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• Physical Activity (PA), Exercise, Fitness 
and Sedentary Behaviour (SB) 

• Current PA and SB guidelines 

• Evidence update/ magnitude of risk 

• Interventions to change behaviour 



Definitions 

• Physical Activity is any bodily movement produced by 
skeletal muscles that requires energy expenditure and 
can be undertaken for personal transport work, 
recreation and leisure or to carry out domestic tasks. 

 

• Exercise is planned, structured physical activity 
designed to improve or maintain one of the components 
of physical fitness 

 

• Physical Fitness is a measure of the cardiovascular 
and musculoskeletal systems ability to cope with physical 
activity or exercise 

 

• Sedentary Behaviour refers to any waking activity 
characterized by an energy expenditure ≤ 1.5 metabolic 
equivalents and a sitting or reclining posture 
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       1.5             3                             6           

METS 

             Physical Activity  
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energy expenditure ≤ 1.5 METs and a 

sitting or reclining posture 
 

Sedentary Behaviour Research Network (2012) 

 



Exercise intensity? 
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% VO2 max 
 

<50% 50-65% >65% 

% HR max 
 

<55% 
 

55-75% 
 

>75% 
 

METs 
 

1.5 – 2.9 3 - 6 > 6 

‘at least moderate intensity’ 

‘to improve fitness’ 
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2011 Guidelines 
How much physical activity for health benefit? 

Department of Health (2011) Start Active, Stay Active:  a report on physical activity from the four home countries' Chief 
Medical Officers 

“....at least 150 minutes per 
week of moderate intensity 

activity in bouts of 10 minutes 
or more” 

“....activity to improve 
muscular strength on at least 

2 days a week” 

“....minimise time spent 
sedentary for extended 

periods” 





Evidence Review 

 (Jan-April 2018) 

Proposed Changes 

(April-May 2018) 

Consultation  
(July 2018) 

2019 UK 
guidelines  

2011 UK Physical activity guidelines are currently under review 
-updates to incorporating scientific evidence from 2010-2017 
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World Health Organisation  2004 

WHO (2004) Global Health Risks 



% of CVD Deaths and DALYs attributable to risk factors in UK    

% Deaths (mortality) % DALYs (morbidity) 

Male Female Male Female 

Diet 49.5 38.4 53.0 41.0 

Low Physical Activity 10.2 9.0 11.0 9.3 

Smoking 11.8 10.3 16.4 14.2 

High Blood Pressure 47.5 45.9 51.3 47.0 

High Cholesterol 27.6 25.7 31.9 25.9 

High Fasting Glucose 15.1 12.5 15.1 12.8 

High BMI 17.8 12.6 23.9 34.7 

 

 

Diet                      

Physical Activity 

• Blood Pressure 
• Blood Lipids 
• Weight /BMI 
• Fat distribution 
• Glucose control 

• Endothelial function 

• Inflammation 



Population attributable risk for CHD 

McPherson, K., & Britton, A. (2001). Monitoring the progress of the 2010 target for coronary heart disease mortality: estimated consequences on CHD incidence and mortality from 
changing prevalence of risk factors: a report for the Chief Medical Officer. 

http://researchonline.lshtm.ac.uk/id/eprint/17972 



What is the nature of the relationship and the magnitude of the effect of 
• Physical inactivity (insufficient PA / little or no exercise) 
• Low physical fitness  
• Prolonged or uninterrupted sedentary behaviour 
           on cardiovascular disease risk ? 

 
   

Evidence since 2005 

https://health.gov/paguidelines/
second-edition/report.aspx 

 

https://health.gov/paguidelines/second-edition/report.aspx
https://health.gov/paguidelines/second-edition/report.aspx
https://health.gov/paguidelines/second-edition/report.aspx
https://health.gov/paguidelines/second-edition/report.aspx


Exercise and CVD- Epidemiological Evidence 
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Physical Activity &  Heart Attack Risk 
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3 mos incidence 

Morris JN, (1966 )   Lancet ii 553-559 
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Paffenbarger et al (1978)  AM J Epidemiol  108:3: 161-175 

Physical Activity &  Heart Attack Risk 

San Francisco  
Longshoremen 

Ralph Paffenbarger  
1922-2007 



Physical inactivity: relative and population attributable risk  

Warburton, D. E., Charlesworth, S., Ivey, A., Nettlefold, L., & Bredin, S. S. (2010). A systematic review of the evidence for Canada's 
Physical Activity Guidelines for Adults. International Journal of Behavioral Nutrition and Physical Activity, 7(1), 39. 

Being active reduces risk of  
• CVD by 33%  
• Stroke  by 31% 
• Hypertension by 32% 



Lee, I. M., Shiroma, E. J., Lobelo, F., Puska, P., Blair, S. N., Katzmarzyk, P. T., & Lancet Physical Activity Series Working Group. (2012). Effect of physical inactivity on major non-communicable diseases 

worldwide: an analysis of burden of disease and life expectancy. The lancet, 380(9838), 219-229. 

• Data collated from published meta-analyses of the pooled relative risk 

• Population attributable fraction associated with physical activity 

• Used conservative assumptions for prevalence of inactivity 



1 systematic review 9 meta-analysis (each 12-43 studies) 
CHD (n=6) , stroke (n=5) heart failure (n=3) 

What is the relationship between physical activity and 
cardiovascular disease incidence? 

 
• Any amount of PA has greater benefit than none 

 
• Meeting current guidelines will result in about 75 percent of the maximal benefit 

 
• More physical activity results in greater benefit, although the incremental benefit is less;  

 
• No evidence risk of PA 3-5 times the current guidelines.  

 
• Insufficient evidence is available to determine whether these relationships vary by age, sex, 

race, ethnicity, socioeconomic status, or weight status 



Department of Health and Human Services (2018)  
 Physical Activity Guidelines Advisory Committee Scientific Report 

https://health.gov/paguidelines/second-edition/report.aspx 
   

Health benefits accrue even for those with pre-existing conditions 

https://health.gov/paguidelines/second-edition/report.aspx
https://health.gov/paguidelines/second-edition/report.aspx
https://health.gov/paguidelines/second-edition/report.aspx


Hamer  M  and Chida  Y (2008)  Walking and primary prevention: a meta-analysis of prospective cohort studies  
British Journal of Sports Medicine  42: 238-243 

Walking and  CVD risk 



Figure 3. Hazard ratios for HF by categories defined by self-assessed speed and duration of walking. 

Saevereid HA, Schnohr P, Prescott E (2014) Speed and Duration of Walking and Other Leisure Time Physical Activity and the Risk of Heart 
Failure: A Prospective Cohort Study from the Copenhagen City Heart Study. PLoS ONE 9(3): e89909. doi:10.1371/journal.pone.0089909 
http://journals.plos.org/plosone/article?id=info:doi/10.1371/journal.pone.0089909 

http://journals.plos.org/plosone/article?id=info:doi/10.1371/journal.pone.0089909


The effect of walking on cardiovascular risk: 
An updated systematic review and meta-analysis of randomised control trials 

 

 32 RCT  conducted 1971-2012,  

 Inactive participants > 18 yrs,  walking intervention > 4 wks 

 CVD risk factors pre- and post-intervention (or ∆) reported 

 1508 participants (30-83y); 16 F only, 3 M only,  14 both 

 

 Intervention 
• Length: mean 18.7 weeks (range: 8–52 weeks) 
• Duration: 20–60 min at 2–7 days per week 
• Intensity: light (3), moderate (19), vigorous (3), “self-paced” (3), “brisk” (4) 

 

 
Murtagh et al (2015) The effect of walking on risk factors for cardiovascular disease: An updated systematic review and 
meta-analysis of randomized control trials Preventive Medicine 72 (2015) 34–43 



+10.5% 

-2.0% 

-2.9% 

-1.7% 

-1.8% 

-3.5% 

Murtagh et al (2015) The effect of walking on risk factors for cardiovascular disease: An updated systematic review and 
meta-analysis of randomized control trials Preventive Medicine 72 (2015) 34–43 

Weighted Mean Treatment Effects 



Oja, P., Kelly, P., Murtagh, E. M., Murphy, M. H., Foster, C., & Titze, S. (2018). Effects of frequency, intensity, duration and volume of walking interventions on CVD risk factors: a 
systematic review and meta-regression analysis of randomised controlled trials among inactive healthy adults. Br J Sports Med, 52(12), 769-775. 



Stamatakis, E., Kelly, P., Strain, T., Murtagh, E. M., Ding, D., & Murphy, M. H. (2018). Self-rated walking pace and all-cause, cardiovascular disease and 
cancer mortality: individual participant pooled analysis of 50 225 walkers from 11 population British cohorts. Br J Sports Med, 52(12), 761-768. 



Physical Fitness  
 
Cardiorespiratory- the ability of the cardiovascular and 
respiratory systems to supply oxygen to skeletal 
muscles for use during physical activity 
 
Musculoskeletal – the ability of muscles to produce 
force (muscle strength) and to repeat or sustain a 
contraction (muscle endurance) 



Fitness Level (Low to High) 

Blair, S. N., Kohl, H. W., Paffenbarger, R. S., Clark, D. G., Cooper, K. H., & Gibbons, L. W. (1989). Physical fitness and all-cause mortality: a prospective 
study of healthy men and women. JAMA, 262(17), 2395-2401. 
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Fitness Level (Low to High) 

All-Cause Death Rates by CRF Categories –  3,120 Women and 10,224 Men followed for 8 years 

Cardiorespiratory Fitness & Mortality 



 
24 studies  
84 323 participants and 4485 cases 

Pooled RRs CHD/CVD per 1-MET higher level of CRF 
= 0.85 (95% CI, 0.82-0.88),  
 
Each 1-MET higher level of mean aerobic capacity 
was associated with 15% decrease in CVD risk  

This is comparable to 
• 7 cm decrease waist circumference,  
• 5 mmHg reduction in BP 
• 1 mmol/L  reduction in triglyceride or fasting  glucose, 

• 0.2-mmol/L increase in HDL cholesterol 

Kodama, S., Saito, K., Tanaka, S., Maki, M., Yachi, Y., Asumi, M., ... & Yamada, N. (2009). Cardiorespiratory fitness as a quantitative predictor of all-cause mortality and 
cardiovascular events in healthy men and women: a meta-analysis. JAMA, 301(19), 2024-2035 

Cardiorespiratory Fitness & CVD Risk   



Williams, P. T. (2001). Physical fitness and activity as separate heart disease risk factors: a meta analysis. Medicine and science in sports and exercise, 33(5), 754. 

Figure 4.

Relative risk for CHD or CVD in 8 physical fitness (317,908 person-years of follow-up) and

30 physical activity cohorts (2,286,806 person-years of follow-up) for studies cited in, and

subsequent to, the Report of the Surgeon General [ 57].

Williams Page 14

Med Sci Sports Exerc . Author manuscript; available in PMC 2010 February 13.
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38 Cohorts reporting  
• total physical activity (30)  or   
• physical fitness (8) 

 

Relative risks ranked from  
• least fit/active to most fit/active across 20 

categories  



What about strength training? 

Strain, T., Fitzsimons, C., Kelly, P., & Mutrie, N. (2016). The forgotten guidelines: cross-sectional analysis of participation in muscle strengthening and 
balance & co-ordination activities by adults and older adults in Scotland. BMC public health, 16(1), 1108. 



What about strength training? 

Shiroma, E. J., Cook, N. R., Manson, J. E., Moorthy, M. V., Buring, J. E., Rimm, E. B., & Lee, I. M. (2017). Strength training and the risk of type 2 diabetes 
and cardiovascular disease. Medicine and science in sports and exercise, 49(1), 40. 

Women's Health Study 
• 35,754 women 
• 10 year follow-up 
• 1742 cases of CVD 

Women who did strength training had 17% reduced risk of CVD  
(hazard ratio = 0.83, 95% confidence interval = 0.72, 0.96)  

 



    
Dunstan et al. 2010  Too Much Sitting and Metabolic Risk-Has Modern Technology Caught Up with Us? European Endocrinology, Vol. 6, p. 20,  

Sedentary Behaviour 



Sitting Time and All-Cause Mortality 

Patel A V et al. (2010) Leisure time spent sitting in relation to total mortality in a prospective 
cohort of US adults.  Am. J. Epidemiol. 2010;172:419-429 

Even if you exercise enough  
to meet the guidelines 

n= 53,440 men 97,776 women followed 14 years   



Chomistek AK, et al (2013) Relationship of Sedentary Behavior and Physical Activity to Incident Cardiovascular Disease:  
Results From the Women's Health Initiative, Journal of the American College of Cardiology, 61, 23, 2346-2354, 

Womens Health Study  n=71,018 women aged 50-79 followed 12-17 years  

Sitting Time, Physical Activity and CVD in Women 

Most active 
least amount  
of sitting 

Least active 
most 
sitting 



Sedentary Behaviour and CVD morbidity and mortality 

Wilmot, E. G., Edwardson, C. L., Achana, F. A., Davies, M. J., Gorely, T., Gray, L. J., ... & Biddle, S. J. (2012). Sedentary time in adults and 
the association with diabetes, cardiovascular disease and death: systematic review and meta-analysis 

18 studies (16 prospective, 2 cross-sectional) 
 
High levels of SB associated with 
 
• 147% increase in the risk of cardiovascular disease 

(RR 2.47; 95% CI 1.44, 4.24) 

 
• 90% increase in the risk of cardiovascular mortality 

(HR 1.90; 95% CI 1.36, 2.66)  

 
  
 



Ekelund, Ulf et al. (2016)Does physical activity attenuate, or even eliminate, the detrimental association of sitting time with mortality? A harmonised meta-analysis of 
data from more than 1 million men and women The Lancet , Volume 388 , Issue 10051 , 1302 - 1310 

Review of 16 studies  

• >1m participants followed between 2 and 18 years 

• Self reported sitting, TV viewing and physical activity 

• All cause mortality 

 

Can the health effects of sedentary behaviour  
be cancelled by being very active?    



High levels of moderate intensity physical activity (i.e., about 60–75 min per day) may eliminate 
the increased risk of death associated with high sitting time.  

(only a very small proportion of the population do this amount of PA) 
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Policy 

Environment 

Social & 
Community 

Individual 

Changing PA and SB what works (moderate to strong evidence)? 

• Behaviour Change Techniques 
• Family / School  support  
• Peer-led 

• Multicomponent 
• Community-wide delivery 
• Worksite intervention (SB) 

• Community design 
• Access to facilities 

• Point of decision prompts 
• Built environment for active transport 



Take home messages 

• Physical activity (meeting current UK guidelines) reduces risk of CVD by 15-35% 
depending on baseline PA, gender and disease endpoint 

• Physical fitness, is associated with a reduced risk of CVD by similar magnitude to 
PA. Strong independent association for cardiorespiratory fitness, emerging 
evidence for association with musculoskeletal fitness. 

• For both Physical Activity and Physical Fitness the greatest population benefit  is 
derived from moving from low to moderate levels of  activity and fitness   

• Prolonged and/or uninterrupted sedentary behaviour increases CVD risk even in 
those meeting current PA guidelines. Only very high levels of physical activity 
attenuate this increase in risk 

• PA and SB are complex behaviours. Changing these behaviours is likely to 
require interventions at the individual, community, environmental and policy level  
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