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Abstract

Purpose Research on the association between physical activity and the risk of prostate cancer is inconsistent. The aim of this
study was to investigate whether the timing, intensity, and type of recreational physical activity influence prostate cancer risk.
Methods A population-based case—control study was conducted in Western Australia in 2001-2002. Data were collected
on lifetime recreational physical activity from a self-reported questionnaire. The estimated effects of recreational physical
activity on prostate cancer risk were analyzed using logistic regression, adjusting for demographic and lifestyle factors. This
analysis included 569 incident cases and 443 controls.

Results There was a significant, inverse dose-response relationship between vigorous-intensity recreational physical activity
between the ages 19 and 34 years and the risk of prostate cancer (Ppnq = 0.013). Participants in the most active quartile of
vigorous-intensity physical activity in this age period had a 33% lower risk of prostate cancer than participants in the least
active quartile (Adjusted Odds Ratio=0.67, 95% confidence interval =0.45-1.01). Moderate-intensity recreational physi-
cal activity was not associated with the risk of prostate cancer. Recreational physical activity performed over the lifetime
showed no association with prostate cancer risk. Weight training performed from early adulthood onwards showed a non-
significant but consistent inverse association with prostate cancer risk. There was no strong evidence that physical activity
was differentially associated with the risks of low-grade and medium-to-high grade prostate cancers.

Conclusions A high level of vigorous recreational physical activity in early adulthood may be required to reduce the risk
of prostate cancer.
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Background

Prostate cancer is the most frequently diagnosed cancer
among males worldwide; however, the risk factors for pros-
tate cancer are not clearly understood [1, 2]. Known non-
modifiable risk factors include age, height, family history,
04 Terry Boyle and ethnicity [1, 2]. Less is known about modifiable risk

terry.boyle@unisa.edu.au factors for prostate cancer, although there is some evidence
that obesity, dietary factors, and physical activity may be
associated with prostate cancer risk [1].

Physical activity is an important primary prevention strat-
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and the risk of prostate cancer based on 19 cohort stud-
ies (summary relative risk=0.95, 95% CI 0.89-1.00) and
24 case—control studies (summary odds ratio=0.95, 95%
CI10.90-1.00) [4], while a more recent meta-analysis found
insufficient statistical evidence for an association between
overall physical activity and prostate cancer risk [7]. One
reason for the inconsistent results to date may be that few
studies have taken into account the intensity, timing, and
type of physical activity, all of which have been shown to
influence the association between physical activity and can-
cer risk [8, 9]. Another reason for the inconsistent results
may be that many studies have not taken the heterogenous
nature of prostate cancer into account [7]. Prostate cancers
range from indolent to highly aggressive and it is possible
that physical activity may be differentially associated with
different subtypes of prostate cancer (as defined by grade
or stage).

Examining timing, intensity, and type of physical activity
will lead to a better understanding of the role that physi-
cal activity may play in prostate cancer risk [10]. Previous
research indicates that physical activity performed in spe-
cific age periods may reduce prostate cancer risk [10-14].
These studies have tended to find that increasing physi-
cal activity levels during the age periods 20-45 years and
46-65 years is associated with a significant reduction in
the risk of prostate cancer, but physical activity before the
age of 20 and after the age of 65 is not [4]. However, there
is insufficient evidence as to whether there are any critical
age periods in which physical activity may confer a greater
benefit in prostate cancer risk reduction. Similarly, although
some studies have found a larger risk reduction associated
with vigorous-intensity physical activity than with moder-
ate-intensity physical activity, the evidence is not clear [4,
15]. Finally, all previous studies on physical activity and
prostate cancer have focussed on aerobic activity, and it
is not known if different types of physical activity such as
resistance training (e.g., weight training) are associated with
prostate cancer risk. Some studies have found that resistance
training is associated with lower cancer mortality [16, 17]
and a lower risk of some cancers [18], so it is important to
investigate the association between resistance training and
prostate cancer risk.

The aims of this study were to (1) investigate the over-
all association between recreational physical activity and
prostate cancer risk; (2) investigate the association between
recreational physical activity in specific age periods and
prostate cancer risk; (3) investigate whether intensity influ-
ences the association between physical activity and risk of
prostate cancer; (4) investigate whether resistance training
is associated with prostate cancer risk; and (5) investigate
whether physical activity was differentially associated with
the risks of low-grade and medium-to-high grade prostate
cancers.
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Methods
Study design

The Western Australian Prostate Health Study was a pop-
ulation-based case—control study conducted over a 2-year
period, commencing in January 2001 [19]. The WA Prostate
Health Study was approved by the human research ethics
committee (HREC) of The University of Western Australia
and the Confidentiality of Health Information Committee,
Department of Health, Western Australia. The current analy-
sis was approved by the Curtin University HREC. Partici-
pants gave written informed consent.

Participants

Cases in the Prostate Health Study were identified from the
Western Australia cancer registry. Inclusion criteria included
cases with a histopathologically confirmed incident prostate
cancer in Western Australia between 1 January 2001 and 30
August 2002. Cases were aged between 40 and 75 years at
the time of diagnosis. Exclusion criteria included patients
with previous diagnosis of prostate cancer or patients who
lacked English comprehension. A total of 1,066 cases were
identified as potentially eligible to participate in the study,
of whom 606 cases (57% response rate) participated.

Controls in the Prostate Health Study were men aged
40-75 years who had never been diagnosed with prostate
cancer and were randomly selected from the Western Aus-
tralian electoral roll, between 1 August 2001 and 1 October
2002. Voting is compulsory in Australia and, as such, the
electoral roll is considered a virtually complete sampling
frame. The controls were frequency age-matched to the pre-
dicted age distribution of the patients with prostate cancer in
5-year age groups. A total of 1,272 controls were identified
as potentially eligible to participate in the study. Based on
the inclusion and exclusion criteria of the cases, 471 (37%)
controls participated.

Data collection

The cases and controls completed a self-administered ques-
tionnaire about demographic details, family history, anthro-
pometric data, lifetime occupational and residential history,
military history, lifetime physical activity, alcohol con-
sumption, smoking history, and medical history. A dietary
questionnaire, which asked questions about the participant’s
dietary habits and alcohol consumption 10 years prior, was
also completed by participants [20].

The physical activity questionnaire was adapted from the
Historical Physical Activity Questionnaire, which has been
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shown to have high test-retest reliability and moderate to
good convergent validity with other lifetime physical activ-
ity questionnaires [21-23]. The historical physical activity
questionnaire was designed to assess the duration, frequency,
and intensity of lifetime recreational activities [21]. This
questionnaire was modified to make the recreational physi-
cal activities more applicable to Australian men (e.g., winter
activities such as snow-skiing were removed). The question-
naire asked participants to recall and record the hours per
week, the number of months per year, and the number of
years for the activities listed (and any other activities) in
the questionnaire in four specific age periods: 12—18 years,
19-34 years, 35-49 years, and 50 years and older.

Data processing

Based on the data from the participants, the average num-
ber of hours/week for each recreational activity in each age
period and over the lifetime (i.e., 12 years old to current age
at study participation) was estimated. The average MET-
hours/week for each activity in each age period was esti-
mated by multiplying the average number of hours/week by
the assigned MET value from the Compendium of Physical
Activity [24]. The totals were summed to create a MET-
hour/week total for each age period. To estimate intensity,
activities with a MET value between 3 and 5.9 were clas-
sified as moderate and activities with a MET value of 6 or
greater were classified as vigorous, and the MET-hour/week
total for each was estimated [24]. Average MET-hours per
week in resistance training was calculated based on the time
participants reported performing “Weight Training (Gym
Work).”

The average MET-hours/week over the lifetime for each
of total, moderate-, and vigorous-intensity physical activity
and resistance training was estimated, and we then classi-
fied the participants into quartiles, based on the distribution
among controls. To investigate the associations between
physical activity performed in specific age periods and pros-
tate cancer risk, participants were classified into tertiles or
quartiles of total, moderate, and vigorous physical activity
and resistance training within each specific age period, based
on the distribution of activity in controls.

Statistical analyses

Descriptive statistics were used to summarize the charac-
teristics of the cases and controls. To assess the association
between recreational physical activity and prostate cancer risk,
logistic regression was performed. In the first analysis, logis-
tic regression was used to investigate the association between
total physical activity and prostate cancer risk within each age
period and over the lifetime. In the second analysis, logistic
regression was used to investigate the associations between

moderate and vigorous physical activity intensities and resist-
ance training and risk of prostate cancer in each age period and
over the lifetime. We also used multinomial logistic regres-
sion models to investigate the associations between physical
activity and the risks of medium-to-high grade prostate cancer
(defined by a Gleason score of seven or greater) and low-grade
prostate cancer (Gleason score of six or less).

Age was included as a covariate in all analyses as the con-
trols were age-frequency matched with the cases. A directed
acyclic graph was used to inform the choice of additional
covariates [25], which resulted in the following variables
being included in the model as confounders: body mass index
10 years prior to the study, smoking status, alcohol consump-
tion 10 years prior to the study, socioeconomic status, family
history of prostate cancer, energy intake 10 year prior to the
study, and lifetime occupational physical activity. Socioeco-
nomic status was assessed at the area level (postcode) using
the index of relative socioeconomic disadvantage from the
Australian Bureau of Statistics Socio-Economic Indexes for
Areas [26]. Moderate- and vigorous-intensity physical activ-
ity and resistance training were adjusted for each other. Total
physical activity in all previous age periods was adjusted for in
analyses investigating the association between physical activity
in a specific age period and prostate cancer risk. A total of 37
cases and 28 controls were excluded due to missing data on
one or more covariate, leaving 569 cases and 443 controls in
this analysis.

In a sensitivity analysis, we additionally adjusted for time
since last prostate cancer test (blood/PSA test or digital rectal
examination); however, including this variable did not result in
any meaningful change to the observed results and so was not
included in the final analysis. We also performed a sensitivity
analysis to investigate the effect of potential non-differential
exposure misclassification on the observed odds ratios for
physical activity (total, moderate-intensity, and vigorous-
intensity) between the ages 19 and 34 years. We first created
a contingency table based on the adjusted odds ratios, then in
turn reclassified 10%, 20%, and 50% of the cases and controls
in each of the exposure categories to the category immediately
below it (i.e., one category closer to the reference category).
We then calculated the ORs from the new contingency tables
to estimate the potential effect of non-differential misclassifi-
cation. A significance level of p=0.05 was used in all analy-
ses. All analyses were performed using Stata 14.0 (StataCorp,
College Station TX, USA).

Results
Participant characteristics

Table 1 displays the characteristics of the cases and controls
in the Prostate Health Study. Cases were younger than the
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controls and more likely to have a family history of prostate
cancer. The distribution of alcohol consumption, smoking,
socioeconomic status, energy intake, and occupational phys-
ical activity was similar between cases and controls. Of the
569 cases, 235 had low-grade prostate cancer and 315 had
a medium-to-high grade prostate cancer. Gleason score was
not available for 19 cases.

Recreational physical activity and prostate cancer
risk

Higher levels of total recreational physical activity and mod-
erate-intensity recreational physical activity in the teenage
years (12—18 years) were associated with a small increased
risk of prostate cancer, although this was not statistically
significant. Vigorous-intensity physical activity was not
associated with risk in this age period (Table 2).

In contrast, higher levels of total recreational physical
activity in early adulthood (19-34 years) were associated
with a lower risk of prostate cancer (prye,q = 0.044). Moder-
ate-intensity physical activity alone was not associated with
prostate cancer risk; however, vigorous-intensity physical
activity was inversely associated with the risk of prostate
cancer (Prpeng = 0.013). Participants in the most active quar-
tile of vigorous-intensity physical activity had a 33% lower
risk of prostate cancer than participants in the least active
quartile (Adjusted Odds Ratio (AOR)=0.67, 95% Confi-
dence Interval (CI) 0.45-1.01).

There were no clear associations between total, moder-
ate-, or vigorous-intensity recreational physical activity in
the age periods 3549 years and 50+ years and prostate can-
cer risk. Average recreational physical activity level over
the lifetime was also not associated with the risk of prostate
cancer (Table 2).

No significant heterogeneity was found between the asso-
ciations for any of the physical activity variables and the
risks of medium-to-high grade and low-grade prostate can-
cers (Online Resource 1).

Sensitivity analyses suggested any potential non-differen-
tial exposure misclassification had very minimal influence
on the odds ratios observed for total, moderate-intensity,
and vigorous-intensity physical activity (data not shown).

Weight training and prostate cancer risk

The prevalence of weight training was low in each age period
(£10%) and over the lifetime (<20%). Participants with the
highest levels of weight training over the lifetime and during
the age periods of 19-34 years, 35-49 years, and 50+ years
had a lower risk of prostate cancer than participants who
reported performing no weight training; however, none of
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Table 1 Characteristics of the participants in the Western Australian
Prostate Health Study

Characteristic Controls Cases
(n=443) (n=569)
n % n %

Age group (years)

40-54 27 6.1 67 11.8

55-59 56 12.6 104 18.3

60-64 101 22.8 112 19.7

65-69 127 28.7 147 25.8

70+ 132 29.8 139 244
Alcohol consumption 10 years ago (g/day)

0-3.2 110 24.8 117 20.6

3.3-16.9 109 24.6 164 28.8

17-36.3 112 25.3 141 24.8

36.44+ 112 25.3 147 25.8
Family history of prostate cancer

No family history 398 89.8 466 81.9

Family history 45 10.2 103 18.1
Body Mass Index 10 years ago

Underweight/normal range 185 41.8 234 41.1

Overweight 195 44.0 272 47.8

Obese 63 14.2 63 11.1
Smoking status

Never smoker 143 323 195 343

Former smoker 257 58.0 325 57.1

Current smoker 43 9.7 49 8.6
Index of relative socioeconomic disadvantage

Group 1 (most disadvantaged) 27 6.1 27 4.7

Group 2 72 16.3 86 15.1

Group 3 91 20.5 101 17.8

Group 4 82 18.5 115 20.2

Group 5 (least disadvantaged) 171 38.6 240 422
Energy intake from food 10 years ago (kJ/day)

0-7,513 110 24.8 148 26.0
7,514-9,261 111 25.1 133 234
9,262-11,531 111 25.1 142 25.0
11,532+ 111 25.1 146 25.7

Years in occupation with heavy to very heavy physical
demands

0 200 45.1 245 43.1
1-3.9 62 14.0 81 14.2
4-11.9 76 17.2 101 17.8
12-27.9 53 12.0 73 12.8
28+ 52 11.7 69 12.1

these associations were statistically significant (Table 3). No
significant heterogeneity was found between the associations
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Table 2 Association between
recreational physical activity in
specific age periods and over
the lifetime and prostate cancer
risk in the Western Australia
Prostate Health Study

Vigorous-intensity physical activity

Categories of MET-hours per week Controls  Cases (n=569) OR (95% CI)* AOR (95% CI)®
(n=443)
12-18 years of age
Total physical activity
0-7.9 107 109 1.00 (Reference) 1.00 (Reference)
8-26.9 114 136 1.25 (0.86-1.83)  1.13 (0.78-1.66)
27-59.9 110 162 1.45 (1.00-2.12)  1.41 (0.97-2.05)
60+ 112 162 1.46 (1.00-2.11)  1.36 (0.94-1.98)
Drend 0.042 0.057
Moderate-intensity physical activity
0 234 271 1.00 (Reference) 1.00 (Reference)
0.1-9.9 106 146 1.16 (0.85-1.57)  1.11 (0.80-1.54)
10+ 103 152 1.26 (0.92-1.71)  1.27 (0.90-1.79)
Drend 0.129 0.164
Vigorous-intensity physical activity
0-4.9 110 122 1.00 (Reference) 1.00 (Reference)
5-21.9 111 150 1.18 (0.83-1.69)  1.13 (0.78-1.65)
22-49.9 111 146 1.16 (0.81-1.67)  1.08 (0.74-1.57)
50+ 111 151 1.18 (0.83-1.70)  1.03 (0.70-1.52)
DTrend 0414 0.964
19-34 years of age
Total physical activity
0-5.9 107 147 1.00 (Reference) 1.00 (Reference)
6-19.9 118 151 0.84 (0.59-1.21) 0.82(0.57-1.19)
20-40.9 108 132 0.91 (0.64-1.31) 0.71 (0.47-1.05)
41+ 110 139 0.90 (0.63-1.29) 0.67 (0.44-1.01)
Drend 0.611 0.044
Moderate-intensity physical activity
0 139 173 1.00 (Reference) 1.00 (Reference)
0.1-10.9 151 180 0.91 (0.66-1.25) 0.91 (0.65-1.28)
11+ 153 216 1.09 (0.80-1.49) 1.06 (0.75-1.51)
Divend 0.545 0.693
Vigorous-intensity physical activity
0-0.9 116 161 1.00 (Reference) 1.00 (Reference)
1-8.9 101 151 1.08 (0.76-1.54)  0.97 (0.67-1.41)
9-22.9 116 121 0.74 (0.52-1.06)  0.63 (0.43-0.93)
23+ 110 136 0.90 (0.63-1.28)  0.67 (0.45-1.01)
DPrend 0.228 0.013
35-49 years of age
Total physical activity
0-5.9 115 152 1.00 (Reference) 1.00 (Reference)
6-17.9 113 126 0.74 (0.51-1.07)  0.77 (0.52-1.14)
18-34.9 102 141 0.82 (0.57-1.19)  0.98 (0.65-1.49)
35+ 113 150 0.89 (0.62-1.28)  0.94 (0.61-1.46)
DTrend 0.898 0.924
Moderate-intensity physical activity
0-0.9 114 151 1.00 (Reference) 1.00 (Reference)
1-9.9 110 101 0.64 (0.44-0.92) 0.70 (0.47-1.04)
10-25.9 109 174 1.13 (0.80-1.60) 1.27 (0.87-1.87)
26+ 110 143 0.93 (0.65-1.32)  1.04 (0.69-1.58)
PTrend 0.597 0.329
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Categories of MET-hours per week Controls  Cases (n=569) OR (95% CI)* AOR (95% CI)®
(n=443)
0 198 291 1.00 (Reference) 1.00 (Reference)
0.1-74 122 107 0.56 (0.40-0.77)  0.54 (0.38-0.77)
7.5+ 123 171 0.91 (0.68-1.23) 0.87 (0.61-1.23)
Drend 0.299 0.258
50+ years of age
Total physical activity
0.7.4 110 140 1.00 (Reference) 1.00 (Reference)
7.5-234 111 163 1.15(0.77-1.72)  1.27 (0.86-1.88)
23.5-43.9 113 134 1.08 (0.73-1.62)  0.96 (0.63-1.47)
44+ 109 132 0.98 (0.66-1.47) 0.98 (0.62-1.55)
Divend 0.725 0.636
Moderate-intensity physical activity
0-3.9 113 140 1.00 (Reference) 1.00 (Reference)
4-15.9 107 154 1.22 (0.86-1.74) 1.34 (0.91-1.99)
16-33.9 112 135 1.02 (0.71-1.46) 1.11 (0.73-1.67)
34+ 111 140 1.09 (0.76-1.56) 1.18 (0.77-1.82)
DTrend 0.893 0.677
Vigorous-intensity physical activity
0 260 351 1.00 (Reference) 1.00 (Reference)
0.1-9.3 91 101 0.86 (0.62-1.20) 0.83 (0.58-1.19)
9.4+ 92 117 0.96 (0.69-1.32) 0.91 (0.64-1.31)
Drend 0.644 0.503
Lifetime
Total physical activity
0-11.9 109 133 1.00 (Reference) 1.00 (Reference)
12-22.9 107 146 1.11 (0.77-1.59)  1.04 (0.72-1.50)
23-38.4 116 128 0.87 (0.60-1.25)  0.80 (0.55-1.16)
38.5+ 111 162 1.18 (0.83-1.69)  1.10 (0.77-1.59)
Drend 0.613 0.893
Moderate-intensity physical activity
044 110 134 1.00 (Reference) 1.00 (Reference)
4.5-11.4 111 154 1.15(0.81-1.64) 1.13 (0.78-1.63)
11.5-22.9 115 141 1.02 (0.71-1.46)  1.04 (0.72-1.51)
23+ 107 140 1.13 (0.79-1.62)  1.16 (0.79-1.72)
Drend 0.685 0.564
Vigorous-intensity physical activity
0-2.9 103 127 1.00 (Reference) 1.00 (Reference)
3-8.9 116 160 1.11 (0.78-1.59) 1.03 (0.71-1.49)
9-18.9 116 130 0.85(0.59-1.23) 0.77 (0.52-1.12)
19+ 108 152 1.07 (0.74-1.54)  0.97 (0.66-1.44)
Dvend 0.907 0.541

AOR adjusted odds ratio, MET metabolic equivalent, OR odds ratio

4 Adjusted for age group

b Adjusted for age group, alcohol consumption 10 years ago, family history of prostate cancer, body mass
index 10 years ago, smoking status, index of relative socioeconomic disadvantage, energy intake 10 years
ago, lifetime occupational physical activity, and total recreational physical activity in all previous age peri-
ods. Moderate- and vigorous-intensity physical activity and resistance training were mutually adjusted
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for resistance training and the risks of medium-to-high grade
and low-grade prostate cancers (Online Resource 2).

Discussion

In this population-based case—control study, we observed
that recreational physical activity, specifically vigorous-
intensity physical activity performed in early adulthood,
was associated with a reduced risk of prostate cancer. Rec-
reational physical activity in other age periods and average
physical activity levels over the lifetime were not associ-
ated with prostate cancer risk. Weight training performed
from early adulthood onwards showed a small but consist-
ent inverse association with prostate cancer risk. There was
no strong evidence that physical activity was differentially
associated with the risks of low-grade and medium-to-high
grade prostate cancers.

In this study, we found that physical activity in early
adulthood was associated with a lower risk of prostate
cancer. While it is possible that this is a chance finding,
this result is consistent with previous research. A 2011
meta-analysis concluded that physical activity during the
age periods 20-45 years and 45-65 years was associated
with significantly lower prostate cancer risk [summary
risk ratios =0.93 (95% CI 0.89-0.97) and 0.91 (95% CI
0.86-0.97)], while, as with our results, physical activ-
ity before the age of 20 and after the age of 65 was not
associated with prostate cancer risk [4]. It is biologically
plausible that exposures (such as physical activity) expe-
rienced in early adulthood may influence prostate cancer
risk as there is evidence that pre-neoplastic and neoplastic
prostate alterations often develop during this time [27].
Relatively few studies have investigated whether there are
critical age periods in which physical activity may con-
fer a greater benefit in prostate cancer risk reduction, and

Table 3 Association between

Cases (n=569)

OR (95% CI)*

AOR (95% CI)®

. o Categories of MET- Controls
weight t.ram'mg and prostate hours per week (n=443)
cancer risk in the Western
Australia Prostate Health Study 12-18 years of age

0 417
0.1-4.4 13
4.5+ 13
PTrend

19-34 years of age
0 401
0.1-4.9 20
5+ 22
PTrend

35-49 years of age
0 408
0.1-5.9 18
6+ 17
Ptrend

50+ years of age
0 398
0.1-5.4 22
5.5+ 23
PTrend

Lifetime
0 356
0.1-14 42
1.5+ 45
Prrend

526 1.00 (Reference) 1.00 (Reference)
22 1.29 (0.64-2.62) 1.29 (0.62-2.69)
21 1.30 (0.64-2.65) 1.25 (0.59-2.65)

0.340 0.426

520 1.00 (Reference) 1.00 (Reference)
29 0.95 (0.53-1.73) 1.00 (0.54-1.87)
20 0.68 (0.37-1.28) 0.71 (0.37-1.38)

0.265 0.379

533 1.00 (Reference) 1.00 (Reference)
18 0.66 (0.34-1.31) 0.64 (0.31-1.33)
18 0.72 (0.36-1.44) 0.68 (0.32-1.41)

0.189 0.153

524 1.00 (Reference) 1.00 (Reference)
25 0.88 (0.49-1.59) 0.90 (0.48-1.67)
20 0.58 (0.31-1.09) 0.58 (0.30-1.14)

0.095 0.125

456 (Reference) 1.00 (Reference)
62 1.07 (0.70-1.64) 1.07 (0.69-1.65)
51 0.79 (0.51-1.23) 0.78 (0.50-1.23)

0.428

0.409

AOR adjusted odds ratio, MET metabolic equivalent, OR odds ratio

?Adjusted for age group

bAdjusted for age group, alcohol consumption 10 years ago, family history of prostate cancer, body mass
index 10 years ago, smoking status, index of relative socioeconomic disadvantage, energy intake 10 years
ago, lifetime occupational physical activity, and total recreational physical activity in all previous age peri-
ods. Moderate- and vigorous-intensity physical activity and resistance training were mutually adjusted
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further replication of our finding for early adulthood is
needed.

In our study, we found small but consistent inverse asso-
ciations between weight training performed in different age
periods (19-34, 3549, and > 50 years) and the risk of pros-
tate cancer; however, the low prevalence of weight training
meant that we had low statistical power and as a result none
of these associations were statistically significant. While no
previous studies have investigated the association between
weight training and the risk of prostate cancer, it has been
associated with lower all-cause mortality and cancer mortal-
ity [16, 17] and there is some evidence indicating resistance
training may be inversely associated with reduced colon
cancer risk [18]. Given the results of these studies and the
minimal research on prostate cancer, the association between
resistance training and the risk of prostate cancer warrants
further investigation.

In this study, we also investigated whether intensity influ-
ences the association between physical activity and risk of
prostate cancer, and whether physical activity was differen-
tially associated with the risks of low-grade and medium-to-
high grade prostate cancers. We found that vigorous-inten-
sity physical activity during early adulthood was associated
with lower risk of prostate cancer risk, but no association
between moderate-intensity physical activity and prostate
cancer risk was observed in any age period. The findings of
previous studies concerning physical activity intensity and
prostate cancer risk are inconsistent and it remains unclear
whether intensity influences the association between physi-
cal activity and prostate cancer risk [7]. When looking at
low-grade and medium-to-high grade prostate cancers sepa-
rately, we found similar associations between recreational
physical activity and risk. This finding differs from a recent
meta-analysis which found that the inverse association
between recreational activity and prostate cancer was limited
to advanced/aggressive cancers [7].

This study had several strengths and limitations. As the
physical activity information was collected through a self-
reported questionnaire and was recalled over the lifetime
(from early adolescence to the time of the study), exposure
misclassification is possible. However, the varying associa-
tions observed for physical activity in different age periods
suggest any exposure misclassification is likely to have been
non-differential, as it seems unlikely that cases and controls
would differentially recall their physical activity levels in
some age periods but not others. The fact that the study ques-
tionnaire asked about a wide range of risk factors, and that
physical activity was not a well-known cancer risk factor at
the time of the study, also reduces the likelihood that recall
bias is an explanation for the observed results. Our sensitiv-
ity analyses indicate that any potential non-differential expo-
sure misclassification had minimal effect on the observed
results. A key strength of the current study was the use of a
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comprehensive measure of lifetime physical activity which
allowed us to investigate the associations between physical
activity at different intensities, types and age periods, and
risk of prostate cancer. Our study was also a population-
based study and we had information on a wide range of
confounders, which allowed us to adjust for variables that
may influence the association between recreational physical
activity and the risk of prostate cancer.

In conclusion, in this study, we found that vigorous-
intensity physical activity performed in early adulthood
was associated with a reduced risk of prostate cancer. We
also report preliminary evidence that weight training may
be associated with prostate cancer risk and recommend
further research on this topic.
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