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Abstract
Purpose—Prior studies conducted primarily among white men, find a reduced risk of prostate
cancer associated with time since developing diabetes. While biologic explanations are plausible,
the association may in part arise from more frequent prostate cancer screening among those with a
diabetes diagnosis. The purpose of the present study was to investigate the association between
diabetes and prostate cancer screening.

Methods—We examined differences in prostate cancer screening (prostate-specific antigen and/
or digital rectal examination) testing practices after a diabetes diagnosis among lower-income
persons living in the southeastern United States and enrolled in the Southern Community Cohort
Study between 2002 and 2009. Baseline in-person interviews collected information on history of
diabetes and prostate cancer screening from 18,809 black and 6,404 white men aged 40-79 years.

Results—After adjustment for confounding, diabetic black (odds ratio (OR) 1.12, 95%
confidence interval (CI) 1.01-1.25) and white (OR 1.25, 95% CI 1.03-1.51) men were more likely
to undergo recent prostate cancer screening compared to non-diabetic men of the same race. The
increased risk for prostate cancer screening, however, occurred primarily within the first 12
months after diabetes diagnosis.

Conclusions—Our results suggest that a diabetes diagnosis modestly increases the likelihood of
having a prostate cancer screening test for both black and white men. The prevalence of screening
was higher nearer to the time of diabetes diagnosis, which may contribute to an early increase in
prostate cancer detection followed by lower prostate cancer detection after an extended time.

Keywords
Race; prostate cancer screening; diabetes; cohort study

Introduction
Increasing evidence suggests that diabetes is associated with reduced prostate cancer risk
[1-3], with a summary relative risk (RR) of 0.84 (95% confidence interval (CI) 0.76-0.93) in
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a published meta-analysis [3]. However, two large prospective studies, the Cancer
Prevention Study II [1] and Health Professionals Follow-up Study [2], found that prostate
cancer risk initially increased for 3 years (RR=1.2) and 1 year (RR=1.3), respectively,
following a diabetes diagnosis, before decreasing with longer time since diabetes diagnosis
(RR=0.63 and RR=0.75-0.82). Possible explanations for an inverse association between
diabetes and prostate cancer include a direct effect of diabetes on reduced prostate cancer
growth by lowering insulin [3] or bioavailable testosterone [4] levels, a secondary effect of
diabetes drugs such as metformin on prostate carcinogenesis [5], or alternatively an indirect
effect due to changes in prostate cancer screening after diabetes diagnosis [6].

Few studies have included black men [3], despite greater diabetes and prostate cancer
burdens compared to white men. In the Multiethnic Cohort Study (MEC), a weaker
reduction in prostate cancer risk was observed among black (RR=0.89) than white
(RR=0.65) men followed for eight years after diabetes diagnosis, despite similar PSA
screening frequency by diabetes status in both groups [7]. A cohort study of United States
(US) veterans, conducted before the introduction of prostate-specific antigen (PSA)
screening, observed similar reductions in prostate cancer risk associated with diabetes
among black (RR=0.91) and white (RR=0.88) men, with median follow-up time of 10.5
years for diabetics and 11.9 years for non-diabetics [8].

We investigated the relationship between diabetes and prostate cancer screening, in an
attempt to determine its mediating effect on the diabetes and prostate cancer association.
Several studies have shown reduced breast cancer screening among diabetic women, but no
study has evaluated the association between diabetes and timing of prostate cancer
screening. We wished to assess the possibility that decreased prostate cancer screening
among diabetics, as seen with the association between diabetes and breast cancer screening,
may partially explain the observed reduced risk of prostate cancer associated with diabetes.
We hypothesized that prostate cancer screening would be most prevalent near the time of
diabetes diagnosis, and, to explain the stronger reduction in prostate cancer risk associated
with diabetes among white than black men seen in the MEC [7], that white diabetic men
would undergo prostate cancer screening more frequently than white non-diabetic men. In
contrast, there would be no association between diabetes and prostate cancer screening
among black men.

Methods
Detailed methods of the Southern Community Cohort Study (SCCS), which enrolled black
and white men and women in the southeastern US aged 40-79 years, appear elsewhere [9].
Approximately 85 percent of participants completed in-person interviews at the time of
enrollment at Community Health Centers (CHC), with the remainder recruited through
general population sampling and completion of mailed questionnaires. After exclusion of
men of other racial/ethnic groups, men with a history of any cancer or a severe comorbidity
(e.g., HIV/AIDS, chronic obstructive pulmonary disease, and history of myocardial
infarction) that would preclude screening, and men whose PSA/digital rectal exam (DRE)
screening history was not available, the study population for the current analysis comprised
18,809 black and 6,404 white men.

Men were classified as diabetic at baseline if they reported being told by their doctor they
had diabetes or high blood sugar, and were further characterized by time since diabetes
diagnosis (<1-year, then 5-year categories), year of diagnosis (pre- and post-1994), and use
of diabetes medications (oral, insulin). PSA and/or DRE screening was categorized as
having occurred within the past 12 months. We stratified by race rather than assess it as an
effect modifier because the MEC study reported a stronger association between diabetes and
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prostate cancer among white than among black men [7]. Covariates of interest included: age,
annual household income, educational level, marital status, health insurance coverage,
recruitment source, body mass index (BMI, kg/m2) at age 21 years and maximum,
hypertension, cholesterol medication use (previously associated with PSA testing) [10],
smoking, and leisure-time moderate and vigorous physical activity during their 30s in hours
per week, all self-reported on the baseline questionnaire and categorized as in Table 1.
Based on previous studies of diabetes and prostate cancer, age [2, 8] and maximum BMI [2,
8] were assessed as effect modifiers of the diabetes and prostate cancer screening association
prior to being assessed as confounders, as were marital status and health insurance, both of
which are strong predictors of prostate cancer screening in these data [11].

Statistical analyses were performed in SAS version 9.2. We assessed statistically significant
(two-sided, p<0.05) differences between diabetics and non-diabetics for potential
confounders using chi-square tests. We used unconditional logistic regression to estimate the
odds ratios (OR) and 95% CIs for prostate cancer screening associated with diabetes.
Interaction terms, the product of diabetes and the putative effect modifiers (age, maximum
BMI, marital status and health insurance), were added to logistic regression models and
likelihood ratio tests were performed to test for effect modification.

Results
Table 1 presents characteristics of black men who were (n=4,283, 23.8%) and were not
(n=13,695) screened for prostate cancer in the past 12 months. Compared to men who were
not screened, black men who were screened were significantly older, had a higher household
income and educational level, and were more likely to be married or living with a partner,
have private insurance, have a higher maximum BMI, have hypertension, be taking
cholesterol medications, and be never or former smokers. Similar patterns were seen when
comparing screened (n=1,913, 31.3%) and unscreened (n=4,201) white men.

Table 2 presents the association between diabetes measures and prostate cancer screening
within the past 12 months by race, adjusted for all variables except smoking whose addition
to the model did not materially change OR estimates. Overall, 22.1% of non-diabetic black
men and 33.1% of diabetic black men had been screened for prostate cancer. Prostate cancer
screening was modestly but significantly more prevalent among men with versus without
diabetes (OR 1.12, 95% CI 1.01-1.25). Utilizing <1 year between diabetes diagnosis and
prostate cancer screening as the reference, prostate cancer screening among diabetics was
greatest in the first year after diabetes diagnosis, after which no excess was observed and
screening remained fairly stable with time. There was no significant effect of year of
diabetes diagnosis or use of diabetes medications on prostate cancer screening.

Among white men, 29.8% of non-diabetics and 39.8% of diabetics had been screened for
prostate cancer. Diabetes was significantly associated with increased odds of prostate cancer
screening (OR 1.25, 95% CI 1.03-1.51). Among those with diabetes, we did not observe
statistically significant differences according to time since diabetes diagnosis, but similar to
the pattern in blacks, there appeared to be an excess of screening in the first year after
diabetes diagnosis, after which the prostate cancer screening rate remained stable. Again,
similar to black men, there was no effect of year of diabetes diagnosis or use of diabetes
medications on prostate cancer screening. Age, maximum BMI, marital status and health
insurance did not significantly modify the association between diabetes and prostate cancer
screening among blacks or whites (not shown).

We performed a sensitivity analysis among diabetic men only who had been screened for
prostate cancer (not shown). Time between diabetes diagnosis and recent prostate cancer
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screening was categorized as <1 year, 1-2 years, 3-5 years, 6-9 years and 10 or more years.
Among diabetic men who were screened for prostate cancer, white men were significantly
more likely than black men to have been screened within one year of diagnosis (14.7% vs.
11.6%, p=0.04). In contrast, black men were significantly more likely than white men to
have been screened 10 or more years after their diagnosis (34.0% vs. 26.4%, p=0.001).

Discussion
Research on the role of prostate cancer screening in the association between diabetes and
prostate cancer risk raised the possibility of a variable effect depending upon timing of the
screening. A meta-analysis [3] found a more pronounced inverse association between
diabetes and prostate cancer risk for studies conducted after 1994 (RR 0.73, 95% CI
0.64-0.83), when PSA screening became widespread, than those conducted before 1994 (RR
0.94, 95% CI 0.85-1.03). However, a case-control study of black and white men conducted
after initiation of widespread PSA testing found no difference in the reduction of prostate
cancer risk associated with diabetes among those men who reported they received annual
prostate cancer screening (OR 0.68, 95% CI 0.41-1.12) compared to those screened less
frequently (OR 0.61, 95% CI 0.36-1.01) [12].

In contrast with studies of diabetes and breast cancer screening which reported negative
associations [13-16], we found that diabetes is modestly but significantly associated with
increased likelihood of having a recent prostate cancer screening test among black and white
men. However, the influence of diabetes on screening practices appeared largely restricted
to the first year after a diabetes diagnosis, with similarly elevated OR estimates for screening
during the first year among black and white men, albeit statistically significant only among
black men. The associations between diabetes and breast and prostate cancer also differ,
with greater likelihood of postmenopausal breast cancer associated with diabetes [17-20]
and less likelihood of prostate cancer associated with diabetes [21].

Healthcare access, insurance coverage, and other socio-economic characteristics, as well as
race, are all associated with PSA testing practices and cancer stage at detection. In our study
population of black and white men with similarly low socioeconomic status (SES) and
similar access to care, a positive association between diabetes and prostate cancer screening
may be expected. Additionally, past prostate cancer screening recommendations [22-24], are
consistent in suggesting increased prostate cancer screening for black men, who are at
higher risk of prostate cancer compared with white men. Thus, primary care physicians face
the challenge of not only considering the patient's age and race, but also overall health and
co-morbidity status, in guiding the patient to an informed judgment as to the benefits of
screening. Additionally, diabetes has been linked to increased risk of benign prostatic
hyperplasia [25], suggesting the possibility that diabetes patients experiencing lower urinary
tract symptoms should be preferentially screened at diagnosis to remove prostate cancer as a
differential diagnosis. Furthermore, obesity is more prevalent among diabetes patients and
thus may contribute to lower blood PSA levels [26-28], increasing the need for more
frequent screening; however, we controlled for BMI in our analyses.

Preferential screening of men with diabetes may impact the interpretation of epidemiologic
findings [1, 2] that prostate cancer risk initially increased following a diabetes diagnosis,
before decreasing with extended follow-up. Thus, the long-term decreased risk of prostate
cancer may result in part from enhanced detection near the time of diabetes diagnosis, as the
lead time induced by active screening and removal of latent prostate cancers early during the
follow-up period may remove prostate cancers that would have been diagnosed during
extended follow-up. Future cohort investigations of diabetes and prostate cancer should
consider collecting detailed data on PSA screening history to control for time varying effects
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of prostate cancer detection. Indeed, interpretation of past prostate cancer analyses have
been altered with adjustment for prostate cancer screening [29].

Our study relied on self-reports of diabetes and prostate cancer screening which may have
been affected by faulty memory or low literacy, or misclassification due to undiagnosed
diabetes or inaccurate reports of timing of prostate cancer screening. However, the majority
of SCCS participants were patients at CHCs, which provide primary healthcare to the
underserved, and a validation sub-study found over 95% of self-reported diabetes in the
SCCS could be confirmed through medical chart review [9]. It is possible that initiation of
prostate cancer screening preceded or occurred simultaneously with a diabetes diagnosis in a
subset of the baseline cohort, however we analyzed prostate cancer screening in the 12
months prior to cohort entry so that diabetes preceded prostate cancer screening for the vast
number of study participants reporting a diabetes diagnosis. While we adjusted for health
care coverage as a dimension of health care access, we were unable to adjust for usual
source of care.

Study strengths include the large size of the population allowing for investigation of
associations in black and white men separately. Confounding by socioeconomic factors is
likely to be minimal, because blacks and whites were of similar SES upon recruitment and
residual differences in education and income were accounted for in the statistical analyses.
We adjusted for a wide range of confounders including obesity, hypertension, and
cholesterol medication use, as well as health insurance coverage to isolate the effect of
diabetes on prostate cancer screening apart from its effect on access to care.

In conclusion, diabetes was positively associated with prostate cancer screening especially
during the short term following a diabetes diagnosis. Although racial differences in
healthcare recommendations have been described by the Institute of Medicine [30], we
found similar results for prostate cancer screening by diabetes status among black and white
men. The early increase in prostate cancer detection, followed by lower prostate cancer
detection over time, may partially explain the overall reduction in prostate cancer risk
associated with diabetes.
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