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Overview

• Evolution of Physical Activity and Public 
Health as a subdiscipline

• Urgent public health problem
• Physical activity and air quality



Physical Activity and Public Health –
Development of a Field

Public Health Science

Exercise Science

Population Studies

1900 1953





Background    1950 - 1970
Factors leading to initial guideline development

• A rapidly evolving science indicating that habitual 
physical activity had something to do with health.

• Individuals promoting health-oriented fitness 
programs for the public and patients - what was 
the truth, what was the best?

• Concern by the medical community & public 
about the safety of exercise by middle-aged and 
older persons.



• American Heart Association - 1975  Exercise Testing and Training of 
Healthy Adults and Exercise Testing and Training of Individuals with 
Heart Disease or at High Risk for Its Development 

• American Heart Association - 1978 Exercise Statement and Exercise 
Standards (updated 1992 & 1995)

• ACSM - 1975 Guidelines for Graded Exercise Testing and Exercise 
Prescription  (multiple updates)

• ACSM - 1978  Position Stand: The Recommended Quantity and Quality 
of Exercise for Developing and Maintaining Fitness in Healthy Adults  
(multiple updates)  

Physical Activity and Health Guidelines & Position Stands  
for the General Public:  1975 - 1995



Early 1990s

• Accumulated, moderate-intensity 
physical activity provides health benefits.

• Only 10% meeting vigorous physical 
activity standard.

• Vigorous standard may be barrier.
• Public health gain created; with 

avoidance of sedentary status.



Physical Inactivity and Health
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Physical Activity Public Health 
Recommendations 

Every adult American should 
accumulate at least 30 minutes of 
moderate-to-vigorous physical activity 
on most, preferably all, days of the 
week.

Pate, et al., JAMA 1995
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Preventive Health Benefits of Physical 
Activity:  Strong Evidence

• Lower risk of:
– Early death
– Coronary heart disease, stroke
– High blood pressure, adverse lipid profile
– Type 2 diabetes
– Cancers:  Colon and Breast

• Prevention of weight gain
• Weight loss (with reduction of caloric intake)
• Prevention of falls
• Depression, cognitive function (older adults)
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4 Key Adult Guidelines

• Avoid inactivity
• Substantial health benefits from medium amounts 

of aerobic activity
• More health benefits from high amounts of aerobic 

activity
• Muscle-strengthening activities provide additional 

health benefits
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Children and Adolescents (ages 6-17)

• 60 or more minutes of physical activity daily
Aerobic:  Most of the 60 or more minutes per day 

should be either moderate- or vigorous-intensity 
aerobic physical activity. Include vigorous-intensity 
physical activity at least 3 days per week. 

Muscle-strengthening: Include muscle-strengthening 
physical activity on at least 3 days of the week, as 
part of the 60 or more minutes. 

Bone-strengthening: Include bone-strengthening 
physical activity on at least 3 days of the week, as 
part of the 60 or more minutes.

• Encourage participation in physical activities that are:
Age appropriate, enjoyable, and offer variety



Inactivity

• “All adults should avoid inactivity.  Some physical 
activity is better than none, and adults who 
participate in any amount of physical activity gain 
some health benefits.”



Muscle-Strengthening Guideline

• “Adults should also do muscle-strengthening 
activities that are moderate or high intensity and 
involve all major muscle groups on 2 or more days 
a week, as these activities provide additional 
health benefits.”



Key Older Adult Guidelines

• The 4 key guidelines for adults apply to older 
adults, but there are 4 additional qualifying 
guidelines
– Guideline for adults who cannot do 150 

minutes/week
– Balance exercise
– Only use relative intensity to determine the level 

of effort
– Chronic conditions and injury risk





The Exercise Training Paradigm

Early guidelines (AHA 1975, ACSM 1978,1990) were 
based  primarily on endurance exercise to enhance 
performance - especially aerobic capacity.

TRAINING PERFORMANCE

RATIONALE: Increases in aerobic capacity are most 
rapidly achieved by increasing the intensity of 
endurance exercise



The Physical Activity - Health Paradigm

Public health oriented guidelines since 1995  include the 
accumulation of ≥ 30 minutes of ≥  of moderate 
intensity activity on ≥ 5 days per week .

ACTIVITY HEALTH

RATIONALE: Data from observational and experimental 
studies demonstrate health-related outcomes from 
moderate intensity activity accumulated throughout the 
day.
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Children’s Games, Pieter Bruegel the Elder, 1560



Current situation



http://www.thelancet.com/series/physical-activity





A Public Health Problem

• Importance
• Prevalence and trends
• Solutions



Population attributable fraction for major 
NCDs associated with physical inactivity
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Burden of Disease

6%
Coronary 

heart disease

7% 10% 10% 9%
Type 2 diabetes Breast cancer Colon cancer Premature 

mortality

~ 6-10% of major NCDs worldwide is 
attributable to physical inactivity



Inactivity Smoking Obesity

PAF 9% 9% a 5% a

Deaths attributed to 
risk factor (per y)

5.3M 5M a b 3M a

Potential gain in LE 
with removal of 

factor

0·68 y 
from birth

1·1–2·2 y c
from age 50

(9 high-income countries)

0.7–1.1  y d
from birth

(USA)

Some Perspective

a 2009 WHO Global Health Risks; b Ezzati 2003; c Crimmins 2011; d Olshansky 2005



Importance

• Between 6-10% of deaths due to 
the world’s major NCDs is 
attributable to inactivity

• By eliminating inactivity, >5.3 M 
deaths/y may be prevented

• This leads to an increase of 0.68 
years in the world’s life expectancy



Pandemic?





Pandemic?

• “…an epidemic occurring worldwide, or over a 
very wide area, crossing international 
boundaries, and usually affecting a large 
number of people…”

• “…the occurrence in a community or region of 
cases of an illness, specific health related 
behavior, or other health related events 
clearly in excess of normal expectancy…”

Last – Dictionary of Epidemiology, 4th edition



Adults
15+ years 

Men
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Adults
15+ years 

Men
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31.1%



Adolescents
13-15 years 

Boys

Girls



Adolescents
13-15 years 

Boys

Girls

80.3%



Wide Spread
• 1/3 of the adults and 4/5 of the adolescents 

(13-15y) worldwide reported not reaching 
public health guidelines for physical activity
– Adults: 150 minutes/week
– Adolescents: 1 hour/day

• Males are more active than females
– Among adults and adolescents

• Adults
– Global average: 31.1%

Hallal et al Lancet 2012





A conceptual approach to determinants of PA

Bauman et al. Lancet 2012; 380 (9838): 258-71



Examples of variables identified as consistent correlates

children adolescents adults

Reported health direct

Male sex direct direct direct

Intention to exercise direct

Self-efficacy direct direct direct

Previous physical activity direct direct direct

Social support direct

Non-environmental factors

Environmental factors
children adolescents adults

Neighbourhood design direct

Recreation facilities and locations direct direct

Transport environments direct direct

Aesthetics direct

Bauman et al. Lancet 2012; 380 (9838): 258-71



Correlates and Determinants
Many potential factors studied

For children and adolescents 
• Gender [Boys], parental physical activity, parental support, confidence, previous activity [for 

adolescents]  
• Physical Environments – for active travel to school, for recreation 

For adults 
• Age, gender, health status, education
• Confidence, readiness to change, previous activity, support from friends/peers 

Environmental correlates
• Walkability
• Land use, residential density
• Access to facilities 

Bauman et al Lancet 2012



Strategies that Work
Approaches Strategy Classification

Campaigns and Informational Point-of-decision Prompts EFFECTIVE

Community-wide Campaigns EFFECTIVE/ 
PROMISING

Mass media Campaigns PROMISING

Short Informational Messages EMERGING

Behavioral and Social School-based Strategies EFFECTIVE

Social Support in Communities EFFECTIVE

Provider-based Counseling PROMISING

Community PA Classes PROMISING

Policy and Environmental Community-scale Urban Design EFFECTIVE

Street-scale Urban Design/Land use EFFECTIVE

Transportation Policies and Practice EMERGING

Community-wide Planning and Policies EMERGING
Heath et al Lancet 2012





An Urgent Public Health Problem
MAGNITUDE AND RISK

6-9% of all NCD deaths are 
attributed to inactivity

5-5.3 million deaths/year 
attributed to inactivity

PREVENTION AND
CONTROL

Effective methods 
across age, social 
groups, countries

Potential of Global 
Information and 
Technologies on PA

GLOBAL CONSEQUENCES

Health
Healthcare (Economic)
$28-334pp: Indirect Costs
$155-419pp: Direct Costs

Reduced Quality of Life

PREVALENCE AND TRENDS

Not meeting PA 
recommendations: 31%
Prevalence: 17%
Leisure-time PA: Increased
Incidental, Occupational, 

and Transportation PA: 
Decreased
Economic Shift: Low-

income populations have 
increased NCD’s
Urbanization: reduced 

occupational time PA and 
increased TV viewing 

PUBLIC HEALTH
ACTION PRIORITY



Physical Activity and Public Health –
The Way Forward
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Socio-ecologic Framework for Determinants of Physical Activity



• The fundamental assumption that Health Behavior = 
Public Health is flawed.

• Research and promotion to date has relied on 
traditional analytic thinking
• Exercise Science
• Public Health Science
• Behavioral science
• Environmental Science

• Public Health requires integration and understanding 
of interrelations for physical activity has been lacking.

• We have ridden the SocioEcologic Model horse as far 
as it can take us in terms of public health



The whole concept of public health 
is founded on the insight that 
health and illness have causes or 
conditions that
go beyond the biology and 
behavior of the individual human 

being.

Midgley G. Systemic intervention for public health. Am J Public Health. 

2006;96:466–472.



Thinking Differently



Managing Complexity

Arnie Levin, New Yorker, December 27, 1976



Managing Complexity

Arnie Levin, New Yorker, December 27, 1976



Complexity & Unintended Consequences

Arnie Levin, New Yorker, December 27, 1976



Systems Approach
Complexity of Behavior
• Complex non-linearity of health behaviors

– interactions, adoption delays, adaptations, competing 
actions, and unintended consequences

• Systems Approach
– Inputs and levels of influence are considered to be 

interdependent
– Identifies enablers, accelerants, synergies, and 

interconnectedness of multiple influences and 
multiple sectors of influence 

– Has the highest potential to affect population physical 
activity







Physical Activity and Air Quality
Unintended consequence?
• Individual and population level benefits of 

physical activity could be muted by low air 
quality.

• Outdoor physical activity – especially transit 
and discretionary time

• Unclear benefit/risk ratios.



Physical Activity and Air Quality
• Physical activity increases oxygen demand –

proportional to intensity to a maximum.
• Nasal filtration system bypassed with higher 

respiratory rate.
• Inflammation of airways, asthmatic response, 

lung function (especially in vulnerable 
people), and increase risk of sudden cardiac 
death.

• Increase risk of NCD (cardiovascular disease, 
some cancers).















Final Thoughts

• More research into the combined effects of air 
pollution exposure, physical activity, and 
health outcomes – emphasis on mode of 
physical activity and specific pollutant.

• Better communication/collaboration
• Moving to real time AQI reporting may be 

useful and requires further study for 
implementation. 

• Finding ways to improve air quality.





Physical 
Inactivity

Behavior change 
theory

Behavioral 
Intervention

Behavior change

Behavioral Approaches to Health Behavior Change 
for Physical Inactivity



Physical 
Inactivity

Behavior change 
theory

Behavioral 
Intervention

Behavior change

Behavioral and Environmental Approaches to 
Health Behavior Change for Physical Inactivity

Policy or 
Environmental 

change

Environmental 
Intervention



Accelerants

Inhibitors

Delay

Unintended
Consequences

Adaptation

Competing
Actions

Feedback

Physical 
Inactivity

Behavior 
change 
theory

Strategies/Imple
mentation

Behavior change

Education

Health

Transportation

Workplace

Built Environment

Sport and 
Recreation

Planning

Toward a Systems Approach for Physical 
Inactivity

Environ
ment/Po

licy 
Change

Kohl et al Lancet 2012









Call to Action



Call to Action
• United Nations and the World Health Organization 
• World Bank, international development agencies, 

foundations, and other international agencies 
• Countries
• Ministries of health 
• Ministries of education and other education authorities 
• Ministries of sport and other recreation sector authorities 
• Ministries of planning 
• Ministries of transport 
• Employers, the private sector and media 
• Academics and academia
• Individuals and organisations in civil society 



Calls to Action
UN/WHO WORLD

BANK/FOUNDATION
S

COUNTRIES

Provide Leadership in a 
Systems Approach to 
National PA Policies, 
Strategies, and Plans

Support networks for PA 
promotion in planning of 

action plans

Develop and implement 
strategies and action plans 
for a systems approach to 

PA

Ensure adoptions of 
targets and Indicators for 

monitoring PA

Recognize the role of PA in 
the prevention of NCD and 

in enhancing health

Assign stewardship role for 
PA to a relevant 

government; allocate 
sufficient resources and 

accountability

Partner with other 
organization to provide 

training on PA, Policy, and 
Strategies

Support National Plans
Adopt evidence-based 

national recommendations 
and policy guidance



Calls to Action
MINISTRIES

HEALTH EDUCATION SPORT

Re-orient Services and 
Funding at the National, 

Regional, and Local Levels 
to Prioritize PA

Implement Policies that 
Support High-quality, 

Compulsory PE, Active 
Transport, PA during and 

after the School day, and a 
Healthy Environment

Develop and Implement
Sport and Recreation 
Policy and Funding to 

enhance Access; Adapt 
Programs to the Needs 

Community 

Foster Partnerships PLANNING TRANSPORT

Make PA an Integral Part 
of Disease Prevention and 

Health Promotion 
Modeling

Support and Implement 
Urban and Rural Planning 
Policies to Support Active 

and Public Transport, 
Safety, and Access

Prioritize Policies and Fund 
Infrastructure that support 

Active Transport



Calls to Action
EMPLOYERS,

PRIVATE SECTOR, 
AND MEDIA

ACADEMICS AND
ACADEMIA

INDIVIDUALS AND
ORGANIZATIONS

Develop and Implement 
Programs 

Research; Translate 
Research into Practice Advocate to decision-

makers

Orient marketing,
Advertising, and 

Promotional Messages

Create Graduate Training
Programs

Commit to and Implement 
PA Plans

Collaborate with 
government and 
nongovernment 

organizations

Build a base for effective 
programming, national 

plans, and on cost-
effectiveness

Seek ways to become and 
remain physically active
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Guiding Principles
• Adopt evidence-based strategies that target the whole population as well as specific 

vulnerable sub-groups;
• Address the environmental, social and individual determinants of physical inactivity;
• In addressing determinants of physical activity behaviour, embrace an equity approach to 

reduce the disparity in access to opportunities for physical activity;
• Implement sustainable actions in partnership at national, regional and local levels and across 

multiple sectors to achieve greatest impact;
• Build capacity and support training in research, practice, policy, evaluation and surveillance;
• Use a life-course approach by addressing the needs of children, families, adults, older adults, 

and people with disabilities as well as specific settings such as worksite and schools; 
• Advocate to decision makers and the general community for an increase in political 

commitment to and resources for physical activity;
• Ensure cultural sensitivity to tailor and adapt strategies to accommodate varying local 

realities, cultures, contexts and resources;
• Facilitate healthy personal choices by making the physically active choice the easy choice.







The Exercise Training Paradigm

Early guidelines (AHA 1975, ACSM 1978,1990) were 
based  primarily on endurance exercise to enhance 
performance - especially aerobic capacity.

TRAINING PERFORMANCE

RATIONALE: Increases in aerobic capacity are most 
rapidly achieved by increasing the intensity of 
endurance exercise



The Physical Activity - Health Paradigm

Public health oriented guidelines since 1995  include the 
accumulation of ≥ 30 minutes of ≥  of moderate 
intensity activity on ≥ 5 days per week .

ACTIVITY HEALTH

RATIONALE: Data from observational and experimental 
studies demonstrate health-related outcomes from 
moderate intensity activity accumulated throughout the 
day.



Physical Activity and Public Health –
Development of a Field

Public Health Science

Exercise Science

Population Studies

Behavioral Science

Environment & 
Policy

1900 1953 1990
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Prevalence of Residents Engaging Physical 
Activity Pre- and Post-Move – Mueller 2009
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Calise et al, 2012

*p-value <0.001


Chart2
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Total Transport Physical Activity

Total Physical Activity

38

91.1
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		Table 4.11. Mean Minutes Per Week of Physical Activity by Domain, Pre- and Post-Move

		Physical Activity by Domain		Pre-Move		Post-Move		Change		p-value*

				(n=262)		(n=262)

				Mean (95%CI)		Mean (95%CI)		Mean (95%CI)

		Recreational/Leisure physical activity[i]

		Moderate-intensity		51.9 (39.9, 64.0)		68.8 (53.6, 83.9)		15.9 (1.6, 30.2)		0.01

		Vigorous-intensity		87.8 (74.4;,101.3)		98.1 (83.0, 113.2)		9.9 (-4.1, 24.0)		0.16

		Total Recreational/Leisure Physical Activity w/o Walking		140.1		167.1		27.9 (6.3, 49.4)		0.01

		Walking for recreation

		Inside neighborhood		91.7 (78.5, 105.0)		159.8 (138.6, 181.1)		68.1 (49.5, 86.6)		<0.001

		Outside neighborhood		37.0 (28.9, 45.1)		17.1 (11.6, 22.5)		-18.6 (-26.0, 11.2)		<0.001

		Total recreational walking		128.8		170.1		46.1 (26.8, 65.4)		<0.001

		Biking for recreation

		Inside neighborhood		22.0 (13.4, 30.5)		26.2 (18.5, 33.9)		4.1 (-4.6, 12.7)		0.36 **

		Outside neighborhood		14.8 (7.7, 22.0)		11.7 (6.5, 16.9)		-3.3 (-9.6, 3.1)		0.31

		Total recreational biking		36.8		38		0.8 (-11.9, 13.5)		0.90 **

		Total walking and biking for recreation

		Walking and biking inside neighborhood		113.7 (96.7, 130.8)		185.9 (163.2, 208.7)		72.0 (51.2, 92.7)		<0.001

		Walking and biking outside neighborhood		51.8 (40.1, 63.6)		28.9 (20.9, 36.9)		-21.8 (-32.3, -11.2)		<0.001

		Total recreational walking and biking		165.6		208.5		46.7 (23.1, 70.4)		<0.001

		Total recreational physical activity[ii]

		Moderate-intensity		219.1 (191.1, 247.2)		274.3 (244.8, 303.8)		63.8 (35.5, 92.0)		<0.001

		Vigorous-intensity		87.8 (74.4, 101.3)		98.1 (83.0, 113.2)		9.9 (-4.1, 24.0)		0.16

		Total Recreational/Leisure Physical Activity w/Walking		307.3		371		73.9 (40.0, 107.8)		<0.001

		Walking for transport

		Inside neighborhood		24.9		14.3		-10.8 (-19.7, -1.9)		0.02

		Outside neighborhood		6.3		6		-0.4 (-4.0, 3.2)		0.83

		Total transport walking		29.3		20.2		-9.6 (-18.4, -0.7)		0.03***

		Biking for transport

		Inside neighborhood		9.8 (4.3, 15.3)		14.3 (8.1, 20.3)		4.4 (-0.5, 9.22)		0.08**

		Outside neighborhood		3.8 (1.0, 6.6)		6.2 (2.5, 9.8)		2.3 (-1.3, 5.9)		0.21

		Total transport biking		13.6		20.2		6.6 (-0.6, 13.2)		0.05

		Total transport physical activity

		Walking and biking inside neighborhood		34.3 (24.7, 44.0)		28.3 (20.4, 36.3)		-7.6 (-17.6, 2.4)		0.14

		Walking and biking outside neighborhood		10.2 (6.0, 14.3)		12.4 (7.6, 17.2)		2.0 (-3.3, 7.4)		0.46

		Total transport physical activity		42.6		41.1		-3.8 (-14.9, 7.3)		0.5

		Total physical activity[iii]

		Moderate-intensity		262.8 (230.7, 295.0)		309.6 (277.0, 342.1)		56.0 (26.8, 85.2)		<0.001

		Vigorous-intensity		87.8 (74.4, 101.3)		98.1 (83.0, 113.2)		9.9 (-4.1, 24.0)		0.16

		Total physical activity		350.8		404.1		66.4 (32.8, 100.1)		<0.001

		[i] Recreational physical activity at moderate and vigorous intensities and combined (excluding walking and biking)

		[ii] Total recreational physical activity - moderate-intensity = recreational/leisure-time moderate-intensity and walking/biking, moderate- and vigorous-intensity = moderate-intensity + vigorous intensity

		[iii] All domains combined – moderate-intensity = recreational/leisure-time moderate-intensity and walking/biking for recreation and transport, moderate- and vigorous-intensity = moderate-intensity + vigorous intensity

		* p-values based on a paired sampled t-test

		** Variable significant according to Wilcoxin test p<0.001

		*** Variable not significant according to Wilcoxin test p=0.13
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		Table 4.8.  Prevalence of Residents Engaging in Physical Activity by Domain, Pre- and Post-Move

		(Among Residents Engaging In At Least 10 Minutes of Physical Activity)

		Physical Activity Domain		Pre-Move		Post-Move

				(n=262)		(n=262)

				% (95%CI)		% (95%CI)		OR (95%CI)		p-value*

		Recreational/Leisure physical activity[i]

		Moderate-intensity		38.2		52.3		2.3 (1.5, 3.8)		<0.001

		Vigorous-intensity		52.9		54.3		1.2 (0.7, 2.3)		0.57

		Total Recreational/Leisure Physical Activity w/o Walking		65.3		68.2		1.3 (0.8, 2.2)		0.36

		Walking for recreation

		Inside neighborhood		65.2		86.5		6.7 (3.4, 14.6)		<0.001

		Outside neighborhood		36.3		19.0		0.2 (0.1, 0.5)		<0.001

		Total recreational walking		72.3		79.1		5.0 (2.5, 11.1)		<0.001

		Biking for recreation

		Inside neighborhood		16.5		28.7		3.1 (1.7, 6.0)		<0.001

		Outside neighborhood		9.4		9.8		1.1 (0.4, 2.7)		1

		Total recreational biking		18.7		30.3		2.9 (1.6, 5.4)		<0.001

		Total walking and biking for recreation

		Walking and biking inside neighborhood		68.5		89.0		7.1 (3.5, 16.3)		<0.001

		Walking and biking outside neighborhood		39.7		25.6		0.4 (0.2, 0.6)		<0.001

		Total recreational walking and biking		75.7		89.7		5.2 (2.5, 12.1)		<0.001

		Total recreational physical activity[ii]

		Moderate-intensity		82.1		93.8		5.6 (2.5, 14.8)		<0.001

		Vigorous-intensity		52.9		54.3		1.2 (0.7, 2.3)		0.57

		Total Recreational/Leisure Physical Activity w/Walking		89.3		96.1		4.8 (1.8, 16.1)		<0.001

		Walking for transport

		Inside neighborhood		32.0		24.3		0.6 (0.4, 1.0)		0.03

		Outside neighborhood		9.8		12.0		1.4 (0.7, 2.9)		0.41

		Total transport walking		34.6		30.7		0.8 (0.5, 1.3)		0.42

		Biking for transport

		Inside neighborhood		9.0		15.4		3.1 (1.4, 8.0)		0.005

		Outside neighborhood		4.1		6.0		1.6 (0.6, 4.5)		0.38

		Total transport biking		9.7		17.0		3.9 (1.6, 10.5)		<0.001

		Total transport physical activity

		Biking and walking inside neighborhood		35.3		32.1		0.8 (0.5, 1.2)		0.31

		Biking and walking outside neighborhood		13.3		16.0		1.3 (0.7, 2.4)		0.4

		Total Transport Physical Activity		38.0		37.7		1.0 (0.6, 1.6)		1

		Total physical activity[iii]

		Moderate-intensity		86.5		96.4		6.4 (2.5, 21.0)		<0.001

		Vigorous-intensity		52.9		54.3		1.2 (0.7, 2.3)		0.57

		Total Physical Activity		91.1		96.7		5.0 (1.7, 20.2)		<0.001

		Meets Physical Activity Guidelines		75.7		84.6		2.4 (1.3, 4.4)		0.002

		[i] Recreational physical activity at moderate and vigorous intensities and combined (excluding walking and biking)

		[ii] Total recreational physical activity - moderate-intensity = recreational/leisure-time moderate-intensity and walking/biking, moderate- and vigorous-intensity = moderate-intensity + vigorous intensity

		[iii] All domains combined – moderate-intensity = recreational/leisure-time moderate-intensity and walking/biking for recreation and transport, moderate- and vigorous-intensity = moderate-intensity + vigorous intensity

		*p-values based on a paired sample t-test
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