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“London Busmen” Studies

 Found that drivers had more CHD than conductors

 Only difference PA level at work

The Lancet   November 21, 1953



PA at Work (Morris et al)

 Similar findings in 

postal service and 

other lines of work

 Some correlation of 

PA and BP

 Did not identify PA 

as the biggest 

underlying issue



College (“Harvard”) Alumni Study

 Paffenbarger RS Jr, Lee I-M, et al

 Ongoing prospective descriptive lifestyle study 

of 17,000 alumni (initially men only)

 80+ articles 1966- http://www.stanford.edu/~paff/CAHS.html

JAMA 1995 273:1179-1184

http://www.stanford.edu/~paff/CAHS.html


College Alumni Study (1966-)

 All-cause mortality (and CV mortality) 

correlated with:

 Total PA

 Vigourous PA

 Not non-vigourous PA



Prescriptive Approach to Fitness (80s)

 Exercise done specifically 

for fitness or 

health benefits

 e.g. - the FITT principle

 F: 3 times weekly

I:  @ 70% max

T: aerobic activity

T: 30 minutes

 Blair et al,

the Cooper Institute



Active Living / Low Intensity PA

 A way of life in which physical 

activity is valued and integrated 

into daily living

 Evidence for health benefits 

from low intensity activity

 10,000 steps / day programs 

(e.g. - Mummery & others)

 30%  in age-adjusted mortality & CV morbidity

  blood pressure, BMI, % body fat, RHR, LDL-C

  HDL-C



U.S. Surgeon General (1996)

 Physical Activity and Health: A Report of the Surgeon General

Atlanta, GA: U.S. Department of Health and Human Services, Centers for Disease Control and 

Prevention, National Center for Chronic Disease Prevention and Health Promotion, 1996.

 Review of global literature concluded that PA is an 

important and controllable contributor to health

 Documented benefits in lifespan, CV disease, 

cancer, other health issues

 Improved agency funding for studies in PA and health



Hockley Valley Symposium (2001)

 Symposium of world experts on the question of 

dose-response relationships of PA / Fitness and Health

 organized by Canadians, held in Hockley Valley, Ontario

 Medicine & Science in Sport and Exercise.

2001. 33: Supplement

 Entire issue devoted to a report of the Hockley Valley group

 Separate articles for various perspectives / components of health

 Still one of the most authoritative reviews of our knowledge



Hockley Valley Symposium

 Additional consideration of five relevant issues:

 Quality of evidence

 Perspectives of different components of health

 Entertained the notion of net health benefit

 Parameters of PA

 Intensity, duration, type of activity, etc.

 How to measure and quantify all of these things.

 Dose – response relationships

 Independent effects of PA vs. fitness



Dose-Response Relationships

 Which

curve 

is it 

(if any 

of these)?

 For which 

components

of health?

MSSE 2001 (33)



Trade-offs between components / net health benefit

MSSE 2001 (33)



PA or Fitness – which is better?

 Limited primarily to body composition / BMI / aerobic capacity 

as measures of “fitness”

 Various studies show independent benefits of each.

 Active unfit people are 

as healthy or healthier than 

sedentary moderately fit people

 Very fit but inactive people are 

healthier than 

unfit but moderately active people

 Which is better? We don’t know.

 PA and fitness are correlated

 PA is largely a personal choice

 Fitness is a result of genetics, and choices like PA & diet



Research Explosion

 Volume of research on PA and Health has been 

increasing ~exponentially

 Now ~25 peer-reviewed articles/day in English

Warburton et al (2007) APNM 32:S18



Current Theories on PA & Health

 Aerobic activity has benefits in regard to 

lifespan, CVD, cancer, mental health, …

 No better “ROI” / “bang for the buck”

 Less evidence on other types of PA; e.g.:

 resistance training and BP, independent aging, …

 impact loading and bone density



Canadian Physical Activity Guidelines

 Canada’s PA Guide to Healthy Active Living

 Canadian Society for Exercise Physiology (csep.ca) 

& the Public Health Agency of Canada

 1998 (adults), 1999 (seniors), 2002 (children & youths)

International Journal of Behavioural Nutrition and Physical Activity  2010    7:41



 Minimal effective dose ~500 kcal·wk-1 (2.1 MJ·wk-1) ?

 Curvilinear inverse relation 

 Huge benefits!

 500-1000 kcalwk-1  25%  ACM

 1500-2500 kcalwk-1  40%  ACM

 2500-3500 kcalwk-1  50%  ACM

 Too much? > 3500 kcal·wk-1?

(confound: volume vs. intensity)

Kesäniemi et al. International Journal of Behavioral Nutrition and Physical Activity 2010, 7:41

All-Cause Mortality & Aerobic PA



 Curvilinear inverse relation

 Women vs. men?

 Huge benefit!  

 Relative Risk (RR)

RR(Q1) > 3 or 4 * RR(Q5)

Kesäniemi et al. International Journal of Behavioral Nutrition and Physical Activity 2010, 7:41

All-Cause Mortality & Aerobic Fitness



Canadian PA Guideline 0-4 years

 Infants (< 1 year)

 active several times daily with interactive floor play

 Toddlers (> 1 year)

 > 180 min/day of PA

 varied activities

 develop fundamental movement skills

 Progress to >= 60 minutes vigourous daily PA by 5

 More is better



Canadian PA Guidelines 5+ years

Age Group
Children (5-11) & 

Youths (12-17)
Adults Seniors

“Aerobic” 

Activity

>= 60 min/day;

moderate-to-

vigourous;

vigourous at least 

3 times weekly

>= 150 min/week; 

bouts of >= 10 min;

moderate-to-

vigourous

>= 150 min/week; 

bouts of >= 10 min;

moderate-to-

vigourous

“Muscle & 

Bone”
>= 3 times weekly >= 2 times weekly >= 2 times weekly

Other More is better More is better
More is better

Balance Exercises



Health Effects of Sedentarism

 More recent accumulation of evidence on 

CV / health risks of prolonged sitting

 Interpreted as being risks of sedentarism

without reference to posture

 this is a bit of a confound – more on this later

 Has led to “Sedentary Behaviour Guidelines”



Canadian Sedentary Behaviour Guidelines

Age Group 0-2 years 2-4 years 5-11 years

Screen time None < 1 hour / day < 2 hours / day

Still time 
(e.g. sitting)

Should be limited.

Never > 60 

minutes 

continuously.

Should be limited.

Never > 60 

minutes 

continuously.

Should be limited.



American Journal of Preventive Medicine 2010 39(4):379-388

• Noted many studies touting risks of sitting but found 

many problems with the literature

• Unable to conclude evidence of health risks of sitting

• Too many confounds:

• leisure sitting, occupational and leisure PA, diet, smoking, alcohol, etc.



An Explosion of Studies…

Mental Health & Physical Activity   2014 7:9-24

British Journal of Sports Medicine    September 2014

Metabolism   2013 62:1423-1428



What if I take an active break?

Journal of Applied Physiology   2013 115:1751-1756

Nutrition, Metabolism & Cardiovascular Diseases   2014 24:976-982

Journal of Science and Medicine in Sport   2014 18:294-298



Annals of Internal Medicine  2015 162:123-132

• After statistical adjustment 

for PA, sedentary time is 

independently associated 

with ACM, CVI, CVM, 

CaI, CaM, T2DI

• Deleterious effects of 

sedentary time (only) 

partially mitigated by 

higher levels of PA



Risks of High Sedentary Time, adjusted for PA



Risks of High Sedentary Time, adjusted for PA



Risks of High Sedentary Time, adjusted for PA



Mitigation of Risk of  ACM with HST by High PA



A Bandwagon or a Treadmill?

 Offices now seen filling up with standing desks

 Occasional fanatics with treadmill desks

 Is posture the issue?

 Sit vs Stand

 Or is it activity?

 Stasis vs Kinesis

 We need a study



The Question of Posture

 In addition to all this, prolonged sitting also likely 

contributes to degenerative spondylosis

(e.g. work by Andersen 1970s up to Callaghan et al 2000-)

The Evolution of Human Posture



Sit vs Stand?   Stasis vs Kinesis?

 Recall Bailey & Locke JSMS 2015

 Question of outcome measures
(long-term = ACM, etc., vs short-term = CV markers, etc.)

Sit

Stand

Stasis Kinesis



Conclusions / Discussion

 Aerobic PA has massive health benefits

 Prolonged sitting has significant health risks

 High levels of PA partially mitigate 

the risks of prolonged sitting

 so go have a “workout” after “work” at the office

 The confound of posture not dealt with at all

 We need a good study

 Next rounds will be held outdoors on bicycles 


