World J Urol (2015) 33:1495-1502
DOI 10.1007/s00345-014-1464-5

@ CrossMark

ORIGINAL ARTICLE

Physical activity and body mass index as predictors of prostate

cancer risk

Alessandra Grotta - Matteo Bottai - Hans-Olov Adami - Swann Arp Adams -
Olof Akre - Steven Noel Blair - Daniela Mariosa - Olof Nyrén - Weimin Ye -

Piir Stattin - Rino Bellocco * Ylva Trolle Lagerros

Received: 7 December 2014 / Accepted: 13 December 2014 / Published online: 4 January 2015

© Springer-Verlag Berlin Heidelberg 2015

Abstract

Purpose Physical activity and body mass index (BMI)
are involved in prostate cancer etiology; possible biologic
mechanisms include their effects on hormonal levels. Our
aim was to investigate the relationship between physical
activity, obesity, and prostate cancer.

Methods We followed a cohort of 13,109 Swedish
men for 13 years and investigated the association of self-
reported physical activity and BMI at baseline with prostate
cancer incidence. We further analyzed whether BMI could
modulate effects of physical activity. Occupational, recrea-
tional, and total physical activity were analyzed in relation
to overall, localized, and advanced prostate cancer.
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Results During the study follow-up, we observed a
total of 904 cases of prostate cancer (429 localized, 407
advanced, and 68 unclassified). High levels of occupational
physical activity were associated with a nonsignificantly
decreased risk of overall (HR 0.81, 95 % CI 0.61-1.07),
localized (HR 0.75, 95 % CI 0.51-1.12), and advanced (HR
0.85, 95 % CI 0.55-1.31) prostate cancer. We found no
association between high BMI and risk of prostate cancer
incidence: We observed, however, a significant interaction
between BMI and leisure physical activity.

Conclusion No association was confirmed between total
physical activity and localized or advanced prostate cancer.
The highest, relative to the lowest, level of occupational
physical activity tended to be linked to a lower risk of pros-
tate cancer, with a suggested dose-response relationship.
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We found no association between high BMI and risk of
prostate cancer incidence; however, our analyses suggested
an interaction between BMI and physical activity during
recreational time that merits further investigation in future
studies.

Keywords Physical activity - Body mass index - Prostate
cancer - Cohort study - Epidemiology

Introduction

A causal association between high levels of physical
activity and reduced risk of colon and breast cancer has
become increasingly well established [1, 2]; some stud-
ies even suggest that physical activity might improve the
clinical outcome following diagnosis [3]. A large prospec-
tive cohort study conducted on 293,902 men has shown no
relationship between physical activity and risk of prostate
cancer [4]. However, the epidemiologic evidence on physi-
cal activity before diagnosis and prostate cancer is incon-
sistent with no obvious biologic mechanism supporting a
causal association. Besides physical activity, the role of
body mass index (BMI) and other anthropometric meas-
ures has been investigated. Despite several studies have
reported a positive association between obesity and risk of
death from prostate cancer [5], the overall evidence is still
inconclusive.

Only large, well-designed prospective studies can
advance our understanding of the association between
physical activity, obesity, and prostate cancer. If causal
associations do indeed exist, this would provide a realis-
tic opportunity for primary prevention of this dominating
malignancy. We therefore analyzed a large Swedish cohort
of men with detailed exposure assessment and follow-up
during 13 years.
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Materials and methods
Study cohort

In 1997, the Swedish Cancer Society organized a four-day
national fund raising event in almost 3,600 cities and vil-
lages all around the country. In conjunction with this, the
Swedish National March Cohort was established. Partici-
pants were expected to be particularly motivated to provide
valid information. They filled out a 32-page questionnaire
with detailed questions about physical activity, anthropo-
metric measures, and wide variety of other background
factors. The availability of individually unique national
registration numbers assigned to all Swedish residents per-
mitted accurate follow-up of health status through continu-
ously updated nationwide databases. In total, 43,863 sub-
jects returned a completed questionnaire. Our initial cohort
comprised 15,662 men. After linkage to the Swedish regis-
tries of total population, migration, death, and cancer, we
excluded subjects who reported an incorrect national regis-
tration number (n = 6), had a history of cancer (n = 868),
emigrated before the start of follow-up (n = 148), or were
below the age of 20 years at the beginning of follow-up
(n = 1,550). The final cohort used in the analyses consisted
of 13,109 men. The study was approved by the Research
Ethics Review Committee at the Karolinska Institutet. All
subjects provided informed consent.

Baseline measures

Exposure and covariate data were based on self-reported
information collected in the questionnaire given at cohort
enrollment. Physical activity was estimated using the
validated energy expenditure questionnaire (EEQ) [6,
7]. The EEQ comprises nine physical activity steps grad-
ing physical activity according to intensity levels, and an
estimated value of metabolic energy turnover (MET) was
assigned to each activity level. One MET is equivalent to
an energy expenditure of 1 kcal/kg body weight per hour
[7]. Participants reported the time spent on each inten-
sity level during a typical day and night over the previ-
ous 12 months. Hence, the total physical activity time
reported allowed estimating a total amount of MET-hours
per day (MET-h/day) [6].

Occupational physical activity was assessed through
the question “How physically demanding has your daily
occupation been during the past 12 months?” with four
possible answers (“light, mostly sedentary,” “light, but I
have moved a little,” “rather strenuous,” and “very strenu-
ous”). Information on muscular/locomotive activity dur-
ing working hours was also collected. To assess leisure
physical activity, participants were asked to report the
average weekly time spent on different exercise/outdoor
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life activities, for example, jogging or swimming, in the
previous 12 months. Moreover, participants were asked
about average weekly time spent in household and com-
muting. Each activity was assigned a MET value; hence,
leisure physical activity time was calculated as an average
of MET-h per day. Number of hours spent in light-, moder-
ate-, and high-intensity leisure physical activities was also
computed.

The questionnaire included questions on weight, height,
alcohol consumption, smoking status, educational level,
and medical history, including diagnosis of diabetes. BMI
was computed as weight divided by height squared (kg/m?).
No information on family history of prostate cancer was
collected.

Percentages of missing values were 12 % for total physi-
cal activity, 1 % for occupation physical activity, 1 % for
leisure physical activity, and 4 % for BMI. For covariates,
percentages were 10 % for smoking, 5 % for diabetes, and
less than 1 % for education and alcohol consumption.

The National Prostate Cancer Register (NPCR) of Sweden

A prostate cancer register was established in Sweden in
1987, and coverage became nationwide in 1998. At the
time of diagnosis, the NPCR collects information on tumor
stage according to the TNM (T, tumor size; N, involvement
of lymph nodes; and M, presence of distant metastasis)
classification system, Gleason tumor grade, and prostate-
specific antigen level (PSA) [8]. A total of 98 % of all diag-
nosed prostate cancers found in the Swedish National Can-
cer Register were also found in NPCR.

We defined cancers with a clinical T1-2 stage, Gleason
sum score lower or equal to seven and serum PSA lower
or equal to 20 ng/ml as localized cancers. Subjects meeting
one or more of the following criteria at diagnosis were clas-
sified as having advanced cancers: T3 or higher, Gleason
sum score higher than seven, serum PSA higher than 20 ng/
ml, lymph node involvement, and/or presence of distant
metastases.

Follow-up

The cohort was followed through record linkages from
October 1, 1997, to December 31, 2010. Follow-up ended
at the time of prostate or other cancer diagnosis, death,
emigration, or December 31, 2010, whichever occurred
first. We obtained information on cancer occurrence
through linkage with the Swedish National Cancer Regis-
ter. Clinical data on diagnosed prostate cancers were avail-
able through linkage with the NPCR. Men diagnosed only
at death and having prostate cancer as main cause of death
were included in the analysis. Mortality data were obtained
from the Swedish Death Register.

Statistical analyses

We categorized total physical activity in MET-h/day into
low, medium, and high levels by dividing the distribution
into tertiles, with cutoffs at 34.34 and 45.17 MET-h/day,
and occupational physical activity into “light,” “some move-
ment,” and “strenuous,” combining “rather strenuous” and
“very strenuous” into one category. We created binary vari-
ables (low/high) for muscular and locomotive activity dur-
ing working hours. Leisure physical activity was categorized
into low, medium, and high levels by creating tertiles of the
distribution, with cutoffs at 3.25 and 5.54 MET-h/day. BMI
was categorized according to the WHO cutoffs: normal
weight (<25 kg/m?), overweight (>25; <30 kg/m?), and
obese (>30 kg/mz).

We used Cox proportional hazards regression models
with age as underlying time scale to estimate hazard ratios
(HRs) and 95 % confidence intervals (95 % CI) of prostate
cancer incidence at different levels of BMI, occupational,
leisure time, and total physical activity. Normal BMI and
low physical activity were the reference categories. Ties
were handled using the Breslow method. We tested the pro-
portional hazards assumption by using Schoenfeld’s residu-
als. The potential interaction with age was assessed by
stratifying the analyses on age (<70, >70), where each sub-
ject could contribute person-years at risk to one or both of
these groups. Statistical significance of interaction with age
was tested with the likelihood ratio test. Cox models were
adjusted for alcohol drinking (nondrinkers, light drinkers,
and heavy drinkers), smoking status (non-smokers, former
smoker, and current smoker), level of education (<12 and
>12 years), and diabetes (yes/no); all estimates were also
implicitly adjusted by age, the underlying time scale.

Linear trends of HRs were tested by using the median
value of each category (for total and leisure physical activ-
ity, and BMI) or the category level (for occupational physi-
cal activity) as a numerical variable in the Cox regression
model. We assessed multiplicative interaction between
occupational and leisure time and total physical activity and
BMLI, by including the cross-product interaction terms with
the main effect terms. Statistical significance of interaction
was assessed through the likelihood ratio test. In addition,
we tested additive interaction using relative excess risk due
to interaction (RERI), after dichotomizing the previous
variables [9]. To explore potential nonlinear dose-response
relations, we modeled BMI and both total and leisure
physical activity as continuous variables through restricted
cubic splines. In a sensitivity analysis to assess potential
reverse causality bias, we excluded the first two years of
follow-up because physical inactivity potentially could be
related to subclinical disease.

All statistical analyses were performed with Stata ver-
sion 13.1 (Stata Corporation, College Station, TX, USA).
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Table 1 Descriptive statistics stratified by tertiles of total physical activity and BMI levels in a Swedish cohort of 13,109 men followed up from

1997 to 2010
All Tertiles of total physical activity BMI (kg/m?)°
(MET-h/day)*
Low Medium High Normal Overweight  Obese
No. of participants 13,109 3,862 3,862 3,862 6,527 5272 775
Age at baseline, [mean (SD), years]  55.13 (15.22) 55.35 (15.17) 54.50 (14.56) 54.19 (15.68) 54.06 (16.49) 56.43 (13.54) 53.45 (13.23)

Total physical activity, [mean (SD), 42.85 (14.41) 30.59 (2.58) 39.05 (3.10) 58.93 (13.55) 43.26 (14.38) 42.51 (14.32) 40.71 (14.27)
MET-h/day]
Body mass index, [mean (SD), 25.19 (3.05) 25.40(3.33) 25.05(2.84) 25.04(2.85) 22.99(1.48) 26.85(1.32) 32.47(2.79)
kg/m?]
Education level (>12 years, %) 25.36 3341 30.66 16.13 28.81 22.76 20.16
Smoking (%)
Non-smokers 60.46 57.50 60.71 63.23 65.77 55.39 47.94
Former smokers 33.13 35.15 33.68 30.84 27.54 38.80 45.38
Current smokers 6.41 7.34 5.61 5.93 6.69 5.81 6.69
Alcohol consumption (%)
None 9.66 8.91 9.02 10.39 10.41 8.88 8.30
Low 35.71 34.06 34.69 38.66 36.89 33.74 36.71
High 54.63 57.03 56.29 50.95 52.70 57.38 54.99
Diabetes (yes, %) 3.77 3.93 3.27 3.31 2.59 4.25 9.25

BMI body mass index, MET metabolic equivalent of task
* Low <34.34, medium 34.35-45.17, and high >45.17
> Normal <25, overweight 25-30, and obese >30

All reported P values were two sided. P values <0.05 were
considered statistically significant.

Results

During the study follow-up, we identified 904 incident
cases of prostate cancer (429 localized, 407 advanced, and
68 unclassified). Of these, 133 died of prostate cancer dur-
ing the follow-up period. The demographic characteristics
of the cohort are shown in Table 1. At baseline, men with
higher levels of total physical activity were more likely to
be younger, less educated, and less likely to have diabetes,
to smoke, and to have a high intake of alcohol compared
with men with lower physical activity. Normal-weight men
were more educated, more physically active, and less likely
to have diabetes or to have ever smoked than overweight
and obese men.

While there was no significant association between
prostate cancer incidence and total physical activity, we
noted an inverse trend with occupational physical activity
(Table 2). Although short of statistical significance, this
trend was observed for overall, localized, and advanced
prostate cancer. When we analyzed occupational physi-
cal activity separately for muscular or locomotion activ-
ity, an inverse nonsignificant association was observed

@ Springer

between muscular activity and overall (HR 0.80, 95 % CI
0.60-1.06), localized (HR 0.78, 95 % CI 0.52-1.18), and
advanced (HR 0.81, 95 % CI 0.52-1.25) prostate cancer.
We found no significant association of leisure physical
activity on prostate cancer risk (Table 2). When we ana-
lyzed the effect of light-, moderate-, and high-intensity lei-
sure physical activities, modeled as continuous variables,
no significant associations were found (data not shown).

We found little evidence that BMI is associated with
prostate cancer incidence (data not shown). To further
explore possible nonlinear relations, we used restricted
cubic splines, separately for overall, localized, and
advanced prostate cancer. We found some evidence of an
inverse U-shaped relation for localized, but not advanced
prostate cancer (data not shown). We did not find evidence
of deviation from the proportionality assumption, and when
computing age-specific HR, no statistically significant dif-
ferences were observed (data not shown).

No statistically significant interactions were found
between occupational physical activity and BMI, whether
on multiplicative or on additive scale. However, when we
stratified on different levels of BMI, obese men exhibited a
slightly stronger inverse association of occupational physi-
cal activity with both overall (second tertile HR 0.55, 95 %
CI 0.23-1.31; third tertile HR 0.53, 95 % CI 0.18-1.63)
and localized (second tertile HR 0.25, 95 % CI 0.08-0.79;
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Table 2 Multivariable adjusted hazard ratios (HRs) with 95 % confidence intervals (95 % CI) for prostate cancer incidence according to total,

occupational, and leisure physical activity levels

Low Medium High P trend
Total physical activity (MET-h/day)®
Total PC incidence
No. of cases? 205 226 204
Age-adjusted HR (95 % CI) 1.00 (ref) 1.08 (0.91-1.28) 1.02 (0.86-1.21) 0.980
Multivariable-adjusted® HR (95 % CI) 1.00 (ref) 1.09 (0.90-1.32) 1.03 (0.85-1.26) 0.867
Localized PC incidence
No. of cases® 95 117 101
Age-adjusted HR (95 % CI) 1.00 (ref) 1.20 (0.94-1.53) 1.06 (0.83-1.37) 0.865
Multivariable-adjusted® HR (95 % CI) 1.00 (ref) 1.20 (0.91-1.57) 1.12 (0.84-1.49) 0.565
Advanced PC incidence
No. of cases? 92 88 90
Age-adjusted HR (95 % CI) 1.00 (ref) 0.91 (0.70-1.19) 1.01 (0.78-1.31) 0.785
Multivariable-adjusted® HR (95 % CI) 1.00 (ref) 0.96 (0.72-1.29) 1.01 (0.75-1.35) 0.925
Light Some movement Strenuous P trend
Occupational physical activity
Total PC incidence
No. of cases* 104 489 107
Age-adjusted HR (95 % CI) 1.00 (ref) 0.90 (0.74-1.10) 0.85 (0.67-1.08) 0.199
Multivariable—adjustedab HR (95 % CI) 1.00 (ref) 0.96 (0.77-1.20) 0.81 (0.61-1.07) 0.119
Localized PC incidence
No. of cases* 59 235 48
Age-adjusted HR (95 % CI) 1.00 (ref) 0.83 (0.64-1.08) 0.74 (0.53-1.02) 0.069
Multivariable-adjusted® HR (95 % CI) 1.00 (ref) 0.97 (0.72-1.31) 0.75 (0.51-1.12) 0.164
Advanced PC incidence
No. of cases® 40 213 51
Age-adjusted HR (95 % CI) 1.00 (ref) 0.92 (0.67-1.27) 0.94 (0.65-1.37) 0.833
Multivariable-adjusted®® HR (95 % CI) 1.00 (ref) 0.90 (0.63-1.28) 0.85 (0.55-1.31) 0.483
Low Medium High P trend
Leisure physical activity (MET-h/day)"
Total prostate cancer incidence
No. of cases? 176 277 247
Age-adjusted HR (95 % CI) 1.00 (ref) 1.00 (0.84-1.18) 0.90 (0.76-1.07) 0.195
Multivariable-adjusted® HR (95 % CI) 1.00 (ref) 1.10 (0.91-1.34) 0.93 (0.76-1.14) 0.341
Localized prostate cancer incidence
No. of cases! 93 137 112
Age-adjusted HR (95 % CI) 1.00 (ref) 0.99 (0.79-1.26) 0.86 (0.68-1.10) 0.215
Multivariable-adjusted* HR (95 % CI) 1.00 (ref) 1.10 (0.84-1.43) 0.88 (0.67-1.17) 0.306
Advanced prostate cancer incidence
No. of cases? 75 117 112
Age-adjusted HR (95 % CI) 1.00 (ref) 0.93 (0.72-1.20) 0.86 (0.67-1.10) 0.229
Multivariable-adjusted® HR (95 % CI) 1.00 (ref) 1.03 (0.76-1.38) 0.90 (0.66-1.21) 0.402

# Multivariable HRs were adjusted for: age, BMI, education, smoke, alcohol consumption, and diabetes

b

¢ Multivariable HRs were adjusted for occupational physical activity

d

Multivariable HRs were adjusted for leisure time physical activity

¢ Low (<34.34), medium (34.34-45.17), and high (>45.17)
f Low (<3.25), medium (3.25-5.54), and high (>5.54)

Numbers refer to observations with non-missing values for covariates in the multivariable model
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third tertile HR 0.18, 95 % CI 0.03-0.95) prostate cancer
incidence. A significant multiplicative interaction between
leisure physical activity and BMI was found in the model
for overall prostate cancer (P value = 0.043): In obese
men, high levels of physical activity were associated with
higher risks of developing prostate cancer (second tertile
HR 1.33, 95 % CI 0.54-3.27; third tertile HR 2.42, 95 %
CI 1.06-5.56).

After excluding the first two years of follow-up, results
remained essentially unchanged (data not shown).

Discussion

In this large prospective cohort study, we found that pros-
tate cancer incidence was not significantly associated with
total physical activity. Although the incidence rates were
larger in the highest occupational physical activity level
than in the lower level, the difference was not statistically
significant. Also, BMI did not appear to be an independent
risk factor for prostate cancer; however, our analyses sug-
gest that it may potentially modify the association between
recreational physical activity and total prostate cancer.

Several studies have investigated the relationship
between physical activity and prostate cancer risk [10-18],
but their results were either inconclusive or inconsist-
ent across the studies. Some highlighted a protective role
of physical activity [10-12] even if most of them reported
small effect sizes [19]. On the contrary, other studies did
not show any significant associations [13, 14]. Many stud-
ies highlighted an inverse association between occupational
physical activity and prostate cancer [12, 15]. Our results
seem to support previous findings of such an association,
with a noteworthy inverse trend for localized prostate can-
cer incidence [12].

The association between leisure time physical activity
and prostate cancer risk has been extensively investigated
[11, 20]. The evidence accumulated so far suggests a small
association, if any at all. A recent meta-analysis, including
88,294 prostate cancer cases, revealed a risk ratio of 0.95
(P value = 0.07) when comparing the highest versus lowest
levels of recreational physical activity [21].

Obesity has been found to be potentially associated with
both risk and progression of prostate cancer, since BMI
could affect hormonal and metabolic pathways involved
in the disease [22, 23]. In particular, there is evidence of
a positive association between high BMI and aggressive
prostate cancer as well as higher prostate cancer mortality
[5, 24, 25] and a negative association with localized can-
cer [24, 26]. To explain these relationships, it had been
suggested that PSA testing and digital rectal examination
result in lower biopsy rates among obese compared with
normal-weight men, possibly leading to lower number of
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diagnosed cases in pre-advanced phase [27]. However,
findings from a recent study showed that obesity increases
risk of high-grade prostate cancer and decreases risk of
low-grade cases, independently of PSA levels [27]. Our
results did not indicate any direct association, but showed
an inverse U-shaped relationship between BMI and local-
ized prostate cancer incidence, as previously found by Dis-
cacciati et al. [26] in a cohort of 36,959 Swedish men.

Among obese men, occupational physical activity might
have a greater protective impact on localized prostate
cancer risk than among normal and overweight subjects,
although confounding by lower diagnostic intensity and
less PSA-testing could explain this finding. Localized pros-
tate cancers are increasingly being discovered through PSA
screening which is associated with socioeconomic status
[28]. Educational level is a proxy for socioeconomic sta-
tus, and in our study population, low educational level was
associated with obesity.

Our results suggested that high levels of leisure physical
activity may significantly increase risk of localized prostate
cancer among obese men. This finding is not easy to inter-
pret. However, differential effects of exercise in normal-
weight and obese men were found in other large studies
[18, 29].

Our study has several strengths, including its prospective
design, high-quality exposure data, and a large sample size.
We minimized misclassification of the outcome through
exact linkages to essentially complete high-quality national
registries using individually unique national registration
numbers. The large sample size ensured adequate statistical
power for our tests.

A limitation of this study is that both BMI and physi-
cal activity were determined from self-reported data, with
a possibility of misclassification of exposures. Another
potential limitation is that we only have baseline lifestyle
assessment which could potentially dilute an effect if activ-
ity changes over time and patients are misclassified. How-
ever, in the same cohort, we documented a convincing,
statistically significant inverse dose-response relationship
between physical activity and risk of breast cancer, giving
support to the validity of both our data and approach [30].

Our analyses are based on a large prospective study
with meticulous exposure assessment and complete follow-
up with detailed clinical information on disease stage and
grade. The results, however, do not provide conclusive evi-
dence of an association between physical activity, BMI,
and overall prostate cancer risk.
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