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Abstract

Background: A number of risk factors have been implicated for prostate cancer, with dietary fat intake the most commonly accepted modifiable
risk. Objective: To assess the relationship between health risk indicators (e.g., cholesterol, blood pressure, blood sugar, and percent body fat), which
are related to dietary fat intake, and prostate-specific antigen (PSA) scores. Relationships between demographics and select behaviors (e.g., cigarette
smoking and physical activity) with PSA scores are also considered. The setting was the 1999 Huntsman World Senior Games in St. George, Utah.
Subjects’ analysis is based on 536 men aged 50 years and older completing a questionnaire and receiving free screening, including a PSA. Methods:
Frequency distributions, multiple regression techniques, and the Spearman correlation coefficients. Results: A positive relationship was observed be-
tween increasing age groups and mean PSA scores (Cochran-Mantel-Haenszel Chi-Square: 53.8, p<<0.0001). After adjusting for age, none of the
personal risk factor indicators (i.e., cholesterol, blood pressure, blood sugar, and percent body fat) were related to PSA scores. Other factors not re-
lated to PSA scores after adjusting for age were race, marital status, education, history of chronic disease, cigarette smoking, alcohol use, and physi-
cal activity. Conclusion: Because risk indicators such as cholesterol, blood pressure, blood sugar, and percent body fat are associated with dietary fat
intake, their failure to be related with PSA scores makes it further unclear how this commonly accepted modifiable risk factor for prostate cancer
may influence the disease. © 2002 Elsevier Science Inc. All rights reserved.
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1. Introduction physical activity), and health risk indicators (cholesterol,
blood pressure, blood sugar, and percent body fat) with
prostate-specific antigen (PSA) scores. PSA is a tumor
marker currently used for early detection of prostate cancer.
It has been used as a standard screening procedure for this
form of cancer since the 1980s and has been associated with
the sharp increase in incidence of prostate cancer measured
between 1987 and 1992 [12].

Prostate cancer is the most frequently diagnosed cancer
and the second leading form of cancer death for men in the
United States [1]. Prostate cancer is a disease of old age,
with the frequency of occurrence near zero prior to age 45,
then increasing exponentially to above 1100 per 100,000 for
men in their 70s, before decreasing slightly in the oldest
ages [2]. Probable risk factors for the disease include dietary
fat intake, especially from red meat and dairy products; in-
creasing age; and family history [3-6]. Other potential risk 2. Methods
factors more recently implicated are physical inactivity, cig-
arette smoking, and alcohol consumption [7-11]. Causal
processes by which these risk factors may influence prostate
cancer are not fully understood. Perhaps they are related to
other health risk indicators such as high cholesterol, blood
pressure, blood sugar, or body fat that, in turn, influence
prostate cancer.

The purpose of this study is to assess the relationship
between demographics, behaviors (tobacco, alcohol, and

Analysis is based on 536 male senior athletes, aged 50
years and older, who participated in one or more of the free
screening tests at the 1999 Huntsman Senior World Games
in St. George, Utah. Trained health science and nursing stu-
dents from Brigham Young University administered the
screening tests. Dixie Medical Center administered choles-
terol and PSA screenings. Intermountain Health Care
Homecare conducted blood sugar screenings. Professional
phlebotomists and nursing students drew all blood samples.
mesponding author. Tel.: +1-801-378-9788: Fax: +1-801-378- Trained students used blood pressure cuffs and stetho-
4388. scopes for blood pressure screenings, and bioelectrical im-
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screenings were performed using calibrated instruments to
enhance validity.

Participants were also asked to complete a questionnaire,
which obtained information on age, gender, race, marital
status, educational history, tobacco use, alcohol consump-
tion, and physical activity. The tobacco question was cate-
gorized as regularly smoked cigarettes in the past year, reg-
ularly smoked cigarettes but not within the past year, and
never regularly smoked cigarettes. The alcohol question
was similarly categorized. A previously validated question-
naire was used to provide an indication of physical activity
among the elderly participants [13—14]. The physical activ-
ity variable was continuously scaled and followed an ap-
proximately normal distribution.

Data were analyzed using the SAS system for personal
computers, release 8.0. Frequency distributions, multiple re-
gression techniques, and the Spearman correlation coeffi-
cients were used to summarize and describe the data. Tests
of significance were based on the 0.05 level.

3. Results

The number and percentage of men participating in free
screening at the 1999 World Senior Games are presented
according to demographic and lifestyle variables in Table 1.
Variable categories with the highest frequencies were
among those aged 60—69, Caucasian, married/cohabitating,
and having at least some college. A history of chronic con-
ditions was seen in over one-fourth of the subjects. The ma-
jority did not have a history of tobacco or alcohol use and
had maintained a high level of physical activity for five or
more years.

Subjects were asked to identify the risk factors for pros-
tate cancer from the following choices: increasing age,
high-fat diet, low-fiber diet, smoking, family history, hav-
ing multiple sexual partners, and other. Generally recog-
nized or putative risk factors for prostate cancer are in-
creasing age, high-fat diet, and family history. Participants
identified these as risk factors 79.96% (427), 45.13% (241),
and 50.37% (269) of the time, respectively.

Table 2 presents mean screening scores for PSA, choles-
terol, systolic blood pressure, diastolic blood pressure,
blood sugar, and percent body fat according to age. Each of
the screening scores is influenced by age except blood sugar
and percent body fat. With increasing age, screening scores
increased for PSA and systolic blood pressure and de-
creased for cholesterol and diastolic blood pressure. Men
with PSA scores greater than 4ng/mL are typically recom-
mended to receive a biopsy of the prostate [15]. Approxi-
mately 14.5% of the men in our study had PSA scores above
this level. Standard benchmarks for the other screening tests
are: cholesterol >200 mmol/l; blood pressure, systolic
>140 mm Hg, diastolic >90 mm Hg; blood sugar, low <70
mmol/l, high >120 mmol/l; percent body fat, men >25%,
women >30% [16-17].

Table 1
Summary of demographic and lifestyle variables for 536 men aged 50
years and older participating in screening at the 1999 World Senior Games

Characteristics Number Percent
Age

50-59 142 26.5%

60-69 264 49.25%

70-79 110 20.52%

80+ 20 3.73%
Race

Caucasian 505 95.64%

Other 23 4.36%
Marital Status

Never Married 7 1.32%

Married/Cohabitating 460 86.96%

Divorced/Widowed 62 11.72%
Educational History

Less than high school 18 3.45%

High school graduate 89 17.05%

Some college 136 26.05%

College graduate 124 23.75%

Post graduate schooling 155 29.69%
History of Chronic Disease*

Yes 143 26.68%

No 393 73.32%
History of Tobacco Use’

Current 13 2.48%

Previous 141 26.86%

Never 371 70.67%
History of Alcohol Use*

Current 85 16.25%

Previous 61 11.66%

Never 371 72.08%
How Long Physicaly Active

(three or more times/week)

Not active 10 1.88%

0-6 months 6 1.13%

6 months —1 year 3 0.56%

1-5 years 18 3.39%

More than 5 years 494 93.03%

*Refers to a history of cancer, heart disease, diabetes, glaucoma, arthri-
tis, lung disease, or other.

"Smoked regularly within the past year (current); smoked regularly in
the past (previous); and never smoked regularly (never).

“Drank alcohol regularly within the past year (current); drank alcohol
regularly in the past (previous); and never drank regularly (never).

Mean levels of PSA are presented by demographic and
lifestyle variables in Table 3. Mean scores are adjusted for
age. None of the variables considered significantly influ-
enced PSA scores, although alcohol use was only margin-
ally insignificant. For this variable, those who never con-
sumed alcohol had slightly higher PSA levels. Also
considered was the continuous scale measure of physical
activity. This variable was not associated with PSA, based
on the Spearman rank correlation (0.0475, P=0.3957 ad-
justed for age).

Table 4 presents Spearman rank correlation coefficients
of PSA by each of the screening variables. Associations be-
tween PSA and cholesterol, systolic or diastolic blood pres-
sure, blood sugar, or percent body fat were not significant.
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Table 2

Mean level of prostate-specific antigen (PSA), cholesterol, systolic blood pressure, diastolic blood pressure, blood sugar, and percent body fat according to age

Age categories

Screening variables 50-59 60-69 70-79 80+ 50+ P value*
PSA

95% Confidence interval 1.32 £ 0.23 2.05 = 0.21 3.32 = 0.58 358 =152 2.17 = 0.19 <0.0001
Cholesterol

95% Confidence interval 203.89 = 5.81 202.18 = 4.12 194.47 + 6.66 179.17 £ 15.27 201.22 =2.97 0.0041
Systolic blood pressure

95% Confidence interval 131.01 = 2.82 134.77 = 2.07 139.48 = 4.33 136.33 = 9.64 134.76 = 1.60 0.0063
Diastolic blood pressure

95% Confidence interval 84.02 = 1.88 82.84 = 1.16 80.63 = 2.46 72.89 = 4.78 82.38 = 0.94 0.0019
Blood sugar

95% Confidence interval 90.70 * 3.42 96.59 = 5.09 96.42 = 4.99 103.42 = 12.09 94.61 = 2.88 0.4211
Percent body fat 16.69 = 1.35 17.06 = 0.85 17.18 = 1.44 15.10 = 5.83 16.79 = 0.64 0.7075

*Based on Cochran-Mantel-Haenszel statistic testing whether the mean scores differ across the four age categories (50-59, 60—-69, 70-79, 80+).

4. Discussion

This study investigated possible relationships between
demographics, lifestyle, screening scores, and PSA for a se-
lect group of elderly men. The aim of this study was to pro-
vide further insight into processes by which prostate cancer

Table 3
Mean level of prostate-specific antigen (PSA) by demographic and
lifestyle variables

Variables Adjusted mean* P value'
Race

Caucasian 2.19

Other 2.02 0.4949
Marital status

Never married 222

Married/cohabitating 2.19

Divorced/widowed 2.11 0.8071
Education

Less than high school 3.16

High school graduate 1.96

Some college 1.94

College graduate 2.33

Graduate degree or schooling 2.30 0.1517
History of chronic disease

Yes 1.99

No 225 0.1320
History of tobacco use

Current 2.13

Previous 2.11

Never 2.19 0.4583
History of alcohol use*

Current 2.02

Previous 1.88

Never 2.26 0.0580
How long physically active

(three or more times/week)

Not active 3.13

0-1 year 1.83

At least lyear 2.17 0.2959

occurs, based on PSA as a surrogate marker for prostate
cancer. The only relationship identified was between in-
creasing age and PSA. A positive relationship between age
and PSA is consistent with other studies in this area [18].
Race, marital status, education, and history of chronic dis-
ease were not related to PSA scores.

The only modifiable risk factor that has been consistently
linked to prostate cancer has been dietary fat intake, espe-
cially from red meat and dairy products [19]. Although the
current study did not collect information on diet, personal
screening scores reflecting diet (blood pressure, cholesterol,
blood sugar, and percent body fat) were not associated with
PSA after adjusting for age. Other studies have looked at
these variables in relation to prostate cancer. While no evi-
dence was found for a positive correlation with blood pres-
sure [20], obesity and high levels of cholesterol have been
positively associated with prostate cancer [21-23]. We are
not aware of any studies that have considered the relation-
ship between blood glucose and prostate cancer.

Studies focusing on the relationship between vigorous
physical activity and prostate cancer have shown a protec-
tive effect from physical activity [24-25]. However, we
found no relationship between physical activity and PSA,
based on either of the physical activity variables used, nor
did we find a relationship between percent body fat and

Table 4
Spearman correlation coefficients of prostate-specific antigen (PSA) by the
screening variables and exercise

Correlation P value*  Adjusted P value’
Cholesterol —0.0109 0.6364 0.5579
Systolic blood pressure 0.1673 0.0051 0.0933
Diastolic blood pressure 0.0471 0.4260 0.0913
Blood sugar 0.0099 0.7065 0.9907
Percent body fat 0.0119 0.7680 0.6176

*Means adjusted for age.
"Cochran-Mantel-Haenszel statistic testing whether the mean scores
differ while adjusting for age.

*Cochran-Mantel-Haenszel statistic testing for nonzero correlation.
"Cochran-Mantel-Haenszel statistic testing for nonzero correlation ad-
justed for age.
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PSA. This may be partly explained by the subject popula-
tion, in which there were not a large number of individuals
who were either physically inactive or obese.

Recent studies have suggested that tobacco smoking in-
creases the risk of prostate cancer [26-27]. This may be be-
cause of the stimulating effect of nicotine on the level of
testosterone [28]. Failure to find a relationship between to-
bacco smoking and PSA in the current study may be at least
partially due to the small number of current smokers among
the participants.

Studies assessing the link between alcohol consumption
and prostate cancer had mixed results. In one study, re-
searchers concluded that alcohol intake reduces the level of
circulating testosterone and that men with alcoholic cirrho-
sis have diminished testosterone levels and thus lower risk
of prostate cancer [29]. Another study indicated that a posi-
tive correlation existed between the level of alcohol intake
and risk of prostate cancer, suggesting that alcohol contains
chemicals that may be carcinogenic [30]. Although margin-
ally insignificant, the most probable correlate with PSA ap-
pears to be alcohol, as suggested by the former of these two
studies.

Several factors indicate the health conscious orientation
of many of the senior participants at the games. First, mean
screening scores are relatively very good. Second, current
tobacco and alcohol use are comparatively low, factors
likely influenced by the location of the games in Utah,
where about 70% of the adult population is affiliated with
the Church of Jesus Christ of Latter-day Saints [31]. This is
a proscriptive religion that strongly discourages its mem-
bers from tobacco smoking or alcohol consumption [32].
Based on telephone area codes recorded on the question-
naires, 165 of 536 (30.78%) subjects were from Utah. This
suggests that, although affiliation with the LDS Church may
have contributed to the low levels of tobacco smoking and
alcohol use, the primary reason appears to be the health ori-
entation of the participants in general.

In the questionnaire, participants identified their knowl-
edge of prostate cancer risk factors. The percentage of par-
ticipants identifying increased age, high-fat diet, and family
history, as risk factors for prostate cancer were higher than
in a previous study of elderly men in the United States. For
example, increasing age was identified as a risk factor for
prostate cancer by about 80% of the participants in this
study, compared to about 55% in the former study [33].
There were no significant relationships between awareness
of these risk factors and the participants’ demographics, lif-
estyle, or personal screening scores, including PSA. A simi-
lar study with a more diverse group of participants might
identify relationships between prostate cancer awareness
and some of these other variables.

About 25% of the participants at the Senior Games chose
to receive one or more free screening tests and comprise the
subjects in this study. Although the results are based on a re-
stricted population with certain limitations already men-
tioned, the controlled administration of the questionnaire

and screening tests helped ensure validity and allowed us to
evaluate several possible relationships not previously con-
sidered in a single group of elderly men.

5. Conclusion

Increasing age was the only factor significantly associ-
ated with PSA scores. After adjusting for age, no relation-
ship was found between levels of PSA and demographics
(race, marital status, education, history of chronic disease)
or lifestyle behaviors (cigarette smoking, alcohol use, phys-
ical activity). Further, none of the personal risk indicators
(cholesterol, blood pressure, blood sugar, and percent body
fat) were related with the age-adjusted PSA scores. Because
these risk indicators are often influenced by diet, it is further
unclear how diet, a commonly accepted modifiable risk fac-
tor for prostate cancer, influences this disease.
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