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Abstract

Purpose Previous studies have found that men with diabetes are at reduced risk of prostate cancer compared to men without
diabetes. The lower risk could be due to biologic differences and/or a diagnosis bias from use of the prostate-specific antigen
(PSA) test as a screening and diagnostic tool. We sought to further examine the relationship between diabetes and incidence
of prostate cancer and examine the potential impact of changes in PSA screening guidelines in 2008 and 2012.

Methods We used 2004-2015 Surveillance, Epidemiology and End Results (SEER)-Medicare data and limited the study
population to men aged 67-74 with at least 2 years of continuous enrollment. Using the 5% Medicare sample as the denomi-
nator and prostate cancer cases as the numerator, we calculated age-adjusted rate ratios (RR) in 2006-2011 and 2012-2015
by diabetes status, overall and by tumor grade. We used multivariable logistic regression to compare tumor characteristics
by diabetes status.

Results Men with diabetes had lower incidence rates of prostate cancer compared to men without diabetes in 2006-2011
[RR=0.89 95% confidence interval (CI) 0.87-0.91] and 2012-2015 (RR =0.92 95% CI 0.89-0.95) but the slight attenuation
toward the null in 2012-2015 was primarily due to the change in RRs for low-grade tumors.

Conclusion We found differences in the risk and characteristics of prostate cancer by diabetes status and that some risks
have changed over time as guidelines have changed. With lower PSA use in the more recent time-period, rates of low-grade
tumors have become more similar by diabetes status.

Keywords Prostate cancer screening - Diabetes - Prostate-specific antigen - Population-based

Background

Previous studies have consistently found lower prostate can-
cer incidence rates among men with diabetes compared to
men without [1-9]. The lower rates appear to be limited to
low and intermediate-grade tumors, with less evidence of
lower rates of high-grade tumors. Men with diabetes have
been found to have lower levels of prostate-specific antigen
(PSA) [10, 11], which could be an indicator of a biologi-
cal and/or a detection bias between men with and without
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diabetes. For example, men with diabetes have been found
to have lower androgen levels, such as testosterone, that
could possibly slow or inhibit tumor growth [11-13]. It has
also been suggested that lower PSA levels could contribute
to lower rates from a detection bias due to the use of PSA
testing being used as a screening test and initial diagnostic
test for prostate cancer. The PSA test could potentially miss
tumors in men with diabetes if PSA levels fall below those
of comparable men with tumors but without diabetes.

In a previous analysis of the Prostate, Lung, Colorectal
and Ovarian (PLCO) Cancer Screening Trial, we found
evidence of detection bias leading to lower prostate cancer
incidence rates in men with diabetes [14]. In men screened
for prostate cancer with PSA tests at baseline and annually
for the following 5 years, those with diabetes and diagnosed
with low- or intermediate-grade prostate cancer tumors had
a higher percentage of large tumors (TNM stage > T3) and
higher PSA levels at diagnosis. This provided indirect evi-
dence that more small tumors were falling below the PSA
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level threshold for follow-up in men with diabetes. However,
this result was not necessarily exclusive of a different bio-
logic pathway.

Using 2004-2015 Surveillance, Epidemiology and End
Results (SEER)-Medicare data, we sought to further exam-
ine the relationship between diabetes and prostate cancer
and compare results from the screening trial to a general
study population. In addition, because of changes in US
Preventive Services Task Force (USPSTF) guidelines on
PSA testing with corresponding changes in PSA test use
[15, 16], we wanted to examine the results before and after
changes in guidelines. In 2008, the USPSTF provided a rec-
ommendation against PSA screening (D rating) among men
aged 75 years and older and an I (insufficient evidence) rat-
ing in younger men [17]. In 2012, the USPSTF guidelines
changed to a recommendation against PSA screening for
all ages [18]. Previous studies found decreases in prostate
cancer incidence for men above and below age 75, primar-
ily for early-stage disease, that coincided with decreases in
PSA testing after 2008 and 2012 [16, 19]. Although beyond
the years of the SEER-Medicare data used in this current
analysis, the USPSTF changed the recommendation again
in 2018 to a C rating for men aged 55 to 69, which recom-
mends that men discuss the benefits and harms of screening
before deciding on screening. However, a D rating for men
aged 70 years and over remains [20].

We used SEER-Medicare data to estimate prostate cancer
incidence rates by diabetes status and among those diag-
nosed with prostate cancer, compare tumor characteristics
and PSA levels at diagnosis. We hypothesized that we would
find lower incidence rates of low-grade prostate cancer in
men with diabetes using this sample of the general popula-
tion. The results from this analysis will contribute to the
growing literature on diabetes and prostate cancer and can
potentially help inform discussions on screening between
patients with diabetes and their physicians.

Methods
Study population

More detail about SEER and the SEER-Medicare linkage
can be found elsewhere [21]; however, 94% of persons aged
65 years or older in SEER have been linked to Medicare
enrollment data. The SEER data were extracted from the
2018 data submission and included incident prostate can-
cer cases from 18 SEER cancer registries across the US
between 2004 and 2015. SEER data include basic patient
demographic information and characteristics about each pri-
mary cancer diagnosis, including date of diagnosis, tumor
stage, and grade; for prostate cancer, it also includes PSA
level. Among other information, the Medicare enrollment
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data indicate when beneficiaries were enrolled, their original
and current reason for entitlement, and monthly indicators
of entitlement type (e.g., Part A, Part B, etc.).

Prostate cancer cases

We limited the analysis to primary diagnoses of prostate
cancer with no prior cancers. Cancers that were diagnosed
through autopsy or death certificate only were excluded. In
addition, beneficiaries were excluded if they were diagnosed
with cancer in the same year as the first record of diabetes or
prior to their first diabetes record.

Diabetes classification

We used the Chronic Conditions Flags (CCF) file devel-
oped by the Centers for Medicare and Medicaid Services
(CMS) to determine diabetes status. The CCF file uses
algorithms on the claims files to flag beneficiaries with 27
chronic conditions, including diabetes. The algorithm for
diabetes searches for diabetes claims and diagnosis codes
and the CCF includes the first occurrence of a claim for each
beneficiary since their initial Medicare enrollment. Among
participants of the National Health Interview Survey with
a self-report of diabetes, in a linkage with Medicare data,
the concordance for diabetes from the CCF was 93% [22].

Data analysis

We used the 5% Medicare sample files (with and without
cancer) to establish a denominator for rates. These files
include a 5% sample of all beneficiaries and their enrollment
status over the time-period of our study. Beneficiaries were
included in the denominator for each calendar year if they
were aged 67-74 years with no previous cancer diagnosis,
had at least 6 months of coverage in that year, had a total
of 24 months of Part A and B coverage with no Medicare
Advantage (Part C) during that time, and age 65 was their
original reason for entitlement. The denominator was mul-
tiplied by 20 to estimate the full population for the SEER
areas and provide more comparable rates to those observed
from SEER data alone. Note that, the denominator includes
the prostate cancer cases diagnosed in that particular calen-
dar year and those diagnosed in future years.

To create the numerator for rates and compare tumor
characteristics, we used the same restrictions on age
(67-74 years), coverage type (Part A and B) and duration,
and original reason for enrollment (age) as beneficiaries in
the denominator.

Crude and age-adjusted rates (per 100,000) were cal-
culated by year and for the time-periods 2006-2011 and
2012-2015 to coincide with the USPSTF change in 2012
for men aged <75 years. Rates were age-adjusted to the male
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census population estimates for 2010. We calculated rate
ratios (RR) and corresponding 95% confidence intervals
(95% CI) to compare rates by diabetes status within each
time-period. Rates were calculated overall and by tumor
grade based on Gleason score [low-grade (2-6), intermedi-
ate-grade (7), high-grade (8-10)].

For comparison of tumor characteristics, we calculated
Chi-squared tests and multivariable logistic regression
to calculate the association between diabetes status and
tumor size (TNM: T1, T2, T3-T4), PSA level at diagnosis
(0-9.9 ng/ml, 10-19.9 mg/ml, > 20 ng/ml), tumor grade and
tumor stage based on SEER Summary Stage 2000 (local,
regional, distant). Using multinomial, multivariable logis-
tic regression, with the least advanced or least aggressive
tumors as the reference category, we calculated the associa-
tions adjusting for the number of other chronic conditions (0,
1>2), marital status (married, other/unknown), age group
(67-69, 70-74 years), and race/ethnicity (Hispanic, non-
Hispanic white, non-Hispanic black, Asian/Pacific Islander,
other/unknown). Covariates were chosen a priori. The other
chronic conditions were based on the CCF and included
chronic kidney disease, congestive heart failure, chronic
obstructive pulmonary disease, hypertension, stroke, acute
myocardial infarction, and ischemic heart disease. We used
an interaction term to assess if there was a significant change
in the odds ratio by diabetes status across time-periods.

To compare incidence rates with PSA test use over time,
we used the 5% sample of beneficiaries without cancer to
estimate the use of PSA testing in each year (diagnostic or
screening) by diabetes status. In the Carrier and Outpatient
files, we selected for claims of PSA testing that included a
diagnosis code of V7644 or a HCPCS code of 84152, 84153,
84154 or GO103.

Results

There were 136,083 men aged 6774 years with a first cancer
diagnosis of the prostate between 2006 and 2015. Exclud-
ing men who were diagnosed with cancer before diabetes or
within the same year (n = 16,720), did not have 24 months of
prior Part B enrollment without Medicare Advantage (Part
C) enrollment (n=155,264), and whose original reason for
entitlement was not age (n=6,379), there were 57,720 men
with prostate cancer in the study population. There were
17,517 (30.4%) with a record of diabetes and 40,072 (69.6%)
without (Table 1). These men were included in the analysis
comparing tumor characteristics and as the numerator for
rates.

By age group, a significantly higher percentage of
men with diabetes were 70—74 at prostate cancer diagno-
sis (67.5%) compared to men without diabetes (59.0%;
Table 1). Men with diabetes were significantly more likely

to be non-Hispanic black or Hispanic and have 1 or more
comorbid conditions than men without. Approximately 59%
(58.5%) of men with diabetes had a record of a PSA test in
the 2 years prior to diagnosis (but excluding 6 months prior
to diagnosis) compared to 48.6% of men without.

PSA testing

The percentage of men without diabetes who had a PSA test
increased slightly from 36.5% in 2006 to 39.1% in 2011 but
began to decrease in 2012 (Fig. 1). Usage was essentially
parallel by diabetes status; however, men with diabetes had
an approximately 9 to 10% points higher usage of PSA test-
ing each year than men without diabetes. For example, in
2015 approximately 33% of men without diabetes had a PSA
test compared to 42% of men with diabetes.

Incidence Rates

Overall incidence rates were lower among men with diabetes
compared to men without in both time-periods: (2006-2011:
RR=0.8995% CI10.87-0.91; 2012-2015: RR=0.92 95% CI
0.89-0.95) (Table 2). Although the RR in 2012-2015 was
slightly attenuated toward the null compared to 2006-2011,
the difference was not statistically significant (p value
for interaction=0.09). By grade, for low-grade disease,
the change in RR’s from 2006-2011 (RR=0.85 95% CI
0.82-0.88) to 2012-2015 (RR=0.92 95% CI 0.87-0.97)
was statistically significant (p =0.009). Conversely, rates of
high-grade disease were not significantly different by diabe-
tes status in either time-period. Rates of intermediate-grade
tumors were slightly lower in men with diabetes in both
time-periods; (2006-2011: RR=0.90 95% CI 0.87-0.94;
2012-2015: RR=0.88 95% CI 0.84-0.92) but with little
change (p =0.50).

Annual incidence rates by diabetes status are presented
overall and for low-grade tumors in Figs. 2 and 3. Over-
all incidence rates of prostate cancer were lower in men
with diabetes compared to men without diabetes for the
entire time-period (Fig. 2). However, the difference in rates
decreased after 2008 as the rate among men without diabetes
decreased more than in men with diabetes. The difference
in rates by diabetes status between 2006 and 2011 appears
to be primarily driven by rates of low-grade tumors and was
largest between 2006 and 2008 (Fig. 3). Figures for interme-
diate- and high-grade tumors are available as supplemental
figures (Supplemental Figs. 1 and 2).

Tumor characteristics
For tumor characteristics, men with diabetes had a higher

percentage of T1 tumors and lower percentages of T2
and > T3 tumors compared to men without diabetes in
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Table 1 Distribution of

. . Diabetes No diabetes p value
characteristics in men with
prostate cancer by diabetes n (%) n (%)
status Overall 17,517 (30.4) 40,072 (69.6)
Age at diagnosis
67-69 5,699 (32.5) 16,443 (41.0) <0.001
70-74 11,818 (67.5) 23,629 (59.0)
Mean age (SD) 70.7 (2.2) 70.3 (2.3) <0.001
Race/ethnicity
Non-Hispanic White 12,121 (69.2) 32,290 (80.6) <0.001
Non-Hispanic Black 2,527 (14.4) 3,488 (8.7)
Non-Hispanic Asian 943 (5.4) 1,242 (3.1)
Hispanic 1417 (8.1) 1,943 (4.8)
Other/unknown race/ethnicity 509 (2.9) 1,109 (2.8)
Number of chronic conditions (excluding diabetes)
0 320 (1.8) 5,845 (14.6) <0.001
1 6,471 (36.9) 21,170 (52.8)
>2 10,726 (61.2) 13,057 (32.6)
PSA test 6-24 months before diagnosis 10,249 (58.5) 19,467 (48.6) <0.001
Prostate cancer diagnoses
2006 1,855 (10.6) 4,522 (11.3)
2007 1,957 (11.2) 4,737 (11.8)
2008 1,854 (10.6) 4,330 (10.8)
2009 1,952 (11.1) 4,026 (10.1)
2010 1,880 (10.7) 3,993 (10.0)
2011 1,971 (11.2) 4,226 (10.5)
2012 1,635 (9.3) 3,571 (8.9)
2013 1,532 (8.8) 3,430 (8.6)
2014 1,435 (8.2) 3,392 (8.5)
2015 1,446 (8.3) 3,845 (9.6)
No Diabetes Diabetes similar by diabetes status across time-periods (p value for
overall interaction=0.17). Men with diabetes had a higher
60 percentage of local stage tumors compared to men with-
out diabetes in both time-periods. From 2006-2011 to
50 2012-2015, the odds of regional and distant staged tumors
b were attenuated toward the null for men with diabetes and
§ 40 the change was statistically significant between the two time-
& - \ periods (p=0.002). For example, men with diabetes had a
30 35% reduced odds of a distant staged tumor in 20062011
(aOR=0.6595% CI 0.57-0.75) and 20% reduced odds in
20 2012-2015 (aOR=0.80 95% CI 0.69-0.93).

2006
2007
2008
2009
2010
2011
2012
2013
2014
2015

Fig. 1 Percent of men aged 67-74 years with any PSA test claim by
year and diabetes status

each time-period (Table 3). The percentage of tumors that
were > T3 increased in men with and without diabetes
from 2006-2011 to 2012-2015, and the differences were
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Men with diabetes had a slightly lower percentage of
low-grade tumors diagnosed in 2006-2011 compared to
men without diabetes; however, there was no difference in
2012-2015 (Table 3). In comparing adjusted odds ratios
across time-periods, in 2006-2011, men with diabetes were
slightly more likely to be diagnosed with high-grade tumors
(aOR=1.09 95% CI 1.02-1.17) while there was no differ-
ence in 2012-2015 (aOR =0.99 95% CI 0.90-1.08; p=0.02).
From 2006-2011 to 2012-2015, there was an increased per-
centage of tumors diagnosed with PSA levels > 10 ng/ml



Cancer Causes & Control (2020) 31:1105-1113 1109
Table 2 Age-adjusted prostate cancer incidence rates by tumor grade, and diabetes status
Diabetes No diabetes RR (95% CI) by Interac-
diabetes status tion p
n Rate per 100,000 n Rate per 100,000 value®
2006-2011
All prostate cancer 11,469 753.63 25,834 842.57 0.89 (0.87-0.91) -
Low-grade [Gleason score (GS) <7] 4,572 301.51 10,860 354.46 0.85 (0.82-0.88) -
Intermediate-grade (GS=7) 4,512 298.29 10,104 329.99 0.90 (0.87-0.94) -
High-grade (GS 8-10) 1,933 124.64 3,827 124.32 1.00 (0.95-1.06) -
2012-2015
All prostate cancer 6,048 554.93 14,238 602.95 0.92 (0.89-0.95) 0.09
Low-grade [Gleason score (GS) <7 1,911 176.13 4,507 190.89 0.92 (0.87-0.97) 0.009
Intermediate-grade (GS=7) 2,463 226.80 6,082 257.58 0.88 (0.84-0.92) 0.50
High-grade (GS 8-10) 1,349 122.16 2,978 126.07 0.97 (0.91-1.03) 0.41
*Interaction term is for diabetes status and time-period
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Fig.2 Age-adjusted incidence rates of overall prostate cancer by year
and diabetes status

in men with and without diabetes. Although there was a
significant interaction by time-period (p =0.04), the changes
were relatively small and the significant interaction seems
primarily due to an attenuation toward the null for PSA lev-
els >20 and away from the null for levels of 10-19.9.

Discussion

Using SEER-Medicare data, which provides a medical his-
tory for a large number of cancer cases in older men in the
US, we found differences in the risk and characteristics of
prostate cancer by diabetes status and that some risks dif-
fered over time. Consistent with our hypothesis, incidence
rates were lower in men with diabetes than without; however,
after the USPSTF change in 2008, overall and low-grade

Fig.3 Age-adjusted incidence rates of low-grade prostate cancer by
year and diabetes status

prostate cancer incidence rates decreased more among men
without diabetes than men with diabetes. Unlike our analy-
sis using the PLCO Screening Trial, which found men with
diabetes had evidence of more advanced tumors at diagnosis,
we found that men with diabetes were being diagnosed with
smaller, less advanced tumors, consistent with more PSA
testing. However, similar to the PLCO analysis, because of
the lower rates of low-grade tumors in 2006-2011, men with
diabetes were also diagnosed with a higher proportion of
high-grade (i.e., more aggressive) tumors than men without
diabetes but this difference disappeared in 2012-2015 coin-
ciding with decreases in PSA testing.

The 8-11% lower overall rates of prostate cancer among
men with diabetes over the two time-periods in this analysis
were less than seen in previous longitudinal studies [10, 23].
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Table 3 Comparison of PSA levels at diagnosis and prostate tumor characteristics by diabetes status and time-period

20062011 2012-2015 Interaction
Diabetes No diabetes aOR (95% CI) Diabetes No diabetes aOR (95% CI) p value®
Tumor size (TMN T)
T1-Tlc 5,527 (50.3) 10,719 (43.2) 1.0 (Ref) 2,928 (51.5) 5,992 (44.2) 1.0 (Ref.) 0.17
T2-T2c 4,691 (42.7) 11,681 (47.0) 0.84 (0.80-0.89) 2,141 (37.7) 5,725 (42.3) 0.81 (0.75-0.87)
>T3 771 (7.0) 2,434 (9.8) 0.67 (0.61-0.74) 615 (10.8) 1,833 (13.5) 0.73 (0.66-0.82)
Unknown 480 1,000 364 688
Tumor stage
Local 9,828 (88.8) 21,271 (84.8) 1.0 (Ref) 4,817 (83.6) 11,104 (80.9) 1.0 (Ref) 0.002
Regional 942 (8.5) 2,932 (11.7) 0.75 (0.69-0.81) 649 (11.3) 1,940 (14.1) 0.83 (0.75-0.92)
Distant 297 (2.7) 865 (3.5) 0.65 (0.57-0.75) 299 (5.2) 684 (5.0) 0.80 (0.69-0.93)
Unknown 402 766 283 510
Tumor grade (Gleason score)
Low (2-6) 4,572 (41.5) 10,860 (43.8) 1.0 (Ref) 1,911 (33.4) 4,507 (33.2) 1.0 (Ref) 0.02
Intermediate (7) 4,512 (40.9) 10,104 (40.8) 1.06 (1.00-1.11) 2,463 (43.0) 6,082 (44.8) 0.95 (0.88-1.03)
High (8-10) 1,933 (17.6) 3,827 (15.4) 1.09 (1.02-1.17) 1,349 (23.6) 2,978 (22.0) 0.99 (0.90-1.08)
Unknown 452 1,043 325 671
PSA level at diagnosis
0-9.9 ng/ml 7,359 (71.5) 16,951 (76.7) 1.0 (Ref) 3,706 (74.4) 8,745 (72.6) 1.0 (Ref) 0.04
10-19.9 1,373 (14.5) 2,959 (13.4) 0.95 (0.88-1.02) 753 (15.1) 1,878 (15.6) 0.87 (0.79-0.96)
>20 758 (8.0) 2,177 (9.9) 0.67 (0.61-0.73) 524 (10.5) 1,416 (11.8) 0.70 (0.63-0.79)
Unknown 1,979 3,747 1,065 2,199
Mean (SE) 10.3 (1.5) 11.7 (1.2) 12.1 (3.3) 13.1 (1.8)

Interaction term is for diabetes status and time-period

However, those studies covered different time-periods with
much larger age ranges compared to this analysis. One study
included men aged 21-90 years in Israel between 2002 and
2012 and found a 20% lower rate among men with preva-
lent diabetes [10]. The other analysis included men from
the Health Professionals Follow-up Study aged 40-74 years
between 1986 and 2004 and found a 17% lower risk [23].
Conversely, in a cohort of Icelandic men aged > 50 years
and followed through 2014, men with diabetes had a 59%
increased risk of prostate cancer [24]. Because of the dif-
ferent study populations, time-periods, and screening pro-
grams, it is difficult to make fair comparisons between stud-
ies and the magnitude of results. For example, the prevalence
of diabetes in the Icelandic population was low (2.7%) and
there was no PSA screening program in the country. Even
within the Health Professionals Follow-up Study, risks dif-
fered when stratified by time-period before and after wide-
spread screening with PSA tests [23]. Although there is
biologic plausibility for a reduced risk of prostate cancer in
men with diabetes, the change in risks that coincides with
differences in screening uptake and availability appears to
indicate at least some role for PSA testing and detection bias
in the difference in risks by diabetes status.

While we found PSA testing decreased slightly in the
more recent years (2012-2015) for men regardless of
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diabetes status, testing was consistently about 9—10% points
higher in men with diabetes. The higher testing could be
indicative of greater interaction with health care providers
but studies have been inconsistent when comparing uptake
of prostate cancer screening by diabetes status [25]. It should
be noted that we compared all PSA testing in this analysis,
regardless if it was for screening or diagnostic purposes.
With more PSA testing yet lower rates of cancer, this may
also be evidence of a biologic difference in tumor develop-
ment or production of PSA by diabetes status. If there was
no difference in the development of tumors by diabetes sta-
tus, we would expect higher levels of PSA testing to result
in the detection of more low-grade tumors in men with dia-
betes, which was not the case. However, the smaller tumor
sizes and localized tumors diagnosed in men with diabetes
do not preclude the detection bias that was theorized from
our previous analysis with the PLCO [14]. With a higher
percentage of men with diabetes being screened for prostate
cancer, it makes sense that they would have a higher propor-
tion of smaller tumors diagnosed at an earlier stage than men
without diabetes. Another possible explanation that we are
unable to explore in this analysis is that men with diabetes
may be less likely to be referred for biopsy or to follow-
up after a referral. This has been observed in both US and
Swedish cohorts [26, 27] and may be more likely to occur



Cancer Causes & Control (2020) 31:1105-1113

mm

with low-grade tumors and lower PSA levels. The relation-
ship between diabetes, PSA levels, screening and prostate
cancer is complex and further study is still needed to tease
apart the potential contributions of biologic differences and
detection biases.

There are a number of potential explanations for the dif-
ference in results from the PLCO. In the PLCO, men in the
screening arm were invited to be screened annually with
approximately 91% of men having been screened at least 3
times during the first 6 study years and 76% screened at least
5 times [28]. The high compliance was useful for identify-
ing a potential detection bias but was not representative of
a real world situation. In the current analysis, we found a
higher screening rate among men with diabetes compared
to those without but we found that only about 60% of men
with diabetes had a PSA test in the past 2 years.

With regards to the PSA test for prostate cancer screen-
ing, our findings that despite higher PSA test use, men with
diabetes still had lower rates of low-grade disease before
2012 may indicate that the PSA test is a better screening test
in men with diabetes. One of the main shortcomings of the
PSA test as a screening tool is overdiagnosis and identifying
tumors that would not have become symptomatic; these are
typically low-grade tumors. If men with diabetes have fewer
low-grade tumors diagnosed because of lower PSA levels
and are diagnosed with a higher proportion of high-grade
tumors, this could reduce overdiagnosis with the PSA test.
A better understanding of the relationship between diabe-
tes, prostate cancer, and PSA testing can help inform future
guidelines and patient/physician discussions regarding
screening. To address the question of overdiagnosis in men
with diabetes, either a pooled analysis of screening trials is
needed or studies will need to rely on modeling. However,
because of considerable differences in the study populations
of PSA screening trials available and different study designs,
a pooled analysis might not be the most appropriate or gen-
eralizable to the US population.

As a check of our rates with the SEER-Medicare data,
we used SEER 18 Registry data released in 2019 [29], and
calculated rates for men aged 65-74 years from 2006 to 2015
and found comparable rates and a similar trend for overall
rates. The benefit of the SEER-Medicare data is the ability
to calculate the rates by diabetes status. There are few data
sources available in which this is possible. Although we had
previously calculated rates by diabetes status in the PLCO, it
was important to compare results in the general population.
Participants in the PLCO have been found to be healthier
and have more education compared to the general population
[30]. In addition, PSA screening was part of the trial, which
affected the rates.

Although the SEER-Medicare data provide a better repre-
sentation of the general population than the PLCO, our study
was limited to men aged 67-74 years enrolled in Medicare

fee-for-service. Beneficiaries enrolled in a Medicare Advan-
tage (Part C) were not included because they do not have full
claims available for analysis. During the time-period of this
SEER-Medicare data (2004-2015), enrollment in Medicare
Advantage (Part C) ranged from 16 to 31% [31]; therefore,
our results may not be generalizable beyond this age group
and/or to all Medicare beneficiaries. However, when we
compared tumor characteristics between all prostate cancer
cases aged 65-74 to those limited to the study population,
results were comparable (results not shown).

Another limitation is that we did not have detail on the
type or duration of diabetes in the men in this analysis,
only date of first Medicare claim. We did not include men
where the first diabetes claim and prostate cancer diagnosis
occurred within the same year because studies have shown
an increased risk of prostate cancer within a year of a dia-
betes diagnosis, presumably due to a surveillance bias and/
or increased healthcare utilization. However, some but not
all studies have found the risk of prostate cancer decreases
with increasing time since diabetes diagnosis [25]. Without
a date of diagnosis for diabetes, there may be differences by
diabetes duration that this analysis did not capture. In addi-
tion, we can assume that the results are more generalizable
to type II diabetes because of the greater prevalence, but it
is unclear if the results would be similar for type I diabetes.

Previous analyses have found that the Chronic Condi-
tion Flags (CCF) file tends to overestimate the prevalence of
diabetes in Medicare beneficiaries [22, 32]. Among benefi-
ciaries aged 65-74 years with a CCF flag for diabetes, only
72% had self-reported diabetes in a linked self-report survey
[22]. The false-positive results are potentially due to people
with undiagnosed diabetes and/or more frequent monitor-
ing of patients with pre-diabetes [32]. Although this could
alter the magnitude of differences in our results, we feel the
direction would likely underestimate the difference since the
false-positive misclassification is among those categorized
as having diabetes. The analysis was also unable to account
for obesity as a potential risk factor and did not account
for diabetes medications, such as insulin and Metformin.
However, evidence of an association between obesity and
prostate cancer and diabetes medications independent of
diabetes has been weaker and inconsistent [25].

Overall, use of the large study population from SEER-
Medicare allowed us to find differences in prostate cancer
rates and characteristics by diabetes status and over time.
While previous studies have compared the risk and charac-
teristics of prostate cancer by diabetes status, this is the first
that we know of to examine trends and potential changes
in relation to the updated USPSTF guidelines in 2008 and
2012. Changes in the RRs since changes in USPSTF guide-
lines indicate the lower risk among men with diabetes is
likely due to some type of detection bias. However, further
understanding of the relationship between these diseases
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is needed to help guide screening recommendations and
discussions.
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