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Abstract
Objective—Men with type 2 diabetes have lower concomitant prostate-specific antigen (PSA)
levels; however, the influence of metabolic conditions on PSA changes over time remains
unknown. Therefore, the goal of this study was to assess associations between type 2 diabetes and
hypertension and changes in serum PSA levels.

Methods—In 1990, a randomly selected cohort of Caucasian men, ages 40-79, from Olmsted
County, MN completed questionnaires ascertaining demographic characteristics, current medical
conditions and medications biennially, with 633 men undergoing blood draws. Men with a
physician diagnosis of diabetes or hypertension at baseline, or who reported using medications to
treat these conditions prior to baseline were considered exposed. Men with at least two serum PSA
measurements (n=569) were included in this analysis. Linear mixed models were used to estimate
the annual percent change in serum PSA levels associated with diabetes and hypertension,
adjusting for baseline age.

Results—The overall mean change in serum PSA levels was 3.6% per year and increased with
age (p=0.009). Men with diabetes experienced less annual change in serum PSA levels (1.1%)
than did non-diabetic men (3.7%), adjusting for age (p=0.02). Age-adjusted change in serum PSA
levels differed little by hypertension status (3.7% vs. 3.6%; p=0.49).

Conclusions—Our results suggest that Caucasian men with type 2 diabetes experience smaller
increases in serum PSA levels as they age compared to men without diabetes. Additional research
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is needed to elucidate whether this difference results in a relatively lower incidence of prostate
cancer or less cancer detection among diabetic men.
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INTRODUCTION
Prostate cancer is the most common non-cutaneous cancer in U.S. men, with an estimated
192,280 new cases diagnosed in 2009.1 While only 15% of men diagnosed with prostate
cancer will ultimately die from it, the prevalence of clinically diagnosed disease remains
high. Currently, prostate-specific antigen (PSA) is the most common screening test for
prostate cancer with 48% of Caucasian men ages 50-79 receiving an annual test.2 The low
specificity of PSA testing and questionable benefit of PSA screening on prostate cancer
mortality highlight the need for better detection strategies for prostate cancer.3 Knowledge
about the influence of concomitant comorbidities on serum PSA concentrations may
improve the discriminant value of this test and reduce the number of unnecessary biopsies
and subsequent overdiagnosis of indolent cancers.

Type 2 diabetes and hypertension, two increasingly prevalent chronic diseases in the U.S.,
are arguably reaching epidemic proportions. It is estimated that 1 in 3 U.S. adults suffer
from high blood pressure and 11% of U.S. men have type 2 diabetes.4,5 Many studies have
investigated the association between type 2 diabetes and prostate cancer, with the majority
of evidence supporting an inverse association; the reported reduction in risk ranges from
10-40% in diabetics.6,7 Previous findings also suggest that the effect of diabetes on prostate-
cancer risk varies with the duration of diabetes; men with newly diagnosed diabetes have an
increased risk, but as their diabetes progresses, their risk of prostate cancer declines.8
Furthermore, diabetes is associated with serum PSA levels; men with diabetes have
approximately 10 to 20% lower concurrent serum PSA levels than do men without diabetes.
9,10 Similarly, elevated hemoglobin A1C levels are also inversely associated with serum
PSA levels, and men who use insulin and oral glucose medications have lower serum PSA
levels than do men who do not use medications to treat diabetes.11 Taken together, these
findings suggest that diabetes influences prostate-cancer risk and concurrent serum PSA
levels.

Studies evaluating the relationship between hypertension and prostate-cancer risk are more
limited, with previous results suggesting that men with hypertension are more likely than
men without hypertension to be diagnosed with prostate cancer.12 Research by Han and
colleagues suggests that high blood pressure is positively associated with concurrent serum
PSA levels.13

Although the results from these epidemiologic studies suggest that diabetes and
hypertension may be associated with prostate cancer and concurrently influence serum PSA
concentrations, they are limited by their cross-sectional designs. The effect of these
conditions on serum PSA levels over time has yet to be characterized. This is important as
the change in serum PSA levels has been demonstrated to be more reliable in the detection
of prostate cancer than single serum PSA measurements.14,15 The increasing prevalence of
hypertension and diabetes coupled with the increasing speculation regarding the reliable
detection of prostate cancer with serum PSA levels make it crucial to gain a better
understanding as to how these metabolic conditions influence prostate cancer detection.
Therefore, the goal of this study was to determine the associations between type 2 diabetes
and hypertension and longitudinal changes in serum PSA levels over 15 years of follow-up,
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using data from The Olmsted County Study (OCS) of Urinary Symptoms and Health Status
among Men.

MATERIALS AND METHODS
The OCS of Urinary Symptoms and Health Status among Men is a longitudinal study of
Caucasian men, residing in Olmsted County, MN.16,17 In 1990, a random sample of men
40-79 years old, as enumerated by the Rochester Epidemiology Project, was screened for
inclusion.18 Men with a history of prostate or bladder surgery, urethral surgery or stricture,
or medical or neurological conditions that affect normal urinary function were excluded.
Also, men with diabetes who suffered from end-organ damage were excluded at baseline.
Eligible men (n=3,874) were invited to take part in the study, and 2,115 (55%) agreed to
participate. Participants completed a previously validated baseline questionnaire that
ascertained information on urinary symptoms, medical histories, and various demographic
and behavioral characteristics. A 25% random subset of the total cohort was invited to
participate in a detailed urologic clinical examination, which included transrectal
ultrasonography to determine prostate volume and serum PSA measurements. Of the 537
randomly selected men, 475 (88%) agreed to participate in the clinical portion of the study.

Since 1990, the cohort has been actively followed biennially using a questionnaire similar to
the one used at baseline. During the second and third rounds of visits, men who did not
participate in the follow-up were replaced by randomly selected eligible men from the
community (n=332 total cohort; n=158 clinic cohort). After the third round, the study has
been maintained as a fixed cohort. Of the 633 men in the clinic cohort, men with at least two
serum PSA measurements were included, and only serum PSA measurements obtained
before prostate cancer diagnosis, BPH medication use or prostate surgery/procedure were
included. As a result, 569 men with 2,891 observations were included in this analysis
(Figure 1).

Measurements
Information on self-reported physician-diagnosed type 2 diabetes, and high blood pressure
was collected at baseline via questionnaire. Men who reported using antihypertensive
medication prior to baseline or who reported a physician diagnosis of hypertension at
baseline were considered hypertensive for this analysis. In addition, men who reported a
physician diagnosis of diabetes at baseline or who used medication to treat diabetes prior to
baseline were considered diabetic. Prostate volume, measured via transrectal
ultrasonographic imaging, and serum PSA measurements were collected at each round of
follow-up during the clinic examination.

Potential confounders and effect modifiers assessed in these analyses include family history
of prostate cancer based on a self-reported first-degree relative with physician-diagnosed
prostate cancer, household income, years of education, age at baseline blood draw, prostate
volume, and body mass index (BMI). Height and weight were measured by a trained
research assistant, and BMI was calculated by dividing the weight in kilograms by the height
in meters squared. Men with a BMI greater than or equal to 30 kg/m2 were considered
obese, based on the definition established by the World Health Organization (WHO).5

Statistical Analysis
Linear mixed effects regression models were used to estimate the annual percent change in
serum PSA levels by regressing each measure on time from initial blood draw and adjusting
for 10-year baseline age groups. Interaction terms with time were included to allow for
different slopes across these age groups. An overall annual change in serum PSA levels for
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each man was estimated by combining the average longitudinal change (fixed effects) with
the individual changes (random effects). Additional models included terms for diagnosis of
diabetes or hypertension and interaction terms to compare intercepts and slopes among those
with and without a diagnosis. Because of the skewed distribution, serum PSA levels were
natural log-transformed, and therefore, annual changes represent percent changes per year
assuming an exponential growth curve. Two-stage analysis was used to validate estimates of
slopes from the mixed models. All statistical analyses were performed using SAS 9.2
software (SAS Institute, Cary, NC). This study was approved by the Mayo Clinic
Institutional Review Board (06-002171).

RESULTS
The 569 men in this sample were followed for a median of 8.4 years after baseline blood
draw. The majority of men (91.2%) did not report a family history of prostate cancer.
Twenty-five men (4.4%) reported type 2 diabetes at baseline, and 149 (26.2%) reported
being hypertensive at baseline. The majority of men were not considered obese at baseline,
as 425 (75%) men had a BMI less than 30 kg/m2 (Table 1).

In general, serum PSA levels increased over time as men aged in this cohort. Table 2
displays the annual percent changes in serum PSA levels from the linear mixed models.
Overall, serum PSA levels in this cohort increased by 3.58% per year (p<0.001). The annual
percent change in serum PSA levels increased with age (p=0.009), with men ages 70 and
over at baseline experiencing the greatest annual percent increase in serum PSA levels
(4.66%), followed by men ages 60-69 (4.64%), ages 50-59 (3.94%), and ages 40-49 (2.59%)
(Table 2). After adjusting for baseline age, baseline (intercept) serum PSA values were not
different across diabetes status (p=0.65), or hypertension status (p=0.12) (results not shown).
After adjusting for age, men with diabetes at baseline experienced less of an annual increase
in serum PSA levels than did men without diabetes (1.11 vs 3.68%; p=0.02) (Table 2).
Annual age-adjusted percent change in serum PSA levels did not differ by hypertension
status (3.67% vs. 3.55%; p=0.49). These results did not change after adjustment for baseline
obesity or baseline prostate volume (data not shown). Figure 2 displays the median predicted
values in serum PSA levels during follow-up, by diabetes status.

COMMENT
In this prospective cohort study of Caucasian men, ages 40-79, serum PSA levels increased
at a rate of 3.6% per year. Older men had more rapid increases in serum PSA levels
compared to younger men, and men without diabetes had more rapid increases serum PSA
levels compared to men with diabetes. Hypertension, however, was not associated with rate
of change in serum PSA levels.

Although there are no other studies evaluating the impact of diabetes on changes in serum
PSA levels over time, our finding that the change in serum PSA levels was associated with
diabetes is consistent with previous cross-sectional findings suggesting that serum PSA
levels are lower among diabetic men than among non-diabetic men. Specifically, Muller et
al.11 found men with elevated and highly elevated hemoglobin A1C levels had 15% and
29% lower serum PSA levels, respectively. Men who were on insulin treatment and oral
diabetic medications also had lower serum PSA concentrations.11 Using the National Health
and Nutrition Examination Surveys, Werny and colleagues found 22% lower average serum
PSA levels among men with type 2 diabetes.9 These findings were further replicated by
Fukui et al.10 who observed 10 to 16% lower average serum PSA levels among male
Japanese diabetics, ages 50-79 years. Our results suggest that men with diabetes have slower
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increases in serum PSA levels over time, and this might account for the lower serum PSA
levels observed among diabetics in cross-sectional studies.

As noted in the introduction, the association between diabetes and serum PSA levels is
hypothesized to vary with the duration of diabetes. Several studies have found an inverse
relation between diabetes duration and serum PSA levels.8,9 It is plausible that as the
duration of diabetes increases, the action of insulin decreases, resulting in subsequent drops
in serum PSA levels. This is supported by findings that later-stage diabetes is characterized
by insulin resistance and lower levels of circulating insulin, which have been associated with
lower prostate-cancer risk and serum PSA levels.8,19 A lower risk in later-stage diabetes
may be attributable to the androgen regulation of PSA levels. PSA cleaves insulin growth
factor binding protein 3 (IGFBP-3), a major binding protein for insulin growth factor 1
(IGF-1), which is involved in insulin signaling and associated with an increase in prostate-
cancer risk.20,21 Previous findings that show use of diabetic medication is associated with
serum PSA levels also support this hypothesis, as diabetic-medication use may be a proxy
for diabetes severity.11

It remains to be demonstrated whether or not decreases in serum PSA levels drive the lower
risk of prostate cancer observed among diabetic men in previous studies.6,22-24 If smaller
increases in serum PSA levels among diabetics result in less detection of prostate cancer
among asymptomatic cases, it might suggest a detection bias among diabetic men, similar to
that thought to exist among obese men due to their lower serum PSA levels and increased
prostate volumes.25,26 Furthermore, if the smaller increase in serum PSA levels among
diabetic men delays the diagnosis of prostate cancer, men with diabetes may be more likely
to be diagnosed with later-stage disease. As such, the potential impact of diabetes on
prostate-cancer detection warrants further investigation in future studies.

Hypertension was not associated with change in serum PSA levels over time in this cohort.
Findings from previous studies suggest that hypertension is positively associated cross-
sectionally with serum PSA levels and longitudinally with the risk of prostate cancer.12,19

Beebe-Dimmer et al.12 found a positive association between hypertension and prostate
cancer. Han et al.13 found that diastolic blood pressure was positively associated with serum
PSA levels in a sample of 38,356 Korean men. It is possible that androgen-mediated
prostate-cancer growth is stimulated by increased sympathetic nervous-system activity
subsequent to elevated blood pressure.27 The lack of an association between hypertension
and change in serum PSA levels over time in our study may be in part due to the non-
specificity of hypertensive medications or to hypertensive status being defined only at
baseline. It is possible that some nonhypertensive men were prescribed medication because
of cardiovascular disease. It is also plausible that men with hypertension in this cohort were
being treated during follow-up and therefore, the effect of hypertension on serum PSA levels
is attenuated, resulting in a null association when compared to men without hypertension.

While this study characterizes whether diabetes and hypertension influence change in serum
PSA levels using a prospective cohort study with 15 years of follow-up, there are several
potential limitations that need to be considered. First, the baseline measures of diabetes and
hypertension do not account for changes in these conditions during follow-up, which might
have influenced subsequent serum PSA levels. However, it is likely that not accounting for
additional diabetics over time is attenuating the difference in change in serum PSA levels
among this cohort. Additionally, age at diagnosis of diabetes and hypertension were not
queried of men, thereby limiting our ability to make inferences about the progression of
these conditions and serum PSA levels. While we are limited in our reliance on self-report
of the metabolic conditions, diabetes diagnosis was validated among self-reported cases in a
larger cohort study of diabetes in Olmsted County from 1950 to 200028 and most studies
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show a concordance between self-report and medical records for chronic conditions such as
diabetes and hypertension.29,30 Although the long follow-up period lends itself to problems
associated with attrition, previous work in this cohort found that participant dropout was not
associated with diabetes, hypertension, or serum PSA levels after adjustment for age, thus
suggesting the potential impact of this bias on these results may be limited.31 Finally,
because this is a Caucasian sample of men, generalizing these findings to other racial groups
may not be appropriate.

CONCLUSIONS
In conclusion, our results suggest that type 2 diabetes may decrease the rate at which serum
PSA levels change over time. Lower levels of serum PSA as men age potentially influences
their detection of prostate cancer. Thus, it is plausible that the presence of diabetes may lead
to fewer prostate cancers being detected among this group. As screening guidelines are
revised for prostate cancer, it may be prudent to take into consideration the presence of
metabolic conditions. Future research should investigate the longitudinal impact of these
metabolic conditions on prostate-cancer detection in larger, more diverse samples.
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Figure 1.
Sample size information
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Figure 2.
Age-adjusted median predicted PSA over time by baseline diabetes status
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Table 1

Demographic and medical history characteristics of 569 men

Characteristic N (%)

Age, years

 40-49 243(42.7)

 50-59 151(26.5)

 60-69 103(18.1)

 70+ 72(12.7)

Marital Status

 Single, divorced, widowed, separated 56(9.8)

 Married/living together 511(89.8)

Education

 Less than high school graduate 60(10.5)

 Finished high school/some college 267(46.9)

 College degree and beyond  239(42.0)

Salary

 <$25,000 98(17.2)

 $25,000-$44,999 148(26.0)

 $45,000-$64,999 153(26.9)

 $65,000+ 143(25.1)

Family history of prostate cancer

 No 519(91.2)

 Yes 50(8.8)

Diabetes at baseline

 No 544(95.6)

 Yes 25(4.4)

Hypertension at baseline

 No 420(73.8)

 Yes 149(26.2)

BMI at baseline, kg/m2

 <25 151(26.5)

 25-29 274(48.2)

 30-34 118(20.7)

 ≥35 26(4.6)

*
Total N for some characteristics is less than 569 due to missing data
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Table 2

Age-adjusted mean slopes in 569 men from mixed models

Annual percent
change in PSA

Baseline Characteristic Mean, std. dev.

Overall * 3.58, 2.96

p-value <.0001

Age

40-49 2.59, 2.79

50-59 3.94, 2.91

60-69 4.64, 3.04

70+ 4.66, 2.46

p-value 0.009

Diabetes *

No 3.68, 2.94

Yes 1.11, 2.76

p-value 0.02

Hypertension *

No 3.55, 2.96

Yes 3.67, 2.97

p-value 0.49

*
Age-adjusted slopes from mixed models.
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