been fruitless, given the average time (42 years, range:
18 to 71 years) since publication of these eight studies.

Two case-control studies [25, 26] were excluded
from the meta-analysis due to the rule for multiple pu-

intakes; 8, obesity; 9, income; 10, cigarette smoking; 11, serum
cholesterol; 12, alcohol; 13, physical activity; 14, systolic
blood pressure. ¢ Estimated from the raw data presented in the
study report

blications from the same population. Their data had
been included in a combined analysis [28], in order to
assess in a larger data set the relation between diabe-
tes and prostate cancer risk.

Two other case-control studies [38, 40] did not re-
port relative risk estimates. However, they provided
raw data needed to complete a 2X2 table and calculate
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unadjusted estimates of relative risk and 95% confi-
dence intervals. These studies were included in the
meta-analysis.

Finally, we excluded one cohort study of diabetic
patients [24] because the data from the study cohort
were re-analysed and published later upon completion
of 10 additional years of follow-up [29].

The remaining fourteen studies [27, 28, 29, 30, 31,
32,33, 34, 35, 36, 37, 38, 39, 40] were included in the
meta-analysis. Of these, five were case-control studies
[27, 28, 35, 38, 40], six were cohort studies [30, 31,
33, 34, 36, 37] and the remaining three were cohort
studies of diabetic patients [29, 32, 39]. Eight studies
[27, 29, 31, 32, 33, 35, 36, 37] reported relative risks
lower than 1 and six studies [28, 30, 34, 38, 39, 40]
reported relative risks higher than 1. Only two studies
reporting relative risks lower than 1 and none report-
ing relative risks higher than 1 had confidence inter-
vals that did not include unity [29, 31].

In eight of fourteen studies [27, 28, 30, 34, 35, 37,
38, 40] diabetes was ascertained on the basis of a pos-
itive history alone.

Prostate cancer cases diagnosed within one year af-
ter diagnosis of diabetes had been excluded from the
statistical analysis in five studies [29, 32, 37, 39, 40].

Twelve out of fourteen studies [27, 28, 29, 30, 31,
32, 33, 34, 35, 36, 37, 39] were controlled for poten-
tial confounders (at least for age).

Two studies did not indicate race [36, 39], but the
majority of studies enrolled predominantly white par-
ticipants [27, 28, 29, 30, 31, 32, 33, 34, 35, 37, 38,
40].

The majority of the studies were conducted in the
United States [27, 30, 31, 33, 34, 37, 38, 39, 40], but
some were carried out in the United Kingdom [36],
and Europe [28, 29, 32, 35].

The publication dates of the studies included in the
meta-analysis ranged from 1971 to 2002. Study de-
signs, along with the estimated relative risks and 95%
ClIs are shown in Table 1.

Meta-analysis. The funnel plot had the expected fun-
nel shape (Fig. 1). The p values for the Begg and
Mazumdar test and Egger test were p=0.96 and
p=0.89 respectively, both suggesting a low probability
of publication bias.

Similarly, the Cochran’s Q test had a p value
of p=0.38 (0=13.85 on 13 degrees of freedom), indi-
cating that the results of the studies were homoge-
neous.

The statistical analysis revealed an inverse associa-
tion between diabetes mellitus and prostate cancer.
This association was statistically significant both in a
fixed-effects model (RR=0.91, 95% CI: 0.88 to 0.94,
n=14), and in a random-effects model (RR=0.91, 95%
CI: 0.86 to 0.96, n=14).

Figure 2 illustrates the relative risks and 95% Cls
from the individual studies and the pooled results.

S. Bonovas et al.:
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Fig. 1. Funnel plot of the relative risk of developing prostate
cancer, according to the standard error for all studies (black
squares) included in the meta-analysis. Relative risks are dis-
played on a logarithmic scale. p=0.96 for the Begg-Mazumdar
test; p=0.89 for the Egger test

Subgroup and sensitivity analyses. To examine consis-
tency across varying study designs with different po-
tential biases, we stratified data into subgroups on the
basis of study design. The inverse association was sta-
tistically significant among the cohort studies (ran-
dom-effects model: RR=0.91, 95% CI: 0.85 to 0.98,
n=9, p=0.29 for homogeneity), but not among the
case-control studies (random-effects model: RR=0.92,
95% CI: 0.70 to 1.22, n=5, p=0.39 for homogeneity)
(Table 2).

In the sensitivity analysis, the overall homogeneity
and effect size were calculated, removing one study at
a time. This analysis confirmed the stability of the in-
verse association between diabetes and prostate cancer
(Table 3). It is interesting that even when excluding
the study of Weiderpass et al. [29] from the analysis
(this was the study that clearly carries most weight),
the estimated pooled relative risk did not change at all
(RR=0.91, 95% CI: 0.84 to 0.99, n=13).

When the studies where diabetes was ascertained
by history alone [27, 28, 30, 34, 35, 37, 38, 40] were
excluded from the analysis, the p value for the Q test
increased to 0.65 and the calculated effect estimate
was identical in both a fixed- and a random-effects
model (RR=0.90, 95% CI: 0.87 to 0.94, n=6).
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Rosenberg et al., 2002 e —
Tavani et al., 2002 . a—
Weiderpass et al., 2002 +
Will et al., 1999 —1
Giovannucci et al., 1998 ——
Wideroff et al., 1997 —
Coughlin et al., 1996 .
Steenland et al.,, 1995 =
La Vecchia et al., 1994 ¥
Smith et al., 1992 &
Thompson et al., 1989 &
Checkoway et al., 1987 #
Ragozzino et al., 1982 i
Wynder et al., 1971 —_— T
Fixed-effects model: pooled estimate L 2
Random-effects model: pooled estimate 4
0.1 0.5 1.0 2.0
Relative risk (logarithmic scale)
Fig. 2. Analysis of studies, denoted by first author and publica- Table 3. One-way sensitivity analysis
tion year, that examined prostate cancer and its association
with diabetes mellitus. The relative risk and 95% CI for each Study excluded Fixed-effects model
study, along with the pooled estimates, are displayed on a loga-
rithmic scale. For all studies, there is a statistically significant OR (95% CI)
9% decrease in the risk of developing prostate cancer among
diabetic patients None 0.91 (0.88-0.94)
Rosenberg et al. [27] 091 (0.88-0.94)
Tavani et al. [28] 0.91 (0.88-0.94)
Weiderpass et al. [29] 0.91 (0.84-0.99)
Finally, when we investigated the impact of the con- "l et al. [30] Li31 0‘9} (8'22_8'94)
| for confounding factors on the study estimates of Giovannucei et al. [31] 0.2 (0.88-0.95)
trol for cc g Huay | Wideroff et al. [32] 0.91 (0.88-0.95)
relative risk, we observed that studies with adequate  Coughlin et al. [33] 0.91 (0.88-0.95)
control for potential confounders (=2) appeared to  Steenland et al. [34] 0.91 (0.88-0.94)
have lower relative risk estimates than studies with ~ La Vecchia et al. [35] 0.91 (0.88-0.94)
poor control. Specifically, when we only included  Smithetal. [36] 091 (0.88-0.94)
studies with adequate control for potential confounders ~ Lhompson et al. [37] 091 (0.88-0.94)
- - Checkoway et al. [38] 0.91 (0.88-0.94)
(=2) in the meta-analysis, the random-effects model .
. . Ragozzino et al. [39] 0.91 (0.88-0.94)
prov1ded the followmg results (RR=086, 95% CI: 0.73 Wynder et al. [40] 091 (0.88-0.94)

to 0.99, n=7). In contrast, when only the studies with
poor control for potential confounders (0 or 1) were in-

Table 2. Pooled relative risk estimates for prostate cancer and diabetes mellitus by study design

OR, odds ratio

Study type n Fixed-effects model Homogeneity, Random-effects model
p value
RR 95% CI RR 95% CI
All 14 0.91 (0.88-0.94) 0.38 0.91 (0.86-0.96)
Case-control 5 0.92 (0.70-1.22) 0.39 0.92 (0.70-1.22)
Cohort 9 0.91 (0.88-0.94) 0.29 0.91 (0.85-0.98)

RR, relative risk
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cluded in the meta-analysis, the effect estimate was
higher (RR=0.92, 95% CI: 0.88 to 0.95, n=7).

Discussion

To the best of our knowledge, this is the first meta-
analysis of published studies to evaluate the associa-
tion between diabetes mellitus and prostate cancer. It
shows that diabetic patients have a statistically signifi-
cant 9% decrease in risk of developing carcinoma of
the prostate.

When meta-analysis of observational data is per-
formed, consideration of study bias is critical [7]. Ex-
istence of a bias in favour of publication of statistical-
ly significant results is well documented in the litera-
ture [41, 42, 43]. In addition, some epidemiological
studies do not report relative risk estimates if vari-
ables under study are not significant at the initial
“screening” stage. Such studies may therefore have
been excluded from this meta-analysis. However, the
likelihood of an important selection or publication
bias in our results is low. We did not exclude any arti-
cle during the identification and selection process, and
both the Begg and Mazumdar test and the Egger test
revealed no relation between the estimate of relative
risk and study size (p=0.96 and p=0.89 respectively).
So, we are confident that important publication bias
due to preferential publication of large studies with
significant findings is unlikely to have occurred.

Similarly, the Cochran’s Q test had a p value of
p=0.38, indicating that the results of the studies were
homogeneous. Moreover, the sensitivity and subgroup
analyses strengthened our confidence in the validity of
the overall conclusion that diabetic patients are at de-
creased risk of prostate cancer.

Nevertheless, our study has several limitations. The
main limitation is lack of data on type of diabetes
(Type 1 or Type 2) in the populations studied. A sec-
ond potential limitation is that several of the studies
we analysed had enrolled predominantly white partici-
pants. This is a concern, given the higher incidence of
prostate cancer in black people [44, 45]. A third limi-
tation is the possible diagnostic detection bias that is
likely to have occurred in some of the primary studies
included in the meta-analysis. It is well known that the
prevalence of preclinical prostate cancer is high
among older men (0.1-7.6%) [46]. Increased monitor-
ing of individuals recently diagnosed with diabetes
could result in an increased detection of prostate can-
cers (detection bias). If such bias exists in the primary
studies, it would imply that the 9% reduction in pros-
tate cancer risk among diabetic patients, as shown in
our meta-analysis, is underestimated. However, pros-
tate cancer cases diagnosed within one year of diagno-
sis of diabetes were excluded from the statistical anal-
ysis in five primary studies [29, 32, 37, 39, 40]. This
fact decreases the extent of the potential problem.

S. Bonovas et al.:

Another limitation is that non-differential misclassifi-
cation of exposure to diabetes is likely to have occurred
in the eight primary studies where diabetes was ascer-
tained on the basis of positive history alone [27, 28, 30,
34, 35, 37, 38, 40]. Since diabetes is an under-diagnosed
condition, this may have caused non-differential mis-
classification to bias the results of the eight primary
studies towards the null (relative risk = 1.0). However, if
such a bias exists, it would imply that the reduction in
prostate cancer risk among diabetic patients, as shown
in our meta-analysis, is once again an underestimate.

Although the epidemiological data currently avail-
able suggest that diabetic patients are at a significantly
decreased risk of developing carcinoma of the prostate,
our knowledge of the mechanisms underlying this asso-
ciation is incomplete. It is possible that, some factor
may increase the risk of diabetes and at the same time
decrease the risk of prostate cancer. Alternatively, this
inverse relation may be a result of metabolic and hor-
monal aberrations associated with diabetes. The most
obvious change in diabetic patients is a reduced insulin
response. In vitro, insulin appears to be a growth factor
for prostatic epithelia [47]. Insulin also down-regulates
levels of IGF-1 binding protein-1 [48], which increases
bioavailability of IGF-1. Indeed, it has been suggested
that IGF-1 plays an important role in carcinogenesis
[49]. In addition, prostate epithelial cells have IGF-1 re-
ceptors, and IGF-1 stimulates mitogenicity in a dose-
dependent manner in prostate cell lines [50, 51, 52].

The inverse association between diabetes and pros-
tate cancer may also be a result of alterations in sex
hormone levels in diabetic patients. Cell division in
the prostate gland is controlled by testosterone, and
early prostate cancer is sensitive to androgens [53].
Prostate cancer occurs rarely in castrated men [54]
and the prolonged administration of high levels of tes-
tosterone induces prostate cancer in rats [55, 56]. Pa-
tients with cirrhosis, characterised by high oestrogen
and low testosterone levels, also appear to be at lower
risk of prostate cancer [57]. High testosterone levels
have also been associated with an increased risk of
prostate cancer [58]. Diabetic men have lower total
and free testosterone levels [59, 60, 61, 62, 63, 64,
65]. Several studies have demonstrated a stepwise de-
crease in mean testosterone level per progressive in-
crease in fasting plasma glucose throughout the whole
range of plasma glucose [60, 62, 63]. In laboratory an-
imals, diabetes has been associated with reductions in
testicular Leydig cell number [66, 67, 68] and in tes-
tosterone secretion [68, 69], possibly due to a direct
adverse effect of glycaemia [68].

In conclusion, the findings of our meta-analysis
provide strong evidence of an inverse association be-
tween diabetes and prostate cancer. Future research
should re-assess this association, by analysing Type 1
and Type 2 diabetes mellitus separately and taking
into account the possible biases that might have af-
fected this meta-analysis.
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