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Objective—A history of diabetes has been fairly consistently related to a reduced prostate cancer 

risk, but previous investigations have not always addressed whether the relation with diabetes 

varies by prostate cancer aggressiveness or the association between diabetes and prostate cancer is 

modified by physical activity level and body mass, variables closely related to glucose 

metabolism.

Methods—We prospectively examined the diabetes–prostate cancer risk relationship among 

33,088 men in the screening arm of the Prostate, Lung, Colorectal and Ovarian (PLCO) Cancer 

Screening Trial.

Results—During 8.9 years follow-up, we ascertained 2,058 incident prostate cancer cases. 

Diabetes history was related to decreased risk of total prostate cancer (RR = 0.80, 95% CI = 0.68–

0.95). The apparent protection afforded by diabetes was primarily due to the inverse relation with 

non-aggressive disease (i.e., the combination of low grade (Gleason sum <8) and low stage 

(clinical stages I or II); RR = 0.75; 95% CI = 0.62–0.91). In contrast, no association was noted 

between diabetes and aggressive disease (i.e., high grade or high stage (Gleason sum ≥8 or clinical 

stages III or IV); RR = 1.04, 95% CI = 0.74–1.45). In further analyses, the association between 

diabetes and aggressive prostate cancer was suggestively positive for men who were lean (RR = 

1.64, 95% CI = 0.87–3.07; BMI < 25 kg/m2) and it was positive for men who were the most 

physically active (RR = 1.63; 95% CI = 1.07–2.62; 3+ hours vigorous activity/week). By 

comparison, no relations of diabetes to aggressive prostate cancer were noted for their heavier or 

physically less active counterparts (p-value for tests of interaction = 0.10 and 0.03 BMI and 

physical activity, respectively).

Conclusion—In this study, diabetes showed divergent relations with prostate cancer by tumor 

aggressiveness. Specifically, diabetes was inversely associated with early stage prostate cancer but 

it showed no relation with aggressive prostate cancer. Exploratory analyses suggested a positive 

association between diabetes and aggressive prostate cancer in the subgroup of men with a low 

BMI.
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Introduction

Diabetes mellitus is a major source of morbidity in the United States (U.S.), where it has 

currently affected 10% of the population approximately [1]. The incidence of diabetes has 

increased markedly over time [1], tracking closely with increasing rates of adiposity [2], 

decreasing amounts of physical activity [3], and aging of the population. Rates of diabetes 

are anticipated to continue to rise both nationally and internationally [4].

Prostate cancer is the most commonly diagnosed non-cutaneous solid malignancy in U.S. 

men, where it ranks second in cancer-related mortality [5]. Despite the high incidence of 

prostate cancer, its etiology remains poorly understood [6]. Given the substantial incidence 

rates of both diabetes and prostate cancer, any relation of diabetes to the risk or severity of 

prostate cancer would have significant public health relevance.
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We examined the association between history of diabetes and prostate cancer risk in the 

Prostate, Lung, Colorectal, and Ovarian (PLCO) Cancer Study. We sought to examine this 

relationship stratified according to body mass and physical activity, variables closely related 

to glucose metabolism. A further goal was to investigate whether the association between 

diabetes and prostate cancer varied by PSA level; the availability of comprehensive, 

prospective information on PSA concentration allowed us to assess the influence of prostate 

cancer screening on the relation of diabetes to prostate cancer.

Materials and methods

Study population

This study was conducted in the Prostate, Lung, Colorectal, and Ovarian (PLCO) Cancer 

Screening Trial, a randomized controlled, multi-site study (Birmingham, AL; Denver, CO; 

Detroit, MI; Honolulu, HI; Marshfield, WI; Minneapolis, MN; Pittsburgh, PA; Salt Lake 

City, UT; St Louis, MO; and Washington, DC) designed to evaluate selected methods for the 

early detection of these four cancers [7]. Between 1993 and 2001, 38,350 men aged 55–74 

years were randomized to the screening arm of the trial. These men received a prostate-

specific antigen (PSA) test and a digital rectal exam (DRE) at study entry annually for three 

years, followed by two years of screening with PSA only. Men with a PSA test result of >4 

ng/ml or DRE suspicious for prostate cancer were referred to their medical care providers 

for follow-up. In addition, each participant was asked to complete a baseline questionnaire 

and annual follow-up questionnaires regarding cancer diagnoses. The study was approved by 

the institutional review boards of the U.S. National Cancer Institute and the trial screening 

centers. Written informed consent was obtained from each study participant.

Out of 38,350 men who were randomly assigned to the screening arm of the trial, we 

excluded at baseline, men who reported a history of cancer other than non-melanoma skin 

cancer (n = 1,424); men without an initial PSA test or DRE (n = 2,470); men who received 

an initial screening examination but with whom there was no subsequent contact (n = 

1,045); men who did not complete the baseline questionnaire (n = 898); men whose initial 

screening examination occurred after 30 September 2002, the censor date for the present 

analysis (n = 72); and men with missing values for history of diabetes (n = 1,302). After 

exclusions, the analytic cohort comprised 33,088 men (some participants were included in 

more than one exclusion category).

Identification of prostate cancer cases

For men with suspected prostate cancer or for those who reported prostate cancer on their 

annual questionnaire, we requested medical records to confirm the diagnosis and to obtain 

stage and grade information. We used death certificates, autopsy reports, and supporting 

medical/pathological records to confirm the information regarding diagnosis, stage, and 

grade for participants who were deceased. Clinical stage I and II tumors (stage I tumor = 

occult or incidental finding; stage II tumor = confined to prostate) with Gleason sum <8 

were defined as non-aggressive. Clinical stage III and IV tumors (stage III tumor = localized 

to periprostatic area; stage IV tumor = metastatic disease) and/or tumors with biopsy 

Gleason sum ≥8 were considered aggressive. We also distinguished between high-grade 

Leitzmann et al. Page 3

Cancer Causes Control. Author manuscript; available in PMC 2019 March 11.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



disease (defined as Gleason sum ≥8) and high-stage disease (defined as stages III or IV). Out 

of 2,058 total cases, 1,239 (60%) were Gleason sum <7, 596 (29%) were Gleason sum = 7, 

and 189 (9%) were Gleason sum ≥8. The majority of cases (n = 1,746, 85%) were clinical 

stages I or II, and 307 cases (15%) were stages III or IV.

Because prostate cancers with Gleason 7 carry a greater risk of cancer progression than 

Gleason 2–6 tumors, we conducted subanalyses using two alternate levels of low-grade 

prostate tumors: Gleason ≤6 and Gleason = 7.

Data collection

Information on demographic and medical characteristics, anthropometry, and dietary intakes 

was collected using the baseline questionnaire. Participants provided information on whether 

they had been told by a doctor that they had any of 19 listed medical conditions, one of 

which was diabetes. The questionnaire did not differentiate between type 1 and type 2 

diabetes. Approximately 95% of all diabetes cases are type 2 [1]; for the purpose of our 

analysis, we considered a report of diabetes on the questionnaire to be type 2 diabetes. Our 

study lacked data regarding the diagnosis date of diabetes. Information on history of diabetes 

based on self-report has shown excellent agreement (97%) with medical records [8]. We did 

not update information regarding newly diagnosed diabetes during the study time period. 

PSA measurements were performed at one central laboratory using a standard assay [9].

Data analysis

Person-years were calculated from the date of the baseline prostate cancer screen at study 

entry to the date of the most recently completed annual follow-up questionnaire, date of 

prostate cancer diagnosis, death, or 30 September 2002, whichever came first. We used Cox 

proportional hazards regression analysis to estimate relative risks (RRs) and 95% confidence 

intervals (CIs) of prostate cancer with age as the underlying time metric.

We adjusted for body mass index (BMI, <18.5, 18.5–24.9, 25–29.9, and 30 kg/m2 or more), 

race (Caucasian, African–American, Asian/Pacific Islander, and other), study center (10 

categories), family history of prostate cancer (yes/no), smoking status (never, current, and 

former), attained education (<12 years, 12 years or high school, post high school or college, 

and college graduation or more), aspirin use (<4 per month, 1–6 per week, 1 per day, and 2+ 

per day), physical activity (0, 1, 2, 3, 4, and 5 h per week or more), and height (<170, 170–

174.9, 175–179.9, 180–184.9, 185–189.9, and 190 cm or more). More rigorous adjustment 

for BMI (i.e., using a continuous BMI variable) or additional control for intakes of lycopene, 

selenium supplements, vitamin E, zinc, calcium, dairy products, red meat, dietary fat, and 

alcohol did not alter the RR estimates.

We examined whether the relation of diabetes to prostate cancer was modified by BMI 

(using categories of <25, 25–29.9, and 30 kg/m2) and physical activity (using categories of 

<1, 1–2, and 3+ hours per week). We also conducted an exploratory evaluation of the impact 

of prostate cancer screening on the relationship of diabetes to prostate cancer by running 

stratified analyses according to level of PSA at study entry (using categories of <4.0 and 

≥4.0 ng/ml). We formally tested for interactions using log-likelihood ratio tests. All p-values 

were based on two-sided tests.
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Results

We examined baseline characteristics of the study population according to diabetes history 

to assess the potential for confounding (Table 1). Men with a history of diabetes were less 

likely to report a family history of prostate cancer, they were less educated, and they drank 

less alcohol than men without a history of diabetes. In contrast, men with a history of 

diabetes were heavier, more sedentary, and more likely to use aspirin than men without a 

history of diabetes. Men with and without a diabetes history were similarly likely at study 

entry to report having undergone a PSA test during the past three years or having a previous 

history of prostate biopsy. However, men with a history of diabetes had a 14% lower 

baseline PSA concentration than men without a history of diabetes. Although the number of 

screening examinations during the trial did not vary by history of diabetes, the probability of 

undergoing prostate biopsy following an abnormal PSA or DRE test during the trial was 

lower among men with diabetes than men without diabetes.

During 8.9 years follow-up of 33,088 men, 2,058 men were diagnosed with prostate cancer. 

In multivariate analysis, history of diabetes was associated with a statistically significant 

decreased risk of total prostate cancer (RR = 0.80, 95% CI = 0.68–0.95; Table 2). The 

apparent protection afforded by diabetes was primarily due to the inverse relations with low 

grade or low stage prostate cancer; the RR for non-aggressive disease (i.e., low grade and 

low stage) was 0.75 (95% CI = 0.62–0.91). In contrast, no association was noted between 

diabetes and aggressive disease (i.e., high grade or high stage; RR = 1.04, 95% CI = 0.74–

1.45). Additional control for history of nocturia and history of BPH did not alter risk 

estimates (RR for non-aggressive disease = 0.73; 95% CI = 0.60–0.89; RR for aggressive 

disease = 0.99; 95% CI = 0.71–1.37). Results were similar when we excluded cases 

diagnosed during the first year of follow-up (RR for non-aggressive disease = 0.69; 95% CI 

= 0.55–0.88; RR for aggressive disease = 0.74; 95% CI = 0.44–1.24) or excluded cases 

diagnosed during the first three years of follow-up (RR for non-aggressive disease = 0.58; 

95% CI = 0.40–0.83; RR for aggressive disease = 0.65; 95% CI = 0.30–1.43 based on 7 

aggressive cases). Overall results for low-grade prostate cancer were similar when we used 

two alternative definitions of low-grade disease. The RR between diabetes and prostate 

cancers with Gleason sum ≤6 was 0.72 (95% CI = 0.57–0.90) and the RR between diabetes 

and prostate cancers with Gleason sum = 7 was 0.88 (95% CI = 0.65–1.18).

We examined whether the effect of diabetes on prostate cancer risk was modified by body 

mass and physical activity levels, variables closely related to glucose metabolism (Table 3). 

The inverse association between diabetes and non-aggressive prostate cancer was largely 

similar across subgroups of BMI, and the inverse relation of diabetes to non-aggressive 

prostate cancer was somewhat marked among men with low physical activity levels. 

However, formal tests for interaction revealed that those differences were not statistically 

significant (p-value for tests of interaction >0.05).

In contrast, the association between diabetes and aggressive prostate cancer was suggestively 

positive for men who were lean (RR = 1.64, 95% CI = 0.87–3.07; BMI < 25 kg/cm2) and it 

was positive for men who were the most physically active (RR = 1.63; 95% CI = 1.07–2.62; 

3+ hours vigorous activity/week). By comparison, no relations of diabetes to aggressive 
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prostate cancer were noted for their heavier or physically less active counterparts (p-value 

for tests of interaction = 0.10 and 0.03 BMI and physical activity, respectively).

We conducted an exploratory analysis restricting the sample to men who were PSA negative 

(<4.0 ng/ml) at study entry (Table 4). A marked inverse association between diabetes and 

total prostate cancer emerged (RR = 0.65, 95% CI = 0.51–0.83). In this subgroup analysis of 

PSA-negative men, the inverse relation between diabetes and total prostate cancer held for 

both non-aggressive disease (RR = 0.64, 95% CI = 0.49–0.83) and aggressive disease (RR = 

0.72, 95% CI = 0.41–1.27); statistical power was low in the latter analysis due to small 

number of cases. In contrast, in the small subgroup of men who were PSA positive (≥4.0 

ng/ml) at study entry, diabetes showed a weak positive association with total prostate cancer 

(RR = 1.27, 95% CI = 1.01–1.61). That relation was largely driven by the positive 

association with aggressive disease (RR = 1.76; 95% CI = 1.15–2.70), whereas the relation 

of diabetes to non-aggressive disease was null (RR = 1.12; 95% CI = 0.84–1.50). The 

observed positive relation with aggressive disease was largely determined by cases 

diagnosed within one year of the baseline screening examination (RR = 1.86, 95% CI = 

1.15–3.01).

Discussion

The main result of the current study is that the history of diabetes was associated with a 20% 

decrease in risk of total prostate cancer. The apparent protection against prostate cancer 

afforded by diabetes appeared to be slightly stronger when we repeated our analyses using 

non-aggressive prostate cancer as the endpoint, showing a 25% decrease in risk. These 

findings are very similar to a recent meta-analysis that reported a 27% lower risk of prostate 

cancer among studies that were conducted in the post-PSA screening era [10].

In contrast to the inverse association between diabetes and total and non-aggressive prostate 

cancer observed in our study, we found no relation with diabetes when we repeated our 

analyses using aggressive prostate cancer as an alternative study outcome. In fact, when we 

addressed whether the relation of diabetes to aggressive prostate cancers varied by body 

mass and physical activity level, we noted a positive association with diabetes among men 

who were lean or physically active. Thus, our data suggest that diabetes is inversely related 

to the initiation or detection of prostate cancer, but has little association with prostate cancer 

progression overall and may have a positive relation to prostate cancer aggressiveness in the 

particular setting of a low fat mass.

Our finding of a positive relation of diabetes to aggressive prostate cancer in men with low 

fat mass is in agreement with data showing a positive association between serum insulin and 

predominantly advanced prostate cancer in a lean Chinese population [11, 12], and it is 

consistent with one investigation that noted a positive relation of fasting glucose to prostate 

cancer risk in a largely non-obese group of Icelandic men [13]. In contrast, a U.S. study 

found no overall association between serum insulin and prostate cancer but did observe a 

suggestive positive relation in the subgroup of men who were lean [14]. A low or 

intermediate (as opposed to high) fat mass, also associated with higher physical activity 

level, has been hypothesized to provide a hormonal milieu supportive of prostate cancer 
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development, such as high levels of testosterone, growth hormone, insulin-like growth 

factor-1, leptin, and low levels of estrogen [15].

The possibility of an increased risk of aggressive disease among certain subgroups of men 

with diabetes is supported by data showing that men with a diagnosis of diabetes [16, 17] or 

those with elevated levels of post-load glucose [18] or insulin [19–21] have been found to 

present with prostate cancer at later stages or with higher Gleason scores at diagnosis [20, 

21], to have increased prostate cancer recurrence [22, 23], and to have greater prostate 

cancer death [16, 18, 19] than men with normal glucose metabolism. That the adverse effect 

of diabetes is probably limited to aggressive forms of prostate cancer is consistent with 

studies showing that C-peptide and a homeostatic model assessment of insulin resistance 

(HOMA-IR) [24] and fasting glucose [23] are inversely related to non-aggressive prostate 

cancer but suggestively positively associated with aggressive disease.

It is worth pointing out that previous studies [25–29] examining the association between 

diabetes and aggressive prostate cancer either found no positive relation of diabetes to 

aggressive prostate cancer or reported a more pronounced inverse relation of diabetes to 

aggressive than non-aggressive prostate cancer. However, those studies [25–29] did not 

specifically evaluate the relation of diabetes to aggressive prostate cancer among lean or 

physically active men.

In our study, results from an exploratory analyses showed that diabetes was positively 

associated with total and aggressive prostate cancer among the subgroup of men who were 

PSA positive at baseline, particularly among cases diagnosed during the one-year interval 

following the baseline screening examination. This indicates that the baseline screening 

examination converted a greater proportion of previously undiagnosed prostate tumors to 

known aggressive prostate cancers among diabetic than non-diabetic men, a commonly 

observed phenomenon known as a lead time effect [30]. The most likely explanation for the 

drop-off in the association between diabetes and aggressive prostate cancer we observed 

after one year on study is culling of aggressive cancers in the first screening round and the 

overall less aggressive nature of cancers found on subsequent rounds of screening. A similar 

pattern of elevated prostate cancer risk during the time period immediately following the 

diagnosis of diabetes and a decline in risk associated with diabetes during the subsequent 

time period can be found in numerous previous studies [16, 25, 27, 31, 32].

Two recent surveys reported that PSA levels are about 20% lower among men with, as 

opposed to those without, diabetes, independent of age, race/ethnicity, and body mass [33, 

34], consistent with results from our study. One possible mechanism involves lower 

circulating androgen levels in diabetic men [35], causing a decrease in PSA production via 

the androgen response element in the PSA promoter region [36]. Because results of PSA 

screening in conjunction with those from DRE largely determine who receives a biopsy, and 

biopsy is a major determinant of prostate cancer diagnosis, decreased serum PSA levels 

could plausibly be related to less prostate cancer detection among diabetic men. The lower 

PSA among diabetics apparently holds even in the face of a potentially counterbalancing 

tendency: diabetes is associated with prostatic enlargement [37–39], and PSA is positively 

correlated with prostate volume [9, 40, 41]. The prostate enlargement associated with 
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diabetes may even enhance screening bias by rendering the detection of prostate cancer more 

difficult in diabetic men. Because prostate cancer typically involves only a small proportion 

of the total gland, and comparatively smaller tissue is collected from a large prostate than a 

small prostate at biopsy, the probability of sampling from the cancer site is decreased [42–

46].

Any association between diabetes and prostate cancer would be spurious if prostate cancer 

diagnoses occurred less frequently among men who had diabetes coinciding with low PSA 

values and lower probability of prostate cancer detection. Most [28, 31, 47–70], but not all 

[16, 32] studies of diabetes and prostate cancer that were conducted before the use of PSA 

screening [28, 47–64] or studies that were carried out in countries without universal PSA 

screening [16, 31, 32, 65–70] found no association between diabetes and prostate cancer. In 

contrast, investigations that were conducted after the use of PSA screening fairly 

consistently reported an inverse association between diabetes and prostate cancer [25–27, 

29, 71–74]. A recent meta-analysis reported a null association in studies conducted in the 

pre-PSA screening era (RR = 0.94; 95% CI = 0.85–1.03; diabetics versus non-diabetics), 

whereas an inverse relation was detected in studies conducted in the post-PSA screening era 

(RR = 0.73; 95% CI = 0.64–0.83) [10]. One possible reason for the observed heterogeneity 

in results between studies that were conducted in the pre-PSA versus post-PSA screening era 

is a true protective effect of diabetes on prostate cancer that was missed in studies in the pre-

PSA screening era. An alternative explanation is detection bias in studies conducted in the 

post-PSA screening era.

It is noteworthy that studies conducted in the pre-PSA era may not be free of detection bias 

if the frequency of performing digital rectal examinations, the primary prostate cancer 

screening test during the pre-PSA era, differed between men with and without diabetes. Data 

regarding this possibility are sparse, but one study from the pre-PSA era noted that 65% of 

prostate cancers diagnosed among men with diabetes were first reported on a death 

certificate, compared to 47% for men without diabetes [56].

Our study has certain limitations. We lacked information on the diagnosis date of diabetes, 

but given the age range of study participants (55 to 74 years of age) and the mean age at 

diagnosis of diabetes among U.S. adults (46.7 years) [75], we estimate that the majority of 

study participants reporting the history of diabetes were probably diagnosed in excess of 10 

years prior to entry. We were not able to determine whether the observed relations between 

diabetes and prostate cancer risk were explained by medications taken to treat diabetes 

rather than a biologic pathway associated with diabetes itself. We could not examine the 

relation of diabetes to prostate cancer among non-white men because our study lacked 

sufficient number of cases among non-white men.

In summary, this study confirms an inverse relation between diabetes and risk for total and 

non-aggressive prostate cancer. In contrast, we found no association between diabetes and 

aggressive prostate cancer overall, but we did note a positive relation of diabetes to 

aggressive prostate cancer among the subset of men who were lean or were physically 

highly active. These results add support to very limited available evidence of potential 

growth effects of diabetes and its metabolic sequelae on aggressive prostate cancers, an 
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impact that appears to be amplified in the setting of a low body fat mass. We also present 

data from exploratory analyses, requiring confirmation, for a direct association between 

diabetes and aggressive prostate cancer among the very small group of men who were PSA-

positive at study baseline. Whether this finding is in part due to underdiagnosis of early 

prostate cancers with aggressive potential among men with diabetes is speculative. Future 

studies may test the hypothesis that prostate cancer detection rates are lower among 

diabetics than non-diabetics and that low biopsy rates due to diminished PSA concentrations 

among diabetic men are one possible explanation. Should this possibility hold true, further 

work may clarify whether using a lower PSA concentration as the cut-point for triggering 

prostate biopsy in diabetics is justified. Additional research may also determine whether 

prostatic enlargement typically associated with diabetes potentially aggravates detection bias 

of prostate cancer among diabetic men. Such work should help further clarify the metabolic 

effects of diabetes on prostate cancer.
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