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Among men of European ancestry, diabetics have a lower risk of prostate cancer than do nondiabetics. The
biologic basis of this association is unknown. The authors have examined whether the association is robust across
populations in a population-based prospective study. The analysis included 5,941 prostate cancer cases identified
over a 12-year period (1993-2005) among 86,303 European-American, African-American, Latino, Japanese-
American, and Native Hawaiian men from the Multiethnic Cohort. The association between diabetes and prostate-
specific antigen (PSA) levels (n = 2,874) and PSA screening frequencies (n = 46,970) was also examined.
Diabetics had significantly lower risk of prostate cancer than did nondiabetics (relative risk = 0.81, 95% confidence
interval (Cl): 0.74, 0.87; P < 0.001), with relative risks ranging from 0.65 (95% CI: 0.50, 0.84; P = 0.001) among
European Americans to 0.89 (95% CI: 0.77, 1.03; P = 0.13) among African Americans. Mean PSA levels were
significantly lower in diabetics than in nondiabetics (mean PSA levels, 1.07 and 1.28, respectively; P = 0.003) as
were PSA screening frequencies (44.7% vs. 48.6%; P < 0.001); however, this difference could explain only a small
portion (~20%) of the inverse association between these diseases. Diabetes is a protective factor for prostate

cancer across populations, suggesting shared risk factors that influence a common mechanism.

cohort studies; diabetes mellitus, type 2; ethnology; prostate-specific antigen; prostatic neoplasms

Abbreviations: Cl, confidence interval; PSA, prostate-specific antigen; RR, relative risk.

Prostate cancer and type 2 diabetes are 2 of the most
common chronic diseases that afflict the aging male popu-
lation. Epidemiologic studies conducted primarily in popu-
lations of European ancestry have provided evidence of an
inverse relation between these diseases, with diabetics hav-
ing ~20% lower risk of developing prostate cancer than do
nondiabetics (1-8). However, considerable effect heteroge-
neity has been noted among studies, highlighting the need
for additional prospective analyses of these endpoints in
large representative population-based studies. The biologic
basis of this suspected relation is currently unknown and,
aside from age and perhaps obesity (4, 9, 10), these 2 dis-
eases share no known nongenetic risk factors.

The inverse relation between these endpoints may be due
to direct effects on prostate cancer growth and development,
as men with type 2 diabetes have been found to have lower
prostate-specific antigen (PSA) levels, on average, than do

men without type 2 diabetes (11, 12). The reported protec-
tive effects of type 2 diabetes may also be attributed to
differences in prostate cancer screening in diabetic and non-
diabetic patients. Differences in health maintenance, access
to medical care, and the presence of serious medical con-
ditions may result in more (or less) medical attention and
preventive measures (13). Thus, examining the association
between type 2 diabetes status and prostate cancer screening
frequencies is important to quantify the degree to which
detection bias may explain the apparent relation.

The incidence rates of type 2 diabetes and prostate cancer
vary widely across populations. However, the ethnic dispar-
ities for these common diseases are not correlated; that is,
not all populations with high rates of diabetes are at low risk
of prostate cancer (14-20). The extent to which these dis-
eases are linked in non-European populations is not clear.
To confirm the previously reported association in a large,
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representative population-based prospective study, as well
as to examine the consistency of the association across
racial/ethnic populations with differing rates of prostate
cancer, we evaluated prostate cancer incidence by type
2 diabetes status in a multiethnic sample of 86,303 men
from the Multiethnic Cohort (21). We also assessed the pre-
sumed effect of diabetes status in the etiology of prostate
cancer by examining PSA levels in a multiethnic sample of
men with and without type 2 diabetes. We also evaluated
PSA screening frequencies in diabetics and nondiabetics to
define the role of screening bias in explaining the observed
association between these common diseases.

MATERIALS AND METHODS
Study population

The Multiethnic Cohort is a prospective cohort study that
includes 215,251 men and women, the majority from 5
racial/ethnic groups in Hawaii and Los Angeles, California
(African Americans, European Americans, Native Hawaiians,
Japanese Americans, and Latinos) (21). Between 1993 and
1996, participants entered the cohort by completing a
26-page, self-administered questionnaire that asked about
diet and demographic factors, personal behaviors (e.g.,
physical activity), history of prior medical conditions
(e.g., diabetes), and family history of common cancers.
Potential cohort members were identified primarily through
Department of Motor Vehicles drivers’ license files and,
additionally for African Americans, Health Care Financing
Administration data files. Participants were between the ages
of 45 and 75 years at the time of recruitment.

In the cohort, incident prostate cancer cases are identified
annually through cohort linkage to the population-based
Surveillance, Epidemiology, and End Results (SEER) can-
cer registries in Hawaii and Los Angeles County, as well as
the California Cancer Registry. Information on stage and
grade of disease is also obtained through these registries.
Linkage with these registries is complete through December
31, 2004, in Hawaii and December 31, 2005, in California.
Over this period, 5,941 incident cases of invasive prostate
cancer were identified. Deaths within the cohort are deter-
mined from linkages to the death certificate files in Hawaii
and California, supplemented with linkages to the National
Death Index. In the Multiethnic Cohort, diabetes status is
defined on the basis of self-report on the baseline question-
naire. This question did not differentiate between type 1
diabetes and type 2 diabetes, and thus we expect a small
fraction (<10%) of the respondents to have type 1 diabetes
and to be potentially misclassified (22).

In addition to self-reported race/ethnicity, the following
risk factors were included in the analysis: body mass index
(weight (kg)/height (m)?), educational level (<12 years,
some college or vocational, and college graduate), first-
degree family history of prostate cancer, and amount of
vigorous physical activity (0, >0-1.5, >1.5-5, and >5 hours/
week). Vigorous activity includes both vigorous sports and
vigorous work.

We limited our analysis to 91,018 men in the Multiethnic
Cohort from the 5 major racial/ethnic groups. We excluded

men with a prevalent report of prostate cancer (n = 3,004)
based on self-report or from the Surveillance, Epidemiol-
ogy, and End Results registries. We excluded men with
missing information for body mass index (n = 838), educa-
tional level (n = 872), and diabetes status (n = 1). The
prospective analysis of the association between diabetes
status and prostate cancer incidence in this study includes
86,303 men.

PSA levels were previously measured on 4,623 men in the
Multiethnic Cohort (23). These men were randomly selected
from the cohort to evaluate the distribution of PSA levels
across ethnic groups. We excluded 194 men with prevalent
prostate cancer at baseline. We also excluded 1,527 men
with incident prostate cancer during the follow-up period,
to ensure that elevated PSA levels among undiagnosed cases
did not influence the results. Another 28 men with missing
body mass index data were excluded from the analysis,
leaving 2,874 men who are included in the final analysis
of the effect of type 2 diabetes on PSA levels.

In 2001, we sent a short follow-up questionnaire to cohort
members. On this questionnaire, we also asked about PSA
screening prior to 1999. Of the 86,303 men included in the
primary analysis of type 2 diabetes and prostate cancer,
23,768 (27.5%) did not complete the follow-up question-
naire. We also excluded 4,649 men with incident prostate
cancer. Finally, we excluded men under the age of 50 years
(n = 10,916) because annual PSA screening is recommen-
ded to begin at age 50 (24). This leaves 46,970 men included
in the analysis of the association between type 2 diabetes
and PSA screening.

The informed consent and study protocol were approved
by the institutional review boards at the University of South-
ern California and the University of Hawaii.

Statistical analysis

Cox regression was used to estimate hazard ratios (re-
ported as relative risks) for the effect of type 2 diabetes on
prostate cancer incidence (STATA, version 8, software; Sta-
taCorp LP, College Station, Texas). We adjusted for age,
body mass index, educational level, and race/ethnicity (in
pooled analyses). Neither body mass index nor educational
level was associated with prostate cancer risk, but both re-
mained in the model as the former was found to be associ-
ated with PSA levels and the latter was found to be a highly
significant predictor of PSA screening. Physical activity and
family history of prostate cancer were left out of the final
model because neither had an effect on the association be-
tween type 2 diabetes and prostate cancer. Stratified analy-
ses were performed in older age groups to assess whether
type 2 diabetes duration and long-term exposure to declin-
ing insulin levels may be important in prostate cancer de-
velopment. Because men may be at increased risk of
prostate cancer within the first few years following a diabetes
diagnosis as a result of higher insulin levels, and since the
date of type 2 diabetes diagnosis is unknown for cohort
members, we also performed a sensitivity analysis to exam-
ine whether the association might be attenuated in recently
diagnosed diabetics. In this analysis, we censored follow-up
of incident prostate cancer cases incrementally by year from
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Table 1. Descriptive Characteristics by Race/Ethnicity and Diabetes Status (Yes/No) in the Multiethnic Cohort (n = 86,303), Los Angeles,
California, and Hawaii, 1993-2005
European African Native Japanese Latinos
Americans Americans Hawaiians Americans Total
Yes No Yes No Yes No Yes No Yes No
No. of men 1,440 20,606 1,791 9,475 988 5,088 3,160 22,927 3,446 17,382 86,303
Mean age, years (SD) 62.8 (8.1) 58.5 (9.0) 63.4 (8.0) 60.9 (8.9) 59.2 (8.0) 56.1 (8.6) 63.6 (8.3) 60.6 (9.2) 61.7 (7.0) 59.7 (7.8)
No. of prostate 60 1,193 215 1,295 35 213 160 1,302 198 1,270 5,941
cancer cases
Prostate cancer 242.8 413.9 686.2 845.2 257.9 373.8 270.1 354.9 304.2 433.7
incidence rates®
Family history of 7.0 7.9 7.9 8.8 5.6 5.7 6.1 6.2 5.1 5.8
prostate cancer, %°
Body mass index
(kg/m?), %°
<23 13.1 21.3 11.1 17.5 7.6 13.8 21.0 26.3 12.3 16.7
23-24.99 8.1 17.9 9.6 14.6 4.7 11.1 17.3 25.1 8.1 10.8
25-29.99 42.7 45.7 445 47.8 40.0 45.6 451 41.4 491 53.8
30-34.99 23.7 11.9 24.4 15.9 28.1 20.3 12.9 6.2 22.8 15.1
>35 12.3 3.1 10.0 4.3 19.6 9.1 3.7 1.0 7.7 3.5
Educational level, %"
<12 years 34.6 23.2 41.8 40.0 63.0 53.8 36.6 34.8 67.4 64.1
Some college or 29.0 29.1 36.9 37.0 25.8 28.5 34.3 30.5 22.5 23.5
vocational
College graduate 36.4 47.7 20.8 22.9 11.2 17.7 29.1 34.6 10.2 12.3
Physical activity
(hours/week), %°°
0 39.5 27.9 43.7 34.1 29.7 221 39.3 33.0 37.7 28.9
>0-1.5 16.0 14.4 17.5 15.6 13.9 13.4 19.6 18.2 14.3 14.3
>1.5-5 20.8 23.5 15.7 22.0 23.4 25.7 20.9 23.4 18.0 20.9
>5 20.1 31.6 17.2 23.9 29.3 35.7 17.3 23.0 24.4 31.1

Abbreviation: SD, standard deviation.
@ Adjusted to the 1970 US standard population.

b Age standardized (5-year age groups) to the total population included in the study.

¢ Percentages do not add up to 100% because of missing values.

1 to 5 years after cohort entry. We also examined the asso-
ciation in analyses stratified by body mass index (>25 kg/
m? and <25 kg/m?). Analyses stratified by Gleason score to
determine the effect of type 2 diabetes status on prostate
cancer severity were also conducted. This latter analysis
excludes 370 prostate cancer cases with missing information
on the Gleason score.

In the analysis of PSA levels, generalized linear models
were used to estimate least-squared mean PSA levels by
type 2 diabetes status (SAS, version 9.1, software; SAS In-
stitute, Inc., Cary, North Carolina). Models were adjusted
for the putative confounders of age, body mass index, and
race/ethnicity. We calculated PSA screening frequencies
adjusted for both age and educational level by type 2 di-
abetes status, and we tested for a difference using logistic
regression; body mass index was not found to influence the
effect of type 2 diabetes on PSA screening. The fraction of
the association between type 2 diabetes and prostate cancer
that may be attributable to PSA screening was estimated.
Assuming that prostate cancer incidence roughly doubled
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since the initiation of PSA screening (25), with about 50%
of men being screened, we estimate that incidence rates
have increased by 0.02 per 1% of the population screened.
We then used this slope to estimate the relative impact of
screening on prostate cancer incidence in diabetic and non-
diabetic men as follows: relative risk (RR)psa = (1 + 0.02 X
screening frequency in nondiabetics)/(1 4+ 0.02 X screening
frequency in diabetics), with (1 — RRpsa/l — RRpyp) being
an estimate of the fraction of the association between type 2
diabetes (T2D) and prostate cancer incidence attributable to
PSA screening.

RESULTS

The mean age of the men (n = 86,303) in this study was
59.9 (standard deviation, 8.8) years and ranged from 56.6
for Native Hawaiians to 61.3 for African Americans (Table 1).
The age-standardized prostate cancer incidence rate of
830.2 (per 100,000) was nearly 2 times greater in African



940 Waters et al.

Americans than in the other populations (Table 1). The age-
adjusted prevalence of type 2 diabetes also varied widely
across populations, from 6.9% in European Americans to
18.0% in Native Hawaiians. The mean age of the diabetic
men in our study at baseline was slightly higher than that of
the nondiabetic men for each racial/ethnic group, ranging
from 59.2 years (vs. 56.1 in nondiabetics) in Native Hawai-
ians to 63.6 years (vs. 60.6 in nondiabetics) in Japanese
Americans. The age-standardized prostate cancer incidence
rates were lower in diabetic men than in nondiabetic men for
each racial/ethnic group, ranging from 242.8 (per 100,000)
in European-American diabetics (vs. 413.9 in nondiabetics)
to 686.2 in African-American diabetics (vs. 845.2 in non-
diabetics). First-degree family history of prostate cancer
was also less common in diabetic men than in nondiabetic
men for each racial/ethnic group, ranging from 5.1% in
Latino diabetic men (vs. 5.8% in nondiabetics) to 7.9% in
African-American diabetic men (vs. 8.8% in nondiabetics).
As expected, in each population, diabetic men were more
likely to be overweight and less physically active than men
without type 2 diabetes (Table 1).

In multivariate analyses, men with type 2 diabetes had
significantly lower risk of prostate cancer than did men
without type 2 diabetes (RR = 0.81, 95% confidence in-
terval (CI): 0.74, 0.87; P < 0.001) (Table 2). The inverse
association was observed consistently in all 5 populations
and ranged from 0.65 (95% CI: 0.50, 0.84) in European
Americans to 0.89 (95% CI: 0.77, 1.03) in African Ameri-
cans (Pheterogencity = 0.32). We also examined the effect of
type 2 diabetes status on prostate cancer incidence by age at
entry into the cohort as a surrogate for duration of type 2
diabetes, as the progressive decline of insulin levels with age
among type 2 diabetics has been suggested to be protective
for prostate cancer (1, 3, 6, 8). We found no evidence that
the inverse association was strengthened among older men
(Table 2). However, we did observe a slight, yet consistent,
decrease in the relative risk when censoring the follow-up of
incident cases, by year, within the first 5 years of follow-up
(Appendix Figure 1). We observed no significant difference
in the association when stratified by body mass index (>25
kg/m?*: RR = 0.78, 95% CI: 0.71, 0.86; <25 kg/m*: RR =
0.86, 95% CI: 0.74, 1.00; Piperaction = 0.24). We also ob-
served consistent effects by disease severity (Gleason score
<7, n = 3,853: RR = 0.81, 95% CI: 0.73, 0.90; Gleason
score >7, n = 1,703: RR = 0.76, 95% CI: 0.65, 0.89).

Association of PSA levels with type 2 diabetes status
and body mass index

In the subset of 2,874 men with PSA measurements, di-
abetic men (n = 344) were found to have significantly lower
least square geometric mean PSA levels than did nondia-
betic men (n = 2,530; 1.04 vs. 1.29 ng/mL; P < 0.001).
Adjusting for body mass index had little effect on this as-
sociation (1.07 vs. 1.28 ng/mL; P = 0.003) (Table 3). This
association was noted in all populations except Native
Hawaiians and was statistically significant in European
Americans (0.62 vs. 1.21 ng/mL; P = 0.003) and Latinos
(0.99 vs. 1.27 ng/mL; P = 0.02). Consistent with previous
reports (11, 12), this report also shows an inverse relation

between body mass index and PSA levels (Table 3). In
ethnicity-pooled analyses, compared with men with a body
mass index of <25 kg/mz, men with a body mass index of
>30 had 13.8% lower mean PSA levels (P = 0.009). In
multivariate generalized linear models, adjusted for type 2
diabetes status and age at blood draw, we estimated a 1-unit
increase in body mass index to be associated with a 1.6%
decrease in mean PSA level (P < 0.001).

Association of type 2 diabetes status and education
with PSA screening frequencies

In the sample of 46,970 men over 50 years of age with
information on PSA screening, 48.2% reported a PSA
screening test prior to 1999. European-American men were
more likely to report having been screened (55.8%), while
Native Hawaiians (34.3%) were the least likely to have had
PSA testing (Pheterogencity < 0.001). We observed a modest,
yet highly statistically significant difference in age and ed-
ucational level regarding standardized PSA screening fre-
quencies between diabetics (44.7%) and nondiabetics
(48.6%; P < 0.001) (Table 4). The lower PSA screening
frequencies among diabetics were noted in all populations
except in African Americans and were statistically signifi-
cant in Japanese Americans (P < 0.001) and Latinos (P =
0.02). Men with higher educational levels were much more
likely to have had a PSA test than were men with <12 years
of schooling (Table 4). We adjusted for educational level as
a surrogate for PSA screening in the primary cohort analyses
discussed above, yet it had little impact on the association.

Next, we examined the potential impact of detection bias
on the observed association between type 2 diabetes and
prostate cancer. On the basis of the 3.9% difference in
PSA screening frequencies observed between diabetics
and nondiabetics, we estimated that detection bias is likely
to account for only ~20% of the inverse association between
type 2 diabetes and prostate cancer risk.

DISCUSSION

In this prospective analysis of 5 racial/ethnic populations,
we found a highly significant association between type 2
diabetes status and prostate cancer incidence, with diabetics
having ~20% lower risk of developing prostate cancer. This
inverse association was observed in all populations, with the
magnitude of the effect being consistent with that of the
majority of other studies conducted in men of European
ancestry (1-8).

In this study, type 2 diabetes status was based on self-
report, which may have led to misclassification. Previous
studies, however, have shown that self-reported responses
for many common chronic diseases such as diabetes are
reliable when compared with medical records (26-28).
The analysis does not account for incident cases of type 2
diabetes over the 8-year follow-up period. However, inci-
dent cases of diabetes in the nondiabetes group would make
the 2 groups more similar and create an underestimation of
the inverse association. Another limitation of our study is
that we cannot differentiate between cases of type 1 diabetes

Am J Epidemiol 2009;169:937-945



G¥6-2€6'691'6002 [olwapidy M wy

Table 2. Relative Risk of Prostate Cancer Associated With Diabetes Status by Age and Gleason Score in the Multiethnic Cohort, Los Angeles, California, and Hawaii (n = 86,303),

1993-2005
European Afrif:an Nati_\_le Japa_nese Latinos All
Americans Americans Hawaiians Americans
. 95% " 95% . 95% " 95% . 95% " 95%
Cases Rigke Confidence o220 Fgle® Conidence o220 FRidia® Confidence 2,00 FRa® Confidence 2.0 FRitla® confidence ¢2. 0 FRSA® confidence
All men 1,253 065 0.50,0.84 1,510 0.89 0.77,1.03 248 0.73 0.51,1.05 1,462 0.81 0.69,0.96 1,468 0.78 0.67,0.91 5941 0.81 0.74,0.87
P value 0.001 0.13 0.09 0.01 0.001 <0.001
Pheterogeneity 0.32
Age >50 years 1,192 066 0.51,0.86 1,436 0.87 0.75,1.01 233 0.72 0.49,1.04 1,422 0.80 0.68,0.95 1,434 0.79 0.68,0.91 5717 0.80 0.74,0.87
P value 0.002 0.06 0.08 0.01 0.002 <0.001
Prheterogeneity 0.47
Age >60 years 932 0.66 049,087 1,109 090 0.77,1.06 170 0.76 0.50,1.14 1,216 0.81 0.68,0.97 1,069 0.77 0.65,0.92 4,496 0.81 0.74,0.89
P value 0.004 0.22 0.19 0.02 0.003 <0.001
Pheterogeneity 0.25
Age >70 years 346 1.03 0.70,149 371 092 0.70,1.21 47 071 031,160 521 080 0.62,1.05 293 0.69 0.49, 097 1578 0.84 0.72,0.97
P value 0.90 0.55 0.40 0.11 0.03 0.02
Pheterogeneity 0.57
Gleason score <7 753 0.66 047,092 1,075 087 0.73,1.03 139 0.86 054,135 830 0.78 0.63,0.98 1,056 0.80 0.67,0.95 3,853 0.81 0.73,0.90
P value 0.02 0.11 0.51 0.03 0.01 <0.001
Pheterogeneity 0.60
Gleason score >7 384 0.68 043,1.07 340 095 0.71,129 95 061 032,114 558 0.76 0.58,1.00 341 068 049,094 1,718 0.76 0.65,0.89
P value 0.09 0.76 0.12 0.05 0.02 <0.001
Pheterogeneity 0.54

& Adjusted for age, body mass index, and educational level. Adjusted for race in pooled analysis.
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2,874), Los Angeles, California, and Hawaii,

Table 3. Geometric Mean Prostate-specific Antigen Levels by Ethnicity, Diabetes Status, and Body Mass Index in the Multiethnic Cohort (n

1993-2005

All?

African Native Japanese
Hawaiians

Americans

European
Americans

Latinos

Americans

PValue Pheterogeneity

No.

Mean,

P Value

ng/mL

No.

Mean,

P Value

ng/mL

No.

Mean,

P Value

ng/mL

No.

Mean,

P Value

ng/mL

No.

Mean,

P Value

ng/mL

No.

Mean,

ng/mL

1.50 916 114 313 1.22 485 1.26 714 126 2,874 <0.001

1.19 446

All men®

Diabetes status®

344

1.07

93

0.99

56

1.15

44
0.97 269

1.00

126

1.46

25
421

0.62

1.21

Yes

No
Body mass index (kg/m?)

1.28 2,530 0.003 0.11

0.02

1.27 621

86 1.26 429 0.53

0.

0.29

1.64 790

0.003

935 Referent

30

1.

196 Referent
1.27 365

1.27
1.09

1.37 240 Referent
1.14 216

1.07

59 Referent
148
106

1.12
0.96
0.92

1.66 266 Referent

1.69 457

174 Referent
198 0.18
1.38

1.09
1.27

1.12

<25

128 1,384 0.70

1.12

0.97
0.1

0.03
0.18
0.06

0.26

0.84

25-29.99
>30

0.49

0.009
<0.001

6 555

153

29

0.18

0.07

193

74 0.84

0.93

-1.6

0.06

-1.6

-1.8 0.03 -1.9 0.06 2.4

0.65

—0.6

Body mass index, % change®

& Adjusted for body mass index, diabetes status, ethnicity, and age at blood draw.

b Adjusted for diabetes status, body mass index, and age at blood draw. African Americans versus each ethnic group, P < 0.001.

¢ Adjusted for body mass index and age at blood draw.
9 Adjusted for diabetes status and age at blood draw.

¢ Percent change in geometric prostate-specific antigen levels with increase of 1 body mass index unit adjusted for diabetes status and age at blood draw.

and type 2 diabetes. Although they have similar phenotypes,
type 1 diabetes and type 2 diabetes have distinct mecha-
nisms of pathogenesis and may have dissimilar associations
with prostate cancer incidence. However, we expect this
differential misclassification to be minimal as the preva-
lence of type 1 diabetes is comparatively low in these
populations (22).

Diabetes and prostate cancer are both traditionally under-
diagnosed diseases. In this study, undiagnosed type 2 dia-
betes would result in prostate cancer incidence rates being
more similar between the diabetic and nondiabetic groups.
Undiagnosed cases of prostate cancer would result in lower
rates of prostate cancer among both diabetics and nondia-
betics. As a result, we would expect these simultaneous
events of disease misclassification to counter the inverse
association that we noted in this study toward the null. It
is also possible that men who do not receive frequent med-
ical care would be underdiagnosed and misclassified for
both diseases. As a result, the underdiagnosis of prostate
cancer and the lower risk of prostate cancer among the
misclassified diabetics would also result in a bias toward
the null of the underlying association. Although we expect
that the underdiagnosis of these diseases is unable to explain
their inverse association, future studies demanding regular
blood glucose and PSA screening will be needed to quantify
the impact of this bias.

In this study, we also found that men with diabetes are
less likely to report PSA screening than are men without
diabetes. These findings are contrary to those of a previous
study that reported that men with diabetes are more likely to
undergo screening for prostate cancer (3). PSA screening
frequencies were lower among diabetics in all populations
except in African Americans. Education, which is a surro-
gate for socioeconomic status and access to health care, was
significantly associated with both PSA screening frequen-
cies and diabetes status. However, further adjustment for
education in the main cohort analyses did not change the
results. We estimated that the potential bias incurred by
differential PSA screening (~4%) in diabetics and nondia-
betics explained only ~20% of the protective effect of type
2 diabetes on prostate cancer risk. In addition, if the asso-
ciation between these conditions was influenced by detec-
tion bias, then one would expect the inverse association to
diminish among severe cases of prostate cancer, because
they are likely to have been diagnosed without the use of
PSA screening. However, we observed only a minimal
change in the association between diabetes status and pros-
tate cancer incidence when stratified by disease severity.
Thus, detection bias associated with lower PSA levels
and/or lower PSA screening frequencies in diabetics is un-
likely to explain the strong and highly significant inverse
association between type 2 diabetes and prostate cancer in
this study.

Studies have suggested that the protective effect of di-
abetes on prostate cancer incidence may be greater among
men with longstanding type 2 diabetes (3, 6, 8). One theory
is that hyperinsulinemia, which is observed at onset, is
associated with increased levels of growth factors (e.g.,
insulin-like growth factor-I) that may induce prostate cancer
during the first few years of type 2 diabetes. Subsequently,

Am J Epidemiol 2009;169:937-945
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02 41,205 48.6 <0.001

0.

9,180 47.4

2,508 36.4 0.37 14,074 46.0 <0.001

0.84

4,204 52.1

0.46

11,239 53.0

No

& No. of men with prostate-specific antigen screening data.

b Percent screened.

¢ Percentages are age standardized (5-year age groups) to the total population included in the study.

9 P values are from a logistic regression model and are adjusted for age, educational level, and race/ethnicity (pooled analysis).

¢ Percentages are age (5-year age groups) and education standardized to the total population in the study.

f P values are from a logistic regression model and are adjusted for age and race/ethnicity (pooled analysis).

prostate cancer rates would decrease in the later stages of
type 2 diabetes when insulin levels decrease and men be-
come hypoinsulinemic. We do not have data on the date of
diagnosis for type 2 diabetes, but we did analyze the asso-
ciation between type 2 diabetes status and prostate cancer
incidence by age at entry to the cohort as a surrogate for
longstanding type 2 diabetes. With both of these theories,
one would expect the magnitude of the inverse association
between diabetes and prostate cancer to be greater among
older men. However, we found no difference in the associ-
ation in older men. We did, however, notice a modest
increase in the magnitude of the inverse association when
removing incident cases within the first 5 years of follow-up,
which supports the hypothesis that men with newly diag-
nosed diabetes may have an increased risk of prostate
cancer.

Most, but not all, studies have shown that, on average,
men with diabetes have lower PSA levels than do those
without diabetes (11, 12, 29). In our multiethnic sample,
PSA levels were lower in diabetic men. However, what this
indicates is not clear. Lower PSA levels in diabetics may
signal a lower prevalence of prostate cancer and an indica-
tion of a biologic effect of type 2 diabetes status on prostate
growth and development. At the same time, the effect
of diabetes status on PSA levels could result in decreased
follow-up for prostate cancer diagnosis among diabetics,
which may partially account for the inverse relation between
type 2 diabetes and prostate cancer risk. Additional work
will be needed to understand whether type 2 diabetes status
influences the accuracy of PSA screening or directly con-
tributes to prostate cancer risk. Consistent with previous
studies (11, 12, 30), our analysis also suggests an inverse
relation between body mass index and PSA levels. Further
studies of this association are necessary to determine if
obese men should have lower PSA thresholds to indicate
further work-up for prostate cancer.

Only a small number of studies have investigated the re-
lation between type 2 diabetes and prostate cancer risk in
non-European populations (2, 31-33). Most of these studies
have observed nonsignificant inverse associations; however,
small sample sizes have limited interpretation of the find-
ings. Our results, from a population-based prospective study
of over 5,900 prostate cancer cases from 5 racial/ethnic
populations, provide strong support for the pan-ethnic na-
ture of the association between these common diseases.

Recently, a common variant in the hepatocyte nuclear
factor-1 B gene (HNF1) was found to be associated with
an increased risk of prostate cancer. This same variant was
also found to be associated with a decreased risk of type 2
diabetes (34). Common genetic variation in another gene,
JAZF I, has also been associated with risks of both prostate
cancer and type 2 diabetes (35, 36). These findings, along
with findings from other studies that have shown that di-
abetes is inversely associated with a family history of pros-
tate cancer (5, 37), which we also noted, point to both
shared genetic risk and common molecular and/or meta-
bolic pathways that are important in the etiology of these
diseases.

In summary, in this large, multiethnic prospective study,
we observed consistent inverse associations between type 2
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diabetes and prostate cancer risk across multiple racial/
ethnic populations. These findings provide strong support
for the hypothesis that type 2 diabetes is a protective factor
for prostate cancer. We also confirmed results from previous
studies, showing that PSA levels are decreased in diabetic
men. Our findings that diabetic men are less likely to be
screened for prostate cancer could not account for these
results. Future studies aimed at determining the biologic
link between diabetes and prostate cancer are warranted
and should focus on common environmental and genetic
factors that are shared across populations.
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Appendix Figure 1. Ethnically pooled association between type 2
diabetes and prostate cancer risk by analysis start point, Los Angeles,
California, and Hawaii, 1993-2005. There were 5,941, 5,441, 4,933,
4,456, 3,941, and 3,373 cases at 0, 1, 2, 3, 4, and 5 years after cohort
entry, respectively. Bars, 95% confidence interval.



