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Abstract

Purpose Men with diabetes have been found to have a reduced risk of prostate cancer (PCa), potentially due to detection
bias from lower prostate-specific antigen (PSA) levels or inhibition of tumor growth. Understanding if lower PCa rates are
due to a lower risk of the disease or a detection bias from PSA testing can help inform the benefits and harms from prostate
cancer screening.

Methods We used data from the Prostate, Lung, Colorectal, and Ovarian (PLCO) Screening Trial to assess the impact of
PSA screening on PCa in men with diabetes and the potential role of detection bias and/or slower tumor growth. Comparing
men by diabetes status, we calculated age-adjusted incidence rates by tumor grade and compared screening results, PSA
levels, and tumor characteristics.

Results Men with diabetes had lower rates of PCa but was limited to low- and intermediate-grade tumors. Men with diabetes
were less likely to be biopsied after their first positive screening test and men diagnosed with low/intermediate-grade tumors
had significantly more advanced tumors with higher PSA levels.

Conclusions Our findings provide additional evidence that detection bias is likely contributing to the lower rates of low- and

intermediate-grade prostate cancers.
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Background

Numerous studies have examined the relationship between
diabetes and prostate cancer, demonstrating a reduced risk
of prostate cancer among men with diabetes [1-9]. Studies
have consistently found lower rates of low-grade tumors in
men with diabetes compared to men without [4, 10-13].
Although inconsistent, there is some evidence that rates
of high-grade tumors are lower, as well [10-12, 14]. Both
biologic mechanisms and detection biases have been pos-
tulated as reasons for the lower rates of prostate cancer in
men with diabetes. Men with diabetes have been found to
have lower prostate-specific antigen (PSA) levels compared
to men without diabetes, [10, 15] which may be attributed
to lower androgen levels, such as testosterone [15—17]. The
lower hormonal levels could potentially inhibit or slow
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tumor growth while lower PSA levels could also contribute
to reduced detection of prostate cancer in men with diabetes
[10, 18]. Studies have been unable to distinguish the factors
that contribute to the lower prostate cancer rates.

The US Preventive Services Task Force (USPSTF)
recently released a draft recommendation statement on pros-
tate cancer screening that advises physicians and patients
discuss the potential benefits and harms of screening [19].
For men with diabetes, understanding if lower prostate can-
cer rates are due to a lower risk of the disease or a detec-
tion bias from PSA testing can help inform the benefits and
harms from prostate cancer screening. Further examining the
rates, tumor characteristics, and corresponding PSA levels
from a prostate cancer screening trial, could provide clues
about the reasons for lower rates. For example, if we assume
that tumor growth is similar by diabetes status, despite lower
PSA levels in men with diabetes, then PSA testing would
miss more tumors that fall below the typical threshold of
4 ng/ml (detection bias) in men with diabetes. In this case,
because smaller tumors would be missed, we would expect
to find a higher proportion of larger, more advanced tumors
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compared to men without diabetes (Fig. 1a). Alternatively,
if we assume slower tumor growth in men with diabetes—
with similar or lower PSA levels compared to tumors in men
without diabetes—then we would expect to find a higher
proportion or same proportion of smaller, less advanced
tumors compared to men without diabetes (Fig. 1b).

The Prostate, Lung, Colorectal, and Ovarian (PLCO)
Screening Trial provides an opportunity to assess the impact
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Fig.1 a Assuming tumor growth is similar by diabetes status despite
lower PSA levels in men with diabetes, if PSA testing misses more
tumors that fall below the typical threshold of 4 ng/ml (detection
bias), we would expect to find a higher proportion of larger, more
advanced tumors compared to men without diabetes. b Assuming
tumor growth is slower in men with diabetes, with similar or lower
PSA levels, we would expect to find a higher proportion or same pro-
portion of smaller, less advanced tumors than men without diabetes
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of prostate cancer screening on prostate cancer in men with
diabetes and the potential role of detection bias and/or
slower tumor growth. First, we examined if incidence rates
of all tumor grades are lower in men with diabetes com-
pared to those without. This expands on an earlier analysis
of PLCO data [12] by including both study arms, longer
follow-up times (maximum of 13 vs. 9 years of follow-up),
and three categories of tumor grade vs. two. Secondly, we
used the intervention arm of the trial to examine evidence of
detection bias by comparing biopsy follow-up after a posi-
tive test, tumor stage, and PSA levels between men with and
without diabetes.

Methods

The PLCO has been described more in-depth previously [20,
21]. The trial included men and women aged 55-74 years
with no previous PLCO cancer or current cancer treatment
who were enrolled between 1993 and 2001 from 10 cancer
centers across the U.S. Over 76,000 men were randomized
into an intervention arm (n=38,340) or usual care arm
(n=38,345). Men in the intervention arm had PSA levels
measured at baseline and then annually in the following
5 years. A positive test was defined as PSA level >4 ng/ml,
and these men were referred to their primary physician for
follow-up. Men also underwent a digital rectal examination
(DRE) at baseline and annually for the following 3 years.

All participants completed a baseline questionnaire
detailing demographic characteristics, smoking history, fam-
ily and personal history of cancer, and health characteristics.
Diabetes was self-reported from the baseline questionnaire
and did not differentiate between type I and type II diabe-
tes. During the active screening period, a sample of men in
the usual care arm completed a Health Status Questionnaire
(HSQ), which included questions about screening tests to
assess contamination. During the post-screening period, a
sample of men from both arms completed the HSQ.

Men were excluded if they did not return their baseline
questionnaire [n=2,826 (3.7%)], did not have known dia-
betes status [n=467 (0.6%)], or had any history of prostate
cancer prior to randomization [n =42 (0.05%)]. After exclu-
sions, the study population included 73,349 men (6,672 with
diabetes; 66,677 without diabetes). In the intervention arm,
the population included 3,403 men with and 33,869 men
without diabetes.

Cancer reporting and tumor characteristics

Cancers were identified either through annual study update
forms completed by participants or through follow-up of
positive screening tests. Prostate cancers that were only
identified through death certificate or self-report without
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medical record confirmation were not included as cancers
(n=394). Trained medical abstractors reviewed medical
records for medical procedures, diagnostic confirmation,
and tumor characteristics, including histology, stage, and
Gleason score. Biopsies were considered linked to a positive
screening test if they occurred within a chain of diagnostic
evaluations with no lapses > 9 months from the test.

Using TNM clinical stage, TNM T was categorized as
T1-Tc, T2-T2c, > T3. Tumor stage was also dichotomized
as localized (stage I/II) or advanced disease (stage III/IV)
based on combined clinical and pathologic stage. Tumor
grade was based on Gleason score (GS) and categorized into
low- (GS: 2-6), intermediate- (GS: 7), and high-grade (GS:
8-10) tumors. Gleason score was determined by prostatec-
tomy, when available, or biopsy at the time of diagnosis.
PSA levels were based on the most recent test result prior to
diagnosis and were limited to test results within 90 days of
diagnosis (approximately 87%) and for diagnostic purposes
(i.e., not screening).

Statistical analysis

We compared participant characteristics and screening levels
by diabetes status using chi-squared tests. Screening levels
included the percent screened before the trial, during the
active screening period [Time(T)0-T5], and during extended
follow-up (T6-T13).

Using the full male study population, we calculated rates
of prostate cancer by diabetes status overall and by study
arm. Follow-up for incident prostate cancer was available
through 31 December 2009 or 13 years of follow-up, which-
ever occurred first. We then calculated rates separately for
low-, intermediate-, and high-grade tumors. We used Cox
proportional hazards regression modeling to calculate haz-
ard ratios comparing men with diabetes to those without,
adjusting for age at baseline.

We first examined possible differences in positive PSA
or DRE tests at each screening round among men in the
intervention arm. Then we assessed follow-up after a first
positive test by comparing receipt of a biopsy after a positive
PSA test and/or DRE exam. Biopsies were assessed overall
and by PSA level under 10 ng/ml (4-6.9 ng/ml and 7-10 ng/
ml). To account for multiple tests with different combina-
tions of screening results in the same person, we limited
the analysis of biopsies linked to the first positive screening
test (PSA and/or DRE). We measured the associations using
unadjusted and multivariable logistic regression adjusting
for age at baseline (55-59, 60—64, 65-69, 70-74 years), edu-
cation level (< high school degree, less than college, at least
some college), race (white non-Hispanic, black non-His-
panic, Hispanic, other races, and ethnicities), obesity [Body
Mass Index (BMI) > 30 kg/mz], and number of other health
conditions (<1, >2; based on self-report of hypertension,

coronary heart disease or myocardial infarction, stroke,
emphysema, and chronic bronchitis).

We compared diagnostic PSA levels and tumor stage by
diabetes status to assess potential evidence of detection bias.
We again limited the study population to the intervention
arm but only included men with prostate cancer and with
a time of diagnosis during or within 1 year of the active
screening period (TO-T5). We used this subpopulation
because we were interested in the direct results of screen-
ing tests vs. the long-term impact on cancer diagnoses. This
subpopulation included 2,027 men (141 with diabetes; 1,886
without diabetes). We compared geometric means of PSA
levels by diabetes status using a ¢ test and compared levels
categorized as <4, 4-9.9, and > 10 ng/ml with a y test.

Results

Overall, 9.1% of participants had diabetes at study baseline,
with no difference in percentage by study arm (Table 1).
Men with diabetes were older than men without diabetes,
with approximately 45.3% aged 65 years and over compared
to 35.8% among men without diabetes (p <0.001). Men with
diabetes were also more likely to be of other race/ethnicities
than non-Hispanic white compared to men without diabe-
tes. The prevalence of diabetes ranged from 8.2% in non-
Hispanic white participants to 18.9% in non-Hispanic black
participants (results not shown). Although the percentage
of men with a family history of prostate cancer was signifi-
cantly different by diabetes status, the absolute difference
was small (1%). Men with diabetes were almost twice as
likely to be obese (39.0%) compared to men without diabe-
tes (21.8%; p<0.001). When we compared screening levels
by diabetes status, men with diabetes were slightly more
likely to have had a DRE before the trial (61.8% vs. 57.8%;
p<0.001). During the active screening phase of the study,
men with diabetes in the intervention arm were slightly less
likely to have a PSA or DRE during the trial (PSA: 91.7%
vs. 95.3%, p<0.001; DRE: 90.9% vs. 94.8%, p <0.001) than
men without diabetes but the differences were modest. There
was no significant difference in PSA or DRE testing during
the active screening phase in the usual care arm or during
the follow-up period for both arms combined.

Rates of all prostate cancers were lower in men with dia-
betes compared to men without, overall and by each study
arm (Table 2). Overall, men with diabetes were approxi-
mately 26% less likely to be diagnosed with prostate cancer
compared to men without (aRR=0.74 95% CI 0.68-0.81).
By tumor grade, the disparity in rates was greatest for
low-grade tumors where men with diabetes were 36% less
likely to be diagnosed with prostate cancer than men with-
out diabetes (aRR =0.64 95% CI 0.56-0.72). The associa-
tion was attenuated but remained significantly lower for
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Table 1 Distribution of PLCO

. . Diabetes No diabetes p Value
baseline characteristics of
73,349 men by diabetes status N (%) N (%)
Overall (row %) 6,672 (9.1) 66,677 (90.9)
Study arm (row %)
Screening arm 3,403 (9.1) 33,869 (90.9) 0.74
Usual care 3,269 (9.1) 32,808 (90.9)
Age at randomization
55-59 1,652 (24.8) 21,809 (32.7) <0.001
60-64 1,995 (29.9) 21,001 (31.5)
65-69 1,828 (27.4) 15,289 (22.9)
70-74 1,197 (17.9) 8,578 (12.9)
Mean age (years) 63.9 62.6
Race/ethnicity
Non-Hispanic White 5,303 (79.7) 59,467 (89.2) <0.001
Non-Hispanic Black 632 (9.5) 2,713 (4.1)
Hispanic 246 (3.7) 1,337 (2.0)
Other race/ethnicity 474 (7.1) 3,132 (4.7)
Number of chronic conditions (excluding diabetes)
<1 5,022 (75.9) 60,106 (90.4) <0.001
>2 1,595 (24.1) 6,357 (9.6)
Body Mass Index Category
Underweight/normal (<25 kg/mz) 1,054 (16.1) 18,028 (27.4) <0.001
Overweight (25-29.9) 2,937 (44.9) 33,341 (50.8)
Obese (>30) 2,552 (39.0) 14,318 (21.8)
Family history of prostate cancer
Yes 420 (6.4) 4,859 (7.4) 0.004
No 6,065 (91.7) 60,202 (91.0)
Unsure 125 (1.9) 1,083 (1.6)
PSA test in 3 years before trial (any), n (%) 2,925 (50.1) 30,569 (50.0) 0.97
PSA test during screening phase (screening arm), n (%) 3,122 (91.7) 32,292 (95.3) <0.001
PSA test in past 3 years during screening phase (usual care 111 (62.4) 1,333 (62.9) 0.88
arm), n (%)
PSA test in past 3 years during follow-up 170 (72.6) 2,271 (77.9) 0.06
DRE in 3 years before trial (any), n (%) 3,973 (61.8) 37,508 (57.8) <0.001
DRE during screening phase 3,094 (90.9) 32,095 (94.8) <0.001
(screening arm), n (%)
DRE in past 3 years during screening phase 89 (51.4) 1,082 (53.1) 0.68
(usual care arm), n (%)
DRE in past 3 years during follow-up 146 (66.4) 1,967 (70.5) 0.19

There are no statistically significant differences by arm for participant characteristics

intermediate-grade tumors (aRR=0.79 95% CI 0.68-0.91).
Rates were not significantly different by diabetes status for
high-grade tumors (aRR=1.06 95% CI 0.85-1.31). We did
not find large differences in relative risks for diabetes status
by study arm.

We examined possible differences between positive
screening tests at each interval and receipt of biopsy after
a first positive test (PSA or DRE) as a contributor to the
lower rates (Table 3). Men with diabetes had lower PSA
positivity rates than men without diabetes. The lower rates
were statistically significant for each screening round except
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baseline. However, in the multivariable logistic regression
models, the positivity rates were significantly lower for all
screens including baseline. For all PSA screens combined,
men with diabetes had a 28% reduced odds of a positive test
compared to men without diabetes. With respect to DRE,
across all screening rounds, men with diabetes had a signifi-
cantly lower screen positivity rate than men without diabe-
tes. (aRR=0.86 95% CI 0.77-0.95), though rates were not
significantly different at any given round.

Among men with a positive screening test, men with
diabetes (32.5%) were significantly less likely to have a



Cancer Causes & Control (2018) 29:907-914

91

Table 2 Prostate cancer incidence rates by tumor grade, study arm,
and diabetes status

Diabetes No diabetes aRR?* (95% CI)
S 5 by diabetes
N  Rate/10° N Rate/10 status
person- person-
years years
All prostate cancer
Overall 540 850.9 7,644 1,105.0 0.74 (0.68-0.81)
Screening 284 876.1 4,053 1,155.7 0.72 (0.64-0.82)
arm
Usual care 256 824.6 3,591 1,053.0 0.76 (0.67-0.87)
arm
Low grade [Gleason Score (GS) <7]
Overall 259 408.1 4211 608.8 0.64 (0.56-0.72)
Screening 132 407.2 2,327 663.5 0.58 (0.49-0.69)
arm
Usual care 127 409.0 1,884 552.4 0.71 (0.59-0.85)
arm
Intermediate grade (GS=7)
Overall 183 288.3 2,458 355.3 0.79 (0.68-0.91)
Screening 100 308.5 1,258 358.7 0.82 (0.67-1.00)
arm
Usual care 83 267.3 1,200 351.9 0.75 (0.60-0.94)
arm
High grade (GS 8-10)
Overall 91 1434 869 125.6 1.06 (0.85-1.31)
Screening 47 145.0 404 115.2 1.16 (0.86-1.57)
arm
Usual care 44 141.7 465 136.3 0.97 (0.71-1.32)

arm

*Relative risks are age-adjusted and comparing diabetes to no diabe-
tes

biopsy linked to their first positive PSA test compared to
men without diabetes [38.1%; OR 0.78 (95% CI 0.63-0.97)]
(Table 3). However, after adjusting for age, education, race,
obesity, and number of other health conditions, the associa-
tion was no longer statistically significant (aOR =0.86; 95%
CI 0.69-1.07). When we examined biopsies after first posi-
tive test by PSA levels between 4 and 10, there was a signifi-
cant association with PSA levels 4-6.9 ng/ml (aOR =0.70
95% CI 0.54-0.89) but not 7-10 ng/ml (aOR =1.06 95% CI
0.61-1.85). There was no association with having a biopsy
by diabetes status after a positive DRE.

Finally, we compared tumor characteristics and PSA lev-
els by diabetes status (Table 4). For prostate tumors overall,
we found a significantly higher percentage of more advanced
(TNM T >T3) tumors in men with diabetes (5.7%) com-
pared to those without (1.7%; p=0.004) (Table 4). However,
there was no difference in overall dichotomized (localized
vs. advanced) stage. We did not find significant differ-
ences in mean or categorized PSA levels by diabetes status.
Because we only found lower rates of prostate cancer in

men with diabetes for low- and intermediate-grade tumors,
we reran the analysis limited to those tumors. When limited
to the low/intermediate-grade tumors, mean PSA levels at
diagnosis were higher in men with diabetes (7.40) compared
to those without (6.36; p=0.04). Similarly, for categorized
PSA levels, a higher percentage of men with diabetes had
PSA levels > 10 ng/ml (10.7%) compared to men without
(5.0%; p=0.04).

Discussion

In our analysis of PLCO data, we found evidence to support
lower rates of low and intermediate grade but not high-grade
prostate tumors in men with diabetes compared to those
without. To explore evidence of detection bias or slower
tumor growth contributing to the lower rates, we compared
receipt of biopsies, tumor stage, and PSA levels. Men with
diabetes were less likely to be biopsied after their first posi-
tive screening test and men diagnosed with low/intermedi-
ate-grade tumors had significantly more advanced tumors
(based on TMN T stage) with higher PSA levels. Our finding
provides evidence that detection bias is likely contributing
to the lower rates of low- and intermediate-grade prostate
cancers.

Previous studies have been conflicting about whether
incidence rates of prostate cancer in men with diabetes are
lower than in men without diabetes for all tumor grades
or just low-grade tumors. For example, two studies using
the Health Professionals Follow-up Study Cohort found
an approximately 30% reduced risk of high-grade tumors,
defined as GS 7-10, in men with diabetes compared to
men without diabetes [11, 14]. However, a large prospec-
tive study using electronic health records in Israel did
not find a significant reduction in risk for high-grade (GS
7-10) tumors (aRR =0.92 95% CI 0.82-1.03) [10]. An ear-
lier analysis of the intervention arm in the PLCO also did
not find a significant reduction in high-grade (GS 8-10)
tumors (unadjusted RR=1.04 95% CI 0.74-1.45) but only
had 16 high-grade cases in men with diabetes and was
likely underpowered to detect a modest reduction in risk
[12]. One possible reason for the inconsistent results could
be the cut-off used to define high-grade tumors. In our
analysis, we found that compared to men without diabetes,
rates were significantly lower in men with diabetes and
tumors with GS =7 (intermediate grade) but not for those
with GS =8-10 (high grade). When we combined GS7-10,
the reduced risk of prostate cancer was still significantly
lower but attenuated towards the null (RR=0.86 95%
CI 0.76-0.97; results not shown). Previous studies have
shown a survival advantage for tumors with grade 7 com-
pared to 8-10, indicating a difference in tumor behavior,
which could affect detection by screening [22]. Therefore,
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Table 3 Comparison of positive
screening tests and biopsy
follow-up after a positive
screening test by diabetes status

Table4 Comparison of PSA

. . Overall p Value  Low/intermediate grade
levels at diagnosis and prostate
tumor clinical stage by diabetes Diabetes No diabetes Diabetes No diabetes p Value
status among men in the
subpopulation of men in the (N=141) (N=1886) (N=127) (N=1,701)
Singnosed during the sreening T Sz N €0
phase Clinical TNM T
T1-Tlc 83 (58.9) 1,101 (58.4)  0.004 1,020 (60.0) <0.001
T2-T2c 50 (35.5) 751 (39.9) 660 (38.9)
>T3 8(5.7) 32 (1.7) 19 (1.1)
Localized (I/1T) 116 (82.3) 1,598 (84.7) 0.43 1,483 (87.2) 0.15
Advanced (II/IV) 25 (17.7) 288 (15.3) 218 (12.8)
Mean PSA level at 7.68 (1.07) 6.73 (1.02) 0.08 7.40 (1.07) 6.36 (1.02) 0.04
diagnosis, mean
(SE)
Categorized PSA level, N (%)
0-3.9 ng/ml 86 (74.8) 1,242 (79.9)  0.06 1,148 (82.3) 0.04
499 15 (13.0) 212 (13.6) 177 (12.7)
>10 14 (12.2) 100 (6.4) 69 (5.0)

Diabetes
N (%)

No diabetes
N (%)

Unadjusted OR (95% CI)

Adjusted OR? (95% CI)

Positive PSA screen by screening round

TO 210(7.1) 2,496 (8.0)  0.87 (0.75-1.01) 0.77 (0.66-0.90)
Tl 168 (6.0) 2,303 (7.8)  0.76 (0.64-0.89) 0.66 (0.56-0.78)
T2 165(6.2) 2,397(8.3)  0.73 (0.62-0.86) 0.66 (0.56-0.78)
T3 156 (6.1) 2,488 (9.0)  0.66 (0.56-0.78) 0.59 (0.50-0.70)
T4 107 (6.0) 1,668 (8.3)  0.70 (0.58-0.86) 0.63 (0.51-0.78)
T5 160 (7.7)  2,193(9.3)  0.81 (0.69-0.96) 0.74 (0.62-0.88)
Any 460 (14.7) 5,816 (18.0)  0.79 (0.71-0.87) 0.72 (0.65-0.81)

Positive DRE screen by screening round

TO 199(6.7)  2,263(7.3)  0.91 (0.79-1.06) 0.87 (0.74-1.01)
Tl 200(7.2)  2,017(6.9)  1.06(0.91-1.22) 1.01 (0.87-1.18)
T2 177(6.7)  2,129(7.5)  0.90 (0.76-1.05) 0.86 (0.73-1.01)
T3 195(7.8)  2,103(7.7)  1.01 (0.87-1.18) 0.97 (0.83-1.13)
Any 476 (15.4) 5,447 (17.0)  0.89 (0.80-0.99) 0.86 (0.77-0.95)

Biopsy among men with a positive screening test (first positive test)

Any PSA+ 137 (32.5) 2,057 (38.1)  0.78 (0.63-0.97) 0.86 (0.69-1.07)
PSA 4-6.9 87 (26.1) 1,483 (34.3)  0.68 (0.53-0.87) 0.74 (0.57-0.96)
PSA 7-10 27 (49.1)  352(50.3)  0.95(0.55-1.65) 1.15 (0.64-2.05)

PSA+/DRE— 114 30.1) 1,761 36.0)  0.76 (0.61-0.96) 0.85 (67-1.08)

Any DRE+ 95 (21.0) 1,238 (24.9)  0.80 (0.63-1.01) 0.80 (0.63-1.01)
DRE+/PSA— 72(17.6)  942(21.1)  0.80 (0.61-1.04) 0.81 (0.62-1.06)

PSA+ or DRE+ 209 (25.2) 2,999 (30.4)  0.77 (0.65-0.90) 0.80 (0.67-0.94)

?Adjusted for age, education level, race, number of comorbid conditions, and obesity

analyses combining GS 7 with 8—10 might distort the rate
and be dependent on the distribution of tumors by grade
present in the study.

Consistent with a detection bias related to lower PSA lev-
els, men with diabetes were significantly less likely to have a

positive PSA test, but not a positive DRE, at each screening
round compared to men without diabetes. Better evidence of
slower growing tumors would include men being less likely
to test positive for both DRE and PSA tests. Although we
found men with diabetes were less likely to have any positive
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DRE, the difference was modest and there was no clear pat-
tern by screening round.

We were unable to determine the reason for men with
diabetes being less likely to have a biopsy after a positive
PSA test but this could potentially contribute to lower cancer
rates in men with diabetes. Although likely to be a contrib-
uting factor, we are unable to assess if differences in health
status contributed to the decision to not undergo a biopsy.
However, controlling for other health conditions had little
impact on the association. There may be other reasons for
difference in care by diabetes status that we are unable to
identify with the PLCO data.

Our finding of higher PSA levels and more advanced
tumors at diagnosis in men with diabetes suggests that some
smaller, less advanced tumors are preferentially not cap-
tured by PSA testing in men with diabetes. Although this
does not rule out slower growing tumors contributing to
lower rates, it provides stronger evidence of detection bias.
However, it should be noted that if detection bias is occur-
ring, it is unclear if this finding is detrimental to screening
in men with diabetes. Because overdiagnosis of prostate
cancer is a substantial concern in balancing the benefits
and harms of screening for prostate cancer, missing these
less advanced tumors could potentially be beneficial to this
balance in men with diabetes. Unfortunately, this study is
underpowered to estimate overdiagnosis and assess the
effectiveness of screening in the subgroup of men with
diabetes.

Our study had a number of limitations that could affect
the results or conclusions of our analysis. Diabetes was
based on self-report with no differentiation between type I
and type II diabetes and we did not account for the duration
of the disease nor treatments. Because we do not know what
tumors were missed from screening, we can only indirectly
assess detection bias as a factor for lower cancer rates. Addi-
tionally, because of substantial contamination of screening
in the usual care arm, we are unable to assess the impact of
PSA testing compared to an unscreened population.

Consistent with previous literature, we found that men
with diabetes have lower rates of prostate cancer compared
to men without diabetes but the lower rates were limited
to low- and intermediate-grade tumors. While our study
does not rule out the possibility of differences due to slower
growing tumors in men with diabetes, it provides additional
evidence that a detection bias contributes to the lower rates.
It will be important to understand why men with diabetes
are less likely to get appropriate follow-up treatment and
if PSA testing impacts their balance of benefits and harms
differently than men without diabetes. However, the results
in this study can contribute to a better understanding of the
relationship of screening and prostate cancer in men with
diabetes and help better inform discussions.
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