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Abstract

Objective A history of diabetes has been hypothesized to
decrease prostate cancer risk, but studies have not always
considered confounding or effect modification by dietary
or lifestyle factors.

Methods We examined the association between diabetes
history and subsequent prostate cancer risk in 328,316 men
enrolled in the NIH-AARP Diet and Health Study. Partic-
ipants were ages 50-71 years and without a prostate cancer
diagnosis at baseline in 1995. A prior history of physician-
diagnosed diabetes was assessed using a self-administered
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mailed questionnaire. Cases of prostate cancer were
ascertained by matching the cohort to state cancer regis-
tries. Multivariable relative risks (RR) and 95% confidence
intervals (CI) of prostate cancer were estimated using Cox
regression.

Results During 5 years and 1,432,676 person-years of
follow-up, 11,193 prostate cancer cases were ascertained.
The age-adjusted and multivariable RRs of prostate cancer
comparing men with diabetes to those without diabetes
were 0.69 (95% CI = 0.64, 0.74) and 0.71 (95% CI = 0.66,
0.76), respectively, indicating no important confounding.
The inverse association between diabetes and prostate
cancer was particularly strong among men in the highest
category of routine physical activity at work or home
(RR =0.41; 95% CI=0.23, 0.74; p value for test of
interaction = 0.03). Findings were similar for organ-con-
fined and advanced prostate cancer.

Conclusion Results from this large prospective study
suggest that a history of diabetes is associated with a
decreased risk of prostate cancer. The relationship
strengthened with high levels of routine physical activity.
Because increased physical activity is associated with lower
circulating levels of insulin and testosterone, our findings
support a role of hypoinsulinemia and low androgenicity
linking diabetes to decreased prostate cancer risk.

Keywords Prostate cancer - Diabetes mellitus -
Prospective - Cohort - Incidence - AARP

Introduction

Diabetes mellitus is a major health problem in the United

States, affecting nearly 10% of the population [1]. The
prevalence of diagnosed diabetes has increased substantially
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over the past decade [1], in parallel with increasing levels
of adiposity [2], decreasing levels of physical activity [3],
and aging of the population [4]. Diabetes rates are expected
to continue an upward trajectory in the U.S. and globally in
the years to come [5].

Diabetes has long been recognized as increasing the
risk of several types of cancer [6]. In contrast, a growing
epidemiologic literature suggests that diabetes protects
against the development of prostate cancer [7]. The most
salient biological mechanisms relate to decreased levels
of insulin [8] and testosterone [9] among men with
diabetes. With over 230,000 new cases each year, pros-
tate cancer is the most commonly diagnosed cancer
among U.S. men [10]. Despite its high incidence, the
etiology of prostate cancer remains poorly understood
[11]. Thus, any observed link between diabetes and
prostate cancer provides an important opportunity to help
clarify the biological mechanisms through which diabetes
may decrease the risk of prostate cancer. Also, given the
substantial incidence of both diabetes and prostate cancer,
any factor that might modify the relationship between the
two would have significant clinical and public health
relevance.

The purpose of this study was to examine the association
between diabetes and prostate cancer in a large cohort
study with comprehensive data on diet, medical history,
screening behaviors, and staging of prostate cancer out-
comes. Our study differs from most previous investigations
by exploring a multi-racial population with several thou-
sand prostate cancer cases among white men and several
hundred prostate cancer cases among black, Hispanic, and
Asian men. A further aim was to investigate whether the
relation of diabetes to prostate cancer risk varied by
established or potential prostate cancer risk factors.

Materials and methods
Study population

The National Institutes of Health (NIH)-AARP (formerly
known as the American Association of Retired Persons)
Diet and Health Study was established in 1995 when a
baseline screening questionnaire that elicited information
on medical history and lifestyle characteristics was mailed
to 3.5 million AARP members [12]. Recipients were men
and women who were ages 50-71 years and resided in one
of six U.S. states (CA, FL, LA, NJ, NC, and PA) or two
metropolitan areas (Atlanta, GA, and Detroit, MI) known
to have high-quality cancer registries, adequate minority
representation, and large AARP memberships. A total of
566,407 individuals (16.2%) completed the screening

@ Springer

questionnaire satisfactorily. After excluding 226,736
women and 11,355 men reporting prevalent prostate cancer
at baseline, the analytic cohort included 328,316 men.

Cohort follow-up

Cohort participants were followed up using two annual
linkages. Change-of-address was ascertained by matching
the cohort to the National Change of Address database
maintained by the U.S. Postal Service, and updated through
processing of undeliverable mail, other address change
update services, and directly from participants’ notifica-
tions. Vital status was ascertained by linkage of the cohort
to the Social Security Administration Death Master File in
the U.S. Follow-up searches of presumed deaths in the
National Death Index (NDI) Plus provided verification and
cause of death information. Follow-up time extended from
25 October 1995 to 31 December 2000.

Case ascertainment

Incident cases of prostate cancer were identified by
probabilistic linkage to eight state cancer registries. For
matching purposes, we have virtually complete data on
first and last name, address history, gender, and date of
birth. Social Security number is available in whole or part
for 85% of our cohort. All suspect matches underwent a
review to reject potential matches that were unlikely to be
true (approximately 4%), and uncertain matches under-
went final manual review. We conducted a validation
study comparing registry findings to self-reports and
medical records and found that approximately 90% of all
cancer cases in our cohort were validly identified using
linkage to cancer registries [13]. The North American
Association of Central Cancer Registries (NAACCR)
certifies all eight cancer registries, which are estimated to
be 95% complete for cancers reported up to two years
prior [14]. Date and cause of death from linkage to the
NDI also identified prostate cancer deaths. Staging
procedures corresponded to the TNM stage of disease
classification [15] and were based on clinical or clinical
and surgical findings, and stage was assigned the highest
reported value, based on clinical and prostatectomy
results. Prostate cancers with stages T1-T2 and NOMO
were classified as organ-confined cancers. Cases with
stages T3—-T4 or N1 or M1, or those who died of prostate
cancer were classified as advanced prostate cancers.
Information on Gleason sum was not available. The
Special Studies Institutional Review Board (IRB) of the
U.S. National Cancer Institute approved this study.
Completion of the self-administered baseline questionnaire
was considered to imply informed consent.
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Assessment of diabetes mellitus

On the baseline questionnaire, participants were requested
to report whether they had ever been told by a doctor that
they had any of nine listed medical conditions, one of
which was diabetes. The questionnaire did not inquire
about the time since the diagnosis of diabetes and it did not
differentiate between type 1 and type 2 diabetes. Approx-
imately 95% of all diabetes cases are type 2 [1]; for the
purpose of our analysis, we considered a report of diabetes
on the questionnaire to be type 2 diabetes.

Statistical analysis

Cox proportional hazard regression with age as the time
scale was used to estimate the relative risks (RR) and
corresponding 95% confidence intervals (CI) of prostate
cancer. Tests of the proportional hazard assumptions for
exposures and covariates included in our models indicated
no departures. Follow-up began at the age at which the
baseline questionnaire was received and scanned. Follow-
up ended on the date of prostate cancer diagnosis (for
incident prostate cancers), date of prostate cancer death
(for fatal prostate cancers), death from any other cause,
move out of the registry catchment areas, or the end of
study in 31 December 2000, whichever occurred first. We
ran separate Cox proportional hazards models for total,
organ-confined, and advanced prostate cancers, and pros-
tate cancer deaths. The prostate cancer subtype under study
was censored at their date of diagnosis (or at the date of
death, for prostate cancer deaths). For example, men with
organ-confined prostate cancers were censored at their date
of diagnosis and were not counted as cases in analyses
involving advanced cancers. Likewise, men with advanced
prostate cancers were censored at their date of diagnosis
and were not counted as cases in analyses involving organ-
confined cancers.

The multivariable model contained the following pos-
sible prostate cancer risk factors or factors that were
associated with prostate cancer in our study: current age,
body mass index at baseline, height, education, race, family
history of prostate cancer, smoking status, vigorous phys-
ical activity, supplemental vitamin E use, supplemental
zinc use, alcohol intake, and energy-adjusted intakes of red
meat, alpha-linolenic acid, tomato products, fish, calcium,
and vitamin D from diet and supplements. For each
covariate, we used an indicator variable for a missing
response, if required. In a sub-analysis among 195,812 men
(59.6% of the total analytic cohort) who completed a
supplementary questionnaire in 1996-1997 that sought
more detailed information on cancer risk factors and cancer
screening practices, we additionally adjusted for body mass
index at age 18, history of prostate cancer screening using

digital rectal examination (DRE), and history of screening
for elevated prostate-specific antigen (PSA).

We lacked information on the diagnosis date of diabetes
among men in our study, and therefore we were not able to
directly examine duration of diabetes in relation to
subsequent prostate cancer risk. However, we estimated
risk associated with diabetes according to the number of
years elapsed since baseline. We conducted stratified
analyses to examine whether the diabetes and prostate
cancer relationship was modified by other potential risk
factors for prostate cancer. Tests for interaction were per-
formed with the use of likelihood-ratio tests. All reported p
values were based on two-sided tests. Statistical analyses
were performed using Statistical Analysis Systems (SAS)
release 8.2 (SAS Institute, Cary, NC).

Results

During 1,432,676 person-years of follow-up from 1995
through 2000, we ascertained 11,193 cases of prostate
cancer, of which 9,582 were organ-confined, 1,611 were
advanced, and 135 were prostate cancer deaths. Of the
11,193 prostate cancer cases identified, 10,244 (92%) were
among white men. The mean durations (ranges) of follow-
up in censored men and men who developed prostate
cancer were 4.4 years (1 day to 5.2 years) and 2.4 years
(1 day to 5.1 years), respectively. About 150 men were
diagnosed with prostate cancer and 308 men were censored
within one month of entry. The mean (SD) ages at study
entry and exit were 62.2 (5.3) and 66.6 (5.3) years,
respectively.

At baseline, a total of 34,029 men (10.4%) reported
having been previously diagnosed with diabetes (Table 1).
This is consistent with the prevalence of diabetes in the
1988-1994 U.S. National Health and Nutrition Survey for
men 50-74 years of age (range, 9.6-11.8%) [16]. Men
reporting a history of diabetes were more likely to describe
themselves as black, Hispanic, or Asian and to be less
educated, heavier, and more sedentary than men without a
history of diabetes. In addition, men with a history of
diabetes drank less alcohol but they consumed a diet higher
in red meat than men without diabetes. Diabetic men also
reported a slightly lower family history of prostate cancer
than non-diabetic men.

In age-adjusted analysis, the RR relating history of
diabetes to prostate cancer was 0.69 (95% CI = 0.64, 0.74)
(Table 2). Further adjustment for baseline body mass
index, height, education, race/ethnicity, family history of
prostate cancer, and smoking status did not materially alter
the association (RR = 0.70; 95% CI = 0.65, 0.75). Addi-
tional control for physical activity and dietary intakes of
red meat, alcohol, alpha-linolenic acid, calcium, vitamin D
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Table 1 Selected
characteristics in relation to

Characteristic

History of diabetes

diabetes mellitus status at No Yes
baseline among 328,316 men in n = 294,287 n = 34,029
the NIH-AARP Diet and Health
Study® Age (years) 62.1 63.0
Race (%)
White 94.1 89.7
Black 2.4 5.1
Hispanic 1.8 3.0
Asian® 1.6 22
College graduate (%) 45.8 36.3
Height (m) 1.78 1.78
Body mass index (kg/m?) 27.1 29.3
Body mass index, age 18 years (kg/m?)° 21.6 225
Family history of prostate cancer (%) 10.5 9.7
. . Current smoker (%) 12.9 12.0
2 All values, with the exception
of age, are standardized to the Former smoker (%) 26.2 62.5
age distribution of the cohort Vigorous physical activity (times/week)d 2.7 2.3
® Includes participants who Digital rectal examination in the past 3 years (%)° 83.4 84.8
described them.selves as Pacific Screening for elevated PSA in the past 3 years (%)° 71.5 70.4
EZ‘S‘S:; ﬁ;ﬁfgca“ Indian, or Eofil e:;ergy i'ntal;e (kcal/day) 2068 2025
t t.
¢ Based on individuals who ary dietaty intake
completed the supplementary Alcohol (g) 18.9 11.4
questionnaire Alpha-linolenic acid (g)° 1.32 1.39
9 Defined as physical activity Calcium (mg)>" 918 978
that lasted at least 20 min and Vitamin D (mcg)e’f 94 9.7
caused increases in breathing or .
heart rate, or working up a Fish (g) 207 213
sweat Red meat (g) 71.1 83.6
° Adjusted for total energy Tomato products (servings/1000 kcal) 0.33 0.36
intake Individual supplement use (%)
' Accounts for reported dietary Vitamin E 57.1 53.7
intake and intake from Zinc 13.9 13.0

supplements

from diet and supplements, fish, tomato products, supple-
mental vitamin E, and supplemental zinc also had virtually
no effect on the relative risk estimate (RR = 0.71; 95%
CI = 0.66, 0.76).

After we excluded the first year of follow-up, the
multivariable risk estimate was essentially unchanged
(RR = 0.70; 95% CI = 0.65, 0.76). Additional adjustment
for body mass index at age 18 also had no impact
(RR =0.69; 95% CI = 0.63, 0.77). Further, the relation
was not altered after subsequent control for history of
DRE or history of screening for elevated PSA, individu-
ally (data not shown) or in combination (RR = 0.69; 95%
CI = 0.63, 0.77).

When data were analyzed by tumor stage at prostate
cancer diagnosis, the multivariable RR was 0.71 (95%
CI = 0.65, 0.76) for organ-confined prostate tumors and
0.71 (95% CI = 0.59, 0.86) for advanced tumors (Table 2).
The multivariable RR for prostate cancer death comparing
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men with diabetes to those without diabetes was 0.84 (95%
CI =0.48, 1.46). Diabetic men are less likely to be
upstaged because they are less often treated with surgery
because of concerns about comorbidity. To account for
potential bias caused by this circumstance, we repeated our
analyses of organ-confined and advanced prostate cancers
after disregarding information on pathological staging
and using clinical staging information only. Results were
virtually unchanged (data not shown).

The relation of diabetes to prostate cancer risk
strengthened with an increasing number of years since
baseline (Table 3). The multivariable RR of prostate can-
cer for men with less than one year of follow-up was 0.72
(95% CI = 0.62, 0.84) and it was 0.62 (95% CI = 0.51,
0.76) for men who were followed-up for four or more years
(p value for test of interaction = 0.0001).

We examined whether the effect of diabetes was mod-
ified by established or potential risk factors for prostate
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Table 2 Relative risk of prostate cancer associated with history of diabetes

Prostate cancer Cases Person-years Age-adjusted RR (95% CI) Multivariable RR* (95% CI)
Total cases
Diabetes
No 10,340 1,287,732 1.00 1.00
Yes 853 144,944 0.69 (0.64, 0.74) 0.71 (0.66, 0.76)
Organ-confined cases
Diabetes
No 8852 1,284,476 1.00 1.00
Yes 730 144,711 0.69 (0.64, 0.74) 0.71 (0.65, 0.76)
Advanced cases®
Diabetes
No 1488 1,266,190 1.00 1.00
Yes 123 143,256 0.69 (0.58, 0.83) 0.71 (0.59, 0.86)
Prostate cancer deaths
Diabetes
No 120 1,263,168 1.00 1.00
Yes 15 143,049 0.99 (0.58, 1.70) 0.84 (0.48, 1.46)

? The multivariable model was adjusted for current age (2.5-year categories), body mass index at baseline (<18.5, 18.5-21.9, 22.0-24.9, 25.0—
274, 27.5-29.9, 30.0-34.9, 35.0-39.9, >40.0 kg/m?), height (<1.72, 1.72-1.75, 1.76-1.79, 1.80-1.83, 1.84-1.87, >1.88 m), education
(<12 years, 12 years, post-high school or some college, college graduate, post graduate), race (White, Black, Hispanic, and a combined group of
Asian, Pacific Islander, American Indian, and Alaskan Native), family history of prostate cancer (yes, no), smoking status (never smoking,
currently smoking 1-10, 11-20, 21-30, 3140, 41-60, =60 cigarettes per day, formerly smoking 1-10, 11-20, 21-30, 31-40, 41-60, =60
cigarettes per day), vigorous physical activity that lasted at least 20 min (never or rarely, 1-3 times/month, 1-2 times/week, 3—4 times/week, 5 or
more times/week), supplemental vitamin E use (yes, no), supplemental zinc use (yes, no), alcohol intake (quintiles), and quintiles of energy-
adjusted intakes of red meat, alpha-linolenic acid, tomato products, fish, calcium (from the combination of food and supplements), and vitamin D
(from the combination of food and supplements)

° Includes regionally invasive cases of prostate cancer and prostate cancer deaths

Table 3 Relative risk of prostate cancer associated with history of diabetes according to length of follow-up

Length of follow-up (person-years) Cases Age-adjusted RR (95% CI) Multivariable RR* (95% CI) p for interaction
<1 2253 0.71 (0.61, 0.83) 0.72 (0.62, 0.84)

1.0-1.9 2353 0.77 (0.67, 0.89) 0.79 (0.69, 0.92)

2.0-2.9 2514 0.71 (0.61, 0.82) 0.73 (0.63, 0.85)

3.0-3.9 2418 0.59 (0.50, 0.69) 0.61 (0.52, 0.72)

4.0 1655 0.60 (0.49, 0.74) 0.62 (0.51, 0.76) <0.0001

* The multivariable model was adjusted for current age (2.5-year categories), body mass index at baseline (<18.5, 18.5-21.9, 22.0-24.9, 25.0-
27.4, 27.5-29.9, 30.0-34.9, 35.0-39.9, >40.0 kg/m?), height (<1.72, 1.72-1.75, 1.76-1.79, 1.80-1.83, 1.84-1.87, >1.88 m), education
(<12 years, 12 years, post-high school or some college, college graduate, post graduate), race (White, Black, Hispanic, and a combined group of
Asian, Pacific Islander, American Indian, and Alaskan Native), family history of prostate cancer (yes, no), smoking status (never smoking,
currently smoking 1-10, 11-20, 21-30, 3140, 41-60, 260 cigarettes per day, formerly smoking 1-10, 11-20, 21-30, 31-40, 41-60, 260
cigarettes per day), vigorous physical activity that lasted at least 20 min (never or rarely, 1-3 times/month, 1-2 times/week, 3—4 times/week, 5 or
more times/week), supplemental vitamin E use (yes, no), supplemental zinc use (yes, no), alcohol intake (quintiles), and quintiles of energy-
adjusted intakes of red meat, alpha-linolenic acid, tomato products, fish, calcium (from the combination of food and supplements), and vitamin D
(from the combination of food and supplements)

cancer (Table 4). The inverse relation between diabetes
and prostate cancer was particularly strong among men in
the highest category of routine physical activity at work or
home (RR = 0.41; 95% CI = 0.23, 0.74; p value for test of
interaction = 0.03). Also, the association of diabetes to
prostate cancer appeared to be stronger among men in the

highest category of vigorous physical activity (RR = 0.59;
95% CI = 0.49, 0.70), although the test for interaction was
not statistically significant (p value = 0.12). Those findings
were not materially altered after the first year of follow-up
was excluded (data not shown). The inverse relation with
diabetes was more pronounced among men with greater
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Table 4 Relative risk of prostate cancer associated with history of diabetes according to selected factors

Characteristic Cases Multivariable RR* (95% CI) p for interaction
Age (years)

<52.5 108 0.73 (0.29, 1.85)

52.5-54.9 403 0.83 (0.55, 1.25)

55.0-57.4 630 0.62 (0.43, 0.89)

57.5-59.9 1,038 0.82 (0.65, 1.05)

60.0-62.4 1,395 0.68 (0.55, 0.84)

62.5-64.9 1,938 0.74 (0.62, 0.88)

65.0-67.4 2,461 0.69 (0.59, 0.79)

67.5-69.9 2,622 0.64 (0.55, 0.74)

>70.0 598 0.96 (0.74, 1.25) 0.37
Race

White 10,244 0.69 (0.65, 0.75)

Black 478 0.84 (0.65, 1.07)

Hispanic 190 0.77 (0.49, 1.20)

Asian® 144 0.68 (0.39, 1.18) 0.42
Family history of prostate cancer

No 9,738 0.70 (0.65, 0.76)

Yes 1,455 0.72 (0.59, 0.88) 0.86
Education

Less than high school 658 0.63 (0.49, 0.81)

12 years or completed high school 1,704 0.60 (0.50, 0.72)

Post-high school or some college 3,336 0.73 (0.65, 0.83)

College graduate 2,596 0.81 (0.70, 0.94)

Post graduate 2,598 0.71 (0.60, 0.84) 0.25
Current BMI (kg/m?)

<18.5 51 0.49 (0.11, 2.31)

18.5-21.9 579 0.76 (0.52, 1.12)

22.0-24.9 2,747 0.68 (0.57, 0.81)

25.0-27.4 3,416 0.64 (0.55, 0.74)

27.5-29.9 2,103 0.75 (0.64, 0.87)

30.0-34.9 1,695 0.79 (0.68, 0.91)

35.0-39.9 298 0.72 (0.53, 0.98)

240.0 78 0.65 (0.35, 1.17) 0.44
BMI at age 18 years (kg/m>)°

<18.5 701 0.65 (0.48, 0.88)

18.5-21.9 2,878 0.62 (0.53, 0.73)

22.0-24.9 1,628 0.79 (0.65, 0.95)

25.0-27.4 528 0.80 (0.60, 1.05)

27.5-29.9 117 0.73 (0.43, 1.25)

>30.0 71 0.42 (0.19, 0.89) 0.14
Weight change since age 18°

>4.0 kg loss 182 0.47 (0.23, 0.93)

Stable weight (+3.9 kg) 477 0.73 (0.49, 1.08)

4.0-9.9 kg gain 1,016 0.77 (0.58, 1.02)

10.0-19.9 kg gain 2,053 0.70 (0.59, 0.85)

20.0-39.9 kg gain 2,078 0.66 (0.56, 0.77)

240.0 kg gain 310 0.70 (0.51, 0.97) 0.66

@ Springer



Cancer Causes Control (2007) 18:493-503 499

Table 4 continued

Characteristic Cases Multivariable RR* (95% CI) p for interaction
Waist circumference®

Quintile 1 931 0.66 (0.47, 0.92)

Quintile 2 1,021 0.63 (0.47, 0.85)

Quintile 3 1,101 0.62 (0.47, 0.81)

Quintile 4 1,060 0.65 (0.51, 0.82)

Quintile 5 953 0.73 (0.59, 0.89) 0.92
Vigorous physical activity®

Never or rarely 1,551 0.73 (0.62, 0.86)

1-3 times per month 1,356 0.76 (0.63, 0.94)

1-2 times per week 2,403 0.74 (0.64, 0.87)

3—4 times per week 3,213 0.71 (0.62, 0.82)

5 or more times per week 2,546 0.59 (0.49, 0.70) 0.12
Daily activity routine at work or home

Mostly sitting 722 0.80 (0.64, 1.01)

Combination of sitting and walking 3,378 0.81 (0.72, 0.91)

Combination of walking and standing 4,440 0.63 (0.56, 0.72)

Climbing stairs or lifting/carrying light loads 2,077 0.66 (0.55, 0.80)

Heavy work or carrying heavy loads 365 0.41 (0.23, 0.74) 0.03
History of DRE®

No 638 0.96 (0.72, 1.28)

Once in the past 3 years 1,426 0.79 (0.66, 0.96)

More than once in the past 3 years 4,140 0.61 (0.54, 0.69) 0.002
History of PSA test®

No 944 0.83 (0.65, 1.06)

Once in the past 3 years 1,292 0.69 (0.57, 0.86)

More than once in the past 3 years 3,742 0.68 (0.59, 0.77) 0.39

* The multivariable model was adjusted for current age (2.5-year categories), body mass index at baseline (<18.5, 18.5-21.9, 22.0-24.9, 25.0—
27.4, 27.5-29.9, 30.0-34.9, 35.0-39.9, >40.0 kg/m?), height (<1.72, 1.72-1.75, 1.76-1.79, 1.80-1.83, 1.84-1.87, >1.88 m), education
(<12 years, 12 years, post-high school or some college, college graduate, post graduate), race (White, Black, Hispanic, and a combined group of
Asian, Pacific Islander, American Indian, and Alaskan Native), family history of prostate cancer (yes, no), smoking status (never smoking,
currently smoking 1-10, 11-20, 21-30, 3140, 41-60, =60 cigarettes per day, formerly smoking 1-10, 11-20, 21-30, 31-40, 41-60, =60
cigarettes per day), vigorous physical activity that lasted at least 20 min (never or rarely, 1-3 times/month, 1-2 times/week, 3—4 times/week, 5 or
more times/week), supplemental vitamin E use (yes, no), supplemental zinc use (yes, no), alcohol intake (quintiles), and quintiles of energy-
adjusted intakes of red meat, alpha-linolenic acid, tomato products, fish, calcium (from the combination of food and supplements), and vitamin D
(from the combination of food and supplements)

Within each stratum, men without diabetes served as the reference group. Participants with a missing response on a stratification variable were
excluded from that particular stratified analysis. The number of prostate cancer cases with missing responses were as follows: race = 137; family
history of prostate cancer = 2,299; education level = 301; current weight or height (to calculate BMI at baseline) = 226; vigorous physical activity
= 124, daily routine at work or home = 211; weight or height at age 18 (to calculate BMI at age 18) = 446, weight at age 18 or current weight (to
calculate weight change since age 18) = 253, waist circumference = 1,303, history of DRE = 165, and history of PSA test = 391

® Includes participants who described themselves as Pacific Islander, American Indian, or Alaskan Native
¢ Based on individuals who completed the supplementary questionnaire
9 Defined as physical activity that lasted at least 20 min and caused increases in breathing or heart rate, or working up a sweat

frequency of undergoing a DRE (p value for test of inter-  Discussion

action = 0.002). Associations between diabetes and pros-

tate cancer were largely similar across various subgroups
of men defined by age, race/ethnicity, family history of
prostate cancer, education level, current and adolescent
body mass index, adult weight change, and waist circum-
ference (all p values for test of interaction >0.14).

In this large, prospective study, we observed a significant
inverse association between history of diabetes and sub-
sequent prostate cancer risk. The relation of diabetes to
prostate cancer risk was stronger among physically active
than inactive men. The association was not modified by
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age, race/ethnicity, family history of prostate cancer, edu-
cation, current or adolescent body mass, adult weight gain,
or waist circumference.

Early population studies on diabetes and prostate cancer
reported mixed results [6, 17-29], none of which were
statistically significant, which may have been due to lim-
ited statistical power [17, 18, 20, 22, 24-29], reverse cau-
sation [24, 28], or failure to account for potential
confounding [17-24, 26, 27]. In 1991, Adami et al. [30]
were the first to report a statistically significant 30% de-
creased risk of prostate cancer among men diagnosed with
diabetes. Since then, ten prospective studies [31-40] and
four case—control studies [41-44] have found a statistically
significant [36—40, 42-44] or non-significant [31-35, 41]
inverse association between impaired glucose tolerance or
diabetes and prostate cancer. In contrast, two prospective
studies [45, 46], three case—control studies [47-49], and
one cross-sectional study [50] observed a positive relation
between the two that was statistically non-significant, and
one prospective [51] and one case—control study [52] noted
a null association. A meta-analysis [7] that included 14
studies published up to 2002 reported that a history of
diabetes is related to a weak reduction in the risk of
prostate cancer (RR = 0.91; 95% CI = 0.86, 0.96). With
over twice as many prostate cancer cases as in that first
meta-analysis on the topic, a recent meta-analysis [53] of
19 relevant studies published up to 2005 concluded that
diabetes history is associated with a modest decrease in
prostate cancer risk (RR = 0.84; 95% CI = 0.76-0.93).

Our finding of an approximate 30% reduction in prostate
cancer risk among diabetic men is strikingly consistent
with several of the more recent cohort studies on this topic.
The largest among these is the Cancer Prevention Study
(CPS)-II, which included 5,318 cases and reported that men
with diabetes had a 33% lower risk of prostate cancer than
men without diabetes (RR = 0.67; 95% CI = 0.60, 0.75)
[39]. A similar risk reduction was seen in the Health Pro-
fessionals Follow-up Study (RR = 0.75; 95% CI = 0.59,
0.95) [36], the Physicians Health Study (RR = 0.64; 95%
CI = 0.43, 0.95) [38], and a prospective study nested in the
General Practitioners Research Database (RR = 0.72; 95%
CI = 0.59, 0.87) [40].

In our study, the apparent protective influence of dia-
betes did not strengthen when we repeated our analyses
using more advanced stages of prostate cancer or using
prostate cancer deaths as alternative outcomes. The most
likely explanation for the weak association between dia-
betes and prostate cancer death observed in our study is
limited statistical power with n = 15 exposed cases of fatal
prostate cancer. Alternatively, it is possible that while
diabetes may prevent the initiation of prostate cancer, it
will have little or no effect on the subsequent progression
of prostate cancer. That notion is consistent with the
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observation that a history of diabetes is not related to
presenting with high risk prostate cancer at diagnosis [54,
55], although several [36, 38, 39, 42], but not all [43, 46]
studies have found the inverse relation with diabetes to be
more pronounced for advanced than localized prostate
cancer.

We lacked data on the diagnosis date of diabetes, but
given the age range of men in our study (50-71 years) and
the mean age at diagnosis of diabetes among U.S. adults
(46.7 years) [56], it is likely that the majority of partici-
pants reporting a history of diabetes were diagnosed more
than 10 years prior to study baseline. Our finding of a
suggestively stronger diabetes and prostate cancer associ-
ation with an increasing number of years elapsed since
study baseline is consistent with most of the few studies
[36-39, 48] that reported an inverse association between
time since diabetes diagnosis and prostate cancer. Alter-
natively, increased medical surveillance upon diagnosis of
diabetes may have resulted in prostate cancers being
diagnosed earlier, thereby spuriously decreasing prostate
cancer risk during the later years of follow-up in our study.
In contrast to our and other investigations [36-39, 48], one
study [46] noted a positive relation between duration of
diabetes and prostate cancer risk, but that finding was based
on 22 cases of prostate cancer and there was no evidence of
a clear dose-response relationship.

We specifically addressed the relation of diabetes to
prostate cancer among non-white men because minority
groups in the U.S. are particularly affected by diabetes [1]
and black men show disproportionately high rates of
prostate cancer [10]. We found an inverse association
between diabetes and prostate cancer risk among black,
Hispanic, and Asian men, although the risk estimates were
not statistically significant due to small numbers of cases.
Alternative sources of available data regarding the relation
of diabetes to prostate cancer among non-white men are
limited to three case—control studies [26, 42, 43]. One of
these studies [43] included 171 cases among black men and
reported a strong inverse association between diabetes and
prostate cancer (odds ratio (OR) = 0.36; 95% CI = 0.21,
0.62). In contrast, another U.S. study [42] found a positive
relation of diabetes to prostate cancer among black men
based on 17 cases (OR = 3.16; 95% CI = 0.67, 15.0). That
study [42] also examined men of Hispanic ethnicity and
found an inverse relation of diabetes to prostate cancer but
the analysis involved only two cases. The only available
data on Asian men comes from an older study from Japan
[26] which reported a statistically non-significant, slight
increase in risk of prostate cancer among men with diabetes
(OR = 1.17; 95% CI was not provided).

We considered whether the inverse association between
diabetes and prostate cancer was due to a bias against being
diagnosed with prostate cancer among diabetic men. In our
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study, men with and without diabetes were similarly likely
to have undergone a recent DRE or PSA test, which argues
counter to the presence of such a bias. Other studies have
shown that diabetic men do not have lower PSA levels [54,
57] or a lower prostate volume [57] than non-diabetic men,
circumstances that could delay or prevent a diagnosis of
prostate cancer among diabetic men. Because we did not
collect information on PSA values, we cannot rule out that
lower PSA levels in diabetic men caused a delay in the
detection of prostate cancer compared to men without
diabetes during the relatively short period of follow-up
(five years) in our study. In contrast, heightened medical
surveillance of individuals diagnosed with diabetes is also
a possibility but cannot explain our findings because such
detection bias would result in spuriously increased (as
opposed to decreased) prostate cancer diagnoses among
diabetics. When we addressed in more detail possible
diagnostic bias by stratifying our sample according to
prostate cancer screening history, we noted a strong inverse
association between diabetes and prostate cancer among
men with a recent DRE, which further makes detection bias
unlikely. Divergently, an association between diabetes and
prostate cancer was not evident among men without a
recent DRE, possibly because men with infrequent visits to
a doctor are less likely to receive prostate cancer screening
examinations, a diagnosis of diabetes, or a diagnosis of
prostate cancer than men who see their doctor regularly. A
similar, but much weaker pattern was observed when we
stratified our sample according to history of screening for
elevated PSA.

Although our study lacked data on the type of diabetes,
nearly 95% of diabetes cases are type 2 [1], which implies
that the inverse association between diabetes and prostate
cancer risk observed in our study essentially pertains to
type 2 diabetes. Our approach of ascertaining diabetes on
the basis of self-reported positive history alone bears the
potential for misclassifying diabetes status, but such non-
differential misclassification would underestimate the
apparent protective effect of diabetes on prostate cancer
risk. In addition, the validity of self-report for diabetes
has shown excellent agreement (97.2%) with medical
records [58].

We could not investigate whether a man’s diabetes was
managed by diet and physical activity, factors that have
been associated with a reduced risk of prostate cancer [59].
However, adjustment for a wide range of dietary and
lifestyle factors had virtually no impact on our risk
estimates, suggesting that confounding by a healthy life-
style among men diagnosed with diabetes is unlikely to
explain our results. We were unable to discern whether
the lower risk of prostate cancer among diabetics was due
to medication taken to treat diabetes rather than a mecha-
nism related to diabetes itself. Data on the influence of

antidiabetics on prostate cancer are limited to two studies
[40, 42], both of which reported a decreased risk of prostate
cancer among diabetics who were prescribed either insulin
or sulphonylureas. The intriguing findings from those two
studies [40, 42] require confirmation.

Although our data strongly suggest that men with type 2
diabetes are at significantly decreased risk of developing
prostate cancer than men without diabetes, the underlying
biological mechanisms remain speculative. The inverse
association between diabetes and prostate cancer indicates
that metabolic or hormonal perturbations concurrent with
diabetes progression lower the risk of prostate cancer.
Early forms of type 2 diabetes are accompanied by
hyperinsulinemia, which is related to decreased levels of
insulin-like growth factor binding protein (IGFBP-3) and
sex-hormone binding globulin (SHBG), and consequently
increased levels of circulating IGF-1 and testosterone [8].
In contrast, as diabetes advances to hypoinsulinemic
stages, IGFBP-3 and SHBG levels increase, and IGF-1
and testosterone levels decrease [8]. In addition to low
circulating levels of IGF-1 and testosterone levels among
individuals with long-standing diabetes, a direct deleterious
effect of hyperglycemia on testicular Leydig cell function
and testosterone production [9] may also contribute to
the apparent protective effect of diabetes on prostate
cancer risk.

In support of a role of hypoinsulinemia and low
androgenicity, we found a stronger inverse relation of
diabetes to prostate cancer risk in physically active than
inactive men. Although this may represent a chance find-
ing, physical activity lowers circulating levels of insulin
independently of body mass [60] and it lowers bioavailable
testosterone levels [61]. Our finding of a stronger inverse
relation between diabetes and incident prostate cancer than
prostate cancer deaths suggests that among men who
developed fatal prostate cancer, the apparent protective
effect of low insulin levels was partially offset by the
adverse effect of low testosterone levels on prostate tumor
differentiation. Heightened androgenic stimulation has
been hypothesized to prevent the dedifferentiation of the
prostate epithelium, whereas a low testosterone milieu may
promote the development of a hormonally insensitive, less
differentiated and ultimately fatal prostate cancer [62, 63].

The principle implications of our study are in clarifying
whether our findings are applicable to other populations
and improving our knowledge of the biological mecha-
nisms through which diabetes influences the risk of prostate
cancer. Refining our understanding of diabetes and prostate
cancer may enable us to identify certain groups of men at
high risk for prostate cancer that may be targeted for
increased screening frequency or early pharmacological or
lifestyle interventions. The clinical or public health impli-
cations of our study are less obvious; despite the possibility
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of a protective effect of diabetes on prostate cancer risk,
impaired glucose tolerance has overwhelmingly adverse
effects on general health status. Thus, future studies should
continue to replicate these findings, including in non-white
populations. In addition, the biological pathways through
which diabetes may ameliorate prostate carcinogenesis
warrant further investigation.
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