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The current epidemiologic evidence suggests that men with type 2 diabetes mellitus may be at lower risk of developing pros-

tate cancer, but little is known about its association with stage and grade of the disease. The association between self-

reported diabetes mellitus at recruitment and risk of prostate cancer was examined in the European Prospective Investigation

into Cancer and Nutrition (EPIC). Among 139,131 eligible men, 4,531 were diagnosed with prostate cancer over an average

follow-up of 12 years. Multivariable hazard ratios (HR) and 95% confidence intervals (CI) were estimated using Cox propor-

tional hazards models stratified by EPIC-participating center and age at recruitment, and adjusted for education, smoking sta-

tus, body mass index, waist circumference, and physical activity. In a subset of men without prostate cancer, the cross-

sectional association between circulating concentrations of androgens and insulin-like growth factor proteins with diabetes

status was also investigated using linear regression models. Compared to men with no diabetes, men with diabetes had a

26% lower risk of prostate cancer (HR, 0.74; 95% CI, 0.63–0.86). There was no evidence that the association differed by stage

(p-heterogeneity, 0.19) or grade (p-heterogeneity, 0.48) of the disease, although the numbers were small in some disease

subgroups. In a subset of 626 men with hormone measurements, circulating concentrations of androstenedione, total testos-

terone and insulin-like growth factor binding protein-three were lower in men with diabetes compared to men without diabe-

tes. This large European study has confirmed an inverse association between self-reported diabetes mellitus and subsequent

risk of prostate cancer.

Prostate cancer is the most frequently diagnosed cancer in
men and one of the leading causes of cancer death in Europe
and the United States.1 The only well-established risk factors
for prostate cancer are age, ethnicity, family history of the
disease and genetic factors.

Diabetes mellitus type 2 has been associated with a higher
risk for several cancer types (e.g., liver, pancreas, endometrial,

colorectal, bladder, non-Hodgkin lymphoma, breast).2 How-
ever, two recent meta-analyses reported a lower risk of total
prostate cancer among men with diabetes,3,4 suggesting there
is some unique aspect of prostate cancer pathophysiology or
detection related to diabetes mellitus. For example, diabetes
may lower circulating testosterone concentrations, known to
be important in prostate growth and prostate cancer

What’s new?

Emerging evidence suggests that men with type 2 diabetes are at lower risk to develop prostate cancer. Using data obtained

within the European Prospective Investigation into Cancer and Nutrition (EPIC), the authors show that the prostate cancer risk

was, indeed, reduced by 26% in men with type 2 diabetes but no association with cancer stage or grade was observed. In a

subset of men for whom data on circulating hormones were available, levels of androstenedione, total testosterone and

insulin-like growth factor binding protein-three were lower in those with diabetes as compared to those without diabetes, giv-

ing clues to how having diabetes could affect prostate cancer development.
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development.5 Alternatively, diabetes may be associated with
lower prostate-specific antigen (PSA) concentrations, increased
prostate size or a lower prevalence of PSA testing, leading to a
reduction in the detection of localized biopsy-detected prostate
cancer, although relatively few prospective studies have exam-
ined the association by stage and grade of the disease.5

The aim of the current study is to examine the association
of diabetes mellitus with prostate cancer risk in the European
Prospective Investigation into Cancer and Nutrition (EPIC).
A secondary aim is to compare the circulating concentrations
of androgens (androstenedione, androstanediol glucuronide,
total and calculated free testosterone), sex hormone binding
globulin (SHBG), insulin-like growth factor-one (IGF-I) and
IGF binding protein-three (IGFBP-III) in men with and with-
out diabetes in a subset of the cohort to explore the mecha-
nisms through which diabetes might influence risk.

Material and Methods
Study population

EPIC is a prospective cohort with 23 centers in 10 European
countries (Denmark, France, Germany, Greece, Italy, The
Netherlands, Norway, Spain, Sweden, and the United King-
dom) that recruited more than half a million participants in
the 1990s to investigate potential dietary, lifestyle, and sero-
logic cancer risk factors. Participants were aged 35 to 70 years
at enrolment between 1992 and 2000, and were voluntarily
recruited predominantly from the general population residing
in a given geographic area. Standardized lifestyle question-
naires, anthropometric data, and country-specific food ques-
tionnaires were collected via mail and a visit to an examination
center from 521,457 participants, of whom 30% were men.
About 386,000 individuals also provided a 30 mL blood sample
at recruitment drawn by experienced phlebotomists according
to a standardized protocol, which was aliquoted at each EPIC
center into 0.5 mL straws half of which was stored locally and
the other half was transported to the International Agency for
Research on Cancer (IARC) except for Sweden and Denmark
where all samples were stored locally. In France and Norway
only women were enrolled. All participants provided written
informed consent. Approval for the study was obtained from
the ethical review boards of the participating institutions and
the (IARC). The cohort population and data collection proce-
dures have been described in more detail elsewhere.6

The study population comprised 148,015 male participants
after excluding men with prevalent cancer at recruitment.
Men who did not return the baseline lifestyle and dietary
questionnaire (n 5 2,914), those who were in the top or bot-
tom 1% of the ratio of energy intake to estimated energy
requirement (n 5 2,847) and those with missing information
on diabetes status at baseline (n 5 3,123) were also excluded,
leaving 139,131 men available for analysis.

Assessment of prostate cancer

Incident prostate cancer cases were identified through linkage
to population cancer registries in Denmark, Italy, The Neth-

erlands, Spain, Sweden, and the United Kingdom, or with a
combination of methods including linkage to health insur-
ance records, regional health departments, municipality regis-
tries, hospital- or physician-based cancer and pathology
registries, and active follow-up through mail or phone calls
to study participants or their next of kin in Germany and
Greece. Follow-up began at the date of recruitment and
ended at either the date of diagnosis of prostate cancer, death
or last complete follow-up (from 31 December 2007 to 14
June 2010 according to center). A total of 4,531 men devel-
oped prostate cancer (International Classification of Diseases
10th revision codes: C61) in this time period.

Data on the stage and grade of prostate cancer at diagno-
sis were collected from each center, where possible. A total of
2,582 cases (57%) had stage information, of which 1,688 were
classified as localized (tumor-node-metastasis [TNM] staging
score of T0-T2 and N0/Nx and M0, or stage coded in the
recruitment center as localized) and 894 were classified as
advanced prostate cancer (T3-T4 and/or N1-N3 and/or M1, or
stage coded in the recruitment center as metastatic). A total
of 2,186 cases (48%) had grade information, of which 1,811
were classified as low-grade (Gleason score of <8, or grade
coded as well differentiated or moderately differentiated) and
375 were classified as high-grade prostate cancer (Gleason
score of �8, or grade coded as poorly differentiated or undif-
ferentiated). When a Gleason score of 7 (instead of 8) was
used to define prostate cancer grade in a sensitivity analysis,
the associations between diabetes and cancer grade were very
similar (data not shown).

Assessment of diabetes and other variables

Information on socio-demographics, lifestyle characteristics,
anthropometric variables and dietary intakes were collected
via questionnaires at the time of recruitment. Information on
medical history was also collected, including whether partici-
pants had ever been diagnosed with diabetes and if so, at
what age. No distinction was made between type 1 or type 2
diabetes, although the vast majority (93%) were diagnosed
after the age of 30 and are therefore likely to be type 2 diabe-
tes. Information on the use of insulin treatment was self-
reported from the baseline questionnaire. Some EPIC centers
subsequently validated the self-reported diagnosis of diabetes
at baseline by cross-referencing with additional information
sources (sensitivity of 79%) including: verification by a medi-
cal practitioner, use of diabetes medication, repeated self-
report of diabetes diagnosis in follow-up questionnaires, link-
age to diabetes registries, or a glycated hemoglobin (HbA1c)
concentration of above 6% (42 mmol/mol).7

Weight, height, waist and hip circumference were meas-
ured at recruitment, except for part of the Oxford cohort,
where height and weight were self-reported. Body mass index
(BMI) was calculated as weight in kilograms divided by
height in meters squared. Food and nutrient intakes were
estimated from the baseline food questionnaire, details of
which are published elsewhere.6
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All laboratory assays were performed at IARC from
blood samples collected at recruitment and stored at liquid
nitrogen (2196�C) since then, except for the most recent
IGF assays that were measured at the Cancer Epidemiology
Unit, University of Oxford, by experienced personnel who
were blinded to the case-control or diabetic status of the
blood samples. Androstenedione, androstanediol glucuro-
nide, testosterone and SHBG concentrations were measured
by radio-immunoassays. Free testosterone concentrations
were calculated using the law of mass action from the
measured values of testosterone and SHBG, assuming a con-
stant serum albumin concentration of 43 g/L.8 Serum IGF-I
and IGFBP-III concentrations were measured by ELISAs.
More details on blood collection and processing, assay
methods and quality control statistics are described
elsewhere.9,10

Statistical analysis

Cox proportional hazards models were used to estimate hazard
ratios (HR) and 95% confidence intervals (95% CI) for pros-
tate cancer using age as the underlying time scale. Age at entry
was defined as the participants’ age at recruitment, and exit
time was age at diagnosis of prostate cancer, death, loss to
follow-up or censoring at the end of the follow-up period,
whichever came first. The proportionality of hazards was veri-
fied based on the slope of the Schoenfeld residuals over time.
Linear trends for time since diabetes diagnosis were tested by
entering an ordinal variable into the models, the coefficients of
which were evaluated by the Wald test. All models were strati-
fied by EPIC recruitment center and age at enrolment (<50,
50–54, 55–59, 60–64, 65–69, �70 years). Models were adjusted
for known or suspected risk factors for prostate cancer, in-
cluding education (less than university, university graduate),
smoking status (never, former, current), BMI (in qu-
intiles:< 23.6,� 23.6< 25.5,� 25.5< 27.2, �27.2< 29.4, �29.4
kg/m2), waist circumference (in quintiles: <86, �86< 92,
�92< 97, �97< 103, �103 cm), and physical activity (inac-
tive, moderately inactive, moderately active, active). Missing
values were assigned to separate categories for education
(2.6%), smoking status (1.4%), BMI (0.6%), waist circumfer-
ence (9.7%), and physical activity (2.2%), and missing indica-
tors were used in the statistical models. Analyses that excluded
men with missing values for any of these covariates, and anal-
yses that included further adjustments for employment, hip
circumference, waist to hip ratio, dietary intake of energy,
alcohol, fruits and vegetables, fish, protein from dairy sources,
calcium, red meat intake, and self-reported history of cardio-
vascular disease (CVD) gave very similar results and are not
presented here.

Stratified analyses were conducted according to age at
recruitment (<60 vs. �60 years), BMI (<25, 25–29,
�30 kg/m2), and physical activity (inactive and moderately
inactive vs. moderately active and active), because these vari-
ables are known to influence diabetes and/or prostate cancer
risk. Tests for interaction were carried out by using the rele-

vant exposure variables, indicator variables for the poten-
tially modifying factors, and product terms of the two
variables. The statistical significance of the interaction terms
was evaluated by the Wald test. Country-specific analyses
were also performed. All p values (p) were two-sided and
all analyses were performed using STATA version 12 (Col-
lege Station, TX).

Sensitivity analyses were performed that (i) excluded men
with possible type 1 diabetes due to their potentially different
metabolic profile and thus different aetiology (n 5 339); (ii)
restricted analyses to men with a validated diagnosis of dia-
betes (n 5 3,202); (iii) excluded men with a self-reported his-
tory of CVD (n 5 30,918) and those with missing CVD
information to approximate treatment with a statin (n 5

5,045); (iv) excluded men diagnosed with prostate cancer in
the first three years after the diagnosis of diabetes, due to the
potential for heightened medical surveillance, but no such
cases existed in our cohort.

To shed light on the association linking diabetes with
prostate cancer, we evaluated the cross-sectional association
of naturally logarithm-transformed androgen concentrations
(androstenedione, androstanediol glucuronide, total and cal-
culated free testosterone), SHBG, IGF-I and IGFBP-III with
diabetes status using a linear regression model controlling for
laboratory batch, EPIC center, age at recruitment, and BMI
among 626 men without prostate cancer (controls) for whom
measurements were available from published nested case-
control studies in EPIC that evaluated the association
between these hormones and risk of prostate cancer.9,10 The
IGF-I analysis was conducted in 1,527 men.

Results
Overall, 139,131 men were followed-up for an average of 12
years (range, 0–18 years), of whom 4,531 men developed
prostate cancer (Table 1). The overall mean age at recruit-
ment was 52 years, and ranged from 43 years in the Nether-
lands to 56 years in Denmark, while the overall mean age at
prostate cancer diagnosis was 67 years. The proportion of
men with self-reported diabetes at recruitment was 3.7%
(5,100 men), and ranged from 1.2% in the Netherlands to
7.1% in Greece. A total of 1,546 (30%) diabetic men had a
duration of diabetes at recruitment of more than 10 years,
and use of insulin treatment was reported by 813 (16%) dia-
betic men.

The age-adjusted characteristics of the men with and
without diabetes are shown in Table 2. Compared to men
without a history of diabetes, men with diabetes were on
average older (mean age: 51.4 vs. 57.5 years), had lower edu-
cational level (% university graduate: 27.2 vs. 21.9), were less
likely to be in paid employment (81.2 vs. 71.2%), less physi-
cally active (24.6 vs. 18.8%), had a greater self-reported his-
tory of CVD (21.2 vs. 40.4%), and had a higher BMI (mean:
26.6 vs. 28.1 kg/m2) but reported a lower caloric intake
(mean: 2414 vs. 2253 kcal).
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Diabetes and total prostate cancer

Of the 4,531 prostate cancer cases, 157 (3.5%) men had a
self-reported history of diabetes at recruitment. A self-
reported history of diabetes was associated with a 27%
reduced risk of total prostate cancer (Table 3; HR, 0.73;
95% CI, 0.62–0.85). Additional adjustment for education,
smoking, BMI, waist circumference and physical activity
made little difference to this risk estimate (HR, 0.74; 95%
CI, 0.63–0.86). Compared to men who were diagnosed with
diabetes less than 5 years before recruitment, men with
longer-standing diabetes did not have a lower risk for total
prostate cancer (�10 vs. <5 years since diabetes diagnosis;
HR, 0.99; 95% CI, 0.66–1.48; based on 134 cases). However,
when compared to men without diabetes, the association
was lower with increasing duration of diabetes (>12 years
since diabetes diagnosis vs. no history of diabetes; HR, 0.64;
95% CI, 0.45–0.92; p trend, 0.001). Compared to men with
diabetes not on insulin treatment, insulin was not associated
with risk of total prostate cancer (HR, 0.86; 95% CI, 0.51–
1.48) and further adjustment for duration of diabetes did
not alter the results (data not shown). The association of
diabetes status and prostate cancer risk did not change
according to subgroups of age at recruitment, BMI, physical
activity (Supporting Information Table S1) or by country
(p-heterogeneity, 0.81).

Diabetes and prostate cancer by stage and grade

There was no statistical evidence (Table 3) that the association
between self-reported history of diabetes and prostate cancer
risk differed by stage or grade of the disease (p-heterogeneity
of 0.19 and 0.48, respectively), although diabetes was associ-
ated with a 30% reduced risk of localized prostate cancer (HR,
0.70; 95% CI, 0.54–0.90; based on 63 cases with diabetes), and
was not associated with advanced disease (HR, 0.93; 95% CI,
0.66–1.30; based on 36 cases with diabetes). For grade, diabetes
was associated with a 19% reduced risk of low-grade prostate
cancer (HR, 0.81; 95% CI, 0.64–1.01; based on 80 cases with
diabetes), and a 34% lower risk of high-grade disease (HR,
0.66; 95% CI, 0.39–1.12; based on 15 cases with diabetes).

Sensitivity analyses

Sensitivity analyses that excluded men with possible type 1
diabetes (i.e., 339 men with an age at diabetes diagnosis
below 30 years) did not change the overall risk estimate (HR,
0.74; 95% CI, 0.62–0.87). Similarly, when analyses were
restricted to the 3,202 men with a verified diabetes diagnosis,
the corresponding risk estimate was 0.79 (95% CI, 0.66–
0.94). When the analysis was restricted to 103,168 men with-
out a self-reported history of cardiovascular disease, the
inverse association of diabetes with prostate cancer risk
became slightly stronger (HR, 0.63; 95% CI, 0.50–0.81).

Table 2. Selected characteristics at recruitment in relation to history of diabetes mellitus among 139,131 men in EPIC1

Characteristic

History of diabetes mellitus

No (n 5 134,031) Yes (n 5 5,100)

Mean age (SD), yr 51.4 (10.1) 57.5 (8.3)

University graduate (95% CI), % 27.2 (26.9–27.4) 21.9 (20.7–23.1)

Paid employment (95% CI), % 81.2 (80.9–81.5) 71.2 (69.8–72.6)

Current smoker (95% CI), % 29.7 (29.4–29.9) 30.2 (28.9–31.5)

Physically active (95% CI), % 24.6 (24.4–24.9) 18.8 (17.6–19.9)

Self-reported cardiovascular disease (95% CI), % 21.2 (21.0–21.5) 40.4 (39.0–41.8)

Mean body mass index (95% CI), kg/m2 26.6 (26.5–26.6) 28.1 (28.0–28.2)

Mean waist circumference (95% CI), cm 94.8 (94.7–94.8) 99.0 (98.7–99.2)

Mean hip circumference (95% CI), cm 101 (101–102) 103 (102–103)

Mean waist to hip ratio (95% CI) 0.94 (0.93–0.94) 0.96 (0.96–0.97)

Daily mean (95% CI) dietary intake

Energy, kcal 2,414 (2,411–2,418) 2,253 (2,235–2,271)

Alcohol, g 20.8 (20.7–20.9) 20.6 (20.0–21.2)

Fruits and vegetables, g 399 (397–400) 474 (467–481)

Red meat, g 58.5 (58.3–58.7) 60.1 (59.1–61.2)

Fish, g 27.3 (27.2–27.5) 32.8 (32.1–33.6)

Calcium, mg 1,039 (1,037–1,041) 1,106 (1,096–1,116)

Protein from dairy sources, g 19.2 (19.1–19.3) 20.9 (20.6–21.2)

1Age at recruitment-adjusted means and proportions are presented using linear and logistic regression models, respectively. The means of dietary
intake are also adjusted for daily energy intake and EPIC center.
Abbreviations: EPIC, European Prospective Investigation into Cancer and Nutrition; SD, standard deviation; CI, confidence interval.
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Sex steroid hormones, IGFs and diabetes

To investigate potential mechanisms that could explain the
inverse association between diabetes and prostate cancer in
our study population, we evaluated the association between
circulating concentrations of several sex hormones and
growth factors previously implicated in prostate cancer etiol-
ogy according to diabetes status (Table 4). Compared to men
without diabetes, men with diabetes had lower concentrations
of androstenedione (geometric mean: 4.16 vs. 4.72nmol/L; p,
0.03), total testosterone (14.1 vs. 15.9 nmol/L; p, 0.09), and
IGFBP-III (117 vs. 130 nmol/L; p, 0.006), but the sample size
was small in some of these cross-sectional analyses.

Discussion
In this cohort study involving 139,131 men and 4,531 inci-
dent prostate cancers, there was a 26% reduction in risk of
prostate cancer associated with a self-reported history of dia-
betes. There was no evidence that the association between
diabetes and prostate cancer varied significantly by stage and
grade of the disease, although there were small numbers of
men with diabetes and resulting low statistical power in some
disease subgroups.

Previous meta-analyses have also reported a lower risk of
prostate cancer among men with diabetes, the most recent of
which included 45 studies and observed a statistically

Table 3. Hazard ratio (HR) and 95% confidence interval (CI) for diabetes mellitus and prostate cancer among 139,131 men in EPIC

Variable Cases Person-years
Age and center-stratified,

HR (95% CI)
Multivariable adjusted,

HR (95% CI)1 p-heterogeneity

Total prostate cancer

History of diabetes

No 4,374 1,498,428 1.00 (reference) 1.00 (reference)

Yes 157 51,794 0.73 (0.62–0.85) 0.74 (0.63–0.86)

Years since diabetes

<5 55 20,788 1.00 (reference) 1.00 (reference)

5–9 30 10,493 1.02 (0.65–1.61) 1.01 (0.64–1.60)

�10 49 15,135 0.99 (0.66–1.47) 0.99 (0.66–1.48)

p-trend 0.96 0.97

Insulin treatment

No 113 35,530 1.00 (reference) 1.00 (reference)

Yes 20 7,875 0.84 (0.50–1.43) 0.86 (0.51–1.48)

Localized prostate cancer2

History of diabetes

No 1,625 1,498,428 1.00 (reference) 1.00 (reference)

Yes 63 51,794 0.69 (0.54–0.89) 0.70 (0.54–0.90)

Advanced prostate cancer3

History of diabetes

No 858 1,498,428 1.00 (reference) 1.00 (reference)

Yes 36 51,794 0.92 (0.66–1.29) 0.93 (0.66–1.30) 0.19

Low-grade prostate cancer4

History of diabetes

No 1,731 1,498,428 1.00 (reference) 1.00 (reference)

Yes 80 51,794 0.79 (0.63–0.99) 0.81 (0.64–1.01)

High-grade prostate cancer5

History of diabetes

No 360 1,498,428 1.00 (reference) 1.00 (reference)

Yes 15 51,794 0.69 (0.41–1.16) 0.66 (0.39–1.12) 0.48

1From a Cox proportional hazards model stratified by EPIC-participating center and age at recruitment, and adjusted for education, smoking status,
body mass index, waist circumference, and physical activity.
2Tumor-node-metastasis staging score of T0-T2 and N0/Nx and M0, or stage coded in the recruitment center as localized.
3T3-T4 and/or N1-N3 and/or M1, or stage coded in the recruitment center as metastatic.
4Gleason score of <8, or grade coded as well differentiated or moderately differentiated.
5Gleason score of �8, or grade coded as poorly differentiated or undifferentiated.E
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significant 14% risk reduction.4 An inverse association was
also observed in the Prostate Cancer Prevention Trial
(PCPT), where all men underwent biopsy at the end of the
study, thereby reducing the possibility of detection bias.11

Very few studies have not reported an inverse association,
and they had either a short follow-up, few incident cancer
events or did not adjust for obesity.12–14 However, a recent
report from the REDUCE trial, where all men had biopsies
both during and at the end of the study, showed a null asso-
ciation between diabetes and subsequent prostate cancer inci-
dence,15 although this study had only a 4-year follow-up and
likely included men with better-controlled diabetes. Further
evidence supporting the notion that the inverse association
between diabetes and prostate cancer may be causal comes
from studies where the association appears to strengthen
with increasing duration of diabetes compared to men with-
out diabetes, which agree with our findings.16–20 However,
when we performed a more appropriate linear trend analysis
only among men with diabetes, longer duration of the disease
was not associated with the risk of prostate cancer but this
analysis was based on 134 cases and has not been performed
in other studies. Only this analysis may directly identify the
association of diabetes duration on cancer risk over and
beyond the effect of diabetes diagnosis per se and also men
with diabetes may differ from men without the disease in
several characteristics that may not be appropriately captured
in any list of confounders. Recent genetic studies have high-
lighted a potential genetic link between diabetes mellitus and
prostate cancer. The A allele of a single nucleotide polymor-
phism (rs4430796) in the hepatocyte nuclear factor-1b gene
was associated with an increased risk of prostate cancer,
whereas the same allele of the same variant was inversely
associated with type 2 diabetes in a genome-wide association
study.21 In addition, diabetes mellitus susceptibility genetic
scores have been inversely associated with prostate cancer,22

but this finding is not entirely consistent.23

Several potential mechanisms have been proposed to
explain the inverse association between diabetes mellitus and
prostate cancer. First, men with severe type 2 diabetes have
lower circulating testosterone concentrations, possibly result-
ing from the detrimental effect of hyperglycemia on testoster-
one production.24 While our finding of lower testosterone
concentrations in men with diabetes supports this hypothesis,
it is uncertain whether this would directly impact prostate
cancer development, as the current epidemiologic evidence
does not support an association between adult circulating tes-
tosterone levels in the normal range and prostate cancer
risk.25 However, randomized clinical trials and epidemiologi-
cal studies have shown that decreased intraprostatic andro-
genic stimulation with use of 5a-reductase inhibitors can
decrease the risk of total prostate cancer,26 although it is
unknown whether diabetes affects intraprostatic androgen
concentrations. Other potential proposed mechanisms for the
inverse association between diabetes and prostate cancer
include the relative hypoinsulinemia after long-standing dia-
betes, as insulin levels decrease over time with pancreatic
beta cell depletion, and the resulting limited bioavailability of
IGF-I through modulating IGF-binding proteins,27 which has
been associated with a decreased risk of prostate cancer in
epidemiological studies.28 However, IGF-I was not lower in
diabetics compared to non-diabetics in our study but a recent
prospective investigation reported an inverse association
between free IGF-I and risk of diabetes.29

Data from the PCPT and the ProtecT (Prostate testing for
cancer and Treatment) studies suggested that the inverse associa-
tion with diabetes was stronger for low grade tumors compared
to high grade disease, but the associations were similar by
stage.11,30 In addition, the Prostate, Lung, Colorectal, and Ovarian
Cancer Screening Trial (PLCO) observed that the inverse associa-
tion with diabetes was present for localized and less aggressive
tumors but not for advanced or more aggressive disease.31 How-
ever, several other studies found no such differences by tumour

Table 4. Geometric means and 95% confidence intervals of androgen and growth factor concentrations by diabetic status in a subset of EPIC
controls1

Androgens and growth factors

History of diabetes2

No Yes

Mean (95% CI) Mean (95% CI) p

Androstenedione (nmol/L) 4.72 (4.60–4.84) 4.16 (3.73–4.64) 0.03

Androstanediol glucuronide (nmol/L) 12.9 (12.3–13.5) 11.7 (9.69–14.2) 0.35

Total testosterone (nmol/L) 15.9 (15.4–16.4) 14.1 (12.3–16.2) 0.09

Free testosterone (pmol/L) 273 (265–282) 244 (213–280) 0.12

Sex hormone binding globulin (nmol/L) 43.3 (41.9–44.8) 39.6 (34.4–45.6) 0.22

Insulin-like growth factor-I (nmol/L) 19.8 (19.5–20.1) 19.4 (18.0–20.9) 0.58

Insulin-like growth factor binding protein-III (nmol/L) 130 (128–132) 117 (109–126) 0.006

1From a linear regression analysis between natural log-transformed androgen and growth factor concentrations and diabetic status at baseline
adjusted for laboratory batch, age at blood draw, body mass index, EPIC center.
2All analyses were conducted among 37 diabetic and 589 non-diabetic controls, except for insulin-like growth factor-I analysis where 78 diabetic
and 1,449 non-diabetic controls were used.
Abbreviations: CI, confidence interval.
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aggressiveness,16,17,20 which is consistent with our findings,
together with a meta-analysis of nine studies.32 Given the rela-
tively small number of studies with available stage and grade
information and the small proportion of advanced tumors in our
study and in populations with screen-detected cases, further pro-
spective epidemiological studies are needed to confirm the associ-
ation of diabetes with different stages and grades of prostate
cancer and also explore the association with lethal disease.

The association between type 2 diabetes and risk of pros-
tate cancer is complicated by the several types of drug ther-
apy often necessary for diabetes treatment. Potential
protective effects of diabetes medications could also contrib-
ute to the inverse association between diabetes and prostate
cancer. The biguanide metformin is the most commonly used
first-line therapy for type 2 diabetes persons. Metformin acti-
vates the liver enzyme adenosine monophosphate-activated
protein kinase (AMPK), which has been shown to inhibit
growth of cancer cells in several in vitro and in vivo studies.33

The upstream regulator of AMPK is the protein kinase
LKB1, which is a well-recognized tumor suppressor. Treat-
ment with metformin has been associated in some studies
with a reduced risk of total cancer incidence or mortality, but
results from clinical trials or observational studies have gen-
erally not found a reduced risk of prostate cancer.34,35 While
EPIC has information on insulin treatment at recruitment, it
does not have data on other treatments, which may limit our
interpretation of the cross-sectional analyses of hormone con-
centrations by diabetes status, as diabetes medication may
influence IGF and sex hormone bioavailability.36

In interpreting the observed inverse association between
diabetes and prostate cancer, it is important to consider non-
causal explanations that could have been generated by vari-
ous potential biases. First, most but not all studies have
shown that diabetes may indirectly suppress PSA values,37–39

which could mean that men with diabetes are less likely to
be detected with localized disease compared to men without
diabetes. However, overall there is no evidence that diabetes
is more strongly associated with aggressive disease. Further-
more, studies that have either adjusted for PSA screening
practices or that have biopsied all participants at the study
end (thereby minimizing PSA-mediated detection bias) have
still observed inverse associations.11,16 Second, diabetes may
increase the risk for an enlarged prostate (benign prostatic
hyperplasia), and thus lead to a decreased likelihood to detect
cancer with biopsy.38 However, the evidence supporting this
detection bias is not consistent, because prostate size has
been linearly and positively associated with serum concentra-
tions of PSA,37 high values of which would increase the like-

lihood of receiving a biopsy. Moreover, participants with
enlarged prostates were excluded from the PCPT that still
observed a significant inverse association between diabetes
and prostate cancer.11 Third, a study has showed that dia-
betics were less likely to be screened with PSA,40 but other
studies indicated no significant differences.17,31 Fourth, diabe-
tes classification was based on self-report in our study and
misclassification of patients with diabetes who did not know
that they had the disease to the referent group of participants
without diabetes is likely. However, any misclassification
would have been non-differential, as the assessment of diabe-
tes was performed at baseline long before cancer diagnosis,
and thus it would have attenuated our results towards the
null rather than be responsible for the observed inverse asso-
ciation. Moreover, self-reported measures of diabetes status
have been previously shown to be 99.7% specific and 66%
sensitive when compared to medical records.41

Residual confounding for known or suspected risk factors
for prostate cancer is unlikely to explain the inverse associa-
tion, because adjustment for a wide range of measured cova-
riates made no material difference to our observed results.
However, long-standing type 2 diabetics have a high preva-
lence of dyslipidemia and may be at increased risk for cardio-
vascular disease, therefore a large number of them will also
be treated with a lipid-lowering medication such as a statin.
Although the overall evidence for an association between sta-
tin use and prostate cancer is not strong, a recent meta-
analysis showed that statins may be associated with a small
reduction in the risk of total prostate cancer,42 another study
also showed an inverse association between use of metformin
and prostate cancer only among the subgroup of diabetics
concurrently taking statins.43 We did not have information
on statin use in EPIC, but adjusting for self-reported history
of cardiovascular disease did not materially alter our risk esti-
mates. Furthermore, when participants with a history of car-
diovascular disease were excluded, the inverse association for
diabetes and prostate cancer was strengthened, suggesting
that residual confounding from statin use is unlikely to
explain our findings.

In conclusion, our study confirmed an inverse association
between diabetes mellitus and risk of prostate cancer. More
work is needed to improve understanding of the effects of dia-
betes, its duration and its subsequent treatment on sex hor-
mone and IGF concentrations and risk of prostate cancer.
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