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Background: Large prospective cohort studies need to confirm the associations between
recreational physical activity (PA), including the most common type—walking, and
prostate cancer–specific mortality (PCSM) among prostate cancer patients.
Objective: To investigate the associations of recreational PA, reported before and after
diagnosis, with PCSM, overall and by tumor risk category.
Design, setting, and participants: In a prospective cohort study conducted in the USA,
men diagnosed with nonmetastatic prostate cancer between 1992/1993 and June
2011 were followed for mortality until 2012. Patients were included in pre(n = 7328) and/or postdiagnosis (n = 5319) analyses.
Outcome measurements and statistical analysis: Cox proportional hazards models were
used to assess PCSM with recreational PA.
Results and limitations: A total of 454 and 261 prostate cancer deaths occurred during
pre- and postdiagnosis follow-up, respectively. Prior to diagnosis, engaging in 17.5
metabolic equivalent hours per week (MET-h/wk) of recreational PA, compared with
3.5–<8.75 MET-h/wk, was associated with a signiﬁcant 37% lower risk of PCSM (hazard
ratio: 0.63, 95% conﬁdence interval: 0.43–0.91, p trend = 0.03) only among men with
lower-risk tumors (Gleason score 2–7 and T1–T2; p [9_TD$IF]interaction = [10_TD$IF]0.02). A similar result
was seen for walking but not for other recreational PA. After diagnosis, the same
comparison (17.5 vs 3.5–<8.75 MET-h/wk) was associated with a signiﬁcant 31%
lower risk of overall PCSM (hazard ratio: 0.69, 95% conﬁdence interval: 0.49–0.95, p
trend = 0.006), which did not differ by tumor risk category. Postdiagnosis walking had a
suggestive inverse association with PCSM (p trend = 0.07). These results were observational and may not be generalized to patients with metastatic prostate cancer. Residual
confounding due to a higher screening rate among men with lower-risk tumors cannot
be ruled out.
Conclusions: The ﬁndings provide additional evidence for prostate cancer survivors to
adhere to PA recommendations, and support clinical trials of exercise among prostate
cancer survivors with progression or mortality as outcomes.
Patient summary: In a large follow-up study of men diagnosed with nonmetastatic
prostate cancer, those who exercise more after diagnosis had a lower risk of dying from
prostate cancer.
# 2017 European Association of Urology. Published by Elsevier B.V. All rights reserved.
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Introduction

established by the American Cancer Society in 1992 as described in detail
elsewhere [18]. We identiﬁed 10 864 men diagnosed with prostate

Prostate cancer is the third leading cause of cancer death
among US men [1]; there are approximately 3.3 million
prostate cancer survivors, accounting for 21% of all cancer
survivors [2].
Higher physical activity (PA) after diagnosis has consistently been associated with a lower risk of dying from breast
cancer and colorectal cancer [3–12]. Four large prospective
cohort studies suggest that postdiagnosis PA is also associated
with a lower risk of prostate cancer progression or prostate
cancer–specific mortality (PCSM) [13–16]. However, the
strength of the evidence for PCSM is considered limited
due to concerns about reverse causation and limited power in
some of these studies [15,16]. Therefore, a larger cohort study
with a design that minimizes bias from reverse causation is
needed. In addition, physical inactivity prior to diagnosis may
play a role in the development of tumor aggressiveness [17],
but this has not been well studied in relation to PCSM.
The goal of this study was to examine the associations of
pre- and postdiagnosis recreational PA with PCSM overall,
and by tumor risk category. The Cancer Prevention Study
(CPS)-II Nutrition Cohort is well suited for investigating
these associations, given its large sample size, long-term
follow-up, and detailed information on PA and important
covariates measured before and after diagnosis.

cancer between 1992/1993 and June 30, 2011. After all exclusions
(Fig. 1), 7328 and 5319 men were included in pre- and postdiagnosis
analyses, respectively.

2.2.

Assessment of recreational PA

The amount of recreational PA per week during the past year was selfreported on the baseline questionnaire and on biennial follow-up
questionnaires beginning in 1999 (except on the 2003 questionnaire;
available online: https://www.cancer.org/research/we-conduct-cancerresearch/epidemiology/cancer-prevention-questionnaires.html). A metabolic equivalent of task (MET) was assigned to each of the seven activities
as follows: 3.5 for walking, 3.5 for dancing, 4.0 for bicycling, 4.5 for aerobics,
6.0 for tennis or racquetball, 7.0 for jogging/running, and 7.0 for lap
swimming [19]. Expert panels from organizations including the American
Cancer Society and American College of Sports Medicine recommend that
cancer survivors engage in a minimum of 150 min of moderate-intensity or
75 min of vigorous- intensity activity per week, or an equivalent
combination [20,21]. Although strength training also is recommended for
cancer survivors, it was not asked on every questionnaire; thus, we focused
on aerobic exercise. We categorized the total recreational MET hours per
week (MET-h/wk) into four groups: <3.5, 3.5 <8.75 (reference group),
8.75 <17.5, and 17.5.Category 3.5 <8.75 represents engaging in some
recreational PA, equivalent to 1–<2.5 h of walking per week, but not meeting
the minimum recommendation. This reference group was selected because
it is larger than the lowest category, which means that the risk estimates are
more stable with narrower 95% conﬁdence intervals (CIs), and is less subject

2.

Patients and methods

2.1.

Participants

to reverse causation bias because men in the bottom category may have
reduced their activity due to illness.
Prediagnosis PA was obtained from the last questionnaire completed
at least 1 yr (median 3 yr) before prostate cancer diagnosis.

Participants were drawn from the 86 402 men enrolled in the CPS-II

Postdiagnosis PA was obtained from the ﬁrst questionnaire completed

[(Fig._1)TD$IG]

at least 1 yr (median 3 yr) after diagnosis.

Nutrition Cohort, a prospective study of cancer incidence and mortality,

Fig. 1 – Prostate cancer cases drawn from the CPS-II Nutrition Cohort 1992/1993–2011, and number of deaths identified up to 2012. CPS = Cancer
Prevention Study.
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2.3.

other than the outcome were censored at death date. Follow-up time in

Outcomes

prediagnosis analyses started from diagnosis date and ended on death
All deaths through December 31, 2012 were ascertained through linkage

date or December 31, 2012, whichever came ﬁrst. Follow-up time in

with the National Death Index [22]. PCSM was deﬁned as deaths with

postdiagnosis analyses started 4 yr after completion of the postdiagnosis

prostate cancer coded as the singular underlying cause of death per

questionnaire.

International Classiﬁcation of Diseases codes (ninth revision: 185; 10th

All multivariable-adjusted models were stratiﬁed by single year of

revision: C61). Cardiovascular disease (CVD) mortality and all-cause

age at diagnosis, and controlled for calendar year of diagnosis, race,

mortality were examined as secondary outcomes.

tumor extent, Gleason score, and nodal involvement. Prediagnosis
models further controlled for education, family history of prostate

2.4.

Statistical analysis

cancer, and the following lifestyle factors as measured on the
prediagnosis survey: body mass index (BMI), smoking status, CVD

Cox proportional hazards regression models were used to calculate

history, current multivitamin supplement use, red and processed meat

cause-speciﬁc hazard ratios (HRs) and 95% CIs for PCSM, CVD mortality,

intake, ﬁsh intake, sitting time, and any history of PSA testing not leading

and all-cause mortality across categories of recreational PA. All deaths

to prostate cancer diagnosis, categorized as shown in Table 1.

Table 1 – Selected characteristics by prediagnosis recreational physical activity among men diagnosed with nonmetastatic prostate cancer in
the CPS-II Nutrition Cohort a
Prediagnosis recreational physical activity (MET-h/wk)
<3.5
(n = 865)
N (%)

3.5–8.75
(n = 2312)
N (%)

Median MET value
0
3.5
Age at diagnosis (yr)
<65
128 (15.4)
326 (12.8)
65–<70
202 (24.3)
662 (27.5)
70–<75
226 (26)
724 (31.5)
75–<80
192 (22)
417 (19.3)
I80
117 (12.3)
183 (8.9)
Diagnosis year b
1992–1998
384 (44.4)
1207 (52.2)
1999–2005
317 (36.6)
830 (35.9)
2006–2011
164 (19)
275 (11.9)
Race
White
839 (97)
2242 (96.9)
Black
18 (2.1)
41 (1.8)
Other/unknown
8 (0.9)
29 (1.3)
Tumor extent
T1–T2
791 (91.3)
2143 (93.1)
T3–T4
74 (8.7)
169 (6.9)
Nodal involvement
No
855 (98.8)
2281 (98.7)
Yes
10 (1.2)
31 (1.3)
Gleason score
2–6
400 (46.4)
1186 (51)
7
218 (24.4)
529 (23.5)
8–10
136 (15.7)
274 (12)
5–7, 7[7_TD$IF]–10 or unknown
111 (13.4)
323 (13.4)
Education
<High school
122 (14.1)
167 (7.1)
High school graduate
208 (24.6)
414 (18)
Some college
232 (26.9)
593 (25.6)
College graduate/graduate school
303 (34.4)
1138 (49.3)
Family history of prostate cancer
No
818 (94.3)
2191 (94.8)
Yes
47 (5.7)
121 (5.2)
Any history of prediagnosis PSA testing not leading to prostate cancer diagnosis c6_TD$IF][
No
171 (20.4)
431 (16.9)
Yes
618 (70.5)
1674 (74.5)
Unknown
76 (9.1)
207 (8.6)
Prediagnosis history of cardiovascular disease
No
710 (82.6)
1895 (80.9)
Yes
155 (17.4)
417 (19.1)
Prediagnostic body mass index (kg/m2)
<18.5
8 (0.9)
7 (0.3)
18.5–<25
239 (27.5)
738 (31.9)
25–<30
416 (48.3)
1195 (51.4)
30
192 (22.1)
348 (15.3)
Unknown
10 (1.2)
24 (1)

8.75–<17.5
(n = 1614)
N (%)

17.5
(n = 2537)
N (%)

14

25.7

205
407
512
357
133

(13.2)
(25.6)
(31.6)
(21.7)
(8)

261
703
823
552
198

(10.9)
(28)
(32.4)
(21.1)
(7.5)

691 (42.8)
690 (42.8)
233 (14.4)

1045 (41.2)
1128 (44.5)
364 (14.3)

1567 (97.1)
22 (1.3)
25 (1.6)

2491 (98.2)
28 (1.1)
18 (0.7)

1501 (92.8)
113 (7.2)

2349 (92.4)
188 (7.6)

1598 (99)
16 (1)

2515 (99.1)
22 (0.9)

823
418
179
194

(51.1)
(25.6)
(11)
(12.2)

1313 (51.8)
628 (24.4)
319 (12.6)
277 (11.2)

87 (5.4)
250 (15.5)
380 (23.6)
897 (55.5)

127 (5.1)
353 (13.9)
589 (23.3)
1468 (57.7)

1536 (95.1)
78 (4.9)

2426 (95.6)
111 (4.4)

241 (15.6)
1258 (77.1)
115 (7.3)

329 (13.9)
2027 (78.7)
181 (7.4)

1328 (82.6)
286 (17.4)

2062 (81.7)
475 (18.3)

4 (0.3)
575 (35.6)
813 (50.3)
208 (12.9)
14 (0.9)

12 (0.5)
1049 (41.6)
1199 (47.1)
254 (9.9)
23 (0.9)
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Table 1 (Continued )
Prediagnosis recreational physical activity (MET-h/wk)

Prediagnostic
Never
Current
Former
Unknown
Prediagnostic
No
Yes
Missing
Prediagnostic
Q1
Q2
Q3
Q4
Missing
Prediagnostic
Q1
Q2
Q3
Q4
Missing
Prediagnostic
<3
3–<6
6+
Missing

<3.5
(n = 865)
N (%)

3.5–8.75
(n = 2312)
N (%)

8.75–<17.5
(n = 1614)
N (%)

17.5
(n = 2537)
N (%)

262 (30.3)
88 (10.4)
512 (59)
3 (0.4)

810 (35.1)
152 (6.3)
1343 (58.3)
7 (0.3)

561 (34.7)
84 (5.3)
961 (59.5)
8 (0.5)

958 (37.7)
101 (4.1)
1470 (58)
8 (0.3)

511 (60.2)
280 (31.2)
74 (8.6)

1301 (55.1)
869 (38.3)
142 (6.6)

851 (53.3)
649 (39.8)
114 (6.9)

1257 (50.3)
1132 (44.1)
148 (5.6)

141
155
167
274
128

(16.3)
(18.1)
(19.1)
(32)
(14.5)

448
542
531
528
263

(19.3)
(23.2)
(22.8)
(22.9)
(11.9)

359
365
364
345
181

(22.3)
(22.7)
(22.6)
(21.4)
(11.1)

669
571
548
486
263

(26.4)
(22.7)
(21.6)
(19.1)
(10.3)

251
175
191
120
128

(29.2)
(20.4)
(22.1)
(13.9)
(14.5)

574
477
554
444
263

(24.7)
(20.2)
(24.3)
(19)
(11.9)

363
311
409
350
181

(22.3)
(19.5)
(25.2)
(21.8)
(11.1)

552
437
691
594
263

(21.7)
(17.6)
(27)
(23.5)
(10.3)

smoking status

multivitamin use

red and processed meat intake

ﬁsh intake

leisure time sitting (h/wk)
341 (39.6)
303 (35.3)
157 (17.8)
64 (7.3)

950 (41.4)
952 (40.3)
328 (14.5)
82 (3.8)

666 (41.3)
636 (39.5)
262 (16.2)
50 (3)

990 (39.3)
990 (39.2)
475 (18.4)
82 (3.2)

CPS = Cancer Prevention Study; PSA = prostate-speciﬁc antigen; MET = metabolic equivalent task.
Standardized on calendar period of diagnosis unless otherwise indicated.
b
Not standardized on calendar period of diagnosis.
c
Based on self-reports of PSA test made on biennial follow-up questionnaires completed before diagnosis of prostate cancer. For the 1997 survey (when PSA
testing was ﬁrst asked), it was the testing that occurred at least 180 d before diagnosis.
a

Postdiagnosis models were further adjusted for the ﬁrst course of

3.

Results

treatment, education, family history of prostate cancer, any history of
prediagnosis PSA testing not leading to prostate cancer diagnosis,
postdiagnosis history of CVD, other cancer, postdiagnosis smoking
status, BMI, and prediagnosis red and processed meat consumption
(postdiagnosis intake was not available for cases diagnosed after 2003)
as shown in Supplementary Table 1. When walking and other
recreational PA were examined separately, they were mutually adjusted.
For trend analysis, median values of each PA category were modeled as a
continuous variable.
Stratiﬁed analyses were conducted to examine the associations
with all outcomes within two tumor risk categories based on National
Comprehensive Cancer Network guidelines [23], reﬂecting the
likelihood of death from prostate cancer [24]. The high-risk group
comprised patients diagnosed with Gleason score 8–10 or T3–T4 or N1
cancer, and the lower-risk group comprised patients diagnosed with
Gleason score 2–7 and T1–T2 cancer. The p values for [9_TD$IF]interaction were
calculated by the likelihood ratio test comparing a model[2_TD$IF] with
[16_TD$IF]interaction [17_TD$IF]terms [18_TD$IF]between [19_TD$IF]recreational [20_TD$IF]PA [21_TD$IF]and [2_TD$IF]tumor [23_TD$IF]risk [24_TD$IF]category
[25_TD$IF]and a [26_TD$IF]model [27_TD$IF]without [25]. The proportional hazards assumption was
examined by testing the interaction terms of recreational PA and[28_TD$IF]
continuous survival time using the likelihood ratio test. Interaction
effects on PCSM were also examined using the likelihood ratio test
between recreational PA and age at diagnosis, BMI, smoking, diagnosis
year, and follow-up time. All analyses were conducted using SAS 9.3
(SAS Institute, Cary, NC, USA).

Most men were elderly and white (Table 1). The median age
at prostate cancer diagnosis was 71 yr (interquartile range:
67–75 yr). Through 2012, there were 2743 deaths (454 due
to prostate cancer and 754 due to CVD) among 7328 men
included in the prediagnosis analysis and 1685 deaths
(261 due to prostate cancer and 464 due to CVD) among
5319 men included in postdiagnosis analysis (Fig. 1). In
prediagnosis analysis, median time from diagnosis to death
date or end of follow-up was 7.8 yr for men who died from
prostate cancer and 10.3 yr for those who did not. In
postdiagnosis analysis, median time from 4 yr after
postdiagnosis survey completion to death date or end of
follow-up was 3.8 yr for men who died from prostate cancer
and 6.5 yr for those who did not. Compared with men who
were inactive, those who reported higher levels of
recreational PA before diagnosis were more likely to have
been diagnosed with lower-risk tumors (T1–T2 and Gleason
score 2–7); to have a history of PSA testing; to be leaner,
nonsmokers, and current multivitamin supplement users;
and to consume more fish but less red and processed meat
(Table 1). Compared with men excluded from postdiagnosis
analysis (n = 4756), those included had lower stage and
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Table 2 – Contribution of moderate to vigorous activity to total MET-h/wk among men diagnosed with nonmetastatic prostate cancer in the
CPS-II Nutrition Cohort a[1_TD$IF]
Type of recreational physical activity

MET value

Moderate-intensity activity
Walking
Bicycling
Aerobics
Dancing
Vigorous-intensity activity
Jogging or running
Lap swimming
Tennis or racquetball

Prediagnosis (N = 6631)

Postdiagnosis (N = 5012)

% of total MET-h/wk

% of total MET-h/wk

73
10
5
2

73
11
6
2

3
3
4

2
3
3

3.5
4
4.5
3.5
7
7
6

[8_TD$IF]CPS = Cancer Prevention Study; MET = metabolic equivalent task.
Not including men with zero MET-h/wk.

a

Gleason scores and were less likely to die from prostate
cancer, CVD, and all causes (data not shown).
Walking contributed 73% of total MET-h/wk in both preand postdiagnosis cohorts. The three types of vigorous
activity combined accounted for only 10% of all MET-h/wk
(Table 2).
Prediagnosis recreational PA was not associated with
PCSM in multivariable-adjusted model (Table 3). In a

separate multivariable-adjusted model further controlling
for other recreational PA, prediagnosis walking had a
suggestive inverse association with overall PCSM (walking
for 7 h vs 1–3 h/wk, HR: 0.85, 95% CI: 0.64–1.14, ptrend = 0.07). Other recreational PA was not associated with
PCSM. In stratified analyses, there was a statistically
significant inverse association between prediagnosis recreational PA and PCSM among men with lower-risk tumors

Table 3 – Prostate cancer–specific mortality by prediagnosis recreational physical activity among men diagnosed with nonmetastatic
prostate cancer in the CPS-II Nutrition Cohort (1992–2012)
Median
MET-h/wk

All prostate
cancer a
Deaths/
person-yr

Total recreational
physical activity d[9_TD$IF]
(MET-h/wk)
<3.5
3.5–<8.75
8.75–<17.5
17.5+
p trend
Walking d,e (h/wk)
<1
1–3
4–6
7
p trend
Other recreational
physical activity d,f[1_TD$IF]
(MET-h/wk)
<3.5
3.5–<8.75
8.75–<17.5
17.5+
p trend

HR
(95% CI)

Lower-risk prostate
cancer b
Deaths/
person-yr

HR
(95% CI)

High-risk prostate
cancer c
Deaths/
person-yr

p interaction

HR
(95% CI)
[10_TD$IF]0.02

0
3.5
14
25.9

71/8151
156/24 654
89/16 631
138/26 131

1.29
1.00
0.96
0.95
0.2

(0.96–1.73)
(ref.)
(0.73–1.25)
(0.75–1.21)

22/5400
80/17 117
44/11 900
48/19 104

0.83
1.00
0.82
0.63
0.03

(0.51–1.36)
(ref.)
(0.56–1.19)
(0.43–0.91)

37/1654
53/4146
36/2678
69/4359

1.77
1.00
1.34
1.41
0.6

(1.10–2.84)
(ref.)
(0.84–2.15)
(0.95–2.09)

0
3.5
14
24.5

94/12 301
202/32 734
93/18 014
65/12 520

1.10
1.00
0.85
0.85
0.07

(0.85–1.42)
(ref.)
(0.66–1.10)
(0.64–1.14)

27/8193
102/23 194
45/12 736
20/9398

0.71
1.00
0.79
0.53
0.04

(0.46–1.11)
(ref.)
(0.55–1.13)
(0.33–0.86)

50/2405
75/5441
32/3007
38/1983

1.44
1.00
0.82
1.33
0.9

(0.96–2.15)
(ref.)
(0.53–1.28)
(0.87–2.04)

0.008

0.01

0
4.5
12.5
28

265/43 666
114/17 902
40/7151
35/6849

0.90
1.00
1.00
0.87
1.0

(0.72–1.13)
(ref.)
(0.69–1.44)
(0.59–1.29)

125/30 890
41/12 518
12/5140
16/4973

1.29
1.00
0.90
1.23
0.6

(0.89–1.87)
(ref.)
(0.47–1.73)
(0.68–2.22)

101/7291
56/3113
25/1295
13/1137

0.66
1.00
1.17
0.60
0.7

(0.46–0.94)
(ref.)
(0.70–1.97)
(0.32–1.15)

CPS = Cancer Prevention Study; HR = hazard ratio; CI = conﬁdence interval; MET = metabolic equivalent task; ref. = reference.
Includes T1–T2 cancers with unknown Gleason score not included in lower- or high-risk categories.
Deﬁned as Gleason score 2–7 and T1–T2.
c
Deﬁned as Gleason score 8–10 or T3–T4 or nodal involvement.
d
Adjusted for age at diagnosis, race, calendar year of diagnosis, tumor extent, nodal involvement, Gleason score, education, family history of prostate cancer,
history of prediagnosis prostate-speciﬁc antigen testing, prediagnosis cardiovascular disease history, prediagnosis body mass index, prediagnosis smoking status,
prediagnosis multivitamin use, prediagnosis red meat and processed meat intake, prediagnosis ﬁsh intake, and prediagnosis sitting time.
e
Further adjusted for other recreational physical activity.
f
MET hours of other physical activity is calculated as total recreational MET hours minus walking MET hours; model further adjusted for walking.
a

b
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Table 4 – Prostate cancer–specific mortality by postdiagnosis recreational physical activity among men diagnosed with nonmetastatic
prostate cancer in the CPS-II Nutrition Cohort (1992–2012)
Median
MET-h/wk

All prostate
cancer a[12_TD$IF]
Deaths/
person-yr

Total recreational
physical activity d[9_TD$IF]
(MET-h/wk)
<3.5
3.5–<8.75
8.75–<17.5
17.5+
p trend
Walking d,e (h/wk)
<1
1–3
4–6
7
p trend
Other recreational
physical activity d,f[14_TD$IF]
(MET-h/wk)
<3.5
3.5–<8.75
8.75–<17.5
17.5+
p trend

HR
(95% CI)

Lower-risk prostate
cancer b
Deaths/
person-yr

HR
(95% CI)

High-risk prostate
cancer c
Deaths/
person-yr

p interaction

HR
(95% CI)
[13_TD$IF]0.1

0.9
6.8
14
29.5

45/3079
76/7526
63/7462
77/12 427

1.13 (0.77–1.66)
1.00 (ref.)
0.81 (0.58–1.15)
0.69 (0.49–0.95)
0.006

24/2116
49/5407
29/5272
41/8966

1.16
1.00
0.72
0.67
0.04

(0.69–1.95)
(ref.)
(0.44–1.15)
(0.43–1.04)

15/489
21/1204
24/1305
28/2084

1.25
1.00
0.77
0.69
0.1

(0.60–2.62)
(ref.)
(0.40–1.49)
(0.37–1.29)

0
7
14
24.5

60/4915
106/11 679
52/6866
43/7034

1.07
1.00
0.85
0.76
0.07

29/3346
68/8504
23/4834
23/5078

0.92
1.00
0.68
0.70
0.2

(0.58–1.46)
(ref.)
(0.41–1.10)
(0.43–1.15)

23/775
28/1832
21/1306
16/1169

1.77
1.00
1.10
1.01
0.2

(0.95–3.29)
(ref.)
(0.58–2.06)
(0.52–1.98)

0.36
(0.77–1.49)
(ref.)
(0.60–1.20)
(0.53–1.10)

0.49

0
5.5
12.5
28

177/17 758
38/5829
27/3901
19/3006

1.38
1.00
1.05
1.15
0.2

(0.96–1.99)
(ref.)
(0.63–1.75)
(0.65–2.02)

101/12 562
19/4137
13/2925
10/2137

1.62
1.00
1.06
1.23
0.2

(0.97–2.69)
(ref.)
(0.51–2.20)
(0.56–2.70)

57/3 088
16/917
11/603
4/474

1.03
1.00
1.01
0.51
0.3

(0.56–1.92)
(ref.)
(0.42–2.41)
(0.15–1.71)

CPS = Cancer Prevention Study; HR = hazard ratio; CI = conﬁdence interval; MET = metabolic equivalent task; ref. = reference.
Includes T1–T2 cancers with unknown Gleason score not included in lower- or high-risk categories.
b
Deﬁned as Gleason score 2–7 and T1–T2.
c
Deﬁned as Gleason score 8–10 or T3–T4 or nodal involvement.
d
Adjusted for age at diagnosis, race, calendar year of diagnosis, tumor extent, nodal involvement, Gleason score, education, family history of prostate cancer,
initial treatment, history of prediagnosis prostate-speciﬁc antigen testing, postdiagnosis cardiovascular disease history, postdiagnosis other cancer history,
postdiagnosis body mass index, postdiagnosis smoking status, prediagnosis red meat and processed meat intake, and postdiagnosis sitting time.
e
Further adjusted for other recreational physical activity.
f
MET hours of other physical activity is calculated as total recreational MET hours minus walking MET hours; model further adjusted for walking.
a

but not those with high-risk tumors (p [9_TD$IF]interaction = [10_TD$IF]0.02).
A similar result was observed for walking; among men
with lower-risk tumors, those who walked for 7 h/wk
had a 47% lower risk of PCSM compared with those who
walked for 1–3 h/wk (HR: 0.53, 95% CI: 0.33–0.86, p
trend = 0.04).
For postdiagnosis recreational PA (Table 4), there was a
significantly lower risk of PCSM for men engaging in 17.5
MET-h/wk of recreational PA compared with those engaging in 3.5–<8.75 MET-h/wk (HR: 0.69, 95% CI: 0.49–0.95, p
trend = 0.006). Further adjustment for prediagnosis METs
did not change the results (not shown). Postdiagnosis
walking, but not other recreational PA, was inversely
associated with PCSM, although the HRs were not statistically significant. The inverse association for recreational PA
did not differ by tumor risk category (p [9_TD$IF]interaction = [13_TD$IF]0.1).
We also examined recreational PA in relation to CVD
mortality and all-cause mortality. Engaging in 17.5 METh/wk of recreational PA before diagnosis was associated
with a 20% lower risk of CVD mortality (HR: 0.80, 95% CI:
0.67–0.96, p trend = 0.008; Supplementary Table 2). In
postdiagnosis analyses, the inverse trend (p trend = 0.01) for
recreational PA was primarily driven by men in the bottom
category who had a significantly higher risk of CVD
mortality (HR: 1.49, 95% CI: 1.11–2.00) rather than by

those in the top category (HR: 0.89, 95% CI: 0.69–1.14). A
similar result was seen for walking but not for other
recreational PA. For all-cause mortality, same comparison of
prediagnosis recreational PA (17.5 vs 3.5–<8.75 MET-h/
wk) was associated with 12% lower risk (HR: 0.88, 95% CI:
0.80–0.97, p trend < 0.0001; Supplementary Table 3). In
postdiagnosis analyses, engaging in 17.5 MET-h/wk of
recreational PA was associated with a 14% lower risk of allcause mortality (HR: 0.86, 95% CI: 0.75–0.98, p trend <
0.0001). Similar results were seen for both walking and
other recreational PA.
The associations of pre- or postdiagnosis recreational PA
with PCSM did not differ by age at diagnosis (<70 and 70
yr), BMI (<25, 25–<30, and 30 kg/m2), smoking status
(never and ever), diagnosis year (1992–1998, 1999–2005,
and 2006–2011), or follow-up time (<10 and 10 yr for
prediagnosis analyses, <6 and 6 yr for postdiagnosis
analyses). Change in PA from pre- to postdiagnosis showed
no clear patterns of associations with PCSM (data not
shown).
4.

Discussion

In this large prospective cohort study of men diagnosed
with nonmetastatic prostate cancer, higher prediagnosis
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recreational PA (17.5 MET-h/wk or 5 h of moderateintensity activity per week), including walking, was
associated with a lower risk of PCSM among men with
lower-risk tumors but not among men with high-risk
tumors. Higher postdiagnosis recreational PA was associated with a lower risk of overall PCSM, and walking after
diagnosis also had a suggestive inverse association.
To date, four cohort studies showed inverse associations
between PA and risk of PCSM [13,15,16] or progression [14];
however, these results should be interpreted cautiously
because reverse causation is a concern when PA is assessed
close to death date. In a Swedish cohort study, exercising
>1 h/wk and walking/bicycling >20 min/d after diagnosis
(not adjusted for other activities) were associated with a
lower risk of PCSM [15]. After an 18-mo lag was applied, the
association of exercise was attenuated and became
nonsignificant, although the association for walking/bicycling remained statistically significant. Similarly, in a
Canadian cohort study, the inverse association between
postdiagnosis recreational PA and PCSM was attenuated
and nonsignificant when excluding men with metastatic
prostate cancer or those who reported PA within 1 yr of
death [16]. The nonsignificant results may also be due to
reduced statistical power. In the Health Professionals
Follow-up Study, engaging in >3 versus <1 h/wk of
vigorous activity after diagnosis was associated with a
61% lower risk of PCSM [13]. Although a 4–6-yr lag was
applied in that analysis [13], there is still a concern that the
inverse association could partially be due to reverse
causation since men with advanced disease may decrease
their vigorous intensity activity. In an independent study,
the same research group examined PA with prostate cancer
progression, an outcome less subject to reverse causation
than mortality [14]. In that analysis, Richman et al [14]
found that vigorous activity had a suggestive but not
statistically significant inverse association with progression, whereas brisk walking (>3 miles/h), among men who
did not engage in vigorous activity, was inversely associated
with progression.
To reduce reverse causation bias, we excluded deaths that
occurred within 4 yr of postdiagnosis questionnaire completion, consistent with the analysis of the Health Professionals
Follow-up Study [13]. Moreover, we examined prediagnosis
recreational PA as a surrogate of long-term recreational PA to
confirm our findings. In this study, pre- and postdiagnosis
continuous recreational MET–h/wk were moderately correlated (Pearson correlation coefficient = 0.4). The inverse
association of prediagnosis recreational PA with PCSM
observed among men with lower-risk tumors supports the
possibility that PA might play a role in tumor progression and
thus the inverse association with postdiagnosis recreational
PA was not purely due to reverse causation.
An inverse association between PA and prostate cancer
progression may be due to reduced insulin resistance,
insulin-like growth factor-1, sex hormone levels, inflammation, and increasing immune function among more
physically active men [26–28]. Recent human studies
further suggest that prediagnosis PA can influence gene
expression relating to cell cycling, DNA repair, and oxidative
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stress pathways among others in normal prostate tissues
[29], and influence vascularization relating to progression
in prostate tumors [17].
Strengths of this study include its large sample size, longterm follow-up, and assessment of both pre- and postdiagnosis recreational PA. A limitation of this study, also
seen in most large cohort studies, is potential measurement
error from one-time self-reported PA, which can attenuate
the true associations. Although the instrument used in the
present study has not been validated in this population, it is
similar to that used and validated in the Health
[29_TD$IF]Professionals Follow-up Study, a prospective study with
similar participant characteristics [30]. These measures
have also been associated with various cancers in the CPS-II
Nutrition Cohort [31,32]. An additional limitation is that the
association between PA and lower risk of PCSM could partly
be due to more intensive PSA screening or medical
surveillance among physically active men, resulting in less
advanced disease at diagnosis. In our analysis, physically
active men were slightly more likely to have a self-reported
history of PSA testing, and lower stage and grade cancer at
diagnosis than less active men. Although our analysis
controlled for both a simple measure of self-reported
history of PSA testing and disease stage and grade, positive
confounding by severity of disease at diagnosis cannot be
excluded. Finally, the lack of information on treatment
completion date, adjuvant therapies, adverse effects from
treatment, and tumor recurrence limited us from better
controlling for confounding by treatment and examining
progression more directly. Residual confounding due to
other unmeasured confounders may also exist.
5.

Conclusions

In conclusion, we found higher levels of postdiagnosis
recreational PA were associated with lower PCSM. Prediagnosis recreational PA, including walking, was associated with a lower risk of PCSM among men with lower-risk
tumors. Given other evidence regarding the beneficial
effects of aerobic exercise on reducing fatigue, and
improving the quality of life and muscular fitness among
prostate cancer survivors [33–35], our results provide
further motivation for prostate cancer survivors to adhere
to or exceed recommendations for moderate- to vigorousintensity activities. This study also supports the importance
of ongoing and future clinical trials to assess the influence of
PA on tumor progression [36–39].
Part of the abstract was presented at the 2016 AACR
Annual Conference, New Orleans, LA, USA, April 2016.
Author contributions: Ying Wang had full access to all the data in the
study and takes responsibility for the integrity of the data and the
accuracy of the data analysis.
Study concept and design: Wang, Jacobs, Gapstur, Patel.
Acquisition of data: All authors.
Analysis and interpretation of data: All authors.
Drafting of the manuscript: Wang.
Critical revision of the manuscript for important intellectual content: Jacobs,
Gapstur, Gansler, McCullough, Stevens, Patel.

938

EUROPEAN UROLOGY 72 (2017) 931–939

Statistical analysis: Wang, Maliniak.
Obtaining funding: Gapstur.
Administrative, technical, or material support: Gapstur, Patel.
Supervision: Gapstur, Patel.
Other: None.

[12] Meyerhardt JA, Giovannucci EL, Holmes MD, et al. Physical activity
and survival after colorectal cancer diagnosis. J Clin Oncol
2006;24:3527–34.
[13] Kenﬁeld SA, Stampfer MJ, Giovannucci E, Chan JM. Physical activity
and survival after prostate cancer diagnosis in the health professionals follow-up study. J Clin Oncol 2011;29:726–32.

Financial disclosures: Ying Wang certiﬁes that all conﬂicts of interest,
including speciﬁc ﬁnancial interests and relationships and afﬁliations
relevant to the subject matter or materials discussed in the manuscript
(eg, employment/afﬁliation, grants or funding, consultancies, honoraria,
stock ownership or options, expert testimony, royalties, or patents ﬁled,
received, or pending), are the following: None.
Funding/Support and role of the sponsor: The American Cancer Society
funds the creation, maintenance, and updating of the Cancer Prevention
Study II (CPS-II) cohort.

[14] Richman EL, Kenﬁeld SA, Stampfer MJ, Paciorek A, Carroll PR, Chan
JM. Physical activity after diagnosis and risk of prostate cancer
progression: data from the cancer of the prostate strategic urologic
research endeavor. Cancer Res 2011;71:3889–95.
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