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Overview

Is there a sufficient evidence base for the U.S. Department of Health
and Human Services (DHHS) to develop a comprehensive set of physical
activity guidelines for Americans? To address this question, the Food
and Nutrition Board and the Board on Population Health and Public
Health Practice, both of the Institute of Medicine (IOM), collaboratively
planned the Workshop on the Adequacy of Evidence for Physical
Activity Guidelines Development. The workshop, which was sponsored
by DHHS, was held in Washington, DC, on October 23-24, 2006.

Thirty expert research scientists and physical activity practitioners
from government and academia gave formal presentations during the
workshop. The invited workshop moderators, speakers, and discussants
were asked to consider the available evidence related to physical activity
and the general population, as well as special population subgroups
including children and adolescents, pregnant and postpartum women,
older adults, and persons with disabilities. Additionally, presenters were
asked to consider specific issues of relevance in assessing the quality and
breadth of the available evidence. However, presenters were asked not to
conduct a systematic review of the evidence for a particular population
or topic, and they were advised not to propose physical activity
guidelines at the workshop.

The planning committee’s role was limited to planning the workshop, and the workshop summary
has been prepared by the workshop rapporteurs as a factual summary of what occurred at the
workshop.
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2 PHYSICAL ACTIVITY WORKSHOP
THE WORKSHOP

The chair of the planning group, Dr. William L. Haskell, served as
the overall moderator for the workshop. He was assisted by seven col-
leagues who moderated the presentations and discussions for six plenary
sessions. After an overview of the purpose and structure of the work-
shop, expert panels addressed the amount and strength of the evidence
relating physical activity to health promotion and chronic disease preven-
tion, obesity and weight management, and risks of harm. Later in the
program, special consideration was given to children and youth, pregnant
and postpartum women, older adults, and persons with disabilities and
chronic health conditions. Periodically, scheduled discussants provided
supplementary information on each major topic. During each group dis-
cussion, members of the audience provided additional evidence, raised
questions, and suggested additional points for consideration by DHHS.
At the end of the workshop, moderators summarized the evidence related
to the major topics covered and identified a number of issues that would
need to be considered if DHHS decides to develop evidence-informed
physical activity guidelines for Americans.

This report is a summary of the workshop presentations and
discussions. Appendix A provides the workshop agenda, Appendix B
contains the biographical sketches of the presenters, and Appendix C
lists the workshop participants. For convenience, Appendix D identifies
acronyms and abbreviations, and Appendix E provides a glossary of
selected terms. The transcripts and slides used during presentations
served as the basis for the summary, but some of the content has been
rearranged for greater clarity. None of the statements made in this
workshop summary represents conclusions, recommendations, or group
consensus. Two terms used throughout the summary merit special
attention. Physical activity refers to body movement that is produced by
the contraction of skeletal muscle and that substantially increases energy
expenditure. Exercise often refers to planned, structured, and repetitive
body movement to improve or maintain one or more components of
physical fitness. In some cases, these two terms are used
interchangeably.

As indicated in Chapter 8, which covers the closing session, a sizable
body of literature was identified that documents a wide variety of
benefits of physical activity for all the population groups examined. For
each outcome, the strength of the evidence and the amount of evidence
varies depending on the topic. Overall, the body of evidence includes
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OVERVIEW 3

large and small randomized controlled trials, meta-analyses and
systematic reviews, prospective observational studies, consecutive case
series, case—control studies, genetic studies, and studies of biological
mechanisms. In addition, considerable evidence addresses the risks
associated with physical activity, ways to reduce the risks, and
considerations in weighing the risks against the benefits. Although the
final chapter summarizes information from the closing session on the
amount and strength of the available evidence, this information does not
represent conclusions or recommendations at this workshop.
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Introductory Session

This workshop brought together expert research scientists and physi-
cal activity practitioners from academia and government to explore the
adequacy of evidence for physical activity guidelines development. This
activity was a quick response to a request made by the U.S. Department
of Health and Human Services (DHHS) to the Institute of Medicine
(IOM) to organize a 2-day workshop to determine whether sufficient
evidence exists for DHHS to proceed in a systematic way to develop a
comprehensive set of physical activity guidelines for Americans.

According to RADM Penelope Slade Royall, one of the greatest
challenges at DHHS is leading the American public to be more physi-
cally active. Over the past 30 years, the federal government and many
organizations have issued physical activity recommendations. Although
the various recommendations illustrate the scientific consensus on the
health benefits of physical activity, they differ from each other with re-
gard to particular details: How much physical activity? What type of ac-
tivity? For whom and how often? Scientific advances may make it
possible to develop comprehensive guidance targeted to children, youth,
adults, and older adults. RADM Royall indicated that DHHS planned to
use the information presented at this IOM workshop to determine
whether to move forward on developing comprehensive physical activity
guidelines for Americans.

Copyright © National Academy of Sciences. All rights reserved.
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6 PHYSICAL ACTIVITY WORKSHOP
WORKSHOP GOALS
Presenter: William L. Haskell

The purpose of the workshop was twofold: (1) examine the available
data that link physical activity to health, giving special emphasis on the
nature and strength of the evidence; and (2) identify areas in which re-
search is needed to develop evidence-informed physical activity guide-
lines with confidence. The term evidence-informed refers to the
accumulation of data from a wide variety of research designs and clinical
experiences to reach a solid conclusion. Figure 1-1 illustrates the nature
of evidence-informed guidelines for public health policy.

Evidence-informed physical activity guidelines could be substan-
tially more comprehensive than the physical activity guidelines contained
in the Dietary Guidelines for Americans 2005 (DHHS and USDA, 2005),
but they also would need to coordinate with those guidelines. This work-
shop was planned to address evidence related to a broad range of health
outcomes (both benefits and risks) and many subpopulations, including
children and youth, adults, pregnant and postpartum women, older per-
sons, and persons with disabilities.

The presenters were cautioned to avoid making recommendations for
physical activity guidelines. Rather, they were asked to provide scientific
evidence that DHHS could use to make a decision regarding whether to
move forward on developing guidelines and, if the decision was positive,
that would provide a useful starting point for a future expert panel in de-
veloping physical activity guidelines for Americans. Thus each partici-
pant was asked to provide a list of relevant scientific references and other
supporting materials for their presentations. References related specifi-
cally to the presentations are listed at the end of each chapter. Additional
references have been forwarded to DHHS staff in the Office of Disease
Prevention and Health Promotion.

Dr. Haskell provided an example of the type of evidence that would
be considered if U.S. Food and Drug Administration (FDA) approval
was required before physical activity could be promoted as a “medicine”
or therapy. Such approval would require evidence on the following:

e [Efficacy. Does physical activity cause a specific health benefit as
demonstrated by adequately designed clinical trials?

Copyright © National Academy of Sciences. All rights reserved.
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INTRODUCTORY SESSION 7

Large randomized Meta-analysis and
controlled trials systematic reviews

\ /
Prospective

P obse_-rvatlonal
studies

Evidence-Informed
Public Health
Policy

Small randomized
controlled trials = —>

~

Consecutive case series

/ \ Case-control studies

Genetic studies Biological mechanisms

FIGURE 1-1 Research used to support evidence-informed public health policy.
SOURCE: Haskell (20006).

o FEffectiveness. Is the specified benefit obtained by a reason-
able percentage of the persons who undertake the prescribed
regimen or activity? Who will be a responder, and who will
be a nonresponder?

e Dose. What dose of physical activity provides a meaningful
benefit for a specific condition? The prescribed dose needs
to be defined in terms of type, intensity, frequency, and duration
or amount.

e Mechanisms of action. What changes in structure or function
caused by the physical activity are responsible for the specific
health benefit? In a therapy such as physical activity, there may
be multiple mechanisms for a single health benefit.

e Potential adverse events. What are the medical risks associated
with the prescribed dose of physical activity? What are the
medical contraindications for the prescribed activity, and what
adjustments in dose are needed for specific populations to
maximize the benefits and reduce adverse events?

Data that support each of these areas could provide the scientific evi-

dence base to develop broad national physical activity guidelines for
Americans.
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8 PHYSICAL ACTIVITY WORKSHOP

STATE OF THE NATION RELATIVE TO
PHYSICAL ACTIVITY RECOMMENDATIONS
FOR AMERICANS

Presenter: Russell R. Pate
History of Physical Activity Guidelines

The first physical activity guidelines in the United States were developed
in 1975. Box 1-1 lists the American College of Sports Medicine’s
(ACSM’s) recommended doses of aerobic physical activity and lists key
physical activity guidance statements that have been published since
1994. Guidelines for children are not separated from those for adults be-
cause some statements were intended to address the physical activity
needs of all Americans.

BOX 1-1
Chronological Listing of Physical Activity Guidelines
Published from 1975 Through 2005

Recommended Dose of Aerobic Physical Activity, American College of
Sports Medicine, 1975 to 2000

For Cardiorespiratory Fitness

1975: 3 to 5 days/week for 20 to 45 minutes/day at 70 to 90 percent of
heart rate range (the difference between resting and maximal heart rate,
typically 70 to 200 beats per minute in a young adult).

1980 and 1986: 3 to 5 days/week for 15 to 60 minutes/day at 70 to 85 per-
cent of heart rate range.

1991: lower level of intensity reduced to 60 percent of heart rate range.
1995: lower level of intensity reduced to 50 percent of heart rate range
and lower level of duration changed to 20 minutes/day.

For Health
2000: 7 days/week for more than 20 minutes/day at 40 to 85 percent of
heart rate range.

ACSM'’s guidance was a gradual decrease in the lower level of the rec-
ommended intensity—from quite an intense level of exercise (70 percent of
a person’s heart rate range in 1975 to 40 percent of a person’s heart rate
range beginning in 1991).

ACSM (1975, 1980, 1986, 1991, 1995, 2000)

Copyright © National Academy of Sciences. All rights reserved.
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INTRODUCTORY SESSION

BOX 1-1 Continued

San Diego Consensus Physical Activity Guidelines for Adolescents

¢ All adolescents should be physically active daily, or nearly every day, as
part of play, games, sports, transportation, recreation, physical educa-
tion, or physical exercise, in the context of family, school, and commu-
nity activities.

¢ Adolescents should engage in three or more sessions per week of ac-
tivities that last 20 minutes or more at a time and that require moderate
to vigorous levels of exertion.

Sallis and Patrick (1994)

Physical Activity and Public Health: A Recommendation from the Centers

for Disease Control and Prevention and the American College of Sports

Medicine

Every U.S. adult should accumulate 30 minutes or more of moderate-

intensity physical activity on most, and preferably all days of the week.
Pate et al. (1995)

Physical Activity and Health: A Report from the Surgeon General

e People of all ages should accumulate at least 30 minutes of physical
activity of moderate intensity on most if not all days of the week.

¢ Activity leading to an increase in daily expenditure of approximately 150
kilocalories/day (equivalent to approximately 1,000 kilocalories/week) is
associated with substantial health benefits and the activity does not
need to be vigorous to achieve benefit.

DHHS (1996)

NIH Consensus Development Panel on Physical Activity and Cardiovas-

cular Health

All Americans should engage in regular physical activity at a level appro-

priate to their capacity, need, and interest. Children and adults alike

should set a goal of accumulating at least 30 minutes of moderate-

intensity physical activity on most, and preferably all days of the week.
NIH (1995, 1996)

Health Education Authority Recommendations

¢ All children and youth should participate in physical activity that is of at
least moderate intensity for an average of one hour per day. While
young people should be physically active nearly every day, the amount
of physical activity can appropriately vary from day to day in type, set-
ting, intensity, duration, and amount.

e All children and youth should participate at least twice per week in
physical activities that enhance and maintain strength in the muscula-
ture of the trunk and upper arm girdle.

Cavill et al. (2001)

Continued
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10 PHYSICAL ACTIVITY WORKSHOP

BOX 1-1 Continued

Institute of Medicine Dietary Reference Intakes
In addition to the activities identified with a sedentary lifestyle, an average
of 60 minutes of daily moderate-intensity physical activity or shorter peri-
ods of more vigorous exertion was associated with a normal BMI and
therefore is recommended for normal-weight individuals.

IOM (2002/2005)

Dietary Guidelines for Americans 2005

Adults

¢ To reduce the risk of chronic disease in adulthood, engage in at least 30
minutes of moderate intensity physical activity.

e To help manage body weight and prevent gradual unhealthy weight
gain in adulthood, engage in approximately 60 minutes of moderate-to-
vigorous intensity activity.

Children and Adolescents

¢ At least 60 minutes of moderate to vigorous physical activity is recom-
mended on most days to maintain good health and fithess and for
healthy weight during growth. Increasing physical activity can lower the
body mass index of overweight children.

¢ During leisure time, it is advisable for all individuals to limit sedentary
behaviors, such as television watching and video viewing, and replace
them with activities that require more movement.

DHHS and USDA (2005)

Evidence-Based Physical Activity for School-Aged Youth
School-aged youth should participate every day in 60 minutes of more of
moderate to vigorous physical activity that is enjoyable and developmen-
tally appropriate.

Strong et al. (2005)

National Association for Sports & Physical Education

Guidelines for Toddlers and Preschoolers

e Toddlers should accumulate at least 30 minutes/day and preschoolers
should accumulate at least 60 minutes/day of structured physical
activity.

e Toddlers and preschoolers should engage in at least 60 minutes and up
to several hours per day of daily, unstructured physical activity and
should not be sedentary for more than 60 minutes at a time except
when sleeping.

NASPE (2006)

Copyright © National Academy of Sciences. All rights reserved.
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Adults

From the early 1970s to the early 1990s, physical activity recom-
mendations for the U.S. population were embodied in an exercise pre-
scription that specified at least 20 minutes/day of probably structured,
vigorous (or what would be perceived as vigorous) exercise 3 to 5 days a
week (Box 1-1). Exercise physiology research supported the view that
activity performed in that way would produce improvements in physical
fitness and in some other health parameters. Over that early period, the
major change in ACSM’s guidance was a gradual decrease in the lower
level of the recommended intensity—from quite an intense level of exer-
cise (70 percent of the person’s heart rate range') in 1975 to 40 percent
of the person’s heart rate range beginning in 1991 (ACSM, 1975, 1991,
1995) (Box 1-1).

In 1992, the American Heart Association (AHA) took an important
action by declaring that physical inactivity was a major risk factor for
cardiovascular diseases (CVD) (AHA, 1992). Many investigators recog-
nized an inconsistency between the recommendation that physical activ-
ity should be performed and structured in vigorous ways and the
evidence in the epidemiological literature, which suggested that there
might be many different ways to produce important health benefits
through physical activity.

Subsequently, the Centers for Disease Control and Prevention (CDC)
and ACSM developed and jointly released the recommendation that
every U.S. adult should accumulate 30 minutes or more of moderate-
intensity physical activity on most or preferably all days of the week
(Pate et al., 1995). The novel elements in that guideline were its sanc-
tioning of moderate-intensity physical activity and the concept that short
bouts of activity could be accumulated by individuals throughout the
day. The core guidance provided in Physical Activity and Health: A Re-
port of the Surgeon General (DHHS, 1996) and by a National Institutes
of Health consensus conference (NIH, 1995; NIH Consensus Develop-
ment Panel on Physical Activity and Cardiovascular Health, 1996) was
essentially the same as the CDC and ACSM recommendation.

Compared with earlier guidelines, one physical activity recommen-
dation that was released by IOM (IOM, 2002/2005) called for a longer
duration (60 minutes) of moderate-intensity physical activity daily, in

'The heart rate range refers to the difference between the resting and maximal heart
rate. For a young adult, for example, the heart rate range typically would be about 130
beats per minute (the difference between 70 and 200 beats per minute).
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addition to the activities required by a sedentary lifestyle, to prevent
weight gain, as well as to accrue additional weight-independent health
benefits of physical activity. The recommendations introduced in the
Dietary Guidelines for Americans 2005 (DHHS and USDA, 2005) were
related but somewhat different from the recommendations in the IOM
report. Over the 30 years since the release of the 1975 ACSM exercise
recommendation, many people have appeared resistant to accepting the
newer physical activity recommendations.

Children and Youth

The effort to develop physical activity guidelines specifically for
young people began in the mid-1990s (Box 1-1). The San Diego Consen-
sus Physical Activity Guidelines for Adolescents (Sallis and Patrick,
1994) and the Health Education Authority Recommendations (Cavill et
al., 2001) were based on very limited data. In the publication by Strong
and colleagues (2005), an expert panel conducted an extensive system-
atic literature review on the evidence associating physical activity with
health and other outcomes in children and youth. The panel recom-
mended that school-age youth participate in 60 minutes or more of daily
moderate to vigorous physical activity that is developmentally appropri-
ate. The guidelines for children and youth that were included in the Die-
tary Guidelines for Americans 2005 are consistent with Strong et al.
(2005). A different expert group convened by the National Association
for Sport & Physical Education (NASPE) developed the first physical
activity guidelines for toddlers and preschoolers under the age of 5 years
(NASPE, 2006) (Box 1-1).

Current Adherence with Existing Guidelines

The Behavioral Risk Factor Surveillance System (BRFSS) is the
primary source of data that tracks the extent to which Americans are
meeting established physical activity recommendations. The 2001
BRFSS determined the percentages of individuals who, by self-report,
engaged either in 30 minutes per day of moderate-intensity activity on 5
or more days per week or in 20 minutes per day of vigorous-intensity
activity on 3 or more days per week. The percentage of persons meeting
the standard decreases from about 60 percent in the youngest group to
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less than 40 percent in the oldest group (Macera et al., 2005). Rates of
physical activity vary by racial or ethnic background, sex, and age. Simi-
lar data are available from the Youth Risk Behavior Surveillance System
(YRBSS) (Eaton et al., 2006); however, Dr. Pate questioned how accu-
rately YRBSS estimates the level of physical activity for children and
youth.

The application of accelerometry as an objective measure of physical
activity is making it possible to track physical activity more accurately
than by self-report. Figure 1-2, which is based on accelerometry data,
shows the mean number of minutes of daily moderate to vigorous physi-
cal activity, counting bouts lasting 10 minutes or more, for groups rang-
ing in age from 6 years to older than 70 years. Clearly, most people are
physically active for fewer than 30 minutes/day.

50

O Males
404 O Females

30 1

Minutes per day

20+

10

Age (years)

FIGURE 1-2 Mean moderate to vigorous physical activity minutes per day
obtained using accelerometry data from the National Health and Nutrition Ex-
amination Survey, 2003-2004, and counting modified bouts of at least a 10-
minute duration, by age group and sex.

SOURCE: Richard Troiano, Ph.D., U.S. Department of Health and Human Ser-
vices, Personal communication, October 13, 2006.

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/11819.html

jvity Guidelines Development: Workshop Summary

14 PHYSICAL ACTIVITY WORKSHOP

Growth of the Knowledge Base Regarding
Physical Activity and Health

Dr. Pate used two quick methods to assess the growth of the knowl-
edge base regarding physical activity and health. The first was to note the
change in the number of citations of the 1995 CDC and ACSM physical
activity recommendations by year. In both 2004 and 2005, the number
peaked at 241 citations. The second method was to examine the results of
PubMed searches that used the key terms health and exercise and health
and physical activity to identify publications from 1980 through 2005.
Figure 1-3 depicts the curvilinear growth in the number of published pa-
pers on these topics over the past 25 years.

10,000 -
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(2]
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& 6,000
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o
2 Search Terms:
S 4,000 - O Health and exercise
E , B Health and physical activity
£
=z

2,000 -

1980- 1986- 1991- 1996- 2001-
1985 1990 1995 2000 2005

Years of publication

FIGURE 1-3 Increase in publications identified by searching PubMed for
health and exercise and health and physical activity for 5-year intervals from
1980 through 2005.

NOTE: The search was conducted in 2006.

SOURCE: Pate (2006).
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Concluding Remarks

Dr. Pate emphasized that we are in a period of developing improved
methods for measuring physical activity and that this issue would need to
be addressed by an expert group developing physical activity guidelines
for Americans. Regardless of the measurement method used, most
demographic groups have low adherence to the current physical activity
guidelines. Dr. Pate underscored the need for major public health initia-
tives to promote physical activity. One such initiative would be the de-
velopment of comprehensive physical activity guidelines for the
American public.
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Physical Activity, Health Promotion, and
Chronic Disease Prevention

The scope of effects of physical activity in health promotion and
chronic disease prevention is broad, and the workshop devoted two ses-
sions to the topic as it relates to the general population. This chapter ad-
dresses four major topics:

Cardiovascular disease (CVD), all-cause mortality, and cancer
Bone, joint, and muscle health and performance

Mental and neurological health

Diabetes and other metabolic disorders

Brief coverage of mechanisms of action in diabetes and of physical activ-
ity and cognition appears under the discussion section, followed by
points raised by participants during the group discussion.

CARDIOVASCULAR DISEASE, ALL-CAUSE
MORTALITY, AND CANCER

Presenter: Steven N. Blair

Dr. Blair’s presentation began with a historical overview of the topic
and the identification of exposure assessment issues, followed by a dis-
cussion of physical activity and the relationships among CVD, all-cause
mortality, and cancer. As the volume of evidence is very large and time
was limited, Dr. Blair selected data pertaining to different populations to
illustrate these relationships.

17
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Background
Historical Overview

Although Hippocrates and Galen recognized the benefits of physical
activity, the beginning of exercise science occurred in the twentieth cen-
tury. In the early 1920s, August Krogh and A.V. Hill won separate Nobel
Prizes in physiology and medicine for work related to physical activity.
A study of London transport workers (Morris et al., 1953) showed much
lower rates of coronary occlusion and of death from heart attack among
the physically active conductors than among the sedentary drivers. Based
on these results, Morris and colleagues formulated the hypothesis that
vigorous physical activity helps protect against coronary heart disease
(CHD). A study of the relationship of physical activity at work to CHD
deaths among longshoremen (Paffenbarger and Hale, 1975) provided
further strong evidence of the benefits of physical activity.

Exposure Assessment Issues

Self-reported questionnaires have provided valuable evidence of re-
lationships between physical activity and disease outcomes. Nonetheless,
some of them have led to a large amount of misclassification. Misclassi-
fication, in turn, has led to an underestimation of the observed effect. The
objective assessment of physical activity levels, such as the use of accel-
erometers or specific fitness tests, is expected to provide stronger evi-
dence of the effects of physical activity or inactivity on various health
outcomes.

Physical Activity, Fitness, and
Cardiovascular Disease

Figure 2-1 illustrates the results obtained from a study of CVD death
rates for women and men by fitness category (obtained using an objec-
tive test of fitness). Steep inverse gradients occur across the fitness cate-
gories. Especially notable is the very large difference in CVD death rates
between the low fit and the moderately fit group. That is, one need only
achieve the moderately fit category to derive considerable benefit.
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FIGURE 2-1 Cardiovascular death rates by fitness groups and sex. Death rates
are adjusted for age, examination year, and other risk factors. The Aerobic Cen-
ter Longitudinal Study (ACLS) objective test of fitness was used to classify fit-

ness groups.
SOURCE: Blair et al. (1996). Reprinted, with permission, from JAMA
276(3):205-210. Copyright ©1996 American Medical Association.

The measurement of inactivity or sedentary behavior may be another
useful approach to examining the relationship of physical activity to
CVD. For example, Manson and colleagues (2002) showed an increase
in the multivariate-adjusted relative risk of CVD with an increase in the
number of hours per day spent sitting.

Work by Hambrecht and colleagues (2004) shows that, among indi-
viduals with documented coronary artery disease, the group randomly
assigned to exercise (20 minutes per day on a cycle ergometer and a 60-
minute group aerobic exercise class once per week) had greater event-
free survival and exercise capacity than the group assigned to standard
treatment and angioplasty.

Unpublished data from the Aerobics Center Longitudinal Study
(LaMonte et al., 2005b) show that for both men and women, a greater
fitness level is associated with decreasing rates of CVD deaths, CHD
events, or CHD deaths. Fitness was assessed by a maximal exercise test
on a treadmill and was categorized by the highest level of metabolic
equivalent (MET) expenditure. In a multivariate analysis, the reduction
of risk per MET was approximately 10 to 15 percent for the various end
points in both women and men.
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A very recent report from the Nurse’s Health Study (Whang et al.,
2006), using self-reported data, shows a substantial decrease in the age-
adjusted hazard ratio for sudden cardiac death among women who spend
more than 3.9 hours per week in moderate to vigorous physical activity.
This is one of the first reports to show a relationship between physical
activity and a lower risk of sudden cardiac death in women. Evidence is
accumulating that coronary artery calcium is an indicator of subclinical
CHD among men and women (LaMonte et al., 2005¢). A study of 710
asymptomatic men with a coronary artery calcium score of greater than
100 found a very large reduction in the relative risk of CHD events for
those having an exercise tolerance of 10 or more METS (Lamonte et al.,
2000).

Barlow and colleagues (2006) reported on the risk of incident hyper-
tension among healthy women by fitness group. After adjusting for age
and other relevant factors, the risk of developing hypertension was mark-
edly decreased for women in the moderate fitness group and even further
decreased for women in the high fitness group. Earlier work had demon-
strated this relationship among men.

All-Cause Mortality

Physical activity has been associated with a decreased risk of death
in various population groups. A prospective study of 17,265 men and
13,375 women ages 20-93 years in Copenhagen found a substantial de-
crease in the risk of death among those who spent 3 hours per week
commuting to work by bicycle compared to those who did not commute
by bicycle (Andersen et al., 2000). Among the men and women ages 60
years and older, the multivariate-adjusted relative risk for all-cause mor-
tality decreased substantially by fitness level. Among men, the death rate
for those ages 80 years or older in the high fitness group was lower than
that for the least fit men ages 60 to 69 years (Blair and Wei, 2000).

Among men, the relative risk for all-cause and CVD mortality is
consistently lower for the fit when compared to the unfit across body fat
categories (Lee et al., 1999). In other words, being moderately fit is asso-
ciated with a substantially greater chance of survival even among those
with 25 percent of their body weight as fat. Similarly, among men with
metabolic syndrome, those in the moderate and high cardiorespiratory
fitness groups have increasingly lower all-cause mortality than do the
less fit men (Katzmarzyk et al., 2004).
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The length of time required to complete a 400-meter walk—a differ-
ent kind of objective fitness test—is a predictor of mortality, CVD, and
mobility disability among women and men ages 70 to 79 years at base-
line (Newman et al., 2006). Differences in energy expenditure measured
with doubly labeled water methods produce similar results (Manini et al.,
2006).

Measuring physical activity level by accelerometer, Garg and col-
leagues (2006) found than men and women with peripheral artery disease
had decreasing multivariate-adjusted rates of all-cause mortality with
increasing levels of physical activity.

Findings in a paper by Erikssen and colleagues (1998) are consistent
with those of a number of other papers reporting decreasing multivariate-
adjusted relative risk of mortality with improvements in cardiorespiratory
fitness. Changing one’s fitness level affects mortality risk. These obser-
vations strengthen the causal inference for the effect of physical activity
in lowering the risk of death.

Physical Activity, Fitness, and Cancer

The body of literature on physical activity and cancer is smaller than
that discussed above, but it is growing. Three examples of relevant study
results follow:

e Women diagnosed with breast cancer had a lower multivariate-
adjusted relative risk of death and of recurrence if they obtained
at least 3 MET-hours of activity per week than if they had a
lower exercise level (Holmes et al., 2005).

e In a study of men with gastric cancer in Japan, the least fit one-
fourth of the group (tested by cycle odometer) were much more
likely to die of gastric cancer than was the more fit group (Sa-
wada et. al., 2003).

e Farrell and colleagues (2006) report that the inverse association
of cardiorespiratory fitness with cancer mortality remains after
adjustment for the percentage of body fat.
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Concluding Remarks

We have and are accumulating a very large amount of evidence on
the effects of physical activity and fitness on a variety of health out-
comes. For nearly every health outcome examined and in nearly every
subgroup of the population, physical activity provides benefits. Dr. Blair
expressed the view that there is a sufficient evidence base for under-
standing the benefits of physical activity and chronic disease prevention,
and he suggested that the U.S. Department of Health and Human Ser-
vices move forward with a process for developing physical activity
guidelines for Americans.

BONE, JOINT, AND MUSCLE HEALTH
AND PERFORMANCE

Presenter: Wendy M. Kohrt

In addressing the role of physical activity in bone, joint, and muscle
health and performance, Dr. Kohrt focused on bone mineral content
(BMC)—the amount of mineral at a particular skeletal site, such as the
femoral neck, lumbar spine, or total body; bone mineral density
(BMD)—the value determined by dividing the bone mineral content by
the area of a scanned region; osteoporotic fracture risk, osteoarthritis, and
muscle mass and function (quality). Performance related to mobility and
functional abilities was covered by Dr. Fielding. (See Chapter 6, Physical
Activity and Special Considerations for Older Adults.)

Bone Health

Many studies show positive effects of either a physically active life-
style or exercise interventions on intermediate markers of bone health,
such as BMC and BMD. The evidence regarding the effects of physical
activity on the risk of osteoporosis comes from randomized controlled
trials of exercise intervention, meta-analyses of those trials, trials of the
effects of immobilization and unloading, observational studies, and oth-
ers. The intensity of the exercise appears to be a key determinant of the
osteogenic response.
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Intervention Studies

A meta-analysis from the Cochrane database involved 18 exercise in-
tervention trials involving more than 1,400 postmenopausal women
(Bonaiuti et al., 2002). Results were reported as mean differences be-
tween the exercise and the control groups and the change in BMD in per-
centile units. Any type of exercise showed a benefit (approximately a 1.8
percent increase on lumbar spine BMD, and walking benefited both
spine and hip BMD).

A slightly larger meta-analysis by Wallace and Cumming (2000)
found that impact exercise had significant benefits among postmeno-
pausal women on both lumbar spine and femoral neck BMD. Nonimpact
exercise (primarily weight lifting) benefited lumbar spine BMD in post-
menopausal women. Essentially the same results were found in studies
involving premenopausal women. Randomized controlled trials of exer-
cise interventions in men and children generally have shown benefits on
BMD, but they have not yet been included in meta-analyses.

Observational Studies

Physical activity and risk of fracture The question remains about
whether an increase in BMD—along with balance, mobility, and muscle
strength—decreases the risk of fractures. No randomized controlled trials
are available, but some prospective observational studies provide useful
data about physical activity and hip fracture risk. The report by
Feskanich et al. (2002) from the Nurses’ Health Study of more than
60,000 women serves as a good example. The physical activity data are
self-reported. The incidence of hip fracture was collected for a 12-year
period. The women with the highest level of activity measured in MET-
hours per week had about a 50 percent relative risk reduction in hip frac-
ture. Similarly, as walking time increased, hip fracture risk decreased;
those who walked more briskly appeared to gain more benefit. The
women who became less active over a 6-year period had a statistically
significant increase in risk for hip fracture.

Effects of unloading or reduced loading Extreme conditions of
physical inactivity or reduced mechanical loading (such as limb immobi-
lization, bed rest, microgravity) cause rapid and profound bone loss. The
likelihood for full recovery of mineral is low. A meta-analysis of the ef-
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fects of bed rest (Law et al., 1991) suggests that 3 weeks of bed rest dou-
bles the risk for hip fractures during the subsequent 10 years. A study by
van der Poest et al. (1999) compared the BMD of a person’s fractured
tibia to that of the healthy tibia for 5 years after the fracture. The 8-week
period of unloading subsequent to the fracture resulted in a substantially
lower BMD in the injured limb even 5 years after the fracture.

Data Limitations

Little evidence is available on dose-response with respect to how the
type, frequency, duration, and/or intensity of exercise affects bone. Be-
cause the duration of follow-up in intervention studies has been quite
short, little is known about the extent to which the benefits of the inter-
ventions are retained. Bone strength (e.g., resistance to fracture) cannot
be measured directly in humans, and there is a paucity of information on
the relationship between BMD and bone strength. Therefore, the effects
of physical activity on BMD may not accurately reflect the effects on
resistance to fracture.

Animal Studies

On the other hand, a study conducted in rats showed that loading
causes small changes in BMC and BMD that resulted in very large in-
creases in bone strength (Turner and Robling, 2003), as illustrated in
Figure 2-2. Thus evidence in animals suggests that physical activity or
mechanical loading probably affects the skeleton in a way that translates
into large gains in bone strength.
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FIGURE 2-2 Effects of mechanical loading on bone mineral content, bone min-
eral density, ultimate force (the maximum amount of force supported before
failure), and energy to fail (the amount of energy absorbed by the bone before
failure).

NOTE: BMC = bone mineral content, BMD = bone mineral density, Fy = ulti-
mate force, N = newtons, U = energy to fail, and mJ = millijoules.

SOURCE: Adapted from Turner and Robling (2003). Reprinted with permission
from Exerc Sport Sci Rev.

Possible Mechanisms by Which Physical Activity Reduces Risk
for Osteoporotic Fracture

Four mechanisms may explain the beneficial effects of physical ac-
tivity in reducing the risk of osteoporotic fracture. Physical activity

Increases bone mineral accrual during maturation

Attenuates the rate of bone mineral loss during aging

Enhances bone strength

Reduces the risk of falls by improving muscle strength, flexibil-
ity, coordination, and balance

el
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Summary of Effects of Physical Activity on Bone

Moderate to strong evidence indicates that physical activity plays an
important role in optimizing bone health during the developmental years;
but the long-term effects of benefit are not well known, and dose—
response information is lacking. In adulthood, moderate to strong evi-
dence from observational studies suggests that physical activity helps
prevent fractures, and randomized controlled trials indicate benefits of
physical activity on such useful biomarkers as BMD. The effects of ex-
treme disuse are very deleterious. Dose—response data are lacking.

Joint Health

Very little information is available about the pathogenesis of os-
teoarthritis (OA) and about a role for physical activity in the primary
prevention of the disease. Scant evidence is available for a direct relation
of physical activity (especially vigorous activity) and articular volume in
children (Jones et al., 2003). Systematic reviews, however, indicate that
exercise has benefits in the management of OA. Roddy et al. (2005) ex-
amined the evidence base for the role of exercise in the management of
hip and knee OA and differentiated research-based evidence from expert
opinion. Their literature base included 57 intervention trials of exercise
for knee OA, 9 intervention trials of exercise for hip OA, and 3 system-
atic reviews of exercise for knee or hip OA. When they summarized the
evidence, they rated it to be very high for the exercise benefits for people
with knee OA. In particular, after pooling all the trials and minimizing
the variability, the effect sizes range from 0.3 to 0.5 for the effect of ex-
ercise on pain. In contrast, they found very little evidence to support a
benefit for individuals with hip OA. The amount of evidence also was
very low for the type of exercise to recommend, contraindications for
exercise, the relationship of exercise to the progression of the OA, and
several other propositions. As with bone health, dose-response data are
lacking.

Muscle Health

In contrast with bone health and joint health, muscle health is not di-
rectly linked with a chronic disease. A few chronic diseases, however,
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are associated with low muscle mass or impaired muscle function. These
include osteoporosis, in which there is a direct association between mus-
cle mass and bone mass; type 2 diabetes mellitus, in which the muscle is
resistant to insulin-mediated glucose uptake; and congestive heart failure
(CHF), in which there is skeletal muscle mitochondrial dysfunction. The
abnormal muscle in CHF may be a result rather than a cause of the dis-
ease, whereas low muscle mass and insulin resistance in muscle may be
contributing factors to the etiology of osteoporosis and type 2 diabetes
mellitus, respectively.

Physical Activity and Muscle Mass

A wealth of evidence indicates that high-intensity resistance exercise
induces muscle hypertrophy and that this adaptive response is retained
into very old age. Aerobic exercise has little or no anabolic effect on
muscle, although disuse causes muscle atrophy. Aerobic fitness does not
appear to have any impact on fat-free mass, whereas strength training
enhances muscle mass and strength. Using fat-free mass as a surrogate
for muscle mass, Holloszy and Kohrt (1995) showed that fat-free mass is
preserved until approximately the age of 50 years. Thereafter, a decline
occurs, which becomes steeper with advancing age. Combining those
data with data from Hawkins et al. (2001) shows the following: (1) men
and women who maintain very vigorous levels of endurance or aerobic
activity have fat-free mass levels that are comparable to those of seden-
tary individuals, and (2) the trajectory of change in fat-free mass over
time appears to be quite similar in athletes and sedentary individuals.
Similarly, Kyle et al. (2004) showed that fat-free mass, estimated with
bioelectrical impedance, is essentially the same in sedentary and physi-
cally active men and women.

Physical Activity and Muscle Quality
Dr. Kohrt identified the following characteristics of muscle quality:

Specific torque (Newton-meters per square centimeter)
Fatigue resistance

Metabolic function (e.g., insulin resistance)
Inflammatory state
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All four of these factors respond favorably to exercise intervention.
In one small study (Arciero et al., 1999), two groups of middle-aged or
older individuals with either impaired glucose tolerance or mild type 2
diabetes were treated for 10 days, either with exercise (energy expendi-
ture was about 420 kilocalories/day) or a dietary restriction of approxi-
mately 1,100 kilocalories/day. After treatment, both groups disposed of
more glucose at any insulin concentration—that is, their muscles were
more insulin sensitive. The improvement by the exercise group, however,
was significantly better than that of the dietary restriction group.

Westerterp (2000) reviewed evidence that habitual activity level and
exercise have little or no effect on the age-related decline in muscle mass
but that habitual activity and exercise training clearly have positive ef-
fects on muscle function. These effects include muscle fiber type, capil-
lary density, aerobic capacity, and others. Still lacking is evidence of
associations of muscle quality with chronic disease risk.

Concluding Remarks

Dr. Kohrt emphasized that there is moderate to strong evidence that
physical activity plays an essential role in the maintenance of bone
health, although information is lacking on the type and dose of activity
required to optimize the benefits. Whether physical activity helps to pre-
vent the development of OA is not known, but there is moderate to
strong evidence that physical activity has beneficial effects on pain and
disability in people with knee OA. Aerobic exercise has little effect on
the preservation of muscle mass but has multiple favorable effects on
muscle quality. Conversely, strength training helps to preserve muscle
mass with aging.

MENTAL AND NEUROLOGICAL HEALTH
Presenter: Patrick J. O’Connor
Many mental health and neurological concerns may have some
association with physical activity. Dr. O’Connor discussed the evidence

relating physical activity to the nine disorders that are identified in
Figure 2-3.
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FIGURE 2-3 Estimated lifetime prevalence of selected mental health and neu-
rological disorders.

NOTE: CFS = chronic fatigue syndrome; MS = multiple sclerosis.

SOURCES: de Rijk et al. (1997); Herbert et al. (2001); Jason et al. (1999);
Kessler et al. (2006); Morin et al. (2006); Slaughter et al. (2001).

The disorders are shown in decreasing order of the lifetime prevalence of
each and are addressed below in that order. Notably, Alzheimer’s disease
and Parkinson’s disease will become more prevalent as the U.S. popula-
tion ages.

Anxiety

Approximately 50 epidemiological studies address physical activity
and anxiety. About 85 percent of these show less severe symptoms of
anxiety among physically active adults and youth. For example, the Na-
tional Comorbidity Study of U.S. adults ages 15-54 years indicates that,
after adjusting for a number of variables, persons who are rarely or never
physically active tend to report more anxiety disorders than do those who
are regularly or occasionally active.
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Only one randomized controlled trial (Broocks et al., 1998) ad-
dresses the relationship between physical activity and anxiety disorders.
The results are shown in Figure 2-4. Notably, when compared with pla-
cebo, either 10 weeks of aerobic exercise or treatment with a standard
antianxiety medication resulted in significantly better scores on the anxi-
ety scale used.

Animal models provide plausible mechanisms for the benefit of
physical activity in reducing anxiety. For example, Dishman (1997) and
Fulk et al. (2004) demonstrated anxiety-related changes in behavior and
brain biology in rats that had access to a running wheel.

In short, there is a large body of evidence from epidemiological stud-
ies of physical activity and anxiety. Physical activity is consistently asso-
ciated with fewer symptoms of anxiety, the odds of symptoms are
reduced by 25 to 50 percent, dose—response is plausible, and a small but
increasing body of evidence suggests biologically plausible mechanisms
by which physical activity could improve anxiety.

30
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=== Aerobic exercise

15 - -A - Clomipramine

=@ Placebo

10 A

Score on the Hamilton Anxiety Scale

Treatment time (weeks)

FIGURE 2-4 Comparison of the effects of aerobic exercise training,
clomipramine treatments, and placebo on anxiety. Randomized controlled trial
of 46 outpatients with panic disorder.

SOURCE: Broocks et al. (1998). Reprinted with permission from the American
Journal of Psychiatry, Copyright 1996. American Psychiatric Association.
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Depression

Nearly 100 studies, most of them quite recent, report on associations
between physical activity and depression or symptoms of depression.
Approximately 90 percent of the studies show less severe symptoms of
depression among physically active adults and youth. The reduction in
the odds of symptoms is 30 to 50 percent.

In the Harvard Alumni Study, persons who engaged in more hours of
sports or play per week (or who expended more kilocalories by physical
activity per week), measured in the 1960s, had a reduced risk for depres-
sion during a 23- to 27-year follow-up period (Paffenbarger et al., 1994).

A meta-analysis of 14 randomized controlled trials showed that exer-
cise training reduced symptoms of depression (Lawlor and Hopker,
2001). The standardized mean difference in effect size equaled -1.1, and
the confidence interval did not overlap with zero. Many of the trials,
however, had methodological limitations. More recently, Dunn and col-
leagues (2005) conducted a large, rigorously controlled randomized trial
that produced results consistent with those of the meta-analysis.

Rodent data show that activity wheel running increases brain-derived
neurotropic factor (BDNF) and BDNF mRNA (ribonucleic acid) in the
hippocampus and ventral tegmental area (Russo-Neustadt et al., 2000;
van Hoomissen et al., 2003). In addition, the running attenuates copula-
tory deficits in an olfactory bulbectomy model of depression (Chambliss
et al., 2004).

In summary, the size of the literature is large, physical activity gen-
erally is associated with reduced symptoms of depression, a dose—
response is plausible (Dunn et al., 2001), randomized controlled trials (of
variable quality) show antidepressant effects of exercise, and evidence
suggests biologically plausible mechanisms for the preventive effects of
physical activity on anxiety.

Physical Activity and Sleep

Many neurological disorders are associated with poor sleep, and poor
sleep itself can have important health-related outcomes. There are ap-
proximately 70 sleep disorders, the most studied of which are insomnia
and obstructive sleep apnea. One prospective cohort study (Morgan,
2003) examined self-reported insomnia and self-reported physical activ-
ity and found that those who reported more activity were less likely to
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develop insomnia. A cross-sectional study that examined obstructive
sleep apnea using polysomnography shows a very large benefit—that
less sleep apnea is associated with more reported physical activity
(Peppard and Young, 2004).

At least 13 cross-sectional studies show that the chances of having
interrupted sleep are lower among persons who are engaged in more
physical activity than among persons who have less physical activity or
are sedentary (Akerstedt et al., 2002; Kawamoto et al., 2004; Kim et al.,
2000; Kravitz et al., 2003; Liu et al., 2000; Morgan, 2003;
Nasermoaddeli et al., 2005; Ohayon, 2004; Ohida et al., 2001; Phillips et
al., 2000; Sherrill et al., 1998; Surkan et al., 2005; Tynjala et al., 1999).
Only two of the 13 trials, Nasermoaddeli et al. (2005) and Surkan et al.
(2005), had confidence intervals that overlapped with 1.0, suggesting that
the benefit of physical activity is unlikely due to chance.

All the randomized controlled trials show positive effects of exercise
training on symptoms of poor sleep (Guilleminault et al., 1995; King et
al., 1997, 2002; Littman et al., 2006; Singh et al., 1997, 2005; Tworoger
et al., 2003).

Little or no research has been conducted on the biological mecha-
nisms by which exercise could plausibly affect sleep. Indirect evidence
suggests that acute bouts of exercise can induce circadian phase shifts
(Van Reeth et al., 1994), influence adenosine metabolism (Benington and
Heller, 1995), and activate neurological circuits hypothesized to help
people feel less anxious and depressed (Youngstedt, 2005). Poor sleep is
strongly associated with depression.

In summary, the size of the literature is modest, but it shows that
physical activity is consistently associated with both fewer self-reported
sleep problems in cross-sectional studies and improved sleep quality in
randomized controlled trials. Limited indirect evidence suggests biologi-
cally plausible mechanisms by which physical activity could improve
sleep or prevent sleep disorders.

Physical Activity and Substance Use or Abuse

Dr. O’Connor was not able to find evidence of associations between
physical activity and illicit drug use, and thus did not address this topic in
his presentation. Although a large number of epidemiological studies
have data on alcohol consumption, generally alcohol use is one of the
exposure variables measured rather than an outcome.
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Alcohol

A large cross-sectional study by Mukamal et al. (2006) indicates
that, on average, those who abstained from alcohol were more sedentary
than those who engaged in moderate drinking. Among male runners, the
relationship between alcohol consumption and running distance was cur-
vilinear: those who ran less than 16 kilometers per week or more than 64
kilometers per week consumed less alcohol per week.

Cigarette Smoking

Dr. O’Connor highlighted the 15 largest studies that provide data on
some type of physical activity and smoking (Baumert et al., 1998; Blair
et al., 1985; Boyle et al., 2000; Epstein et al., 1976; Haddock et al., 1998;
Hickey et al., 1975; Holme et al., 1981; Pate et al., 1996; Reynolds et al.,
2004; Simones et al., 1995; Steptoe et al., 1997; Tretli et al., 1985;
Wagner et al., 2003; Ward et al., 2003). The studies ranged in size from
nearly 6,000 to more than 128,000 subjects. In general, they showed a
negative association between physical activity and smoking.

Ten small to moderate-sized randomized controlled trials examined
physical activity and smoking cessation (Ussher, 2005). In general, the
effects favor exercise, but none of the studies provides strong evidence
that physical activity enhances a smoking cessation program.

Summary

A large literature addresses physical activity related to alcohol con-
sumption and smoking. Several cross-sectional studies suggest nonlinear
relationships between physical activity and alcohol consumption. Physi-
cal inactivity generally is associated with more smoking in cross-
sectional studies. A modest number of randomized controlled trials failed
to show that increased physical activity levels lead to significant im-
provements in smoking cessation. Causal mechanisms have rarely been
studied.
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Alzheimer’s Disease

Ten prospective cohort studies report on the relationship between the
level of physical activity and the odds of developing Alzheimer’s disease
(Abbott et al., 2004; Larson et al., 2006; Lindsay et al., 2002; Podewils et
al., 2005; Rovio et al., 2005; Scarmea et al., 2001; Verghese et al., 2003;
Wilson et al., 2002a,b; Yoshitake et al., 1995). Although most of the
studies show a positive effect, three of the 10 studies (Verghese et al.,
2003; Wilson et al., 2002a,b) show a nonsignificant effect; and one of the
three studies with nonsignificant findings (Wilson et al., 2002b) had the
largest sample size of the 10 cohort studies. Three case—control studies
(ranging in size from 60 to 193 cases) report a protective effect of physi-
cal activity against Alzheimer’s disease (Broe, 1990; Friedland et al.,
2001; Kondo et al., 1994).

As reviewed by Heyn et al. (2004), 10 randomized controlled trials
have been conducted in older adults with cognitive impairment to exam-
ine the effect of exercise on cognitive performance. On average, the ef-
fect size (improved cognitive performance) was moderate.

Two studies provide plausible mechanisms for beneficial effects of
physical activity in relation to Alzheimer’s disease. Transgenic mouse
models of Alzheimer’s disease show that wheel running decreased ex-
tracellular amyloid-B plaques in the frontal cortex and hippocampus
(Adlard et al., 2005). A study with a different mouse model found posi-
tive effects of physical activity related to up-regulation of hippocampal
neurotrophin and brain-derived neurotrophic factor and to increased
hippocampal neurogenesis (Wolf et al., 2006).

Dr. O’Connor summarized the small to moderate amount of litera-
ture relating physical activity to Alzheimer’s disease, emphasizing that
physical activity consistently has beneficial effects both on disease de-
velopment in the observational studies and on cognitive performance in
the intervention studies in cognitively impaired older adults. Some evi-
dence supports biologically plausible mechanisms by which physical
activity can prevent or attenuate the development of Alzheimer’s disease.

Physical Activity and Eating Disorders
There is limited literature on the association between physical activ-

ity and eating disorders, and the findings from available studies are con-
troversial and difficult to interpret. There are no randomized controlled
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trials that have examined the effects of physical activity on eating disor-
ders. This is an area where further research is needed.

Physical Activity and Parkinson’s Disease

The size of the literature addressing physical activity and Parkinson’s
disease is small. Observational studies show mixed evidence that physi-
cal activity is associated with a reduced risk of Parkinson’s disease
(Chen et al., 2005; Logroscino et al., 2006). Of the four case—control
studies (Frigerio et al., 2005; Kuopio et al., 1999; Sasco et al., 1992; Tsai
et al., 2002), all but Kuopio et al. (1999) show the odds of Parkinson’s
disease in the active group being lower than those in the less active
group. Three small randomized controlled trials (Miyai et al., 2002;
Schenkman et al., 1998; Schmitz-Hubsch et al., 2006) all show positive
effects of 4 to 10 weeks of exercise on spinal flexibility, movement
speed, and disease symptoms when compared to usual care. Data from
rodent models of Parkinson’s disease suggest biologically plausible
mechanisms by which physical activity could prevent or attenuate Park-
inson’s disease (Cohen et al., 2003; Fisher et al., 2004; Poulton and
Muir, 2005; Tillerson et al., 2003). Notably, exercise has been shown to
down-regulate the dopamine transporter (Fisher et al. 2004).

Physical Activity and Chronic Fatigue Syndrome

The literature on physical activity and chronic fatigue syndrome is
small, and epidemiological studies of this condition rarely have included
measures of physical activity. Five relatively small randomized con-
trolled trials all show a positive effect of exercise training on symptoms
of chronic fatigue syndrome (Fulcher and White, 1997; Moss-Morris et
al., 2005; Powell et al., 2001; Wallman et al., 2004; Weardon et al.,
1998). In a review of randomized controlled trials of groups of medical
patients and other adults, 70 trials show that exercise training consis-
tently reduces symptoms of fatigue (Puetz et al., 2006).
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Physical Activity and Multiple Sclerosis

The literature on physical activity and multiple sclerosis is very
small: one cross-sectional study (Stuifbergen et al., 2006), one 5-year
prospective cohort study (Stuifbergen et al., 2006), no case-control stud-
ies, eight randomized controlled trials (Mostert and Kesslering, 2002;
Oken et al., 2004; Petajan et al., 1996; Romberg et al., 2004, 2005; Solari
et al., 1999; van den Berg et al., 2006; Wiles et al., 2001), and no studies
of causal mechanisms. Most of the studies have few subjects, and the
effects observed, although consistently favorable, are small.

Physical Activity and Suicide

The few studies consistently find a small correlation in the direction
of a protective effect of sports participation among youth on suicide idea-
tion and attempt (Oler et al., 1994; Page et al., 1998; Tomori and Zalar,
2000; Unger, 1997), but the association is not consistent for physical ac-
tivity and suicidal thoughts and behavior (Brosnahan et al., 2004; Brown
and Blanton, 2002; Paffenbarger et al., 1994; Simon et al., 2004).

Physical Activity and Other Mental
and Neurological Conditions

The literature addressing three additional conditions—schizophrenia,
pain disorders, and self variables (e.g., self-concept, self-efficacy, self-
esteem)—was not examined. The size of the literature is very small for
schizophrenia and large for the other two conditions. Each of these con-
ditions is an important topic that might merit further attention. In discus-
sion, it was pointed out that the lifetime prevalence of low back pain is
higher than 50 percent, that physical inactivity is a risk factor for low
back pain (Vuori, 2001), and that a meta-analysis of 61 randomized con-
trolled trials showed that exercise was more effective than usual care by
the general practitioner and just as effective as conventional physical
therapy for chronic low back pain (Hayden et al., 2005).
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Concluding Remarks

Dr. O’Connor provided a qualitative summary of the size and quality
of the evidence about the mental and neurological conditions he covered.
For anxiety, depression, alcohol use, and smoking, the size of the litera-
ture is large and its quality is high to very high. A moderate amount of
high-quality information is available about sleep, Alzheimer’s disease,
and feelings of fatigue. For the other conditions, the size of the literature
is small and the quality is low to moderate.

PHYSICAL ACTIVITY AND DIABETES AND
OTHER METABOLIC DISORDERS

Presenter: Judith G. Regensteiner'

Dr. Regensteiner stated that a wealth of strong data is available to
support the use of physical activity in the prevention and treatment of
type 2 diabetes mellitus. This presentation began with background in-
formation and then covered physiological studies, observational studies,
randomized controlled trials, and meta-analyses related to physical activ-
ity and type 2 diabetes mellitus.

Background

Diabetes is a public health problem in the United States: approxi-
mately 21 million children and adults—7 percent of the population—
have diabetes, but only about 14.6 million have been diagnosed (Sigal et
al., 2006). A large majority of the people with diabetes have type 2 dia-
betes. The estimated number of persons with prediabetes is 54 million.
The prevalence of diabetes is lower among Caucasians than among per-
sons of some other racial/ethnic groups. Among persons with type 2 dia-
betes, two of three deaths are caused by CVD, myocardial infarction, or
stroke. Figure 2-5 illustrates that men and women with diabetes have
substantially higher mortality from heart disease than do persons without
diabetes.

'Dr. Regensteiner acknowledged assistance from Richard Hammon, M.D., Dr.P.H. and
Steven N. Blair, P.E.D.
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FIGURE 2-5 Mortality due to heart disease in men and women with or without
diabetes.

NOTE: *Age-adjusted.

SOURCE: Adapted from Gu et al. (1998). Reprinted with permission from 7#e
American Diabetes Association. Copyright ©1998 American Diabetes Associa-
tion. From Diabetes Care, Vol. 21, 1998; 1138-1145.

Compared with people without diabetes, people with diabetes have a
higher prevalence of a number of conditions such as

e hypertension,
blood lipid abnormalities (Sigal et al., 2006), and

e reduced exercise capacity (Regensteiner et al., 1998), including
lower maximal oxygen consumption (VO,max) and submaximal
measures of cardiorespiratory fitness.

Impaired glucose metabolism, hyperinsulinemia, and increased insu-
lin resistance are associated with sedentary behavior among those with
diabetes and among those with prediabetes.

Physical activity can attenuate adverse effects in the progression
from normal glucose metabolism to clinical type 2 diabetes and various
complications, as shown in Figure 2-6. In contrast, physical inactivity
accelerates these unfavorable metabolic and cardiovascular events.
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FIGURE 2-6 Relationship of physical activity with the progression from nor-
mal glucose metabolism to clinical type 2 diabetes and increased risk of cardio-
vascular diseases and other complications.

NOTE: CHD = coronary heart disease.

SOURCE: LaMonte et al. (2005a). Reprinted, with permission, from
LaMonte MJ, Blair SN, and Church TS. Physical activity and diabetes preven-
tion. J Appl Physiol 99:1205-1213, 2005.

Biological mechanisms by which physical activity may enhance
metabolic and cardiovascular health and thereby confer protection
against the negative effects of diabetes include structural and biochemi-
cal changes in skeletal muscle; improved maximal oxygen uptake and
functional capacity, lipid factors, hepatic secretions, counterregulatory
hormone concentrations or activity; and improvements in comorbid con-
ditions (LaMonte et al. 2005a).

Physiological Data

A recent meta-analysis (Thomas et al., 2006) provides evidence that
regular moderate intensity exercise benefits cardiorespiratory fitness in
persons with diabetes and that higher intensity exercise would have an
even greater effect. Even a single bout of moderate exercise has a pro-
found effect on glucose metabolism that may last up to about 18 hours
(Devlin et al., 1987). In addition, repeated bouts of exercise appear to
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have a cumulative beneficial effect on glucose metabolism. Exercise
training in persons with diabetes also has a very significant effect in
terms of improving VO,max, measures of submaximal exercise perform-
ance, and other measures of fitness (Brandenburg et al., 1999).

Observational Studies of Diabetes Prevention

Large observational studies that assessed physical activity using
questionnaires all suggest a benefit of increasing levels of physical activ-
ity for preventing diabetes (Helmrich et al., 1991; Hsia et al., 2005;
Manson et al., 1991). Data from the British Regional Heart Study
(Wannamethee et al., 2000), lowa Women’s Health Study (Folsom et al.,
2000), and Study of Eastern Finns (Hu et al., 2003) provide additional
supportive evidence. Similarly, observational studies that assessed physi-
cal activity with objective measures of cardiopulmonary fitness reported
that better fitness reduced the risk of developing diabetes (Lynch et al.,
1996; Wei et al., 1999).

Randomized Controlled Trials of Type 2 Diabetes Prevention

One of the earliest trials (Cederholm, 1985) demonstrated that diet
plus exercise reduced the risk of developing diabetes. A trial in China
(Pan et al., 1997) included an exercise treatment arm and found that even
modest changes in exercise without change in diet reduced the risk of
developing diabetes. The Diabetes Prevention Study in Finland (Eriksson
et al., 1999; Tuomilehto et al., 2001) and the Diabetes Prevention Pro-
gram in the United States (Knowler et al., 2002) provide strong evidence
that intensive lifestyle modifications, including diet and exercise inter-
ventions, reduce the risk of developing diabetes. In the Diabetes Preven-
tion Program study, weight loss was the dominant predictor of a reduced
incidence of diabetes. However, both diet and physical activity predicted
weight loss, and physical activity had a strong independent effect. Sub-
sequently, studies in India (Ramachandran et al., 2006) and in Japan
(Kosaka et al., 2005) provide similar results, including the independent
effect of physical activity (Hamman et al., 2006).
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Dose—Response Data

According to the Nurses Health Study (Hu et al., 1999), the lowa
Women’s Health Study (Folsom et al., 2000), and the Study of Eastern
Finns (Hu et al., 2003), approximately 30 minutes of moderate intensity
exercise at least 5 days per week provides a substantial (25 percent to 36
percent) reduction in the risk of type 2 diabetes mellitus.

Studies of Cardiovascular Event Prevention Among
Persons with Type 2 Diabetes

Among persons with diabetes, observational studies have shown that
those who exercise or are more fit have a reduced risk of cardiovascular
morbidity and mortality than do less active or less fit individuals (Blair et
al., 1989; Gregg et al., 2003; Hu et al., 2001, 2004; Tanasescu et al.,
2003). Data from the Diabetes Prevention Study in Finland show that all
types of physical activity (e.g., recreational and occupational) are benefi-
cial in reducing cardiovascular events and mortality (Hu et al., 2004).

Physical Activity and Other Metabolic Disorders

In a recent review, Bassuk and Manson (2005) report that body
weight maintenance, insulin sensitivity and glycemic control, blood pres-
sure, dyslipidemia, and inflammation and endothelial function all are
impacted by the level of physical activity. In the Diabetes Prevention
Program, the risk of developing the metabolic syndrome was lower for
the lifestyle (diet and exercise) group than for the metformin (drug
treatment) group or the placebo group (Orchard et al., 2005).

Very few studies have addressed physical activity and type 1 diabe-
tes mellitus, a condition that is much less prevalent than type 2 diabetes.
Cross-sectional studies report correlations between glycemic control and
aerobic fitness or physical activity, and the few prospective trials provide
equivocal data with regard to glycemic control (Riddell and Iscoe,
2006)—in part because of the danger of hypoglycemia.
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Concluding Remarks

Dr. Regensteiner emphasized the strong evidence indicating that
physical activity and moderate intensity exercise have a major role in the
prevention of type 2 diabetes and in the prevention of CVD events and
death among people with type 2 diabetes. In addition, physical activity
and regular exercise are very important in the treatment of type 2 diabe-
tes. Areas requiring additional study include both the causes and treat-
ments of exercise impairments (that is, reduced ability to exercise)
associated with type 1 and type 2 diabetes, and exercise and type 2 diabe-
tes in children and adolescents.

DISCUSSION
Mechanisms of Action of Exercise in Diabetes
Discussant: Laurie J. Goodyear

An understanding of how exercise results in health benefits can be
helpful in developing prescriptions for exercise. Dr. Goodyear provided
an example relating to diabetes. Exercise works to promote the uptake of
glucose by the muscle by a mechanism that is completely different from
that of insulin. In particular, exercise appears to work through a protein
called AMP-activated protein kinase (AMPK). Metformin, the leading
diabetes drug, seems to work in the same way. A major question from
people with diabetes and from medical students is, “How much exercise
is needed to gain a physiological effect that promotes glucose up-
take into the muscle and thereby reduce the need for medication?”

Physical Activity and Cognition

Discussant: Bradley Hatfield
(Presented by Rodney K. Dishman)

Physical activity and cognition is an emerging area of study that
shows much promise. The measurement of mental function is challeng-
ing. Hendrie et al. (2006) defined elements of the cognitive domain,
which range from intelligence to the executive functions of problem
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solving and planning. The National Institutes of Health’s Cognitive and
Emotional Health Project has the goal of identifying factors that can help
people maintain or enhance their cognitive and emotional health as they
grow older.

Evidence is accruing that physical activity is linked to cognitive abil-
ity and decline, but it is not yet sufficient for definitive conclusions. Not
all areas of the brain age at the same rate, and executive processes are at
special risk. In a summary of 18 randomized exercise intervention
studies on cognitive function in persons age 55 and older, Colcombe and
Kramer (2003) reported an overall effect size of 0.48, but the effect
size varied for different functions. Thus, the type of task needs careful
attention.

Genetic factors also need to be considered to account for variations
in central nervous system adaptations to exercise. A preliminary study
(Schuit et al., 2001) suggests that physical activity decreases the risk of
cognitive decline among those with a specific genetic predisposition for
cognitive decline. Measurement specificity is another issue. One may be
unable to see effects at the behavioral level because of strategic compen-
sation by the central nervous system. Neuroimaging and genetics studies
may be helpful in identifying “invisible” brain ailments and their rela-
tionship to physical activity.

Group Discussion
Moderator: James R. Morrow

During the group discussion, points raised by participants included
the following:

o Randomized controlled trials address effects of exercise on risk
factors for CVD, such as blood pressure, and on mechanisms
such as fibrinolytic activity and flow-mediated dilation.

e Evidence regarding the acute benefits of single bouts of exercise
merits consideration. Single bouts of exercise elicit most of
the benefits in terms of glucose homeostasis. Persons with diabe-
tes may need to be conditioned to be able to complete an acute
bout of exercise that is long enough to have an impact on glucose
metabolism.
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Studies by Castaneda et al. (2002) and by Dunstan et al., (2002)
address resistance training and type 2 diabetes, reduced blood
pressure, improved muscle mass, reduced visceral fat, and im-
proved glucose control.

Consideration needs to be given to dose-response data. The dose
includes the frequency and quantity of exercise, how it is inte-
grated into one’s lifestyle, and weekend or leisure-time exercise
habits, among other factors. Dr. Andrea Dunn’s randomized
controlled trial related to depression used five different exercise
doses. William Krause’s work with the Studies of Targeted
Risk Reduction Interventions through Defined Exercise may be
useful.

At least two prospective studies, including research from the
Framingham Study by Chaisson et al. (1999), address the
relationship between muscle weakness and the risk of developing
osteoarthritis.

A guidelines process could have many positive effects. The
process needs to consider understandability, ease of use, rela-
tionships with the built environment, and the target audience.
Guidelines could focus on health promotion and disease preven-
tion, but probably there is sufficient evidence to focus on guid-
ance for people with currently active disease as well. Moreover,
there is literature on interventions to help people increase their
physical activity. Emphasis was placed on presenting the infor-
mation in a way that leads to the adoption and maintenance of
physically active lifestyles.
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Physical Activity, Obesity,
and Weight Management

The effects of physical activity have been investigated in relation to
weight loss, weight loss maintenance, and the prevention of weight gain.
This workshop session included a presentation on those topics followed
by a discussion period. This chapter includes a review of the evidence on
effects of physical activity in weight management; a brief discussion of
aging, inactivity, and obesity; additional information from epidemiologi-
cal studies; and a brief summary of major points raised during the group
discussion.

EFFECTS OF PHYSICAL ACTIVITY ON WEIGHT LOSS,
WEIGHT LOSS MAINTENANCE, AND THE PREVENTION
OF WEIGHT GAIN
Presenter: Joseph E. Donnelly

This presentation provided background information on physical ac-
tivity and weight management, and also addressed various types of evi-
dence related to physical activity for weight loss and for the prevention
of weight gain.

Background
The general concept of physical activity and weight management is

straightforward:

59
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e Physical activity expends energy
e Energy expenditure can produce a negative energy balance
e  Weight loss occurs during a negative energy balance

Many compensatory mechanisms can occur, however, when one in-
creases physical activity. These include changes in diet, spontaneous ac-
tivity, resting metabolism, and others. Thus an important question is how
to create an energy gap that is effective for weight management (includ-
ing weight maintenance or weight loss).

Evidence that Physical Activity Will Alter Energy
Balance and Provide Weight Loss

Many population studies show that measures of body fat status are
lower among those with higher physical activity levels. For example,
using data from a population survey, Holcomb et al. (2004) showed that
body mass index (BMI), percentage body fat, and waist-to-hip ratio each
decreased with an increasing level of physical activity.

A number of meta-analyses have shown that the amount of weight
lost with increases in physical activity tends to be small, and it is greater
for men than for women. Ballor and Keesey (1991) conducted a meta-
analysis of exercise and weight loss that included 53 studies. With an
energy expenditure of nearly 1,500 kilocalories (kcal) per week from
exercise for men, their mean weight loss was approximately 1.4 kilo-
grams (kg) after approximately 16 weeks. The women had a mean en-
ergy expenditure of more than 900 kcal per week from exercise, and their
mean weight loss was less than 1 kg after about 11 weeks. A similar
meta-analysis by Garrow and Summerbell (1994) covering eight random-
ized controlled trials (five for men and three for women) found slightly
greater weight loss, but the results were very similar.

Does an exercise intervention alone lead to weight loss? Studies of
Targeted Risk Reduction Interventions through Defined Exercise
(STRRIDE) examined this question in an 8-month randomized controlled
trial of overweight untrained adults (Slentz et al., 2004). The investiga-
tors treated overweight persons with three different levels of exercise but
instructed them not to change their diet. The control group gained about
1 kg; the low-amount, moderate-intensity exercise group (equivalent to
walking approximately 12 miles/week) and the low-amount, vigorous-
intensity exercise group (equivalent to jogging approximately 12
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miles/week) lost about 1 kg. The high-amount, vigorous-intensity exer-
cise group (equivalent to jogging approximately 20 miles/week) lost
about 3.5 kg on average—4 percent of their body weight. This latter
amount approaches clinical significance with regard to health benefits.
Slentz et al. (2004) examined weight change per mile of exercise and
estimated that covering a distance of about 6 miles/week corresponds
with the amount of exercise that results in weight maintenance.

In a supervised study in which subjects came into the laboratory,
Ross and colleagues (2000, 2004) found that a 500- to 700-kcal deficit
per day, either through diet or exercise, produced a 6.5 percent weight
loss for women and an 8 percent weight loss for men over a 12-week
period.

In the 16-month, supervised Midwest Exercise Trial, Donnelly et al.
(2003) found, using objective measures, that the men expended approxi-
mately 300 kcal more per session than did the women when prescribed
the same relative amount of exercise in terms of frequency, intensity, and
duration. With ad libitum eating, the men lost, on average, about 5 per-
cent of their baseline weight within about 9 months. In contrast, the
women did not lose weight; however, they gained little or no weight on
average over the 16 months. Individual variation was substantial, espe-
cially for the women. All but one of the men in the Midwest Exercise
Trial lost weight, in varying amounts, but only half of the women lost
weight. As also discussed later in the session by Dr. Glenn Gaesser, other
studies have produced the results illustrated in Figure 3-1.

Evidence that Physical Activity Will Benefit Weight
Maintenance Among Persons Who Have Lost Weight

Qualitative evidence from the National Weight Control Registry
(Klem et al., 1997) suggests that the levels of physical activity required
to maintain weight following a substantial weight loss are higher than
many people realize—more than 2,500 kcal/week. Weight management
programs suggest that approximately 300 minutes of exercise are needed
per week to produce weight maintenance for one year (LeCheminant et
al., 2005).
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FIGURE 3-1 Individual variation in body fat mass change in response to aero-
bic exercise training in obese women.

SOURCE: Lamarche et al. (1992). Reprinted from Metabolism 41(11), La-
marche et al., Is body fat loss a determinant factor in the improvement of carbo-
hydrate and lipid metabolism following aerobic exercise training in obese
women? Pp. 1249-1256, 1992, with permission from Elsevier.

A dose-response effect was demonstrated in a study by Jakicic et al.
(1999). After weight loss at 6 months, weight was maintained for 6
months by those exercising more than 200 minutes per week, whereas
those exercising less than 150 minutes per week experienced regain of
weight. More recent work by Jakicic and colleagues (John M. Jakicic,
University of Pittsburgh, personal communication, October 16, 2006)
indicates that physical activity levels were substantially higher for those
who maintained a weight loss of at least 10 percent of their body weight
for 18 months than for those who did not maintain that degree of weight
loss.

Dr. Donnelly indicated that the randomization in most studies is done
at baseline. However, randomization after weight loss is the correct study
design but is rarely used. Jeffery et al. (2003) randomized subjects at
baseline and at the beginning of the period of testing interventions to
maintain weight. Subjects randomized to the 2,500 kcal/week exercise
group maintained weight better, on average, than did those in the 1,000
kcal/week exercise group (Figure 3-2). Although there was considerable
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variation in exercise levels, the subjects who were asked to do more ex-
ercise did more exercise.

In a study by Borg et al. (2002) in which men were randomized after
weight loss either to control or exercise groups for 6 months, a physical
activity energy expenditure of approximately 2,400 kcal/week was asso-
ciated with the maintenance of weight loss.

Three additional studies were found in which subjects were random-
ized after weight loss. In the study by Perri et al. (1988), all groups did
better than the controls; but the groups assigned to behavior plus exercise
did no better than the behavioral groups at 18 months. Leermakers and
colleagues (1999) found that after 6 months, weight regain was lower
among the exercise plus behavioral strategies group than among the
group with exercise but no behavioral strategies. A somewhat con-
founded 24-month study by Fogelholm et al. (2000) found less weight
regain among those in the 1,000 kcal/week exercise group than in the

0 Baseline 6 months 12 months 18 months
-5
-10 4
(2]
©
c
3
o -15
-20 1 - 1,000 kcal
- 2 500 kcal
-25

FIGURE 3-2 Mean weight change over time by treatment group.

NOTES: ¢ = standard behavior therapy (SBT) group with a goal of expending
1,000 extra kilocalories per week; m = high physical activity (HPA) treatment
group with a goal of expending 2,500 extra kilocalories per week. SBT group
marginally different from the HPA group at 12 months (p = .07) and signifi-
cantly different at 18 months (p = .04).

SOURCE: Jeffery et al. (2003). Adapted, with permission, from The American
Journal of Clinical Nutrition.
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control group. There was no difference, however, between the 2,000
kcal/week exercise group and the controls, perhaps suggesting attrition
problems. This suggests a benefit-risk question: Is it better to get a lower
level of exercise for many years or a higher level of exercise with the risk
of greater attrition?

Evidence on Physical Activity in the
Prevention of Weight Gain

Dr. Donnelly presented evidence to support his position that rela-
tively small amounts of physical activity may be sufficient to enable
people to prevent unhealthy weight gain. Some investigators suggest that
people gain weight in episodes related to life events such as marriage and
having children, and others use a more linear perspective. Hill et al.
(2003), for example, using data from the National Health and Nutrition
Examination Survey and from the Coronary Artery Risk Development in
Young Adults study, concluded that the energy gap for approximately 50
percent of the population may be as small as 15 kcal/day, and that speci-
fying a gap of 50 kcal/day would cover about 90 percent of the popula-
tion. Hill uses a value of 100 kcal/day to represent the energy gap, but it
is acknowledged that currently there is little experimental data to support
this value.

In an 18-month study with middle-aged women, Donnelly et al.
(2000) showed that either 30 minutes of supervised continuous exercise
three times a week or two 10- to 15-minute bouts of supervised exercise
5 days per week prevented weight gain without a dietary intervention.
Dunn et al. (1999) found that sedentary men and women randomized
either to lifestyle or structured exercise groups, with a goal of 1,000 kcal
of energy expenditure per week, gained little or no weight in the 2-year
intervention period.'

In an ongoing study (John M. Jakicic, University of Pittsburgh, per-
sonal communication, October 16, 2006), preliminary data show that
after 18 months, subjects assigned to either 150 minutes or 300 minutes
of physical activity per week weighed about 1 kilogram less than at base-
line. If confirmed, this finding suggests that small amounts of physical
activity may be sufficient to maintain the weight of persons who have not
recently undergone a period of weight loss.

'Dr. Blair noted later that actual energy expenditure was only about 65 kcal/day.
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Concluding Remarks

Physical activity or weight loss creates a relatively small energy gap
and cannot be expected to provide the weight loss that is seen with en-
ergy restriction. Effects appear to differ for men and women, and there
are responders and nonresponders. Dr. Donnelly took the position that
the time and amount of energy expenditure required for the prevention of
unhealthy weight gain appears to be 15 to 30 minutes/day or about 700 to
1,000 kcal/week. The amount of physical activity needed to achieve the
loss of 5 percent of one’s body weight appears to be about 45 min-
utes/day or 2,000 to 2,500 kcal/week. For weight-loss maintenance, the
amount of physical activity required is likely to be similar to, or perhaps
greater than, that for weight loss.

DISCUSSION
Aging, Inactivity, and Obesity
Discussant: Andrew Goldberg

Predictors of obesity and weight regain include high caloric intake,
physical inactivity, low resting metabolic rate, low fat oxidation, reduced
muscle mass, aging, decreased insulin sensitivity, and perhaps elevated
adipose lipoprotein lipase activity (Ravussin and Swinburn, 1993). Aging
is associated with a decline in energy expenditure, which when not com-
pensated by a reduction in caloric intake, leads to weight gain. Regular
physical activity will increase energy expenditure for older people. Main-
taining energy balance with aging is critical to prevent obesity and
weight regain following successful weight loss.

Studies in postmenopausal women by Goldberg and colleagues
(Nicklas et al., 1996) show that weight loss, when combined with exer-
cise training, blunts the decline in resting metabolic rate and in fat
oxidation observed with weight loss alone. Dr. Goldberg’s group has
shown that weight loss plus an increase in VO,max of greater than 5 per-
cent results in several health benefits, including reductions in intra-
abdominal fat and insulin resistance; improvements in glucose tolerance,
insulin sensitivity, and blood pressure; reductions in total and low
density lipoprotein cholesterol and triglycerides; and increases in
high density lipoprotein cholesterol (Lynch et al., 2001).
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A study by Bunyard et al. (1998) shows that both obese and lean
sedentary middle-aged men were able to increase their exercise capacity
by 15 percent with an aerobic exercise program. The lean sedentary
group lost about 1.8 kg after 6 months of training despite increasing their
caloric intake, and the obese sedentary men lost about 8 kg after 6
months of the exercise training plus hypocaloric weight loss instruction.
Master athletes who discontinued exercise training for 8 weeks experi-
enced a reduction in VO,max of about 15 percent and gained about 0.5
kg, despite reducing their caloric intake by 17 percent. All groups con-
verged to about the same level of fitness, but when placed on isocaloric
weight maintaining diets, the obese and lean men were able to consume 5
percent and 8 percent more calories, respectively, without gaining
weight. These results provide evidence that sedentary older people can
change their daily exercise habits to increase their energy expenditure
from physical activity, allowing them to eat more without gaining
weight. Thus regular aerobic exercise, by increasing daily energy expen-
diture, may counter the age-related tendency toward obesity and its asso-
ciated cardiovascular risk factors.

Preliminary studies are in progress in Dr. Goldberg’s laboratory to
test the hypothesis that weight loss, when combined with aerobic exer-
cise training, will maintain both the resting metabolic rate and the oxida-
tion of fat and carbohydrate, with subsequent cardiometabolic and weight
maintenance benefits (Ortmeyer et al., 2006). This hypothesis is illus-
trated in Figure 3-3. Our understanding of the potential benefits of exer-
cise training for weight management in obese middle-aged and older
people may be enhanced by knowledge of the metabolic mechanisms by
which exercise, when combined with weight loss, increases fat and car-
bohydrate oxidation in muscle.
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Weight Loss Weight Loss + Exercise
YRMR <> RMR
¥ Fat and CHO OX | <> Fat and CHO OX

<» [nsulin sensitivity (M) 4 Insulin sensitivity (M)
<» Lipid partitioning/utilization 4 Lipid partitioning/utilization
4 Cardiometabolic benefit 4 A Cardiometabolic benefit
Weight regain v Weight regain

FIGURE 3-3 Hypothesis: Metabolic adaptations to weight loss with or without
aerobic exercise.

NOTE: RMR=resting metabolic rate; CHO=carbohydrate; OX=oxidation;
LPL=lipoprotein lipase; CPT-1=carnitine palmitoyltransferase-1; GS=glycogen
synthase.

SOURCE: Goldberg (2006).

Additional Epidemiological Data on
Physical Activity and Weight

Discussant: Glenn Gaesser

As the prevalence of obesity has risen, so have weight loss at-
tempts—without much apparent success. Epidemiological studies of
women and men in the United States indicate a tendency for an inverse
relationship between BMI and physical activity (Feskanich et al., 2002;
Hu et al., 1999; Kushi et al., 1997). Studies in a number of other coun-
tries show mixed findings, with most showing an inverse relationship
between BMI and physical activity for men (Andersen et al., 2000; Hu et
al., 2003; Rosengren and Wilhemsen, 1997; Thune et al., 1998) and
women (Andersen et al., 2000; Hu et al., 2003; Mensink et al., 1999).
However, some studies show no relationship for men (Bijnen et al.,
1998; Smith et al., 2000) or for women (Thune et al., 1998). In studies
reporting the strongest inverse associations between BMI and physical
activity, the mean BMI is no more than one to two BMI units lower for
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those at a high physical activity level than for those at a low physical
activity level (Feskanich et al., 2002; Hu et al., 1999, 2003; Kushi et al.,
1997).

Data from Rosell et al. (2006) indicate that weight gain tended to be
modestly less for more active than for less active persons over a 5-year
period. Petrella et al. (2005) reported similar findings of a modest benefit
of physical activity over a 10-year period among older persons. Notably,
compared to weight change in younger persons, change in weight tends
to be of smaller magnitude in older individuals.

Larmarche et al. (1992) demonstrated that, among obese women who
participated in exercise training, both those who lost fat and those who
gained fat had improvements in VO,max, glucose tolerance, and blood
lipid concentrations. Thus, regardless of the response measured by
weight change or body fat change, individuals in the exercise program
responded favorably in terms of indicators of health. Earlier work by
Bjorntorp et al. (1970) found improvement in insulin sensitivity after
exercise training with an increase in body fat.

In summary, cohort studies reveal an inverse association between
physical activity and BMI, but the effect is relatively small. Physical ac-
tivity may be more effective in preventing unhealthy weight gain than in
producing weight loss. Many weight-related health problems can be im-
proved with exercise independently of weight loss. This latter point mer-
its emphasis in view of the very modest effect of exercise on inducing
weight change in women.

Group Discussion
Moderator: Peter Brubaker

During the group discussion, workshop presenters and other partici-
pants raised the following points:

e Walking and running the same distance are not actually equiva-
lent in energy expenditure. Several persons suggested that point-
ing out the discrepancy would be counterproductive because the
concept is difficult to understand.

e Despite the modest effect of physical activity on weight loss,
certain health benefits do not occur without a physical activity
component of treatment.
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e Maintenance of healthy weight when children are growing is a
very important focus. Factors involved include physical educa-
tion programs, allowed recess activities, extracurricular activi-
ties, and potentially, short bouts of physical activity in the
classroom.

e Research in older disabled people has found that a moderate in-
crease in VO,max leads to marked improvements in glucose me-
tabolism, insulin levels, and glucose tolerance, implying benefit
for older people in general.
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Physical Activity and Risk—
Maximizing Benefits

Physical activity can pose risks in two main areas: musculoskeletal
injury and fatal and nonfatal cardiac events. This chapter first addresses
injury risk and then cardiovascular risk. Both sections of the chapter in-
clude evidence regarding reduction of the risk. The discussion section
provides an overview of risk—benefit considerations and of osteoarthritis
and joint injuries in relation to physical activity, and it offers a brief
summary of comments raised by the workshop participants.

RISKS OF MUSCULOSKELETAL INJURY
Presenter: Bruce H. Jones'

This presentation included background information about risks and
the incidence of musculoskeletal injury, a summary of factors affecting
risks of injuries, and a summary of key conclusions about the causes, risk
factors, and prevention of physical activity-related injury.

Background
In 1984, the Centers for Disease Control* held a workshop on the

public health aspects of physical activity. Injuries were identified as a
risk about which limited information was available (Koplan et al., 1985).

'Dr. Jones acknowledged assistance from Dr. Joseph Knapik.
2Renamed the Centers for Disease Control and Prevention in 1992.
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To help prevent injuries related to physical activity, answers to the fol-
lowing questions are needed:

e How big is the problem?

e  What causes the problem?

e Are there modifiable risk factors?

e What works to prevent the problem?

To answer these questions, it is useful to focus on the evidence for
weight-bearing physical activity—the injury problem that has been most
studied. Data are available from studies of runners, walkers, and military
trainees.

Self-reported injury rates (counting both overuse and trauma) have
been estimated to be between 25 to 65 injuries per 100 person-years for
runners (Jones et al., 1994), 42 per 100 person-years for walkers (Suter et
al., 1994), and 110 per 100 person-years for cyclists (Wilbur et al.,
1995). Injury rates from studies based on routine clinical follow-up or
medical records are much higher for activities such as aerobic dance
(Garrick et al., 1986), exercise and recreational sports (Requa et al.,
1993), and army basic training (Jones et al, 1994). Thus injury can be a
substantial problem for a variety of exercise groups.

Factors Affecting the Risk of Injury

The factors that affect the risk of physical activity-related injury in-
clude the amount and type of current physical activity, the amount of
past physical activity, other health behaviors, physical fitness level, his-
tory of previous injury, selected demographic factors, and anatomical
factors.

Current Physical Activity
Amount of physical activity The risk of injury increases as the distance
run per week increases (Koplan et al., 1982). However, the injury risk

per 100 kilometers run decreases with an increase in the number of kilo-
meters run per week (Jones et al., 1994). A number of studies confirm
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that greater amounts’ of running result in higher rates of injury among
civilian runners (Brunet et al., 1990; Colbert et al., 2000; Macera et al.,
1989; Marti et al., 1988; Walter et al., 1989) and among military recruits
(Almeida et al., 1999). For walking, the risks of injury are similar over
the range of less than 15 minutes of walking per day to more than 30
minutes per day (Colbert et al., 2000).

For previously sedentary individuals exercising three days per week,
a threshold for elevated injury risk appeared between about 30 and 45
minutes per day of running (Pollock et al., 1977). That is, injury risk
more than doubled, whereas endurance improved little or not at all. A
study of army trainees showed a similar threshold of elevated injury risk
with no gain in aerobic fitness at between 5 and 10 miles of running per
week (Jones et al., 1994).

Type of physical activity Few studies allow the comparison of different
types of activities using the same definitions of injury and the same
measures of exposure. Hootman and colleagues (2001), however, pro-
vide useful data (Table 4-1). Notably, sedentary individuals have about a
15 percent risk of injury. By comparison, walkers are at only slightly
higher risk than sedentary people, while runners and those involved in
sports (especially men) are at substantially higher risk.

TABLE 4-1 Injury” Risks Among Men and Women by Type of Physical

Activity

Risk by Sex, percent per year
Type of Activity (relative risk)
(Number of Subjects) Men Women
Sedentary (1,608 M, 501 W) 14.6" (1.0) 16.8” (1.0)
Walking (508 M, 206 W) 16.5 (1.14) 19.9 (1.18)
Running (2,445 M, 405 W) 24.7 (1.78) 23.2(1.38)
Sports (467 M, 101 W) 27.6 (1.89) 26.7 (1.59)

NOTE: M = men, W = women.

“Self-reported injury in the previous year.

bSignificantly lower than all activities, Chi squared p <.05.
SOURCE: Adapted from Hootman et al. (2001).

3 Amount refers to duration X frequency X intensity.
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Past Physical Activity

Five well-designed studies report that greater frequency or duration
of past physical activity is associated with a lower risk of current injury
(Jones et al., 1993b; Knapik et al., 2001; Rauh et al., 2006b; Shaffer et
al., 1999, 2006). Among male U.S. Army trainees, for example, those
who ran at least 4 days per week the month before initial entry training
had a 20 percent risk of injury, whereas those who ran 3 or fewer days
per week had about twice the risk. Similar results are reported for other
types of exercise.

Physical Fitness Levels

Health-related components of fitness include endurance, muscle en-
durance, muscle strength, flexibility, and body composition (Caspersen
et al., 1985). A very consistent finding in the military studies is that the
more aerobically fit a person is, the lower the incidence of injury (Jones
et al., 1993a; Knapik et al., 1993, 1998, 2001; Rauh et al., 2006b; Rey-
nolds et al., 1994; Shaffer et al., 2006).

Data on improvement in 2-mile run times among army recruits
shows that the trainees in the slowest quartile of trainees reduce their
time by an average of 5.5 minutes while the trainees in the fastest quar-
tile reduce their time by an average of 1.1 minutes (Knapik et al., 2006).
Data such as these suggest that the least aerobically fit trainees on entry
to the service may move themselves into a lower risk category and re-
duce their risk of injury by 30 to 50 percent over the current 9-week pe-
riod of basic training.

Data on civilian populations suggests the opposite effect from mili-
tary trainees, that the most fit civilians may be at highest risk (Hootman
et al., 2001). It has been suggested that the most fit runners and exercise
participants may place themselves at higher risk because they do more
exercise at higher intensities than their less fit peers (Hootman et al.,
2001).

Associations of other health-related components of fitness with in-

jury vary:

e Compared with aerobic fitness, the muscle endurance of military
personnel shows similar association to injury risk, but the re-
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ported associations are weaker (Bell et al., 2000; Jones et al.,
1993b, 1994; Knapik et al., 1998, 2001).

Muscle strength shows inconsistent association with injury risk
(Jones et al., 1993b; Knapik et al., 2001; Westphal et al., 1995).
Flexibility has a bimodal association with injury risk (Jones et
al., 1993b; Knapik et al., 1992, 2001). Those who are loose
(most flexible) and those who are tight (least flexible) have the
highest incidence of physical activity injury, which is about
twice as high as those of average flexibility.

Body composition has inconsistent associations with injury risk
(Hootman et al., 2001; Jones et al., 1992, 1993a; Macera et al.,
1989; Reynolds et al., 1994; Taunton et al., 2003). When fitness
data are stratified by body mass index, it appears that the leanest,
slowest individuals are at greatest risk for injury (NRC, 2006).

Health and Health Behaviors

Among the common health and health behavior risk factors for
physical injury are:

past injury (Hootman et al., 2001; Jones et al., 1993b; Macera et
al., 1989; Walter et al., 1989),

amenorrhea (Barrow and Saha, 1988; Lloyd et al., 1986; Rauh et
al., 2006b; Shaffer et al., 2006),

sedentary lifestyle (Gardner et al., 1988; Jones et al., 1992,
1993b; Knapik et al., 2001), and

cigarette smoking (Altarac et al., 2000; Jones et al., 1993b;
Knapik et al., 2001; Reynolds et al., 1994).

Selected Demographic Factors

Age Studies of associations of older age with the risk of injury have pro-
duced inconsistent results. Eight studies indicate that older age is associ-
ated with higher risk of injury (Brudvig et al., 1983; Gardner et al., 1988;
Jones et al., 1993b; Knapik et al., 2001, 2006; McKean et al., 2006;
Shaffer et al., 1999; Taunton et al., 2003). Four studies show that older
age is associated with lower risk (Carlson et al., 2006; Colbert et al.,
2000; Hootman et al., 2001; Knapik et al., 1993). Most of the studies that
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show higher risk with older age are military studies. It may be that older
civilian exercise participants modulate their risk of injury by performing
less exercise at lower intensities.

Sex During army basic training where male and female trainees do the
same physical training, females are at 1.6 to 2.1 times greater risk for
injury than males (Bell et al., 2000; Bensel et al., 1983; Canham et al.,
1998; Jones et al., 1992; Knapik et al., 2003; Kowal, 1980). After adjust-
ing for physical fitness (Canham et al., 1998)—or for physical fitness,
age, and race (Bell et al., 2000)—the risk is essentially the same.

Anatomical Factors

Some anatomical factors (e.g., foot morphology, knee Q-angle) ap-
pear to be associated with the risk of injury (Brunet et al., 1990; Cowan
et al., 1994, 1996; Giladi et al., 1985; Rauh et al., 2006a), but such fac-
tors may not be amenable to correction. Evidence indicates that bone,
muscle, tendons, and ligaments adapt to increased physical activity and
exercise (Maffulli and King, 1992; Maganaris et al., 2004; Sharma and
Maffulli, 2006). Structured regimens to improve the resistance of these
tissues to injury have not yet been tested.

Evidence for the Prevention of Weight-Bearing
Physical Activity-Related Injuries

In 2003, a new standardized program to prevent over-training during
army basic training found that the traditional physical training program
posed a significantly higher risk than did the injury prevention program
(Knapik et al., 2004b, 2005). Features of the standardized injury preven-
tion program include reduced miles run, performance of distance runs by
ability groups, the addition of speed drills, and a more balanced program
of activities. Other trials of similar methods have been successful
(Knapik et al., 2003, 2004a; Rudzki and Cunningham, 1999; Shaffer et
al., 1996). Other prevention strategies appear to have a limited effect or
no effect on reducing risk. These other strategies include stretching
(Herbert and Gabriel, 2002; Rome et al., 2005; Shrier,1999; Thacker et
al., 2004), warm-ups (Fradkin et al., 2006), and shock absorbent devices
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for footwear (D hondt et al., 2002/2005; Jones et al., 2002; Rome et al.,
2005; Withnall et al., 2006; Yeung and Yeung, 2001).

Concluding Remarks

Greater amounts of physical activity increase the risk of injury, and
thresholds of physical activity exist above which more activity increases
injury risk but not fitness. More past physical activity and higher fitness
levels protect against injuries. In addition to lack of fitness, modifiable
risks include amenorrhea, inactivity, and smoking. The prevention of
overtraining can reduce injury risk and improve fitness. Dr. Jones ex-
pressed the view that (1) sufficient evidence is available to establish gen-
eral principles of physical activity-related injury causation and
prevention, and (2) the application of those principles is expected to
maximize the benefits and minimize the risks of physical activity.

PHYSICAL ACTIVITY AND CARDIOVASCULAR
DISEASE RISKS

Presenter: David S. Siscovick

The primary focus of this presentation was on sudden cardiac arrest
among individuals older than about 30 years, with some attention to non-
fatal myocardial infarction. Because the overall effect of exercise on car-
diovascular health reflects a potential balance of benefits and risks, the
presentation included a review of evidence regarding the magnitude of
risk, factors that modify risk, data on the balance of the risks and bene-
fits, and implications for public health and for clinical care.

Magnitude of the Problem

About 10 to 15 percent of all deaths from coronary heart disease are
due to sudden cardiac arrest. Approximately 5 percent of cardiac arrests
occur during vigorous exercise, and about 10 percent of cardiac arrests
occur during moderate-intensity exercise. The magnitude of the risk var-
ies with the nature of the physical activity, the environment, characteris-
tics of the population, and other factors. Reported values for absolute risk
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per exerciser range from 1 cardiac arrest in 5,000 individuals per year at
an aerobics center to 1 in 20,000 individuals per year in the general
population during vigorous activity. Examined in a different way, the
ratio of the risk during the activity compared to the risk at other times
ranged from 4.5 for cross-country skiing in Finland to 7 for joggers in
Rhode Island.

Factors that Modify Risk

Factors that modify the risk of cardiac arrest during exercise can be
organized by characteristics of the exercise, characteristics of the exer-
ciser, environmental factors, and personal habits. Little evidence is avail-
able about the impact of environmental factors (temperature, humidity,
altitude, air pollution) or about the impact of personal habits (such as the
use of alcohol or tobacco) on the risk of cardiac arrest during exercise.
Thus Dr. Siscovick focused on characteristics of the exercise and of the
exerciser.

Characteristics of the Exercise

Both the intensity of the exercise and the habitual level of physical
activity can affect the risk of cardiac arrest. In a large study in Finland,
Vuori (1986) showed that there was a 9-fold increase in the risk of hav-
ing a sudden cardiac arrest during vigorous exercise compared to other
times and a 3.2-fold increase in risk during nonvigorous exercise. To ex-
amine the risks of the exercise in relation to the potential benefits of
physical activity, Siscovick and colleagues (1984) collected data on the
type, intensity, frequency, and duration of activity; and then they esti-
mated the time spent on activity to examine the risks, both during and not
during activity, in terms of incidence density.

Characteristics that Modify Absolute Risk
Clinical heart disease In the presence of clinical heart disease, both the

risk during activity and the risk not during activity are increased. How-
ever, the magnitude of the increase in risk during activity compared to
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not during activity is about seven-fold (Siscovick, 1997). This is similar
to that for the general population.

Sex The absolute risk of sudden cardiac arrest overall and during bouts
of moderate to vigorous exertion are much lower in women than in men,
as is the relative risk. During moderate or vigorous exertion by women,
the absolute risk of sudden cardiac arrest increased about two-fold, com-
pared to other times, but the magnitude of the risk was very much lower
than that in men (Whang et al., 2006). As with men, the training or ha-
bitual activity level was associated with a lower risk during a bout of
moderate to intense exertion.

Age Data from Vuori (1986) indicate that the absolute risk of sudden
death during exercise increases with age, but sudden death is very un-
common among persons younger than 45 years. The relative risk of sud-
den cardiac arrest during vigorous exercise compared to other times is
much higher in men younger than 45 years than in older men because the
absolute risk of sudden cardiac arrest that occurs during inactivity is very
low in younger men.

Habitual physical activity The data in Table 4-2 indicate that the mag-
nitude of the transient increase in risk during exercise was influenced by
the level of habitual vigorous exercise. The increase in risk during exer-
cise was lowest among the men who were engaged in more than 124
kilocalories (kcal) (20 minutes) of vigorous exercise per day. The impact
of habitual activity on the transient increase in risk during a bout of ac-
tivity is consistent with a training effect, possibly due to reduced physio-
logical and metabolic stress among men who engage in habitual vigorous
exercise.

Some years later, Albert et al. (2000) reported similar findings using
data from the Physicians’ Health Study. The overall occurrence of sud-
den death during vigorous exercise was very small. However, the evi-
dence suggested a much greater risk of having a sudden cardiac arrest
during vigorous exertion among the physicians who exercised less than
once per week than among those who exercised at least five times per
week. These investigators also examined the data to look for a circadian
variation in the risk of exertion, but they found no difference in the tran-
sient increase in risk during vigorous exertion occurring in the morning,
afternoon, or at night.
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TABLE 4-2 Sudden Cardiac Arrest During Vigorous Exercise: Balance
of Cardiac Risk and Benefits

Cases/10® Person Hours (N)

Not During
Habitual Vigorous Exercise, kcal/day During Activity  Activity Overall”
0 NA 18 (30) 18 (34)
1-16 732 (2) 13 (44) 14 (46)
17-123 66 (3) 5@32) 6 (35)
>124 21 (4 4710 5(22)

NOTE: 10° = 100 million.

“The weighted average of the risk during and not during exercise in which the weights are
the amount of time spent in exercise.

SOURCE: Siscovick et al. (1984).

Looking at vigorous exertion as a potential trigger of acute nonfatal
myocardial infarction, Mittleman et al. (1993) demonstrated that a tran-
sient increase in the risk of a nonfatal myocardial infarction occurs
within the hour after a bout of vigorous exertion. As with the investiga-
tors above who examined increases in the risk of sudden cardiac arrest,
Mittleman and colleagues (1993) found that the relative risk of nonfatal
myocardial infarction for heavy exertion decreased dramatically with
increased frequency of regular physical exertion, reported as numbers of
bouts per week.

Balance of Cardiac Risks and Benefits

The data in column 4 of Table 4-2 also indicate that the overall inci-
dence of sudden cardiac arrest (the weighted average of the risk during
and not during exercise where the weights are the amount of time spent
in exercise) was highest among those who did not engage in habitual
vigorous exercise. With increasing levels of habitual activity, the overall
risk of sudden cardiac arrest decreases substantially, despite the transient
increase in risk during activity compared to the risk at other times.
Physical activity can be compared to surgery—similar to surgery, physi-
cal activity poses acute risks, but it also has the potential for supporting a
longer, healthier life.
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Limitations of the Available Evidence

Several limitations of the available evidence need to be considered.
There is a lack of consistency in the definition of cardiac events during
exertion. Specifically, some investigators define events within 30 to 60
minutes of a bout of exertion as “during exertion.” In addition, most
studies have only a small number of events during exertion. In general,
there is a lack of detail about prior habitual activity and the presence of
prior heart disease and coronary risk factors, and current data are not yet
sufficient to predict cardiac events during exertion.

Concluding Remarks

Dr. Siscovick presented his assessment of public health implications
and clinical implications as follows:

Public Health Implications

Exercise has acute cardiac risks, but the absolute risk of a cardiac
event during exercise is low, and the transient increase in risk is out-
weighed by the long-term cardiac benefits of exercise. A number of fac-
tors modify risk. In advising the public, it is important to consider both
risks and benefits.

Clinical Implications

When providing clinical care, an important measure is targeting ex-
ercise, and considering environmental factors and habits. This requires
asking patients about the circumstances under which they exercise. In
part because the sensitivity of pre-exercise evaluation is low in adults,
medical supervision of exercise is indicated for selected individuals
(such as those with clinical coronary heart disease). Automated external
defibrillators in settings of supervised exercise may be very helpful in
resuscitating individuals who have a cardiac arrest.
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DISCUSSION

Physical Activity-Related Injuries:
Is the Benefit Worth the Risk?

Discussant: Jennifer Hootman
Risk Associated with Physical Activity

Among civilian, community-dwelling adults in the United States, the
incidence of physical activity-related injury is very low overall, but it
ranges widely for specific groups (for example, the range is 8 to 80 per-
cent for recreational and competitive runners). The more active a person
is, the higher the probability of injury (Hootman et al., 2002; Pollock et
al., 1977). Nonetheless, about 15 percent of sedentary people report an
activity-related injury. As indicated earlier by Dr. Jones, with increases
in activity, the risk per unit of exercise exposure may be lower.

Using unadjusted data, Hootman and colleagues found that people
who meet the Surgeon General’s physical activity recommendation (de-
fined as 1,000 kcal or more of physical activity-related energy expendi-
ture per week) have a risk of injury that is about 77 percent higher than
that of inactive people (zero energy expenditure from physical activity
per week). After adjusting for a variety of risk factors (mainly the modi-
fiable risk factors identified by Dr. Jones), however, the increase in risk
is not statistically significant for both men and women. The results of a
multivariate analysis suggest that (1) even insufficient exercise (1 to 999
kcal of exercise per week) may confer a small amount of protection
against activity-related injury, and (2) twice weekly weight training and
stretching exercise each may also confer a small amount of protection
against activity-related injury.

A few studies report injury rates per 1,000 hours of physical activity.
Reported rates include 0.19 to 1.5 for commuting and lifestyle activities
(Parkkari et al., 2004), 2.2 for strength and aerobic exercise in older
adults (Colbert et al., 2000), 5.9 to 7.8 for adult fitness activities (Requa
et al., 1993), and 6.6 to 18.3 for recreational sports (Parkkari et al.,
2004). According to Dr. Hootman, the injury rate can be estimated to be
about one injury every 4 years for the average person who meets the
minimal public health recommendation for physical activity. The basis
for the estimate is in Box 4-1.
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BOX 4-1

Estimation of Injury Rate for Individuals Meeting the
Surgeon General’s Physical Activity Recommendation

Physical activity recommendation = 30 minutes of exercise 5 days/week.

e 150 minutes/week =
e 7,800 minutes or 130 hours/year =
e 7.7 years to accumulate 1,000 hours of activity

If the injury rate is approximately 2.0/1,000 hours, then the injury rate is about
one injury every 4 years.

SOURCE: Colbert et al. (2000).

Possible Prevention Messages

Dr. Hootman listed a number of possible prevention messages and
the type of evidence that supports each, as follows:

e Choose activities wisely. Walking poses 50 percent less risk than
does running.

e Moderate the total dose of physical activity. Exercising more
than 20 miles per week increases the risk 1.7 to 2.1 times.

e Combine strengthening with aerobic exercise. Strength training
reduces the risk about 40 percent in women.

e Maintain a normal body weight. Although it is not known if
weight loss reduces the risk of injury, it improves biomechanics.

e Improve fitness level slowly before entering a rigorous training
program. Military data show the importance of this approach.

e Obtain appropriate care and rehabilitation before returning to
participation post injury. Previous injury is a risk factor for a fu-
ture injury.

Concluding Remarks

Dr. Hootman expressed the view that the benefits do outweigh the
risks and that there are ways to modify the risks.
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Physical Activity, Osteoarthritis, and Joint Injuries
Discussant: William E. Garrett, Jr.

In his discussion, Dr. Garrett focused on the potential association be-
tween exercise and osteoarthritis (OA) rather than on a single injury.
Among the many reasons people provide for not exercising are the asso-
ciation between exercise and pain and the understandable concern that
exercise-related pain could lead to OA. Although OA has been linked to
“wear and tear,” some evidence suggests that exercise that promotes
muscle strength and endurance may allow the muscles rather than the
bones and joints to absorb the energy preferentially. By this concept, ex-
ercise may even protect from OA (Hurley, 1999; Shrier et al., 2004).
Diseases such as diabetes lead to muscle weakness and sensory neuropa-
thy that can cause extreme arthritis in the form of Charcot joints—even
with very little exercise.

The clear associations between exercise and OA involve sports (e.g.,
soccer, football, and basketball) that may lead to joint injury such as
ligament or meniscal damage in the knee. Data are unclear regarding
whether there is an association between running and OA, but moderate
levels of running or of other aerobic exercise do not appear to cause OA
(Konradsen et al., 1990; White et al., 1993). Professional groups such as
the American College of Rheumatology include aerobic and strengthen-
ing exercises in the treatment of people with OA.

Joint Injuries

Relatively high rates of joint injuries occur in sports. These injuries
can lead to changes of OA and are a better predictor of OA than sports
participation itself (Thelin et al., 2006). The development and implemen-
tation of injury prevention programs could help achieve the benefits of
exercise without the risk of OA.

Concluding Remarks

Given all the health benefits of exercise and the lack of an associa-
tion between exercise and OA, health care professionals can provide a
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useful service by prescribing exercise regularly and alleviating patient
concerns regarding arthritis.

Group Discussion
Moderator: Caroline Macera
Points raised during the group discussion included the following:

e Few data are available regarding traumatic injury risk associated
with exercise such as running, racing, and bicycling.

e Data are needed regarding physical activity-related injury in the
context of all injury. For example, can physical activity provide
protection from other types of injuries?

e Definitions related to injury need to be standardized. In general,
the injuries that are counted are those that require some medical
treatment and result in a change in activity level.

e The primary cause of sudden cardiac death among U.S. adults is
coronary heart disease. Risk factors for coronary heart disease
are likely to increase the risk of sudden cardiac death both during
activity and during inactivity. For persons with previously ex-
pressed cardiovascular disease, a supervised setting for exercise
is beneficial.

e Screening guidelines for the general population and those with
cardiovascular risk factors need clarification. Results of sub-
maximal tests on middle-aged men with elevated low-density
lipoprotein cholesterol concentration have low sensitivity.

e Findings from the Wisconsin Epidemiological Study on Diabetic
Retinopathy related to weight lifting may provide useful infor-
mation on adverse effects of physical activity on microvascular
disease.

e An article by Carato and a review by Thompson (2005) provide
potentially useful information about cardiovascular events during
exercise among athletes and the potential impact of pre-exercise
evaluations among young people.
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Physical Activity and Special Considerations
for Children, Adolescents, and Pregnant
and Postpartum Women

A number of population groups merit special attention with regard to
the relationship between physical activity and health. This chapter pre-
sents evidence of the effects of physical activity on the health of school-
age children and adolescents and of pregnant and postpartum women.
For convenience, the term youth was sometimes used by the presenters to
refer to school-aged children and adolescents. The discussion section
presents promising evidence relating physical activity to specific out-
comes in children and adolescents, information on physical activity and
skeletal growth in children and adolescents, and a brief summary of
points raised during the group discussion.

PHYSICAL ACTIVITY AND CHILDREN
AND ADOLESCENTS
Presenter: Robert M. Malina

This presentation included background information, evidence related
to the benefits of physical activity for children and adolescents, and con-
sideration of the amount of physical activity needed by youth.

Background
It is generally presumed that regular physical activity is essential to

support the normal growth and maturation, health, and fitness of children
and adolescents. Fairly recently, an expert panel was formed to review
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the effects of physical activity on health and behavioral outcomes in
school-aged children and adolescents ages 6 to 18 years. The panel also
was charged with developing a recommendation for physical activity for
children and adolescents. The effects of physical activity on indicators of
growth and maturation were not considered. In particular, the panelists
addressed the following questions:

e What are the health, fitness, and behavioral benefits of regular
physical activity for school-aged children and adolescents?

e In terms of frequency, intensity, and time (duration), what
amount and type of activity is needed to bring about beneficial
effects on the selected indicators?

e  What amount of physical activity should be recommended?

The indicators considered included measures of health, fitness, behavior,
and injury risk. Panelists used a standardized evaluation format to exam-
ine the evidence. The panel report is published in the Journal of Pediat-
rics (Strong et al., 2005).

Evidence of Specific Qutcomes
Adiposity

Normal weight youth Enhanced physical activity programs appear to
have a minimal effect on adiposity among youth of normal weight.
Cross-sectional and longitudinal comparisons of active and less active
youth give equivocal results regarding skinfold measurements. Two ex-
perimental studies suggest that youth need a considerable amount of
physical activity to maintain a healthy weight.

Obese youth Experimental studies of obese youth indicate a reduction in
total body and visceral adiposity with regular activity. In this case, regu-
lar activity is defined as a variety of moderate to vigorous activity for 30
to 40 minutes per day on 3 to 5 days per week.
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Lipids and Lipoproteins

In a variety of intervention studies of youth, weak beneficial effects
of physical activity are reported for reducing the level of high-density
lipoprotein cholesterol and triglycerides. The amount of physical activity
needed to achieve beneficial effects appears to be a minimum of 40 min-
utes per day of moderate to vigorous activity for 5 days per week over a
4-month period. A sustained volume of physical activity may be a key
factor. School-based programs generally were not effective in improving
the lipid and lipoprotein profiles of youth.

Blood Pressure

Normotensive youth No clear association was found between physical
activity and blood pressure in normotensive youth.

Hypertensive youth Experimental aerobic training programs have dem-
onstrated beneficial effects on the blood pressure of hypertensive youth.
Thirty-minute sessions of sufficient intensity to improve aerobic fitness
on 3 days per week for 12 to 32 weeks provided benefit. Two studies
showed no change in blood pressure with resistance training. Among
youth with mild essential hypertension, some evidence suggests that
aerobic programs may reduce blood pressure.

Other Indicators of Cardiovascular Health

In general, the data that physical activity may improve other indica-
tors of cardiovascular health among youth are very limited. However,
data suggest that aerobic training increases resting vagal tone as reflected
in higher heart rate variability, which is a marker of cardiac parasympa-
thetic activity. The implications of this change for the development of
cardiovascular disease are uncertain.

Metabolic Syndrome and Type 2 Diabetes

Two studies indicate that insulin and triglyceride concentrations and
adiposity are favorably influenced by physical activity in obese youth.
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The physical activity level was moderate to vigorous three times per
week. Essentially no useful data are available regarding associations of
physical activity and type 2 diabetes in children and adolescents.

Skeletal Health

Evidence from a variety of studies suggests a beneficial effect of
regular physical activity on bone mineral content and bone mineral den-
sity. Most of the studies have been conducted on prepubertal children or
adolescents in the early stages of puberty. Typically, the studies involve
moderate- to high-strain physical activity for 10 to 60 minutes per day at
least 2 to 3 times per week. Some have used 10 minutes of impact activ-
ity and 45 to 60 minutes of general weight-bearing activity. Limited evi-
dence suggests little or no positive effect after puberty.

Aerobic Fitness

In both cross-sectional and longitudinal studies, data suggest higher
aerobic fitness in active youth than in less active youth. In experimental
studies of children ages 8 years and older, the evidence consistently
shows a favorable effect of physical activity on aerobic fitness—namely,
about a 10 percent increase in peak VO,. The programs that produced
benefits involved continuous vigorous aerobic activity of various types
for 30 to 45 minutes per day at least 3 days per week.

Muscular Strength and Endurance

Although the cross-sectional and longitudinal data are equivocal re-
garding the association of physical activity with muscular strength and
endurance among youth, experimental data show significant gains with
weight training 2 to 3 days per week with a rest day between sessions.
The key appears to be a variety of progressive resistance activities, adult
supervision, and the involvement of both reciprocal and large muscle
groups.
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Behavioral Outcomes

Examining evidence relating physical activity to behavioral out-
comes poses a number of challenges, including a large number of out-
come measures, problems with sampling, quasi-experimental studies, and
various modes and combinations of activity. Physical activity is fairly
strongly associated both with global self-esteem and physical self-
concept. Aerobic activity generally has a small positive effect on symp-
toms of depression and anxiety, but the addition of cognitive behavioral
modification produces a stronger positive effect.

The data on effects of physical activity on academic performance are
limited, with very mixed results that tend toward the positive. Notably,
quasi-experimental data indicate that the allocation of more curricular
time to physical education or activity programs did not negatively influ-
ence academic achievement—even when less time was allocated to other
subjects.

Risk of Injury

As discussed earlier by Drs. Jones and Hootman (see Chapter 4),
physical activity increases the risk of injury. Data are limited, however,
regarding associations of school, recreational, and free-time activities
with injury. Comparability among studies is limited because of the chal-
lenges of accurate surveillance and reporting, the definition of injury, and
exposure statistics, among other reasons.

Evidence from six studies of physical education indicates very low
risk of injury in programs involving moderate to vigorous activity for 10
to 40 minutes on 3 days per week. In a study of self-reported injuries in
recreational and sporting activities among Australian adolescents, about
one in four students reported an injury, and the rate of injury was one per
three instances of participation (Grimmer et al., 2000). Most (72 percent)
of the injuries were classified as minor (e.g., bruises, aches, strains) and
5 percent as major (e.g., fracture, dislocation, concussion).

Summary of the Evidence on Physical Activity and Youth

The expert panel that addressed the benefits of physical activity in
children and adolescents (Strong et al., 2005) determined that dose—
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response data are limited. The evidence base is strongest for skeletal
health, aerobic fitness, muscular strength and endurance, adiposity in the
obese, and blood pressure in the hypertensive. Evidence is suggestive for
adiposity and lipids in nonobese youth; for blood pressure in normoten-
sive youth; and for self-concept, anxiety and depression symptoms, and
academic performance. Data on associations of physical activity with
metabolic syndrome, type 2 diabetes, and some indicators of cardiovas-
cular health currently are very limited for youth.

Most of the experimental intervention protocols used a continuous
activity program, but the activities of children, especially young children,
are primarily intermittent. Figure 5-1 illustrates how activity needs vary
with age during childhood and adolescence. This suggests the need to
develop activity protocols that examine the effects of high-intensity, in-
termittent activity on indicators of health, fitness, and behaviors.

A difficulty in evaluating the effects of activity on indicators of
health and fitness in children and adolescents relates to the fact that the
outcome variables change with normal growth, maturation, and devel-
opment, whether or not the individual is physically active on a regular
basis (Malina et al., 2004; Malina and Katzmarzyk, 2006). Available data
do not consider interindividual differences in maturity status and pro-
gress, especially during the adolescent years. Data also are needed on the
persistence of activity-induced beneficial effects and on the amount of
activity needed to maintain these beneficial effects.
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FIGURE 5-1 Changes in types of activity needs with increasing age of children
and youth.

SOURCE: From R.M. Malina, 1991, Fitness and Performance: Adult Health and
the Culture of Youth. In New Possibilities, New Paradigms? American Academy
of Physical Education No. 24, edited by R.J. Park and H. M. Eckert, pages 30-
38. © 1991 by American Academy of Physical Education. Adapted with per-
mission from the American Academy of Kinesiology and Physical Education
and Human Kinetics (Champaign, IL).

Concluding Remarks

In closing, Dr. Malina highlighted the importance of investigating
how to prevent unhealthy weight gain in children and adolescents, con-
sidering physical inactivity as well as physical activity. Inactivity and
activity have different meanings and contexts in children and youth, and
they are generally independent of each other.
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PHYSICAL ACTIVITY DURING PREGNANCY
AND THE POSTPARTUM PERIOD

Presenter: James M. Pivarnik

This presentation addressed the historical concern with potential
harm from maternal physical activity, short-term benefits from maternal
physical activity for the mother and fetus, and the role of maternal physi-
cal activity on chronic disease risk of the mother later in life.

Historical Concerns and Guidelines

Early studies on physical activity and pregnancy were concerned
with harm rather than benefit. Most studies used animal models. Human
studies examined cardiorespiratory responses and thermoregulation in
the mother, heart rate of the fetus, and outcomes of pregnancy such as
birth weight, gestational length, and adverse events.

The American College of Obstetricians and Gynecologists (ACOG)
developed the first exercise guidelines for pregnant women in 1985
(ACOG, 1985). Those guidelines were based on the early studies and
were conservative. They included a maximum heart rate of 140 beats per
minute and time limits for physical activity. The potential need for indi-
vidualization of the recommendations was noted.

Between 1985 and 1994, nearly 600 relevant studies were published,
most of which focused mainly on doing no harm. Many of these were
laboratory studies with small sample sizes, and most involved acute ma-
ternal responses to exercise. The data suggested (1) no detrimental ef-
fects of the exercise to the mother or fetus, (2) possible reduced length of
labor, (3) possible improvement in gestational diabetes mellitus (GDM),
and (4) relatively little loss of fitness by chronic exercisers. The use of a
target heart rate was found to be somewhat problematic because of in-
consistent influences of pregnancy on heart rate among women. ACOG
updated its guidance for exercise during pregnancy in 1994 (ACOG,
1994) and again 8 years later (ACOG, 2002).
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Current Evidence Relating Physical Activity to Outcomes

More recently, a number of studies have examined whether maternal
physical activity affects birth weight. Perkins and colleagues (2005) per-
formed a meta-analysis of the effect of maternal physical activity on
birth weight, stratified by exercise intensity. They found a slightly lighter
(but not low) mean birth weight for infants born to women who took part
in vigorous activity (see Figure 5-2). The topic merits attention because
in the year 2000 more than two-thirds of women in the childbearing
years took part in some type of physical activity (Evenson, 2004), and
many women want to continue these activities during pregnancy.

Information on vigorous activity during pregnancy is very limited. In
2005, an expert panel was assembled to examine the impact of physical
activity during pregnancy and the postpartum period on chronic disease
risk (Pivarnik et al., 2006). That panel addressed a number of topics, in-
cluding the association of physical activity with the risk of preeclampsia
and with the risk of GDM. Regular physical activity in early pregnancy
is associated with a reduced risk of preeclampsia in two case—control
studies (Marcoux et al., 1989; Sorenson et al., 2003) and one cohort
study (Saftlas et al., 2004). The evidence is not strong, but it is in the
same direction. Although pilot data from Mottola and colleagues (2005)
show a slightly reduced rate of GDM in overweight pregnant women
who began a program of physical activity, data are insufficient to de-
velop specific optimal physical activity guidelines for GDM prevention.

Some evidence is available regarding the role of physical activity in
postpartum weight reduction. Larson-Meyer (2002) reviewed approxi-
mately 60 cross-sectional and randomized trials on this topic, looking at
postpartum exercise but not activity performed during pregnancy. When
compared to sedentary women, those who performed moderate physical
activity without caloric restriction did not appear to show greater weight
or fat loss. In a later report, Rooney et al. (2005) evaluated nearly 800
women early in pregnancy and followed them for 15 years. Disease and
risk factor development (i.e., diabetes, heart disease, dyslipidemia, and
hypertension) were positively related to weight gain over the 15 years.
The women who continued to perform aerobic exercise postpartum were
less likely to become obese than those who did not. Among factors that
can create barriers to postpartum physical activity are lack of time and
lack of child care (Beilock et al., 2001).
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FIGURE 5-2 Effect of maternal physical activity on birth weight, stratified by
exercise intensity. The sizes of the boxes reflect the relative sample sizes.
NOTE: PA = physical activity. The studies represented by the boxes in the fig-
ure are listed in descending order as follows: Beckmann and Beckmann, 1990;
Bell et al., 1995; Botkin and Driscoll, 1991; Clapp, 1990, 1996; Clapp and Dick-
stein, 1984; Clapp et al., 1998, 1999, 2000; Collings et al., 1983; Homs et al.,
1996; Lewis et al., 1998; Magann et al., 1996, 2002; Marquez-Sterling et al.,
2000; Pivarnik et al., 1994; Rice and Fort, 1991; Stemfeld, 1997.

SOURCE: Perkins et al. (2005).
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Concluding Remarks

Dr. Pivarnik identified the effects of maternal recreational exercise
on the health, growth, and development of the offspring as an exciting
new topic of research. Dr. Jim Clapp is a lead investigator in this area,
but few studies are available and sample sizes are small. Initial studies
indicate that beginning or continuing recreational exercise during preg-
nancy has no identifiable acute or chronic adverse effects on the off-
spring and may have some positive effects. There is a great need for
prospective, randomized exercise-intervention studies in diverse popula-
tions.

DISCUSSION

Promising Lines of Evidence Relating Physical
Activity to Outcomes in Children and Youth

Discussant: Russell R. Pate

There is much less evidence supporting the development of physical
activity guidelines for children and youth than there is for adults. The
young age group poses enormous research design challenges for two ma-
jor reasons: (1) most young persons are healthy and remain so during
childhood and adolescence, and (2) young people are the most active
segment of our society. These two factors make it very difficult to dem-
onstrate positive health effects. In view of these factors and the data pre-
sented by Dr. Malina, Dr. Pate suggested directing attention to the
following three topics:

1. The amount of activity sustained over time that minimizes the
risk of excessive weight gain over that period. This focus could
be valuable in part because the increased prevalence of obesity is
of concern to society at large. A few U.S. studies and more
European studies have addressed activity and weight gain over
time in children and youth of normal weight.

2. Activity related to fitness. Children and youth with low fitness
levels tend to have low fitness during adulthood, and evidence
shows a strong association of low adult fitness with a range of
chronic disease outcomes (see Chapter 2). Using data from the
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National Health and Nutrition Examination Survey, Dr. Pate’s
group recently found that about one-third of U.S. children and
youth fail to meet aerobic fitness standards. Moreover, Dr.
Malina reported that the literature on this topic is fairly
extensive.

3. Activity and the multiple metabolic syndrome. This is a rapidly
developing area, and it is possible that evidence will be available
soon regarding protective levels of physical activity.

Physical Activity and the Skeleton in Children and Youth
Discussant: Heather McKay

Topics addressed in this discussion include the optimal period for a
response of bone to exercise, bone geometry related to bone strength,
modes and intensity of exercise, and the benefits of muscular strength for
the skeleton.

Timing

Childhood is an essential time to introduce physical activity in terms
of healthy growth of the skeleton. The key time appears to be early pu-
berty. Bone mineral content velocity lags behind peak growth and peak
linear growth by about 8 months. Approximately 26 percent of one’s
adult skeleton is accrued in the 2 years around the age of peak skeletal
growth (age 11.8 years for girls and 13.4 years for boys). This amount of
accrual represents as much bone as most people will lose in their entire
adult lives (Arlot et al., 1997).

Mechanical Loading and Bone Geometry

Stress causes strain on bones. Bone is accrued primarily on the pe-
riosteal (outer) surface, meaning that the bone is getting larger (Turner
and Robling, 2003). An increase of as little as one millimeter in the outer
surface of bone increases strength substantially. Bone may alter its geo-
metric properties independently of changes in bone mass (Jarvinen et al.,
1999). Adding bone to the outside increases strength, and adding bone to
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the endosteal (inner) surface increases strength also. Dual-energy X-ray
absorptiometry (DEXA) does not detect these responses. Bone mineral
density by DEXA may be the same across different configurations of a
cross section of bone, even though strengths may differ by four or eight
times. Thus there is a huge gap between knowing the amount of bone
mineral in a given bone and knowing its structural capacity. The whole
bone structure substantiates the mechanical competence of bone
(Jarvinen et al., 2005).

Modes and Intensity of Exercise

Data are lacking on what mode or intensity of physical activity is os-
teogenic (builds bone). Studies with rats indicate that 5 jumps per day
were as effective as 40 jumps per day in increasing bone strength
(Umemura et al.,, 1997). Preliminary data from Dr. McKay’s group
suggest that taking five jumps each of three times per day during school
increases distal tibia muscular strength in boys but not in girls.

Muscular Strength and the Skeleton

In both males and females, peak lean mass accrual occurs about 4
to 6 months before peak bone mass accrual (Rauch et al., 2004). Data
show a very close relationship between a surrogate for muscle strength,
total lean body mass, and bone strength. Similarly there is a close asso-
ciation between an increase in muscle mass and an increase in bone
mass. Thus interventions that increase muscular strength also may bene-
fit the skeleton.

Concluding Remarks
Dr. McKay highlighted the following points:
e Early puberty is the period when the response of bone to exercise
is optimized.

e Small changes in bone geometry result in substantial increases in
bone strength.
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Frequent episodes of short exercise bouts may be as effective as
sustained exercise.

Further studies are needed.

Schools may be the key avenue to having an impact on chil-
dren’s health.

The benefits of exercise do not persist if exercise is withdrawn.

GROUP DISCUSSION

Moderator: Patty S. Freedson

Among the points raised during discussion were the following:

The quantification of intermittent bouts of physical activity may
pose a challenge. Accelerometry may be helpful, as may other
new technological approaches to assess behavior objectively.
Questions were raised about the appropriateness of an exercise
prescription model for children. Considering a diversity of ac-
tivities may be helpful, along with setting appropriate targets for
the duration of moderate to vigorous intensity activity.

More data are needed about the risk of physical activity among
children and youth.

Work in animals suggests that dividing loads over several ses-
sions per day substantially increases the osteogenic response.
Evidence regarding this relationship in humans is needed.
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Physical Activity and Special
Considerations for Older Adults

This chapter addresses the aging U.S. population, physiological
changes that older people experience as they age, evidence of the bene-
fits from physical activity, and the rationale for developing more specific
physical activity guidelines targeted toward older Americans. Specific
evidence was presented detailing the role of physical activity in the de-
velopment of age-associated impairments, functional limitations, physi-
cal disability, and cognitive decline.

PHYSICAL ACTIVITY AND OLDER ADULTS
Presenter: Roger A. Fielding'

This presentation provided background information on demographic
changes in the U.S. population and the prevalence of physical inactivity
in the elderly. Then Dr. Fielding covered age-related changes in physio-
logical function, available evidence for benefits of physical activity, re-
search needs, and reasons to develop specific physical activity guidelines
for older Americans.

'Dr. Fielding acknowledged support from U.S. Department of Agriculture 54-K01-01,
National Institute of Aging (NIA) AG 18844, NIA AG 25270, and NIA AG 22376.
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Background

The U.S. population is aging, with a projected sharp increase in the
number of people over age 65 years. The rate of growth in the size of the
group that is older than 85 years is even faster than that for persons over
age 65 years. The over-85 age group is the fastest growing segment of
our population. The prevalence of physical inactivity is highest among
the elderly. Data from the Centers for Disease Control and Prevention
(CDC, 2005) indicate that close to 40 percent of persons age 70 years or
older have no physical activity beyond daily functioning. Similarly,
Manson et al. (2004) found that more than 60 percent of persons older
than 75 reported no leisure-time physical activity.

Age-Related Changes in Physiological Function

The disablement pathway originally described by Nagi (1965) and
later adapted by Verbrugge and Jette (1994) includes the following steps:

Pathology (e.g., type II muscle fiber atrophy) =

Impairment (e.g., loss of muscle strength) =

Functional limitation (e.g., loss of mobility) >

Disability in which the person has a limitation in performing a
socially defined role within the social or physical environment.

el s

This model has been useful in compartmentalizing the potential ef-
fects of physical activity on age-associated functional limitations and
disability. Evidence suggests that physical activity by older persons may
lead to improvements at the levels of functional limitations and disability
by mechanistically improving physiological function at the pathology or
impairment level. Functional limitations generally are assessed either by
self-report or performance-based measures, while disability usually is
assessed with self-reported instruments.

Sarcopenia
Decline in skeletal muscle mass (sarcopenia) is an obvious change

that occurs with aging. Scanning a cross-sectional area of the mid-thigh
by computed tomography (CT) or magnetic resonance imaging (MRI)
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reveals that even non-obese older women have a smaller amount of mus-
cle and more fat than do younger women. The New Mexico Elder Health
Survey used dual energy X-ray absoptiometry (DEXA) scans to estimate
the prevalence of sarcopenia. Selected data showing the range for men
and women appear in Table 6-1. In that survey, sarcopenia was defined
as having a DEXA value two standard deviations below normal for
young individuals.

Decline in voluntary muscle strength occurs along with the decline in
skeletal muscle mass and power. Metter et al. (1997) reported that upper
extremity strength of persons age 85 and older was about 60 percent that
of the 20-year-old group, and upper extremity power was only 40 percent
that of the young group. Both strength and power are predictors of func-
tion in the elderly; however evidence is accumulating that power may be
the stronger predictor of functional limitations and disability. Jette et al.
(1981) showed that approximately 20 percent of men and 60 percent of
women ages 75-84 years were unable to lift a 4.5 kg (10 1b) weight,
which is comparable to the weight of a bag of groceries.

Evidence indicates that qualitative changes also occur in muscle. For
example, the specific force of single skeletal muscle fibers—both the
slow type I fibers and the fast oxidative type IIA fibers—was signifi-
cantly lower for older men than for younger men (Frontera et al., 2000).

Aerobic Capacity

Data from a number of studies suggest that aerobic capacity declines
about 1 percent per year after the third decade (Astrand, 1960; Fleg et al.
2005). Recent evidence from Fleg and colleagues (2005) suggests that
longitudinal declines in aerobic capacity are independent of participation
in regular physical activity and that declines in aerobic capacity in late
life may be even more precipitous. The change is closely related to the
age-associated decline in maximal cardiac output and parallels the
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TABLE 6-1 Range of Prevalence” of Sarcopenia for Older Non-Hispanic
White Men and Women

---Percent---
Age group, years Males (n=205) Females (n=173)
70-74 20 33
>80 53 43
“Prevalence assessed by dual-energy X-ray absorptiometry in the New Mexico Elder

Health Survey.
SOURCE: Adapted from Baumgartner et al. (1998).

decline in skeletal muscle oxidative capacity, as measured by decreased
mitochondrial number and function. Because of these declines, even
normal activities of daily living may require near maximal effort for
many older people. Despite the fact that aerobic capacity does seem to
decline with age, older adults who are aerobically fit have maximal ca-
pacity for oxygen consumption (VO,max) similar to that of sedentary
younger adults.

Evidence of Benefits of Physical Activity

Many studies have shown that exercise can have beneficial effects by
reducing the risk of chronic diseases and mitigating signs and symptoms
of disease that are already present in older adults.

Strength and Muscle Mass

A randomized controlled trial of strength training showed a progres-
sive significant increase in muscle strength in the resistance training
group throughout the year of the study, and a slight, nonsignificant in-
crease in the control group (see Figure 6-1) (Nelson et al., 1994). Muscle
mass also increased in the resistance training group.

A randomized controlled trial of nursing home residents with a mean
age of 85 years found that the group that received exercise alone became
stronger than the control group, but there was no improvement in muscle
mass (Fiatarone et al., 1994). In contrast, the group that received exercise
plus a nutritional supplement benefited in both strength and muscle mass.
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FIGURE 6-1 Effect of resistance training (lateral pull down) on muscle strength
over time, postmenopausal women ages 50—70 years.

SOURCE: Morganti et al. (1995). Reprinted, with permission, from Med Sci
Sports Exerc.

Functional Limitations and Disability

In a systematic review of effects of progressive resistance training
interventions, Latham et al. (2004) reported on changes in functional
limitations and disability among older individuals who were impaired at
baseline. In the pooled analysis, improvements in strength were moderate
to large, and improvements in functional limitations (gait speed, chair
stand, and 6-minute walk) were modest to moderate. No effect of resis-
tance training was seen, however, in a physical function subscale or in
the measure of activities of daily living. The changes in functional limita-
tions were variable and may depend on baseline performance, stimulus
intensity, and duration.

In a recently released report on the Lifestyle Interventions and Inde-
pendence for Elders Pilot (LIFE-P) study (a 1-year program of combined
aerobic, strength, and balance training in older men and women with
functional limitations at baseline) showed significant and clinically
meaningful improvements in the short physical performance battery
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score compared to a health education control group (The LIFE Investiga-
tors, 20006).

Another systematic review of the impact of resistance training on the
disablement process (Keysor and Jette, 2001) found that 23 of the 26
studies demonstrated improved strength, and over half showed improve-
ment in functional tasks such as walking and stair climbing. Only a few
studies, however, showed improvement in physical disability, and those
improvements were small to modest.

Limitations in instruments designed to measure disability may ex-
plain, at least in part, why most physical activity studies fail to show an
impact on disability. Using a newly developed instrument to assess dis-
ability in intervention studies, Dr. Fielding’s group conducted a 12-week
randomized trial of the effect of progressive resistance training on dis-
ability in older persons who had experienced a stroke. Strength increased
about 16 to 38 percent in the exercise group compared to no change in
the attention control group. In addition, data collected using the Late Life
Function and Disability Instrument, which was developed and validated
by Jette et al. (2002), showed improvements to the advanced lower ex-
tremity function domain and two domains of disability (limitation and
instrumental role) (Ouellette, 2004).

Falls

Falls are a precipitating event for fracture. Approximately 50 to 65
percent of all falls occur in or around the home (Cummings et al., 1995).
Most occur on the same level, from a standing height, as by tripping
while walking rather than falling down stairs. Some evidence indicates
that physical activity or a combination of balance and strengthening ac-
tivity programs may reduce falls in older individuals. For example, in a
randomized trial involving frail older women, Campbell et al. (1997)
found that 30 minutes of home-based strength and balance exercises
three times per week over 1 year resulted in significant improvements
over the control group in chair stand time (the time to stand up from a
standard chair five times) and balance measures. In addition, the exercise
group had a significant 40 percent decrease in injurious falls.
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Cognitive Function

In a review, Kramer et al. (2006) reported that observational studies
suggest an association between physical activity in persons with normal
cognitive decline and the development of Alzheimer’s disease and other
dementias. However, the studies generally covered a short period of
evaluation (2 to 8 years). Intervention studies suggest that exercise train-
ing has a positive effect on executive control processes. These processes
include planning, scheduling, working memory, and multitasking.

Mean differences in baseline cognitive function scores showed a sig-
nificant value for trend by quartile of walking for four of five tests of
cognitive function (Weuve et al., 2004). Two meta-analyses have been
conducted of intervention trials that address physical activity and cogni-
tive function (Colcombe and Kramer, 2003; Heyn et al., 2004). In non-
demented older adults, the estimated effect size was 0.48; and in
demented elderly patients, the effect size was similar (0.57). Dr. Fielding
highlighted the need to conduct more basic studies to identify the areas
of the brain that are activated by exercise and the mechanisms of action
by which exercise exerts its effects.

Concluding Remarks

In closing, Dr. Fielding provided his perspective on information
needs and on reasons for specific physical activity guidelines for older
Americans.

Research Needs

Among the research needs relating to physical activity in older adults
are the following:

e A definitive randomized trial of physical activity on disability
outcomes

e Evidence of the ability of older individuals with functional limi-
tations to adhere to physical activity recommendations

e Better understanding of appropriate physical activities to im-
prove balance

e Definitive studies on exercise and cognition
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Rationale for Developing Specific Physical Activity Guidelines
for Older Americans

Specificity is needed to address the unique changes in physiological
reserve that occur with aging. This is especially important if guidelines
will be developed to apply to older individuals with several comorbid-
ities and functional limitations, as well as to older healthy persons. Older
persons have more medical conditions and comorbidities than do
younger persons, and they are at increased risk of injury. In addition,
long-term adherence to physical participation can be an issue, especially
for older adults with functional limitations. In the LIFE-P study (The
LIFE Investigators, 2006), over the course of 1 year, about half the sub-
jects had to suspend participation in moderate physical activity for a pe-
riod because of a health problem. Thus effective strategies that can help
older adults resume physical activity following these common health
transitions merit consideration when developing physical activity guide-
lines for this population.

DISCUSSION
Physical Activity Guidelines for Older Adults
Discussant: Anne B. Newman
Background

In contrast with common perception, the rates of disability for activi-
ties of daily living (defined as difficulty with self-care) are rather low
(about 1 to 2 percent) in older persons. Rates of loss of mobility, how-
ever, are much higher. After age 70, the rate of incident mobility diffi-
culty is 10 percent per year, and about one-third of the affected
individuals have severe mobility disability (Penninx et al., 2004). Chal-
lenges to one’s ability to remain physically active with older age include
risk of hip fracture, pneumonia, and congestive heart failure. The acute
declines and limited recovery from such intermittent health events may
further accelerate functional decline and ultimately lead to disability.

As mentioned earlier in this session by Dr. Fielding, longitudinal
data show a decline in maximal oxygen consumption with aging. Al-
though those who are active maintain higher oxygen consumption, the
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rate of the decline is not prevented by physical activity (Fleg et al., 2005;
Metter et al., 1999). Metter et al. (1999) observed age-associated de-
creases in leg isometric strength and muscle mass, and Goodpaster et al.
(2006) showed that loss of strength is proportionately much greater than
loss of muscle mass in men and women ages 70 to 79 years.

Reasons for Developing Guidelines for Older Adults

Dr. Newman agreed with Dr. Fielding on the need for developing
physical activity guidelines for older adults and highlighted the following
reasons:

e Older adults are at risk for or may have multiple chronic condi-
tions. Thus physical activity may interfere with or retard both
disease pathways and age-related decline in the pathway to
disability.

e Old age is a heterogeneous period of development, during which
the dynamics of weight change need to be considered. Weight
tends to fluctuate and decline after about age 70 years (Roberts
and Williamson, 2002). Many older persons will lose weight at a
low level of food intake and a very low level of energy expendi-
ture (Newman et al., 2005).

e Older adults may not know what they can do or should do for
physical activity. In the Dynamics of Health, Aging and Body
Composition Study (Health ABC), only three-quarters of older
adults who reported no difficulty walking a quarter of a
mile could actually do so at examination (Newman et al., 20006)
There is a need for a message about goals that address ability and
capacity.

Need for a Consistent Message
Dr. Newman highlighted the importance of developing a consistent
message that addresses the type of activity to choose for a particular

benefit:

e Aecrobic and/or strength training for function
e Weight-bearing and strength training activities for bone health
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e Neurologically stimulating activities for balance and speeded
tasks

Potentially beneficial activities not mentioned earlier include t’ai chi
(Wolf et al., 1996) and dance (Verghese, 20006).

There is a need for a message about goals that address ability and for
methods to measure ability. A majority of adults older than 70 years have
difficulty with treadmill testing, and many cannot provide a useful self-
report of their ability to walk a distance (Sayers et al., 2004). Notably,
Newman et al. (2006) showed that rates of disability are inversely related
to the ability to walk one-quarter mile.

Concluding Remarks

In closing, Dr. Newman underscored that older adults do benefit
from physical activity. Comprehensive messages need to be developed,
and the recommendations need to be individualized to the developmental
period in the life course. Finally, objective assessment of the functional
capacity of older adults needs to be incorporated into clinical practice for
appropriate goal setting.

Group Discussion
Moderator: Miriam Nelson
Among the points raised during the discussion were the following:

o The rate of loss of aerobic capacity with age may be accelerated
in older age groups. In the Baltimore Longitudinal Study of Ag-
ing, the rate of loss for persons in their seventies and eighties
was approximately 20 to 30 percent per decade. Since the rate of
loss is about the same for persons at different levels of fitness, it
becomes even more important for inactive persons to increase
their level of aerobic capacity through physical activity. Focus-
ing efforts on prevention could help raise fitness levels above the
threshold for disability, thus helping prevent disability.

e Evidence suggests that physical activity of moderate intensity
may have quite robust health effects for older adults. A fair
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amount of evidence from randomized controlled trials indicates
health benefits at levels of physical activity that are lower than
currently recommended.

e Physical activity programs for older persons can be safe and ef-
fective in community settings.

e Clinically meaningful outcome measurements are needed to as-
sess the effectiveness of physical activity interventions in the
field.

e Large randomized controlled trials are needed to determine the
extent to which physical activity can reduce disability over the
long term. Observational studies have serious limitations.

e The examination of adiposity—in addition to muscle mass and
quality—is important in investigations of physical activity and
functional limitations in disability. Carrying excess weight is an
independent factor in predicting disability.

e The International Consensus Conference on Dose—Response
covered a large percentage of persons older than 65 years and
reported a well-documented dose—response effect. In particular,
greater amounts of physical activity reduced mortality rates.
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Physical Activity and Considerations
for Persons with Disabilities

This chapter focuses on the evidence of the benefits of physical ac-
tivity for people with a broad range of disabilities. Introductory informa-
tion is followed by coverage of physical activity related to seven
conditions: spinal cord injury, cerebral palsy, multiple sclerosis, intellec-
tual disabilities, stroke, heart disease, and cancer. The chapter ends with
highlights from the group discussion.

CONSIDERATIONS FOR PERSONS WITH DISABILITIES
Presenter: James H. Rimmer

The term disability has been defined in many ways. For this meeting,
Dr. Rimmer proposed that the term be used to describe people who are
generally excluded from studies of physical activity, such as persons
with severe back pain, persons using assistive devices, persons with cog-
nitive or sensory deficits, and persons having various comorbidities. This
presentation included background information on disabilities in the
United States, evidence of associations between physical activity and
health outcomes for selected types of disability, and the proposed nature
of physical activity guidelines for people with disabilities. Dr. Rimmer
took the position that this population group merits special attention be-
cause people with disabilities were not addressed in Physical Activity and
Health: A Report of the Surgeon General (DHHS, 1996).

125
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Background

In the United States, approximately 54 million people report some
type of disability. Compared with people without disabilities, more peo-
ple with disabilities report poor health conditions, and they report more
conditions that are chronic as well (as tracked through the 2001-2003
Behavioral Risk Factor Surveillance System [BRFSS]). Persons with
disabilities also may experience secondary conditions that may be a di-
rect or indirect consequence of having the disability. Examples of such
secondary conditions are pain, fatigue, cardiovascular deconditioning,
depression, social isolation, and obesity. The direct medical costs for dis-
ability are estimated to be $300 billion per year (IOM, 1997).

It is inappropriate to equate disability with poor health: disability and
disease are different concepts. Because data seldom are tracked over
time, it is not known to what extent certain disabilities increase the risk
of a chronic health condition such as obesity. The prevalence rates of
overweight, obesity, and extreme obesity were evaluated among 306
adults (108 men, 198 women) with physical and cognitive disabilities.
These rates were compared to the respective prevalence rates among
adults in the 1999-2000 National Health and Nutrition Examination Sur-
vey (Rimmer and Wang, 2005). Results indicated that the rates of over-
weight, obesity, and extreme obesity were much higher for persons with
disabilities than for the general population. Extreme obesity (BMI > 40
kg/m®) was nearly four times higher among people with disabilities than
in the general population.

Persons with a disability tend to be less fit than the general popula-
tion. For example, in nine recent studies that measured VO, peak in sub-
jects with stroke, reported values were significantly lower than typical
values for a population of non-disabled adults of similar age and
sex (Chu et al., 2004; Duncan et al., 2003; Fujitani et al., 1999; Kelly et
al., 2003; MacKay-Lyons and Makrides, 2002; Macko et al., 2001;
Potempa et al., 1995; Rimmer et al., 2000; Rimmer et al., submitted).

Compared with healthy individuals, more persons with disabilities
report that they are physically inactive, as tracked through BRFSS. The
proportion of smokers is higher among those with disabilities as well.
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Emerging Evidence on Physical Activity and Disability

When reviewing evidence concerning effects of physical activity
among disabled persons, Dr. Rimmer focused on five different disabili-
ties: spinal cord injuries, cerebral palsy, multiple sclerosis, intellectual
disabilities, and stroke.

Effects of Exercise on Persons with Spinal Cord Injury

Muscle strength If there is not complete paralysis (for example, with
incomplete spinal cord injury), exercise training generally can produce
significant gains in strength in paretic muscles through increased motor
unit recruitment (Hicks et al., 2003). In people with complete spinal cord
injury, intact muscle groups can be strengthened to be similar to the re-
spective muscles in the general population.

Psychosocial Randomized controlled trials on the psychosocial effects of
exercise in spinal cord injury show improvements in depression and
lower levels of stress (Ginis et al., 2003; Hicks et al., 2003; Latimer et
al., 2004), and they show lower levels of pain (Curtis et al., 1999; Hicks
et al., 2003; Latimer et al., 2004; Martin Ginis et al., 2003). Ditor and
colleagues (2003) found a strong positive effect of exercise on perceived
quality of life, but it declined precipitously upon removal of the treat-
ment, and the pain and stress scores rose substantially.

Effects of Exercise in Persons with Cerebral Palsy

Three relatively recent studies show that resistance training 2 to 3
days per week for 6 to 10 weeks leads to significant improvement in the
strength of persons with cerebral palsy (Andersson et al., 2003; Dodd et
al., 2002; Taylor et al., 2004). In a systematic review of the effectiveness
of strength training for people with cerebral palsy, Dodd et al. (2002)
found only one randomized controlled trial. Eight of the 10 empirical
studies reported moderate increases in strength, 2 studies reported im-
provement in general activity, and 1 study reported improvements in
self-perception. Notably, in all the studies, the improvements occurred
without an increase in spasticity or adverse events.
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Effects of Exercise in Persons with Multiple Sclerosis

Of four randomized controlled trials on the effects of exercise in per-
sons with multiple sclerosis, one (Petajan et al., 1996) found significant
increases in cardiovascular endurance, strength, body composition, blood
lipids, psychosocial parameters, and fatigue. The other three studies
(Mostert and Kesselring, 2002; Oken et al., 2004; Surakka et al., 2004)
had less favorable findings. All but Mostert and Kesselring (2002), how-
ever, found significant improvements in fatigue with exercise.

Effects of Exercise in Persons with Intellectual Disabilities

General Seven of 64 reviewed studies on exercise in persons with intel-
lectual disabilities involved a randomized controlled trial, and 15 in-
volved a controlled (nonrandomized) trial or a single group pre- and
post-test. The remaining studies were descriptive. The randomized con-
trolled trials found significant increases in VO, peak and in duration,
workload, and/or distance. Little or no improvement in body composition
was found. Two of the studies showed significant increases in strength,
decreased perceived barriers to participation in exercise, and increased
outcome expectations in self-efficacy and life satisfaction. One study
showed increased walking speed among older persons with intellectual
disability.

Down Syndrome In a systematic review of the outcomes of cardiovascu-
lar exercise programs for persons with Down syndrome (Dodd and
Shields, 2005), the findings generally favored treatment. In a quasi-
experimental exercise training study involving 14 adolescents (10 ex-
perimental and 4 controls) with Down syndrome, Millar et al. (1993)
found no change in VO, peak but did report improvements in endurance
and physical work capacity.

Effects of Exercise in Persons with Stroke
Studies of the effects of exercise in persons with stroke consistently
have demonstrated improvements in VO, peak (Chu et al., 2004; Duncan

et al., 2003; Fujitani et al., 1999; Macko et al., 2005; Potempa et al.,
1995; Rimmer et al., 2000). As noted later by Dr. Macko, however, the
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fractional utilization of maximal aerobic capacity (%VO,max) may be a
more important measure, indicating increased economy of movement—a
very important outcome for people affected by stroke.

Rimmer’s group examined dose-response effects of exercise in
stroke participants. They tested different intensity levels and different
durations of exercise and compared the findings with those of the usual
care group, which had improvement in gait as the focus of care. The re-
sults are summarized in Table 7-1. Outcomes differed based on the inten-
sity or duration of the exercise. The reasons for differences in health
outcomes are not yet well understood.

TABLE 7-1 Dose—Response Effects of Aerobic Exercise in Stroke

Effect Intensity Duration Usual Care
Body mass index NE i NE
Peak VO,* T T NE
Total cholesterol i NE NE
HDL NE NE NE
LDL 1 NE NE
Triglycerides H H H
Gait speed (m/s) T N T
Barthel Function Index” NE NE NE
Fatigue Severity Scale 3 1 NE

NOTES: NE = < 5 percent change; one arrow (1) represents a 5-10 percent change in
the direction shown by the arrow; two arrows (1) represents greater than a 10 percent
change in the direction shown by the arrows; HDL = high density lipoprotein; LDL = low
density lipoprotein; m/s = meters per second;

“VO, is a measure of oxygen consumption.

’Barthel Function Index is a general measure of performance in activities of daily living.
SOURCE: Adapted from Rimmer et al. (2007) (unpublished data).
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Nature of Physical Activity Recommendations for
People with Disabilities

Appropriate Exclusion Criteria

The development of appropriate exclusion criteria is a valuable ap-
proach to help ensure that exercise is safe for a person with a disability.
Dr. Rimmer’s group identified the exclusion criteria used in seven stud-
ies of persons with stroke in which no major adverse events were re-
ported and noted that careful monitoring is needed. With younger, less
disabled groups, risks associated with exercise appear to be typical of the
general population.

Individualized, Function-Based Guidelines

Because of variances in the data for the frequency, intensity, and
time of physical activity for people with disabilities, Dr. Rimmer ex-
pressed that guidelines should be individualized and based on health and
function instead of disability. The International Classification of Func-
tioning Disability and Health (WHO, 2001) provides a useful model for
developing individualized exercise protocols. This model considers body
functions and structures, activities, and participation in general life ac-
tivities. It also considers environmental factors such as accessibility and
personal factors such as motivational level or depression. The National
Center on Physical Activity and Disability (www.ncpad.org) has devel-
oped an instrument to assess an exercise facility to determine what
changes would meet the needs of people with disabilities.

Concluding Remarks

Dr. Rimmer emphasized that appropriate physical activity is safe, ef-
fective, and very important for people with disabilities. Current data
show improvements in oxygen capacity (VO,), muscular strength, pain
(including wheelchair user’s shoulder pain), stress, quality of life, physi-
cal function, body composition, blood lipids, gait speed, and fatigue. For
safety and effectiveness, physical activity guidelines need to be individu-
alized and based on health and function. Moreover, efforts are needed to
provide more accessible facilities and programs in the community so that
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people with disabilities can engage in physical activities to the extent
recommended.

In addition, Dr. Rimmer called for a more scientific approach to ad-
dressing specific secondary conditions—an approach that includes look-
ing at specific doses of exercise related to effects on pain, fatigue,
deconditioning, and obesity.

DISCUSSION
Special Considerations for Persons with Heart Disease
Discussant: Peter H. Brubaker
Background

Approximately 60 million Americans have heart disease, which is
the number one cause of death of U.S. men and women. More than 1
million Americans have a myocardial infarction each year, and about
one-third of these are fatal. In addition, approximately 1 million Ameri-
cans undergo cardiovascular operations and procedures each year (AHA
2005).

Heart failure, largely a disease of the elderly, is a major and growing
public health problem in the United States. Approximately 5 million
Americans have this condition, and the disease is very costly to manage.

Exercise and the Secondary Prevention of Heart Disease

The evidence clearly points to exercise as an effective intervention
for the secondary prevention of heart disease. Taylor and colleagues
(2004), in a review of 48 randomized controlled trials of exercise training
and 8,940 patients, reported the following benefits of 30- to 40-minute
moderate-intensity endurance exercise performed three to four times per
week over about 2.5 years:

e Twenty percent reduction in all-cause mortality and 26 percent
reduction in cardiac mortality

e Improvements in physical function, blood lipids, systolic blood
pressure, and selected psychosocial variables
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e Improvements in fibrinolysis, thrombocyte aggregation, endothe-
lial function, and other mechanisms of benefit

Benefits of Endurance Exercise Training in Systolic Heart Failure

Walking or cycling three to five times per week at 40 to 80 percent
of peak VO, for 8 to 24 weeks has been shown to decrease some symp-
toms of heart failure and improve exercise tolerance, ventilation, quality
of life, and many other markers of health (Pina et al., 2003). Closely su-
pervised endurance exercise has not been shown to have adverse effects
in this population. One small study showed that exercise twice weekly
for 14 months reduced hospitalization and death (Bellardinelli et al.,
1999). Similarly, the ExXTraMATCH meta-analysis of persons with sys-
tolic heart failure (Piepoli et al., 2004) found that those who participate
in an exercise training intervention had a significantly lower risk of dy-
ing after about 2 years.

Concluding Remarks

Data that are more definitive will be forthcoming. The large multi-
center Heart Failure Action study (an ongoing study) is expected to in-
clude more than 2,000 patients, and it will examine the impact of
exercise training on heart failure, morbidity, and mortality. Some results
are anticipated by 2008.

Exercise Models in Persons with Disability from Stroke
Discussant: Richard F. Macko'
Rationale for Physical Activity
Metabolic The metabolic rationale for exercise in the chronic phases of
stroke relates to body composition and tissue-level abnormalities. Every

stroke patient has hemiparetic muscle atrophy, and strength is related, in
part, to the cross-sectional area of the muscle. The quality of the affected

'Dr. Macko expressed appreciation to study participants with chronic stroke from
Maryland and Tuscany.
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muscle also is abnormal and contributes to insulin resistance (Ivey et al.,
2006). Dr. Macko estimated that, because of body composition and tissue
abnormalities, 80 percent of persons who have had a stroke are in a pre-
diabetic state or have type 2 diabetes. Data from the Dutch Transient
Ischemic Attack Trial (Vermeer et al., 2006) indicate that impaired glu-
cose tolerance and type 2 diabetes mellitus predict a two- to three-fold
increase in risk for a recurrent stroke.

Motor learning Studies have shown that treadmill training with task
repetition and progression can have motor benefits: improved interlimb
stance:swing ratio (Harris-Love et al., 2001), improved timing quadri-
ceps activation (Harris-Love et al., 2004) (which means that the muscles
are responding), and increased corticospinal signal strength to the paretic
leg (Forrester et al., 2006) (which means that there is a short-term motor
adaptation).

Evidence of Benefits from Controlled Trials

A randomized controlled trial of 6 months of treadmill training in
persons with chronic hemiparetic stroke demonstrated significant im-
provements in VO, peak and walking speed and a decrease in the energy
cost of walking (Macko et al., 2005). The combination may improve
one’s ability to perform activities of daily living. Notably, Luft (2005)
has shown regions of increased brain activation associated with 6 months
of treadmill training. The trial of treadmill training also was shown to
reduce the insulin-glucose response to about the same extent as would be
expected in an exercise program for persons not affected by stroke
(Macko et al., 2005). The set of beneficial changes occurred even many
years after the occurrence of the stroke.

This is a new area of study with only one small randomized clinical
trial published. Currently, a pilot study of a community-based adaptive
physical activity program for chronic stroke is being conducted in Tus-
cany. The emphasis of this relatively low-cost program is on motor learn-
ing for mobility, aerobic training, and socialization. Initial findings are
promising in that the program appears to improve function and quality of
life and to reduce disability to a clinically meaningful degree.
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Concluding Remarks

Dr. Macko summarized the strength of the evidence concerning
structured physical activity for persons with stroke as follows:

e Strong evidence of improvement in peak cardiorespiratory and
muscular fitness

e  Moderate evidence of improvements in metabolic health, walk-
ing function, and bone density

e Preliminary evidence of improvement in balance, activities of
daily living, quality of life, and mood

Dose—intensity and mechanistic studies would provide information
needed to optimize the treatment. Community studies with longitudinal
health outcomes are needed.

Evidence on the Health Outcomes of Physical Activity in
Cancer Survivors

Discussant: Kerry S. Courneya
Background

In the United States, approximately 1.4 million persons are diag-
nosed with cancer each year. Because of improved survival rates, cancer
survivors comprise a growing subpopulation. Currently, there are about
10 million cancer survivors living in the United States. Both quality of
life and survival are important to this group.

During treatments, physical activity-related health outcomes of inter-
est include physical fitness and body composition, physical functioning
(especially considering the high proportion of older persons affected by
cancer), and acute symptoms such as fatigue, pain, nausea, constipation,
sleep problems, neuropathies, depression, anxiety, and cognition. Also of
interest is the extent to which physical activity or physical fitness may
affect treatment decisions, the ability to withstand and complete intensive
treatments, and treatment efficacy. Post-treatment, physical activity-
related health outcomes of interest may include chronic symptoms, late-
appearing effects (e.g., loss of bone mass, cardiomyopathies, fat gain),
recurrence, and mortality.
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Conclusions from Recent Systematic Reviews

Over a 3-year period, seven systematic reviews have been published
concerning physical activity and cancer outcomes (Conn et al., 2006;
Douglas, 2005; Galvao and Newton, 2005; Knols et al., 2005; McNeely
et al., 2006; Schmitz et al., 2005; Stevinson et al., 2004). These reviews
cover about 30 controlled trials (not all of which were randomized). Dr.
Courneya summarized the findings as follows:

Physical activity and physical functioning/quality of life outcomes
Physical activity improves fitness, body composition, physical function-
ing, fatigue, and self-esteem of persons affected by cancer. It does not
appear to improve body weight, mood, and emotional well-being. Find-
ings appear stronger in the post-treatment setting than during the cancer
treatment. Findings are strongest for breast cancer survivors, the popula-
tion in which the bulk of research has been conducted.

Physical activity and clinical cancer outcomes It is unknown if physi-
cal activity influences treatment decisions, efficacy, or completion rates
for persons with cancer. Physical activity has been shown to improve
biomarkers such as immune factors and insulin-like growth factors. Sev-
eral recent studies, including two on colorectal cancer, indicate that a
higher level of physical activity after diagnosis is associated with a lower
recurrence rate and lower overall mortality.

Concluding Remarks

The methodological quality of the studies of physical activity in can-
cer survivors is modest but improving. Many cancer survivor groups re-
main unstudied, and insufficient data are available on many outcomes.
Very few data are available on resistance exercise or the optimal exercise
prescription for any outcome. No randomized controlled trials have ad-
dressed physical activity and cancer recurrence and/or mortality.

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/11819.html

Activity Guidelines Development: Workshop Summary

136 PHYSICAL ACTIVITY WORKSHOP
Group Discussion
Moderator: Gregory W. Heath

Among the points raised during the discussion period were the
following:

e Data are available on benefits of physical activity related to a
number of prevalent chronic conditions that were not covered
during the workshop, including peripheral arterial disease, kid-
ney transplantation, and pulmonary disease.

e The approach to a physical activity guidelines process that is in-
tended for people with disabilities, as well as the “general popu-
lation,” will be a challenge; but it is important because people
with disabilities are a part of the fabric of the United States. A
guideline may be viewed as a general recommendation as to
what should be done, and a prescription as the specifics of how
to do it. One might consider the approach used in the Dietary
Guidelines for Americans 2005, in which adaptations are pro-
vided for specific situations or conditions. Consideration also
could be given to Canada’s model of separate physical activity
guidelines for older adults, especially since the proportion of
disability is high among older persons. In developing physical
activity guidelines, suitable representation of the disability com-
munity would be useful.

e Achieving adherence to physical activity interventions has posed
a considerable challenge in the United States. In Italy, a socially
reinforced community program for persons affected by stroke
has achieved a high degree of participation for the past 2 years.
The use of behavioral strategies to reinforce longitudinal behav-
ior is promising.
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Closing Session

Dr. Haskell moderated the closing session of the workshop. Modera-
tors of the earlier sessions (Drs. Morrow, Dishman, Brubaker, Macera,
Freedson, Nelson, and Heath) provided summaries of the information
presented, focusing on the nature, level, and strength of the evidence. A
group discussion followed, and then Dr. Haskell provided an overall
summary. This chapter integrates presentations made during the closing
session. It covers risk reduction for a broad range of health conditions
and selected populations, risk—benefit considerations of physical activity,
and issues raised during the meeting. It also provides a summary of the
final group discussion. The chapter concludes with closing remarks made
by Dr. Haskell and RADM Penelope Slade Royall.

SUMMARY OF PLENARY SESSIONS
Physical Activity and Risk Reduction
Adults

Much evidence was presented that physical activity reduces the risk
of developing many health conditions. Dr. Morrow illustrated this point
with a graph such as that shown in Figure 8-1—a graph in which the spe-
cific risk could be any one of many adverse health conditions, including
cardiovascular disease, type 2 diabetes, osteoporosis, and many other
conditions. This prototype graph is characterized by a large decrease in
risk when the physical activity level increases from sedentary to moder-
ate, and a further but smaller decrease in risk when the physical activity
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“Rigk”
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FIGURE 8-1 A representation of the typical relationship between physical ac-
tivity or fitness level and risk.

NOTE: This general relationship appears to be applicable to the risk of mortality, cardio-
vascular disease, hypertension, stroke, metabolic disorders, type 2 diabetes mellitus, im-
paired bone health, impaired mental health status, impaired cognitive ability, some types
of cancer, and impaired joint health. The general relationship appears to hold for males,
females, persons in different age groups, persons with disabilities, and persons of differ-
ent racial/ethnic groups.

SOURCE: Morrow (2006).

level increases from moderate to active. Regardless of the morbidity,
mortality, or population group (with few exceptions), the evidence shows
that those who are more physically active, get more exercise, or are more
fit have lower risk. All types of physical activity seem to reduce health
risks, and the greater the amount of physical activity—the more fit a per-
son is—the lower the health risks, and one’s quality of life is better.

Dr. Haskell summarized the amount and strength of the evidence re-
lating physical activity to selected outcomes for unspecified demographic
groups as shown in Table 8-1. Strength refers to both quality of data and
the magnitude of the association observed. For example, a large effect
adds to the strength of the data from an observational study, which ordi-
narily is viewed as of lower quality than a randomized controlled trial.

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/11819.html

jvity Guidelines Development: Workshop Summary

CLOSING SESSION 143

TABLE 8-1 Summary of the Amount and Strength of Available Data
Relating Physical Activity to Selected Outcomes, Unspecified
Demographic Groups

Outcome Amount’ Strength”
All-cause mortality 1 1
Major Diseases
Coronary heart disease 1 1
Cardiovascular disease 1 |
Type 2 diabetes mellitus 1 |
Cancer: colon and breast 1 2
Other cancer sites 2 3
Musculoskeletal
Muscle quality” 1 1
Muscle mass/sarcopenia’ 1 1
Bone health (osteoporosis) 2 1
Osteoarthritis of knee and hip 2 3
Mental and Neurological Conditions
Depression 1 1
Anxiety 1 2
Sleep quality 2 1
Alzheimer’s disease 2 2
Chronic fatigue syndrome 2 2
Parkinson’s disease 3 3
Weight-Related Conditions
Prevention of weight regain 2 1
Contribution to long-term weight loss 1 2
Metabolic syndrome 2 1
Prevention of unhealthy weight gain 2 2

NOTE: Ratings are approximate; they are not based on a systematic review of the evi-
dence and do not represent a conclusion or consensus reached at this Institute of Medi-
cine workshop.

“1 = considerable data; 2 = some data; 3 = limited data.

by = high; 2 = moderate; 3 = low.

“Applies to aerobic and resistance activity.

“Applies to resistance activity.
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Dr. Haskell commented that, simply in terms of cardiovascular dis-
ease and type 2 diabetes, the evidence on benefit from physical activity
could be considered sufficient to justify new guidelines and that the evi-
dence of benefit for a number of other conditions also is strong. Com-
ments from other moderators highlighted type 2 diabetes, selected mental
and neurological diseases, and weight-related conditions as conditions
for which there is sufficient evidence of benefit.

Type 2 diabetes Dr. Dishman noted that strong evidence from observa-
tional studies and randomized controlled trials indicates that moderate to
vigorous physical activity is associated with a reduced risk of developing
type 2 diabetes, even among persons with impaired glucose tolerance,
and that the effects usually are independent of weight loss. Moreover,
some evidence indicates that physical activity and/or cardiorespiratory
fitness favorably modifies cardiovascular events and mortality among
persons with type 2 diabetes. Regular physical activity also favorably
affects key features of the metabolic syndrome. Chronic effects of exer-
cise include increased insulin sensitivity and responsiveness; improve-
ments in other factors related to glucose use and storage, body fat,
skeletal muscle, and lipemic control; and the reduction of comorbidities
such as hypertension and systemic inflammation.

Mental and neurological diseases Dr. Dishman summarized that there
clearly is a sufficient amount and strength of evidence to justify a sys-
tematic review of major depression, some anxiety and sleep disorders,
self-esteem, selected features of cognitive function, and chronic pain
(data not presented earlier due to lack of time). Evidence to judge dose—
response is quite limited and mixed and will require systematic review.
Dr. Dishman supplemented earlier presentations by pointing out the
availability of a large body of evidence on mechanisms for cognitive and
emotional responses to physical activity. Examples include the summary
on the neurobiology of exercise by Dishman et al. (2006), studies of ex-
ercise and neural plasticity (Anderson et al., 1996; Ang et al., 2003;
Black et al., 1990; Carro et al., 2001; Cotman and Berchtold, 2002;
Stummer et al., 1994; van Praag et al., 1999, 2005), and studies on the
brain—behavior effects of physical activity (Chambliss et al., 2004;
Dishman, 1997, Dishman et al., 1997; Greenwood et al., 2003; Russo-
Neustadt et al., 2001; van Hoomissen et al., 2003; 2004; Yoo et al.,
2000). However, the evidence is almost entirely from animal studies.
This is a highly promising emerging area of study.
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Weight-related conditions Dr. Brubaker noted that the increase in obe-
sity rates has been accompanied by an increase in so-called unsuccessful
attempts at weight loss. Nonetheless, evidence appears to be sufficient to
support roles of physical activity for weight loss, the maintenance of
weight loss, and the prevention of weight gain. Notably, a clinically sig-
nificant weight loss of approximately 5 percent of body weight generally
represents less weight loss than would be calculated based on energy
balance models and much less than the client expects. Dr. Brubaker ad-
dressed the difference in the amount of extra energy an individual may
need to expend for different purposes: 700 to 1,000 kcal per week to pre-
vent inappropriate weight gain versus 500 or 700 kcal per day (more than
2,000 kcal per week) to achieve weight loss and/or maintenance of
weight loss. He pointed out that these estimates of energy expenditure
may need careful consideration in the development of realistic guide-
lines. Men appear to respond to physical activity interventions with more
weight loss than do women. The mechanisms underlying this gender dif-
ference are unclear and warrant further investigation. Although not all
people respond to physical activity with weight loss, physical activity
produces a variety of other health benefits (see above) independent of
weight loss.

Children and Youth

Table 8-2 summarizes the information about evidence relating physi-
cal activity to outcomes for youth. Very little evidence is available about
dose—response. A summary of comments from Dr. Freesdon follows.

Children and youth are basically healthy. Regular physical activity
results in some improvements in the aerobic fitness and strength of
healthy children and adolescents, but improvements in blood pressure
and metabolic indicators are observed only in children with compro-
mised health. Weight-bearing exercise has beneficial effects on bone,
especially in prepubertal children. The need for different types of physi-
cal activity varies with age. Physical inactivity and sedentary behaviors
are highly prevalent and merit further attention.
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TABLE 8-2 Summary of the Amount and Strength of the Available Data
Relating Physical Activity to Selected Outcomes for Children and Youth

Outcome Amount’ Strength”
Fitness: strength and endurance 1 1
Skeletal health 2 2
Blood pressure in hypertensive youth 2 2
Weight loss in overweight/obesity 2 2
Metabolic syndrome factors 3 2
High-density lipoprotein cholesterol 2 3
Behavioral outcomes 2 3
Academic performance 2 3

Type 2 diabetes 4 NA

NOTE: Ratings are approximate. They are not based on a comprehensive review of the
evidence and do not represent a conclusion or consensus reached at this Institute of
Medicine workshop.

“1 = considerable data; 2 = some data; 3 = limited data; 4 = very limited data.

51 = high; 2 = moderate; 3 = low.

NA = not applicable.

Pregnant Women

Physical activity appears to benefit women both during pregnancy
and the postpartum period. Regular physical activity may lower one’s
risk for gestational diabetes.

Older Persons

Considerable evidence points to the benefits of physical activity
among persons ages 65 years and older, as shown in Table 8-3. High-
lights of the comments made by Dr. Nelson appear below.

Chronic illness Most chronic illnesses and other conditions place the
greatest burden on older adults. The most notable of these are heart dis-
ease, type 2 diabetes, osteoporosis, specific cancers, cognitive impair-
ment, depression, and sleep problems. Evidence indicates that physical
activity reduces the risk of developing many of these conditions and
helps control signs and symptoms once a condition is established.
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TABLE 8-3 Summary of the Amount and Strength of the Available Data
Relating Physical Activity to Selected Outcomes, Persons Age 65 Years
and Older

Outcome Amount’ _ Strength”

Coronary heart disease and cardiovascular disease 1 1
Diabetes mellitus 1 1
Osteoporosis 1 1
Sarcopenia (muscle wasting) 1 |
Fitness: endurance, strength, balance 1 |
Activities of daily living 1 1
Sleep quality 2 1
Cognitive function 1 2
Fall prevention 2 2

Disability 2 3
NOTE: Ratings are approximate. They are not based on a comprehensive review of the
evidence and do not represent a conclusion or consensus reached at this Institute of
Medicine workshop. Wide variations in older persons’ ability to perform and in their
response to activity call for caution in developing physical activity recommendations.

“1 = considerable data; 2 = some data; 3 = limited data; 4 = very limited data.
b1 = high; 2 = moderate; 3 = low.

Physiological markers A large body of literature addresses physiologi-
cal markers. It includes strong evidence both from observational and in-
tervention studies that physical activity improves muscle mass and
strength, bone, balance, and functional performance. Aerobic capacity
declines in older adults; however, physically active older adults have
higher oxygen capacity (VO,) than sedentary peers and some have higher
VO, than sedentary younger persons. A wide variety of physical activi-
ties improve muscle mass and strength, bone, balance, and functional
performance.

Falls prevention A moderate amount of moderate to strong evidence
addresses physical activity and the prevention of falls. Targeted physical
activity interventions—especially those with a balance component—
reduce falls in community-dwelling frail elders.

Disability Physical activity influences all segments of the path to disabil-
ity among older persons. High body fat content and poor quality of mus-
cle increase the risk of disability. Well-designed randomized controlled
trials are needed to better establish how various exercise regimens affect
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the incidence of disability and hospitalization in older persons at high
risk of becoming frail.

Special considerations Consideration of the evidence relating to physi-
cal activity in older adults merits attention to their great heterogeneity
(many are in good health), body weight that is in flux, effects of intercur-
rent illness, and specific medical conditions.

Persons with Disabilities or Selected Chronic Conditions

According to Dr. Heath, strong evidence documents that individuals
with disabilities have the capacity to adapt to increased levels of physical
activity and that increased levels of physical activity can produce the fol-
lowing effects:

e Improved cardiorespiratory fitness
Increases in muscular strength and endurance

e Improved metabolic health (particularly carbohydrate and lipid
metabolism)

e Improved psychosocial status

e Improved health-related quality of life

Among persons with coronary heart disease, physical activity-based car-
diac rehabilitation reduces all-cause mortality and cardiac mortality. A
moderate amount of evidence documents that increases in physical activ-
ity lead to beneficial changes in body composition, improved physical
functioning, decreased fatigue, improved cardiovascular disease risk pro-
file, and improved ventilation and decreased dyspnea (shortness of
breath) among persons with heart failure and chronic obstructive pulmo-
nary disease.

Insufficient evidence is available to determine whether or not in-
creases in physical activity influence treatment decisions, improve se-
lected biomarkers, lead to lower recurrence rates and longer survival
among cancer survivors, prevent and/or reduce the occurrence of secon-
dary conditions, alter underlying disease processes, decrease disability,
or improve function.
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Physical Activity and Risk—Maximizing Benefits

According to Dr. Macera, a large body of literature documents the
risk of physical activity-related injuries. Strong evidence indicates that it
is possible to reduce injury risks that otherwise may deter individuals
from being active. A suggested approach in developing guidelines is to
consider evidence of how to maximize the benefits of physical activity
while minimizing the risks.

Strong evidence is available to support the following points regard-
ing physical activity and risk:

Injury Risk

e Any movement increases the risk for injury.

e Activities such as running or vigorous sports are associated with
more injuries than are such activities as walking.

e Recreational and competitive runners have a high prevalence of
injury (average about 45 percent per year).

e Higher amounts of past physical activity protect against current
injury.

e Higher levels of physical fitness protect against injury.

e Active individuals may have lower occurrence of overall injury.

e A sedentary lifestyle is associated with an elevated risk of injury
when actually engaging in physical activity.

e In military settings with a standard exercise training protocol,
women have higher injury rates than men; this effect diminishes
when adjusted for fitness.

e Extremes of flexibility (too loose or too tight) are associated with
injury risk among military subjects.

Cardiovascular Risk
e Sudden cardiac arrest is more common during exercise than dur-
ing sedentary activities.

o The risk of cardiovascular adverse effects goes down with habit-
ual activity.
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e The relative risk of sudden death during vigorous exercise is
lowest among people who exercise regularly (e.g., > 5 times per
week).

Weaker evidence suggests that smoking may be associated with an
elevated risk of injury and that very high or low body mass index (BMI)
may be associated with increased risk.

In general, the database of studies of physical activity and risk is
rich, including many diverse settings and populations. Much of the evi-
dence comes from military studies with prescribed training schedules and
standard injury assessment procedures. Among the weaknesses of the
evidence are a lack of a common injury definition, small sample sizes,
and a limited range of ages of subjects. More information is needed on
specific injury risks associated with special populations, long-term ef-
fects of acute as well as overuse injuries, and effects of excessive physi-
cal activity on eating disorders and joint problems

In summary, a strong body of evidence about physical activity-
related injuries and sudden cardiac events can be evaluated as a compo-
nent of a process to develop physical activity guidelines. Most modifi-
able risk factors for injury are related to frequency, intensity, duration,
and type of activity. The injury experience of youth, older adults, and
those with disabilities merits special attention.

Issues Raised During the Workshop

Over the course of the workshop, several issues were raised that war-
rant further attention. Among these issues were those relating to improv-
ing measurement (including the use of more objective measures of
physical activity), consideration of both acute and chronic effects of
physical activity, the scope and role of biomarkers in assessing benefit,
exercise as medicine, message confusion, validity, and dose—response.

According to Dr. Morrow, it can be useful to view physical activity
as a medicine—one that has preventive, therapeutic, and treatment char-
acteristics. Physical activity can help people stay healthy, and it can help
people with many types of health problems become healthier.

With regard to message confusion, the following words may have
different meanings to different people: light, moderate, brisk, heavy, vig-
orous, exercise, physical activity, typical, most, and average.
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Dr. Morrow pointed out that the evidence on benefits of physical ac-
tivity appears to have external validity because it generalizes to mortality
and to a wide variety of morbidities, different populations, and activity
styles. Internal validity is strongly suggested by the convergence of find-
ings from different types of studies.

When examining dose-response data, consideration may be given to
the duration of the physical activity bout, the intensity and frequency of
the bouts, the number of kilocalories used, and/or the total volume of
exercise. Several participants suggested giving consideration to the least
amount of physical activity that will produce benefit.

DISCUSSION

Before closing the session, moderator William Haskell invited atten-
dees to share new information about outcomes already discussed as well
as new outcomes that they wanted to place on the record. The statements
made should not be interpreted as representing recommendations or the
consensus of the workshop.

Physical Activity in Diverse Racial and Ethnic Groups

Several examples were given of comparable results in studies that
involved two or more racial/ethnic groups. Such studies include the Dia-
betes Prevention Program (DPP Research Group, 2002), and the re-
sponse of bone to an exercise intervention (MacKelvie et al., 2002).

Health Benefits of Physical Activity for
Children and Adolescents

Preschool children, in particular, are an understudied group. The
terms physical activity and fitness are not interchangeable in children and
youth in the way they may be used for adults. Work by Dr. Catrine
Tudor-Locke et al. (2006) and colleagues (Flohr et al., 2006) address the
correspondence of a recommended number of steps per day for children
and adolescents with the guideline to obtain 60 minutes of physical activ-
ity daily.
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Evidence Related to Additional Health Conditions

A large bibliography that includes references on physical activity and
pain soon will be available through the American Pain Society. The oc-
currence of fibromyalgia appears to be increasing and merits attention.

Benefits of Specific Types of Physical Activity

Considerable discussion occurred in response to a question about
evidence to support the development of guidelines that address specific
types of physical activity. For example, what health-related conditions
are likely to be most affected by resistance training, and what is the
strength of the evidence? Useful sources of information include work by
the following:

e Cussler et al. (2003, 2005) and Lohman et al. (1995) regarding
strength training and bone

e Sigal (2004) regarding a trial of aerobic and resistance exercise
related to diabetes

e FitzGerald (2004) regarding strength training and all-cause mor-
tality

e Meyer (2006) regarding strength training in patients with chronic
congestive heart failure

e Singh et al. (2005) regarding strength training and depression in
older persons

e (astaneda et al. (2002) regarding strength training in Hispanics
with diabetes

e Faigenbaum et al. (2001) and colleagues (Hoffman et al., 2005)
regarding children and youth

Balance training and multimodal interventions—not just resistance train-
ing—should be considered. However, relatively little evidence appears to
be available that compares effects of different types of exercise.

Interrelationships of Physical Activity and Nutrition

Emphasis was placed on considering diet as well as physical activity
with regard to weight-related benefits. A meta-analysis conducted by
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Miller and colleagues (1997) and the report by Saris et al. (2003) from
the International Obesity Taskforce provide pertinent information on the
effects of physical activity on weight management. Physical activity and
nutrition interact in many other conditions as well. Examples include the
acquisition of lean body mass, diabetes mellitus, bone health, and meta-
bolic syndrome.

Strategy for Interpreting the Scientific Evidence

Dr. Pate advised the application of a conservative strategy in inter-
preting the literature, and the value of this approach was reinforced by
Dr. Haskell. There is great variability in the strength of the evidence on
physical activity in relation to benefit and risk. The strong evidence that
has accumulated since prior efforts at guidelines development for three
or four of the major chronic disease conditions in adults can serve as a
basis for further development of such evidence-informed guidelines.
Several persons pointed out the importance of developing clear evidence-
based messages.

CONCLUDING REMARKS
Overall Summary
Presenter: William Haskell

With the substantial decrease in the amount of daily activity required
for living among the U.S. population, physical inactivity has become a
major public health problem. The problem continues to grow. Nonethe-
less, the United States currently lacks up-to-date, comprehensive physi-
cal activity guidelines for promoting health. Lack of such guidelines is a
deterrent to the implementation of an effective national physical activity
plan. Scientific data collected over the past five or six decades strongly
support numerous health benefits of a physically active lifestyle through-
out the life span. The nature of the evidence that can be accumulated re-
garding behaviors—in this case, physical activity behaviors—makes it
essential to take into account the strength of a variety of types of evi-
dence (see Figure 1-1 in Chapter 1). The dose-response data that were
presented indicate that the development of new or comprehensive guide-
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lines based on such new evidence would be feasible. The evidence pre-
sented at the workshop clearly indicates that the large volume of high-
quality data—much of it recent—could inform new physical activity
guidelines.

Next Steps
Presenter: RADM Penelope Slade-Royall

On behalf of the U.S. Department of Health and Human Services
(DHHS), RADM Royall expressed thanks to all who took part in the
workshop and provided outstanding information for the department’s
consideration. She and her colleagues would consider the evidence pre-
sented at this workshop and make recommendations to the Secretary of
DHHS. Collaborators include Melissa Johnson from the President's
Council on Physical Fitness and Sports, CAPT Richard Troiano from the
Office of Disease Prevention and Health Promotion of the Office of Pub-
lic Health and Science, and Harold W. (Bill) Kohl III from the Centers
for Disease Control and Prevention. A decision about initiating the proc-
ess of developing physical activities guidelines is expected to be released
soon.
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A
Workshop Agenda

Institute of Medicine Workshop on the Adequacy of Evidence for
Physical Activity Guidelines Development
October 23-24, 2006
Washington, DC

October 23rd
National Academy of Sciences Building
2100 C Street, N.W.

October 24th
Keck Center of The National Academies
500 Fifth Street, N.W.
October 23, 2006 National Academy of Sciences Building

8:30 am-9:30 am
Opening Session

8:30 am-8:40 am
Welcome
Linda Meyers, Food and Nutrition Board, Institute of Medicine

RADM Penelope Slade Royall, Office of Disease Prevention and
Health Promotion, U.S. Department of Health and Human Services
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8:40 am-9:00 am
Workshop Purpose and Scope
William Haskell, Chair, IOM Planning Committee and Stanford
University Prevention Research Center

9:00 am-9:30 am
State of the Nation Relative to Physical Activity
Recommendations

Russell Pate, University of South Carolina

9:30 am-10:30 am
Plenary Session 1

Physical Activity, Health Promotion, and Chronic Disease Prevention
Moderator: James Morrow, University of North Texas

9:30 am—10:00 am
All-Cause Mortality, Cardiovascular Disease, and Cancer
Steven Blair, University of South Carolina

10:00 am-10:30 am
Bone, Joint, and Muscle Health and Performance
Wendy Kohrt, University of Colorado

10:45 am-12:30 pm
Plenary Session 2

Physical Activity, Health Promotion, and Chronic Disease Prevention
(continued)
Moderator: Rodney Dishman, University of Georgia

10:45 am-11:15 am
Mental and Neurological Health
Patrick O’Connor, University of Georgia

11:15 am-11:45 am
Diabetes and Other Metabolic Disorders
Judith Regensteiner, University of Colorado

11:45 am-12:30 pm
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Discussion

Discussants:
Laurie Goodyear, Harvard Medical School
Bradley Hatfield, University of Maryland (slides presented by
Rodney Dishman)

Other Panelists:
James Morrow, University of North Texas
Rodney Dishman, University of Georgia
Wendy Kohrt, University of Colorado
Patrick O ’Connor, University of Georgia
Judith Regensteiner, University of Colorado

1:30 pm-2:30 pm
Plenary Session 3

Physical Activity, Obesity, and Weight Management
Moderator: Peter Brubaker, Wake Forest University

1:30 pm-2:00 pm
Effects of Physical Activity on Weight Gain, Weight Loss, and Weight
Loss Maintenance

Joseph Donnelly, University of Kansas

2:00 pm—2:30 pm
Discussion

Discussants:
Andrew Goldberg, Baltimore VA Medical Center
Glenn Gaesser, University of Virginia

Other Panelists:
Peter Brubaker, Wake Forest University
Joseph Donnelly, University of Kansas

2:30 pm—3:30 pm
Plenary Session 4

Physical Activity and Risk—Maximizing Benefits
Moderator: Caroline Macera, San Diego State University
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2:30 pm—2:50 pm
Risks of Musculoskeletal Injury
Bruce Jones, U.S. Army Center for Health Promotion and Preventive
Medicine, Aberdeen

2:50 pm—3:10 pm
Cardiovascular Disease and Related Risks
David Siscovick, University of Washington

3:10 pm-3:30 pm
Discussion

Discussants:
Jennifer Hootman, Centers for Disease Control and Prevention
William Garrett Jr., Duke University

Other Panelists:
Caroline Macera, San Diego State University
Bruce Jones, U.S. Army Center for Health Promotion and Preventive
Medicine, Aberdeen
David Siscovick, University of Washington

3:45 pm—6:00 pm
Plenary Session 5

Special Considerations for Children and Youth, Pregnant and
Postpartum Women, and Older Adults

Special Considerations for Children and Youth, Pregnant and
Postpartum Women
Moderator: Patty Freedson, University of Massachusetts

3:45 pm—4:15 pm
Physical Activity and Children and Youth
Robert Malina, Tarleton State University

4:15 pm—5:00 pm
Discussion

Discussants:
Russell Pate, University of South Carolina
Heather McKay, University of British Columbia
James Pivarnik, Michigan State University
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Other Panelists:
Patty Freedson, University of Massachusetts
Robert Malina, Tarleton State University

Special Considerations for Older Adults
Moderator: Miriam Nelson, Tufts University

5:00 pm—5:30 pm
Physical Activity and Older Adults
Roger Fielding, Tufts University

5:30 pm—6:00 pm
Discussion

Discussant:
Anne Newman, University of Pittsburgh

Other Panelists:
Miriam Nelson, Tufts University
Roger Fielding, Tufts University

October 24, 2006
Keck Center of The National Academies

8:30 am-8:45 am
Review of Previous Day’s Presentations

8:45 am-10:00 am
Plenary Session 6

Special Considerations (continued)
Moderator: Gregory Heath, University of Tennessee at Chattanooga

8:45 am-9:15 am
Special Considerations for Persons with Disabilities
James Rimmer, University of Illinois at Chicago

9:15 am-10:00 am
Discussion
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Discussants:
Peter Brubaker, Wake Forest University
Kerry Courneya, University of Alberta
Richard Macko, University of Maryland

Other Panelists:
Gregory Heath, University of Tennessee at Chattanooga
James Rimmer, University of Illinois at Chicago

10:30 am-12:45 pm
Overview of Workshop Discussions

10:30 am-11:15 am
Brief Summary of Plenary Sessions by the Moderators
James Morrow, University of North Texas
Rodney Dishman, University of Georgia
Peter Brubaker, Wake Forest University
Caroine Macera, San Diego State University
Patty Freedson, University of Massachusetts
Miriam Nelson, Tufts University
Gregory Heath, University of Tennessee at Chattanooga

11:15 am-12:15 pm

Plenary Discussion Including Comments from Participants

Moderator: William Haskell, Chair, IOM Planning Committee and
Stanford University Prevention Research Center

12:15 pm—12:45 pm
Summary of Key Elements of Workshop
William Haskell, Chair, IOM Planning Committee and Stanford
University Prevention Research Center

12:45 pm—-1:00 pm
Concluding Remarks
RADM Penelope Slade Royall, Office of Disease Prevention and
Health Promotion, Office of Public Health and Sciences, U.S.
Department of Health and Human Services
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Presenter Biographical Sketches

Steven N. Blair, P.E.D., is a Professor at the Arnold School of Public
Health at the University of South Carolina and an Executive Lecturer in
the Department of Kinesiology, Health Promotion, and Recreation at the
University of North Texas. Dr. Blair also serves an Adjunct Professor at
the School of Public Health, University of Texas Health Science Center
at Houston, and the College of Education at the University of Houston;
and a Benjamin Meaker Fellow at the University of Bristol, England. Dr.
Blair’s research focuses on the associations between lifestyle and health,
with a specific emphasis on exercise, physical fitness, body composition,
and chronic disease. Dr. Blair is the recipient of three honorary doctoral
degrees—Doctor Honoris Causa degree from the Free University in
Brussels, Belgium; Doctor of Health Science degree from Lander Uni-
versity; and Doctor of Science Honoris Causa from the University of
Bristol in the United Kingdom. Dr. Blair is a Fellow of the American
College of Epidemiology, Society for Behavioral Medicine, American
College of Sports Medicine, American Heart Association, and the
American Academy of Kinesiology and Physical Education. He is also a
member of the American Epidemiological Society. He was the first
president of the National Coalition for Promoting Physical Activity and
is a past-president of the American College of Sports Medicine and the
American Academy of Kinesiology and Physical Education. Dr. Blair
was granted a MERIT Award from the National Institutes of Health
(NIH) and is one of the few individuals outside the U.S. Public Health
Service to be awarded the Surgeon General's Medallion. He has pub-
lished widely in the scientific literature and served as the Senior Scien-
tific Editor for the U.S. Surgeon General's Report on Physical Activity
and Health.
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Peter H. Brubaker, Ph.D., is a Professor in the Department of Health
and Exercise Science and Executive Director of the Healthy Exercise and
Lifestyle Programs (formerly Cardiac Rehabilitation) at Wake Forest
University in Winston-Salem, North Carolina. He is a Fellow of the
American College of Sports Medicine and the American Association of
Cardiopulmonary Rehabilitation. Dr. Brubaker has published widely in
the scientific literature on the topics of exercise physiology and cardiol-
ogy and he is coauthor of the textbook, Coronary Artery Disease: Essen-
tials of Prevention and Rehabilitation Programs. He served as the
Clinical Section Editor of the ACSM Guidelines for Exercise Testing and
Prescription (7th edition). His research and clinical work focus on heart
failure exercise physiology and cardiovascular disease prevention and
rehabilitation. His current NIH-supported research focuses on the effect
of exercise interventions on aging, obesity, and heart failure.

Kerry S. Courneya, Ph.D., is a Professor and Canada Research Chair in
Physical Activity and Cancer in the Faculty of Physical Education at the
University of Alberta in Edmonton, Canada. He received his B.A. degree
and M.A. degree in physical education from the University of Western
Ontario in London, Canada, and his Ph.D. in kinesiology from the Uni-
versity of Illinois at Urbana. Dr. Courneya served as an Assistant and
Associate Professor at the University of Calgary for five years before
moving to the University of Alberta in 1997. Professor Courneya’s re-
search program focuses on the role of physical activity in cancer control,
including primary prevention, coping with treatments, rehabilitation after
treatments, and secondary prevention and survival. His research interests
include both the determinants and outcomes of physical activity for can-
cer control and behavior change interventions. His research has been
funded by the National Cancer Institute of Canada, the Canadian Breast
Cancer Research Alliance, the NIH, the Lance Armstrong Foundation,
the Alberta Heritage Foundation for Medical Research, and the Alberta
Cancer Board.

Rodney K. Dishman, Ph.D., is a Professor of Kinesiology and an Ad-
junct Professor of Psychology at the University of Georgia. In this capac-
ity, he advises graduate students studying exercise neuroscience and
interventions to increase physical activity. Dr. Dishman received his
Ph.D. at the University of Wisconsin-Madison. His research has focused
on the behavioral determinants of physical activity and the neurobiologi-
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cal aspects of mental health outcomes associated with physical activity.
His research has been supported by the NIH, the Centers for Disease
Control and Prevention (CDC), the American Heart Association (AHA),
and the United States Olympic Committee. Dr. Dishman is a Fellow of
the American College of Sports Medicine, the American Psychological
Association, and the American Academy of Kinesiology and Physical
Education. He has served as a consultant on exercise to the NIH, CDC,
the Sports Medicine Council for the USOC, and the Olympic Prize sub-
committee of the Medical Commission of the International Olympic
Committee (IOC). He was one of 22 founding members of the 10C’s
Olympic Academy of Sport Sciences.

Joseph E. Donnelly, Ed.D., FACSM, is a Professor and Director of the
Energy Balance Laboratory and the University of Kansas Center for
Physical Activity and Weight Management in Lawrence, Kansas. Dr.
Donnelly is the founder and Director of the annual University of Kansas
Conference on Prevention and Treatment of Obesity that is attended by
500 health-care providers. His research support derives from NIH, foun-
dation, and industry for a variety of physical activity and nutrition pro-
jects that involve both children and adults. He is widely published in the
scientific literature and has authored two college textbooks. He was a
coauthor for the American College of Sports Medicine (ACSM) Position
Paper on Appropriate Strategies for Weight Reduction and Maintenance
in Adults. Dr. Donnelly chairs the NIH Psychosocial Risk and Disease
Prevention Study Section. He received his Ed.D. from West Virginia
University in Morgantown and is a Fellow of ACSM.

Roger A. Fielding, Ph.D., is Director and Scientist I at the Nutrition,
Exercise Physiology, and Sarcopenia Laboratory at the Jean Mayer U.S.
Department of Agriculture (USDA) Human Nutrition Research Center
on Aging and a Professor of Nutrition at the Friedman School of Nutri-
tion Science and Policy at Tufts University in Boston. He also serves as
Codirector of the Tufts-New England Medical Center Clinical Research
Center. Dr. Fielding’s research interests include the examination of the
underlying mechanisms that contribute to the age-associated decline in
skeletal muscle mass, the resulting impact on function, and the potential
role of exercise and other therapeutic interventions on attenuating this
process. His research is currently supported by USDA, the National Insti-
tute on Aging (NIA), private foundations, and industry. Dr. Fielding
served as Chair of the Lifestyle Interventions for Elders (LIFE) Study
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Intervention and Operations Committee that oversaw the development of
the physical activity interventions for the LIFE Pilot Study. He is Coin-
vestigator and Chair of the Body Composition Analysis Committee for
the NIA-funded “Calerie” (Comprehensive Assessment of Long-term
Effects of Reducing Intake of Energy) Trial, and a member of the Physi-
cal Dysfunction Committee for the NIA-funded Testosterone Trial Plan-
ning Grant. Dr. Fielding is a member of the American College of Sports
Medicine, the American Physiological Society, and the National Scien-
tific Advisory Council of the American Federation for Aging Research.

Patty S. Freedson, Ph.D., is a Professor and Chair in the Kinesiology
Department at the University of Massachusetts at Amherst. She instructs
undergraduate and graduate students in anatomy and physiology, exer-
cise physiology, physiology of training and conditioning, pediatric exer-
cise physiology, and physical activity and women’s health. Dr.
Freedson’s research interests include the assessment of physical activity;
physical activity, fitness, and health in different populations; pediatric
exercise physiology; and fitness test development. She has published
widely in the scientific literature including several book chapters related
to various aspects of exercise physiology. She has been a principal inves-
tigator (PI) on grants received from the Centers for Disease Control and
Prevention, NIH, foundations, and corporate sponsors. She is a past-
president of the Research Consortium of the American Alliance for
Health, Physical Education, Recreation and Dance (AAHPERD), and the
New England chapter of the American College of Sports Medicine. In
1996, she was the recipient of the Presidential Citation Award from the
AAHPERD. In 2001, Dr. Freedson was one of the President’s Lecturers
at the National American College of Sports Medicine Conference in Bal-
timore. In 2003, Dr. Freedson delivered the Cureton Fitness Lecture at
the American College of Sports Medicine Conference in San Francisco.
In 2004, she was the recipient of the Chancellor’s Medal and delivered
the Distinguished Faculty Lecture at the University of Massachusetts.
She is currently Vice President of the American College of Sports Medi-
cine, and a Fellow of the Research Consortium, the American Academy
of Kinesiology and Physical Education, and the American College of
Sports Medicine.

Glenn Gaesser, Ph.D., is a Professor of Exercise Physiology and Direc-

tor of the Kinesiology Program at the University of Virginia in Char-
lottesville. Professor Gaesser was graduated Phi Beta Kappa from the
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University of California, Berkeley, where he also received an M.A. and a
Ph.D. with a specialization in exercise physiology. His research interests
include metabolic and cardiovascular responses to acute and chronic ex-
ercise and the impact of diet and exercise on risk markers associated with
the metabolic syndrome. He cochaired the writing group that produced
the 1998 American College of Sports Medicine (ACSM) position on
“The recommended quantity and quality of exercise for developing and
maintaining cardiorespiratory and muscular fitness, and flexibility in
healthy adults.” He is a Fellow of the American College of Sports Medi-
cine, and in the 1990s, he served on ACSM’s board of trustees, as chair
of its Pronouncements Committee, and as an associate editor of Medicine
and Science in Sports and Exercise. Dr. Gaesser is also an editorial advi-
sory board member of, and contributing writer to, Health at Every Size.

William E. Garrett, Jr., M.D., Ph.D., is Professor of Surgery in Ortho-
pedics at Duke University Medical Center in Durham, North Carolina.
Dr. Garrett has a longstanding interest in orthopaedic sports medicine
clinical practice and research. He has been especially interested in condi-
tions affecting exercise and performance of the knee, including anterior
cruciate ligament (ACL), meniscus, cartilage, and patellar injuries.
His clinical activities focus on arthroscopic and reconstructive surgery on
the knee and shoulder. He is currently conducting basic and clinical stud-
ies on ACL injuries in athletes, particularly to understand the difference
between ACL injuries in men and women. He is also working on new
instrumentation for ACL reconstructive surgery to create a more anat-
omic reconstruction with more normal biomechanics. His goal for the
Michael W. Krzyzewski Human Performance Laboratory, otherwise
known as the K-Lab, is to conduct research in injury prevention and per-
formance enhancement for elite and recreational athletes. Dr. Garrett
is past-president of the American Orthopaedic Society for Sports Medi-
cine, and he has served as Director of the American Board of Orthopae-
dic Surgery. He is also a member of the American Academy of
Orthopaedic Surgeons, the American College of Sports Medicine, and an
active member of IOC committees. For the past 16 years,
Dr. Garrett has served as the Medical Director of the U.S. Soccer Federa-
tion, and Chair of the Physical Fitness, Sports Medicine, and Research
Committee. He has also served as Team Physician for the U.S. Men’s
and Women'’s National Teams in World Cup competition. Dr. Garrett has
published widely in the scientific literature, and has edited 13 books and
50 book chapters. He is the recipient of numerous awards, including the
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Kappa Delta Award from the American Academy of Orthopaedic Sur-
geons, the Citation Award from the American College of Sports Medi-
cine, and the George D. Rovere Award for Education in the American
Orthopaedic Society for Sports Medicine. He has received teaching
awards at both Duke University and the University of North Carolina.

Andrew Goldberg, M.D., is a Professor of Medicine; Chief of the Divi-
sion of Gerontology; and Director of the Geriatric Research, Education,
and Clinical Center (GRECC) at the Baltimore VA Medical Center and
the University of Maryland, Baltimore, NIA-NIH Research Training
Grant Center in Exercise Physiology and Aging, and the Claude D. Pep-
per Older Americans Independence Center. He is also Codirector of the
University of Maryland Center for Research on Aging. Dr. Goldberg re-
ceived his medical degree from the State University of New York. He
completed his residency at New York University-Bellevue Medical Cen-
ter and received his fellowship training in the Division of Endocrinology,
Metabolism, and Nutrition at the University of Washington in Seattle. He
was Assistant Professor of Preventive Medicine and Medicine at Wash-
ington University in St. Louis from 1977-1983, Associate Professor and
Director of Research in the Division of Gerontology and Geriatric Medi-
cine at Johns Hopkins School of Medicine from 1983-1990, and then
became Professor of Medicine at the University of Maryland School of
Medicine in Baltimore in 1990, where he established the Division of
Gerontology and the Department of Veterans Affairs. Dr. Goldberg leads
research programs that investigate the functional declines and medical
diseases associated with aging that are influenced by physical decondi-
tioning and factors associated with obesity (lifestyles, genetic, and ethnic
factors). Dr. Goldberg’s research focuses on the mechanisms by which
exercise and weight loss affect and can improve obesity and related
metabolic complications. He is currently studying gene-environmental
factors that affect fat cell metabolism, particularly lipoprotein lipase
(LPL) activity, the rate limiting enzyme for lipid uptake and storage by
the fat cell, and the influence of gene polymorphisms (LPL, PPARY) on
metabolic and body fat responses to weight loss and exercise training.

Laurie J. Goodyear, Ph.D., is a Senior Investigator and Head of the
Section on Metabolism at the Joslin Diabetes Center, and an Associate
Professor of Medicine at Harvard Medical School. She received her
Ph.D. in cell biology from the University of Vermont. Her postdoctoral
training included fellowships at the University of Vermont, Harvard
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Medical School, and in the Section on Metabolism at the Joslin Diabetes
Center. Dr. Goodyear is an active member of the American Diabetes As-
sociation (ADA), American Physiological Society, and the American
College of Sports Medicine. She has served as a member of the NIH
Study Sections on Respiratory and Applied Physiology Study and Skele-
tal Muscle Biology Study. Dr. Goodyear’s awards and honors include the
Mary K. Tacocca Fellowship from the Joslin Diabetes Center, a New In-
vestigator Award from the American College of Sports Medicine, and
Career Development Awards from the ADA and Juvenile Diabetes Re-
search Foundation.

William L. Haskell Ph.D., is Professor Emeritus of Medicine at the
Stanford Prevention Research Center. A physiologist by training, his ar-
eas of research interests include homodynamic/metabolic effects of exer-
cise; multifactor, intervention, and coronary atherosclerosis; weight loss,
nutrition, and exercise effects on lipoprotein and ambulatory blood pres-
sure; and coronary artery disease. Recent work has included exploration
of balance, strength, flexibility, and psychosocial effects of different
types of exercise training. Dr. Haskell received his B.S. in biological sci-
ences from the University of California at Santa Barbara, his M.S. in ex-
ercise science, his Ph.D. in human physiology from the University of
llinois, Champaign-Urbana, and a certification in cardiovascular disease
epidemiology from the University of New York at Buffalo. His profes-
sional awards include an honorary doctorate of medicine from Linkdping
University in Sweden; and lifetime achievement awards from the Ameri-
can Association for Cardiovascular and Pulmonary Rehabilitation, the
American College of Sports Medicine, and the Council on Aging and
Adult Development of the American Association for Physical Activity
and Recreation.

Bradley Hatfield, Ph.D., is a Professor in the Department of Kinesiol-
ogy at the University of Maryland, College Park with adjunct appoint-
ments in the Center for Neural and Cognitive Sciences as well as the
Center on Aging. He received his Ph.D. in 1982 from the Pennsylvania
State University where he was supported by the Research Council of
Canada as a doctoral fellow. His research focuses on exercise and the
aging brain and the psychological aspects of expert motor performance.
This work is characterized by a cognitive neuroscience approach and
typically involves neuroimaging of the brain using electroencephalogra-
phy, event-related potentials, and magnetoencephalography as the pri-
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mary technical tools. He has published widely in the scientific literature.
He is a member of the editorial board of the Journal of Sport and Exer-
cise Psychology. Dr. Hatfield’s research efforts have been supported by
the U.S. Army Research Institute for the Behavioral and Social Sciences,
the American Heart Association, the Erickson Foundation, and the Johns
Hopkins University Center for Health and Information Technology. He is
currently supported by the Department of Defense’s Army Research Of-
fice, the Army Research Laboratory (Human Research and Engineering
Directorate) in Aberdeen, Maryland, and the NIH. Current NIH-
supported research is focused on the role of physical activity and geno-
type in delay of onset of dementia. Dr. Hatfield recently served as Presi-
dent of the North American Society for the Psychology of Sport and
Physical Activity and the mid-Atlantic chapter of the American College
of Sports Medicine. He is a Fellow of the American College of Sports
Medicine, the American Academy of Kinesiology and Physical Educa-
tion, and a charter Fellow of the American Association for the Advance-
ment of Applied Sport Psychology.

Gregory W. Heath, D.H.Sc., M.P.H., is the Guerry Professor and Head
of the Department of Health and Human Performance at the University
of Tennessee at Chattanooga, and Director of Research at the University
of Tennessee College of Medicine, Chattanooga. Dr. Heath was formally
the Lead Health Scientist with the Division of Nutrition and Physical
Activity at the Centers for Disease Control and Prevention (CDC). His
training is in physiology, nutrition, and epidemiology. Dr. Heath re-
ceived his M.P.H. and doctor of health science degrees from Loma Linda
University in California. He completed his postdoctoral training in ap-
plied physiology at the Washington University School of Medicine in St.
Louis. A former Epidemic Intelligence Service Officer, he worked at
CDC for over 20 years. Dr. Heath has spent most of his professional ca-
reer devoted to understanding and promoting physical activity and exer-
cise for the enhancement of health and the prevention and treatment of
chronic diseases. He has published widely in the scientific literature. Dr.
Heath is a Fellow in the American College of Sports Medicine and in the
American Heart Association’s Councils on Epidemiology and Prevention
and Nutrition, and Physical Activity and Metabolism.

Jennifer Hootman, Ph.D., A.T.C., FACSM, is currently an Epidemi-

ologist with the Arthritis Program at CDC. Her research focuses on the
epidemiology of musculoskeletal conditions, particularly activity-related
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injuries and arthritis and other rheumatic conditions, and the relation to
physical activity and exercise, function, and disability. Dr. Hootman is an
Associate Editor for the Journal of Athletic Training and an incoming
Coeditor of the Journal of Physical Activity and Health. She received her
B.S. degree in sports medicine from Marietta College and an M.S. degree
in health, physical education, recreation, and dance with a specialization
in athletic training from Illinois State University. She received her doc-
toral degree in epidemiology and biostatistics from the University of
South Carolina, focusing on injury and physical activity epidemiology.
Dr. Hootman is a National Athletic Trainers Association certified athletic
trainer and has worked as a Division I collegiate athletic trainer and un-
dergraduate instructor in sports medicine for 10 years. She is a Fellow of
the American College of Sports Medicine.

Bruce H. Jones, M.D., M.P.H., is a Colonel (Retired, U.S. Army) and is
currently with the U.S. Army Center for Health Promotion and Preven-
tive Medicine Injury Prevention Program at the Aberdeen Proving
Ground, Maryland. He has served on the staff of the U.S. Army Research
Institute of Environmental Medicine in Natick, Massachusetts, where he
established its injury epidemiology program and was Chief of the Occu-
pational Medicine Division. He has also served as Director of Epidemi-
ology and Disease Surveillance at the U.S. Army Center for Health
Promotion and Preventive Medicine and managed its Injury Prevention
Program. He has held various positions within the National Center for
Injury Prevention and Control at the Centers for Disease Control and
Prevention. His research and practice has focused on documenting the
effects of injuries on soldiers and military readiness and examining the
value of integrated injury and disease surveillance and control programs
for the prevention of injuries. Dr. Jones retired from the U.S. Army as a
Colonel in July 1998 but continues to consult with the Army and other
military services. He is a Fellow of the American College of Preventive
Medicine and the American College of Sports Medicine. He received his
M.D. from the Kansas University Medical Center in Kansas City and his
M.P.H. from the Harvard School of Public Health. He is board certified
in preventive medicine.

Wendy M. Kohrt, Ph.D., is a Professor of Medicine in the Division of
Geriatric Medicine at the University of Colorado Health Sciences Center
in Denver. She is the Director of the Investigations in Metabolism, Ag-
ing, Gender, and Exercise (IMAGE) Research Group in the Division of
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Geriatric Medicine, and the Director of the Energy Balance Core Labora-
tory for the NIH-supported Clinical Nutrition Research Unit. Dr. Kohrt’s
research interests are in the general area of age-related changes in me-
tabolism, sex steroids, and body composition with an emphasis on under-
standing changes that occur in women after the menopause. Dr. Kohrt’s
research is focused on understanding why menopause increases propen-
sity for fat gain, particularly in the abdominal region. Her intervention
studies involve exercise, weight loss, and/or hormone therapy and focus
on the health consequences of abdominal fat accumulation in women and
the mechanisms responsible for this menopause-related phenomenon.
Another focus of Dr. Kohrt’s research is on bone health in aging and the
extent to which lifestyle behaviors (e.g., diet and exercise) can protect
against bone loss. Current studies are directed at identifying novel fac-
tors, such as the use of nonsteroidal anti-inflammatory drugs, which may
compromise the benefits of exercise on bone health.

Caroline Macera, Ph.D., is a Professor of Epidemiology at the School
of Public Health at San Diego State University (SDSU). Dr. Macera has
over 25 years experience as an epidemiologist and has published exten-
sively in the area of physical activity and health. Prior to joining the fac-
ulty at SDSU, she led the surveillance and epidemiology team at the
Physical Activity and Health Branch at CDC. She also served as
Coleader for the Healthy People 2010 chapter on physical activity and
fitness and led the development of the physical activity items that are
now used in the CDC’s statewide Behavioral Risk Factor Surveillance
System.

Richard F. Macko, M.D., is Professor in the Department of Neurology
and Medicine, Division of Gerontology; Associate Director of Research
for the Geriatric Research, Education, and Clinical Core; and Director of
the VA Rehabilitation Research and Development Center of Excellence
in Exercise and Robotics in Baltimore. Dr. Frank also serves as Aca-
demic Director at the University of Maryland, School of Medicine Reha-
bilitation Medicine Division, and is a standing member of the
(NIH/NICHD) Center for Medical Rehabilitation Research Grants Panel
and VA Rehabilitation Research Grant Panels. His research focuses on
developing models of task-oriented exercise to improve motor function,
cardiovascular fitness, and metabolic health for individuals aging with
the chronic disability of stroke. The interdisciplinary approach to this
research model includes investigating mechanisms of exercise-mediated
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neuromuscular adaptations at the central nervous system and peripheral
muscular/metabolic levels. Central nervous system investigations charac-
terize brain plasticity in locomotor control of older hemiparetic stroke
patients participating in health-promoting treadmill exercise rehabilita-
tion programs that are now shown in randomized studies to improve am-
bulatory function even decades after stroke. The muscle and metabolic
research examines effects of exercise on body composition and molecu-
lar mechanisms underlying inflammatory and metabolic abnormalities in
hemiparetic muscle, which regulates insulin and glucose metabolism and
may be modifiable to reduce recurrent stroke risk.

Robert M. Malina, Ph.D., FACSM, is a Research Professor at Tarleton
State University in Stephenville, Texas. He is a former Professor at
Michigan State University where he retired in 2002. Dr. Malina’s re-
search interests focus on the biological growth and maturation of chil-
dren and adolescents with an emphasis on motor development and
performance, youth sports and young athletes, and the potential influ-
ences of physical activity and training for sports. A related area of inter-
est is the growth, performance, and physical activity of Latin American
youth with a primary emphasis on Mexico. Professor Malina has served
as Editor-in-Chief of the American Journal of Human Biology (1990—
2002), Editor of the Yearbook of Physical Anthropology (1980-1986),
and Section Editor for growth and development for the Exercise and
Sport Sciences Reviews (1981-1999) and the Research Quarterly for Ex-
ercise and Sport (1981-1993). Dr. Malina also serves on the editorial
boards of 13 journals in the sport sciences and biological anthropology.
Dr. Malina earned his doctoral degrees in physical education at the Uni-
versity of Wisconsin, Madison, and in anthropology at the University of
Pennsylvania, Philadelphia. He has received several honorary degrees
(doctor honoris causa) from the Catholic University of Leuven in Bel-
gium; the Academy of Physical Education at Jagiellonian University in
Krakow, Poland; and the University School of Physical Education in
Wroctaw, Poland.

Heather McKay, Ph.D., is Professor in the Faculty of Medicine, De-
partment of Orthopaedics and Family Practice, and Interim Director for
the Centre for Hip Health at the University of British Columbia in Van-
couver, Canada. She is coauthor of two books, Physical Activity and
Bone Health and Strong Bones and Muscles, published by Human Kinet-
ics Publishers. During her eight years at the University of British Colum-
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bia, she has published widely in scientific journals about the role of exer-
cise and other lifestyle factors for child and older adult health. Dr.
McKay was a Principle Investigator on the development and evaluation
of the recently initiated Action Schools! BC—a multidisciplinary, mul-
tisectoral physical activity and healthy eating program in elementary
schools. This model is a broad-based provincial initiative, supported by
three government ministries, which promotes a shift in elementary school
culture toward increased physical activity. Action Schools! BC targets
cardiovascular health, bone health, obesity, psychosocial health, and aca-
demic performance outcomes. Dr. McKay is a Michael Smith Founda-
tion for Health Research Senior Scholar and a Peter Wall Institute for
Advanced Studies Career Scholar.

Linda D. Meyers, Ph.D., is the Director of the Food and Nutrition
Board at the Institute of Medicine of the National Academies. Dr.
Meyers has also served as the Deputy Director and a Senior Program
Officer in Food and Nutrition Board. Prior to joining the Institute of
Medicine in 2001, she worked for 15 years in the Office of Disease Pre-
vention and Health Promotion in the U.S. Department of Health and
Human Services where she was a Senior Nutrition Advisor, Deputy Di-
rector, and Acting Director. Dr. Meyers has received a number of awards
for her contributions to public health, including the Secretary’s Distin-
guished Service Award for Healthy People 2010 and the Surgeon Gen-
eral’s Medallion. Dr. Meyers has a B.A. in health and physical education
from Goshen College in Indiana, an M.S. in food and nutrition from
Colorado State University, and a Ph.D. in nutritional sciences from Cor-
nell University.

James R. Morrow, Jr., Ph.D., is a Regents Professor in the Department
of Kinesiology, Health Promotion, and Recreation at the University of
North Texas. He completed his Ph.D. in Research and Evaluation Meth-
odology from the University of Colorado. His teaching and research fo-
cus on measurement issues related to physical fitness and activity
assessment and the relationship between these variables and quality of
life. He has authored five books and has published widely in the scien-
tific literature. Dr. Morrow has been a coinvestigator on federally funded
research projects estimated at approximately $10 million. He has been
elected as a Fellow to the American College of Sports Medicine, the
American Academy of Kinesiology and Physical Education, AAHPERD
Research Consortium, and the North American Society of Health, Physi-
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cal Education, Recreation, Sport and Dance Professionals. Dr. Morrow
has served as Editor-in-Chief of the Research Quarterly for Exercise and
Sport (1989-1993), and he currently serves as Coeditor for the Journal of
Physical Activity and Health. He serves as a member of the Cooper Insti-
tute’s FITNESSGRAM Advisory Board and the President’s Council on
Physical Fitness and Sports’ Science Board.

Miriam E. Nelson, Ph.D., is Director of the John Hancock Center for
Physical Activity and Nutrition and Associate Professor of Nutrition at
the Gerald J. and Dorothy R. Friedman School of Nutrition Science and
Policy at Tufts University in Boston. She holds a Ph.D. in nutrition from
Tufts University. For the past 12 years, Dr. Nelson has been the PI of
studies on exercise and nutrition for midlife and older adults. Her
research is supported by grants from the NIH and private foundations.
Dr. Nelson has written several books, including Strong Women, Strong
Bones, which received the esteemed Books for a Better Life Award for
best wellness book of 2000 from the Multiple Sclerosis Society. In 1994,
Dr. Nelson was named a Brookdale National Fellow, a national award
given annually to five or six young scholars deemed to be future leaders
in the field of aging. She was awarded a Bunting Fellowship at the Mary
Ingraham Bunting Institute at Radcliffe College for 1997-1998. In 1998,
Dr. Nelson received the Life Time Achievement Award from the
Massachusetts Governor’s Committee on Physical Fitness and Sports.
She is a Fellow of the American College of Sports Medicine.

Anne Newman, M.D., M.P.H., is a Professor of Epidemiology and
Medicine in the Graduate School of Public Health at the University of
Pittsburgh. Dr. Newman has conducted numerous population studies of
disease and disability in older adults. As a geriatrician and epidemiolo-
gist, she developed protocols to assess functional outcomes (including
disability, gait disorders, cognitive impairment) and important geriatric
syndromes (e.g., sleep disorders, weight loss) in Pittsburgh’s Cardiovas-
cular Health Study (CHS), a 19-year NIH/National Heart, Lung, and
Blood Institute (NHLBI)-funded longitudinal study of the risk factors
and natural history of cardiovascular disease in older adults. Dr. Newman
is the field center PI of CHS ancillary studies including the Sleep Heart
Health Study and the Coronary Artery Calcium Study. Dr Newman is the
PI of the CHS All Stars, a National Institute of Aging (NIA)-funded
study designed to assess exceptional aging and function in the CHS co-
hort. She is also the PI of the NIA-funded study of Health, Aging, and
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Body Composition (Health ABC) at the Pittsburgh Field Center, a longi-
tudinal study of weight change, sarcopenia, and function in an older co-
hort, now in its 10th year. She is also the PI of the Lifestyle Interventions
and Independence for Elders (LIFE) Study, a pilot study designed to as-
sess the feasibility of a full-scale walking intervention trial in healthy and
frail older adults. Additionally, Dr. Newman has just been awarded a
grant for one of four study centers in the NIA Multicenter Studies in Ex-
ceptional Survival in Families, designed to study long-lived families in
the United States and Europe. Dr. Newman is Codirector of the Center
for Healthy Aging at the University of Pittsburgh, and is also Codirector
of the NIA-funded Training Grant in the Epidemiology of Aging. She is
the Pilot Studies Core Leader for the Claude D. Pepper Older Americans
Independence Center. She has mentored numerous M.D., M.P.H., and
Ph.D. students in the epidemiology of aging.

Patrick J. O’Connor, Ph.D., is Professor and Codirector of the Exercise
Psychology Laboratory in the Department of Exercise Science at the
University of Georgia in Athens. His previous academic appointments
include Assistant Professor, University of Georgia, Health and Human
Performance, Exercise Science; and Assistant Professor, Arizona State
University. He received his B.S. degree in political science from the
University of Oregon, his M.S. in exercise science from Purdue Univer-
sity, and his Ph.D. in exercise psychology from the University of Wis-
consin. Dr. O’Connor’s research has investigated psychobiological and
mental health outcomes of acute and chronic physical activity. Dr.
O’Connor’s research spans several areas, including exploring the influ-
ence of exercise on moods such as anger, anxiety, energy, and depres-
sion; understanding exercise-related muscle pain by using the R-III
nociceptive reflex as a tool to elucidate delayed-onset muscle pain; ex-
amining the relationship between physical activity and the human cir-
cadian system, including sleep; and understanding the relationship
between physical activity and the physical and mental health of very
young female gymnasts. He is a Fellow of the American College of
Sports Medicine.

Russell R. Pate, Ph.D., is the Associate Dean for Research and a Profes-
sor in the Department of Exercise Science at the Norman J. Arnold
School of Public Health at the University of South Carolina in Columbia.
He received a B.S. degree in physical education from Springfield Col-
lege, and his M.S. degree and Ph.D. in exercise physiology from the
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University of Oregon. Dr. Pate's research interest and expertise focuses
on physical activity measurement, determinants, and physical activity
promotion in children and youth. He also directs a national postgraduate
course that develops research competencies related to physical activity
and public health. Dr. Pate is also involved in the CDC funded Preven-
tion Research Center at the University of South Carolina. His research
includes studies on preschoolers' physical activity levels and how schools
can influence these levels, as well as multicenter trials on physical activ-
ity promotion among middle school and high school-aged girls. Dr. Pate
serves as an investigator for the Robert Wood Johnson Foundation’s Ac-
tive for Life Program that encourages physical activity among seniors.
He serves on the Kraft Food Global Health and Wellness Advisory
Council, and is a past-president of both the American College of Sports
Medicine and the National Coalition on Promoting Physical Activity.

James Pivarnik, Ph.D., is a Professor of Kinesiology and Epidemiology
in the College of Education, Director of the Center for Physical Activity
and Health, and Director of the Human Energy Research Laboratory at
Michigan State University in East Lansing. His previous academic ap-
pointments were in the Department of Health and Human Performance at
the University of Houston; Department of Pediatrics and Department of
Obstetrics and Gynecology at the Baylor College of Medicine; and Ad-
junct Associate Professor in the School of Public Health at the University
of Texas Health Sciences Center at Houston. Dr. Pivarnik earned his B.S.
degree from Indiana University, M.S. degree from James Madison Uni-
versity, and was awarded his Ph.D. from Indiana University. He com-
pleted postgraduate training at St. Louis University School of Medicine.
As an exercise physiologist and epidemiologist, Dr. Pivarnik studies the
exercise responses of females, particularly during pregnancy, and chil-
dren, both healthy and those with chronic diseases. His focus is on the
role of physical activity in reducing the risk factors for chronic disease
development (e.g., cardiovascular disease) and the morbidity and mortal-
ity of those affected by these conditions.

Judith G. Regensteiner, Ph.D., is a Professor of Medicine in the De-
partment of Cardiology Heart Center, and Director of the Center for
Women’s Health Research at University of Colorado Health Sciences
Center in Denver. Dr. Regensteiner serves on the editorial boards of Vas-
cular Medicine and Diabetes Care. She is the PI of studies in type 2 dia-
betes and peripheral arterial disease. Her current research focuses on
exercise and type 2 diabetes—gender and endothelial function (funded
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by the American Diabetes Association) and an NIH-supported evaluation
of the mechanisms that explain why exercise rehabilitation is efficacious
in treating patients with claudication due to peripheral arterial disease
(the AMNESTI study). Dr. Regensteiner is an investigator for two NIH
multicenter studies: the Look Ahead trial that is designed to determine
whether reducing obesity improves cardiovascular outcomes in type 2
diabetes, and the CLEVER study, which compares the efficacy of angio-
plasty versus supervised exercise rehabilitation for treating claudication.
Dr. Regensteiner has published widely in the scientific literature.

James H. Rimmer, Ph.D., is a Professor in the Department of Disability
and Human Development and Adjunct Professor in Movement Sciences
at the University of Illinois at Chicago. He also serves as an Adjunct Pro-
fessor in the Department of Physical Medicine and Rehabilitation at
Northwestern University, which is affiliated with the Rehabilitation Insti-
tute of Chicago. For the past 25 years, Dr. Rimmer has developed and
directed health promotion programs for people with disabilities. He has
published widely in peer-reviewed journals and authored several book
chapters on various topics related to physical activity, health promotion,
secondary conditions, and disability. He directs two federally funded
centers: the National Center on Physical Activity and Disability and the
Rehabilitation Engineering Research Center on Recreational Technolo-
gies and Exercise Physiology Benefiting People with Disabilities. Dr.
Rimmer has published standardized measurement instruments that can be
used to evaluate the accessibility of fitness and recreation facilities for
people with disabilities, and was recently funded by NIH to develop a
health empowerment zone for people with disabilities in and around the
University of Illinois at Chicago medical campus. Dr. Rimmer is cur-
rently completing a CDC-funded randomized trial; the Physician-
Referred Community-Based Approach to Increasing Awareness and Sus-
tainability of Physical Activity for Overweight Adults with Mobility
Limitations. He is a Healthy People 2010 Panel Member and was in-
volved in the development of the Chapter 6 Workplan, Disability, and
Secondary Conditions. Dr. Rimmer serves on several national commit-
tees, including the Scientific and Medical Advisory Board for Life Fit-
ness Academy, and the Executive Committee of the American Public
Health Association’s Disability Special Primary Interest Group.

RADM Penelope Slade Royall, P.T., M.S.W., is the Deputy Assistant
Secretary for Disease Prevention and Health Promotion, and Director,
Office of Discase Prevention and Health Promotion, Office of Public
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Health and Science, U.S. Department of Health and Human Services
(DHHS). She is a Commissioned Corps Officer in the U.S. Public Health
Service. RADM Royall leads prevention priorities for DHHS and is a
senior advisor to the Assistant Secretary for Health and to the DHHS
Secretary. Prior to this appointment, she was Acting Executive Director,
President’s Council on Physical Fitness and Sports and Senior Public
Health Advisor, Immediate Office of the Assistant Secretary for Health.
Before joining the Office of Public Health and Science, she was the
Chief of Physical Rehabilitation in the Physical Rehabilitation Depart-
ment, Federal Medical Center, Butner, North Carolina. RADM Royall
earned a degree in physical therapy and her M.S.W. degree in social
work from the University of North Carolina at Chapel Hill.

David S. Siscovick, M.D., M.P.H., is Professor of Medicine and Epide-
miology, Codirector of the Cardiovascular Health Research Unit, and
Director of the NHLBI-funded Cardiovascular Epidemiology Training
Program at the University of Washington. Dr. Siscovick completed his
undergraduate training at the University of Pennsylvania and attended
medical school at the University of Maryland before completing a resi-
dency in internal medicine and earning an M.P.H. degree in epidemiol-
ogy at the University of Washington. He was a Robert Wood Johnson
Clinical Scholar, a Teaching and Research Scholar of the American Col-
lege of Physicians, a NHLBI Preventive Cardiology Academic Awardee,
and a Donald R. Reynolds Scholar. He is currently a member of the
Board of Scientific Counselors of the NIA. He is a clinical-
cardiovascular epidemiologist, whose research has focused on the devel-
opment and application of knowledge related to the prevention of cardio-
vascular diseases. In addition to his research on the role of exercise and
nutrition in sudden cardiac arrest, he has conducted population-based
research in genetic, biochemical, pharmacological, and environmental
epidemiology related to atherosclerotic metabolic risk and cardiovascular
health. He has also contributed to multiple NHLBI-funded prospective,
multicenter cohort studies of risk factors, subclinical, and clinical cardio-
vascular disease, including the Cardiovascular Health Study (CHS), the
Multi-ethnic Study of Atherosclerosis (MESA), the Coronary Artery
Risk Development in Young Adult Study (CARDIA), and the Women’s
Health Initiative (WHI). Dr. Siscovick has published widely in the scien-
tific literature, and he is currently the PI of three ROls funded by the
NHLBI.
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Acronyms and Abbreviations

ACOG American College of Obstetricians and
Gynecologists

ACSM American College of Sports Medicine

AHA American Heart Association

BDNF brain-derived neurotropic factor

BMC bone mineral content

BMD bone mineral density

BMI body mass index

BRFSS Behavioral Risk Factor Surveillance System

CDC Centers for Disease Control and Prevention

CVD cardiovascular disease

DEXA dual-energy X-ray absorptiometry

DHHS U.S. Department of Health and Human Services

FDA U.S. Food and Drug Administration

GDM gestational diabetes mellitus

ICF International Classification of Functioning,
Disability and Health

IOM Institute of Medicine

LDL low-density lipoprotein
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MET
NASPE
NCI
NHANES
NIH

OA

RMR
RNA

STRRIDE

TNF-alpha
USDA
VO,
VO,;max
VO,peak

YRBSS
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metabolic equivalent
National Association for Sport and Physical
Education
National Cancer Institute
National Health and Nutrition Examination Survey
National Institutes of Health

osteoarthritis

resting metabolic rate
ribonucleic acid

Studies of Targeted Risk Reduction Interventions
through Defined Exercise

tumor necrosis factor-alpha
U.S. Department of Agriculture
oxygen uptake

maximal oxygen uptake

peak oxygen uptake

Youth Risk Behavior Surveillance System
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Glossary

Accelerometry In the measurement of physical activity, the use of ac-
celerometers (devices that detect and quantify body movement). Fre-
quently used as a pedometer to count the number of steps taken
throughout the day.

Activities of daily living Activities related to personal care that in-
clude bathing or showering, dressing, getting in or out of bed or a
chair, using the toilet, and eating.

Aerobic capacity (power) An indicator of endurance capacity or fit-
ness. It is a measure of the body's ability to process oxygen. It involves
a combination of lung capacity, the size of the capillaries, the pumping
action of the heart, and the transfer of oxygen from red blood cells to
target tissues. It is frequently referred to as maximal oxygen uptake or
VO,max.

Balance A skill-related component of physical fitness that relates to
the maintenance of equilibrium while stationary or moving.

Body composition A health-related component of physical fitness that
relates to the relative amounts of muscle, fat, bone, and other vital
parts of the body.

Bone mineral content The amount of mineral at a particular skeletal
site, such as the femoral neck, lumbar spine, or total body.
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Bone mineral density Determined by dividing the bone mineral content
by the area of a scanned region.

Cardiorespiratory endurance A health-related component of physical
fitness that relates to the ability of the circulatory and respiratory sys-
tems to supply oxygen during sustained physical activity. Also called
cardiorespiratory fitness or aerobic capacity.

Children Persons ages 2 to 11 years. In this summary, refers mainly to
persons ages 6 to 11 years.

Disability A physical or mental impairment that substantially limits or
restricts the condition, manner, or duration under which an average
person in the population can perform a major life activity, such as
walking, seeing, hearing, speaking, breathing, learning, working, or
taking care of oneself.

Duration The length of time spent participating in physical activity
(e.g., 30 minutes per occasion).

Endurance activities Repetitive, acrobic use of large muscles (e.g.,
walking, bicycling, swimming).

Evidence-informed The accumulation of data from a wide variety of
research designs and clinical experiences used to reach a solid con-
clusion.

Exercise Planned, structured, and repetitive bodly movement done
to improve or maintain one or more components of physical fitness.
In this summary, the term is used interchangeably with physical
activity.

Flexibility A health-related component of physical fitness that relates
to the range of motion available at a joint.

Frequency The number of times spent participating in physical activity
over a specified period (e.g., two times per week).
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Intensity A characteristic of a physical activity that represents how
"hard" it is performed or perceived by a person. Examples of inten-
sity categories of a physical activity are light, moderate, or vigorous.

Kilocalorie (kcal) A unit of measurement for energy, either consumed
through food and beverages or expended both through physical activ-
ity and basal metabolic processes. 1 kilocalorie = 1 calorie = 4,184
joules = 4.184 kilojoules.

Metabolic equivalent (MET) A unit used to estimate the metabolic
cost (oxygen consumption) of physical activity. One MET equals the
resting metabolic rate of approximately 3.5 ml O, * kg™ * min™.

Moderate intensity A general descriptor of the physical activity inten-
sity that causes some increase in heart rate and breathing rate but at
which the person feels comfortable exercising for an extended period
of time. A benchmark of moderate-intensity activity for a healthy
middle-aged adult would be brisk walking.

Muscle fiber An individual muscle cell.

Overtraining The attempt to do more work than can be physically
tolerated.

Period The time span that is covered by a survey or other measurement
instrument (e.g., the last week).

Physical activity Bodily movement that is produced by the contraction
of skeletal muscle and that increases energy expenditure.

Physical fitness A set of attributes or conditions that allows an indi-
vidual to carry out daily activities without undue fatigue and with
sufficient reserve to enjoy leisure pursuits. Physical fitness is as-
sessed through many components, including muscular strength and
endurance, flexibility, cardiovascular endurance, body composition,
agility, balance, and speed.

Physical inactivity The state of doing no or very little activity (being
sedentary).

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/11819.html

jvity Guidelines Development: Workshop Summary

198 PHYSICAL ACTIVITY WORKSHOP

Power A skill-related component of physical fitness that relates to the
rate at which one can perform work.

Resistance training Training designed primarily to increase muscle
strength, power, and endurance.

Sarcopenia Age-related degenerative decreases in skeletal muscle
mass.

Strain  An injury resulting from overstretching and tearing a muscle. A
strain can occur through an accident or through improper use or
overuse of a muscle.

Strength The ability of the muscle to exert force.

Strength of evidence A general indication of how confident one can
be that there is a causal relationship between an exposure (e.g.,
physical activity) and a specific health or fitness outcome. The
strength of evidence will be determined by the number, type, and
quality of the studies that have been conducted addressing the rela-
tionship, the consistency of the results among studies, and the effect
size (or magnitude of the relationship).

Vigorous intensity A general descriptor of the physical activity inten-
sity that causes large increases in heart rate and breathing rate and
that causes fatigue within a short period of time. A benchmark of
vigorous-intensity activity for a healthy middle-aged adult would be
running at 8—10 mph.

VO, The amount of oxygen consumed per minute by an individual
while performing an activity.

VO,max The maximal capacity for oxygen consumption by the body
during maximal exertion.

Youth Younger and older adolescents or teens, ages 12 to 19 years.

For convenience in this summary, the term youth is often used to re-
fer to school-aged children and adolescents.
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