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HISTORICAL PERSPECTIVE 

The field of physical activity and public health has been developing at a rapid pace during the past 

several decades. During the 1950s and 1960s, two scientific areas – exercise science and epidemiologic 
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science – converged in an effort to understand and address the heart disease epidemic. In the United 

States, the percentage of all deaths caused by heart disease had risen from 8 to 10 percent in the early 

1900s to slightly less than 40 percent by 1960.1 By the late 1980s, scientific evidence had clearly shown 

that regularly performed moderate-to-vigorous physical activity reduced the risk of heart disease.2 

Evidence of other health benefits soon followed.3 This 2018 Physical Activity Guidelines Advisory 

Committee Scientific Report adds to the lengthening list of health benefits of regular physical activity. 

Less well recognized has been a third area of influence beyond exercise science and epidemiologic 

science. In 1974, the Canadian government published a report titled A New Perspective on the Health of 

Canadians.4 More commonly referred to as “The Lalonde Report,” after the Canadian Minister of Health 

and Welfare, the report made a clear distinction between the clinical health care system and the arena 

of disease prevention and health promotion. Within disease prevention and health promotion, it called 

attention to the importance of “lifestyle,” including physical activity. The Canadian report was followed 

by the U.S. report, Healthy People: The Surgeon General’s Report on Health Promotion and Disease 

Prevention, which had a similar message.5 These documents called attention to the important impact of 

lifestyle behaviors on the risk of disease, an observation that is now well accepted. Also widely 

recognized is the fact that individual behaviors, including physical activity behaviors, are determined not 

solely by individual choice but by social and cultural factors as well as environmental impediments or 

opportunities. 

Thus, while exercise science and epidemiologic science remain central to the field of physical activity 

and public health, the field now includes an array of other scientific disciplines. Behavioral science, 

clinical science, recreation science, transportation science, city planning, political science, and other 

disciplines are now recognized to be essential for the proper study and practice of physical activity and 

public health. 

The widening range of scientific fields currently contributing to this topic reflects the recognition that 

physical activity is embedded and intricately connected to every aspect of daily life. No longer viewed 

only as distinct and prolonged bouts of “vigorous physical exercise,”6 physical activity is recognized as 

encompassing the accumulation of movement occurring throughout the day, regardless of location, 

type, or purpose. This broader view of physical activity complicates the study, understanding, and 

discussion of this key health behavior. The purpose of this chapter is to provide a brief discussion of 
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physical activity-related terminology and issues that may help readers understand the concepts, 

evidence, and interpretations that are presented elsewhere in this report. 

The Physical Activity Guidelines Advisory Committee Report, 20087 and the 2008 Physical Activity 

Guidelines for Americans8 demonstrated that the importance and value of physical activity and public 

health had been recognized at the highest level of government. The 2018 Scientific Report is further 

evidence of the importance of physical activity to the national interest. 

PHYSICAL ACTIVITY TERMS AND DIMENSIONS 

As the field has matured and the complexity of physical activity has become more apparent, applying 

clear definitions and descriptions of relevant concepts and issues has become increasingly important. In 

this document, the Committee has endeavored to use the most appropriate terms for the physical 

activity behaviors and concepts being discussed. 

Core Terms 
Physical activity is bodily movement produced by skeletal muscles that results in energy expenditure.9 

The term, physical activity, does not require or imply any specific aspect or quality of movement. The 

term encompasses all types, intensities, and domains. Although the term “physical activity” has been 

used often as a short-hand description for moderate-to-vigorous-intensity forms of physical activity, 

given current interest and discussions about physical activity of intensities less than moderate-intensity 

(i.e., <3 METs, see description below), the term “physical activity” should be used when discussing the 

full range of intensities. More specific descriptors such as sedentary behavior, light, moderate, vigorous, 

or moderate-to-vigorous should be used when talking about a specific range of intensities.  

Exercise is physical activity that is planned, structured, repetitive, and designed to improve or maintain 

physical fitness, physical performance, or health.9 Exercise, like physical activity, encompasses all 

intensities. The word exercise, like the term physical activity, has been used often to mean moderate-to-

vigorous-intensity physical activity. However, it is preferable to specify the intensity when discussing or 

describing exercise.  
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Sedentary behavior is any waking behavior characterized by an energy expenditure 1.5 or fewer METs 

while sitting, reclining, or lying.10 Most office work, driving a car, and sitting while watching television 

are examples of sedentary behaviors. 

Non-exercise physical activity is a phrase that encompasses all physical activity that is not exercise. It 

has been used to mean various types and intensities of physical activity, mostly light intensity physical 

activity. Given its ambiguity, however, clearer descriptions of the physical activity behavior of interest 

are preferable. 

Types of Physical Activity 

Specific Types of Activity  
A common way of describing physical activity type is to specify the activity under discussion. Walking, 

bicycling, tai chi, bocce ball, gardening, and vacuuming are examples of specific activities.  

Activity by Predominant Physiologic Effect 
Aerobic Physical Activity  
Aerobic physical activity includes forms of activity that are intense enough and performed long enough 

to maintain or improve an individual’s cardiorespiratory fitness. Aerobic activities such as walking, 

basketball, soccer, or dancing, commonly require the use of large muscle groups. The connection 

between aerobic activities such as these and cardiorespiratory fitness is sufficiently close that the term 

“aerobic capacity” is considered equivalent to cardiorespiratory fitness. Technically, aerobic physical 

activity includes any activity that could be maintained using only oxygen-supported metabolic energy 

pathways and could be continued for more than a few minutes. However, since the publication of 

Aerobics in 196911 in both common and scientific usage, “aerobic” activity has come to mean physical 

activity that would be expected to maintain or improve cardiorespiratory fitness or aerobic capacity. 

Anaerobic Physical Activity  
Anaerobic physical activity refers to high-intensity activity that exceeds the capacity of the 

cardiovascular system to provide oxygen to muscle cells for the usual oxygen consuming metabolic 

pathways. Anaerobic activity can be maintained for only about 2 to 3 minutes. Sprinting and power 

lifting are examples of anaerobic physical activity. 
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Muscle-strengthening Activities 
Muscle-strengthening activities maintain or improve muscular strength (how much resistance can be 

overcome), endurance (how many times or for how long resistance can be overcome), or power (how 

fast can the resistance be overcome). Muscle-strengthening activities include everyday behaviors, such 

as carrying heavy groceries, shoveling snow, lifting children, or climbing stairs, as well as the use of 

exercise equipment, such as weight machines, free weights, or elastic bands.  

Bone-strengthening Activities 
Bone-strengthening activities are movements that create impact and muscle-loading forces on bone. 

These forces stress the bone, which adapts by modifying its structure (shape) or mass (mineral content), 

thereby increasing its resistance to fracture. Jumping, hopping, skipping, and dancing are activities that 

are good for bone strengthening, as are muscle-strengthening activities. 

Balance Training 
Balance training activities are movements that safely challenge postural control. If practiced regularly, 

they improve the ability to resist intrinsic or environmental forces that cause falls whether walking, 

standing, or sitting. Standing on one foot, walking heel-to-toe, the balance walk, and using a wobble 

board are examples of balance training activities.12, 13 

Flexibility Training 
Flexibility training, also called stretching, improves the range and ease of movement around a joint. 

Dynamic stretching, such as the movements of tai chi, qigong, and yoga, and static stretching are 

examples of flexibility training. 

Yoga, Tai Chi, and Qigong 
These activities, whose origins lie outside of Western culture, typically combine muscle-strengthening, 

balance training, light-intensity aerobic activity, and flexibility in one package. Some variations of yoga, 

tai chi, and qigong emphasize relaxation, meditation, or spirituality as well. As a result, are sometimes 

referred to as “mind-body” activities.  

Domains of Physical Activity 

As noted above, physical activity occurs throughout the day, for a variety of purposes, and in many types 

of settings. Occupational forms of physical activity were the focus of most of the initial epidemiologic 

studies on physical activity and health.14, 15 As occupations requiring high levels of physical activity 
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declined, the research focus shifted to leisure-time or recreational physical activity.16, 17 Most of the 

research findings summarized for this report are based on studies of leisure-time physical activities. For 

many individuals, physical activity during leisure-time is more easily modified than during other domains 

and includes the majority of moderate-to-vigorous intensity activities. 

Nevertheless, physical activity can and does occur throughout all portions of the day, and, with few 

exceptions, the health-enhancing value of physical activity is independent of the purpose for performing 

it. As a result, non-leisure forms of physical activity, such as transport-related physical activities like 

cycling to work, are now recognized as options for physical activity promotion. There are many ways of 

grouping physical activity. One popular method categorizes physical activity into four domains, as 

follows: 

• Occupational physical activity is performed while one is working. Stocking shelves in a store,

delivering packages in an office, preparing or serving food in restaurant, or carrying tools in a

garage are examples of occupational physical activity.

• Transportation physical activity is performed in order to get from one place to another. Walking

or bicycling to and from work, school, transportation hubs, or a shopping center are examples.

• Household physical activity is done in or around one’s home. It includes household tasks such

as cooking, cleaning, home repair, yardwork, or gardening.

• Leisure-time physical activity is performed at one’s discretion when one is not working,

transporting to a different location, and not doing household chores. Sports or exercise, going

for a walk, and playing games (hopscotch, basketball) are examples of leisure-time physical

activity.

Body Position 

The rising interest and recognized importance of low energy expenditure activities call attention to body 

position during physical activity. Physical activity occurs in any body position. Some positions, notably, 

lying, reclining, and sitting, facilitate less bodily movement and energy expenditure than do standing or 

ambulating. Recently developed motion sensors can measure low levels of physical activity more 

accurately than previously possible and have enabled research in this area. Given the large amount of 

awake time that is spent sitting, much of the research has focused upon sitting. To promote standard 

terminology and improve communication, researchers have collaborated in the development of a 

proposed set of definitions for research in this area.10 The definition of sedentary behavior, “any waking 
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behavior characterized by an energy expenditure ≤1.5 metabolic equivalents (METs), while in a sitting, 

reclining or lying posture,” is used throughout this report. 

Absolute and Relative Intensity 

Absolute Intensity 
Absolute intensity is the rate of energy expenditure required to perform any physical activity. It can be 

measured in METs, kilocalories, joules, or oxygen consumption. The most commonly mentioned unit in 

this report is the MET. One MET is the rate of energy expenditure while sitting at rest, which, for most 

people approximates an oxygen uptake of 3.5 milliliters per kilogram per minute. The energy 

expenditure of other activities is expressed in multiples of METs. For example, for the average adult, 

sitting and reading requires about 1.3 METs. Strolling or walking slowly requires about 2.0 METs. 

Walking at about 3.0 miles per hour requires about 3.3 METs, and running at 5 miles per hour requires 

about 8.3 METs. The average rate of energy expenditure for a substantial number of activities has been 

documented for the general adult population18 and for children and youth ages 6 to 18.19  

Absolute rates of energy expenditure commonly have been divided into 4 categories. 

• Vigorous-intensity activity requires 6.0 or greater METs; examples include walking very fast (4.5

to 5 mph), running, carrying heavy groceries or other loads upstairs, shoveling snow by hand,

mowing grass with a hand-push mower, or participating in an aerobics class. Adults generally

spend less than 1 percent of waking time in vigorous activity (Figure C-1).20

• Moderate-intensity activity requires 3.0 to less than 6.0 METs; examples include walking briskly

or with purpose (3 to 4 mph), mopping or vacuuming, or raking a yard.

• Light-intensity activity requires 1.6 to less than 3.0 METs; examples include walking at a slow or

leisurely pace (2 mph or less), cooking activities, or standing while scanning groceries as a

cashier.

• Physical activity requiring 1.0 to 1.5 METs have, in the past, been referred to as “sedentary

activity.” Almost all these physical activities are included in the term “sedentary behavior,”

defined earlier to be any waking behavior characterized by an energy expenditure 1.5 or fewer

METs while sitting, reclining, or lying.10 The one common activity with an energy expenditure of

1.5 METs not included within sedentary behavior is standing quietly. Continued use of the term

“sedentary activity” is sure to be confusing, especially because standing is the only behavior

within it not covered by “sedentary behavior.” In this report, the Committee has simply used the
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word standing whenever necessary. These low-intensity physical activity behaviors are very 

common. Accelerometer-based estimates indicate that adults in the United States spend more 

than 50 percent of their waking time in physical activities requiring an estimated 1.0 to 1.5 METs 

(Figure C-1).21 

Figure C-1. Proportion of Time-awake at Different Categories of Accelerometer Counts for U.S. Adults, 

by Sex and Age Group, 2003-2004 

Note: *=Some researchers categorize counts in this range as light-intensity, others as moderate-intensity. 
Source: Adapted from data found in Matthew, 2005,22 and Troiano et al., 2008.20 

Relative Intensity 
For the general young to middle-aged adult population, the terms used to describe the rate of energy 

expenditure – light, moderate, vigorous – adequately represent the perceived level of effort to perform 

an activity. Older individuals, those with certain physical impairments, or individuals who have been very 

inactive may have a lower aerobic capacity and, as a result, may perceive the activity to be relatively 

more difficult to perform,23 thereby creating a mismatch between the word used to describe the 

absolute rate of energy expenditure and the individual’s perceived level of effort. 

Relative intensity refers to the ease or difficulty with which an individual performs any given physical 

activity. It has a physiologic basis and can be described using physiologic parameters, such as percent of 
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aerobic capacity (VO2max) or percent of maximal heart rate. Relative intensity can also be measured 

with tools that assess an individual’s perception about how difficult it is to perform an activity. A variety 

of tools have been developed to help individuals self-regulate the relative intensity of their aerobic 

physical activity. For ease of use in non-clinical settings, the sing-talk test is the simplest. During light-

intensity activities most people are able to sing, during moderate-intensity they can talk but not sing, 

and during vigorous activities, even talking is difficult.24 Also simple to use is a 10-point scale, originally 

designed as a communication tool, where 0 is sitting and 10 is the greatest effort possible.8 Moderate-

intensity physical activity is about half way (five or six points), with vigorous higher (seven or eight). In 

general, an individual’s subjective assessment of how hard he or she is working corresponds well with 

laboratory-based assessments of capacity. 

The contrast between absolute and relative intensities can be highlighted by noting that the focus of 

absolute intensity is the activity, whereas the focus of relative intensity is the individual’s level of effort 

during the activity. Observational population-based studies typically determine what an individual has 

done and estimate the energy required to do it, so the measurement is absolute. Experimental studies 

typically use relative intensity in prescribing a program of physical activity to ensure the desired level of 

effort is appropriate for the individual. 

Dose, Volume, and Dose-response for Aerobic Activities 

Dose 
Dose of aerobic physical activity is the type and amount of reported or prescribed physical activity. 

Physical activity may be prescribed for improving health, rehabilitation, training, or research. As devices 

to measure physical activity become more common and functional in both research and popular use, 

modifications in the components and summary descriptors of dose are likely. 

The components of dose for aerobic physical activity are the frequency, duration, and intensity of the 

physical activity:  

• Frequency is usually counted as sessions or bouts of moderate-to-vigorous physical activity per

day or per week.

• Duration is the length of time for each session or bout.

• Intensity is the rate of energy expended during the physical activity session or bout, usually in

METs.
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Dose is commonly calculated for a specific period of time, such as per day or per week, and, for aerobic 

activity, has been limited to moderate-to-vigorous physical activity because those are the intensities 

known to provide benefits. Increasingly, the acronym FITT, standing for frequency, intensity, time 

(duration), and type of activity (e.g., aerobic, muscle-strengthening) has been used to describe physical 

activity dose.25 

Volume 
Volume is the quantification of the dose of activity accumulated over a specified length of time. Volume 

is usually expressed in MET-minutes or MET-hours per day or week. It is calculated by multiplying the 

physical activity frequency and duration by the MET values corresponding to that physical activity. For 

activities, such as walking or running, where a rate of energy expenditure at any given speed is a fixed 

amount, volume is sometimes simplified to minutes or hours of the activity, such as minutes per week of 

walking. Kilocalories per day or per week is used is used less frequently. 

As the use of personal devices (see Devices, below) to measure physical activity has increased, volume is 

sometimes expressed as activity counts or step counts during a set period of time. Steps are easily 

counted. Step counts are easily understood by individuals and the media. They are a useful prescription 

tool for health care providers and trainers. Step counts blend well with public health messages 

encouraging the use of stairs rather than elevators, walking in airports rather than taking the train or 

shuttle, or parking at a distance from the final destination. Step counts include light- as well as 

moderate- and vigorous-intensity physical activity. As a result, the number of steps that would be 

equivalent to 150 to 300 minutes per week of moderate-to-vigorous physical activity varies from 

individual to individual and it may be less than the commonly suggested 10,000 steps.26, 27 Regardless, 

step counts are simple to use, can be tailored to meet individual needs, and appear to be useful for 

monitoring progress toward personal goals.8  

Dose-response 

Dose-response is the relationship between the dose or volume of physical activity and the magnitude of 

change, if any, in the health outcome or physiologic change. A graduated response—small dose with 

small response, large dose with large response—is evidence of the truth of the relationship. For ordinal 

data, a dose-response relationship requires at least three levels of exposure, in this case three volumes 

of physical activity (Figure C-2). For data collected as a continuous variable, differing shapes of the 

relationship can be examined. The shape of a dose response curve adds importantly to the 



Part C. Background and Key Physical Activity Concepts 

2018 Physical Activity Guidelines Advisory Committee Scientific Report C-11

understanding of the relationship. For example, in Figure C-2, the shape indicates that the majority of 

the reduction in mortality risk among individuals with type 2 diabetes is achieved by moving from “no 

activity” to “some activity”, and that meeting the Guidelines confers additional benefits. 

Figure C-2. Risk of Cardiovascular Mortality Among People with Type 2 Diabetes by Dose of Physical 
Activity

Source: Adapted from data found in Sadarangani et al., 2014.28 

MEASURING PHYSICAL ACTIVITY 

Measuring physical activity with reasonable accuracy and acceptable cost is vital to the understanding of 

the relationship between physical activity and health. Because of the complexity of physical activity, 

measuring it may be the most difficult aspect of the study and promotion of physical activity. 

Over time, the preferred method of measuring physical activity behavior has changed. Early 

epidemiologic studies commonly relied upon job categories to categorize workers into higher or lower 

levels of physical activity. As mechanization reduced the number of jobs requiring substantial amounts 

of physical activity, questionnaires to assess primarily leisure-time physical activity became the 

predominant method. Recently, technological advances have made possible the development of devices 
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to assess bodily movement. The accuracy of devices has improved and the cost has declined such that 

devices are now the preferred measurement tool in many epidemiologic studies.  

Occupational Categories 

Estimates of the energy requirements for various job categories provided an inexpensive and simple 

method of dividing individuals into higher and lower physical activity categories. Only employed 

individuals, mostly men, were included and the method assumes all workers in the same category 

expend about the same energy on the job. The decline in physically demanding jobs has made job 

categories a less useful measurement tool than they were 60 to 70 years ago. Nevertheless, the method 

provided persuasive evidence that individuals who were more physically active had lower rates of 

cardiovascular disease than did their co-workers who had less physically demanding jobs. 

Questionnaires 

Information for questionnaires usually comes from individuals reporting on their own physical activity 

behavior. It may also come from proxy reporters, such as parents of young children, or observers 

watching the physical activity of others. Several general categories of questionnaires have been 

developed, as have large numbers of specific questionnaires within each category. Global questionnaires 

strive to place individuals into physical activity categories using one or more questions. Quantitative 

history questionnaires use more questions to inquire about participation in specific activities or activities 

of specific intensity, almost always moderate-to-vigorous intensity. Physical activity diaries are another 

form of questionnaire. Many recent questionnaires have begun to inquire about sedentary or sitting 

behaviors but, for the most part, questionnaires have focused upon moderate-to-vigorous physical 

activity because those activities are most easily remembered. Questionnaires generally do an adequate 

job of ranking individuals from high to low physical activity volumes. They are less accurate determining 

the actual volume of moderate-to-vigorous physical activity performed. Questionnaires are capable of 

determining the specific activities performed and the domains for those activities. Individuals can also 

report the relative intensity of their activities. The use of the Internet to administer questionnaires and 

to collate the responses has reduced the burden on both respondents and researchers.  

Devices 

The types and accuracy of devices to measure physical movement have been improving rapidly and their 

cost has steadily declined. Formerly, devices were one of two general types: pedometers, devices that 
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counted steps, and accelerometers, devices that measured truncal or limb movement. With current 

technology, accelerometers are now available as smart phone apps and components of wrist watches. 

They have become more accurate at assessing upper body as well as lower body movements and some 

are waterproof, enabling the assessment of water activities. Many of these systems use a variety of 

sensors and technologies and are referred to as “multi-sensor systems.” They measure steps, often are 

paired with global positioning systems providing estimates of speed and distance, and some include 

heart rate monitors, making estimates of relative as well as absolute energy expenditure possible. The 

advances in measurement of bodily movement, especially light-intensity physical activities, will continue 

to improve knowledge and understanding of the relationship between physical activity and health. 

MONITORING PHYSICAL ACTIVITY 

Monitoring the status of selected health indicators is a vital function of public health agencies and a 

critical factor in the allocation of public health resources. Public health agencies now monitor, in 

addition to causes of death, disease incidence and prevalence, and the prevalence of important health-

related behaviors, such as physical activity. They now also recognize the importance of monitoring 

factors that facilitate or impede physical activity, such as policies and environments. As indicated in the 

previous section, physical activity is difficult to measure and monitor precisely. Until recently, public 

health monitoring systems used only self-report instruments. Device-measured physical activity 

monitoring systems are becoming more available, and already provide useful supplements to existing 

national systems. The increasing use and capacity of devices that measure physical activity is likely to 

both enable and require flexibility and change in public health physical activity monitoring systems in 

the near future. 

This section provides examples of useful information provided by public health monitoring systems. One 

simple and important use of monitoring data is to describe the proportion of individuals performing 

different amounts of physical activity (Figure C-3). About half of the U.S. adult population reports that 

they accumulate less than the target range of 150 to 300 minutes of leisure-time moderate-intensity 

equivalent physical activity each week. Nearly one-third are classified as “inactive,” meaning that they 

report doing less than 10 minutes of moderate-to-vigorous physical activity. Because the benefits for 

several important health outcomes, such as cardiovascular disease, type 2 diabetes, and all-cause 

mortality, accrue rapidly at the lower end of the physical activity range, facilitating more physical activity 



Part C. Background and Key Physical Activity Concepts 

2018 Physical Activity Guidelines Advisory Committee Scientific Report C-14

among the individuals who are inactive would be expected to produce substantial reductions in 

morbidity and mortality. 

Figure C-3. Distribution of Self-Reported Volume of Moderate-to-Vigorous Physical Activity, 150 
Minutes per Week Increments, U.S. Adults, 2015 

Source: Adapted from data found in the National Health Interview Survey, 2015.29 

Another important use of monitoring data is to identify population subgroups who stand to benefit the 

most from increasing their physical activity level (Figure C-4). The proportion of adults in or above the 

target range differ substantially and systematically across age groups, income groups, and by disability 

status. Similar information is available for high school students (Figure C-5). 
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Figure C-4. Percentage Adults within or above Target Range for Moderate-to-Vigorous Physical 
Activity by Population Subgroup, 2015 

Legend: W=White, B=Black, H=Hispanic, A=Asian. 
Note: Estimates are age-adjusted using the year 2000 standard population. 
Source: Adapted from data found in the National Health Interview Survey, 2015.29 
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Figure C-5. Percentage of High School Students Meeting Aerobic Target Range, 2013 

Legend: NH-W=Non-Hispanic White, NH-B=Non-Hispanic Black, H=Hispanic, A=Asian, AN&AI=Alaska Native and 
American Indian. 
Source: Adapted from data found in the Youth Risk Behavior Survey, 2013.30 

In addition to information about the current prevalence of physical activity behaviors overall and among 

subgroups, public health monitoring systems also provide information about changes, if any, over time 

(Figure C-6). National estimates of changes in prevalence over time provide information about the 

overall impact of the multiple factors that influence physical activity behaviors. Data from the National 

Health Interview Survey suggest that from 1998 through 2015 the prevalence of individuals who report 

doing no leisure-time moderate-to-vigorous physical activity has declined from about 40 percent to 30 

percent.29 The decline has occurred for both women and men.29 
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Figure C-6. Prevalence of Adults Who Engage in No Leisure-time Moderate-to-Vigorous Physical 
Activity, by Sex and Year, 1998 to 2015 

Note: Estimates are age-adjusted using the year 2000 standard population. 
Source: Adapted from data found in the National Health Interview Survey, 1998-2015.29 

In addition to monitoring the prevalence of physical activity among population subgroups and over time, 

current surveillance systems are beginning to monitor the prevalence of policies and environmental 

characteristics that facilitate regular physical activity participation. For example, the number of states 

with clear physical education curriculum policies in elementary, middle, and high schools has slowly 

risen between 2006 and 2012 (Figure C-7).31 
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Figure C-7. Percentage of States with a Clear Physical Education Policy, by Level of School, School 
Years 2006-2007 to 2011-2012  

Source: Adapted from data found in Institute of Medicine, 2013.31 

PHYSICAL FITNESS 

Physical fitness is a physiologic attribute determining a person’s ability to perform muscle-powered 

work. A fundamental manifestation of this attribute is the ability to move—for example, to walk, run, 

climb stairs, and lift heavy objects. As a result, physical fitness is an important factor in the ability of 

individuals to perform routine daily activities and an important issue from a public health perspective. 

Physical fitness has been defined as “the ability to carry out daily tasks with vigor and alertness, without 

undue fatigue, and with ample energy to enjoy leisure-time pursuits and respond to emergencies.”32 

The concept of physical fitness typically has been operationalized as a multicomponent construct 

including cardiorespiratory endurance (aerobic power), musculoskeletal fitness, flexibility, balance, and 

speed of movement (see Table C-1). For the purposes of this report, to the term “fitness” refers to this 

general sense. 
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Table C-1. Components of Physical Fitness 

A large volume of research has focused on the relationship between physical activity and health. The 

findings of that research, summarized elsewhere throughout this report, identify multiple health 

benefits associated with maintaining greater amounts of physical activity. In addition, a substantial body 

of research has examined the relationship between physical fitness—cardiorespiratory fitness and, in 

some cases, musculoskeletal fitness—and health outcomes. The findings show that greater physical 

fitness is associated with reduced all-cause mortality, cardiovascular disease mortality, and risk of 

developing a wide range of non-communicable diseases.33 To date, the majority of this information has 

been acquired in men, but some data now indicate that these relationships also exist in women.33  

Thus, compelling scientific evidence indicates that both physical activity and physical fitness provide 

important health benefits. In addition, it is clear that physical activity and physical fitness are positively 

correlated,34 and it is well documented that increases in the amounts and intensities of physical activity 

typically produce increases in physical fitness, particularly in those who are less physically active at 

baseline.35 Accordingly, it is reasonable to question the independence of the relationships between 

physical activity and physical fitness with health outcomes. In some epidemiological studies it has been 

possible to examine, independently, the associations of both physical activity and fitness on the 

incidence of disease outcomes.36 This research shows that physical activity behavior accounts for only a 

portion of the impact of physical fitness on health.37 Similarly, the impact of physical activity on health is 

partially explained by its effect on physical fitness.37  

The available evidence suggests that physical activity and physical fitness interact in their effects on a 

variety of health outcomes. Given that both physical activity and physical fitness are complex 

Cardiorespiratory Endurance 
The ability to perform large-muscle, whole-body exercise at 
moderate to high intensities for extended periods of time. 

Musculoskeletal Fitness 
The integrated function of muscle strength, muscle endurance, and 
muscle power to enable performance of work. 

Flexibility The range of motion available at a joint or group of joints. 

Balance 
The ability to maintain equilibrium while moving or while 
stationary. 

Speed The ability to move the body quickly. 
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multicomponent concepts, it is likely that they interact in a variety of ways to influence health. Figure C-

8 is a simple conceptual framework for observational studies. Figure C-9 is a simple conceptual 

framework for intervention studies.38, 39 Both are intended to stimulate thought, discussion, and 

research into the mechanisms of greatest importance to the field of physical activity and public health. 

The models will be improved by future investigations.  

Figure C-8. The Role of Physical Fitness along Various Pathways between Physical Activity and Health 
Outcomes, Observational Studies  

• Pathway A: Physical fitness may serve as an intermediate variable along the pathway between

physical activity and health outcomes. Synonyms for intermediate variable include contingent

variable, intervening (causal) variable, and mediator variable.40 Intermediate variables lie along

the pathway between the exposure and outcome of interest. In this case, physical activity

induces changes in physical fitness and physical fitness causes changes in the health outcome.

• Pathway B: Physical fitness may serve as an effect modifier. Synonyms for effect modifier

include moderator variable or antecedent moderator.40 Effect modifiers operate outside of the

causal chain to influence the effect of the exposure variable on the outcome. If, in an

observational study, the participants are stratified according a component of physical fitness

and the beneficial effect of a greater volume of physical activity compared to a lower volume

differs between strata of physical fitness, then physical fitness is an effect modifier.
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• Pathway C: Physical activity may be associated with health outcomes through pathways that do

not involve physical fitness.

• Pathway D: Physical fitness may be considered as an outcome itself. Individuals who are more

physically fit are better able “to carry out daily tasks with vigor and alertness, without undue

fatigue, and with ample energy to enjoy leisure time pursuits and to meet unforeseen

emergencies”—in other words, the definition of fitness suggested above.

Figure C-9. The Role of Physical Fitness along Various Pathways between Physical Activity and Health 
Outcomes, Intervention Studies 

• Pathway A: This pathway represents the potential moderating influence of initial physical

fitness on interventions to increase physical activity. Baseline physical fitness can exert an

important influence on responses to interventions aimed at increasing physical activity. For

example, individuals with low baseline fitness may not respond behaviorally as well as

individuals with high baseline fitness to interventions emphasizing vigorous physical activity,41 or

may require a more gradual increase in intensity to achieve comparable effects.

• Pathway B: This pathway represents the potential mediating influence of changes in physical

fitness on the health effects derived from physical activity increases. With an increase in physical

activity, a change in physical fitness can mediate some of the resultant health effects, such that

the health effects accrue directly in relation to the increases in fitness. In theory, for some

health outcomes, an increase in physical activity may produce change in a health outcome only

if physical fitness is increased.

• Pathway C: Physical activity may be associated with health outcomes through pathways that do

not involve changes in physical fitness.
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• Pathway D: An increase in physical fitness represents an important health outcome in its own

right.

Although physical activity is the primary exposure of public health concern, physical fitness is an 

appropriate addition to the list of outcomes important to public health. For many years, physical fitness 

has been used as an appropriate public health outcome for children and youth, and physical function 

has been recognized as an important health outcome for older adults. Missing has been the recognition 

that improved physical fitness is important in the everyday lives of young and middle-aged adults, as 

well. Depending upon the physical activity regimen and population, physical fitness can change relatively 

quickly in response to an increase in physical activity.42 As such changes are typically readily detected by 

individuals who have increased their physical activity, physical fitness can serve as an important source 

of positive reinforcement for individuals who have adopted a higher level of activity. It is important to 

note that, like many other physiologic characteristics, an individual’s physical fitness is affected by both 

genetic factors and behavior. Accordingly, it is to be expected that the extent to which physical fitness is 

enhanced by an increase in physical activity varies from individual to individual.  

PHYSICAL ACTIVITY ACROSS THE LIFE COURSE 

Physical activity capacity, preferences, and needs vary substantially across the life course. This creates a 

tension between the need for public health guidelines to be simple and the need to properly account for 

the variation among age groups. Current practice is to divide the population into three primary age-

groups—youth, adults, and older adults—with several subcategories for the youth group (Table C-2). 

The break between youth and adults represents the transition from secondary school to higher 

education or full-time work; the break between adults and older adults is less clear-cut but generally 

centers on retirement. These breaks represent significant changes in social and environmental factors 

that influence physical activity participation and are, therefore, important in understanding and 

designing successful physical activity promotion strategies. These breaks also represent changes in the 

health outcomes associated with physical activity. Specifically, the youth guidelines are designed to 

ensure healthy growth and development, the adult guidelines primarily address disease prevention, and 

the older adult guidelines center on slowing the loss of function due to aging. The differences in these 

three paradigms (growth and development, disease prevention, maintenance of function) are reflected 
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in the differences in recommended volumes and types of health-related physical activity across the life 

course.  

Table C-2. Age Groups in National Physical Activity Guidelines or Recommendations from Five 
Developed Nations 

Age Group 
Australia 
(2014)43 

Canada 

(2011 and 
2017)44, 45

Germany 
(2016)46 

United 
Kingdom 

(2011)47 

United States 

(2008)8 

Children and 
adolescents 

0-5 years

5-12 years

13-17 years

0-4 years

5-11 years

12-17 years

0-3 years

4-6 years

6-11 years

12-18 years

<5 years not 
walking 

<5 years 
walking 

5-18 years

6-17 years

Adults 18-64 years 18-64 years 18-65 years 19-64 years 18-64 years

Older adults 
Older 

Australians 
65+ years 65+ years 65+ years 65+ years 

Legend: <=less than, +=more than. 

The normal decline in maximal aerobic capacity across the life course (Figure C-10) suggests that 

guidelines set for the “average” adult my not be challenging enough for the youngest adults and too 

challenging for many older adults. The 2008 Physical Guidelines for Americans acknowledged this 

problem for older adults and modified the older adult guidelines to emphasize relative rather than 

absolute intensity to guide the level of effort.8 The 2018 Advisory Committee recognized that similar 

adjustments might be appropriate for younger adults, namely that intensity for younger adults should 

be relative to their aerobic capacity. This would mean a higher absolute intensity and perhaps a higher 

accumulated volume than for middle-aged and older-adults. In addition, the Committee recognized that 

the health outcomes influenced by physical activity during young adulthood shared features with the 

growth and development needs of younger individuals and the disease prevention needs of middle-aged 

and older adults. As examples, the brain is not fully developed and the skeleton not fully mineralized 

until well into the third decade, and maintenance of normal blood pressure and body weight is 

important for younger as well as older adults. After discussion and preliminary research examining 

physical activity and health outcomes during young adulthood, the Committee felt the issue to be 

important but set it aside because the available literature did not appear to be strong enough to either 

confirm or support a change to the current approach. For the present, the age groups used by the 
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Committee are the same as in the 2008 Physical Activity Guidelines for Americans,8 the guidelines from 

other countries (Table C-2), as well as Healthy People data.48 

Figure C-10. Maximal Oxygen Uptake in METs, by Age Group

Legend: METmax=maximal oxygen uptake. 
Source: Adapted from data in Pate et al., 200649 for ages 16 to 19 and American College of Sports Medicine 
(ACSM)50 for all other age groups. 

SAFETY DURING PHYSICAL ACTIVITY 

At the start of their deliberations, the Committee recognized the importance of physical activity-related 

adverse events. Although the benefits of regular physical activity outweigh the inherent risk of adverse 

events, adverse events can happen and, though usually not severe, they are an impediment to 

continued and more widespread participation in regular physical activity. The Committee judged the 

basic principles and messages of the chapter on adverse events in the Physical Activity Guidelines 

Advisory Committee Report, 20087 to still apply in 2018. Rather than prepare a chapter that would 

duplicate the material in the prior report, each subcommittee looked for information about adverse 

events uncovered by their searches and, when appropriate, included the information in their chapters. 

(See, for example, Part F. Chapter 9. Older Adults). Included here is a brief summary of the material 

about adverse events from the 2008 Advisory Report.7  

The 2008 Advisory Report7 concluded that the benefits of physical activity outweigh the risks. It 

acknowledged a wide range of types of physical activity-associated adverse events, including 

musculoskeletal injuries, cardiac events, heat injuries, and infectious diseases. All types were addressed 

but the focus was on the prevention of musculoskeletal injuries. The 2008 Scientific Report7 noted that 
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physical activity-related musculoskeletal injuries are directly related to the type of activity, the volume 

of physical activity performed, and the rate of progression or change in volume of physical activity. 

Type of activity is important because the risk of musculoskeletal injury is directly related to the force and 

frequency of contact or collisions with other people, the ground, or other objects. Activities are 

commonly divided into four categories: Collision (e.g., football, ice hockey), contact (e.g., basketball, 

soccer), limited-contact (e.g., baseball, ultimate frisbee), and non-contact (e.g., running, swimming). 

“Activities with fewer and less forceful contact with other people or objects have appreciably lower 

injury rates than do collision or contact sports. Walking for exercise, gardening or yard work, bicycling or 

exercise cycling, dancing, swimming, and golf, already popular in the United States, are activities with 

the lowest injury rates.”7 

The risk of injury is directly related to a person’s usual dose or volume of physical activity. Dose is 

determined by the frequency, duration, and intensity of the activity (see the section on “Dose, Volume, 

and Dose-response for Aerobic Activities,” above). Runners, for example, who run 40 miles per week are 

more likely to be injured than those who run 15 miles per week.  

The risk of injury is directly related to the rate of progression or change in volume of physical activity.7 

Military recruits, for example, are commonly prescribed a specific type and volume of exercise. The type 

may change and the volume may increase over time, but all recruits are expected to do the same type 

and volume. Recruits who, before enrollment in the military, were doing lesser amounts of physical 

activity, incur more injuries than do recruits who had been doing greater amounts. Students in physical 

education classes and participants in aerobic dance classes have similar experiences; those who were 

less active before the classes are more likely to have a class-related injury than are those who were 

more active. A few experimental studies have assigned different doses of physical activity to groups of 

individuals with similar baseline physical activity practices. Injury rates are higher among those assigned 

the higher volumes. 

“The findings in military recruits, students, and runners are consistent with the two major principles of 

exercise training programs: 1) overload and adaptation, and 2) specificity of response. The overload and 

adaptation principle states that function is improved when tissues (e.g., muscles) and organs (e.g., 

heart) are exposed to an overload (i.e., a stimulus greater than usual) and provided time to recover and 

adapt. Repeated exposures to a tolerable overload are followed by adaptation of the tissues and organs 

to the new load and improvements in performance and function. Too large an overload or insufficient 
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time for adaptation, however, leads to injury and malfunction. The principle of specificity states that the 

adaptation and improved function is limited to the tissues and organs that have been overloaded. 

Training the muscles of the legs, for example, does not improve strength in the arms and shoulders.”7 

The 2008 Advisory Report7 noted that research determining the safest rate of change for individuals at 

differing habitual levels of physical activity is not available. That observation remains today. The 2008 

Advisory Report did conclude, however, that “adding a small and comfortable amount of walking, such 

as 5 to 15 minutes 2 to 3 times per week, to one’s usual daily activities has a low risk of musculoskeletal 

injury and no known risk of sudden severe cardiac events. Frequency and duration of aerobic activity 

should be increased before intensity. Increases in activity level may be made as often as weekly among 

youth, whereas monthly is more appropriate for older or unfit adults. Attainment of the desired level of 

activity may require a year or more, especially for elderly, obese, or habitually sedentary individuals.”7 

For more information about other aspects of physical activity-related adverse events, such as sudden 

adverse cardiac events, the value of proper equipment and safe environments, please see Part G. 

Section 10: Adverse Events in the 2008 Scientific Report.7 

PROMOTION OF PHYSICAL ACTIVITY 

The public health importance of developing approaches and programs to increase participation by the 

general public in regular moderate-to-vigorous physical activity grew from two observations. First was 

the evidence that regular physical activity reduced the incidence and mortality of cardiovascular disease, 

the leading cause of death in the United States. Second was the recognition that mechanization at 

worksites was reducing the prevalence of jobs requiring much moderate-to-vigorous physical activity. 

Over the past 30 to 35 years, the field of health education and promotion has advanced considerably in 

its knowledge about the complex factors that underlie physical activity behaviors and the approaches 

most likely to increase population levels of physical activity. Major theories and conceptual frameworks 

that have been instrumental in this progress include the Health Belief Model,51 Social Cognitive Theory,52 

the Transtheoretical Model,53 and applications of a Social Ecological framework.54 The application of 

such theoretical models and conceptual frameworks to the study of health behavior change, including 

physical activity behavior change, has led to several general conclusions, which include the following55: 
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• Physical and social environmental influences are important determinants of health behavior

change.

• Behavior change is a process rather than an event, with factors that influence behavior changing

over time.

• There is a difference between behavioral intention and action.

• Changing behavior initially and maintaining behavior change over longer periods of time are

often two different challenges that may be governed by different factors.

Given that less than half of U.S. adults and high school aged youth perform moderate-to-vigorous 

physical activity within the public health target range (see earlier information in this chapter), the 

promotion of physical activity has high public health importance. The 2018 Scientific Report includes, for 

the first time, a review of the recent evidence pertaining to physical activity promotion. Given the 

complexity and breadth of the physical activity promotion literature, a Social Ecological framework was 

applied in reviewing the evidence base in this area (see Part F. Chapter 11. Promoting Regular Physical 

Activity). The literature was divided into the following levels of intervention and impact: the individual, 

community settings, environmental and policy approaches, and information and communication 

technology approaches. These different levels are defined further in the chapter. In addition, 

interventions aimed specifically at reducing sedentary behavior were reviewed. 
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