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Abstract

Background: This prospective study examined the associations
between postdiagnosis physical activity and change from pre-
diagnosis physical activity with quality of life (QoL) in prostate
cancer survivors.

Methods: Prostate cancer survivors (N ¼ 830) who partici-
pated in a case–control study with invasive stage �II disease
were followed up to 2007 to capture QoL outcomes. At baseline
and three time points postdiagnosis (2000–2007), interviews/
questionnaires were used to collect data on physical activity,
general QoL measured by the SF-36, and other treatment/
lifestyle factors. Multivariable linear regression was used to test
the relation between postdiagnosis physical activity and QoL as
well as the change in physical activity over the diagnostic period
and QoL.

Results: Both total and recreational physical activities were
positively associated with physical QoL. Furthermore, when com-
paring changes in physical activity levels from pre- to postdiag-

nosis, men who consistently met physical activity guidelines had
significantly higher physical [b ¼ 6.01; 95% confidence interval
(CI), 4.15–7.86] and mental (b ¼ 2.32; 95% CI, 0.29–4.34) QoL
scores compared with those who did not meet guidelines pre- or
postdiagnosis. Furthermore, those who adopted and met guide-
lines had increasedQoL, whereas those who relapsed experienced
decreased QoL.

Conclusions: Postdiagnosis recreational physical activity is
associated with better physical QoL in prostate cancer survivors.
Moreover, prostate cancer survivors who maintain or adopt
physical activity after diagnosis report substantially higher QoL
than men who never exercised or stopped exercising after
diagnosis.

Impact: Future intervention studies should focus on achieving
and maintaining adherence to physical activity guidelines post-
diagnosis in prostate cancer survivors. Cancer Epidemiol Biomarkers
Prev; 26(2); 179–87. �2016 AACR.

Introduction
Prostate cancer is the second most common cancer in men

worldwide (1, 2). Early detection and improved treatment
options have increased prevalence and decreased the mortality
rate associated with prostate cancer (3). Because of the increase in
5-year survival rates, currently approximately 81% in Canada (4),
men diagnosed with low-grade (stage I–II) prostate cancer, more
likely than not, die fromother causes, particularly after age 75 (5).
In addition, PSA screening programs often overdetect low-grade
cancers, which, for the most part, are indolent for long periods of
time (6). In turn, overtreatment of potentially non–life threaten-

ing disease has burdened prostate cancer survivors and the health
care system (7, 8). Consequently, priorities in prostate cancer
control involve reducing the burdens of living beyond cancer
diagnosis, improving health, overall functioning, care, quality of
life (QoL; ref. 9), and addressing the specific needs of prostate
cancer survivors (10).

Prostate cancer survivors who undergo surgery (11, 12) and
receive treatments such as androgen deprivation therapy (13, 14)
or radiotherapy (11, 15, 16) often experience worseQoL. Physical
activity is an inexpensive, modifiable behavior that has been
shown to improve QoL after diagnosis and may be associated
with survival (17–20). Observational epidemiologic research
(21–32) and randomized controlled exercise intervention trials
(33–40) have shown that physical activity can improve QoL in
prostate cancer survivors. No study to date, however, has exam-
ined the associations between changes in physical activity across
the diagnostic period and QoL in prostate cancer survivors.
Furthermore, only one study (27) explicitly examined different
types of physical activity, including household and occupational
physical activity and QoL. Moreover, previous observational
research has had methodologic limitations associated with inad-
equate control for confounding and an inability to examine effect
modification because of the small sample sizes.

The parent study was primarily designed to examine the asso-
ciations of physical activity and survival in prostate cancer survi-
vors (17). In this current analysis, we examined the role of both
total postdiagnosis physical activity and each type of activity,
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including recreational, occupational, and household activity, and
changes in physical activity over the diagnostic period on physical
and mental QoL in prostate cancer survivors. In addition, this
study had a large sample size that can explore multiple subgroup
analyses.

Materials and Methods
Study design

Aprospective cohort of prostate cancer survivors that originated
from a population-based case–control study in Alberta, Canada,
was conducted between November 1997 and December 2000
(41). All cases from the original case–control study were recon-
tacted and followed up for postdiagnosis measurements and
mortality outcomes to 2014. Details regarding this study have
beenpublished previously (17). Briefly, prostate cancer caseswere
histologically confirmed, invasive cases of stage II or greater
prostate cancer and identified from the Alberta Cancer Registry,
a population-based cancer registry. The prostate cancer survivors
were <80 years of age, English speaking with no previous cancer
diagnosis except for nonmelanoma skin cancer. Permission to
contact prostate cancer cases for in-person interviews was
obtained through the referring urologist. All surviving cases from
the case–control study were recontacted by telephone for volun-
tary recruitment and provided written informed consent for the
prostate cancer cohort follow-up study (2% rate of refusal). The
cohort study began in 2000 when additional funding was
obtained, to permit follow-up and further data collection from
the cases. In addition, referring urologists were recontacted for
additional missing medical data. This study received ethics
approval from the Alberta Cancer Research Ethics Board and the
Conjoint Health Research Ethics Board at the University of Cal-
gary (Alberta, Canada).

Data collection
Through in-person interviews, conducted in the original

case–control study, participants reported on their personal
health history, prostate cancer screening history, prostate con-
ditions, surgery history, family history of cancer, lifetime phys-
ical activity patterns prior to diagnosis, dietary intake during
the reference year (year prior to cancer diagnosis), lifetime
alcohol consumption history, smoking habits, current social
support and motivation for lifestyle change, demographic
characteristics, and adult height and weight at each decade
from age 20 to 60 years. Anthropometric measurements were
measured directly at the interview. In addition, as a part of the
cohort follow-up study, survivors were interviewed to assess
their physical activity behavior within the first two years after
diagnosis. At the cohort follow-up interview, self-reported
questionnaires on current QoL were completed by participants.
At a second and third follow-up time points, approximately 2
years apart, self-administered questionnaires asking partici-
pants about their past 2 years of physical activity behavior as
well as their current QoL were mailed to participants to com-
plete. Furthermore, medical chart abstractions and vital status
assessments were completed throughout the follow-up to cap-
ture updated medical information, treatments, and outcomes.

Physical activity assessment
Physical activity was assessed using the Lifetime Total Physical

Activity Questionnaire (LTPAQ) and the Past Year Total Physical

Activity Questionnaire (PYTPAQ) previously tested for reliability
and validity (42, 43). Both the LTPAQ and the PYTPAQ record all
types of physical activity (occupational, household, and recrea-
tional) as well as all parameters of activity (frequency, duration,
and intensity) from childhood to the time of diagnosis. The
LTPAQ was interview administered as part of the baseline
case–control study, and the results from that study have been
published (41). The participants were reinterviewed between
2000 and 2002 using the LTPAQ restricted to their activity done
since the first interview, which had occurred between 1997 and
2000. Two additional assessments of physical activity were
obtained through the self-administered PYTPAQ between 2002
and 2004 and 2004 and 2007. Hence, continuous levels of
physical activity throughout the participant's life up until 2007
(when active data collection ceased) were obtained.

All physical activities (pre- and postdiagnosis) were assigned
a metabolic equivalent (MET) value defined as a ratio of the
associated metabolic rate for a specific activity as compared
with the resting metabolic rate. These MET values were based
on the Compendium of Physical Activities (44) and used with
the reported frequency and duration of activity to derive the
MET-hours/week/year for each type of activity. Moderate-to-
vigorous recreational activity was defined as any activity >3
METs according to the Compendium of Physical Activities
categorization (44). Moderate-to-vigorous total and recreation-
al physical activity (hour/week/year) were derived to examine
activity duration similar to general cancer survivorship physical
activity guidelines (45, 46).

To assess the change in physical activity over the diagnosis
period, a change score was derived using the difference between
prediagnosis lifetime and average postdiagnosis physical activ-
ity. The average postdiagnosis physical activity variables con-
tained up to three postdiagnosis time points. For those with
missing assessments, because of nonresponse or death, the
average physical activity levels were derived from available
complete assessments. In addition, adherence to physical activ-
ity guidelines for cancer prevention and survivorship (150
minutes of moderate or 75 minutes of vigorous recreational
physical activity; refs. 45, 46) over the diagnosis period was
assessed, and behaviors were categorized as follows: consis-
tently not meeting pre- and postdiagnosis (nonexercisers); not
meeting prediagnosis to meeting guidelines postdiagnosis
(adopters); meeting prediagnosis to not meeting guidelines
postdiagnosis (relapsers); or consistently meeting guidelines
pre- and postdiagnosis (maintainers). Active data collection
ended in 2007; therefore, we utilized the physical activity
cancer prevention and survivorship guidelines specific to aer-
obic physical activity.

QoL assessment
QoL assessments at up to three follow-ups were obtained

through a single questionnaire, the RAND 36-Item Short Form
Health Survey (SF-36) version 1.0. The SF-36 has been used in
several settings, is one of the most widely used QoL question-
naires (47), and has been validated in colorectal cancer survivors
(48). The SF-36 addresses eight domains of health status that have
been summarized into a physical component summary (PCS)
score and a mental component summary (MCS) score. Both
scores range from 0 to 100; higher scores indicate better QoL.
Accordingly, clinicallymeaningfulQoL score differences reflect>5
point changes (49).
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Statistical analysis
Descriptive statistics were performed on all variables to report

study characteristics. Next, multivariable least squares linear
regression was used in all analyses (all statistical linear regression
assumptions, including distributional, homogeneity of variances,
were verified). A priori variables deemed to be predictors of QoL
were forced into the models: prostatectomy surgery (yes, no),
postdiagnosis Charlson comorbidity score (0, 1, 2, �3; ref. 50),
aggressive or nonaggressive disease (Gleason score >8 or stage >II
cancer; ref. 51), type of treatment (none, hormone, radiotherapy,
both hormone and radiotherapy), and age at diagnosis (years).
The aforementioned variables were first tested for interaction.
Furthermore, we tested the following covariates for potential
confounding first, with univariate analyses (P < 0.2) and secondly
through backward elimination: prediagnosis lifetime physical
activity (MET-hour/week/year) to adjust for baseline differences,
nonlinearity of age at diagnosis, family history of cancer (yes, no),
PSA score at diagnosis (�4, >4 and �10, >10 and �20, >20),
smoking status at diagnosis (never, former, current), total alcohol
consumption at diagnosis (grams/year), region of residence
(urban, rural), ethnicity (Caucasian, other), education (less than
high school, high school, trade school, other non-university
degree, university degree), marital status (married, other), weight
at diagnosis (kg), bodymass index (kg/m2), daily caloric intake at
diagnosis (kcal/day), lifestyle change postdiagnosis (yes, no),
family support (yes, no), friend support (yes, no), and ever joined
a support group (yes, no). In addition, recreational, occupational,
and household physical activity types and other physical activity
intensities weremutually adjusted to control for the effects of one
type/intensity on another. All quantitative variables were centered
at the median for ease of interpretation.

To investigate the associations between postdiagnosis physical
activity and QoL, the first follow-up data (collected 2000–2002)
for both physical activity and QoL were used. To determine
changes in pre- and postdiagnosis physical activity and the influ-
ence on QoL, lifetime prediagnosis physical activity and average
(over all available time points) postdiagnosis physical activity
data were used to derive change scores and adherence groups. In
addition, average (over all available time points) postdiagnosis
QoL scores were derived for these analyses.

Sensitivity analyses were performed by removing survivors
diagnosed with stage III/IV and IV metastatic cancer to account
for disease severity differences. In addition, cases who died prior
to completing all three postdiagnosis follow-upswere excluded in
the physical activity change over the diagnostic period analysis to
determine the impact of these data potentially missing not at
random. Estimated rates of change of QoL scores, per unit of
physical activity values and their corresponding 95% confidence
intervals (CI) were reported in multivariable adjusted models. A
priori hypotheses were assessed with a significance level of P <
0.05, using the statistical package Stata v.13.

Results
Descriptive statistics

There were initially 830 men who survived up until the first
follow-up time point (2000–2002); 8 of those participants were
missing first follow-up QoL data and 5 participants were missing
first follow-up lifetime physical activity data, and therefore, the
analytic sample was 817 for these analyses. The majority of the
study participants were diagnosed with stage II cancer, married,

and had at least one comorbidity postdiagnosis (Table 1). The
mean age of the participants at the start of follow-up was 67.3
years. The sample had a postdiagnosis first follow-up total phys-
ical activity median of 78.7 MET-hour/week/year; however, the
recreational physical activity median was only 11.1 MET-hour/
week/year. Furthermore, their first follow-upmean PCS score was
40.8 (SD ¼ 12.4) and MCS score was 50.8 (SD ¼ 11.8), which
were approximately symmetrically distributed.

Postdiagnosis physical activity and QoL at first follow-up
Final multivariable adjusted models found statistically signif-

icant associations between three postdiagnosis types of physical
activity in relation tofirst follow-up PCS score (Table 2).Only one
type of physical activity was significantly associated with MCS
score. Recreational physical activity revealed the strongest asso-
ciations (relative to the other types) with an estimated increase of
0.16 (95% CI, 0.12–0.20; P < 0.001) in PCS score and 0.05 (95%
CI, 0.01–0.09; P¼ 0.024) forMCS score perMET-hour/week/year
increase in physical activity volume. Although other physical
activity types were not significantly associated with MCS score,
associations appeared to be consistent in directionwith estimated
PCS score, except household physical activity, which was slightly
negative. Furthermore, sensitivity analyses excluding stage III/IV
and IV cancers (n¼ 130) did not appear to substantially influence
these results.

Analyses restricted to duration (hour/week/year) of moderate-
to-vigorous total and recreational physical activity are presented
in Table 2. Recreational moderate-to-vigorous activity was posi-
tively associated with both PCS and MCS scores with estimated
increases of 0.68 (95% CI, 0.50–0.85; P < 0.001) and 0.22 (95%
CI, 0.03–0.40; P ¼ 0.021) per hour of recreational activity,
respectively. Totalmoderate-to-vigorous physical activitywas also
positively associated with PCS score with an estimated increase of
0.09 (95%CI, 0.05–0.13; P < 0.001) but not withMCS score (b¼
�0.01 [95% CI, �0.05–0.04; P ¼ 0.76]). Interestingly, the sen-
sitivity analysis excluding stage III/IV and IV cancers increased the
recreational moderate-to-vigorous physical activity associations,
but not those for total activity.

Change of physical activity over diagnostic period and QoL
The analysis evaluating changes of physical activity volume

(MET-hour/week/year) between lifetime (prediagnosis) andpost-
diagnosis activity on average postdiagnosis QoL for up to three
follow-ups revealed similar results to the postdiagnosis physical
activity analysis (Table 3). Although recreational physical activity
changewas consistently associatedwith PCS score (b¼ 0.15; 95%
CI, 0.11–0.19; P < 0.001 and MCS score b ¼ 0.06; 95% CI, 0.02–
0.11; P¼ 0.006), total and occupational activity changewere only
associated with PCS score. Similarly, household activity did not
impact the PCS or MCS scores significantly. Excluding stage III/IV
and IV cancers or those who died before completing all three
follow-ups did not materially change results.

Table 3 also presents physical activity change focused on
moderate-to-vigorous total and recreational activity, which indi-
cated associations with recreational activity and both PCS and
MCS QoL scores with estimated increases of 0.72 (95% CI, 0.54–
0.90;P<0.001) and0.35 (95%CI, 0.15–0.55;P¼0.001)per hour
of activity performed. Total physical activity was once again
statistically significantly associated with PCS score (b ¼ 0.11;
95% CI, 0.07–0.16; P < 0.001) but not MCS score (b¼ 0.04; 95%
CI,�0.01–0.09; P¼ 0.15). Nonetheless, in the sensitivity analysis
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excluding participants diagnosed with stage III/IV and IV cancers,
recreational activity associations were slightly heightened; how-
ever, this finding was not seen in the total activity analysis, nor in
the analysis excluding those who did not complete all three
follow-ups.

Finally, the change in behavior over the diagnostic period
according to the physical activity cancer survivorship guidelines
(46) relative to PCS and MCS scores is presented. This analysis
provides more definitive physical activity change according to
existing cancer survivorship guidelines. First, the median pre-
diagnosis and postdiagnosis physical activity levels for each
cancer survivorship guideline adherence group were produced
(Fig. 1). Maintainers and adopters increased physical activity
levels, whereas relapsers and nonexercisers reduced physical
activity levels from prediagnosis to postdiagnosis. In multivar-
iable analyses (Table 4), prostate cancer survivors who were
characterized as adopters experienced an increase of PCS score
by 4.80 (95% CI, 2.82–6.78; P < 0.001) and MCS score by 2.26
(95% CI, 0.09–4.43; P ¼ 0.041) relative to nonexercisers.
Furthermore, maintainers showed the strongest results with
increased PCS score of 6.01 (95% CI, 4.15–7.86; P < 0.001)
and MCS score of 2.32 (95% CI, 0.29–4.34; P ¼ 0.025) relative
to nonexercisers. Interestingly, relapsers had nonstatistically
significant worse scores. Slight attenuations were shown in the
analysis excluding stage III/IV and IV cancers and participants
that did not complete all follow-ups due to death, specifically
in MCS scores for adopters and maintainers; however, point
estimates and CIs remained fairly unchanged. Evidence of
statistical interactions were not present in these analyses; there-
fore, estimated PCS and MCS scores for the entire study pop-
ulation were reported.

Discussion
This study found that postdiagnosis physical activity was

associated with PCS scores in prostate cancer survivors. Spe-
cifically, the positive association between recreational physical
activity and PCS score was consistent across analyses; how-
ever, the magnitude of the association of physical activity on
PCS score was relatively small (49). Total, occupational and
household activities were not associated with QoL at the first

Table 1. Characteristics for prostate cancer survivors (N¼ 817), in the Prostate
Cancer Cohort Study, Alberta, Canada, 1997–2014

Study characteristicsa N (%)

Gleason score at diagnosis
�7 312 (38.2%)
>7 505 (61.8%)

PSA value at diagnosis
<4 75 (9.2%)
4–10 297 (36.4%)
>10–20 193 (23.6%)
>20 252 (30.8%)

Stage of cancer
II (T1/T2, N0, M0) 630 (77.1%)
III (T3, N0, M0) 57 (7.0%)
III/IV (T3, NX, MX) 75 (9.2%)
IVb 55 (6.7%)

Primary treatmentc

Prostatectomy 240 (29.4%)
Hormone therapyd 517 (63.3%)
Radiotherapy 359 (43.9%)

Relationship status
Married/common law 689 (84.3%)
Other 128 (15.7%)

Education level
University degree 140 (17.2%)
Other non-university degree 170 (20.8%)
Trade degree 166 (20.3%)
High school diploma 86 (10.5%)
Less than high school diploma 255 (31.2%)

Race
Caucasian 780 (95.5%)
Other 37 (4.5%)

Region of residence
Urban 482 (59.0%)
Rural 335 (41.0%)

Postdiagnosis Charlson comorbidity score
0 71 (8.7%)
1 218 (26.7%)
2 214 (26.2%)
3þ 314 (38.4%)

First-degree family history of prostate cancer
Yes 166 (20.3%)
No 651 (79.7%)

Smoking status
Current smoker 114 (14.0%)
Former smoker 465 (56.9%)
Never smoker 238 (29.1%)

Median (Q1, Q3)
Total lifetime alcohol intake (g/year)e 1,909.2

(588.4, 4,507.3)
Dietary caloric intake (kcal/day) 2,008.3

(1,644.4, 2,474.5)
Prediagnosis lifetime total physical activityf 143.7 (98.1, 198.3)
Prediagnosis lifetime recreational physical activityf 12.4 (6.7, 21.3)
Prediagnosis lifetime occupational physical activityf 107.9 (58.0, 160.4)
Prediagnosis lifetime household physical activityf 17.8 (9.2, 29.9)
First follow-up total physical activityf 78.7 (44.2, 126.9)
First follow-up recreational physical activityf 11.1 (3.0, 25.1)
First follow-up occupational physical activityf 2.9 (0.0, 50.0)
First follow-up household physical activityf 33.1 (12.5, 56.0)
Second follow-up total physical activityf 71.6 (35.1, 132.9)
Second follow-up recreational physical activityf 13.5 (2.0, 32.6)
Second follow-up occupational physical activityf 0.0 (0.0, 41.8)
Second follow-up household physical activityf 25.9 (7.6, 49.7)
Third follow-up total physical activityf 62.0 (28.3, 106.7)
Third follow-up recreational physical activityf 13.5 (0.0, 32.9)
Third follow-up occupational physical activityf 0.0 (0.0, 12.9)
Third follow-up household physical activityf 21.9 (5.8, 47.5)

(Continued on the following column)

Table 1. Characteristics for prostate cancer survivors (N ¼ 817), in the Prostate
Cancer Cohort Study, Alberta, Canada, 1997–2014 (Cont'd )

Study characteristicsa N (%)

Mean (SD)
Age at diagnosis (years) 67.3 (7.4)
Body mass index (kg/m2) 28.0 (3.8)
First follow-up PCS score 40.8 (12.4)
First follow-up MCS score 50.8 (11.8)
Second follow-up PCS score 40.8 (12.2)
Second follow-up MCS score 50.5 (11.7)
Third follow-up PCS score 40.1 (12.0)
Third follow-up MCS score 51.0 (11.6)
aBaseline (captured at diagnosis) characteristics (N ¼ 817) unless otherwise
stated. Second follow-up (n ¼ 595) and third follow-up (n ¼ 495).
bIV included: T4, N0, M0; T4, N0/NX, M0/MX; any T, N1, M0/MX; any T, anyN, M1;
any T, NX, MX.
cNot mutually exclusive (could have more than one treatment).
dIncluded bilateral orchiectomy, luteinizing hormone-releasing hormone ago-
nists, nonsteroidal antiandrogens.
e66 never-drinkers.
fUnits: MET hr/wk/yr.
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follow-up. It is also interesting to note that mean first follow-up
PCS scores were 10 points lower than MCS scores. Adherence
to cancer survivorship physical activity guidelines resulted in

5- and 6-point increases in average PCS scores for prostate
cancer survivors who were adopters and maintainers relative to
nonexercisers. These results were clinically relevant. Both

Table 2. Associations betweenpostdiagnosisfirst follow-upphysical activity andpostdiagnosisfirst follow-upQoL inprostate cancer survivors inAlberta, Canada, in
1997–2002

PCS scorea MCS scorebType of physical
activity

Physical activity
median (min, max) b 95% CI P b 95% CI P

All activity (MET-hr/wk/yr)
Total sample (N ¼ 817)
Total 79 (0, 491) 0.04 0.02–0.05 <0.0001 0.01 0–0.02 0.19
Recreationalc 11 (0, 120) 0.16 0.12–0.20 <0.0001 0.05 0.01–0.09 0.024
Occupationalc 3 (0, 445) 0.02 0.01–0.03 0.001 0.01 �0.01–0.02 0.22
Householdc 33 (0, 314) 0.01 �0.01–0.03 0.14 �0.01 �0.03–0.01 0.26

Excluding stage III/IV and IV (n ¼ 687)d

Total 79 (0, 491) 0.03 0.02–0.04 <0.0001 0.01 �0.01–0.02 0.20
Recreationalc 11 (0, 120) 0.16 0.12–0.20 <0.0001 0.05 0.01–0.10 0.024
Occupationalc 3 (0, 445) 0.02 0–0.03 0.023 0.01 �0.01–0.02 0.24
Householdc 33 (0, 314) 0.01 �0.01–0.03 0.20 �0.01 �0.04–0.01 0.33

Moderate-to-vigorous activity (hr/wk/yr)
Total sample (N ¼ 817)
Total 28 (0, 113) 0.09 0.05–0.13 <0.0001 �0.01 �0.05–0.04 0.76
Recreationalc 2 (0, 28) 0.68 0.50–0.85 <0.0001 0.22 0.03–0.40 0.021

Excluding stage III/IV and IV (n ¼ 687)d

Total 28 (0, 113) 0.08 0.04–0.13 <0.0001 �0.01 �0.06–0.04 0.78
Recreationalc 2 (0, 28) 0.71 0.53–0.88 <0.0001 0.25 0.05–0.45 0.015

NOTE: Allmodels adjusted for age at diagnosis, aggressive versus nonaggressive prostate cancer, prostate cancer treatment (none, hormoneonly, radiotherapyonly,
or both hormone and radiation therapy), prostatectomy, postdiagnosis Charlson co-morbidity score, level of education, and prediagnosis lifetime physical activity.
aAdditionally adjusted for smoking status.
bAdditionally adjusted for whether or not they joined a support group postdiagnosis and whether they had family support or not.
cMutually adjusted for other physical activity types and intensities (for moderate-to-vigorous activity analysis).
dStage IV cancers: 55; stage III/IV cancers: 75.

Table 3. Associations between physical activity change (prediagnosis minus average postdiagnosis scores) over the diagnosis period and average postdiagnosis
QoL in prostate cancer survivors in Alberta, Canada, in 1997–2007

PCS scorea MCS scoreType of physical
activity

Physical activity change score:
median (min, max) b 95% CI P b 95% CI P

All activity (MET hr/wk/yr)
Total sample (N ¼ 817)
Total �60 (�425, 246) 0.04 0.03–0.05 <0.0001 0.01 0–0.03 0.07
Recreationalb 0 (�83, 120) 0.15 0.11–0.19 <0.0001 0.06 0.02–0.11 0.006
Occupationalb �76 (�390, 258) 0.04 0.02–0.05 <0.0001 0.02 0–0.03 0.05
Householdb 10 (�87, 279) 0.02 0–0.04 0.08 0 �0.03–0.02 0.51

Excluding stage III/IV and IV (n ¼ 687)c

Total �60 (�426, 246) 0.04 0.02–0.05 <0.0001 0.01 0–0.03 0.15
Recreationalb 0 (�83, 120) 0.16 0.12–0.20 <0.0001 0.09 0.04–0.14 <0.0001
Occupationalb �76 (�390, 258) 0.03 0.01–0.04 0.001 0.02 0–0.04 0.09
Householdb 10 (�87, 279) 0.02 0–0.05 0.05 �0.02 �0.05–0.01 0.16

Excluding those who died before third follow-up (n ¼ 559)d

Total �56 (�426, 246) 0.04 0.02–0.05 <0.001 0.02 0–0.04 0.019
Recreationalb 0 (�83, 120) 0.14 0.10–0.18 <0.001 0.08 0.03–0.13 0.001
Occupationalb �72 (�390, 258) 0.03 0.01–0.04 0.001 0.02 0–0.04 0.07
Householdb 10 (�66, 222) 0.03 0–0.05 0.027 0 �0.03–0.03 0.94

Moderate-to-vigorous activity (hr/wk/yr)
Total sample (N ¼ 817)
Total �17 (�83, 60) 0.11 0.07–0.16 <0.0001 0.04 �0.01–0.09 0.15
Recreationalb 0 (�20, 21) 0.72 0.54–0.90 <0.0001 0.35 0.15–0.55 0.001

Excluding stage III/IV and IV (n ¼ 687)c

Total �17 (�83, 60) 0.10 0.05–0.15 <0.0001 0.02 �0.03–0.08 0.38
Recreationalb 0 (�20, 21) 0.81 0.62–1.00 <0.0001 0.45 0.23–0.68 <0.0001

Excluding those who died before third follow-up (n ¼ 559)d

Total �16 (�83, 60) 0.11 0.06–0.16 <0.0001 0.05 �0.01–0.11 0.08
Recreationalb 0 (�20, 21) 0.70 0.51–0.89 <0.0001 0.43 0.21–0.66 <0.0001

NOTE: Allmodels adjusted for age at diagnosis, aggressive versus nonaggressive prostate cancer, prostate cancer treatment, prostatectomy, PSA value at diagnosis,
postdiagnosis Charlson comorbidity score, and prediagnosis lifetime physical activity.
aAdditionally adjusted for BMI and smoking status.
bMutually adjusted for other physical activity types and intensities (for moderate-to-vigorous activity analysis).
cStage IV cancers: 55; stage III/IV cancers: 75.
d152 participants died before second follow-up; 106 participants died between second and third follow-up.
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relapsers and nonexercisers had reduced physical activity levels
postdiagnosis (Fig. 1). Future interventions should consider
strategies to improve adherence to current exercise and cancer
guidelines prior to and after prostate cancer diagnosis.

Our results illustrated a positive association between physical
activity and QoL in prostate cancer survivors, similar to other
cohort studies (26, 27). However, the studies differed in their
methods for physical activity and QoL assessment; therefore,
comparisons between studies are somewhat difficult. For exam-
ple, in the Health Professionals Follow-up Study (24), prostate
cancer–specific QoL was measured, and physical activity was
significantly associated with vitality/hormonal functioning
scores. On the other hand, four exercise intervention studies
(52–55) measured generic QoL using PCS and MCS scores. One
of these interventions (55) found statistically significant and
clinically relevant effects with PCS score (similar to our study);
however, three studies (52, 53, 55) found significant associations
with MCS score. However, to our knowledge, our study is the first
to measure change in lifetime physical activity prior to and after
prostate cancer diagnosis in relation to QoL.

The lack of association in total activity may be attributed to
the increased duration of occupational and household physical
activities in the average day for those who were employed post-
diagnosis. Retired men who had an occupational score of zero
(Tables 2 and 3)would not have contributed to these associations
and therefore, may have spent more time performing recreational
activities. We also considered the possibility that cancer survivors
with progressing disease or diminishing health would experience
a decrease in their QoL and in turn, exercise less. Tominimize this
bias, we performed sensitivity analyses excluding men with stage
III/IV and IV cancer at diagnosis, as well as those who died before
completing all three postdiagnosis assessments. Regardless, we
continued to observe positive associations between recreational
physical activity and PCS scores.

Reverse causation was of less concern with the change in
physical activity analysis. Men who were maintainers and adop-

ters had the highest QoL scores. Furthermore, slightly stronger
effects were observed for analyses restricted to moderate-to-
vigorous recreational physical activity. Nonetheless, given that
a majority of our sample had stage II prostate cancer at diag-
nosis and only a small portion of the sample was confirmed to
be stage IV (n ¼ 55), we cannot be certain whether disease
severity did not have an impact on the physical activity and
QoL relationship.

There are multiple proposed mechanisms by which physical
activity has been linked to physical and mental QoL. First, in
prostate cancer exercise intervention studies, fatigue (56, 57),
cardiorespiratory fitness (57), walking speed (56), upper
body strength (56), and lower body functional performance
(58) has been identified as possible mediators between exercise
intervention and different aspects of QoL. Furthermore, marital
status, time since diagnosis, and use of bisphosphonates (58)
have been described as moderators. In epidemiologic studies,
physical activity has been shown to reduce adiposity (27, 59)
and inflammation (60), which can account for increased phys-
ical functioning. Furthermore, physical activity decreases secre-
tion of insulin (61), enhances sex hormone regulation (59),
and in turn, increases insulin resistance and QoL (62). Specif-
ically, improved sex hormone regulation may lead to decreased
erectile dysfunction and improved marital relations (62–64).
Therefore, modifiable behaviors like physical activity can re-
duce these burdens. With respect to mental QoL, physical
activity has been associated with increased regulation of neu-
rotransmitters associated with mood (65), improved self-
esteem, self-efficacy, and reduced anxiety (66), all aspects of
psychological functioning. More work is needed to confirm
these mechanisms specific to changes in recreational physical
activity over the course of the diagnostic period in prostate
cancer survivors.

There are some inherent limitations that need to be consi-
dered when interpreting these results. First, this was an obser-
vational study and, therefore, subject to bias. Measurement
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Figure 1.

Change in moderate-to-vigorous
recreational physical activity guideline
adherence groups over the diagnostic
period in prostate cancer survivors in
Alberta, Canada (2000–2007).
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bias in physical activity assessment may exist, which could
attenuate the results. However, these data were collected first,
by in-person interviews and additionally by self-reported ques-
tionnaires; therefore, measurement bias was minimized. Also,
measurement and adjustment for sedentary behavior in all
analyses would strengthen these results by further isolating
physical activity levels. Furthermore, in the physical activity
change analysis, we used a change score and are limited in our
generalizability of interpretations to individual participants.
Change scores are not related to individual baseline values;
although we did adjust for prediagnosis physical activity, in
general, we cannot differentiate between participant-specific
changes in their physical activity levels. However, the analysis
examining adherence to physical activity cancer survivorship
guidelines addresses these concerns by evaluating physical
activity against a standard. Another limitation arises from
missing data due to mortality. However, sensitivity analyses
excluding those who died before the third follow-up did not
materially change the results. Finally, we restricted our study
sample to patients with �stage II cancers aged <80 years of age;
therefore, we can only generalize our results to these cancer
populations.

There are implicit strengths that should also be noted. First,
this study included a large population-based sample of prostate
cancer survivors with a follow-up of 10 years for QoL outcomes.
The assessment of physical activity was comprehensive as all
parameters of physical activity (i.e., frequency, duration, and
intensity) of three separate physical activity types (i.e., recrea-
tional, occupational, and household) were captured. Further-
more, using the PCS and MCS scores, rather than individual
QoL domains, reduced the issue of multiple testing while
providing summary scores of physical and mental QoL. More-
over, the pre- and postdiagnosis physical activity measurements
enabled us to examine associations with change in physical
activity over the diagnostic period in prostate cancer survivors.
Finally, several potential effect modifiers and confounding
variables were considered for this analysis to reduce the chance
of spurious results and to identify potential subgroups within
the population.

Conclusion
This study provided insights regarding the types of physical

activity that impact QoL in prostate cancer survivors. Objective
measurements of physical activity by accelerometry or fitness
trackers are warranted in this population to reduce any suspicions
of measurement error and further confirm the benefits of recre-
ational physical activity on QoL. Health professionals should
emphasize the importance of recreational physical activity to their
patients as amodifiable andapossible behavioral change formost
prostate cancer survivors. Interpretations may need to be tailored
to prediagnosis physical activity level to ensure prostate cancer
survivors can achieve recommended physical activity thresholds.
Future research should focus on sedentary behavior to determine
efficacy of increased physical activity postdiagnosis in a phase III
trial or health promotion program.
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