Lifestyle-Related Factors and Mortality

Table 2. Age-adjusted baseline characteristics by survival status in the Shanghai Women’s Health Study (n=71,243).

Age at baseline (y)

50-59 248

Education

Junior high school 37.3

>High school 14.1

Manual and agricultural workers/unknown 50.0
Professional 29.5

<185 33

25.0-29.99 30.0

WHR tertiles

0.786 to <0.830 334

Exercise participation (MET, h/d)

>0 to <1.99 24.3

Never 39.0

=626.5 335

19.0

413

9.5 <0.01

220 <0.01

5.5

315

349 <0.01

31.0 <0.01

?p-Value from chi-square test for general association.

doi:10.1371/journal.pmed.1000339.t002

conducted in rural northern Japan [34,37] and one among
individuals of the Japan Collaborative Cohort Study [12]. Each
of these reports demonstrated that healthier lifestyles based on
several lifestyle-related factors were associated with substantial
reductions in death among Asian men and women. None of
these reports, however, focused on evaluating the impact of
lifestyles on mortality outcomes among nonsmokers and
nondrinkers.

To our knowledge, this is the first investigation of combinations
of lifestyle factors and risk of mortality among Chinese women.
We selected five factors that are easy to assess and interpret, based
both on prior knowledge of lifestyle factors in relation to mortality
and public health recommendations [1,4-9,18-24]. BMI, exercise
participation, and fruit and vegetable intake have been well-
studied in relation to mortality [1,5-9,24]. WHR and environ-
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Among women who never smoked cigarettes or drank alcohol regularly. All values (except age) were directly standardized to the age distribution of the cohort.

PExcluded from the analysis were women without information on exposure to spousal smoking (n=7,452).

mental tobacco smoke have not been studied as much, but
evidence is accumulating for these two factors as important
predictors of total mortality [3,4,23,40,41], and both were shown
to be associated with mortality among SWHS participants [18,21].
Several large prospective cohort studies among women have
shown WHR to be an important predictor of mortality
independent of BMI [3,4,18,41], and in some populations,
WHR may be an even stronger predictor of mortality [4,41].
Hence, on the basis of previous studies that both BMI and WHR
may be independent measures of adiposity among women and our
findings for independent effects of BMI and WHR after
adjustment for each other and additional potential confounders,
we included both BMI and WHR in the lifestyle scores. In
addition, environmental tobacco smoke is a particularly important
exposure for women living in China and other Asian countries
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Table 3. Adjusted HRs for lifestyle-related factors and risk of all-cause, cardiovascular, and cancer mortality among nonsmoking and nondrinking women aged 40-70 y at baseline
(n=71,243), Shanghai Women'’s Health Study, 1996-2007.

Lifestyle Factor All-Cause (n=2,860 deaths) CVD (n=775) Cancer (n=1,351)

BMI (kg/m?)

<18.5 (underweight) 1.52 (1.24-1.86) 1.83 (1.48-2.26) g 143 (1.03-1.97) 1.64 (1.18-2.30)

709

330

1,477/23,766 1.00 (Reference) 1.00 (Reference) 447 1.00 (Reference) 1.00 (Reference) 631 1.00 (Reference) 1.00 (Reference)

<0.786 572/23,747 0.74 (0.67-0.82) 0.68 (0.61-0.76) 109 0.56 (0.45-0.69) 0.52 (0.42-0.66) 313 0.84 (0.73-0.97) 0.80 (0.69-0.93)

None 1,579/46,093 1.00 (Reference) 1.00 (Reference) 417 1.00 (Reference) 1.00 (Reference) 729 1.00 (Reference) 1.00 (Reference)

=20 469/7,866 0.86 (0.77-0.96) 0.89 (0.80-0.99) 126 0.76 (0.62-0.94) 0.79 (0.65-0.97) 216 0.96 (0.82-1.12) 0.96 (0.82-1.12)

Ever 1,315/38,994 1.00 (Reference) 1.00 (Reference) 352 1.00 (Reference) 1.00 (Reference) 634 1.00 (Reference) 1.00 (Reference)

823/23,752 207 0.78 (0.66-0.92) 0.81 (0.68-0.96) 437 1.03 (0.91-1.18) 1.05 (0.92-1.19)

404.3 to <626.5

®HRs are estimated from Cox proportional hazards regression models using age as the time-scale and adjusted for education, occupation, and income.
bAdditionally adjusted for other lifestyle factors in the table.
“Excludes women without information on exposure to spousal smoking (n=7,452).

doi:10.1371/journal.pmed.1000339.t003
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Table 4. Healthy lifestyle scores and risk of all-cause, cardiovascular, and cancer mortality among nonsmoking and nondrinking
women aged 40-70 y at baseline (n=63,791), Shanghai Women'’s Health Study, 1996-2007.

Percent All-Cause (n=2,302 deaths)

Lifestyle Score

Score 1

3 16.6 465 0.84

5 221 415 0.70

7-9 10.1 148 0.53

1 299 801 0.93

343

Trend test

given the high smoking prevalence among Asian men [21,42]. No
previous study included either WHR or environmental tobacco
smoke in the assessment of the combined impact of lifestyle factors
on mortality.

This study has several strengths, including a population-based
prospective cohort study design and large overall sample size.
Sclection bias was minimized due to the exceptionally high
response rates at recruitment (92.7%) and in the follow-up surveys
(96.7%-99.8%). Baseline assessments were conducted by trained
interviewers using standardized protocols, and anthropometric
data were based on measurements instead of self-report.

CVD (n=605)

(0.74-0.95) 125
(0.62-0.80) 105

(0.43-0.63) 25

(0.82-1.05) 219

72

Cancer (n=1,113)

0.72 (0.57-0.92) 205 0.89 (0.73-1.08)

0.61 (0.48-0.78) 214 0.82 (0.68-1.00)

0.31 (0.20-0.48) 95 0.76 (0.59-0.97)

0.77 (0.62-0.96) 376 1.00 (0.83-1.20)

186 0.87

All HRs are estimated from Cox proportional hazards regression models with age as the time-scale and are adjusted for education, occupation, and income. Range for
score 1, 0-13 possible points; range for score 2, 0-5 possible points.
®Estimated by summing exposure-category specific PARs from score 0 to 3 using the group with score 4-5 as the reference.
doi:10.1371/journal.pmed.1000339.t004

Limitations of this study should be considered for interpretation
of results. One concern is the potential for information or reverse
causation bias due to the presence of subclinical disease or
prevalent clinical disease. To address this concern, we analyzed
the association of mortality with the lifestyle score among women
without prevalent CVD, cancer, stroke, diabetes, or hypertension
and also after excluding deaths in the first 3y of follow-up.
Findings for these subgroups were not appreciably different from
the overall results. Women without information on exposure to
spousal smoking were excluded from the lifestyle score and
mortality analyses. Exclusion of these women, however, is unlikely

Table 5. Healthy lifestyle score two and risk of all-cause mortality among nonsmoking and nondrinking women aged 40-70 y by
chronic disease status at baseline, Shanghai Women'’s Health Study, 1996-2007.

Lifestyle
Score Two

Women with Potentially Fatal
Diseases at Baseline® (7=6,009)

(Reference) 123
2 186 0.86 (0.67-1.08) 186

4-5 17 Q.53 (0.32-0.89) 16

@ PLoS Medicine | www.plosmedicine.org

0.69 (041-1.16) 39 0.61

Women with Diabetes and Hyperten-
sion only at Baseline (n=12,209)

Healthy Women at Baseline® (n=45,573)

1.00 (Reference) 127 1.00 (Reference)

0.92 (0.73-1.16) 351 0.87 (0.71-1.07)

(0.43-0.88)

All HRs are estimated from Cox proportional hazards regression models with age as the time-scale and are adjusted for education, occupation, and income.
*Potentially fatal chronic diseases included cancer, stroke, and coronary heart disease.

PNo history of cancer, stroke, coronary heart disease, diabetes, or hypertension.
doi:10.1371/journal.pmed.1000339.t005
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Figure 1. Mortality and healthy lifestyle score 2, adjusted for education, occupation, and income, Shanghai Women’s Health Study

1996-2007.
doi:10.1371/journal.pmed.1000339.g001

to materially affect our findings, though the sample size was
reduced slightly. Measurement error, particularly for self-reported
data on diet and exercise, is another potential concern. However,
we have previously shown good validity and reliability for diet and
physical activity data from the SWHS [25,26]. Furthermore,
nondifferential errors tend to attenuate the observed associations,
and thus the true association between lifestyle factors and mortality
may be stronger than that estimated in this study. We did not
adjust for potential mediators such as blood lipid levels and
hypertension in the analysis since the primary purpose of the study
was to quantify the overall impact of lifestyle on mortality
outcomes. Adjustment for mediators in the causal pathway
between lifestyle factors and mortality would affect the quantifi-
cation of the overall impact of these lifestyle factors on mortality
outcomes.

For ease of interpretation, healthy lifestyle scores were created
in the analysis assuming an equal weight for each of the factors

@ PLoS Medicine | www.plosmedicine.org

included. A weighted approach based on the effect size of each
variable could improve the estimate of the overall impact of
lifestyle factors on mortality. However, as demonstrated in our
study, the estimates using score 1 (semi-weighted) and score 2
(nonweighted) are similar, suggesting that a weighted approach
may not improve the estimates substantially. Despite an overall
large sample size, the sample sizes for some cause-specific analyses
were relatively small, which may affect the precision of the point
estimates. In addition, the observed associations between lifestyle
factors and mortality outcomes in our study may be underesti-
mated because of the use of baseline covariate measurements only
[43]. Extended follow-up of this cohort will provide the
opportunity to further evaluate the impact of these lifestyle-related
factors on mortality outcomes in the future.

Most of the lifestyle-related factors studied here may be
improved by individual motivation to change unhealthy behaviors.
For example, changes in physical activity levels and energy
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expenditure to reduce adiposity can be made by increasing activity
levels through walking daily or participating in group exercise
classes. Increased fruit and vegetable intake is fairly straightfor-
ward for the majority of Chinese women in urban communities,
given that many varieties of fruit and vegetables are readily
available at the markets. However, both the physical and social
environments also are important contributors to sustained lifestyle
changes, and may be more significant than individual motivation
for some lifestyle factors, which is particularly true for exposure to
spousal smoking. Change in exposure to spousal smoking may
start with increased awareness by both women and their husbands
about the detrimental health effects of smoking, but also will
require community-based interventions and change in the social
environment (e.g., promotion of home smoking bans in commu-
nities) [44].

In conclusion, in this first study to quantify the combined impact
of lifestyle-related factors on mortality outcomes among Chinese
women, we found that a higher healthy lifestyle score based on five
factors was associated with substantial reductions in total and
cause-specific mortality among lifetime nonsmoking and non-
drinking women. Reductions in premature deaths associated with
higher healthy lifestyle scores were seen among women with and
without preexisting comorbidities. Our study suggests that a
combined healthy lifestyle—including being of normal weight,
lower central adiposity, participation in physical activity, non-
exposure to spousal smoking, and higher fruit and vegetable
intake—can result in lower mortality among middle-aged and
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older women, including women with a history of severe disease.
Research is needed to design appropriate interventions to increase
these healthy lifestyle factors among Asian women.
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_Editors’ Summary o

Background. It is well established that llfestyle-related
factors, ‘suchas limited physrcal activity, unhealthy diets,
~ excessive alcohol consumption, and exposure to tobacco
~smoke are linked to an increased risk of many chronic

diseases and premature death. However, few studies have

investigated the combined impact of Irfestyle related factors
and mortalrty outcomes, and most of such studies of
combinations of established lifestyle factors and mortality
have' been conducted in the US and Western Europe. In
addition, little is currently known about the combined

~_impact on mortality of lifestyle f factors beyond that of actlve
smokmg and alcohol consumptron

Why Was This Study Done? Ln‘estyles in reglons of the

world can vary considerably. For example, many women in
Asia do not actively smoke or regularly drink alcohol, which
are important facts to note when considering practical
disease prevention measures for these women. Therefore, it
is important to study the combination of lrfestyle factors
appropriate to this population. ,

‘What Did the Researchers Do and Find? The researchers
used the Shanghai Women's Health Study, an ongoing
prospective cohort study of almost 75,000 Chinese women

Lifestyle-Related Factors and Mortality

all women regardless of their basehne comorbidities. So in
effect, healthier lifestyle-related factors, including normal,
weight, lower waist-hip ratio, participation in exercise, never
being exposed to spousal 'smoking, and higher daily fruit and
vegetable intake, were significantly and independently
associated - with lower risk of total, and cause-specrfrc,
mortallty '

What Do These Flndmgs ‘Mean? This large prospectlve ,
cohort study conducted among lifetime nonsmokers and
nonalcohol drinkers shows that lifestyle factors, other than
active smoking and_ alcohol: consumption, have a major
combined impact on total mortality on a scale comparable -
to the effect of smoking—the leading cause of death in most
populations. However, the sample sizes for some cause-
specific analyses were relatively small (despite the overall
large sample size), and extended follow-up of this.cohort will
provide the opportunity to further evaluate the impact of
these lifestyle-related factors on mortality outcomes in the
future.

" The findings of this study highlight the importance of overall

aged 40-70 vyears, as the basis for their analysis. The

Shanghai Women’s -Health Study - has - comprehensive
baseline data on anthropometric measurements, lifestyle
habits (including the responses to validated food frequency
and physical activity questionnaires), medical history,
occupational history, and: select information from  each

participant’s spouse, such as smoking: history and alcohol -
consumption. This information was used by the researchers
to create a healthy lifestyle score on the basis of five lifestyle-

related factors shown to be independently associated with

mortality outcomes in this population: normal weight, lower

waist-hip ratio, daily exercise, never being exposed to

spouse’s smoking, and “higher daily fruit ‘and. vegetable
intake. The score ranged from zero (least healthy) to five
(most healthy) points. The researchers found that higher
healthy lifestyle scores were significantly associated with

decreasing mortality and that this association persisted for

@ PLoS Medicine | www.plosmedicine.org

1

lifestyle modification..in disease prevention, especially as
most of the lifestyle-related factors studied here may be
improved by individual motivation to change unhealthy
behaviors. Further research is needed to design appropriate
interventions  to increase these healthy lifestyle factors
among Asian women.

Additional Information. Please access these Web ssites via

- the online version of this summary at http://dx.doi.org/10.

1371/journal.pmed.1000339

e The Vanderbilt Epidemiology Center has more information. on
the Shanghai Women's Health Study

e The World Health. Organization provides information on

health in China

‘@ The document Health policy and systems research in China

contains. information about health policy and health
systems research in China

e The Chinese Ministry of Health -also provides health information
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Combined impact of lifestyle—related factors on total and cause—specific mortality among Chinese

XA women: prospective cohort study
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Recreational physical activity and risk of prostate cancer: A prospective
population-based study in Norway (the HUNT study)
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Physical activity has been studied in relation to prostate cancer
risk, but the findings have been inconclusive. We prospectively ex-
amined the association between self-reported recreational physical
activity and overall risk of prostate cancer, risk of advanced dis-
ease and risk of prostate cancer death in a cohort of 29,110 Nor-
wegian men. Incident prostate cancers were obtained from the
Norwegian Cancer Registry, and prostate cancer deaths were ob-
tained from the national Cause of Death Registry. During 17 years
of follow-up, 957 incident cases were identified, 266 of them were
advanced (i.e. metastases at diagnosis) and 354 of the incident
cases died from prostate cancer. In multivariable analysis, fre-
quency and duration of exercise were inversely associated with the
risk of advanced prostate cancer (p for trend = 0.04 and 0.02). We
computed a summary score that combined frequency, duration
and intensity of exercise, and this score showed inverse associa-
tions with advanced prostate cancer risk and mortality (p for
trend = 0.02 and 0.07). Compared to men who reported no activ-
ity, the relative risks (95% confidence intervals) among men in the
highest category of physical exercise was 0.64 (0.43-0.95) for
advanced prostate cancer and 0.67 (0.48-0.94) for prostate cancer
death. We found no association between physical activity and
overall risk of prostate cancer. We conclude that recreational
physical exercise is associated with reduced risk of advanced pros-
tate cancer and prostate cancer death.

© 2006 Wiley-Liss, Inc.

Key words: prostate cancer; advanced; mortality; physical activity;
epidemiology

If it were to work, physical activity would be an attractive means
of cancer prevention, especially since physical activity reduces the
risk of other diseases, most notably, cardiovascular disease and dia-
betes.!? There is some evidence that physmal activity may protect
against cancer of the colon and breast,” but for prostate cancer, the
evidence is inconclusive. A recent review found that 16 out of 27
studies conducted between 1979 and 2002 reported a decreased risk
of prostate cancer, with an average risk reduction between 10 and
30%, for the most physically active men* The authors concluded
that there is a probable link between increased physxcal exercise
and decreased prostate cancer risk,' whereas previous reviews
have concluded that the effect is uncertain and probably negligi-
ble.>® Nonetheless, the results of 2 recent cohort studies from the
United States suggest that physical activ1t7y may be associated with
reduced risk of advanced prostate cancer.

We have prospectively studied the association between recrea-
tional physical activity, measured as frequency, duration and in-
tensity of exercise, and risk of prostate cancer in a cohort of
29,110 Norwegian men who participated in a population-based
study between 1984 and 2003 (the HUNT study). This study rep-
resents an extension and update of analyses previously reported
from a follow-up through 1996.° Specifically, we examined the
association between recreational physical exercise and advanced
prostate cancer, defined as metastatic disease at diagnosis, and be-
tween exercise and prostate cancer mortality.

Material and methods
Study population

In Nord-Trgndelag County in Norway, the adult population
20 years of age and older was invited to participate in the HUNT

Publication of the International Union Against Cancer

study in 1984-1986. Among 42,532 male individuals who were el-
igible to participate in the cohort, 36,522 (85.9%) accepted the in-
vitation and attended a clinical examination between 1984 and
1986. They filled in a questionnaire that was included with the in-
vitation, and received a second questionnaire upon attendance to
the clinical examination. The second questionnaire included items
on recreational physical activity, and was to be filled in at home
and returned in a pre-stamped envelope. This information was not
updated throughout the fo]low -up period. The study has been de-
scribed in detail elsewhere.!° Among the 36,522 men who partici-
pated, 790 men with prevalent cancer (of any site) were excluded
from analysis. Among the remaining 35,732 men, 6,622 failed to
return the second questionnaire, leaving 29,110 men eligible for
prostate cancer follow-up.

Follow-up

The unique 11-digit identity number of Norwegian citizens was
used to link information from the HUNT study to information on
incidence of prostate cancer from the Cancer Registry of Norway.
Prostate cancer was registered according to the International Clas-
sification of Diseases, 7th edition (ICD-7, code 177). We also used
information in the Registry to identify cases with advanced pros-
tate cancer, defined as those who presented with regional invasion
(i.e. extended into regional lymph nodes or the surrounding tissue)
or distant metastases (i.e. spread to other lymph nodes or remote
organs) at the time of diagnosis. For solid tumors, this information
is based on mandatory reporting from all pathology laboratories in
Norway (biopsy, cytology and autopsy). Information on deaths
where prostate cancer was registered as the underlying cause was
obtained by linkage to the Cause of Death Registry at Statistics
Norway (ICD-9, code 185 and ICD-10, code C61). The study was
approved by the Norwegian Data Inspectorate, the Norwegian
Board of Health and the Regional Committee for Ethics in Medi-
cal Research.

For the analyses of prostate cancer incidence, each participant
contributed person-time from the date of clinical examination
until the date of a cancer diagnosis (of all sites), until death, emi-
gration or to the end of follow-up at December 31, 2002, which-
ever occurred first. For the analysis of prostate cancer mortality,
participants contributed person-years until death or to December 31,
2002.

Physical activity

At baseline, the participants were asked to respond to questions
about their average frequency of recreational physical exercise in
a week (i.e. walking, skiing, swimming or other sports), with 5
response choices (0, <1, 1, 2-3 and >4 times). Participants who
reported exercising at least once a week were also asked about the
average duration (<15, 15-30, 30-60 and >60 min) and intensity
(light, moderate and vigorous) of the activity. Among men who
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TABLE I - BASELINE CHARACTERISTICS OF THE STUDY POPULATION (N = 29110 NORWEGIAN MEN)

Characteristic

Frequency of recreational physical activity (average number of sessions per week)

No activity <1 1 2-3 >4
No. of participants 3855 8183 6776 6362 3934
Mean physical activity score' 1.8 2.1 2.2
Mean age at baseline (years) 52.3 448 46.8 472 58.0
Mean body-mass index (kg/m?) 254 254 25.3 25.0 25.1
Obesity (% >30 kg/m®) 10.6 8.6 7.0 5.6 6.8
Smoking (% current) 479 442 348 25.4 29.6
Alcohol (% drinking last two weeks) 46.8 60.8 61.0 58.6 40.0
Education (% college/university) 4.1 9.6 13.9 16.9 8.9
Marital status (% married) 65.6 71.0 73.1 69.6 68.2

'Physical activity score calculated from a weighted sum of frequency, intensity and duration among participants who reported a frequency of

once per week or more.

exercised once a week or more, we also constructed a summary
score of frequency, duration and intensity of physical activity. The
score was calculated by summarizing each participant’s response
to the frequency, duration and intensity questions, giving equal
weight to each variable according to the following equation: 1/5 X
frequency + 1/3 X intensity + 1/4 X duration. This gave a score
variable with a median value of 2.02, ranging from 1.18 to 3.00.
The participants were then divided into 4 separate categories (no
activity, low, moderate and high activity). Men whose summary
score was equal to or above the median were classified as highly
active, men with score values below the median were classified as
moderately activity, whereas men who exercised less than once a
week was categorized as having low activity. In the baseline ques-
tionnaire, the participants were asked to average over all types of
activities, and thus, no information on specific activities was
obtained. The questions related to duration and intensity have been
validated against measured oxygen uqtake (VO,max) and heart rate
(HF,.,0), and shown to perform well.”

Statistical analyses

We used the Cox proportional hazards model to computed age-
adjusted relative risks (RRs) with 95% confidence intervals (Cls)
of total prostate cancer, advanced prostate cancer or prostate can-
cer death among men within any level of recreational physical ac-
tivity compared to men in the reference category of no physical
activity. Trend tests across categories of physical activity were
calculated by treating the categories as ordinal variables in the
Cox model. Departure from the proportional hazards assumption
was evaluated by Schoenfeld residuals. Further adjustments were
made for body mass index (<18.5, 18.5-24.9, 25.0-29.9 and
>30.0 kg/m?), smoking status (never, former and current), use of
alcohol (frequency last 2 weeks: 0, 1-4, >5, total abstainer and
missing), marital status (married, unmarried, widower and
divorced/separated) and level of education (elementary school,
high school, college/university and missing).

In subsequent analyses, we excluded the first 5 years of follow-
up in order to evaluate the potential effect of existing but undiag-
nosed disease (i.e. preclinical prostate cancer) on the association of
physical activity and prostate cancer risk. To test whether other
baseline factors such as age (<65 or >65 years), smoking status
(never or ever smoker), education (elementary school or high
school and above) and body mass index (<25 or >25 kg/mz) modi-
fied the association between physical activity and prostate cancer
risk, we constructed interaction terms between the physical activity
score and these variables. All statistical tests were two-sided, and
all statistical analyses were performed using the statistical software
Stata for Windows (Version 9.0 (StataCorp LP, 1985-2005).

Results

During a median of 17.5 years (range, 0-19 years) of follow-up,
957 men were diagnosed with prostate cancer and 266 of them

had metastatic disease at diagnosis. Median age at diagnosis was
75 years (range, 41-100 years), both for all and for metastatic
prostate cancers. During the follow-up period, 354 men with inci-
dent prostate cancer died from the disease. Baseline characteristics
of the study population are given in Table 1.

We found no association between frequency of physical activity
and the overall risk of prostate cancer (p for trend = 0.64, Table
II). The age-adjusted relative risk of men who reported exercising
on average 4 times or more each week was 1.04 (95% CI, 0.84—
1.30) compared to men who reported no activity. Adjustment for
body mass index, smoking status, alcohol consumption, marital
status and level of education did not substantially alter this associ-
ation (RR, 1.01; 95% CI, 0.81-1.27). Also duration and intensity
of physical activity showed no association with overall risk of
prostate cancer, but there was a moderate inverse association
among men in the highest score that combined all 3 measures of
physical activity (multivariable RR, 0.86; 95% CI, 0.68~1.07).

For advanced (metastatic) prostate cancer, however, there was
an inverse association with each measure of physical exercise
(Table II). Compared to men who reported no activity, the multi-
variable relative risk among men exercising once a week was 0.68
(95% CI1, 0.46-1.02), and for men who reported four times of
exercise or more, the RR was 0.66 (95% CI, 0.44-0.99). There
was a statistically significant trend across frequency categories (p
for trend = 0.04). In relation to duration of exercise, there was
also an inverse trend (p for trend = 0.02), and the adjusted RR
among men who reported exercising on average more than 1 hr at
each session was 0.65 (95% ClI, 0.42—-1.00), compared to men who
reported no activity. The relative risk of men who reported modes-
ate to high intensity when they exercised was 0.80 (95% CI, 0.54-
1.18), compared to men who reported no activity. The summary
score of physical activity, combining frequency, duration and in-
tensity of physical exercise also showed an inverse association
with metastatic prostate cancer (p for trend = 0.02). Compared to
men who reported no activity, the adjusted RR for men in the
highest score category was 0.64 (95% CI, 0.43-0.95).

In relation to prostate cancer mortality, we found an inverse
association with duration of physical activity (p for trend = 0.04)
(Table IIT). The multivariable RR of men who reported exercising
more than 1 hr at each session was 0.68 (95% CI, 0.47~0.98) com-
pared to inactive men. The summary score that combined fre-
quency, duration and intensity of physical exercise showed a weak
inverse association with prostate cancer mortality (p for trend =
0.07), and the adjusted RR of men in the highest score category
was 0.67 (95% CI, 0.48-0.94), compared to men with no activity.

We also excluded the first 5 years of follow-up to evaluate
whether undiagnosed prostate cancer at baseline could have influ-
enced the estimates, but the results remained unchanged. Com-
pared to those who were inactive, men in the highest score cate-
gory had a RR of 0.68 (95% CI, 0.44-1.06) for advanced prostate
cancer and a RR of 0.67 (95% CI, 0.46-0.96) for prostate cancer
death (data not shown). Further, we explored whether the associa-
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TABLE II - PHYSICAL ACTIVITY AND RELATIVE RISK (RR) OF INCIDENT PROSTATE CANCER, AND SPECIFICALLY ADVANCED PROSTATE CANCER,

AMONG 29,110 NORWEGIAN MEN DURING 17 YEARS OF FOLLOW-UP

Physical activity No. of

All incident prostate cancers

Advanced! prostate cancer

person-years No.ofcases  RR? RR? (95% CI) p-trend®  No.ofcases  RR? RR? (95% CI) p-trend”

No activity (reference) 53,081 127 1.00  1.00 (Reference) 47 1.00  1.00 (Reference)
Frequency per week

<1 130,221 206 1.08 1.05(0.84-1.32) 61 0.87 0.83(0.57-1.22)

1 107,073 226 1.15 1.11(0.89-1.39) 53 0.73  0.68 (0.46-1.02)

2-3 99,146 192 0.99 0.94 (0.75-1.18) 55 0.77 0.72(0.48-1.07)

>4 51,961 206 1.04 1.01(0.81-1.27) 0.64 50 0.69  0.66 (0.44-0.99) 0.04
Duration per episode of exercise (minutes)

<15 25,331 87 1.13  1.12(0.85-1.47) 25 0.89 0.88 (0.54-1.42)

15-30 85,589 242 1.15  1.12(0.90-1.39) 65 0.84  0.80 (0.55-1.17)

31-60 121,982 237 1.03  0.99 (0.79-1.23) 60 0.71  0.66 (0.45-0.98)

>60 75,983 148 097 0.93(0.73-1.19) 0.30 39 0.69  0.65 (0.42-1.00) 0.02
Intensity

Low 131,248 477 1.05 1.01(0.85-1.26) 122 0.73  0.70 (0.50-0.98)

Moderate/high 171,089 246 1.13  1.07 (0.85-1.33) 0.56 68 0.86  0.80 (0.54-1.18) 0.39
Summary score’

Low 130,221 206 1.08  1.05(0.84-1.32) 61 0.87 0.83(0.57-1.22)

Medium 133,036 389 1.17  1.12(0.92-1.38) 95 0.77 0.73 (0.51-1.04)

High 117,129 201 090 0.86(0.68-1.07) 0.20 56 0.68  0.64 (0.43-0.95) 0.02

CI denotes confidence interval.

! Advanced prostate cancer is defined as those who presented with regional or distant metastases at diagnosis.—*Adjusted for age in 5-year cat-

egories (<40, 4044, .

, 75-79, >80 years) 3 Adjusted for age in 5-year categories (<40, 4044, .

, 75-79, > 80 years), body mass index

(<18.5, 18.5-24.9, 25 0—~29 9, >30 kg/m?), marital status (married, unmarried, widower, dxvorced/separated) ‘education (<10, 10-12, >13
years), alcohol consumption (frequency last 2 weeks) and smoking status (never, former, current).— p-value from linear trend test when exposure

categories were treated as an ordinal variable in the Cox model.—

Summary score combining information on frequency, duration and intensity

for men who exercised once a week or more; classified into medium an high activity by the median score value, and low activity includes men

with a frequency of <1 week.

TABLE III - PHYSICAL ACTIVITY AND RELATIVE RISK (RR) OF DEATH FROM PROSTATE CANCER AMONG

29,110 NORWEGIAN MEN DURING 17 YEARS OF FOLLOW-UP

Physical activity No. of person-years No. of cases RR! RR? (95% CI) p-trend®

No activity (reference) 57,712 64 1.00 1.00 (Reference)
Frequency per week

<1 133,324 62 0.70 0.71 (0.50-1.01)

1 110,038 68 0.72 0.74 (0.52-1.04)

2-3 101,736 64 0.65 0.67 (0.47-0.95)

>4 54,127 96 0.84 0.85 (0.62~1.17) 0.49
Duration per episode of exercise (minutes)

<15 26,289 32 0.76 0.79 (0.52-1.21)

15-30 88,323 89 0.81 0.83 (0.60-1.14)

31-60 125,237 82 0.73 0.75 (0.55-1.05)

>60 78,003 55 0.68 0.68 (0.47-0.98) 0.04
Intensity

Low 136,660 183 0.74 0.75 (0.56-1.00)

Moderate/high 174,664 78 0.79 0.81 (0.57-1.14) 0.28
Summary score

Low 133,324 62 0.71 0.71 (0.50-1.02)

Medium 137,483 137 0.79 0.81 (0.60-1.10)

High 120,079 77 0.66 0.67 (0.48-0.94) 0.07

CI denotes confidence interval.

"Adjusted for age in 5-year categories (<40, 4044,
, 75-79, >80 years) body mass index (<18.5, 18.5-24.9, 25.0-

5-year categorles (<40, 40-44,

, 1579, >80 years).— Ad_]ustcd for age in

29.9, >30 kg/m ), marital status (mamed unmarried, widower, divorced/separated), education (<10,
10-12, >13 years), alcohol consumption (frequency last 2 weeks) and smoking status (never, former,
current).—>p-value from linear trend test when exposure categories were treated as an ordinal variable in
the Cox model.—*Summary score combining information on frequency, duration and intensity for men
who exercised once a week or more; classified into medium an high activity by the median score value,
and low activity includes men with a frequency of <1 week.

tion of physical activity and risk of advanced prostate cancer could
be modified by some of the other baseline factors, but we found
no statistically significant interaction with variables such as age
(p = 0.46), smoking status (p = 0.54), education (p = 0.27) or
body mass index (p = 0.95) (data not shown).

Discussion

In this prospective, population-based study of Norwegian men,
the risk of advanced prostate cancer and the risk of prostate cancer

death was lower among men who reported moderate to high levels
of physical exercise, compared to men who reported no physical
activity. These findings are in accordance with those of 2 recent
prospective studies from the United States.”® The investigators of
these studies reported lower risk of advanced/aggressive prostate
cancer among the most physically active, but for prostate cancer
risk overall, they found no association with physical activity.

In one of the studies,8 the reduced risk of advanced disease was
only observed among men in the highest category of vigorous ac-
tivity, and was confined to men who were 65 years of age or older.
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In comparison, we found that the inverse association of physical
activity was consistent across age groups, and also, that increasing
level of physical activity was related to a gradual reduction in risk
for advanced prostate cancer. The gradual reduction in risk was
consistent for exercise measured as frequency per week and dura-
tion of exercise per session. It also displayed a gradual inverse as-
sociation with advanced prostate cancer risk related to the sum-
mary score combining frequency, duration and intensity of physi-
cal exercise.

Results from other epidemiologic studies have not been consist-
ent. A systematic review summarized the results of 27 studies that
assessed the association between physical activity and prostate
cancer risk.* More than half of the studies suggested an inverse
association, some studies reported no overall association, whereas
a few studies reported a positive association between physical ac-
tivity and risk of prostate cancer. Some subsequent studies have re-
ported weak negative assocmuons with occupational and recrea-
tional physical actlvxty

This cohort consists of the majority of adults in a stable, homoge-
neous population in Norway. The participants come from a county
that is mainly rural, where income is dominated by agriculture,
small industries, education and small scale trade. The population is
well suited for follow-up studies, partly because of excellent end-
point registries in the country and partly because of the unique iden-
tification number allocated to each citizen. The reporting of cancer
is mandatory and regulated by law, and to achieve a high degree of
completeness and high data quality, the material of the Cancer
Registry is matched against the Cause of Death Registry. Evaluation
of the quality of prostate cancer data reported to the Cancer Registry
has shown a completeness of nearly 100%,'* and the close collabo-
ration between the registries has resulted in highly reliable informa-
tion on prostate cancer as underlying cause of death."®

Our information on recreational physical activity was based on
questionnaires that allows for subjective interpretation of the ques-
tions and individual perception of the activity, and thus, misclassi-
fication of physical activity can be influenced by many factors,
such as age, social context and seasonal variations. ~ However,
validation studies have shown that questionnaires' may be able to
classify people into broad categories of physical activity (e.g. low,
moderate or highly active), but may not be appropriate to quantify
energy expenditure.'” Information on occupational physical activ-
ity was not available in these data, and hence the effect of total
physical activity could not be assessed.

The precision of the relative risk estimates, and the consistency
of the gradual reduction in risk of metastatic prostate cancer with
increasing level of physical activity, speak against chance as a
likely explanation for our results. It could be argued that preclini-
cal disease could have influenced the measures of physical activ-
ity, and distorted the estimated associations with prostate cancer.
To investigate this possibility, we excluded the first 5 years of fol-
low-up, but the results remained nearly unchanged.

NILSEN ET AL.

It is also conceivable that differential health seeking behavior
could have biased our results. Testing for prostate cancer with
PSA could be unevenly distributed among men in different cate-
gories of physical activity, and therefore, could have biased the
estimates of relative risk. However, in a previous follow-up of
this population, restricted to a period before PSA testing became
prevalent (before 1993), we reported similar results as in the pres-
ent study.” Biased estimates due to residual confounding cannot
be excluded in this type of study, but at least 2 factors suggest
that residual confounding may not be a major concern in this
study. First, adjustment for age and multivariable adjustment (i.e.
controlling for body mass index, smoking, alcohol consumption,
education and marital status) yielded similar estimates of relative
risk, and second, few risk factors for prostate cancer have been
established.

Protective mechanisms that may be attributed to physical activ-
ity are not clear, but it has been suggested that circulating levels
of insulin, insulin—like growth factors (IGFs) and androgens may
play arole.*% gsncal activity may reduce the level of circulat-
ing testosterone,?!*** and although the association between sex
hormones and prostate cancer risk is inconsistent, some studies
have shown that low levels of testosterone may‘be associated with
reduced risk for prostate cancer. There is also evidence that
exercise may reduce serum insulin and IGE-I levels.*** Insulin
appears to regulate the production and metabolism of testoster-
one,?® whereas IGF-I stimulates proliferation and inhibits apopto-
sis in prostate cancer cells, and has been associated with increased
prostate cancer risk in some,'®*’ but not all epidemiologic stud-
ies. 2% A recent cohort study from Sweden showed an almost
threefold higher risk of advanced prostate cancer among men in
the highest compared to the lowest quartile of IGF-1.>° Another
part of the IGF-axis, the IGF binding proteins (IGFBPs), are also
influenced by physical actmty24 3 and it has been shown that
IGFBP-3 stimulates apoptosis in human prostate cancer cells.’
Most of the factors above are thought to be related to cancer pro-
gression rather than initiation, and hence, this may explain why
we find an effect of physical activity for aggressive prostate cancer
and not for total prostate cancer. Moreover, autopsy studies have
shown a high prevalence of occult prostate cancer in the general
population (70% among men in their seventies),** and thus, risk
factors may be dlfferent for the clinically important prostate can-
cers versus those who could have been left untreated.

In conclusion, recreational physical activity was not associated
with overall prostate cancer incidence, buy may reduce the risk of
advanced prostate cancer, and possibly, protect against prostate
cancer death. We found that men who reported 1 weekly bout of
exercise had a 30% lower risk of being diagnosed with metastatic
prostate cancer compared to men who reported no activity. A
higher frequency of exercise did not further reduce the risk, but a
summary score incorporating frequency, intensity and duration
showed an inverse dose-response relationship.
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ABSTRACT

SUSAN A. OLIVERIA, HAROLD W. KOHL III, DIMITRIOS
 [RICHOPOULOS, and STEVEN N. BLAIR. The association between
ardiorespiratory fitness and prostate cancer. Med. Sci. Sports Exerc.,

uassess the association between cardiorespiratory fitness and prostate
sweer, The subjects were men, aged 20-80 yr, who received a
peventive medical exam at the Cooper Clinic in Dallas, TX, during
19701989 and provided information on cardiorespiratory fitness and
sstate eancer (N = 12,975). Cardiorespiratory fitness was assessed at
s meeline examination between 1971 and 1989 using a maximal
swreise treadmill test. Questionnaires were mailed to the men in 1982
s 1990 1o ascertain incident cases of prostate cancer. Ninety-four
wes of incident prostate cancer were identified. Higher cardiorespi-
stry filness levels were inversely associated with the probability of
selopment of incident prostate cancer after controlling for age, body
s index, and smoking habits; adjusted estimates of the incidence
¢ ratio declined from 1.1 (95% CI 0.63-1.77) to 0.73 (95% CI
H-1.29) 10 0.26 (95% CI 0.10~0.63) across increasing quartiles of
~ (P for trend <<0.004). This protective effect was limited to
“ipants <60 yr old. Also, an inverse association was observed
ecn physical activity and prostate cancer. Compared with expend-
1800 kealwk ™!, participants who expended 1000-<2000, 2000
1. or 23000 keal'wk ™ had adjusted incidence rate ratios of 0.37
T CHiRT7-0.79), 0.62 (95% CI 0.27-1.41), and 0.37 {95% CI
N8, respectively. The results suggest that cardiorespiratory
*ud physical activity levels may protect against the develop-
folincident prostate cancer.

1 KCISE. MAXIMAL EXERCISE TREADMILL TEST, MEN,
" HLASMS, PHYSICAL ACTIVITY, PROSPECTIVE STUDY

"stute cancer is the second leading cause of death
from cancer among men in the U.S.; during 1993,
Prostate cancer accounted for 13% of all male
rdeathy (14). An estimated 165,000 cases are being
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diagnosed in the U.S. each year, making prostate cancer
the most frequently diagnosed cancer among men (14).
Blacks in the U.S. have the highest incidence rates of
prostate. cancer, followed by-whites from North America.
(53). The etiology of prostate cancer is unknown. Studies

‘have been conducted examining potential risk factors

such as diet, venereal diseases, sexual habits, smoking,
occupational exposures, and physical activity; however,
the results have been inconsistent (21,53).

It has been suggested that physical activity may protect
against the development of prostate cancer through re-
duction of levels of endogenous testosterone (24,44).
Male athletes have been shown to have lower levels of
circulating testosterone than nonathletes, and men who
exercise have reduced testosterone levels immediately
after an exercise session (1,20,26,27,37,49,51). The physi-
cal activity-prostate cancer hypothesis is compatible with
the fact that the standard treatment for prostate cancer is
antitestosterone therapy in which the circulating andro-
gen, testosterone, is essentially reduced to levels ob-
served after castration (24). Furthermore, some studies
have shown that men with prostate cancer have higher
levels of endogenous testosterone compared with nondis-
eased men, and cancerous tissue has been reported to
have higher levels of testosterone compared with normal
tissue (2,22,25,28,31).

Despite these hypothesized mechanisms, previous
studies have provided inconclusive findings on the rela-
tionship between physical activity and prostate cancer
(4,17,33,34,40,42,47,50,52). An inverse association be-
tween physical activity and prostate cancer was found in
six studies (4,17,33,47,50,52), while three studies (34,
40,42) revealed a positive association. No data exist on
the relationship between cardiorespiratory fitness and
prostate cancer. Fitness level is likely to represent the end
result of physical activity and may be considered a good
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indicator of long-term physical activity participation (6).
No gold standard exists for the measurement of physical
activity; however, cardiorespiratory fitness can be mea-
sured validly using a maximal exercise treadmill test to
provide estimates of maximal oxygen uptake (10,13).

The purpose of this paper is to report our prospective
observations of the association between cardiorespiratory
fitness and incident prostate cancer.

METHODS
Study Population

The total population at the Cooper Clinic is composed
of 28,072 subjects. The population for analysis was com-
posed of 12,975 primarily white (>>99%), married, col-
lege-educated men, aged 20-80 yr, with no history of
prostate cancer, who received a voluntary, preventive
medical examination at the Cooper Clinic in Dallas, TX,
during 1971-1989 and who provided information on
cardiorespiratory fitness and prostate cancer. Fifty per-
cent of the men in this cohort were over the age of 42 yr,
with 25% over the age of 50. This baseline examination
included a physical examination: a questionnaire on de-
mographic characteristics, physical activity, and health
habits; a personal and family health history; anthropo-
metric measures; resting and exercise electrocardio-
graphy; blood chemistry tests; blood pressure measure-
ments; and a maximal exercise treadmill test to determine
cardiorespiratory fitness. Written informed consent was
obtained from the participants. Examination methods and
procedures followed a standard manual of operations and
have been previously described (10,11,13).

Fitness Measurement

Cardiorespiratory fitness was assessed at the baseline
examination with a maximal exercise treadmill test using
the Balke protocol (7). The treadmill speed was 88
memin~ ! for the first 25 min. During this time the grade
was 0% for the first minute, 2% the second minute, and
increased 1% each minute until 25 min had elapsed. After
25 min, the grade remained constant while the speed
increased 5.4 mrmin~" each minute until test termination
(10). The outcome of interest was total treadmill time in
minutes. The duration of the maximal exercise treadmill
test is highly correlated with measured maximal oxygen
uptake in men {r = 0.92), an accepted measure of car-
diorespiratory fitness (43). Fitness levels were created by
categorizing total treadmill time in minutes by quartiles.

Prostate Cancer Measurement

Questionnaires were mailed to the men in 1982 and
1990 for the purposes of periodic health status updates
and monitoring. A series of case finding questions were
included on each questionnaire. Cases of incident pros-

MEDICINE AND SCIENCE IN SPORTS AND EXERCISE

tate cancer were ascertained by asking each individug]

whether he had ever been diagnosed with prostate cancer,

If the answer was affirmative, the year of diagnosis wug

also obtained. Fatal cases of prostate cancer were ascer-

tained by mortality surveillance using Social Security

Administration files, Departments of Motor Vehicles,

nationwide credit bureau network, National Death Index_

and local area telephoue directories. Further details of -
this mortality surveillance have been described elsewhere
(10,13). Vital status through 1989 is 93% complete,
However, only six prostate cancer cases were fatal due 1
the limited duration of follow-up. Therefore, all analyse
included only the incident prostate cancer cases. Al
participants with existing prostate cancer at their firy
visit were eliminated. The remaining participants wer
followed from their baseline examination to the outcone
of interest, newly diagnosed prostatic cancer, death fron
other causes, loss to follow-up due to administrative
difficulties or operational limitations, or until the end of
the study period. Vigorous attempts to reach all purtici-
pants could not be implemented before the undertaking of
the present analysis; therefore, we did not have the ability
to separate true nonresponders from those who neve
received the mail survey and thus did not have the op
portunity to respond. Information was obtained on cance
occurrence from 47% (N = 12,975) of the participants

Physical Activity Measurement

Physical activity was assessed in a subsample of d¢
total Cooper Clinic population (N = 28,072) at buselin
and in the 1982 mail survey by inquiring aboul partice
pation in various sports and activities. The subsumplt
available for analysis consisted of men who provide
information on physical activity, prostate cancer, 4.
body mass index, and smoking status (N = 7570). 4
self-administered questionnaire, which included 4 check
list of aerobic activities (Appendix) was provided to
subject during the baseline examination and in the 1%
mail survey. Bach person was asked “For the last
mounths which of the following activities have you
formed regularly?” Individuals provided informai®
about participation, frequency per week, the inted
level, and duration per workout for the sports and &
ities on the checklist. This information was then uséd
create a physical activity index to estimate the ¥
energy in kilocalories (keal) expended in sport of ﬂc‘“ﬁ% :
each week, by multiplying the MET score (3.5 bY @
duration of the workout, body weight in kilograms: 1§
frequency per week engaged in the sport or uctivity- m§
weekly energy expenditure was calculated by s 2
keal'wk ! expended for each sport or activity. P
activity levels were created by categorizing fotal \*f) ;
energy expenditure as follows: <1000, I()()()T<~f§f
2000—-<3000, and =3000 keal-wk ™", The cutpoint® ==
defined a priori based upon published work ( 33)
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sia Analysis we compared those above the median to those below the
median. To control for smoking status, we classified
participants as current, past, or never smokers based upon
responses to questions asked at the baseline examination.
The category composed of never smokers was the refer-
ent group.

Follow-up studies of clinical diseases with potentially
long latency periods must account for the frequently
. . ) uncertain temporality between the exposure and the out-
dex, and smoking status were potential confounding come of interest. Latent or subclinical disease could be
wriables adjusted in the multivariate analyses. The Sta- o q0nible for a level of the hypothesized exposure. To
stical Analysis System (SAS) was used for all analyses address the concern of bias that could be due to latent
40). . . . . . disease, we analyzed the data with 1, 3, and 5 yr of

The duration of the mz}xxma]. exercise treadpﬂl test in person-time follow-up removed after the time of the
Jinutes was used to define quartiles of baseline cardio- initial questionnaire.

Descriptive analyses were performed to characterize
¢ study population. Subsequently, the association be-
reen cardiorespiratory fitness and incident prostate can-
¢ was assessed using proportional hazards regression
8.19). This technique allows estimation of the inci-
snee rate ratio while controlling for available potential
ynfounding variables. Baseline values of age, body mass

espiratory fitness, <13.7, 13.7-<17.0, 17.0-<21.0, and The results of all the regression analyses are presented
<21.0 min on treadmill test. These categories were en- in the form of mutually adjusted incidence rate ratios and
ored into the multivariate model as indicator variables, 05% confidence intervals,

vith the lowest level representing the referent category.
sepson-time was assigned to the appropriate fitness cat-

wworics according to the baseline fitness level. RESULTS .

We also evaluated physical activity as a risk factor for Demographic and anthropometric data of the study
meident prostate cancer, although information on physi- population (N = 12,975) by fitness level are detailed in
al activity was available for only a subsample of the  gpje 1. Age, weight, and body mass index were lower in
audy cohort, men who provided fitness and prostate men with higher levels of fitness. Men with higher levels
ancer information. The two physical activity measures of fitness were more likely to have never smoked com-
assessed at baseline and 1982 survey) were used to pared with those men with a low level of fitness, who
create an average physical activity variable with four were more likely to be current smokers.
lnels of energy expenditure (¥ = 12,098). If an indi- There were 14,849 participants lost to follow-up from
sdual only provided one measure of physical activity at the initial cohort of 28,072. We examined loss to fol-
te initial visit or in the 1982 survey, then the single low-up by levels of fitness and found virtually no differ-
meastre was used as the average measure., For those ence between the groups. Subjgcts lost to fo}lgwwup had
participants whose single 1982 physical activity measure similar baseline characteristics compared with subjects
s used as the average measure, we eliminated them if with follow-up information (Table 2). Of the subjects
fiere was any prior evidence of prostate cancer. Fol-  syccessfully followed, 24% included in the analysis for
“w-up information on prostate cancer was available for fitness were followed for the entire study period and there
b3 (N = 7,570) of the participants who had at least one were 4,719 (36%) followed from baseline through 1982.

fewsure of physical activity. Because the results comparing the estimates among

fo ussess confounding, we included each potential analyses with 1, 3, or 5 yr of person-time removed were
sonfounder in the model and compared its effect on the similar, we excluded only 1 yr of person-time from the

“x‘”‘!‘:{‘“‘ rate ratio with that of the model without the final analyses to maximize the amount of person-time

Potential confounder. The final model was selected based available. Exclusion of first year cases is done to avoid

“ the change in the estimate of effect produced by confusion by subtle changes of exposure variables in

"eluding the potential confounder in the model and the response to incipient disease (33). In addition to the

;i::zlou biological importance of the potentxal con- baseline exclusions, subjects with less than 1 yr of fol-

5o uer (45). A 10% change was the minimum criterion low-up were excluded from the analyses (N = 248).

semed necessary for confounding variable inclusion. The data in Table 3 show results on cardiorespiratory

?;ﬁ a‘:ﬂ“! al confounders were categorized and entered fitness. Higher cardiorespiratory fitness levels were in-

i /ﬂmdci as indicator variables. We examined age versely associated With. the probability of development of

g edin groups: 60—64, 65-69, and 70—80 yr old. prostate cancer. Relative to the least fit group, crude
Prostate cancer rarely occurs in younger men, incidence rate ratios changed from 0.76 to 0.52 to 0.18

.fm group composed of 20- to 59-yr-olds was the across levels of fitness (P for trend = 0.0001). The

4 “‘;;Z:l:iiwm y. The effect of age was also examined by adjusted point estimates changed from about 1 in the first
W 1 Young (<60 yr old) versus old (=60 yr old) two categories to 0.73 and 0.26 in the categories of the
B b l\‘““ the association between fitness and cancer. more fit individuals (P for trend = 0.0036). When the

S ndex was dichotomized at the median, and data were stratified by young (<60 yr old) versus old
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TABLE 1. Characteristics of study participanis by cardiorespiratory fitness level™ at baseling examination; Aerobics Center Longitudinal Study, 19711989,

<13.7 18.7-<17.0 17.0~<21.0 =21.0
Fitness Lavel {N = 3026} (N = 2828) (N = 3546) {N = 3575)

Age 50,0 (10.0) 44.9(34) 425 (8.9) 40.2 (8.6)
{mean = 8D) (yr) {N = 3015) (N = 2815) (N = 3525) (N = 3518)
Weight 87.0 (14.1) 84.0 (11.1) 81.4(10.3) 77.5{8.0)
{mean = SD) (k) {N = 2991) (V= 2821) (N = 3540} (N = 35586)
Height 1.77 (0.06) 1.78 {0.08) 1.79{0.08) 1.79 (0.06)
(mean = 8D} {m) {V = 3024} (N = 2828) (A = 3541) (M = 3571)
Body Mass indext 27.6(3.9) 26.3 (2.9) 25.3 (2.6} 241 (23)
{mean = SD) {N = 2990) (N = 2821} (N = 3536) {N = 3555)
Energy expenditure per week 1476.5 (1287.3) 16110 (1305.9) 1793.9 (1390.0) 2542.4 (1716.0)
{mean = SD) (keal) (N = 1090} (N = 1311) (W = 2228) (N = 2945)
Smoking status

% current 39.0 34.1 258 4.7

% past 582 587 66.1 704

% never 28 72 8.0 148

* Fitness level expressed in treadmill time {min).
T Quetelet Index = wi{kg) - ht~#(m).

Within each category of fitness the total number of subjects for each variable may not equal the otal for the category due to missing data.

TABLE 2. Characteristics of study parficipants by lost to follow-up status™; Aerobics
Center Longitudinal Study, 1971-1989.

Suceessfully
Followed Lost to Follow-up
(N = 13,223) (N = 14,848)
Age 44.2{9.9) 42.1{8.8)
{mean = 8D} {yr) (V= 13,118) (N = 14,628)
Weight 822 (11.7) 84,3 (12.8)
{mean = SD) (kg} (N = 13,156) (N = 14707}
Height 1,79 (0.08) 1.78(0.07)
{mean = S0 {m) {N = 13,212) (M = 14,822)
Body Mass Index* 257 (32) 26.4 (3.6)
{(mean. = SO} (V= 13,150) (V= 14,702}
Treadmill time 17.6{5.2) 17.1(5.5)
{mean = SD) {min) (N = 13,228) (I = 14,849)
Energy expenditure per week 2007.2 (1561.7) 16707 (1356.6)
{mean = SD} {kcal) (N = T746) (N = 4528)
Smoking status
% current 16.9 22.2
% past 380 34.8
% never 58 55

* Quetelet Index = wi{kg)/height® (m).
The total number of subjects for each variable may not equal the total lost to
follow-up due to missing data.

(=60 yr old), the protective effect of fitness on prostate
cancer was limited to the younger group. The adjusted
estimates ranged from 0.75 to 0.11 for increasing levels
of fitness in the group <60 yr of age. These results
should be interpreted with caution due to the small num-
ber of cases in the older group, N = 33. There were no
significant interactions for body mass index or smoking
status.

Incidence rate ratios for prostate cancer and activity
level in the subcohort with information on physical ac-
tivity and prostate cancer are presented in Table 4. Crude
and adjusted estimates show an inverse association be-
tween physical activity and prostate cancer, comparing
increased levels of physical activity to the referent. The
data do not support a linear trend; however, the results are
based on a small number of cases that may lead to
imprecise estimates. The results in Table 4 were not
altered when the cutpoints for the physical activity levels
were changed to <1000, 1000—-<2500, 2500-~-<3000,
and =3000 kcal'wk ™.

-665-

The validity of the physical activity measure and th
consistency of fitness and activity levels over time wer |
assessed by comparing total weekly energy expenditure
in sports or activities to the results of the maximal tread- |
mill exercise test. Participants who have high levels of
total energy expenditure are expected to have better fit |
ness. A significant correlation between self-reported|
physical activity levels and maximal exercise treadmil
time was observed. The correlation coefficient was r=
041 for baseline physical activity level and wmaxin
exercise. treadmill time and for the correlation betwea!
1982 activity level and treadmill time, r = (.32, Th|
correlation between baseline physical activity and ¢
physical activity levels was r = 0.35. In other analy
we found that the incidence of prostate cancer was i
ilar in individuals who did not provide physicaf activ
information as in those who did. We also established !
the basic assumption of the proportional hazards mo
(e.g., hazards are proportional over time) was appropr
for our data.

DISCUSSION

These results provide support for the hypothesis
cardiorespiratory fitness is inversely associated wi.fh
of incident prostate cancer. The upper two quarti
fitness levels were associated with reduced risks of
tate cancer compared with the lowest quartile of fit
An age interaction was evident with the protective®
limited to the young age group. Energy expet®
=1000 keal'wk™!, was consistently associated W!
duced risks of prostate cancer compared with
expenditure levels less than 1000 keal-wk ' Ad
for available potential confounders did not subst
alter this association. The point estimates for the
<3000 kcal-wk ™! category were higher than tffe a
estimates for the other activity categorics. Th{s 1
due to chance because of the small pumber of &
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3. Estimates of the association between fitness fevel™ at baseline and prostate cancer; Aerobics Center Longitudinal Study, 1971-1989.

<13.7 13.7-<17.0 17.0~<21.0 =21.0
Fitness Level (N = 3026) (M = 2828) {N = 3546) {¥ = 3575)
of cases 40 27 21 6
son-years of follow-up 36,160 26,738 31,144 26,260
de incidence rate ratio (95% CI) 1.00t 0.76 (0.46-1.23) 0.52 (0.30-0.87) 0.18 (0.08-0.43) Ptrend = 0.0001
ssted incidence rate ratief {95% Gl 1.00t 1.1 (0.63-1.77) 0.73 (0.41-1.29) 0.26 (0.16-0.63) Pirend = 0.0036

5 fevel expressed in treadmill time (min).

ent category. )
1ed for age, body mass index, and smoking status.

onfidence intarval.

4. Estimates of the association between activity level” and prostate cancer, physical activity measured as an average of the baseline and 1982 measures; Aerobics Center

dinal Study, 1971-1988.

<1000 1000-<2000 2000~-<3000 =3000
Activity Level {N = 2070} {N = 2600) (N = 1407) (N = 1493)
. of cases 21 10 8 5
rson-years of follow-up 17,367 22,364 12,418 , 13,295
ide incidence rate ratio (95% Cl) 1.00¢ 0.36 {0.17-0.76) 0.52 (0.23-1.16} 0.29 (0.11-0.76) Pirend = 0.7946
justed incidence rate ratio (95% Ci) 1.00% 0.37 (0.17-0.79) 0.62 (0.27-1.41) 0.37 (0.14-0.98) Pirend = 0.8263

1y leve! expressed in energy (keal) expenditure per week.

ent category. ) .
sted for age, body mass index, and smoking status,

:onfidence interval.

s is the first study reporting on fitness level and risk
rostate cancer. Fitness is clearly correlated with ha-
il physical activity and represents a characteristic that
be relevant to the occurrence of chronic disease,
pared with short-term physical activity that may vary
ading on transient motivation and opportunity or
curale reporting. These data on fitness concern the
lity of the population enrolled in the study, and al-
wwh 53% of the subjects eventually did not provide
rmation on prostate cancer outcome, there was no
lence in these data to suggest that nonresponse was
1ly associated with fitness and prostate cancer (a
condition for bias). This is further supported by the
Harity of the proportion of subjects with prostate
cer information in those who have only fitness data
Lin those with both fitness and physical activity data
Pby the similar incidence of prostate cancer among
“¢ with and those without physical activity informa-
o Furthermore, the data on physical activity are es-
Mally compatible with the fitness results and they
i‘i':;:ﬁ be in agreement with the weight of the existing
¢,
?hz?‘\?agi(mal stgdies of this nature have the potential
*m ;u"ht maximal exercise treadmiﬂ test, used to
ﬁ*{iix):eg%s‘ Is an accepted and Vah‘dated measure of
Mp‘of:?‘l‘m‘y fitness (43). Any‘ﬂnsclassmcanon of
Home Mﬂ would be randoxp since prostate cancer
o S 0L known at the time of treadmill testing.
o O e g subject to recall bias because of the
“pective Nature of the stud
S 0f progy ’ Yoo .
Hierteg 'ul' Sate cancer were identified using self-
et oy & No validation of self-reported prostate
: " Pt accomplished; however, self-report of

other diseases such as myocardial infarction, stroke, and
hypertension were validated in this population (13). Self-
reported hypertension had a sensitivity of 98% and a
specificity of 99% in a study conducted in this population
by Blair et al. (13). In a study conducted by Giovannucci
et al. (23), in a different population, self-reported prostate
cancer was validated by review of medical and pathology
records and a diagnosis of adenocarcinoma was con-
firmed in 99.4% of the men. ‘

There is potential for bias in this study if there was
differential diagnosis of prostate cancer between fitness
levels. However, subjects who are fit are more health
conscious. There is a body of literature indicating that
physically active subjects are more likely to have contact
with physicians and the health care system than subjects
who are not physically active (8,9,32,35,48). This differ-
ence would create an increased likelihood of diagnosis of
prostate cancer in those men with increased levels of
fitness and thus would reduce the strength of an inverse
association between fitness and prostate cancer. There-
fore, if diagnostic bias occurred in this study, the ob-
served estimates are likely to be an underestimate of the
true strength of the association between fitness and pros-
tate cancer. It would be important to have information on
the stage of diagnosis of the tumor to predict what im-
plications fitness may have on the future progression of
the tumor, but such data are not available.

Loss to follow-up was defined as a nonresponse to both
the 1982 and 1990 questionnaires. Loss to follow-up
could have generated biased results only if nonresponse
was correlated with both fitness level and prostate cancer.
However, a substantial amount of bias would need to
exist to explain the strong inverse associations observed

-666-



102 Official Journal of the American Gollege of Sports Medicine

in these data. We examined loss to follow-up by levels of
fitness and found virtually no difference between the
groups. Subjects lost to follow-up had similar baseline
characteristics compared with subjects with follow-up
information. We believe the high percentage of loss to
follow-up was due in part to the mobility of the popula-
tion, and our inability to maintain current addresses on
some of the men. Thus, many nonresponders did not have
the opportunity to answer the mail survey because they
did not receive it.

We were unable to control for the potential confound-
ing effects of diet in our analyses. A positive association
between fat intake and prostate cancer has been observed
in some case-control and cohort studies (39,41). For diet
to be confounding the observed association between fit-
ness and prostate cancer, active men would have to
consume a diet composed of less fat. There are no data
available on the association between diet and fitness
levels, and no association has been observed between
physical activity level and dietary composition (9,12,15,
36). The results of Lee et al. (33) showed increased
caloric intake in highly active men compared with those
who were less active, but the proportion of calories from
fat consumed was the same across inactive, moderately
active, and highly active groups.

Also, we were unable to control for some other poten-
tial risk factors: venereal disease, sexual habits, and oc-
cupational exposures. The results of previous studies
examining these factors have been inconsistent (21,39,
53). It is unlikely that one or more of these factors is
strongly associated with both fitness and prostate cancer
incidence, and could cause substantial confounding.

Varying amounts of person-time after completion of
the baseline questionnaire were eliminated to assess the
effect of latent disease, which may have affected fitness
levels in diseased individuals. If participants with exist-
ing disease had altered fitness results, then the associa-
tion between fitness and prostate cancer could be spuri-
ous. Eliminating 1, 3, or 5 yr of person-time follow-up,
however, did not substantially alter the results.

The mechanism behind the protective effect of fitness
on prostate cancer may be related to the sex hormone
testosterone. The prostate is a secondary sex gland that is
affected by hormonal stimulation. The growth and de-
velopment of the organ relies on the presence of sex
hormones. Testosterone was singled out as a possible
cause of prostate cancer as early as 1941 when androgen
deprivation was used as therapy in advanced prostatic
cancer (30). Cumrently, metastatic prostate cancer is
treated with antitestosterone therapy or adrenal androgen
blockage (24). Animal studies have shown that prostate
cancer can be induced in rats by the administration of
exogenous testosterone (16,29,38). In studies involving
humans, prostate cancer cases appear to have higher
levels of endogenous testosterone compared with nondis-
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thermore, athletes have been shown to have lower levelg
of testosterone, and individuals who exercise may have g
temporary decrease in post-exercise levels of testosterone
(1,20,26,27,37,49,51). If fit individuals have lower levely
of endogenous testosterone and lower levels of testoster.
one are associated with decreased incidence of prosiate
cancer, it should be expected that men who are mape
physically fit or active would be at a lower risk of
developing prostate cancer compared with men who are
inactive.

It should be noted highly trained athletes have heey |
observed to have lower basal circulating testosterone,
whereas men who exercise experience a more acute an
temporary drop in testosterone levels. It would seem thy
a continued decrease of testosterone levels would b |
more important in influencing a decreased prostate cap.
cer risk compared with a transient change due 1o
exercise session. We observed a protective effect o
prostate cancer across all levels of increased fitness and |
physical activity.

There are no previously reported data concerning cur- |
diorespiratory fitness and prostate cancer. Epidemiolog- |
ical studies on the association between prostate cance |
and physical activity are not entirely consistent. In- |
creased exercise in the form of occupational activity, |
recreational exercise, or household work has becn ob
served to be protective for prostate cancer in six studic }
(4,17,33,47,50,52). Conversely, three studies have show
an increased risk of prostate cancer with increasing fevel
of physical activity (34,40,42). In two of the studiv
participation in college athletics was the exposure v
interest (40,42). In the third study, an inverse associatio
was found between risk of prostate cancer and the pr
portion of life spent in occupations involving only sl
entary or light work (34). It may be that college athietic
participation is too remote in time to be etiologicall
relevant for prostate cancer or may not be rclated ¥
lifetime fitness and that the proportion of time spent
sedentary occupation is a poor indicator of overall fi
ness.

These results suggest that moderate to high levels
cardiorespiratory fitness may protect against the i!}t:
dence of prostate cancer. This study supports the physi
activity-prostate cancer hypothesis and provides ¢
dence that cardjorespiratory fitness may be a hetter
dictor of prostate cancer risk than physical activity-
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