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Cancer and Aging

- move more and sit less
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Insufficient physical activity is amongst the leading risk 
factors for non-communicable diseases and death



Distribution of weekly moderate-to-vigorous physical activity (MVPA), all minutes 
compared with ≥10-minute bouts, household population aged 18 to 79 years, 
Canada, combined 2016 to 2017

Clarke et al. Health Reports. 2019.



“People who are ill should not be given exercise that might
aggravate existing conditions; special exercise should be
prescribed on an individual basis for convalescence, and
for weak and older patients; people who lead sedentary
lives need exercise urgently, and each exercise should
preserve the existing healthy state; exercise should not
disturb the harmony among the principal humors; exercise
should be suited to each part of the body; and all healthy
people should exercise regularly.”



Girolamo Mercurialis, 
1569. 
The art of  Gymnastics 
Among the Ancients.



BMJ 2020.



Cancer burden associated with 
ageing in Alberta

Surveillance & Reporting Reports, AHS



What does “older” mean? 
Is older equal to weak?

Ethun, et al. CA Cancer J Clin. 2017



Aging and Health, WHO



Reduced physical function in men with 
prostate cancer

Caly, et al. Phys Ther. 2007



Guidelines for cancer survivors
Early guidelines published in 2012

Rock et al. CA Cancer J Clin. 2012





Grabovac… & Yang. (under review at BMJ)

Trends in Receiving Physical Activity or Exercise Counselling 
Among US Adults by Chronic Conditions, NHANES 2005-2016



Does it work?

Grabovac… & Yang. (under review at BMJ)



Does it work?



Physical activity, 
sedentary behavior 

and obesity

• Active commuting and physical activity

• Prostate cancer patients treated with radical prostatectomy (RP)

• Worksite policy and active commuting

• Worksite policy and occupational sitting (sedentary behavior)

• Obesity epidemic and cancer risk

Guidelines for cancer survivors
Newer guidelines published in 2019, urge for clinician engagement

Schmitz et al. CA Cancer J Clin. 2019.



What is the evidence base?

Schmitz et al. CA Cancer. 2019.

Benefit of physical activity after cancer were identified in cancers of the 
breast, colon and prostate (vigorous intensity). 



What is the evidence base?

Schmitz et al. CA Cancer. 2019.

Benefit of physical activity after cancer were identified in treatment-related 
side-effects and quality of life among long-term cancer survivors.



Physical activity appears to 
benefit cancer survivors, 

but…



Vigorous intensity for 
prostate cancer survivors?



PIE
Prostatectomy, Incontinence and Erectile Function



Longitudinal study of prostate cancer patients

Aug 
2001

Baseline 12 months

Radical Prostatectomy

5 weeks 6 months

Urinary function

Urinary bother

Sexual bother

Sexual function 

Socio-demographic 

Health behavior

Disease related factors 

Surgery related factors

Built environment

Physical activity

440 localized 
prostate cancer 
patients

42 – 78 yrs old
94% White 
31% BMI≥30kg/m2

14% living alone
30% household 
income below $75,000

Obesity



Longitudinal study of prostate cancer patients

Aug 
2001

Baseline 12 months

Radical Prostatectomy

5 weeks 6 months

Focus group (n=12)
Barriers and facilitators of physical 
activity in African American 
prostate cancer survivors

June 2014



Exposure assessment
• Physical activity:

– Community Healthy Activities Model Program for 
Seniors (CHAMPS) physical activity questionnaire 
for older adults. (reproducibility Pearson’s r=0.58-
0.67).

– Actigraph GT3X+ in a sub-sample

• Obesity:
– Calculated by measured weight and height.
– WHO cut-points defined normal, over weight and 

obesity.



Outcome assessment

• The Expanded Prostate Cancer Index 
Composite (EPIC)-50. (reliability r≥0.80)

Function
Poor function Good function

0 100
Lots of bother No bother

Bother



The impact of pre-surgical obesity and physical 
activity on short- and long-term urinary and sexual 
outcomes in prostate cancer survivors.

Yang et al. In progress



LEVELS AND PATTERNS OF 
OBJECTIVELY MEASURED FREE-LIVING 
ACTIVITY AMONG PROSTATE CANCER 
SURIVORS: 

A PROSPECTIVE COHORT STUDY

Smith...& Yang. Cancer. 2019



• Cancer survivors are advised to follow the general 
physical activity guidelines (150 minutes weekly of 
moderate-to-vigorous intensity physical activity).

• Much of the knowledge on health benefits of physical 
activity among cancer survivors were derived using 
data collected via self-reported physical activity.

• To date, there is no study has investigated 
trajectories of objectively measured activity levels in 
prostate cancer survivors.

Background



Aim

• To investigate the levels and patterns of 
physical activity before and after radical 
prostatectomy (RP) using accelerometer
and questionnaire data from the PIE study.



One metabolic equivalent (MET) is defined as the amount of oxygen consumed 
while sitting at rest and is equal to 3.5 ml O2 per kg body weight x min.



Sedentary 
behavior

Sleep

Light  
activity

Moderate 
activity

Vigorous 
activity

0.9 1.5  3.0 6.0         METs



Physical activity assessment
• Accelerometer; objective measure:

Actigraph GT3X+ 
– 1 second epoch
– 7 consecutive days, hip/waist wearing

– Missing data definition: 60 min of consecutive zero counts

– Moderate to vigorous physical activity (MVPA): minutes spent 
in >1951 counts per minute (cpm), at least 10 minutes a bout

– Sedentary behavior (SB): minutes spent in <100 cpm
– Light intensity physical activity (LPA)

*Daily MVPA, SB, and LPA were adjusted for wearing time in the analyses

www.actigraphcorp.com



Physical activity assessment
• Questionnaire, self-reported measure:

– Community Healthy Activities Model Program for 
Seniors (CHAMPS) physical activity questionnaire 
for older adults. (reproducibility Pearson’s r=0.58-
0.67).

– MVPA: summarized in total daily minutes using their 
scoring rules.

Stewart et al. Med Sci Sports Exerc. 2001



Longitudinal study of prostate cancer patients

Aug 
2001

Baseline 12 months

Radical Prostatectomy

5 weeks 6 months

Urinary function

Urinary bother

Sexual bother

Sexual function 

Socio-demographic 

Health behavior

Disease related factors 

Surgery related factors

Built environment

Obesity

Physical activity

440 localized 
prostate cancer 
patients

42 – 78 yrs old
94% White 
31% BMI≥30kg/m2

14% living alone
30% household 
income below $75,000



Median and interquartile range of activity patterns among prostate cancer 
survivors in the PIE study (n=91) 

Baseline 5 weeks 6 months 12 months p-valueg

Questionnaire (CHAMPe)

MVPAa Daily minutes 45.0 (30.0-79.3) 15.0 (4.3-47.1) 45.0 (27.9-77.1) 47.1 (23.6-81.4) <.001

Accelerometer (Actigraph GTX 3)

MVPAa Daily minutes 3.5 (0-9.7) 3.9 (0-11.3) 0 (0-7.5) 2.1 (0-11.1) 0.31

LPAb Daily minutes 203.0 (157.7-245.5) 180.4 (136.5-214.3) 200.6 (157.3-249.2) 189.7 (163.1-239.1) 0.001

SBc Daily minutes 487.9 (438.5-533.3) 511.5 (467.3-557.1) 489.9 (443.0-532.6) 501.8 (450.8-530.1) 0.008

aMVPA: Moderate-to-vigorous intensity physical activity. 
bPAL: Light intensity physical activity. 
cSB: Sedentary behavior.
dPA: Physical activity. 
eCHAMP: Community Healthy Activities Model Program for Seniors. 
fPost-hoc analyses using Wilcoxon’s signed-rank tests to compare the change to the previous data point. 
gP-value for Friedman’s test. Smith...& Yang. Cancer. 2019



Baseline 5 weeks 6 months 12 months
Questionnaire (CHAMPe)

MVPAa

Meeting PAd guideline 83.5% 45.0% 84.6% 79.1%

Accelerometer (Actigraph GTX 3)

MVPAa

Meeting PAd guideline 11.0% 9.9% 9.9% 5.5%

aMVPA: Moderate-to-vigorous intensity physical activity. 
bPAL: Light intensity physical activity. 
cSB: Sedentary behavior.
dPA: Physical activity. 
eCHAMP: Community Healthy Activities Model Program for Seniors. 
fPost-hoc analyses using Wilcoxon’s signed-rank tests to compare the change to the previous data point. 
gP-value for Friedman’s test.

Proportions of meeting physical activity guideline among prostate cancer 
survivors in the PIE study (n=91) 

Smith...& Yang. Cancer. 2019



Median and interquartile range of activity patterns among prostate cancer 
survivors in the PIE study (n=91) 

Baseline 5 weeks 6 months 12 months p-valueg

Questionnaire (CHAMPe)

MVPAa Daily minutes 45.0 (30.0-79.3) 15.0 (4.3-47.1) 45.0 (27.9-77.1) 47.1 (23.6-81.4) <.001

Accelerometer (Actigraph GTX 3)

MVPAa Daily minutes 3.5 (0-9.7) 3.9 (0-11.3) 0 (0-7.5) 2.1 (0-11.1) 0.31

LPAb Daily minutes 203.0 (157.7-245.5) 180.4 (136.5-214.3) 200.6 (157.3-249.2) 189.7 (163.1-239.1) 0.001

SBc Daily minutes 487.9 (438.5-533.3) 511.5 (467.3-557.1) 489.9 (443.0-532.6) 501.8 (450.8-530.1) 0.008

aMVPA: Moderate-to-vigorous intensity physical activity. 
bPAL: Light intensity physical activity. 
cSB: Sedentary behavior.
dPA: Physical activity. 
eCHAMP: Community Healthy Activities Model Program for Seniors. 
fPost-hoc analyses using Wilcoxon’s signed-rank tests to compare the change to the previous data point. 
gP-value for Friedman’s test. Smith...& Yang. Cancer. 2019



Baseline 5 weeks 6 months 12 months p-valueg

Questionnaire (CHAMPe)

MVPAa Daily minutes 45.0 (30.0-79.3) 15.0 (4.3-47.1) 45.0 (27.9-77.1) 47.1 (23.6-81.4) <.001

Post-hoc p-valuee <.001 <.001 0.34
Accelerometer (Actigraph GTX 3)

MVPAa Daily minutes 3.5 (0-9.7) 3.9 (0-11.3) 0 (0-7.5) 2.1 (0-11.1) 0.31

Post-hoc p-valuef 0.77 0.04 0.51
LPAb Daily minutes 203.0 (157.7-245.5) 180.4 (136.5-214.3) 200.6 (157.3-249.2) 189.7 (163.1-239.1) 0.001

Post-hoc p-valuef <.001 0.003 0.83
SBc Daily minutes 487.9 (438.5-533.3) 511.5 (467.3-557.1) 489.9 (443.0-532.6) 501.8 (450.8-530.1) 0.008

Post-hoc p-valuef <.001 0.008 0.86
aMVPA: Moderate-to-vigorous intensity physical activity. 
bPAL: Light intensity physical activity. 
cSB: Sedentary behavior.
dPA: Physical activity. 
eCHAMP: Community Healthy Activities Model Program for Seniors. 
fPost-hoc analyses using Wilcoxon’s signed-rank tests to compare the change to the previous data point. 
gP-value for Friedman’s test.

Post-hoc analyses (Wilcoxon’s signed-rank test) on change in activity 
patterns among prostate cancer survivors in the PIE study (n=91) 

Smith...& Yang. Cancer. 2019



Baseline 5 weeks 6 months 12 months p-valueg

Questionnaire (CHAMPe)

MVPAa Daily minutes 45.0 (30.0-79.3) 15.0 (4.3-47.1) 45.0 (27.9-77.1) 47.1 (23.6-81.4) <.001
Meeting PAd guideline 83.5% 45.0% 84.6% 79.1%

Post-hoc p-valuee <.001 <.001 0.34
Accelerometer (Actigraph GTX 3)

MVPAa Daily minutes 3.5 (0-9.7) 3.9 (0-11.3) 0 (0-7.5) 2.1 (0-11.1) 0.31
Meeting PAd guideline 11.0% 9.9% 9.9% 5.5%

Post-hoc p-valuef 0.77 0.04 0.51
LPAb Daily minutes 203.0 (157.7-245.5) 180.4 (136.5-214.3) 200.6 (157.3-249.2) 189.7 (163.1-239.1) 0.001

Post-hoc p-valuef <.001 0.003 0.83
SBc Daily minutes 487.9 (438.5-533.3) 511.5 (467.3-557.1) 489.9 (443.0-532.6) 501.8 (450.8-530.1) 0.008

Post-hoc p-valuef <.001 0.008 0.86
aMVPA: Moderate-to-vigorous intensity physical activity. 
bPAL: Light intensity physical activity. 
cSB: Sedentary behavior.
dPA: Physical activity. 
eCHAMP: Community Healthy Activities Model Program for Seniors. 
fPost-hoc analyses using Wilcoxon’s signed-rank tests to compare the change to the previous data point. 
gP-value for Friedman’s test.

Activity patterns among prostate cancer survivors in the PIE study (n=91) 

Smith...& Yang. Cancer. 2019



Conclusions
• In a population with critically low level of MVPA, self-

reported measures over estimate MVPA and may 
predominantly reflect LPA.



What types of exercise?



Tai Chi

Garciz-Hermono et al. Scand J Med Sci Sport. 2018

Suggestive association between increased knee extension 
strength and decreased cancer mortality risk.



Tai Chi

Schmid and Leitzmann, Annals of Oncology. 2015

Increased cardiorespiratory fitness 
represents a strong predictor of 
decreased total cancer mortality 
risk.



Balance is associated with cancer-specific mortality 

Cao…& Yang. In preparation.

Good balance ability is associated with reduced cancer mortality risk. 



What types of exercise?



Tai Chi

What types of exercise?



Zou...& Yang. (under review @ Sports Medicine)



Ongoing work

• Tai Chi clinical trial: A prehabilitation intervention 
for psychosocial and physical preparation prior to 
radical prostatectomy.

• Developing similar intervention in prostate cancer 
survivors on other treatment modalities.

• Always looking for more research questions to fill 
the needs of cancer survivors.



Take home messages

• Chronological age does not mean physiological or 
functional age, which can be informed by geriatric and 
frailty assessment.

• Cancer and cancer treatment may induce accelerated 
aging. 

• No one should be precluded from the benefit of 
exercise.
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