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./’C DEPARTMENT OF HEALTH & HUMAN SERVICES Office of the Secretary

Washington, DC 20201

The Honorable Alex Azar

Secretary of Health and Human Services
200 Independence Avenue, S.W.
Washington, D.C. 20201

Dear Secretary Azér,

On behalf of the entire 2018 Physical Activity Guidelines Advisory Committee, we are very pleased to
submit the 2018 Physical Activity Guidelines Advisory Committee Scientific Report.

Our Committee was charged with reviewing the scientific literature on physical activity and health. The
2018 Physical Activity Guidelines Advisory Committee Scientific Report provides a detailed summary of
the disease prevention and health promotion benefits of a more physically active America that is firmly
established by the latest scientific evidence. It builds on and significantly expands the scientific evidence
summarized in the first Physical Activity Guidelines Advisory Committee Report, 2008. The Committee
judged the 2008 Scientific Report to be an excellent document and used it as the foundation for the
current report. It is clear, however, that the expansion of knowledge about the relationships between
physical activity and health during the past 10 years has provided evidence of even more health
benefits, demonstrated greater flexibility about how to achieve those benefits, and shown that a more
physically active American population can be facilitated in a wide variety of ways.

The Scientific Report demonstrates that, across the full age spectrum, regular physical activity provides a
variety of benefits that help us feel better, sleep better, and perform daily tasks more easily. The report
also demonstrates that some benefits happen immediately. A single bout of moderate-to-vigorous
physical activity can improve that night’s sleep, reduce anxiety symptoms, improve cognition, reduce
blood pressure, and improve insulin sensitivity on the day that it is performed. Most of these
improvements become even larger with the regular performance of moderate-to-vigorous physical
activity.

The newly documented health benefits also include reduced risk of excessive weight gain in adults,
children, and pregnant women; improved cognitive function and a reduced risk of dementia; and
reduced risk of cancer of the bladder, endometrium, esophagus, kidney, lung, and stomach. The report
demonstrates, for the first time, physical activity-related health benefits for children ages 3 to 5 years. In
addition, for the large number of adults who already have a chronic disease or condition such as
osteoarthritis, hypertension, or type 2 diabetes, a reduced risk of developing a new chronic condition
and reduced risk of progression of the condition they already have, plus improvements in quality of life
and physical function.
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Given Americans' low rates of participation in physical activity and high prevalence of chronic diseases
and associated disabilities, this report is particularly timely. It provides the necessary foundation for the
Department to revise the 2008 Physical Activity Guidelines for Americans. Strong federal guidelines,
policies, and programs on physical activity should be an essential component of any comprehensive
disease prevention and health promotion strategy for Americans. included in this report is a summary of
evidence-based physical activity promotion interventions that hold promise for improving the nation’s
physical activity levels.

On behalf of the entire Committee, we thank you for the opportunity to support the prevention
priorities of the Department. Over the past 20 months, the Committee members and consultants
worked exceptionally long and hard to conduct the extensive scientific review that made this report
possibie. Despite this task being added to their usual busy schedules, they met tight deadlines, provided
insight and education to one another, and unselfishly worked to develop a consensus report. Thus, we
wish to thank you for assembling a Committee of outstanding professionals who are knowledgeabie,
dedicated, and highly productive. Committee members are committed to the broad dissemination of
this report and the ensuing guidelines. Please do not hesitate to contact us or any of the Committee
members if we can be of further service.

It is important to emphasize that this report could not have been completed without the outstanding
support of all the HHS staff who assisted us throughout the entire procéss. We are very grateful for their
substantial assistance throughout the process. Their excellent logistical and management support in all
aspects of the Committee's work was essential. Special recognition goes to Lieutenant Commander
Katrina Piercy of the Office of Disease Prevention and Health Promotion and Captain Richard Troiano of
the National Cancer Institute for their tireless dedication to the coordination, and ultimate completion,
of this project. This report greatly benefits from the expert editing provided by Anne Brown Rodgers,
who helped us present information that is useful and readable, and from the rigorous literature review
work overseen by Bonny Bioodgood at ICF.

Sincerely,

By C. Ko

Abby C. King, PhD
Co-Chair, 2018 Physical Activity Guidelines Advisory Committee
Departments of Health Research & Policy and Medicine, School of Medicine, Stanford University

i o 2 ;
Kenneth E. Powell, MD, MPH
Co-Chair, 2018 Physical Activity Guidelines Advisory Committee

Retired, Atlanta, Georgia
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INTRODUCTION

The 2018 Physical Activity Guidelines Advisory Committee Scientific Report abundantly demonstrates
that physical activity is a “best buy” for public health. The report provides a detailed summary of the
disease prevention and health promotion benefits of a more physically active America that is firmly
established by the latest scientific evidence. It builds on and significantly expands the scientific evidence
summarized in the first Physical Activity Guidelines Advisory Committee Report, 2008. The Committee
judged the 2008 Scientific Report to be an excellent document and used it as the foundation for the
current report. It is clear, however, that the expansion of knowledge about the relationships between
physical activity and health during the past 10 years has provided evidence of even more health
benefits, demonstrated greater flexibility about how to achieve those benefits, and shown that a more

physically active American population can be facilitated in a wide variety of ways.

The 17 members of the 2018 Physical Activity Guidelines Advisory Committee were appointed in June
2016 and sworn into duty in July 2016. The Committee was instructed to examine the scientific
literature, especially articles published in the 10 years since the publication of the 2008 Scientific Report,
and to confirm, expand, or modify the recommendations in that report. The Committee conducted
detailed searches of the scientific literature, evaluated and discussed at length the quality of the
evidence, and developed conclusions based on the evidence as a whole. The quantity and quality of the

report reflects this careful and diligent process.
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Part A. Executive Summary

MAJOR FINDINGS

Physically active individuals sleep better, feel better, and function better. The 2018 Scientific Report
demonstrates that, in addition to disease prevention benefits, regular physical activity provides a variety

of benefits that help individuals sleep better, feel better, and perform daily tasks more easily.

e Strong evidence demonstrates that moderate-to-vigorous physical activity improves the quality
of sleep. It does so by reducing the length of time it takes to go to sleep and reducing the time
one is awake after going to sleep and before arising in the morning. It also can increase the time
in deep sleep and reduce daytime sleepiness.

e Single episodes of physical activity promote acute improvements in executive function for a
period of time. Executive function includes the processes of the brain that help organize daily
activities and plan for the future. Tasks such as one’s ability to plan and organize, self-monitor
and inhibit or facilitate behaviors, initiate tasks, and control emotions all are part of executive
function. Physical activity also improves other components of cognition, including memory,
processing speed, attention, and academic performance.

e Regular physical activity not only reduces the risk of clinical depression but reduces depressive
symptoms among people both with and without clinical depression. Physical activity can reduce
the severity of those symptoms whether one has only a few or many.

e Regular physical activity reduces symptoms of anxiety, including both chronic levels of anxiety as
well as the acute feelings of anxiety felt by many individuals from time to time.

e Strong evidence also demonstrates that perceived quality of life is improved by regular physical
activity.

e Physical activity improves physical function among individuals of all ages, enabling them to
conduct their daily lives with energy and without undue fatigue. This is true for older adults, for
whom improved physical function not only reduces risk of falls and fall-related injuries but
contributes to their ability to maintain independence. It is also true for young and middle-aged
adults, as improved physical function is manifested in the ability to more easily accomplish the

tasks of daily living, such as climbing stairs or carrying groceries.

Some benefits happen immediately. A single bout of moderate-to-vigorous physical activity will reduce
blood pressure, improve insulin sensitivity, improve sleep, reduce anxiety symptoms, and improve

cognition on the day that it is performed. Most of these improvements become even larger with the
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Part A. Executive Summary

regular performance of moderate-to-vigorous physical activity. Other benefits, such as disease risk
reduction and physical function, accrue within days to weeks after adopting a new physical activity

routine.

Physical activity reduces the risk of a large number of diseases and conditions. The past 10 years have
greatly expanded the list of diseases and conditions for which greater amounts of physical activity

reduce the risk. Some of the major results include:

e Strong evidence demonstrates that greater volumes of moderate-to-vigorous physical activity
are associated with preventing or minimizing excessive weight gain in adults, maintaining weight
within a healthy range, and preventing obesity. This is important because losing weight is
difficult and costly.

e Strong evidence demonstrates that higher amounts of physical activity are associated with a
reduced risk of excessive increases in body weight and adiposity in children ages 3 to 17 years.

e Strong evidence also demonstrates that more physically active women are less likely to gain
excessive weight during pregnancy. They also are less likely to develop gestational diabetes or
develop postpartum depression than their less active peers. Maternal and child health has been,
appropriately, a priority in the United States for generations. These findings indicate that
physical activity is an important tool in the maintenance of maternal health, and affects a key
time period when establishing lifelong healthy behaviors can be beneficial to women and their
children alike.

e Strong evidence demonstrates that greater volumes of physical activity reduce the risk of
dementia and improve other aspects of cognitive function. Given the high and rising prevalence
of older Americans and the expense and heartache of caring for individuals with dementia, the
value of preventing dementia is high.

e For the first time, the 2018 Scientific Report demonstrates that regular physical activity provides
health benefits to children as young as ages 3 to 5 years. The 2008 Committee was unable to
reach a conclusion about this young age group because of insufficient information. A substantial
increase in evidence since then has allowed the 2018 Committee to conclude that, in addition to
the reduced risk of excessive gains in body weight and adiposity, regular physical activity
improves bone health in this young age group. These findings call attention to the importance of
establishing healthy physical activity behaviors at an early age.

e Forolder adults, strong evidence demonstrates a reduced risk of falls and fall-related injuries.

2018 Physical Activity Guidelines Advisory Committee Scientific Report A-3



Part A. Executive Summary

e The 2008 Committee concluded that regular moderate-to-vigorous physical activity reduced the
risk of breast and colon cancer. The 2018 Committee expanded that list to include a reduced risk
for cancers of the bladder, endometrium, esophagus, kidney, lung, and stomach.

o Alarge portion of the general population already has a chronic disease or condition. The 2018
Committee has concluded that, for many of these individuals, regular physical activity can
reduce the risk of developing a new chronic condition, reduce the risk of progression of the
condition they already have, and improve their quality of life and physical function. The
conditions examined by the Committee included some of the most prevalent, including

osteoarthritis, hypertension, and type 2 diabetes.

The benefits of physical activity can be achieved in a variety of ways. The public health target range
suggested in the 2008 Scientific Report was 500 to 1,000 MET-minutes of moderate-to-vigorous physical
activity (or 150 to 300 minutes per week of moderate-intensity physical activity). The 2018 Committee
concurs with this target range. Unfortunately, half the U.S. adult population does not currently attain
this level of physical activity. Thirty percent of the population reports doing no moderate-to-vigorous
physical activity. Thus, for a large segment of the population, major improvements in health are

available from modest increases in regular physical activity.

The 2008 Committee reported that inactive individuals can achieve substantial health gains by
increasing their activity level even if they do not reach the target range. Since 2008, substantially more
information in the scientific literature documents the value of reducing inactivity even if the 150- to 300-

minute weekly target range is not achieved. Here is a brief review of the major findings.

e Forindividuals who perform no or little moderate-to-vigorous physical activity, replacing
sedentary behavior with light-intensity physical activity reduces the risk of all-cause mortality,
cardiovascular disease incidence and mortality, and the incidence of type 2 diabetes. Before this
report, evidence that light-intensity physical activity could provide health benefits had not been
clearly stated.

e Individuals who perform no or little moderate-to-vigorous physical activity, no matter how much
time they spend in sedentary behavior, can reduce their health risks by gradually adding some
or more moderate-intensity physical activity.

e Forindividuals whose amount of moderate-to-vigorous physical activity is below the current

public health target range of 150 to 300 minutes of moderate-intensity physical activity, even
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small increases in moderate-intensity physical activity provide health benefits. There is no
threshold that must be exceeded before benefits begin to occur.

e Forindividuals whose physical activity is below the current public health target range, greater
benefits can be achieved by reducing sedentary behavior, increasing moderate-intensity physical
activity, or combinations of both.

e Forany given increase in moderate-to-vigorous physical activity, the relative gain in benefits is
greater for individuals who are below the current public health target range than for individuals
already within the physical activity target range. For individuals below the target range,
substantial reductions in risk are available with relatively small increases in moderate-intensity
physical activity.

e Individuals already within the physical activity target range can gain more benefits by doing
more moderate-to-vigorous physical activity. Individuals within the target range already have
substantial benefits from their current volume of physical activity.

e Bouts, or episodes, of moderate-to-vigorous physical activity of any duration may be included in
the daily accumulated total volume of physical activity. The 2008 Physical Activity Guidelines for
Americans recommended accumulating moderate-to-vigorous physical activity in bouts of 10
minutes or more. Research now shows that any amount of moderate-to-vigorous physical
activity counts toward meeting the target range. Previously, insufficient evidence was available
to support the value of bouts less than 10 minutes in duration. The 2018 Committee was able to
conclude that bouts of any length contribute to the health benefits associated with the

accumulated volume of physical activity.

Efforts to promote physical activity can be effective. The 2008 Scientific Report included no
information about methods of promoting and facilitating healthy levels of physical activity. The 2018
Scientific Report includes a summary of major findings from the large body of scientific literature about

promoting physical activity through different interventions.

e Strong evidence demonstrates that individual-level interventions can increase the volume of
physical activity performed by youth and by adults, especially when the interventions are based
on behavioral change theories and techniques.

e School-based, especially multi-component, programs and community-wide physical activity

programs can be effective.
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e Environmental and policy changes that improve access to places where people can be physically
active, modify the built environment to better support physical activity behaviors (including
physically active transport), and that, in general, make it easier for people to be physically active
can be effective.

e Information and communication technologies, including wearable activity monitors, telephone
and smartphone programs and applications, computer-tailored print interventions, and the
Internet, can be used to enable self-monitoring, deliver messages, and provide support, all of

which are helpful in promoting regular physical activity.

PUBLIC HEALTH IMPACT

The public health impact of insufficient physical activity and the potential gains from even small
population-wide increases are substantial. Information contained in this report indicates that, in
addition to a reduced risk of death, greater amounts of regular moderate-to-vigorous physical activity
reduce the risk of many of the most common and expensive diseases or conditions in the United States.
Heart disease, stroke, hypertension, type 2 diabetes, dementia, depression, postpartum depression,
excessive weight gain, falls with injuries among the elderly, and breast, colon, endometrial, esophageal,
kidney, stomach, and lung cancer are all less common among individuals who are or become more
physically active. In addition, this report provides evidence that for some of these conditions, individuals
who are or become more physically active, relative to their peers with the same condition, have a
reduced risk of mortality, reduced risk of developing other chronic diseases or conditions, and reduced
risk of progression of the disease they already have. They also have improved physical function and

better quality of life.

Each of these conditions alone adds substantially to annual direct and indirect medical costs in the
United States. Even small increases in regular moderate-to-vigorous physical activity, especially if made
by the least physically active individuals, would appreciably reduce the nation’s direct and indirect
medical costs. Quantification of the costs attributable to insufficient physical activity was beyond the

scope of this Committee. It is clear, however, that the cost reductions would be large by any standards.

More difficult to quantify, but equally as important, are the benefits associated with how individuals feel
every day and the energy and vitality they have to carry out their daily lives. Placing dollar estimates on
improved cognition across the full life span, better quality of life, fewer symptoms of depression and

anxiety, enhanced quality of sleep, and improved physical function is difficult. In addition, monetizing
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these benefits likely cannot adequately describe the intangible societal benefits that derive from a

happier and more energetic population.

THE FUTURE

The field of physical activity and public health has matured markedly in the past 10 years, and it will
continue to develop at a rapid pace. Using the existing extensive scientific foundation and aided by
recent technological advances, increases in knowledge about the relationships between physical activity
and a wide variety of health and quality of life outcomes will surely continue. The Committee has
described current evidence and recent gains in knowledge, but recognizes that in the near future, the
field will generate more information about the benefits of physical activity and the types and volumes
that provide those benefits. In addition, gains in the area of physical activity promotion are
accumulating rapidly. Transferring this new knowledge into public health practice has the potential to

improve the health of the American public to an unprecedented level.

At the same time, the Committee recognized that important gaps in knowledge still remain. It prepared
a substantial list of topic-specific research recommendations. Six overarching recommendations are

provided here.

e Determine the independent and interactive effects of physical activity and sedentary behavior
on multiple health outcomes in youth, adults, and older adults.

e Determine the role and contribution of light-intensity physical activity alone or in combination
with moderate-to-vigorous physical activity to health outcomes.

o |dentify effective intervention strategies for increasing physical activity through actions in
multiple settings in youth, adults, and older adults. Determine how the effectiveness of
interventions differs by sex, age, race, ethnicity, socioeconomic status, and other factors.

e Strengthen the understanding of dose-response relationships between physical activity and
multiple health outcomes in youth, adults, and older adults, and especially during the life
transitions between these categories.

e Expand knowledge of the extent to which the relationships between physical activity and health
outcomes are modified by demographic factors, including sex and race/ethnicity.

e Develop instrumentation and data collection systems that will enhance physical activity

surveillance systems in the United States.
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SETTING THE STAGE

In 2008, the U.S. Department of Health and Human Services (HHS) released the first edition of

the Physical Activity Guidelines for Americans.: The Guidelines provides science-based advice on how
physical activity can help promote health and reduce the risk of chronic disease. The Guidelines serves
as the benchmark and primary, authoritative voice of the federal government for providing science-
based guidance on physical activity, fitness, and health for Americans. It provides a foundation for
federal recommendations and education for physical activity programs for Americans, including those at

risk of chronic disease.

The Guidelines were developed using information from a Physical Activity Guidelines Advisory
Committee,? similar to the expert committees formed for the Dietary Guidelines for Americans? process.
This committee mechanism was recognized as an effective approach to obtain a comprehensive and
systematic review of the science, which contributes to successful federal implementation as well as

broad public acceptance of the Guidelines.

2018 Physical Activity Guidelines Advisory Committee Scientific Report B-1



Part B. Introduction

In 2013, five years after the Guidelines was released, HHS developed the Physical Activity Guidelines
Midcourse Report: Strategies to Increase Physical Activity Among Youth.2 This report built on the 2008
Guidelines? by focusing on strategies to help youth achieve the recommended 60 minutes of daily
physical activity in a variety of settings, including school, preschool and childcare, community, family and

home, and primary care.

The 2008 Guidelinest was developed because of strong evidence that regular physical activity promotes
health and reduces risk of many chronic diseases, including heart disease, diabetes, and several cancers.
This evidence base continues to grow; thus, in December 2015 HHS began the process of developing the
second edition of the Physical Activity Guidelines by calling for nominations to the 2018 Physical Activity

Guidelines Advisory Committee.

THE PHYSICAL ACTIVITY GUIDELINES ADVISORY COMMITTEE

The 2018 Physical Activity Guidelines Advisory Committee (Committee) was formed to provide
independent advice and recommendations based on current scientific evidence for use by the federal

government in developing the second edition of the Physical Activity Guidelines for Americans.

Nominations for nationally recognized experts in the field of physical activity and health were sought
from the public through a Federal Register notice published on December 18, 2015. Criteria for
Committee members included knowledge about current scientific research in human physical activity;
familiarity with the purpose, communication, and application of federal physical activity guidelines; and
demonstrated interest in the public’s health and well-being through their research and/or educational
endeavors. Expertise was sought in specific specialty areas related to physical activity and health
promotion or disease prevention, including but not limited to: health promotion and chronic disease
prevention; bone, joint, and muscle health and performance; obesity and weight management; physical
activity and risk of musculoskeletal injury; physical activity and cognition; physical activity within specific
settings, such as preschool or childcare, schools (e.g., activity breaks, physical education), the
community, or built environment; physical activity dose-response; sedentary behavior; behavior change;
systematic reviews; and special populations, including children, older adults, individuals with disabilities,

and women who are pregnant or postpartum.
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To ensure that recommendations of the Committee took into account the needs of the diverse groups
served by HHS, membership was sought to include, to the extent practicable, a diverse group of men
and women with representation from various geographic locations, racial and ethnic groups, and
individuals with disabilities. Equal opportunity practices, in line with HHS policies, were followed in all
membership appointments to the Committee. Appointments were made without discrimination on the
basis of age, race and ethnicity, gender, sexual orientation, disability, or cultural, religious, or
socioeconomic status. Individuals were appointed to serve as members of the Committee to represent
balanced viewpoints of the scientific evidence and not to represent the viewpoints of any specific group.
Members of the Committee were classified as Special Government Employees during their term of
appointment, and as such were subject to the ethical standards of conduct for all federal employees.
The Committee served without pay and worked under the regulations of the Federal Advisory
Committee Act, known as FACA (Public Law 92-463 (5 U.S.C. Appendix 2, the Federal Advisory

Committee Act of 1972), as amended).

The Secretary of HHS appointed 17 individuals for membership to the Committee in June 2016. The
selected individuals are highly respected by their peers for their depth and breadth of scientific
knowledge of the relationship between physical activity and health in all relevant areas of the current
Physical Activity Guidelines. Biographical sketches of the Committee members are presented in Part H.

Appendix 3. Biographical sketches.

CHARGE TO THE COMMITTEE

The Committee was established for the single, time-limited task of reviewing the 2008 Physical Activity
Guidelines for Americans and developing physical activity and related health recommendations in this
Scientific Report to the Secretary of HHS. The Committee’s charge, which was described in the

Committee’s charter, is as follows:

The Committee, whose duties are time-limited and solely advisory in nature, will:

e Examine the first edition of the Physical Activity Guidelines for Americans and determine topics
for which new scientific evidence is likely to be available that may reconfirm or inform revisions

to the current guidance or suggest new guidance.
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e Place its primary focus on the systematic review and analysis of the evidence published since
the last Committee deliberations.

e Place its primary emphasis on the development of physical activity recommendations for the
general population in the United States and for specific subgroups of the population where
warranted by a public health need.

e Prepare and submit to the Secretary of HHS a scientific advisory report of technical
recommendations with rationales to inform the development of the second edition of the
Physical Activity Guidelines for Americans. The Committee is responsible for providing
authorship for this scientific report; however, responsibilities do not include translating the
recommendations into policy, developing a draft of the policy, or making recommendations for
implementation, including communication and outreach strategies.

e Disband upon the submittal of the Committee’s recommendations via the scientific advisory
report to the Secretary of HHS.

o Complete all work within the two-year charter time frame.

COMMITTEE PROCESSES

The Committee operated under the regulations of the Federal Advisory Committee Act as outlined in its
charter which was filed with Congress on June 1, 2016. This process ensures independent review in an

open public manner, with opportunities for public participation.

Committee Meetings

The Committee held five public meetings over the course of 16 months. Meetings were held in July and
October 2016, and March, July, and October 2017. The members met in person on the campus of the
National Institutes of Health in Bethesda, Maryland, for each meeting. All meetings were publicly
available live by videocast. In addition, the public was invited to attend the Committee’s first two
meetings in person. All meetings were announced through a Federal Register notice. Meeting
summaries, presentations, archived recordings of all of the meetings, and other Committee related

materials are available at https://health.gov/paguidelines.

Public Comments

Oral comments from the public were presented at the second public meeting, and written comments

were accepted throughout the tenure of the Committee. Written comments were shared with the
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Committee members as they were received. These comments are available for review at

https://health.gov/paguidelines. The public comments process is described in Part H. Appendix 4. Public

Comments.

Committee Organization and Work Process

During its first public meeting, the Committee decided that the work of reviewing the science would be
best achieved by establishing subcommittees, each of which would review and interpret the literature
for specific health outcomes and/or populations and summarize their findings as a chapter in the report.
The Subcommittees, composed of Committee members and consultants, communicated by email and
conference calls and met during public Committee meetings. Each Subcommittee was responsible for
presenting to the full Committee its literature review process, grade and conclusion statement for each
guestion, and research recommendations. During the public meetings, the Subcommittees responded to
guestions and made changes as indicated. The conclusions in this report represent the consensus of the

entire Committee.

The Committee formed nine subcommittees: Aging, Brain Health, Cancer — Primary Prevention,
Cardiometabolic Health and Prevention of Weight Gain, Exposure, Individuals with Chronic Conditions,
Promotion of Physical Activity, Sedentary Behavior, and Youth. After its first public meeting, the
Committee formed three Work Groups to consider additional topics: Physical Fitness, Youth to Adult
Transition, and Pregnancy and Postpartum. The Subcommittee and Work Group organization are
detailed in Part H. Appendix 2. PAGAC Subcommittee and Work Group Assignments. Each Committee
member served on at least two Subcommittees, with the exception of the Co-Chairs, one of whom was a
Subcommittee chair. The other Co-Chair participated in all of the other Subcommittees and Work

Groups.

To assist in the review process, Subcommittee chairs identified consultants to fill knowledge gaps in one
or more specific areas (see consultant list in Membership List). Consultants participated in
Subcommittee discussions and decisions, but were not considered Committee members. Similar to
Committee members, they completed ethics training and went through a federal review and clearance
process. In addition, outside experts (see list in Membership List) provided information or a presentation

to Subcommittees or Work Groups on a specific topic or question at one meeting.

A Designated Federal Officer (DFO) and Alternate DFO from the Office of Disease Prevention and Health

Promotion (ODPHP) supported the Committee members. ODPHP served as the administrative lead for
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this project. The DFO and Alternate DFO also served as two of the seven Co-Executive Secretaries, who
represented the various agencies responsible for federal physical activity policy and programs. These
agencies include ODPHP, the Centers for Disease Control and Prevention (CDC), the National Institutes
of Health (NIH), and the President’s Council on Fitness, Sports & Nutrition (PCFSN). Each Subcommittee
was supported by a federal staff liaison trained in the Federal Advisory Committee Act management and

a systematic review liaison from the literature review team.

Approaches to Reviewing the Evidence

The Committee used the state-of-the-art methodology—systematic reviews—to address its 38 research
guestions and 104 subquestions. These reviews are publicly available on

https://health.gov/paguidelines/second-edition/report/supplementary-material.aspx. Part E. Systematic

Review Literature Search Methodology of this report details the process used by the Committee to
evaluate the scientific evidence. This section also describes the grading rubric the Committee used to
grade the level of evidence available to answer its questions. Each Subcommittee drafted a chapter that
summarizes and synthesizes the results of its review and includes the evidence grades and conclusion
statements for each question (see Part F. The Science Base). Research recommendations to address gaps
that could advance knowledge related to the question posed and inform future federal physical activity
guidance, as well as other policies and programs, are included at the end of each chapter and in Part G.
Needs for Future Research. At least two Committee members who were not members of the drafting
Subcommittee and federal staff liaisons reviewed each chapter.

Report Structure

Reflecting the Subcommittee and Work Group structure, the bulk of the report consists of 11 science-
based chapters that summarize the evidence assessed and evaluated by the Committee. Ten chapters
correspond to the work of the nine Subcommittees—the Exposure Subcommittee’s findings are split

into two chapters—and one chapter covers the work of the Pregnancy and Postpartum Work Group.

In addition to summarizing the evidence relating physical activity to individual health outcomes, one of
the Committee’s major goals was to integrate the scientific information on the relationship between
physical activity and health and to summarize it in a manner that could be used effectively by HHS to
develop the Physical Activity Guidelines and related statements. This information is contained in Part D.

Integrating the Evidence.
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CONTENTS AND ORGANIZATION OF THE SCIENTIFIC REPORT

The report starts with a Membership List of the Physical Activity Guidelines Advisory Committee

members, consultants, and federal staff to acknowledge the individuals involved in the development of

this report. There are four major components in the report. The first component provides essential

background and synthesis information and includes:

e Part A. Executive Summary provides an executive summary of the entire report.

e Part B. Introduction provides a brief background on the rationale for updating the Physical
Activity Guidelines for Americans and an explanation of the Committee’s formation, structure
and process to develop its report.

e Part C. Background and Key Physical Activity Concepts explains the concepts and terminology
that provide the foundation for the report’s content and framing, including those relating to
physical activity, sedentary behavior, dimensions of physical activity, physical fitness, and
measurement.

e Part D. Integrating the Evidence synthesizes the Committee's findings about the relation of
physical activity to a broad array of health outcomes.

e Part E. Systematic Review Literature Search Methodology explains the process used to

systematically review the literature review questions.

The second component, Part F. The Science Base, includes 11 chapters organized into four sections th
review and summarize the scientific literature relating physical activity to individual health-related

outcomes and populations:

New Issues in Defining Physical Activity
e Chapter 1. Physical Activity Behaviors: Steps, Bouts, and High Intensity Training

e Chapter 2. Sedentary Behavior

Physical Activity and Selected Health Outcomes
e Chapter 3. Brain Health
e Chapter 4. Cancer Prevention
e Chapter 5. Cardiometabolic Health and Prevention of Weight Gain

e Chapter 6. All-cause Mortality, Cardiovascular Mortality, and Incident Cardiovascular Disease

Physical Activity Considerations for Selected Populations
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e Chapter 7. Youth
e Chapter 8 Women Who are Pregnant or Postpartum
e Chapter 9. Older Adults

e Chapter 10. Individuals with Chronic Conditions

Promoting Physical Activity

e Chapter 11. Promoting Regular Physical Activity

The third component, Part G. Needs for Future Research provides the Committee's collective
recommendations about key areas of research that could address gaps they encountered and further

enhance the science base on physical activity and health.

The fourth component, Part H. Appendices, includes 1) glossary of terms, 2) list of Subcommittee and
Work Group assignments, 3) biographical sketches of Committee members, and 4) description of the

public comment process with a link to the public comment database.

REFERENCES

1. U.S. Department of Health and Human Services. 2008 Physical Activity Guidelines for Americans.
Washington, DC: U.S. Department of Health and Human Services; 2008.
https://health.gov/paguidelines/guidelines. Published 2008. Accessed September 22, 2017.

2. Physical Activity Guidelines Advisory Committee. Physical Activity Guidelines Advisory Committee
Report, 2008. Washington, DC: U.S. Department of Health and Human Services; 2008.
https://health.gov/paguidelines/guidelines/report.aspx. Published 2008. Accessed September 22, 2017.

3. U.S. Department of Health and Human Services; U.S. Department of Agriculture. 2015-2020 Dietary
Guidelines for Americans. 8th ed. http://health.gov/dietaryguidelines/2015/guidelines. Published
December 2015. Accessed January 11, 2018.

4. Physical Activity Guidelines for Americans Midcourse Report Subcommittee of the President’s Council
on Fitness, Sports & Nutrition. Physical Activity Guidelines for Americans Midcourse Report: Strategies to
Increase Physical Activity Among Youth. Washington, DC: U.S. Department of Health and Human
Services, 2013. https://health.gov/paguidelines/midcourse. Published 2013. Accessed September 22,
2017.

2018 Physical Activity Guidelines Advisory Committee Scientific Report B-8


https://health.gov/paguidelines/guidelines
https://health.gov/paguidelines/guidelines/report.aspx
http://health.gov/dietaryguidelines/2015/guidelines
https://health.gov/paguidelines/midcourse

Part C. Background and Key Physical Activity Concepts

PART C. BACKGROUND AND KEY PHYSICALACTIVITY
CONCEPTS

Table of Contents

o T Ce Y Tor= I =T Y oYYt 1Y TP C-1
Physical Activity TErms and DIiMENSIONS ........uiiiiiiieeeciitee e et e e eeiee e esree e e e ste e e s sabeeeeesabaeesennseeeeennseeeeennsens C-3
10T T =T o 0 PSPPI T PP C-3
TYPES OF PRYSICAl ACTIVILY 1ooeveiie ittt e s ebee e e s s bt e e e sbae e e e snteeeesneeaessans C-4
B To aa T T 0t o) il o oYV A (o= 1 I Yo o V71 USRS C-5
2 To Yo LV =0Tyt o IO USRS C-6
Absolute and Relative INTENSITY ...eiiiiiieii i e e e e e e s s sabee e e eanees c-7
Dose, Volume, and Dose-response for Aerobic ACtiVIties ........coooccuvveeiiiiiiccciiieee e Cc-9
VT I gVl o o N A oF: | I Yot 41V oY AU C-11
(O Tolol 0] oY o] o = O Y <Y=L ] =T PP C-12
QUESTIONNAITES ....eeiiriiiiiicte bbb e saa e sbe e e ab e e sbe e sba e e sabeesnae s C-12
DBVICES ..ttt s b e s e s s ba e sbe e b e e e C-12
Y T a1 oY g1 oYl a1 Ay ot | I Vot 41V o VAU C-13
o N A ot | I o 4 1TSS C-18
Physical Activity Across the Life COUMSE ...ttt e e e e e e e C-22
Safety DUFNG PhYSICAl ACTIVILY ..uuiiiiciiie et e e e e a e e e sabae e e esatbaeessnaeees C-24
Promotion of PhySICal ACTIVITY ......eeeiieiiee et ettt e et e e e abe e e e e atae e e e eabeee e e nnes C-26
REFEIEINCES ...ttt ettt ettt b e s bt s at e sa b e et e e be e ebeesaeesaeeeabeeabe e be e bt e sbeesaeeeateenteebean c-27

HISTORICAL PERSPECTIVE

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

several decades. During the 1950s and 1960s, two scientific areas — exercise science and epidemiologic
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science — converged in an effort to understand and address the heart disease epidemic. In the United
States, the percentage of all deaths caused by heart disease had risen from 8 to 10 percent in the early
1900s to slightly less than 40 percent by 1960.1 By the late 1980s, scientific evidence had clearly shown
that regularly performed moderate-to-vigorous physical activity reduced the risk of heart disease.?
Evidence of other health benefits soon followed.2 This 2018 Physical Activity Guidelines Advisory

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

Less well recognized has been a third area of influence beyond exercise science and epidemiologic
science. In 1974, the Canadian government published a report titled A New Perspective on the Health of
Canadians.2 More commonly referred to as “The Lalonde Report,” after the Canadian Minister of Health
and Welfare, the report made a clear distinction between the clinical health care system and the arena
of disease prevention and health promotion. Within disease prevention and health promotion, it called
attention to the importance of “lifestyle,” including physical activity. The Canadian report was followed
by the U.S. report, Healthy People: The Surgeon General’s Report on Health Promotion and Disease
Prevention, which had a similar message.2 These documents called attention to the important impact of
lifestyle behaviors on the risk of disease, an observation that is now well accepted. Also widely
recognized is the fact that individual behaviors, including physical activity behaviors, are determined not
solely by individual choice but by social and cultural factors as well as environmental impediments or

opportunities.

Thus, while exercise science and epidemiologic science remain central to the field of physical activity
and public health, the field now includes an array of other scientific disciplines. Behavioral science,
clinical science, recreation science, transportation science, city planning, political science, and other
disciplines are now recognized to be essential for the proper study and practice of physical activity and

public health.

The widening range of scientific fields currently contributing to this topic reflects the recognition that
physical activity is embedded and intricately connected to every aspect of daily life. No longer viewed
only as distinct and prolonged bouts of “vigorous physical exercise,”® physical activity is recognized as
encompassing the accumulation of movement occurring throughout the day, regardless of location,
type, or purpose. This broader view of physical activity complicates the study, understanding, and

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

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

The Physical Activity Guidelines Advisory Committee Report, 2008~ and the 2008 Physical Activity
Guidelines for Americans® demonstrated that the importance and value of physical activity and public
health had been recognized at the highest level of government. The 2018 Scientific Report is further

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

PHYSICAL ACTIVITY TERMS AND DIMENSIONS

As the field has matured and the complexity of physical activity has become more apparent, applying
clear definitions and descriptions of relevant concepts and issues has become increasingly important. In
this document, the Committee has endeavored to use the most appropriate terms for the physical

activity behaviors and concepts being discussed.

Core Terms

Physical activity is bodily movement produced by skeletal muscles that results in energy expenditure.2
The term, physical activity, does not require or imply any specific aspect or quality of movement. The
term encompasses all types, intensities, and domains. Although the term “physical activity” has been
used often as a short-hand description for moderate-to-vigorous-intensity forms of physical activity,
given current interest and discussions about physical activity of intensities less than moderate-intensity
(i.e., <3 METs, see description below), the term “physical activity” should be used when discussing the
full range of intensities. More specific descriptors such as sedentary behavior, light, moderate, vigorous,

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

Exercise is physical activity that is planned, structured, repetitive, and designed to improve or maintain
physical fitness, physical performance, or health.2 Exercise, like physical activity, encompasses all
intensities. The word exercise, like the term physical activity, has been used often to mean moderate-to-
vigorous-intensity physical activity. However, it is preferable to specify the intensity when discussing or

describing exercise.
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Sedentary behavior is any waking behavior characterized by an energy expenditure 1.5 or fewer METs
while sitting, reclining, or lying.22 Most office work, driving a car, and sitting while watching television

are examples of sedentary behaviors.

Non-exercise physical activity is a phrase that encompasses all physical activity that is not exercise. It
has been used to mean various types and intensities of physical activity, mostly light intensity physical
activity. Given its ambiguity, however, clearer descriptions of the physical activity behavior of interest

are preferable.

Types of Physical Activity

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

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

Activity by Predominant Physiologic Effect

Aerobic Physical Activity

Aerobic physical activity includes forms of activity that are intense enough and performed long enough
to maintain or improve an individual’s cardiorespiratory fitness. Aerobic activities such as walking,
basketball, soccer, or dancing, commonly require the use of large muscle groups. The connection
between aerobic activities such as these and cardiorespiratory fitness is sufficiently close that the term
“aerobic capacity” is considered equivalent to cardiorespiratory fitness. Technically, aerobic physical
activity includes any activity that could be maintained using only oxygen-supported metabolic energy
pathways and could be continued for more than a few minutes. However, since the publication of
Aerobics in 19692 in both common and scientific usage, “aerobic” activity has come to mean physical

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

Anaerobic Physical Activity

Anaerobic physical activity refers to high-intensity activity that exceeds the capacity of the
cardiovascular system to provide oxygen to muscle cells for the usual oxygen consuming metabolic
pathways. Anaerobic activity can be maintained for only about 2 to 3 minutes. Sprinting and power

lifting are examples of anaerobic physical activity.
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Muscle-strengthening Activities

Muscle-strengthening activities maintain or improve muscular strength (how much resistance can be
overcome), endurance (how many times or for how long resistance can be overcome), or power (how
fast can the resistance be overcome). Muscle-strengthening activities include everyday behaviors, such
as carrying heavy groceries, shoveling snow, lifting children, or climbing stairs, as well as the use of

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

Bone-strengthening Activities

Bone-strengthening activities are movements that create impact and muscle-loading forces on bone.
These forces stress the bone, which adapts by modifying its structure (shape) or mass (mineral content),
thereby increasing its resistance to fracture. Jumping, hopping, skipping, and dancing are activities that

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

Balance Training

Balance training activities are movements that safely challenge postural control. If practiced regularly,
they improve the ability to resist intrinsic or environmental forces that cause falls whether walking,
standing, or sitting. Standing on one foot, walking heel-to-toe, the balance walk, and using a wobble

board are examples of balance training activities.1% 12

Flexibility Training
Flexibility training, also called stretching, improves the range and ease of movement around a joint.
Dynamic stretching, such as the movements of tai chi, gigong, and yoga, and static stretching are

examples of flexibility training.

Yoga, Tai Chi, and Qigong

These activities, whose origins lie outside of Western culture, typically combine muscle-strengthening,
balance training, light-intensity aerobic activity, and flexibility in one package. Some variations of yoga,
tai chi, and gigong emphasize relaxation, meditation, or spirituality as well. As a result, are sometimes

referred to as “mind-body” activities.

Domains of Physical Activity

As noted above, physical activity occurs throughout the day, for a variety of purposes, and in many types
of settings. Occupational forms of physical activity were the focus of most of the initial epidemiologic

studies on physical activity and health.1* 1> As occupations requiring high levels of physical activity
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declined, the research focus shifted to leisure-time or recreational physical activity.1® X2 Most of the
research findings summarized for this report are based on studies of leisure-time physical activities. For
many individuals, physical activity during leisure-time is more easily modified than during other domains

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

Nevertheless, physical activity can and does occur throughout all portions of the day, and, with few
exceptions, the health-enhancing value of physical activity is independent of the purpose for performing
it. As a result, non-leisure forms of physical activity, such as transport-related physical activities like
cycling to work, are now recognized as options for physical activity promotion. There are many ways of
grouping physical activity. One popular method categorizes physical activity into four domains, as

follows:

e Occupational physical activity is performed while one is working. Stocking shelves in a store,
delivering packages in an office, preparing or serving food in restaurant, or carrying tools in a
garage are examples of occupational physical activity.

e Transportation physical activity is performed in order to get from one place to another. Walking
or bicycling to and from work, school, transportation hubs, or a shopping center are examples.

o Household physical activity is done in or around one’s home. It includes household tasks such
as cooking, cleaning, home repair, yardwork, or gardening.

o Leisure-time physical activity is performed at one’s discretion when one is not working,
transporting to a different location, and not doing household chores. Sports or exercise, going
for a walk, and playing games (hopscotch, basketball) are examples of leisure-time physical

activity.

Body Position

The rising interest and recognized importance of low energy expenditure activities call attention to body
position during physical activity. Physical activity occurs in any body position. Some positions, notably,
lying, reclining, and sitting, facilitate less bodily movement and energy expenditure than do standing or
ambulating. Recently developed motion sensors can measure low levels of physical activity more
accurately than previously possible and have enabled research in this area. Given the large amount of
awake time that is spent sitting, much of the research has focused upon sitting. To promote standard
terminology and improve communication, researchers have collaborated in the development of a

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

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

Absolute and Relative Intensity

Absolute Intensity

Absolute intensity is the rate of energy expenditure required to perform any physical activity. It can be
measured in METs, kilocalories, joules, or oxygen consumption. The most commonly mentioned unit in
this report is the MET. One MET is the rate of energy expenditure while sitting at rest, which, for most
people approximates an oxygen uptake of 3.5 milliliters per kilogram per minute. The energy
expenditure of other activities is expressed in multiples of METs. For example, for the average adult,
sitting and reading requires about 1.3 METs. Strolling or walking slowly requires about 2.0 METs.
Walking at about 3.0 miles per hour requires about 3.3 METs, and running at 5 miles per hour requires
about 8.3 METs. The average rate of energy expenditure for a substantial number of activities has been

documented for the general adult population® and for children and youth ages 6 to 18.22
Absolute rates of energy expenditure commonly have been divided into 4 categories.

e Vigorous-intensity activity requires 6.0 or greater METs; examples include walking very fast (4.5
to 5 mph), running, carrying heavy groceries or other loads upstairs, shoveling snow by hand,
mowing grass with a hand-push mower, or participating in an aerobics class. Adults generally
spend less than 1 percent of waking time in vigorous activity (Figure C-1).2

e Moderate-intensity activity requires 3.0 to less than 6.0 METs; examples include walking briskly
or with purpose (3 to 4 mph), mopping or vacuuming, or raking a yard.

e Light-intensity activity requires 1.6 to less than 3.0 METs; examples include walking at a slow or
leisurely pace (2 mph or less), cooking activities, or standing while scanning groceries as a
cashier.

e  Physical activity requiring 1.0 to 1.5 METs have, in the past, been referred to as “sedentary
activity.” Almost all these physical activities are included in the term “sedentary behavior,”
defined earlier to be any waking behavior characterized by an energy expenditure 1.5 or fewer
METs while sitting, reclining, or lying.22 The one common activity with an energy expenditure of
1.5 METs not included within sedentary behavior is standing quietly. Continued use of the term
“sedentary activity” is sure to be confusing, especially because standing is the only behavior

within it not covered by “sedentary behavior.” In this report, the Committee has simply used the
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word standing whenever necessary. These low-intensity physical activity behaviors are very
common. Accelerometer-based estimates indicate that adults in the United States spend more
than 50 percent of their waking time in physical activities requiring an estimated 1.0 to 1.5 METs

(Figure C-1).2

Figure C-1. Proportion of Time-awake at Different Categories of Accelerometer Counts for U.S. Adults,
by Sex and Age Group, 2003-2004

Approximates:
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Note: *=Some researchers categorize counts in this range as light-intensity, others as moderate-intensity.
Source: Adapted from data found in Matthew, 2005,22 and Troiano et al., 2008.2

Relative Intensity

For the general young to middle-aged adult population, the terms used to describe the rate of energy
expenditure — light, moderate, vigorous — adequately represent the perceived level of effort to perform
an activity. Older individuals, those with certain physical impairments, or individuals who have been very
inactive may have a lower aerobic capacity and, as a result, may perceive the activity to be relatively
more difficult to perform,2 thereby creating a mismatch between the word used to describe the

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

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

activity. It has a physiologic basis and can be described using physiologic parameters, such as percent of
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aerobic capacity (VO,max) or percent of maximal heart rate. Relative intensity can also be measured
with tools that assess an individual’s perception about how difficult it is to perform an activity. A variety
of tools have been developed to help individuals self-regulate the relative intensity of their aerobic
physical activity. For ease of use in non-clinical settings, the sing-talk test is the simplest. During light-
intensity activities most people are able to sing, during moderate-intensity they can talk but not sing,
and during vigorous activities, even talking is difficult.22 Also simple to use is a 10-point scale, originally
designed as a communication tool, where 0 is sitting and 10 is the greatest effort possible.2 Moderate-
intensity physical activity is about half way (five or six points), with vigorous higher (seven or eight). In
general, an individual’s subjective assessment of how hard he or she is working corresponds well with

laboratory-based assessments of capacity.

The contrast between absolute and relative intensities can be highlighted by noting that the focus of
absolute intensity is the activity, whereas the focus of relative intensity is the individual’s level of effort
during the activity. Observational population-based studies typically determine what an individual has
done and estimate the energy required to do it, so the measurement is absolute. Experimental studies
typically use relative intensity in prescribing a program of physical activity to ensure the desired level of

effort is appropriate for the individual.

Dose, Volume, and Dose-response for Aerobic Activities

Dose

Dose of aerobic physical activity is the type and amount of reported or prescribed physical activity.
Physical activity may be prescribed for improving health, rehabilitation, training, or research. As devices
to measure physical activity become more common and functional in both research and popular use,

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

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

physical activity:

e Frequency is usually counted as sessions or bouts of moderate-to-vigorous physical activity per
day or per week.

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

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

METs.
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Dose is commonly calculated for a specific period of time, such as per day or per week, and, for aerobic
activity, has been limited to moderate-to-vigorous physical activity because those are the intensities
known to provide benefits. Increasingly, the acronym FITT, standing for frequency, intensity, time
(duration), and type of activity (e.g., aerobic, muscle-strengthening) has been used to describe physical

activity dose.22

Volume

Volume is the quantification of the dose of activity accumulated over a specified length of time. Volume
is usually expressed in MET-minutes or MET-hours per day or week. It is calculated by multiplying the
physical activity frequency and duration by the MET values corresponding to that physical activity. For
activities, such as walking or running, where a rate of energy expenditure at any given speed is a fixed
amount, volume is sometimes simplified to minutes or hours of the activity, such as minutes per week of

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

As the use of personal devices (see Devices, below) to measure physical activity has increased, volume is
sometimes expressed as activity counts or step counts during a set period of time. Steps are easily
counted. Step counts are easily understood by individuals and the media. They are a useful prescription
tool for health care providers and trainers. Step counts blend well with public health messages
encouraging the use of stairs rather than elevators, walking in airports rather than taking the train or
shuttle, or parking at a distance from the final destination. Step counts include light- as well as
moderate- and vigorous-intensity physical activity. As a result, the number of steps that would be
equivalent to 150 to 300 minutes per week of moderate-to-vigorous physical activity varies from
individual to individual and it may be less than the commonly suggested 10,000 steps.2> 2Z Regardless,
step counts are simple to use, can be tailored to meet individual needs, and appear to be useful for

monitoring progress toward personal goals.2

Dose-response

Dose-response is the relationship between the dose or volume of physical activity and the magnitude of
change, if any, in the health outcome or physiologic change. A graduated response—small dose with
small response, large dose with large response—is evidence of the truth of the relationship. For ordinal
data, a dose-response relationship requires at least three levels of exposure, in this case three volumes
of physical activity (Figure C-2). For data collected as a continuous variable, differing shapes of the

relationship can be examined. The shape of a dose response curve adds importantly to the
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understanding of the relationship. For example, in Figure C-2, the shape indicates that the majority of
the reduction in mortality risk among individuals with type 2 diabetes is achieved by moving from “no

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

Figure C-2. Risk of Cardiovascular Mortality Among People with Type 2 Diabetes by Dose of Physical
Activity
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Source: Adapted from data found in Sadarangani et al., 2014.2

MEASURING PHYSICAL ACTIVITY

Measuring physical activity with reasonable accuracy and acceptable cost is vital to the understanding of
the relationship between physical activity and health. Because of the complexity of physical activity,

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

Over time, the preferred method of measuring physical activity behavior has changed. Early
epidemiologic studies commonly relied upon job categories to categorize workers into higher or lower
levels of physical activity. As mechanization reduced the number of jobs requiring substantial amounts
of physical activity, questionnaires to assess primarily leisure-time physical activity became the

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

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

Occupational Categories

Estimates of the energy requirements for various job categories provided an inexpensive and simple
method of dividing individuals into higher and lower physical activity categories. Only employed
individuals, mostly men, were included and the method assumes all workers in the same category
expend about the same energy on the job. The decline in physically demanding jobs has made job
categories a less useful measurement tool than they were 60 to 70 years ago. Nevertheless, the method
provided persuasive evidence that individuals who were more physically active had lower rates of

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

Questionnaires

Information for questionnaires usually comes from individuals reporting on their own physical activity
behavior. It may also come from proxy reporters, such as parents of young children, or observers
watching the physical activity of others. Several general categories of questionnaires have been
developed, as have large numbers of specific questionnaires within each category. Global questionnaires
strive to place individuals into physical activity categories using one or more questions. Quantitative
history questionnaires use more questions to inquire about participation in specific activities or activities
of specific intensity, almost always moderate-to-vigorous intensity. Physical activity diaries are another
form of questionnaire. Many recent questionnaires have begun to inquire about sedentary or sitting
behaviors but, for the most part, questionnaires have focused upon moderate-to-vigorous physical
activity because those activities are most easily remembered. Questionnaires generally do an adequate
job of ranking individuals from high to low physical activity volumes. They are less accurate determining
the actual volume of moderate-to-vigorous physical activity performed. Questionnaires are capable of
determining the specific activities performed and the domains for those activities. Individuals can also
report the relative intensity of their activities. The use of the Internet to administer questionnaires and

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

Devices

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

cost has steadily declined. Formerly, devices were one of two general types: pedometers, devices that
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counted steps, and accelerometers, devices that measured truncal or limb movement. With current
technology, accelerometers are now available as smart phone apps and components of wrist watches.
They have become more accurate at assessing upper body as well as lower body movements and some
are waterproof, enabling the assessment of water activities. Many of these systems use a variety of
sensors and technologies and are referred to as “multi-sensor systems.” They measure steps, often are
paired with global positioning systems providing estimates of speed and distance, and some include
heart rate monitors, making estimates of relative as well as absolute energy expenditure possible. The
advances in measurement of bodily movement, especially light-intensity physical activities, will continue

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

MONITORING PHYSICAL ACTIVITY

Monitoring the status of selected health indicators is a vital function of public health agencies and a
critical factor in the allocation of public health resources. Public health agencies now monitor, in
addition to causes of death, disease incidence and prevalence, and the prevalence of important health-
related behaviors, such as physical activity. They now also recognize the importance of monitoring
factors that facilitate or impede physical activity, such as policies and environments. As indicated in the
previous section, physical activity is difficult to measure and monitor precisely. Until recently, public
health monitoring systems used only self-report instruments. Device-measured physical activity
monitoring systems are becoming more available, and already provide useful supplements to existing
national systems. The increasing use and capacity of devices that measure physical activity is likely to
both enable and require flexibility and change in public health physical activity monitoring systems in

the near future.

This section provides examples of useful information provided by public health monitoring systems. One
simple and important use of monitoring data is to describe the proportion of individuals performing
different amounts of physical activity (Figure C-3). About half of the U.S. adult population reports that
they accumulate less than the target range of 150 to 300 minutes of leisure-time moderate-intensity
equivalent physical activity each week. Nearly one-third are classified as “inactive,” meaning that they
report doing less than 10 minutes of moderate-to-vigorous physical activity. Because the benefits for
several important health outcomes, such as cardiovascular disease, type 2 diabetes, and all-cause

mortality, accrue rapidly at the lower end of the physical activity range, facilitating more physical activity
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among the individuals who are inactive would be expected to produce substantial reductions in
morbidity and mortality.

Figure C-3. Distribution of Self-Reported Volume of Moderate-to-Vigorous Physical Activity, 150
Minutes per Week Increments, U.S. Adults, 2015
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Source: Adapted from data found in the National Health Interview Survey, 2015.22

Another important use of monitoring data is to identify population subgroups who stand to benefit the
most from increasing their physical activity level (Figure C-4). The proportion of adults in or above the
target range differ substantially and systematically across age groups, income groups, and by disability

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

70

60

Total Men Women 18-44 45-64 65+ <1l 1-<2 2<4 4<6 6+ No Yes
Sex Age Group (years) RacelEthmclty Multiples of Poverty Level Income  Disability
Legend: W=White, B=Black, H=Hispanic, A=Asian.
Note: Estimates are age-adjusted using the year 2000 standard population.
Source: Adapted from data found in the National Health Interview Survey, 2015.22

Percentage of Population
w B wu
o o (=]

[
o

=
o

2018 Physical Activity Guidelines Advisory Committee Scientific Report C-15



Part C. Background and Key Physical Activity Concepts

Figure C-5. Percentage of High School Students Meeting Aerobic Target Range, 2013
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In addition to information about the current prevalence of physical activity behaviors overall and among
subgroups, public health monitoring systems also provide information about changes, if any, over time
(Figure C-6). National estimates of changes in prevalence over time provide information about the
overall impact of the multiple factors that influence physical activity behaviors. Data from the National
Health Interview Survey suggest that from 1998 through 2015 the prevalence of individuals who report
doing no leisure-time moderate-to-vigorous physical activity has declined from about 40 percent to 30

percent.2 The decline has occurred for both women and men.2
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Figure C-6. Prevalence of Adults Who Engage in No Leisure-time Moderate-to-Vigorous Physical
Activity, by Sex and Year, 1998 to 2015
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Note: Estimates are age-adjusted using the year 2000 standard population.
Source: Adapted from data found in the National Health Interview Survey, 1998-2015.2

In addition to monitoring the prevalence of physical activity among population subgroups and over time,
current surveillance systems are beginning to monitor the prevalence of policies and environmental
characteristics that facilitate regular physical activity participation. For example, the number of states
with clear physical education curriculum policies in elementary, middle, and high schools has slowly

risen between 2006 and 2012 (Figure C-7).22
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Figure C-7. Percentage of States with a Clear Physical Education Policy, by Level of School, School
Years 2006-2007 to 2011-2012
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PHYSICAL FITNESS

Physical fitness is a physiologic attribute determining a person’s ability to perform muscle-powered
work. A fundamental manifestation of this attribute is the ability to move—for example, to walk, run,
climb stairs, and lift heavy objects. As a result, physical fitness is an important factor in the ability of
individuals to perform routine daily activities and an important issue from a public health perspective.
Physical fitness has been defined as “the ability to carry out daily tasks with vigor and alertness, without

undue fatigue, and with ample energy to enjoy leisure-time pursuits and respond to emergencies.”*2

The concept of physical fitness typically has been operationalized as a multicomponent construct
including cardiorespiratory endurance (aerobic power), musculoskeletal fitness, flexibility, balance, and
speed of movement (see Table C-1). For the purposes of this report, to the term “fitness” refers to this

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

The ability to perform large-muscle, whole-body exercise at

Cardiorespiratory Endurance L o . .
P ¥ moderate to high intensities for extended periods of time.

The integrated function of muscle strength, muscle endurance, and

Musculoskeletal Fitness
muscle power to enable performance of work.

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

The ability to maintain equilibrium while moving or while

Balance .
stationary.

Speed The ability to move the body quickly.

A large volume of research has focused on the relationship between physical activity and health. The
findings of that research, summarized elsewhere throughout this report, identify multiple health
benefits associated with maintaining greater amounts of physical activity. In addition, a substantial body
of research has examined the relationship between physical fitness—cardiorespiratory fitness and, in
some cases, musculoskeletal fitness—and health outcomes. The findings show that greater physical
fitness is associated with reduced all-cause mortality, cardiovascular disease mortality, and risk of
developing a wide range of non-communicable diseases.22 To date, the majority of this information has

been acquired in men, but some data now indicate that these relationships also exist in women.23

Thus, compelling scientific evidence indicates that both physical activity and physical fitness provide
important health benefits. In addition, it is clear that physical activity and physical fitness are positively
correlated,® and it is well documented that increases in the amounts and intensities of physical activity
typically produce increases in physical fitness, particularly in those who are less physically active at
baseline.2> Accordingly, it is reasonable to question the independence of the relationships between
physical activity and physical fitness with health outcomes. In some epidemiological studies it has been
possible to examine, independently, the associations of both physical activity and fitness on the
incidence of disease outcomes.2® This research shows that physical activity behavior accounts for only a
portion of the impact of physical fitness on health.2Z Similarly, the impact of physical activity on health is

partially explained by its effect on physical fitness.2”

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

variety of health outcomes. Given that both physical activity and physical fitness are complex
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multicomponent concepts, it is likely that they interact in a variety of ways to influence health. Figure C-
8 is a simple conceptual framework for observational studies. Figure C-9 is a simple conceptual
framework for intervention studies.2® 22 Both are intended to stimulate thought, discussion, and
research into the mechanisms of greatest importance to the field of physical activity and public health.

The models will be improved by future investigations.

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

A. Physical
L. ysica Health
»| Fithess as |— Outcomes
Mediator
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Effect Modifier
_ | Health
" | Outcomes
Physical —
Activity C. Physical Fitness . Health
Not Involved Outcomes
»| D.Physical Fitness
as Health Outcome

e Pathway A: Physical fitness may serve as an intermediate variable along the pathway between
physical activity and health outcomes. Synonyms for intermediate variable include contingent
variable, intervening (causal) variable, and mediator variable.?2 Intermediate variables lie along
the pathway between the exposure and outcome of interest. In this case, physical activity
induces changes in physical fitness and physical fitness causes changes in the health outcome.

e Pathway B: Physical fitness may serve as an effect modifier. Synonyms for effect modifier
include moderator variable or antecedent moderator.2? Effect modifiers operate outside of the
causal chain to influence the effect of the exposure variable on the outcome. If, in an
observational study, the participants are stratified according a component of physical fitness
and the beneficial effect of a greater volume of physical activity compared to a lower volume

differs between strata of physical fitness, then physical fitness is an effect modifier.
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Pathway C: Physical activity may be associated with health outcomes through pathways that do
not involve physical fitness.

Pathway D: Physical fithess may be considered as an outcome itself. Individuals who are more
physically fit are better able “to carry out daily tasks with vigor and alertness, without undue
fatigue, and with ample energy to enjoy leisure time pursuits and to meet unforeseen

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

Figure C-9. The Role of Physical Fitness along Various Pathways between Physical Activity and Health
Outcomes, Intervention Studies
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Pathway A: This pathway represents the potential moderating influence of initial physical
fitness on interventions to increase physical activity. Baseline physical fitness can exert an
important influence on responses to interventions aimed at increasing physical activity. For
example, individuals with low baseline fitness may not respond behaviorally as well as
individuals with high baseline fitness to interventions emphasizing vigorous physical activity, or
may require a more gradual increase in intensity to achieve comparable effects.

Pathway B: This pathway represents the potential mediating influence of changes in physical
fitness on the health effects derived from physical activity increases. With an increase in physical
activity, a change in physical fitness can mediate some of the resultant health effects, such that
the health effects accrue directly in relation to the increases in fitness. In theory, for some
health outcomes, an increase in physical activity may produce change in a health outcome only
if physical fitness is increased.

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

not involve changes in physical fitness.
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e Pathway D: Anincrease in physical fitness represents an important health outcome in its own

right.

Although physical activity is the primary exposure of public health concern, physical fitness is an
appropriate addition to the list of outcomes important to public health. For many years, physical fitness
has been used as an appropriate public health outcome for children and youth, and physical function
has been recognized as an important health outcome for older adults. Missing has been the recognition
that improved physical fitness is important in the everyday lives of young and middle-aged adults, as
well. Depending upon the physical activity regimen and population, physical fitness can change relatively
quickly in response to an increase in physical activity.?2 As such changes are typically readily detected by
individuals who have increased their physical activity, physical fitness can serve as an important source
of positive reinforcement for individuals who have adopted a higher level of activity. It is important to
note that, like many other physiologic characteristics, an individual’s physical fitness is affected by both
genetic factors and behavior. Accordingly, it is to be expected that the extent to which physical fitness is

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

PHYSICAL ACTIVITY ACROSS THE LIFE COURSE

Physical activity capacity, preferences, and needs vary substantially across the life course. This creates a
tension between the need for public health guidelines to be simple and the need to properly account for
the variation among age groups. Current practice is to divide the population into three primary age-
groups—youth, adults, and older adults—with several subcategories for the youth group (Table C-2).
The break between youth and adults represents the transition from secondary school to higher
education or full-time work; the break between adults and older adults is less clear-cut but generally
centers on retirement. These breaks represent significant changes in social and environmental factors
that influence physical activity participation and are, therefore, important in understanding and
designing successful physical activity promotion strategies. These breaks also represent changes in the
health outcomes associated with physical activity. Specifically, the youth guidelines are designed to
ensure healthy growth and development, the adult guidelines primarily address disease prevention, and
the older adult guidelines center on slowing the loss of function due to aging. The differences in these

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

course.

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

Developed Nations

Australi Canada G United United States
ustralia erman .
Age Group (20145 (2011 and (2016); Kingdom (2008
2017)%4% (2011)%
0-3 years <5 year's not
0-5 years 0-4 years walking
Children and 4-6 years 6-17 years
5-12 years 5-11 years <5 years
adolescents 6-11 years :
13-17 years 12-17 years walking
12-18 years 5-18 years
Adults 18-64 years 18-64 years 18-65 years 19-64 years 18-64 years
Older adults Older 65+ years 65+ years 65+ years 65+ years
Australians ¥ ¥ ¥ y

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

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

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

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

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

absolute intensity to guide the level of effort.2 The 2018 Advisory Committee recognized that similar

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

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

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

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

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

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

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

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

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

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

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

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

Figure C-10. Maximal Oxygen Uptake in METs, by Age Group
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Legend: METmax=maximal oxygen uptake.
Source: Adapted from data in Pate et al., 2006 for ages 16 to 19 and American College of Sports Medicine
(ACSM)2 for all other age groups.

SAFETY DURING PHYSICAL ACTIVITY

At the start of their deliberations, the Committee recognized the importance of physical activity-related
adverse events. Although the benefits of regular physical activity outweigh the inherent risk of adverse
events, adverse events can happen and, though usually not severe, they are an impediment to
continued and more widespread participation in regular physical activity. The Committee judged the
basic principles and messages of the chapter on adverse events in the Physical Activity Guidelines
Advisory Committee Report, 2008 to still apply in 2018. Rather than prepare a chapter that would
duplicate the material in the prior report, each subcommittee looked for information about adverse
events uncovered by their searches and, when appropriate, included the information in their chapters.
(See, for example, Part F. Chapter 9. Older Adults). Included here is a brief summary of the material

about adverse events from the 2008 Advisory Report.”

The 2008 Advisory Report’ concluded that the benefits of physical activity outweigh the risks. It
acknowledged a wide range of types of physical activity-associated adverse events, including
musculoskeletal injuries, cardiac events, heat injuries, and infectious diseases. All types were addressed

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

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

Type of activity is important because the risk of musculoskeletal injury is directly related to the force and
frequency of contact or collisions with other people, the ground, or other objects. Activities are
commonly divided into four categories: Collision (e.g., football, ice hockey), contact (e.g., basketball,
soccer), limited-contact (e.g., baseball, ultimate frisbee), and non-contact (e.g., running, swimming).
“Activities with fewer and less forceful contact with other people or objects have appreciably lower
injury rates than do collision or contact sports. Walking for exercise, gardening or yard work, bicycling or
exercise cycling, dancing, swimming, and golf, already popular in the United States, are activities with

the lowest injury rates.””

The risk of injury is directly related to a person’s usual dose or volume of physical activity. Dose is
determined by the frequency, duration, and intensity of the activity (see the section on “Dose, Volume,
and Dose-response for Aerobic Activities,” above). Runners, for example, who run 40 miles per week are

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

The risk of injury is directly related to the rate of progression or change in volume of physical activity.”
Military recruits, for example, are commonly prescribed a specific type and volume of exercise. The type
may change and the volume may increase over time, but all recruits are expected to do the same type
and volume. Recruits who, before enrollment in the military, were doing lesser amounts of physical
activity, incur more injuries than do recruits who had been doing greater amounts. Students in physical
education classes and participants in aerobic dance classes have similar experiences; those who were
less active before the classes are more likely to have a class-related injury than are those who were
more active. A few experimental studies have assigned different doses of physical activity to groups of
individuals with similar baseline physical activity practices. Injury rates are higher among those assigned

the higher volumes.

“The findings in military recruits, students, and runners are consistent with the two major principles of
exercise training programs: 1) overload and adaptation, and 2) specificity of response. The overload and
adaptation principle states that function is improved when tissues (e.g., muscles) and organs (e.g.,
heart) are exposed to an overload (i.e., a stimulus greater than usual) and provided time to recover and
adapt. Repeated exposures to a tolerable overload are followed by adaptation of the tissues and organs

to the new load and improvements in performance and function. Too large an overload or insufficient
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time for adaptation, however, leads to injury and malfunction. The principle of specificity states that the
adaptation and improved function is limited to the tissues and organs that have been overloaded.

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

The 2008 Advisory Report’ noted that research determining the safest rate of change for individuals at
differing habitual levels of physical activity is not available. That observation remains today. The 2008
Advisory Report did conclude, however, that “adding a small and comfortable amount of walking, such
as 5 to 15 minutes 2 to 3 times per week, to one’s usual daily activities has a low risk of musculoskeletal
injury and no known risk of sudden severe cardiac events. Frequency and duration of aerobic activity
should be increased before intensity. Increases in activity level may be made as often as weekly among
youth, whereas monthly is more appropriate for older or unfit adults. Attainment of the desired level of

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

For more information about other aspects of physical activity-related adverse events, such as sudden
adverse cardiac events, the value of proper equipment and safe environments, please see Part G.

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

PROMOTION OF PHYSICAL ACTIVITY

The public health importance of developing approaches and programs to increase participation by the
general public in regular moderate-to-vigorous physical activity grew from two observations. First was
the evidence that regular physical activity reduced the incidence and mortality of cardiovascular disease,
the leading cause of death in the United States. Second was the recognition that mechanization at

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

Over the past 30 to 35 years, the field of health education and promotion has advanced considerably in
its knowledge about the complex factors that underlie physical activity behaviors and the approaches
most likely to increase population levels of physical activity. Major theories and conceptual frameworks
that have been instrumental in this progress include the Health Belief Model, Social Cognitive Theory,*2
the Transtheoretical Model,2 and applications of a Social Ecological framework.2* The application of

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

physical activity behavior change, has led to several general conclusions, which include the following=2:
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Physical and social environmental influences are important determinants of health behavior

change.

e Behavior change is a process rather than an event, with factors that influence behavior changing
over time.

e There is a difference between behavioral intention and action.

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

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

Given that less than half of U.S. adults and high school aged youth perform moderate-to-vigorous
physical activity within the public health target range (see earlier information in this chapter), the
promotion of physical activity has high public health importance. The 2018 Scientific Report includes, for
the first time, a review of the recent evidence pertaining to physical activity promotion. Given the
complexity and breadth of the physical activity promotion literature, a Social Ecological framework was
applied in reviewing the evidence base in this area (see Part F. Chapter 11. Promoting Regular Physical
Activity). The literature was divided into the following levels of intervention and impact: the individual,
community settings, environmental and policy approaches, and information and communication
technology approaches. These different levels are defined further in the chapter. In addition,

interventions aimed specifically at reducing sedentary behavior were reviewed.
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INTRODUCTION

This chapter, Part D. Integrating the Evidence, is the final step in the development of this report. Part F.
The Science Base contains the findings from the Subcommittees’ reviews of the scientific literature
about the relationships between physical activity and selected health outcomes or conditions, about the
importance of physical activity for selected age groups or populations, about the types of physical
activity that influence health outcomes, and about the promotion of physical activity. Each chapter in
Part F provides a review of the scientific literature on one or more specific topics. The conclusions of
each chapter were discussed and approved at the public meetings over the course of the Committee’s
deliberations. The purpose of this chapter is to summarize findings from the various chapters in Part F
that share a similar feature, such as improved health or reduced risk of disease, a common population
group, such as youth or older adults, or that pertain to the types and amounts of physical activity
associated with the observed benefits. The chapter uses a question-and-answer format to address

guestions typically raised by the public, policy makers, and health and fitness professionals.
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OVERALL BENEFITS

Question 1. What does current scientific evidence reveal about the relationship
between moderate-to-vigorous physical activity and risk of developing a variety
of chronic diseases and other conditions?

Current evidence from large numbers of peer-reviewed scientific articles expands the previously
documented health benefits that accrue to more physically active individuals when compared to less
physically activity individuals! (Table D-1). Notably, a greater volume of moderate-to-vigorous physical
activity is associated with a reduced risk of excessive weight gain for both the general population and for
pregnant women. Regular moderate-to-vigorous physical activity also reduces feelings of anxiety and
depression, and improves sleep and quality of life. A single episode provides temporary improvements
in cognitive function. Current evidence demonstrates that even young children, ages 3 to 5 years, have
greater bone strength and a healthier weight status if they are more physically active. Among older
adults, regularly performed physical activity reduces the risk of dementia, improves physical function
(the ability to accomplish routine tasks) and reduces the risk of falling and the risk of injury if a fall does
occur. Current evidence also demonstrates that more physical activity reduces the risk of cancers of the
bladder, breast, colon, endometrium, esophagus (adenocarcinoma), kidney, stomach, and lung. For
people with colorectal cancer, women with breast cancer, and men with prostate cancer, greater
amounts of physical activity are associated with reduced risk of mortality from the original type of
cancer; for people with colorectal cancer or women with breast cancer, greater amounts of physical
activity are associated with reduced risk of all-cause mortality. Physical activity-related benefits also
have been demonstrated for the large number of individuals who already have one or more chronic
conditions, such as osteoarthritis, hypertension, type 2 diabetes, dementia, multiple sclerosis, spinal
cord injury, stroke, Parkinson’s disease, schizophrenia, attention deficit hyperactivity disorder, and

recent hip fracture. Individuals considered to be frail also benefit from regular physical activity.
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Table D-1. Physical Activity-Related Health Benefits for the General Population and Selected
Populations Documented by the 2018 Physical Activity Guidelines Advisory Committee

Children

3 to <6 Years of Age

Improved bone health and weight status

6 to 17 years of age

Improved cognitive function (ages 6to 13 years)
Improved cardiorespiratory and muscular fitness
Improved bone health

Improved cardiovascular risk factor status
Improved weight status or adiposity

Fewer symptoms of depression

Adults, all ages

All-cause mortality

Lower risk

Cardiometabolic conditions

Lower cardiovascular incidence and mortality (including heart
disease and stroke)

Lower incidence of hypertension

Lower incidence of type 2 diabetes

Cancer Lower incidence of bladder, breast, colon, endometrium,
esophagus, kidney, stomach, and lung cancers
Brain health Reduced risk of dementia

Improved cognitive function

Improved cognitive function following bouts of aerobic activity
Improved quality of life

Improved sleep

Reduced feelings of anxiety and depression in healthy people and
in people with existing clinical syndromes

Reduced incidence of depression

Weight status

Reduced risk of excessive weight gain

Weight loss and the prevention of weight regain following initial
weight loss when a sufficient dose of moderate-to-vigorous physical
activity is attained

An additive effect on weight loss when combined with moderate
dietary restriction

Older Adults

Falls

Reduced incidence of falls
Reduced incidence of fall-related injuries

Physical function

Improved physical function in older adults with and without frailty

Women who are Pregnant or Postpartum

During pregnancy

Reduced risk of excessive weight gain
Reduced risk of gestational diabetes
No risk to fetus from moderate-intensity physical activity

During postpartum

Reduced risk of postpartum depression
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Individuals with Pre-Existing Medical Conditions

Breast cancer Reduced risk of all-cause and breast cancer mortality
Colorectal cancer Reduced risk of all-cause and colorectal cancer mortality
Prostate cancer Reduced risk of prostate cancer mortality

Osteoarthritis Decreased pain

Improved function and quality of life

Hypertension Reduced risk of progression of cardiovascular disease
Reduced risk of increased blood pressure over time

Type 2 diabetes Reduced risk of cardiovascular mortality
Reduced progression of disease indicators: hemoglobin Alc, blood
pressure, blood lipids, and body mass index

Multiple sclerosis Improved walking
Improved physical fitness

Dementia Improved cognition

Some conditions with impaired Improved cognition
executive function (attention deficit
hyperactivity disorder, schizophrenia,
multiple sclerosis, Parkinson’s
disease, and stroke)

Note: Benefits in bold font are those added in 2018; benefits in normal font are those noted in the 2008 Scientific
Report.t Only outcomes with strong or moderate evidence of effect are included in the table.

Question 2. Does current evidence indicate that people who habitually perform
greater amounts of moderate-to-vigorous physical activity feel better and sleep
better?

People who are more physically active feel better and sleep better (see Part F. Chapter 3. Brain Health).
In addition to reductions in risk for a variety of chronic health diseases and conditions, strong evidence
demonstrates that more physically active people consistently report better quality of life, reduced
anxiety, and reduced feelings of depression. The improved feelings have been observed in both
observational cohort studies and experimental trials. Strong evidence also demonstrates that people
who are more physically active sleep better. Laboratory assessments of sleep using polysomnography
demonstrate that greater volumes of moderate-to-vigorous physical activity are associated with
reduced sleep latency (taking less time to fall asleep), improved sleep efficiency (higher percentage of
time in bed actually sleeping), improved sleep quality, and more deep sleep. Research using
standardized self-reported assessments of sleep demonstrate that a greater volume of moderate-to-
vigorous physical activity is associated with significantly less daytime sleepiness, better sleep quality,

and a reduced frequency of use of medication to aid sleep. These improvements in sleep are reported
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by people with chronic insomnia as well as by people without diagnosed sleep disorders. Evidence also
indicates that, in general, the number of hours before bed time at which the activity is performed does
not matter; benefits are equivalent for bouts of activity performed more than 8 hours before bedtime, 3

to 8 hours before, and less than 3 hours before bedtime.

Question 3. Does the evidence indicate that people who are more physically
active are better able to perform everyday tasks without undue fatigue?

People who are more physically active are better able to perform everyday tasks without undue fatigue.
Increased amounts of moderate-to-vigorous physical activity are associated with improved
cardiorespiratory and muscular fitness and improved physical function for adults of all ages. (For more
details, see Part C. Background and Key Physical Activity Concepts). Climbing stairs, carrying heavy
packages, performing household chores, and carrying out other daily tasks are all accomplished more
easily by individuals who are more physically active because of a higher capacity to perform work. More
physically active children and adolescents have higher cardiorespiratory and muscular fitness. Among
older adults, both observational and experimental studies demonstrate that greater amounts of physical
activity are associated with improved physical function and slowing of age-related loss of physical
function. The improvements include faster gait speed, better balance, improved ability to get up from a
seated position, and greater ability to carry out activities of daily living, such as bathing, dressing,
toileting, and eating. At all ages, for a given amount of physical activity, the relative gains in physical

fitness and physical function are greatest for individuals who have not been physically active.

Question 4. How soon do the benefits of physical activity accrue?

Some benefits occur immediately after a session of moderate-to-vigorous physical activity, commonly
referred to as the “last bout effect.” Reduced feelings of anxiety, improved sleep, and improved
cognitive function are examples of benefits that can occur after a single episode of moderate-to-
vigorous physical activity. If participation in physical activity becomes regular, reductions in routine
(baseline) feelings of anxiety occur, the last bout effect on deep sleep becomes more pronounced, and
components of executive function continue to improve. Executive function includes the processes of the
brain that help organize daily activities and plan for the future. Tasks such as the ability to plan and
organize; monitor, inhibit, or facilitate behaviors; initiate tasks; and control emotions all are part of

executive function.
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The cardiometabolic profile also shows improvements soon after an episode of moderate-to-vigorous
physical activity. Blood pressure is reduced, and insulin sensitivity is increased. These cardiometabolic
benefits persist for hours to days after the last bout. They also may be sufficient to lower the blood

pressure of people with pre-hypertension and hypertension into normal ranges for a major portion of

the day.

Other benefits, such as reduced risk of cardiovascular disease (CVD), diabetes, falls, and fall-related
injuries among older adults, and improved physical function accrue as the physiologic adaptations to
greater physical activity transpire. Improved cardiorespiratory and muscular fitness and biomarkers of
disease risk start to accrue within days, and for a given amount of physical activity, maximize after a few
months. Additional benefits accrue if physical activity volume is further increased. The reductions in risk
apply every day and at all ages, including young adults, even though their risk for chronic disease is

lower than for middle-aged and older adults.

Question 5. What does the evidence indicate about the public health target range,
or “dose,” of moderate-to-vigorous physical activity that is likely to provide many
of the health benefits listed in Table 1?

Current evidence continues to indicate that the majority of potential benefit or risk reduction is
achieved by people who perform in the range of 500 to 1,000 MET-minutes per week of aerobic physical
activity. Because MET-minutes is a unit of measure unfamiliar to most people, the target range has been
commonly expressed as 150 to 300 minutes of moderate-intensity physical activity per week. Because
vigorous-intensity physical activities (6 or more METs) require roughly twice the energy expenditure of
moderate-intensity activities (3 to less than 6 METs), the time required to perform 500 to 1,000 MET-
minutes of vigorous-intensity physical activity is roughly half that for moderate-intensity physical
activity. As a result, about 75 to 150 minutes of vigorous-intensity physical activity per week is
considered within the target range. Combinations of moderate- and vigorous-intensity activity that sum
to within 500 to 1,000 MET-minutes per week are also in the target range. As an example, most healthy
adults walking at about 3 miles per hour for 150 minutes during a week, or about a total of 7.5 miles,
will expend about 500 MET-minutes of energy; if they walk for 300 minutes, or about 15 miles, they will
expend about 1,000 MET-minutes of energy. Fewer minutes are needed to be in the target range for
more vigorous activities. For example, running at 5 miles per hour would require about 60 minutes to

reach 500 MET-minutes per week, or 120 minutes to reach 1,000 MET-minutes per week.
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Question 6. What does the evidence indicate about the benefits of moderate-to-
vigorous physical activity below or above the target range?

People do not need to reach the lower end of the 150 to 300-minute target range to benefit from
regular physical activity. Individuals who exceed the target range usually achieve even greater health
benefits. For example, the line in Figure D-1 displays a typical dose-response curve for moderate-to-
vigorous physical activity and the relative risk of all-cause mortality. The dose-response curve indicates
no lower threshold and a steep early decline in relative risk. It also suggests some additional reduction in
risk at volumes of physical activity above the current target range. In addition, the bars on the figure
display the percentage of adults reporting different amounts of moderate-to-vigorous physical activity.
The population distribution of self-reported moderate-to-vigorous physical activity indicates that about
half of the adult population could reduce their risk substantially by modestly increasing their moderate-

to-vigorous physical activity.

The shape of the dose-response curves for cardiovascular disease incidence and mortality, and for the
incidence of type 2 diabetes are similar to the shape of the dose-response curve for all-cause mortality
depicted in Figure D-1. The evidence is currently insufficient to depict dose-response curves for other
health outcomes listed in Table D-1, such as reduction in risk of dementia, several cancer sites, or

excessive weight gain.
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Figure D-1. Risk of All-Cause Mortality and Self-Reported Physical Activity, by Minutes of Moderate-
to-Vigorous Physical Activity per Week
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Note: *Includes all adults reporting greater than 1800 minutes per week of moderate-to-vigorous physical activity.
Source: Adapted from data found in Arem et al., 20152 and National Center for Health Statistics, 2015.2

Question 7. What does current evidence indicate about the importance of the
intensity, duration, and frequency of moderate-to-vigorous physical activity that
comprise the weekly target volume of physical activity?

Intensity

The Committee did not specifically examine the relative value of different levels of intensity of physical
activity, such as moderate- versus vigorous-intensity physical activity. Volume is accumulated more
quickly when performing activities at greater intensity, reducing the number of minutes required to
reach a desired volume. Greater intensity also brings greater levels of cardiorespiratory fitness, but also
has greater risk of injury, especially if one is unaccustomed to vigorous physical activity. Greater
intensity is inversely associated with pleasure during moderate-to-vigorous physical activity, so
displeasure is higher during vigorous- than during moderate-intensity activity. This unpleasant affective
experience dissipates soon after the episode of moderate-to-vigorous physical activity ends. For public
health purposes, total volume of physical activity is a more important target than the specific intensity

at which it is accumulated.
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High intensity interval training (HIIT), sometimes called sprint interval training, has been a recent topic
of discussion in both lay and scientific publications. HIIT consists of short periods of high intensity
anaerobic exercise, commonly less than 1 minute, alternating with short periods of less intense
recovery. The length of time spent at high intensity and recovery intensity varies among regimens, as
does the total duration of a training session. Current evidence indicates that HIIT is an efficient method
for increasing cardiorespiratory fitness, providing equal fitness benefits with about half the energy
expenditure when compared with continuous moderate-to-vigorous intensity exercise. There may also
be some benefits on insulin-mediated glucose control. The unpleasant affective response associated
with increased intensity is greatest above the lactate and ventilatory thresholds. Current information is
insufficient about other potential health benefits, the risks of adverse events, and the long-term

sustainability of HIIT training regimens.
Please see Question 9 for a broader consideration of the issue of intensity.

Duration

The total volume of accumulated moderate-to-vigorous physical activity is a more important
determinant of health benefits than the duration of the episodes that comprise the total. The Physical
Activity Guidelines Advisory Committee Report, 2008, accepted prior conclusions that bouts as short as
10 minutes added benefit and should be included in the accumulated total. At the time, evidence was
not reviewed to determine if bouts shorter than 10 minutes also contributed, largely because the
available data collection systems could not accurately collect information about the multiple short bouts
of moderate-to-vigorous physical activity scattered throughout normal daily activity. The evidence from
recent observational studies of cardiometabolic risk factors using device-measured physical activity
indicates that bouts of moderate-to-vigorous physical activity of any duration contribute to the total
volume of physical activity that determines benefit. These findings do not support the previous

recommendation that only bouts of 10 or more minutes provide health benefits.

Frequency

Total volume of moderate-to-vigorous physical activity is more important than the number of days per
week on which individuals perform the activity. For benefits derived from single episodes, such as
reduced anxiety, improved sleep and executive function, blood pressure reductions, and improved
insulin sensitivity, regular participation throughout the week would likely be more beneficial. A limited

amount of evidence suggests that individuals who accumulate all or almost all of their weekly moderate-
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to-vigorous physical activity on 1 or 2 days per week experience reductions in all-cause and
cardiovascular mortality commensurate with individuals who accumulate an equivalent total volume on
3 or more days per week. If time for moderate-to-vigorous physical activity is available only 1 or 2 days

per week, doing it on those days is better than not doing it.

Question 8. What does current scientific evidence demonstrate about the
relationship between sedentary behavior and the risk of developing various
chronic diseases or conditions?

Scientific evidence demonstrates that more time spent in sedentary behavior is related to greater all-
cause mortality, CVD mortality and incidence, type 2 diabetes incidence, and the incidence of colon,
endometrial, and lung cancer. Evidence is insufficient to determine whether breaks in sedentary
behavior reduce the risk. For inactive adults, replacing sedentary behavior with light-intensity physical
activities is likely to produce some health benefits. Among all adults, replacing sedentary behavior with

higher intensity (moderate-to-vigorous) physical activities may produce even greater benefits.

Question 9. What does current scientific evidence indicate about how the risks of
sedentary behavior and the benefits of moderate-to-vigorous physical activity
interact to determine overall risk or benefit?

Evidence indicates that the volume of moderate-to-vigorous physical activity affects the level of risk of
all-cause mortality and cardiovascular disease mortality associated with sedentary behavior time. The
Committee developed a “heat map” depicting the risk of all-cause mortality associated with various
combinations of sitting time and moderate-to-vigorous physical activity using regression techniques to
interpolate the hazard ratios between four levels of sitting time and four levels of moderate-to-vigorous

physical activity? (Figure D-2).

In the heat map, red represents higher risk of all-cause mortality, and green represents lower risk. The
greatest risk of mortality is borne by individuals who sit the most and who do the least moderate-to-
vigorous physical activity (the upper left corner of the heat map). The lowest risk of mortality is achieved
by individuals who sit the least and do the most moderate-to-vigorous physical activity (lower right

corner of the heat map).
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Figure D-2. Relationship Among Moderate-to-Vigorous Physical Activity, Sitting Time, and Risk of All-
Cause Mortality

Daily
Sitting
Time

Moderate-to-Vigorous Physical Activity

Risk of all-cause mortality decreases as one moves from red to green.

Source: Adapted from data found in Ekelund et al., 2016.2

At the greatest time spent sitting (the top row), the risk of all-cause mortality begins to decrease (color
becomes orange) even with small additions of moderate-to-vigorous physical activity. At the greatest
volume of moderate-to-vigorous physical activity, the risk is low even for those who sit the most. The
best currently available estimate of this volume is about 37 to 38 MET-hours per week, equal to about
80 to 90 minutes per day of moderate-intensity activities, such as walking or yard work at a moderate
level of effort, or 40 to 45 minutes per day of vigorous-intensity activities, such as running at 4 to 5 miles

per hour, bicycling at 10 or more miles per hour, climbing hills with 20-pound pack, or vigorous dancing.
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At the lowest volume of moderate-to-vigorous physical activity (the ordinate), the risk of all-cause
mortality increases as time spent sitting increases. This suggests that for individuals who do not perform
any moderate-to-vigorous physical activity, replacing sitting time with light-intensity physical activities,
such as walking at 2 miles per hour, dusting or polishing furniture, or easy gardening, reduces the risk of
all-cause mortality. Although the risk of all-cause mortality is reduced as the time spent in sedentary
behavior is reduced, even the individuals who sit the least have an elevated risk if they perform no
moderate-to-vigorous physical activity. High volumes of moderate-to-vigorous physical activity appear
to remove the risk of all-cause mortality associated with high volumes of sitting. Very low time spent

sitting reduces but does not eliminate the risk of no moderate-to-vigorous physical activity.

The heat map demonstrates that many combinations of less sitting time and more moderate-to-
vigorous physical activity are associated with reduced risk of all-cause mortality. Figure D-2 is based on
firm evidence for all-cause and cardiovascular mortality, outcomes with well-established dose-response
relationships with sedentary behavior and moderate-to-vigorous physical activity. The dose-response
relationships for various combinations of sedentary behavior and moderate-to-vigorous physical activity
with other health outcomes are unknown. A similar pattern seems likely, but other patterns may

emerge as additional research on other outcomes is conducted.

Question 10. How do different types of physical activity contribute to health
outcomes?

Aerobic Activity

Although other types of physical activity contribute to positive health outcomes, moderate-to-vigorous
aerobic activity is associated with nearly all the benefits listed in Table D-1. Aerobic activity leads to
improved cardiorespiratory fitness (VO.max) with an increase in the capacity and efficiency of the
cardiorespiratory system to transport oxygen to skeletal muscles and for muscles to use this oxygen.
Cardiorespiratory fitness also is associated with improvements in biomarkers for CVD and type 2
diabetes (e.g., atherogenic lipoprotein profile, blood pressure, insulin sensitivity) in adults and older
adults with and without these diseases. Although generally not considered muscle-strengthening
behavior, aerobic activity leads to improved strength and endurance of the major muscle groups used to
perform the chosen behavior, such as running or swimming. The high impact of some aerobic activities,
such as running or playing tennis, and the strong muscular forces of others, such as rowing or wrestling,

improve bone health.

2018 Physical Activity Guidelines Advisory Committee Scientific Report D-14



Part D. Integrating the Evidence

Muscle Strengthening

Muscle-strengthening activities involve contracting muscles against resistance. Greater muscular
strength is associated with greater ease performing daily tasks for people of all ages, and provides
reductions in blood pressure equivalent to aerobic activities. Muscle-strengthening activities for older
adults, often in combination with balance training, are associated not only with improved physical
function but also with reduced risk of falls and reduced risk of injury due to falls. Muscle-strengthening
activities can help maintain lean body mass during a program of weight loss, but by themselves result in

little weight loss.

Muscles are strengthened according to the exercise science principles of overload, adaptation, and
specificity. Overload indicates that a resistance slightly greater than usual is applied. If applied on a
regular basis and the overload is not too large, the muscles adapt to the new load and become stronger.

The improvements in strength are specific to the muscles to which the overload has been applied.

Most evidence supports a muscle-strengthening program with the following characteristics: progressive
muscle strengthening exercises that target all major muscle groups (legs, hips, back, abdomen, chest,
shoulders, arms), performed on two to three nonconsecutive days per week. To enhance muscle
strength, 8 to 12 repetitions of each exercise should be performed to volitional fatigue. One set of 8 to
12 repetitions is effective at increasing muscular strength; limited evidence suggests that 2 or 3 sets is

more effective.

The most commonly prescribed methods for increasing muscular strength, endurance, and power
involve calisthenics (e.g., push-ups, sit-ups, chin-ups) or specific types of equipment, including weight
machines, free weights, resistance bands, and similar devices. Essentially all types of aerobic activity,
such as walking, swimming, or sporting activities, contribute to the strength of the involved muscles, as
do many household activities such as raking leaves, vacuuming, carrying laundry baskets, or lifting heavy
packages. The improvements or maintenance of muscular strength are specific to the muscles used

during the activity, so a variety of activities is necessary to achieve balanced muscular strength.

Bone Strengthening

Bone-strengthening activities reduce the risk of osteoporosis and fractures. Bone-strengthening
activities involve significant impact or muscular forces, both of which apply stress to bone, which adapts
by increasing its strength. Activities such as hopping, jumping, skipping, and running provide significant

impact forces. Standing on one’s toes and suddenly dropping to one’s heels also provides helpful impact
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forces. Activities such as dancing, stair climbing, or push-ups, all of which require quick and strong

muscle contractions, provide significant muscle forces.

Balance Training

Balance training helps maintain a steady posture against anticipated or unanticipated perturbations
while walking or standing. It is commonly combined with muscle-strengthening activities, with sessions
about 3 times per week, for the prevention of falls and fall injuries among older adults. Examples of

balance training activities include standing on one foot, walking heel-to-toe, and using a wobble board.

Flexibility Training (Stretching)

Dynamic and static stretching improve the range and ease of movement around joints. Flexibility
training is a common component of multicomponent physical activity programs but has not been
sufficiently studied by itself, precluding assessment of its independent benefits, if any, on health. If joint
flexibility is limited and impedes the performance of daily activities, flexibility training can increase range

of motion, thereby facilitating activities such as getting dressed or getting into and out of cars.

Yoga, Tai Chi, Qigong

These forms of physical activity are potentially beneficial because they typically combine muscle
strengthening, balance training, light-intensity aerobic activity, and flexibility in one package. Yoga, tai
chi, and gigong each have several forms or styles of activity. Some of the forms include components that
emphasize relaxation, mindfulness, meditation, and/or spiritual thinking. The purposeful combination of
mental and physical components, sometimes referred to as “mind-body” activity, may provide mental or

physical health benefits but prevents an assessment of the contribution of either component by itself.

Question 11. What does the scientific evidence indicate about the association
between walking and health benefits?

Walking, the most commonly performed aerobic activity, is associated with the wide range of benefits
listed in Table D-1. Although some medical conditions or disabilities prevent individuals from walking,
for most people walking is a normal and frequent component of everyday life. Walking is one of the
safest and most readily accessible physical activities. Adding 5 to 10 minutes of walking to one’s usual
daily physical activities and increasing the time and then intensity (speed) slowly over several weeks or
months is an excellent way to become more physically active. Daily step count is another way to

monitor gradual increases toward a final goal. Modern technological devices (e.g., pedometers, smart
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phones, activity trackers) can help individuals monitor their daily step counts to ensure that they are

progressing at a safe and steady pace to meet their goals.

BRAIN HEALTH

Question 12. Is there evidence that moderate-to-vigorous physical activity
influences brain-related health outcomes?

Moderate-to-vigorous physical activity positively influences several brain-related health outcomes,
including cognition, anxiety, depression, sleep, and quality of life (Table D-2). Tools enabling
assessments of the brain’s structure and function are progressing rapidly and have enabled much to be
learned in the past decade, with more new knowledge expected in the next several years. Current
evidence indicates a beneficial effect of regular moderate-to-vigorous physical activity on various
components of cognition. The evidence is strongest for a reduced risk of dementia and improved
executive function. Single episodes of physical activity promote acute improvements in executive
function for a brief period of time. Executive function includes the processes of the brain that help
organize daily activities and plan for the future. Tasks such as one’s ability to plan and organize, self-
monitor and inhibit or facilitate behaviors, initiate tasks, and control emotions all are part of executive
function. Physical activity also improves other components of cognition, including memory, processing

speed, attention, and academic performance.

Strong evidence demonstrates that moderate-to-vigorous physical activity reduces the risk of
developing major depression. It also reduces the symptoms of depression among individuals with and
without clinical levels of depression. Similarly, moderate-to-vigorous physical activity reduces general
feelings of anxiety (trait anxiety) among individuals with and without anxiety disorders. Acute episodes
of moderate-to-vigorous physical activity also can reduce immediate feelings of anxiety (state anxiety).
Moderate-to-vigorous physical activity also can raise perceptions of one’s quality of life and improves a
variety of sleep outcomes among the general population as well as for individuals with symptoms of

insomnia or sleep apnea.
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Table D-2. Summary of Conclusion Statements Regarding Strength* of the Evidence for Relationships
Between Physical Activity and Cognition, Depression, Anxiety, Affect, Quality of Life, and Sleep

Strength of

Outcome Population Benefit .
Evidence
Cognition General population and children 5 Improved cognition Moderate
to 13 years of age: habitual _ )
moderate-to-vigorous physical Reduced risk of dementia Strong
activity Improved performance on academic Moderate
achievement tests
Improved neuropsychological Moderate
performance (executive function,
processing speed, memory)
General population and children 5 Improved cognition (executive Strong
to 13 years of age: acute episodes function, attention, academic
of moderate-to-vigorous physical performance, memory, crystalized
activity intelligence, processing speed)
Individuals with dementia and Improved cognition Moderate
some other conditions that affect
cognition (attention deficit
hyperactivity disorder,
schizophrenia, multiple sclerosis,
Parkinson’s disease, stroke)
Quality of life | Adults, ages 18 years and older Improved quality of life Strong
Individuals with schizophrenia Improved quality of life Moderate
Depressed Adults, ages 18 years and older Reduced risk of depression Strong
mood and
depression Fewer depressive symptoms for Strong
individuals with and without major
depression
Dose-related reduction in depressive Strong
symptoms (i.e., present at low levels,
increases with greater frequency,
intensity, volume)
Anxiety Adults, ages 18 years and older: Reduced state anxiety Strong
Acute episodes of moderate-to-
vigorous physical activity
Adults, ages 18 years and older: Reduced trait anxiety for individuals Strong
habitual moderate-to-vigorous with and without anxiety disorders
physical activity
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Strength of

insomnia or sleep apnea

greater amounts of moderate-to-
vigorous physical activity

Outcome Population Benefit .
Evidence
Affect Adolescents through middle-aged In experimental studies, direct Strong
adults relationship between feelings of
negative affect and intensity of
moderate-to-vigorous physical
activity
Sleep Adults, ages 18 years and older: Improved sleep outcomes Strong
acute and habitual moderate-to-
vigorous physical activity Size of benefit directly related to Moderate
duration of episode
Individuals with symptoms of Improved sleep outcomes with Moderate

Note: “Strength of the evidence” refers to the strength of the evidence that a relationship exists and not to the size
of the effect of the relationship. Only populations and outcomes with strong or moderate evidence of effect are
included in the table.

YOUTH

Question 13. Does current evidence indicate health and fithess benefits from

physical activity for children and youth?

In 2008, insufficient evidence was available to comment on the impact of physical activity on the health

of children younger than age 6 years. New evidence has emerged since then, and now, strong evidence

indicates that greater volumes of physical activity among children ages 3 through 5 years are associated

with a reduced risk of excessive weight gain and favorable indicators of bone health.

Among older children and youth through high school age, the evidence continues to demonstrate that

moderate-to-vigorous physical activity improves cardiovascular and muscular fitness, bone health,

weight status, and cardiometabolic risk factor status. For children ages 5 through 13, the evidence

indicates that both acute bouts and regular moderate-to-vigorous physical activity improve cognition,

including memory, processing speed, attention, and academic performance. Information on the effect

on cognition for younger children and adolescents is not yet sufficient.

Question 14. What does the evidence indicate about the type and dose of
physical activity most likely to produce these health benefits among children?

For children 3 through 5 years, little information is available currently on the type or volume of activity

most likely to be associated with weight status. Until such information becomes available, a prudent
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target would be for all children to achieve the current median estimated volume of three hours per day
of physical activity at intensities that include light, moderate, and vigorous physical activity. The type of
physical activity associated with bone health consists of high-impact, dynamic, short duration exercise,

such as hopping, skipping, jumping, tumbling; the volume of such activity needed is not currently

known.

For school-aged children, sufficient evidence indicates health benefits accrue with 60 minutes per day of
moderate-to-vigorous physical activity. Because different benefits derive from different types of activity,
the 60 minutes will be most healthful if different types of activity are performed. Vigorous-intensity
physical activity will enhance cardiovascular health. A variety of play, games, exercise, sports, or chores
can strengthen major muscle groups, and activities with high-impact forces, such as hopping, skipping,
and jumping, will improve bone strength. These findings are consistent with the findings in the Physical
Activity Guidelines Advisory Committee Report, 2008, and the recommendations in the 2008 Physical
Activity Guidelines for Americans stating that within the 60 minutes of daily physical activity, children
and adolescents should engage in muscle-strengthening, bone-strengthening, and vigorous intensity

physical activities at least three days per week. 2

OLDER ADULTS

Question 15. Is there evidence that the target range for moderate-to-vigorous
physical activity should differ for older adults?

The target range of 150 to 300 minutes per week of moderate relative intensity activities remains an
appropriate target for older adults. However, because older adults expend more energy than younger
adults for the same task, such as walking, and because aerobic capacity declines with age, relative
intensity is a better guide for beneficial activity for older adults than estimates of absolute intensity
developed for young and middle-aged adults. The use of relative intensity rather than absolute intensity
as a guide to level of effort applies also to individuals who have been very inactive and who have a low
aerobic capacity as a result. Activities performed at a moderate relative intensity are commonly
described as being “somewhat hard.” (See Part C. Background and Key Physical Activity Concepts, for
more information about absolute and relative intensity of physical activity and ratings of perceived
(relative) exertion. For both older and younger individuals, some activity is better than none, and

appreciable benefits accrue from regular physical activity at levels below the target range.
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Question 16. Is there evidence of health benefits of particular importance for
older adults?

Strong evidence demonstrates that physically active older adults are less likely to experience falls, less
likely to be seriously injured if they do fall, and more likely to maintain independence and functional
ability compared to those who are inactive. Strong evidence also demonstrates that physically active
older adults have a lower risk of dementia, better perceived quality of life, and reduced symptoms of
anxiety and depression. Experimental trials have demonstrated that even individuals with frailty and
with Parkinson’s disease can improve their physical function, thus minimizing and delaying aging-related
declines. Aerobic, muscle-strengthening, and multicomponent physical activity programs all
demonstrate benefits. The improvements appear to be somewhat greater with activity programs that

include specific muscle strengthening and balance training activities.

SELECTED COMMON CHRONIC CONDITIONS

Question 17. Does the evidence indicate that habitual moderate-to-vigorous
physical activity provides preventive health benefits to individuals with some
common chronic conditions?

The benefits of habitual physical activity likely vary from condition to condition, but for several prevalent
diseases or conditions studied by the Committee, one or more health benefits were evident (Table D-3).
For example, for people with colorectal cancer, women with breast cancer, and men with prostate
cancer, greater amounts of physical activity are associated with reduced risk of mortality from the
original type of cancer; for people with colorectal cancer or women with breast cancer, greater amounts
of physical activity are associated with reduced risk of all-cause mortality. Habitual physical activity also
reduces the risk of mortality from CVD among people with hypertension or type 2 diabetes. Adults with
osteoarthritis who are more physically active experience less pain, improved physical function, and
better quality of life relative to less active adults with osteoarthritis. Similarly, more physically active
individuals who have Parkinson’s disease, multiple sclerosis, spinal cord injury, stroke, recent hip
fracture, and frailty have better physical function, including walking ability, relative to less active adults
with the same condition. For individuals with some of these conditions, muscle strength and balance are
improved as well (Table D-3). Except for the mortality outcomes, evidence regarding the type of physical
activity associated with these reductions often comes from intervention studies in which the physical

activity exposure was a multicomponent program including aerobic activity (commonly walking),
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strength, and balance training. These findings emphasize that preventive effects of physical activity are

relevant and important for both healthy adults and for adults with chronic conditions. Indeed, for adults

with conditions where physical activity is recommended for its therapeutic effects, the evidence

indicates that physical activity typically provides both therapeutic and preventive benefits.

Table D-3. Evidence of Health Benefits from Habitual Physical Activity Among People with One of

Several Common Chronic Diseases or Conditions

RISK REDUCTION OUTCOMES INVESTIGATED FOR SURVIVORS OF THREE COMMON CANCERS

Risk of Developing

Disease or Risk of All-cause Mortalit Risk of Cancer-specific Recurrence of Primary
Condition v Mortality Cancer or New Type of
Cancer
Breast cancer Reduced Reduced
Colorectal cancer Reduced Reduced
Prostate cancer IE Reduced

RISK REDUCTION OR HEALTH IMPROVEMENT INVESTIGATED FOR SELECTED COMMON CONDITIONS

Disease or Risk of Quality of Phvsical Function Progression of Cognition
Condition Mortality Life ¥ Disease &
Less pain, improved quality of life, No ewdermce of
. . . progression of
. and improved physical function "
Osteoarthritis IE among peoble with hip or knee osteoarthritis up -
g peop . .p to 10,000 steps
osteoarthritis
per day
Reduced Reduced
Hypertension cardiovascular IE IE progression of -
mortality blood pressure
Improved HbAlc,
BP, BMI, and lipids
Reduced
Type 2 diabetes | cardiovascular IE IE IE for neuropathy, -
mortality nephropathy,
retinopathy, foot
sores
Multiple Improved Improved
p- IE IE walking, strength, IE P .
sclerosis . cognition
fitness
Improved
Spinal cord injury IE IE walking, IE -
wheelchair skills
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RISK REDUCTION OR HEALTH IMPROVEMENT INVESTIGATED FOR SELECTED COMMON CONDITIONS

Disease or Risk of Quality of Phvsical Function Progression of Cognition
Condition Mortality Life ¥ Disease &
Intellectual
disabilities IE IE IE IE i
. , Improved
Parkinson’s . Improved
. - - walking, strength, - o
disease cognition
balance
. Improved
Stroke - - Improved walking - .
cognition
Improved
Recent hip i i walking, balance, i i
fracture activities of daily
living
Improved
. walking, balance
Frailt - - o S - -
raity activities of daily
living
Dementia - - - - Impr9yed
cognition
Schizophrenia - Im!:)rove(?l - - Impr9yed
quality of life cognition
Attention deficit
. Improved
hyperactivity - - - - cognition
disorder &

Legend: IE=Insufficient evidence found in systematic reviews and meta-analyses to reach a conclusion, -=question
did not address this outcome for this condition, HbAlc=hemoglobin Alc, BP=blood pressure, BMI=body mass
index.

PREGNANCY

Question 18. Is there evidence regarding the benefits or risks of light-to-moderate
intensity physical activity during pregnancy and the postpartum period?

Strong evidence demonstrates that more physically active women with a normally progressing
pregnancy have a reduced risk for excessive weight gain, gestational diabetes, and postpartum
depression relative to their less physically active counterparts. The amount of physical activity in most of
the experimental trials included in the evidence consisted of light- to moderate-intensity physical
activity accumulating to about 120 to 150 minutes per week. Insufficient information about the

adoption of vigorous-intensity physical activity during pregnancy was available to reach a conclusion
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about its benefits or risks during pregnancy and the postpartum period. The 2008 Advisory Committee
reported that women who habitually performed vigorous-intensity physical activity prior to pregnancy
could continue as long as “they remain asymptomatic and maintain open communication with their
health care providers.t The 2018 Committee concurs. The 2018 Committee did not perform specific
literature searches to investigate the association between physical activity and specific benefits or risks
related to labor and delivery, date of delivery, weight status of the newborn, or other outcomes.
However, the conclusions and information provided in the Physical Activity Guidelines Advisory
Committee Report, 20082 and the 2008 Physical Activity Guidelines for Americans® are consistent with
the information provided on these topics in the articles included in the specific searches performed by

the Committee.

WEIGHT STATUS

Question 19. Does the evidence demonstrate that moderate-to-vigorous physical
activity contributes to preventing or minimizing excessive weight gain?

Strong evidence demonstrates that greater volumes of moderate-to-vigorous physical activity are
associated with preventing or minimizing excessive weight gain in adults, being able to maintain weight
within a healthy range of body mass index, and preventing obesity. The 2018 Advisory Committee did
not examine literature addressing the association between physical activity and weight loss or the
prevention of weight regain following initial weight loss. The 2008 Advisory Committee,! however, did
address these important issues and concluded that when a sufficient dose of moderate-to-vigorous
physical activity is attained, it will result in weight loss and the prevention of weight regain following
initial weight loss. The 2008 Advisory Committee also reported that physical activity has an additive
effect on weight loss when combined with moderate dietary restriction compared to moderate dietary

restriction alone.l

Question 20. Does moderate-to-vigorous physical activity provide health benefits
for people with overweight or obesity even if their weight status remains the
same?

Strong evidence demonstrates that physically active adults with overweight or obesity experience
benefits generally similar to those with normal body weight. Regardless of weight status, the relative

reduction in risk of all-cause mortality, incidence and mortality of cardiovascular disease, and incidence
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of type 2 diabetes are essentially equivalent. For endometrial cancer, the risk reduction is greater for
individuals with overweight of obesity than for individuals with normal weight status. Adults with
overweight or obesity are more responsive than adults with normal weight to high intensity interval

training’s effects on improving insulin sensitivity, blood pressure, and body composition.

INFLUENCE OF RACE OR ETHNICITY, AND SOCIOECONOMIC
STATUS ON HEALTH OUTCOMES

Question 21. Is there evidence that the volume of moderate-to-vigorous physical
activity associated with health benefits differs by race or ethnicity, or
socioeconomic status?

Race or Ethnicity

The 2008 Committee reported that “based on the currently available scientific evidence, the dose of
physical activity that provides various favorable health and fitness outcomes appears to be similar for
adults of various races and ethnicities.”: The 2018 Committee concurs. In the studies used to address
the questions asked by the 2018 Committee, the effect of race or ethnicity was uncommonly reported
and, when it was, the studies showed little evidence of effect modification by race or ethnicity on the

relationship between moderate-to-vigorous physical activity and health outcomes.

Socioeconomic Status
Information on the effect of socioeconomic status on the relationship between moderate-to-vigorous
physical activity was even more sparse than for race or ethnicity, and, therefore, this Committee was

unable to state any conclusions about the role, if any, of socioeconomic status.

ADVERSE EVENTS

Question 22. What does the scientific evidence indicate about the pattern of
physical activity that is most likely to produce the fewest adverse medical events
while providing benefits?

The 2018 Committee determined that the basic principles and messages in the Physical Activity
Guidelines Advisory Committee Report, 2008 and the 2008 Physical Activity Guidelines for Americans still

apply.L'2 The information in those reports indicates that activities with fewer and less forceful contact
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with other people or objects have appreciably lower rates of musculoskeletal injuries than do collision or
contact sports. Walking for exercise, gardening or yard work, bicycling or exercise cycling, dancing,
swimming, and golf are popular activities in the United States, and they are associated with the lowest
injury rates. Risk of musculoskeletal injury during activity increases with the total volume of activity

(e.g., MET-hours per week). Intensity, frequency, and duration of activity all contribute to the risk of
musculoskeletal injuries, but their relative contributions are unknown. Sudden cardiac adverse events
are rare, are associated with relatively vigorous physical activity, and are inversely associated with the
volume of regularly performed vigorous physical activity. The limited data available for medical risks
during moderate-intensity activity indicate that the risks are very low for activities like walking and that

the health benefits from such activity outweigh the risks.

Question 23. What does the scientific evidence say about actions that can be
taken to reduce the risk of injury during physical activity?

Information in the Physical Activity Guidelines Advisory Committee Report, 2008, and the 2008 Physical
Activity Guidelines indicates that injuries are more likely when people are much more physically active
than they are accustomed to.r 2 The key point to remember is that when individuals do more activity
than usual, the risk of injury is related to the size of the increase. Gradual progression, a series of small
increments in physical activity each followed by a period of adaptation, is associated with less risk of
musculoskeletal injuries than an abrupt increase to the same final level. Although the safest method of
increasing one's physical activity has not been empirically established, for individuals who have been
performing little or no moderate-to-vigorous physical activity, adding a small and comfortable amount
of light- to moderate-intensity activity, such as walking an additional 5 to 15 minutes 2 to 3 times per
week, has a low risk of musculoskeletal injury and no known risk of sudden severe cardiac events.

Frequency and duration should be increased before raising the intensity.

The risk of adverse events is also reduced by using proper equipment, such as helmets, eyewear or
goggles, elbow or knee pads; choosing safe environments, such as those with good lighting, smooth
surfaces, and away from traffic; following rules and policies; and making sensible choices, such as

avoiding extreme heat or cold.

Warming up before and cooling down after exercise are commonly recommended to prevent injuries
and adverse cardiac events. Limited evidence does suggest that various combinations of warm up,

muscle-strengthening, conditioning, and stretching are associated with lower rates of musculoskeletal
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injuries. Also based on limited evidence, careful warming up and cooling down are standard practice in
cardiac rehabilitation programs. Guidelines typically recommend 10 to 20 minutes of stretching and
progressive warm up activity before the main activity session and 10 to 20 minutes of gradually

diminishing activity at the end.

Question 24. Is there evidence regarding who should see a physician or have a
medical examination before increasing the amount or intensity of physical
activity they perform?

The Physical Activity Guidelines Advisory Committee, 2008, and the 2008 Physical Activity Guidelines for
Americans noted, and the 2018 Physical Activity Guidelines Advisory Committee agrees, that the
protective value of a medical consultation for persons with or without chronic diseases who are
interested in increasing their physical activity level is not established.? 2 No evidence is available to
indicate that people who consult with their medical provider receive more benefits and suffer fewer
adverse events than people who do not. Also unknown is whether official recommendations to seek
medical advice before augmenting one's regular physical activity practices reduce participation in
regular moderate physical activity by implying that being active may be less safe and provide fewer

benefits than being inactive.

PROMOTION OF PHYSICAL ACTIVITY

Question 25. What interventions are effective for promoting regular physical
activity participation?

The extensive body of evidence in the physical activity promotion field shows that interventions at
different levels of impact, including at the individual, community, environment and policy, and
information and communication technology levels, can promote increased participation in regular
physical activity (Table D-4). For example, at the individual level of impact, interventions that include
behavior change theories and techniques as well as interventions specifically targeted at youth and at
older adults have demonstrated success in promoting regular physical activity. At the level of
community settings, multi-component school interventions and those that have successfully revised the
structure of physical education classes are effective in promoting increased school-based physical
activity in children and adolescents. At the level of environment and policy, the evidence on physical

activity promotion among children and adults supports the utility of built environment characteristics
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and infrastructure that support active transportation, indoor and outdoor facilities for physical activity,
and access to such facilities. At the level of information and communication technologies, the types of
technologies that have been found consistently to promote regular physical activity among adults
include wearable activity monitors, telephone-assisted interventions, internet-delivered interventions
that include educational components, text-messaging programs, and computer-tailored print
interventions. Among children and adolescents, information and communication technologies
interventions involving systematically developed smartphone applications have been found to be

effective.

Table D-4. Summary of Conclusion Statements Regarding Strength* of the Evidence that Varying Types
of Interventions Increase the Amount of Physical Activity Among Those Who Are Exposed to the
Intervention

Level Type of Intervention Strength of Evidence

Individual Older adults Strong

Youth Strong: Especially when family is included or
intervention delivered during school

Behavior change theories and techniques Strong
Peer led Moderate
Community-based | School-based Strong: Multiple components

Strong: Revised physical education classes

Community wide Moderate: If intervention has intensive
contact with majority of population over
time

Environmental Point-of-decision prompts Strong
and Policy

Built environment and infrastructure that Moderate

promotes active transportation

Community design that supports physical Moderate
activity, including active transportation

Access to indoor or outdoor facilities Moderate
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Level Type of Intervention Strength of Evidence
Information and Wearable activity monitors Strong: General adult population
Communications | (accelerometers and pedometers) Moderate: Individuals who are overweight
Technologies or obese

Telephone-assisted Strong
Web-based or internet-delivered, with Strong: General adult population

educational component

Computer-tailored print interventions Strong

Mobile phone programs Strong: Smart phone applications, children
and adolescents

Moderate: Text messaging, general
population

Type of Intervention to Reduce

Level .
Sedentary Behavior

Strength of Evidence

Community-based | Youth, primarily school-based Moderate
interventions

Worksite interventions Moderate

Note: “Strength of the evidence” refers to the strength of the evidence that a relationship exists and not to the size
of the effect of the relationship.

Question 26. What interventions are effective for reducing sedentary behavior?

Current evidence indicates that several types of interventions can be effective in reducing sedentary
behavior in different age groups. For youth, evidence suggests that school-based interventions targeting
reductions in television viewing and other screen-time activities can have a positive impact on reducing
sedentary behavior. Among adults working primarily while seated, interventions targeting sedentary
activities have resulted in reduced sedentary behavior at the workplace. Effective interventions have
included those aimed at physical modifications to work stations (e.g., sit-stand workstations) in

combination with educational and behavioral support.

2018 Physical Activity Guidelines Advisory Committee Scientific Report D-29



Part D. Integrating the Evidence

REFERENCES

1. Physical Activity Guidelines Advisory Committee. Physical Activity Guidelines Advisory Committee
Report, 2008. Washington, DC: U.S. Department of Health and Human Services; 2008.
https://health.gov/paguidelines/guidelines/report.aspx. Published 2008. Accessed September 22, 2017.

2. Arem H, Moore SC, Patel A, et al. Leisure time physical activity and mortality: a detailed pooled
analysis of the dose-response relationship. JAMA Intern Med. 2015;175(6):959-967.
doi:10.1001/jamainternmed.2015.0533.

3. Centers for Disease Control and Prevention, National Center for Health Statistics. National Health
Interview Survey (NHIS), 1997-2015: 2015 data release.

https://www.cdc.gov/nchs/nhis/nhis 2015 data release.htm. Updated November 3, 2017. Accessed
January 11, 2018.

4. Ekelund U, Steene-Johannessen J, Brown WJ. Does physical activity attenuate, or even eliminate, the
detrimental association of sitting time with mortality? A harmonized meta-analysis of data from more
than 1 million men and women. Lancet. 2016;388:1302-1310. doi:10.1016/50140-6736(16)30370-1.

5. U.S. Department of Health and Human Services. 2008 Physical Activity Guidelines for Americans.
Washington, DC: U.S. Department of Health and Human Services; 2008.
https://health.gov/paguidelines/guidelines. Published 2008. Accessed September 22, 2017.

2018 Physical Activity Guidelines Advisory Committee Scientific Report D-30


https://health.gov/paguidelines/guidelines/report.aspx
https://www.cdc.gov/nchs/nhis/nhis_2015_data_release.htm
https://health.gov/paguidelines/guidelines

Part E. Systematic Review Literature Search Methodology

PART E. SYSTEMATIC REVIEW LITERATURE SEARCH
METHODOLOGY

Table of Contents

OVEBIVIBW ..ttt et a e e s a e e s e bt e e s sb b e e e s saba b e e s eaba e e e s sabaeeessnbaeessnraeessans E-1
SYSTEMATIC REVIEW PrOCESS .o E-5
Step 1: Develop Systematic ReVIEW QUESTIONS......ccuviiiiiiiiee ettt e e seree e e e E-5
Step 2: Develop Systematic REVIEW STrategy......cuiiiiiiiiiiiiie et e s e E-6
Step 3: Search, Screen, and Select EVIdeNCe t0 REVIEW.......cccccuviieeiiiiie e E-8
Step 4: Abstract Data and Assess Quality and Risk of BiaS ........ccoeeciiiiiiiiii e E-12
Step 5: DESCribe the EVIAENCE. ....ccoc ettt e e e e e e e e e sbae e e e baea e e ases E-14
Step 6: Complete Evidence Portfolios and Draft Scientific Report.......ccccvveeeeiieiciiiiieeeeeeeeccireeeeeen, E-15
PAGAC EVidence ASSESSMENT TOOIS ....eeiuiiiiiiiiiiieeieestee ettt ettt sttt ettt sb e bt e bt s saesaeeeneen E-16
Standard Abstraction Items — SR/MA/Pooled Analyses/REPOItS .......cceecveeeiieeeceeeciiee et E-16
Standard Abstraction [tems—Original RESEArCh ........ccociiiiiiiiiii e E-17
SR, MA, and Pooled Analyses Quality Assessment Using Tailored AMSTARg@gp Instrument ............... E-19
Existing Reports Quality Assessment INSEIUMENT .....cocuiiiiiiiriiiiiie ettt e s e E-19

Original Research Bias Assessment using Adapted Nutrition Evidence Library Bias Assessment Tool

[T TY (U 0 1 T< ) E-20
RETEIEINCES .ttt e e ettt e e eeeeeee e e et e e e e e eeeseeeaee e aeaee e e saeaeseaeaeaeseseseseaseaesasnessesnsenarnrnees E-22
OVERVIEW

Under the direction of the Office of Disease Prevention and Health Promotion (ODPHP), the National
Institutes of Health (NIH), the Centers for Disease Control and Prevention (CDC), and the President’s
Council on Fitness, Sports and Nutrition (PCFSN), ICF (a contractor), herein referred to as the literature
review team, was responsible for supporting the 2018 Physical Activity Guidelines Advisory

Committee in reviewing the scientific literature used to support the development of its report.
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The literature review team used a methodology informed by best practices for systematic reviews (SRs)
developed by the United States Department of Agriculture’s (USDA) Nutrition Evidence Library (NEL),:
the Agency for Healthcare Research and Quality (AHRQ),% the Cochrane Collaboration,? and the Health
and Medicine Division of the National Academies of Sciences, Engineering, and Medicine SR standards?
to review, evaluate, and synthesize published, peer-reviewed physical activity research. The literature
review team’s rigorous, protocol-driven methodology was designed to maximize transparency, minimize
bias, and ensure the SRs conducted by the Committee were relevant, timely, and of high quality. Using
this evidence-based approach enabled compliance with the Data Quality Act,® which states that federal
agencies must ensure the quality, objectivity, utility, and integrity of the information used to form
federal guidance. Strict quality control processes were implemented throughout the Committee’s
process to ensure transparency, integrity, reproducibility, and research excellence in design,

implementation, and synthesis of the SRs.

The 2018 Scientific Report process was led by the Committee, with support from a federal leadership
team. All work completed by the literature review team was under the direction and review of the

Committee members. The literature review team' comprised several groups:

e Atraining and quality control team that developed an abstraction tool and accompanying
abstraction guide, developed and implemented training and quality control protocols, and
ensured overall quality and integrity of the Committee’s SRs,

e SR liaisons, who managed the literature review team’s workflow for their designated
Subcommittee(s) and/or Work Group,

e Llibrarians, who reviewed search strategies, confirmed search results, and retrieved full text
articles,

e Atriage team that participated in a 5-hour triage training before conducting title and abstract
triage of original articles, existing reports, SRs, meta-analyses (MAs), and pooled analyses
identified through the literature searches, and

e Abstractors, who participated in a three-phase, five-week virtual training before abstracting

data from original articles, existing reports, SRs, MAs, and pooled analyses. They also assessed

i All literature review team staff were required to disclose potential conflicts of interest or professional bias before working on
this team. No conflicts of interest or bias were identified.
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bias of original articles and assessed the quality of existing reports, SRs, MAs, and pooled

analyses.

A six-step process was used to develop the Scientific Report:

e Step 1: Develop systematic review questions

e Step 2: Develop systematic review strategy

e Step 3: Search, screen, and select evidence to review for each guestion

e Step 4: Abstract data and assess the quality and risk of bias of the research

e Step 5: Describe the evidence

e Step 6: Complete evidence portfolios and draft Scientific Report

Figure E-1 provides a visual representation of this process. The model displays the six overarching steps
and the associated tasks within each step. It also shows that at any given time, multiple SRs were being
executed. For each SR, Steps 2 through 6 were completed sequentially. Throughout the life of the
Committee Subcommittees presented the status of their work at in-person public meetings for review
and approval by the full Committee. The responsible parties for each task (full Committee,

Subcommittee, and/or literature review team') are included in the model.

i Because federal staff served in an support role, specific tasks were not assigned to them.
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Figure E-1. 2018 Physical Activity Guidelines Advisory Committee Process Model
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SYSTEMATIC REVIEW PROCESS

Step 1: Develop Systematic Review Questions

In 2014, a federal planning group led by ODPHP, NIH, CDC, and PCFSN organized a potential scope and
state of the science meeting with experts from around the country to gather information on whether
sufficient new evidence was available to update the 2008 Physical Activity Guidelines for Americans.®
Based on the Physical Activity Guidelines Advisory Committee Report, 2008,Z and a summary of areas of
rapidly developing science, the group identified a number of key areas with new research available:
youth younger than age 6 years, older adults, brain health across the life span, dose-response, and
sedentary behavior. In early 2016, the literature review team conducted a scoping exercise to determine
the amount of literature published on topics included in the 2008 Scientific ReportZ since the completion
of that report. The Committee used the list of key topics from 2014, the summary of the scoping

exercise, and their expertise to determine the final list of topics to examine.

At their first public meeting, the Committee decided on topics and formed Subcommittees. The
Subcommittee members then developed and refined clearly focused SR questions and subquestions
within each topic, which were used to systematically search the existing literature. The development of

the SR questions took place during Subcommittee calls.

Prioritize SR Questions
After formulating a list of SR questions, Subcommittee members ranked the questions based on the

following:

e Potential for greatest public health impact
e Potential to inform public health policy and/or programs
e Existence of mature scientific evidence

e Potential generalizability

The SR questions and their prioritization were reviewed and revised by the full Committee during their
second public meeting. Any refinements to the questions or questions developed after the second

public meeting were presented to leaders of all the Subcommittees for their review and approval.
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Step 2: Develop Systematic Review Strategy

Develop Analytical Frameworks

The Subcommittees developed an analytical framework for each of their SR questions. Analytical
frameworks are a visual representation of the search that provided the foundation for each search
strategy. The frameworks were used throughout the process to clearly define key variables and terms,
help determine the inclusion and exclusion criteria, inform the development of the literature search
strategy, and control the scope. For each question, Subcommittee members were asked to develop the
components of the analytical framework using the PICO (Population, Intervention or Exposure,
Comparison, and Outcomes) method. The analytical frameworks specified the criteria for the types of
population (participants), types of interventions (and comparisons), and the types of outcomes of
interest. The frameworks were discussed and refined during Subcommittee calls. In some cases, these
discussions resulted in refinements to the SR questions. The development of the analytical framework
was often done in conjunction with the next step in the process (developing the inclusion and exclusion

criteria).

Develop Inclusion and Exclusion Criteria

SR liaisons developed a template to draft inclusion and exclusion criteria for each search to determine
whether studies were eligible to be included in the SR and ensure that the evidence being considered in
the SRs was relevant to the U.S. population. The template was shared with Subcommittee members for
review, feedback, and approval. To promote consistency, all the SRs included four basic criteria, with

additional criteria used as appropriate. The four constant criteria were:

e Publication language: Studies had to be published with full text in English.
e Publication status: Studies had to be published in peer-reviewed journals or a high-quality
report identified by the Committee.
e Research type: Studies had to be existing SRs, MAs, pooled analyses, reports, or original
research, determined to have appropriate suitability and quality by the Committee.
o Existing reviews, including SRs, MAs, and pooled analyses, were considered if they met
the inclusion criteria for the SR question; no priority was given to the selection of any
specific type of review.

e  Study subjects: Studies had to include human subjects
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As appropriate, Subcommittee members considered additional criteria to identify the optimal evidence

to answer each of their SR questions. These criteria related to the following:

e Age of study subjects

e Health status of study subjects

e Comparison groups included or excluded
e Date of publication

e Study design

e Intervention/exposure

e Qutcome

Develop Search Strategies
A search strategy was created to identify peer-review literature for each SR conducted. Each search

strategy included the following items:

e Search terms

e Boolean logic used to combine search terms

e Databases searched

e Limits: Search date range, languages searched, types of articles included (e.g., peer-reviewed

articles, database-specific filters)

The search strategy also recorded the date(s) the searches were conducted and the number of articles

identified with each search.

Three databases (PubMed®, CINAHL, and Cochrane) were used for each SR. These databases were
identified because they represented comprehensive repositories of citations, abstracts, and full articles

in fields relevant to the Committee’s SRs.

The SR liaisons and librarians (from both ICF and the National Institutes of Health Library), and
Subcommittee members worked together in an iterative process to develop each strategy. A list of core
physical activity search terms was developed and shared with the Committee. Each Subcommittee could
add or remove physical activity terms, as appropriate for each of their SR questions. Core terms were:
"Aerobic activities," “Aerobic activity," "Cardiovascular activities," "Cardiovascular activity," "Endurance
activities," "Endurance activity," "Exercise," "Physical activities," "Physical activity," "Physical

conditioning,” "Resistance training," "Sedentary lifestyle," "Strength training," "Walking," and
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“Sedentary.” Population- and/or health outcome-specific search terms were developed for each SR
guestion. As appropriate, population- or health outcome-specific search terms (e.g., cancer, all-cause

mortality) were shared among the SR liaisons for consistency across Subcommittees.

Once the search terms were approved by the Subcommittee members, the SR liaisons conducted a draft
search to get an estimate of how many results (articles) were identified using the search strategy. If the
number of results seemed unreasonable or inaccurate to the Subcommittee members based on their
expertise, the SR liaisons worked with Subcommittee members to refine the search strategy to ensure
that it adequately captured articles that addressed the SR question. If the Subcommittee members
considered the number of results to be reasonable and accurate, the SR liaisons shared the list of

articles identified through the search for Subcommittee review, feedback, and approval.

The analytical framework, inclusion and exclusion criteria, and search strategy for each SR question can
be found in the question-specific evidence portfolios, and can be accessed at

www.health.gov/paguidelines.

Step 3: Search, Screen, and Select Evidence to Review

Searching, screening, and selecting scientific literature was an iterative process that sought to
objectively identify the most complete and relevant body of evidence to answer each SR question.
Working from the analytical frameworks, search strategies, and inclusion and exclusion criteria, the SR
liaisons searched, screened, and selected the scientific literature in a systematic way to provide

transparent evidence for each Subcommittee’s deliberations.

Identify Sources of Evidence to Answer SR Questions

Each SR question was answered using:

e Existing reviews and/or reports,
e QOriginal research (de novo SR),or

e A combination of both existing reviews and/or reports and original research.

For each SR, existing reviews and reports were searched and screened first. These documents are
valuable sources of summarized evidence that were used to prevent duplication of effort and promote
efficient time and resource management. The decision to use existing reviews and/or reports, original

research, or a combination of both existing reviews and/or reports and original research was made by

2018 Physical Activity Guidelines Advisory Committee Scientific Report E-8


http://www.health.gov/paguidelines

Part E. Systematic Review Literature Search Methodology

Subcommittee members for each SR after their review of the initial search results or the title, abstract,

or full-text triage results.

Search for High-Quality Existing Reviews

Existing reviews were identified by using the search strategy, which specifically was restricted to identify
only publications that were SRs, MAs, and pooled analyses. Two librarians independently reviewed the
search strategies carried out by the SR liaisons to ensure quality and comprehensiveness, providing
recommendations as needed. The librarians also duplicated each search to identify any errors in

searching procedures and reviewed documentation of each search strategy.

After completing each search, duplicates were removed, resulting in a set of articles for triage. The list of
articles identified for triage was shared with Subcommittee members, who provided review, feedback,

and approval.

Search for High-Quality Existing Reports
The SR liaisons conducted a search of nine resources and websites™ using the search terms “physical

” u

activity,” “exercise,” and “sedentary” to identify and gather high-quality existing reports with potential
relevance to SR questions that were not identified through the search for high-quality existing reviews.
The search resulted in 1,277 titles that were reviewed for relevance independently by two SR liaisons,
resulting in a pool of 195 potentially relevant reports. When discrepancies were identified, a third SR

liaison reviewed the titles to help reach consensus.

The SR liaisons reviewed the list of report titles and descriptions and shared with their Subcommittee(s)
any they thought might be relevant. If the Subcommittee members agreed that an existing report was

relevant to a SR question, the report moved to triage.

Search for Original Research Articles
If the Subcommittee determined that a complete (de novo) SR or partial (supplemental de novo) SR was
necessary because, for example, of a lack of relevant existing reviews, SR liaisons developed a strategy

for a complete or partial search that was specifically tailored to the Subcommittee’s needs for

i Resources and websites searched to identify high-quality reports included: AHRQ Evidence Reports:
http://www.guideline.gov/resources/ahrg-evidence-reports.aspx; Campbell Collaboration Library of Systematic Reviews:
http://www.campbellcollaboration.org/lib/; Cochrane Library: Accessed through NIH Library; Grey Literature Report:
http://www.greylit.org/; Health and Medicine Division: http://www.nationalacademies.org/hmd/Reports.aspx; National
Guideline Clearinghouse: http://www.guideline.gov; NICE: http://www.evidence.nhs.uk/; Rand Corporation: Accessed through
NIH Library; and World Health Organization: http://www.who.int/gho/publications/en/.
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Subcommittee review. SR liaisons then implemented the approved search strategy. Librarians reviewed
the search strategies to ensure quality and comprehensive nature, and the searches were duplicated to

identify any errors in searching procedures.

After completing the search, duplicates were removed, resulting in the set of articles for triage. The list
of articles identified for triage was shared with Subcommittee members, who provided review,

feedback, and approval.

Triage Articles

Once the literature search was complete, all article titles and abstracts were independently screened, or
triaged by two members of the triage team, by one triage team member and one Subcommittee
member, or by two or more Subcommittee members. When discrepancies were identified, an additional

screener reviewed the titles or abstracts to help reach consensus.

e Title and abstract triage: Two screeners independently reviewed each article’s title, then
reviewed each remaining article’s abstract, to determine whether it met the criteria for inclusion
in the review. The list of articles identified and the triage results were shared with
Subcommittee members. Subcommittee members were asked to provide review, feedback, and
approval. The triage process was conducted and recorded in the online database developed for
the Committee, which recorded all triage and abstraction data.

o  Full-text triage: Full text was retrieved for the remaining articles after title and abstract triage
and shared with Subcommittee members. Subcommittee members conducted triage on the full-
text articles and excluded articles that did not meet the inclusion criteria. In addition, during the
abstraction process, abstractors identified any concerns about inclusion, which the SR liaison
brought to Subcommittee members for review and final decision. Any changes to the initial
triage determinations based on full-text review were updated in the online database. SR liaisons
shared the final list of included and excluded articles with the associated rationale for exclusion

with Subcommittee members for their review.

Conduct Supplemental Searching Activities

Subcommittee members and federal support staff were encouraged to share additional articles that
may have contributed to the evidence after the search strategy was executed. Subcommittee members
and staff identified these articles through their expertise and familiarity with the literature or through

hand searching of included article reference lists.
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e If an article was identified that met the inclusion criteria (i.e., was published during the time
frame searched and used existing search terms or reasonable variations of the included search
terms) but had not been captured by the search strategy, it went through article triage.

e |[f an article was identified that had not been captured by the search strategy and did not meet
the time frame requirement, the search could be “re-opened” to allow the article and other
relevant articles published since the search was conducted into the potential body of evidence
for consideration. Before re-opening the search, Subcommittee members had to confirm that
the article would meet the inclusion criteria, provide evidence that it would alter the conclusion
statement and/or the evidence grade, and request approval from the leaders of all the

Subcommittees.

Determine Sources of Evidence

After reviewing the full text of all the included existing reviews and reports, the Subcommittee members
decided whether these sources of evidence could be used to answer the SR question in full, in part, or

not at all.

e If the existing reviews and reports selected could be used to answer the SR question in full, the
literature review team proceeded to Step 4: Abstract Data and Assess Quality and Risk of Bias.

e If the existing reviews and reports selected could be used to answer the SR question in part (i.e.,
in combination with a de novo SR), the literature review team proceeded to Step 4 for the
selected existing reviews and reports. Concurrently, the Subcommittee members discussed
which components of the SR question were not addressed by the selected existing reviews
and/or reports. SR liaisons developed and implemented a search strategy to answer the

remaining components of the question, as described in the Search for Original Research Articles

section. The revised search strategy was shared with the Subcommittee members for feedback
and approval before implementation.

e If none of the existing reviews and reports could be used to answer the SR question (or if no
existing reviews and/or reports were identified by the search strategy), the SR liaison

implemented a search strategy to search for original research articles.
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Step 4: Abstract Data and Assess Quality and Risk of Bias

An objective data abstraction approach was used to present and summarize the characteristics of
studies that addressed a SR question. The goals of data abstraction were to accurately identify and
concisely describe the key elements of each study, while capturing consistent information from each
article across the whole body of evidence. Abstractors were hired, trained, and certified to perform all

abstracting duties, and strict quality control procedures were used throughout the abstraction process.

Conduct Abstraction Training and Quality Control

Abstractor candidates participated in a three-phase, five-week virtual training that culminated in a
certification process. All abstractors were certified before abstracting articles for the Committee. The
training was supported by an abstractor training manual that contained detailed instructions,
definitions, reporting instructions, response options, and examples (including screen shots of the online
database), as well as annotated versions of the articles used in the training. In addition to initial training
sessions, the training and quality control team provided group retraining and recalibration and one-on-
one consultation and training to abstractors. On an ongoing basis, the training and quality control team
provided feedback and developed guidance documents (e.g., FAQs) based on frequently asked questions

and common errors.

Two abstractors (referred to as a “pair”) independently conducted all data abstraction tasks. Abstractors
were assigned batches of articles to review in the online database. After both abstractors completed the

batch, the pair reviewed their entries, discussed discrepancies, and reached agreement:

e When abstractors were able to settle discrepancies, the online database was updated to reflect
the decision.

e When needed, the abstractors contacted a training and quality control team member to discuss
their disagreements or gain clarification. A training and quality control team member conducted
an independent review of the specific data elements where discrepancies existed and provided
guidance. After a decision was reached by abstractors, the online database was updated to

reflect the decision.

Concurrent with abstraction, the training and quality control team independently abstracted data for
12.5 percent (at a minimum) of existing reviews, reports, and original research and then compared their
entries with those of the abstractor pair to identify discrepancies. A higher percentage of articles were

reviewed by the training and quality control team when abstractors moved from abstracting SRs, MAs,
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pooled analyses, or reports to abstracting original articles and when new research questions required

changes in the abstraction form.

Abstract Data

Data were entered into an online database using standard abstraction items, one for existing reviews

and reports and another for original research (Standard Abstraction Items — SR, MA, Pooled Analyses,

and Reports and Standard Abstraction ltems—OQriginal Research). The forms were modeled after similar

forms used for the 2008 Advisory Committee and the Guide to Community Preventive Services SRs, and
were tailored for each SR based on input from Subcommittee members. The pair of abstractors
independently read and reviewed each article, abstracted key information, and entered it into the
online database, which was prepopulated with basic information about the article (e.g., citation,
abstract). After all quality control processes were conducted, complete abstraction data were used to

populate individual article evidence summary tables.

Assess Quality for Existing SRs, MAs, and Pooled Analyses™

In addition to abstracting key information from SRs, MAs, and pooled analyses, the pair of abstractors
independently assessed each existing review’s quality. Quality for each SR, MA, or pooled analysis was
assessed using AMSTARegp.28 AMSTAREep, @ modified version of “A Measurement Tool to Assess
Systematic Reviews” (AMSTAR),2 was used to assess the methodological quality of SRs and MAs.
AMSTARGgp is an adaptation of AMISTAR that focuses on MAs that examine the effects of exercise
training on blood pressure. The training and quality control team made additional revisions to adapt

AMSTARgep for the Committee (SR, MA, and Pooled Analysis Quality Assessment Using Tailored

AMSTAREXBP Instrument). The adaptation made by the training and quality control team for the

Committee was based on a methodology improvement publication for AMSTAR.22 The main revisions
clarified reporting instructions for scoring quality items in different types of reviews and were not
intended to modify the tool itself. The results of the SR, MA, and pooled analysis quality assessment
were used to develop quality assessment charts and were shared with Subcommittee members for

review.

v If authors of a publication conducted an SR followed by an MA, the study was classified as an MA. If authors referred to a
study as a pooled analysis, the publication was classified as pooled analysis, independently of being accompanied by a SR or
not. Publications that consisted only of SRs, for which the authors did not also conduct a meta-analysis, were classified as an SR.
Subcommittee members classified existing reviews as SRs, MAs, or pooled analyses consistent with abstractions and the
evidence portfolio.
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Assess Quality for Existing Reports

In addition to abstracting key information from existing reports, pairs of abstractors also independently
assessed each report’s quality. The literature review team developed, with feedback from the USDA
NEL, a set of questions that assessed the integrity and appropriateness of the methodology,

recommendations, and references in existing reports (Existing Reports Quality Assessment Instrument).

The results of each reports’ quality assessment were used to develop quality assessment charts and

were shared with Subcommittee members for review.

Assess the Risk of Bias for Original Research

In addition to abstracting key information from each original research article, pairs of abstractors
assessed each study’s risk of bias. Risk of bias, or internal validity, was assessed for each original study
using an adapted version of the USDA NEL Bias Assessment Tool (BAT).L The NEL BAT uses a domain-
based evaluation to help determine whether any systematic error exists that could either over- or
underestimate the study results. Selection, performance, detection, and attrition bias are addressed in

the NEL BAT.

The NEL BAT is tailored by study design, with different sets of questions applying to randomized
controlled trials (RCTs) (14 questions), non-randomized controlled trials (14 questions), and
observational studies (12 questions). To adapt the NEL BAT for the Committee, the training and quality
control team made minor revisions to expand the reporting instructions to facilitate decision making
and provide examples relevant to the Committee’s topics, questions, and study designs (Original

Research Bias Assessment using Adapted Nutrition Evidence Library Bias Assessment Tool Instrument).

The results of studies’ risk of bias assessments were used to develop the risk of bias summary charts and

were shared with Subcommittee members for review.

Step 5: Describe the Evidence

To facilitate the Committee’s review and analysis of the evidence, the literature review team prepared
evidence portfolios for each SR question. For transparency, the evidence portfolios documented the full
process followed for each of the SRs, including the sources of evidence, conclusions, evidence grades,
description of evidence, populations analyzed, individual evidence summary tables, risk of bias and
quality assessment charts, search strategy, literature tree, references, and rationale for exclusion of

articles excluded at abstract or full-text triage. After the SR liaison compiled the evidence portfolios, all
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evidence portfolios and reference lists were edited and reviewed for consistency. SR liaisons submitted

evidence portfolios to the corresponding Subcommittee for review, feedback, and approval.

This step was often done concurrently with Step 6: Complete Evidence Portfolio and Draft Advisory

Committee Scientific Report.

The evidence portfolio for each SR question can be accessed at www.health.gov/paguidelines.

Step 6: Complete Evidence Portfolios and Draft Scientific Report

Develop Conclusion Statements

Subcommittee members reviewed and deliberated on the body of evidence (i.e., included existing
reviews, original research articles included in existing reviews, and/or included original research) to
develop conclusion statements that answered each of their SR questions and any subquestions.
Conclusion statements were tightly associated with the evidence, focused on general agreement among
the studies around the independent variable(s) and outcome(s), and acknowledged areas of
disagreement or limitations, where they existed. The conclusion statement(s) reflected only the
evidence reviewed and not information Subcommittee members might have known from another

source.

Grade the Evidence
Along with the SR evidence portfolios, the Committee members were given a rubric, the 2018 Physical

Activity Guidelines Advisory Committee Grading Criteria (Table E-1), to guide their assessment and

grading of the strength of the evidence supporting each conclusion statement. The rubric was adapted
from the USDA NEL Conclusion Statement Evaluation Criteria rubricl? and revised slightly by Committee
members to reflect the specific characteristics of physical activity literature. Grading the strength of the
evidence was based on applicability of the populations, exposures, and outcomes studied;
generalizability to the population of interest; risk of bias and study limitations; quantity and consistency

of findings across studies; and magnitude and precision of effect.

Subcommittees presented their conclusion statements and strength of evidence grades to the full
Committee during public meetings for deliberation and approval. When necessary, Subcommittee
members revised the conclusion statements and grades. Any changes to conclusion statements and

strength of evidence grades had to be re-presented to the full Committee during public meetings.
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Develop Narrative Summary and Research Recommendations

After the Subcommittee members developed a conclusion statement and grade for a SR question and
any SR subquestions, they developed a narrative summary of their analysis and research
recommendations related to the question. The summary included a review and synthesis of the
evidence, rationale for evidence grades, and limitations. The research recommendations listed key areas
where additional research could enhance the evidence base by addressing gaps identified in the existing
research, advancing the field of physical activity research, and informing future editions of the Physical

Activity Guidelines.

Draft the PAGAC Scientific Report
Subcommittee members drafted a summary for each SR question using the body of evidence. The SR

guestion summaries were compiled into the Committee’s Scientific Report.

PAGAC EVIDENCE ASSESSMENT TOOLS
Standard Abstraction Items — SR/MA/Pooled Analyses/Reports"

Summary of Individual SR/MA/Pooled Analysis/Report

e Type of Review/Source
o Systematic Review/Meta-Analysis/Pooled-Analysis
= Total Number of Studies
o Report
= Report Organization/Sponsor
= Report Type
e Purpose of the Review/Report
e Author Stated Funding Source
e Exposure Definition
o Measures Steps?
o Measures Bouts?
o High Intensity Interval Training (HIIT)?
e Timeframe"

v All items ending with a question mark have yes/no responses.
Vi Records the years covered in the search of the SR, MA, or report. If authors searched from the earliest date
available in a database (e.g., from the database’s inception) it was abstracted as “inception to end date of search.”
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Description of Outcomes
o Measures Change in Fitness?

Report’s Conclusions

Study Population"

Standard Abstraction Items—Original Research"'

Sex

Race/Ethnicity
Age
Socioeconomic Status
Population Density
Weight Status
Disability Status
Pregnancy Status
Cancer

Chronic Condition
Other

Study Overview

Purpose
Study Design

Do the authors refer to supplementary material or previous publications for detailed methods?

Country

Author Stated Funding Source
Author Stated Sample Power

Sample Size - Initial
Final Sample Size
Attrition (%)

Was the study an intervention?

Type of Intervention

Behavioral
Environmental

Technology
Other

O O O O O O O

Provision of Information/Education

Policy/Legislation/Regulation
Laboratory-based

Vil All populations analyzed and presented in the data related to the outcome of interest are recorded.
viit All items ending with a question mark have yes/no responses.

2018 Physical Activity Guidelines Advisory Committee Scientific Report

E-17



Part E. Systematic Review Literature Search Methodology

e  Physical Activity Exposure Assessment
o Self-reported

Device-measured

Direct Observation

Other

Measures Steps?

Measures Bouts?

O O O O O

e Qutcomes and Measurement
o Measures Change in Fitness?
o Addresses Adverse Events?

Study Population™
e Sex
e Race/Ethnicity
o Age

e Socioeconomic Status

e Population Density/Urbanicity
e Weight Status

e Disability Status

e Pregnancy Status

e (Cancer
e Chronic Condition
e Other

Intervention Components

e Length of Overall Physical Activity Intervention
e Frequency of Physical Activity
e Intensity of Physical Activity
e Duration of Physical Activity
e  Physical Activity Type
o Cardiorespiratory
Strength
Balance
Flexibility
Active Play, Free Play, or Outdoor Play
Other

O O O O O

e High Intensity Interval Training (HIT)?
e Was Intention to Treat Analysis Conducted?

x All populations analyzed/presented in the data related to the outcome of interest are recorded.
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SR, MA, and Pooled Analyses Quality Assessment Using Tailored AMSTARExsp
Instrument

e Were the review questions and inclusion and exclusion criteria clearly delineated prior to
executing the search strategy?

e  Were the population variables defined and considered in the methods?

e Was a comprehensive literature search performed?

e Was there duplicate study selection and data extraction?

e Was the search strategy clearly described?

e Was relevant grey literature included in the review?

e Was a list of studies (included and excluded) provided?

e Were the characteristics of the included studies provided?

e Was Frequency, Intensity, Time, and Type (FITT) defined for each study and examined in relation
to the outcome effect sizes?

e Was the scientific quality (risk of bias) of the included studies assessed and documented?

e Did results depend on study quality, either overall, or in interaction with moderators?

e Was the scientific quality of the included studies used appropriately in formulating conclusions?

e Were the data appropriately synthesized in a qualitative manner and if applicable, was
heterogeneity assessed?

e Was the effect size index chosen justified, statistically?

e Was individual-level meta-analysis used?

e Were practical recommendations clearly addressed?

e Was the likelihood of publication bias assessed?

e Was the conflict of interest disclosed?

Existing Reports Quality Assessment Instrument

o  Were the review questions and inclusion and exclusion criteria clearly delineated prior to
executing the search strategy?

e Did the inclusion criteria permit grey literature?

e Was a comprehensive literature search performed?

e Was the scientific quality of the included source assessed and documented?

e Are limitations reported and discussed?

e Are the conclusions substantiated by and logically connected to the evidence and findings
presented?

e Was there a clear list of practical recommendations provided for future research or work on the
topic?

o Are the recommendations relevant to the purpose of the report and supported by the evidence,
findings, and conclusions?

e Were the potential conflicts of interest among report funders, authors, expert, or stakeholders
assessed and explained?

e Was areference list or a bibliography for the cited literature provided?
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Original Research Bias Assessment using Adapted Nutrition Evidence Library
Bias Assessment Tool Instrument*

e Were the inclusion and exclusion criteria similar across study groups?

e Was the strategy for recruiting or allocating participants similar across study groups?

e Was the allocation sequence randomly generated?

e Was the group allocation concealed (so that assignments could not be predicted)?

e Was distribution of health status, demographics, and other critical confounding factors similar
across study groups at baseline? If not, does the analysis control for baseline differences
between groups?

e Did the investigators account for important variations in the execution of the study from the
proposed protocol or research plan?

e Was adherence to the study protocols similar across study groups?

e Did the investigators account for the impact of unintended or unplanned concurrent
interventions or exposures that were differentially experienced by study groups and might bias
results?

e Were participants blinded to their intervention or exposure status?

e Were investigators blinded to the intervention or exposure status of participants?

e Were outcome assessors blinded to the intervention or exposure status of participants?

e Were valid and reliable measures used consistently across all study groups to assess inclusion
and exclusion criteria, interventions and exposures, outcomes, participant health benefits and
harms, and confounding?

e Was the length of follow-up similar across study groups?

e In cases of high or differential loss to follow-up, was the impact assessed (e.g., through
sensitivity analysis or other adjustment method)?

e Were other sources of bias taken into account in the design and/or analysis of the study (e.g.,
through matching, stratification, interaction terms, multivariate analysis, or other statistical
adjustment such as instrumental variables)?

e Were the statistical methods used to assess the primary outcomes adequate?

X |tem relevance depended on the study design reported.
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Table E-1. 2018 Physical Activity Guidelines Advisory Committee Grading Criteria

Criteria

Strong

Moderate

Limited

Not Assignable

Applicability

Study
populations,
exposures, and
outcomes are
directly related to

Some of the study
populations,
exposures, or
outcomes, are
directly related to

Most of study
populations,
exposures, and
outcomes relate
to the question

All of the study
populations,
exposures, and
outcomes relate
to the question

from serious
doubts about
generalizability

the question the question indirectly indirectly
Generalizability Studied Minor doubts Serious doubts Highly unlikely
(to the U.S. population, about about that the studied
population of exposure, and generalizability generalizability population,
interest) outcomes are free due to narrow or | exposure, and/or

different study
population,
exposure, or
outcomes studied

outcomes are
generalizable to
the U.S.
population

Risk of bias or

Studies are of

Studies are of

Studies of weak

Serious design

the available
studies)

results are highly
consistent in
direction and
approximate size
of effect

published with
some
inconsistency in
direction or size
of effect

study limitations strong design; strong design with | design OR flaws, bias, or
(as determined by | free from minor inconclusive execution
NEL BAT and/or methodological methodological findings due to problems across
AMSTAREzp) concerns, bias, concerns OR design flaws, bias, | the body of
and execution studies of weaker | or execution evidence
problems study design problems
Quantity and Many studies A moderate Few studies have | Findings are too
Consistency (of have been number of studies | been published disparate to
the results across | published and the | have been with some synthesize OR

inconsistency in
direction or size
of effect

single small study
unconfirmed by
other studies

Magnitude and
precision of effect

The magnitude
and precision of
the estimated
effect provide
considerable
confidence in the
accuracy of the
findings

The magnitude
and precision of
the estimated
effect provide
confidence in the
accuracy of the
findings

The magnitude
and precision of
the estimated
effect provide
some but not a lot
of confidence in
the accuracy of
the findings

Magnitude and
precision of effect
cannot be
determined
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PART F. CHAPTER 1. PHYSICAL ACTIVITY BEHAVIORS:
STEPS, BOUTS, AND HIGH INTENSITY TRAINING
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Question 1. What is the relationship between step count per day and all-cause and cardiovascular

disease mortality and (2) incidence for cardiovascular disease events and risk of type 2 diabetes?.F1-4

Question 2. What is the relationship between bout duration of physical activity and health outcomes?

Question 3. What is the relationship between high intensity interval training (HIIT) and reduction in
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INTRODUCTION

The Physical Activity Guidelines Advisory Committee Report, 2008 demonstrated that moderate-to-
vigorous physical activity is associated with a wide range of health benefits. Most of the literature on
which the conclusions were based used survey and questionnaire data, where physical activity
exposures were assessed using self-reported estimates of time spent in aerobic continuous moderate-
to-vigorous physical activity accumulated in bouts of at least 10 minutes. In the 2008 Scientific Report,
all other physical activity—sedentary behavior, light-intensity physical activity, and bouts of moderate-
to-vigorous intensity physical activity of less than 10 minutes duration—was considered “baseline”
physical activity. The physical activity that counted toward health benefits—moderate-to-vigorous

physical activity in bouts of 10 minutes or more—was on top of baseline physical activity.
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The conclusions of the 2008 Scientific Report! were solidly based on the existing scientific information,
and the findings and conclusions of the 2018 Physical Activity Guidelines Advisory Committee Report
mostly extend the range of beneficial outcomes described in the 2008 Scientific Report. However, 10
additional years of scientific inquiry, aided by substantial advances in measuring physical activity, have
improved and refined the understanding of the types of physical activity that influence health outcomes.

These include topics such as:

e Are there simpler metrics—such as step counts—for estimating the volume of health-promoting
behavior?

e Do short episodes of activity—bouts less than 10 minutes in duration—contribute to
accumulated beneficial physical activity, such as parking distant from the entrance to a place of
work (as suggested in most public health statements about physical activity); walking into the
coffee shop instead of using the drive-through; getting up from chairs at work to walk around
the office; getting up from the couch during the breaks in a TV program to do a chore; climbing a
flight of stairs?

e How does the newly popularized high intensity interval training (HIIT) mode of exercise fit into
health recommendations?

e What, if any, is the value of light-intensity physical activity?

e At any given volume of moderate-to-vigorous physical activity, does the composition of baseline

physical activity influence health outcomes?

The Committee considered it important to address these questions and anticipate the ones that might
arise following the publication of the 2018 Scientific Report by investigating the current data and further
research needs of three particularly relevant issues: the role of daily step counts in the assessment of
daily accumulated physical activity across all intensity levels, including light-intensity activity; the impact
on health benefits of moderate-to-vigorous physical activity in bouts lasting less than 10 minutes; and
the effect of and contribution of HIIT to the prescribed amount of weekly moderate-to-vigorous physical

activity, and whether HIIT is associated with cardiometabolic health benefits.

All the dose-response data used to develop the physical activity targets for the 2008 Guidelines? were
developed using epidemiologic data from longitudinal cohort studies with the condition as the outcome
and moderate-to-vigorous physical activity as the exposure. One well-accepted limitation of reported

data is the inability to incorporate light-intensity physical activity. With the advent of devices to
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objectively measure physical activity of community-dwelling individuals during daily life activities in
addition to exercise, it is becoming increasing clear that light-intensity physical activity contributes to

favorable health benefits, independent of those provided by moderate-to-vigorous physical activity.2

Since the 2008 Scientific Report,! several developments have occurred in the means by which physical
activity and exercise are measured, quantified, and prescribed to individuals seeking exercise-associated
health benefits. The proliferation and popularity of smart phones and other wearable devices containing
accelerometers have facilitated the measurement of daily steps counts (see Part F. Chapter 11.
Promoting Regular Physical Activity for additional details). Current consumer devices have three-
dimensional accelerometers, which permit assessments of step cadence; this permits the assessment of
physical activity as light intensity or as moderate-to-vigorous physical activity. It is now possible to
assess the contribution of light-intensity physical activity to total step counts and, therefore, to better
estimate total energy expenditure (see Part C. Background and Key Concepts for additional details).
Because step counts incorporate both light-intensity and moderate-to-vigorous physical activity, the
Subcommittee considered it important to better understand how the measurement of steps might fit
into the assessment of daily or weekly physical activity exposures and its relationship to health

outcomes.

The persistence of the seeming need to accumulate moderate-to-vigorous physical activity in episodes
(bouts) of at least 10 minutes, which dates to the physical activity recommendations from the Centers
for Disease Control and Prevention and the American College of Sports Medicine,? has provided a barrier
to research investigating how episodes of less than 10 minutes might contribute to the accumulation of
the recommended moderate-to-vigorous physical activity. In addition, it creates dissonance with

n u

recommendations such as “take the stairs,” “move more, sit less,” and “park your car in the parking lot
further from your place of work,” which can incorporate more physical activity into an individual’s
lifestyle but typically take less than 10 minutes to execute. Therefore, the Subcommittee considered it
important to examine data regarding whether accumulated episodes of less than 10 minutes have
health benefits and whether those benefits are similar to those of accumulated episodes of greater than

10 minutes.

Since the 2008 Scientific Report, high intensity interval training (HIIT) has become a popular research
topic. The media also presents HIIT as an alternative means by which individuals can achieve health

benefits similar to those of classical continuous moderate-to-vigorous physical activity. Some have
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suggested that HIIT may be a better alternative than traditional amounts of exercise because it
consumes less overall time per week and might be more attractive as a long-term strategy by which to
achieve the health benefits of regular physical activity. The Subcommittee considered it important to
examine scientific evidence regarding the use of HIIT for health benefits, the sustainability of HIIT

programs, and the rate of adverse events relative to classical continuous aerobic training.

REVIEW OF THE SCIENCE
Overview of Questions Addressed
This chapter addresses three major questions and related subquestions.

1. What is the relationship between step count per day and (1) all-cause and cardiovascular disease

mortality, and (2) incidence of cardiovascular disease events and type 2 diabetes?

a) Isthere a dose-response relationship? If yes, what is the shape of the relationship?

b) Does the relationship vary by age, sex, race/ethnicity, socioeconomic status, or weight status?
2. What is the relationship between bout duration of physical activity and health outcomes?

a) Does the relationship vary by age, sex, race/ethnicity, socioeconomic status, or weight status?
3. What is the relationship between high intensity interval training and reduction in cardiometabolic

risk?

a) Isthere a dose-response relationship? If yes, what is the shape of the relationship?

b) Does the relationship vary by age, sex, race/ethnicity, socioeconomic status, or weight status?

Data Sources and Process Used to Answer Questions

One search and triage process was conducted for existing reviews (systematic reviews, meta-analyses,
pooled analyses, and reports) for all three questions. The Exposure Subcommittee determined that
systematic reviews, meta-analyses, and pooled analyses provided sufficient literature to answer
Question 3. The existing reviews did not provide sufficient evidence to answer Questions 1 and 2.
Separate de novo searches for original research were conducted for Questions 1 and 2. For complete
details on the systematic literature review process, see Part E. Systematic Review Literature Search

Methodology.

Question 1. What is the relationship between step count per day and all-cause
and cardiovascular disease mortality and (2) incidence for cardiovascular disease
events and risk of type 2 diabetes?

a) Isthere a dose-response relationship? If yes, what is the shape of the relationship?

b) Does the relationship vary by age, sex, race/ethnicity, or socio-economic status, and weight
status?
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Source of evidence: Original research articles

Conclusion Statements

Insufficient evidence is available to determine whether a relationship exists between step counts per

day and all-cause and cardiovascular disease mortality. PAGAC Grade: Not assignable.

Limited evidence suggests that step count per day is associated with reduced incidence of cardiovascular

disease events and risk of type 2 diabetes. PAGAC Grade: Limited.

Limited evidence suggests a dose-response relationship between the measure of steps per day and

cardiovascular disease events and type 2 diabetes risk. PAGAC Grade: Limited.

Insufficient evidence is available to determine whether the relationship between the measure of steps
per day and cardiovascular disease events and type 2 diabetes risk is influenced by age, sex,

race/ethnicity, socioeconomic status, or weight status. PAGAC Grade: Not assignable.

Review of the Evidence

The committee reviewed evidence from nine manuscripts that reported on five original research
studies. Of the nine reports, four used a cross-sectional design,>2 four used a prospective design,>12 and
one used a randomized controlled design where control and intervention groups were compared, as
well as pooled, to examine steps per day in relationship to insulin resistance.2 The Navigator study, a
multicenter trial of 9,306 individuals with impaired glucose recruited from 40 countries, provided four
manuscripts (three longitudinal and one cross-sectional). All four Navigator papers examined health
outcomes after pooling intervention and control groups. Therefore, the Navigator study design was
considered cross-sectional® or longitudinal prospective.? 112 Participants in all nine reviewed studies
were middle-age or older. Males and females, multiple races and ethnicities, a continuum of body sizes,

and diverse geographical areas were represented, supporting the generalizability of conclusions.

Cross-sectional studies cannot control for bi-directional relationships, i.e., the outcome causing the
exposure as well as the exposure causing the outcome. Because it is likely that individuals with
undiagnosed disease may take fewer steps per day than healthy individuals, the reviewed cross-

sectional studies were used only to understand usual step counts per day across sample populations.
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10,12, 13 metabolic

The longitudinal studies reported health outcomes that included blood glucose levels,
syndrome,? and a composite of CVD incidence, which included cardiovascular death, non-fatal

myocardial infarction, or non-fatal stroke.l!

The baseline number of steps per day varied across studies but the median was approximately 5,000
steps per day. One report®2 showed that 80 percent of the steps taken in a day were of light-intensity
physical activity. Samples of older adults accumulated fewer daily steps than did younger middle-aged

)22 accumulated nearly

adults. An Australian sample of Tasmanian adults (mean age at baseline 50 years
twice as many daily steps at baseline as other samples (approximately 10,000, whereas most study

baseline steps per day were approximately 5,000).

Evidence on the Overall Relationship
No study was found that examined the relationship between step counts per day and all-cause or
cardiovascular mortality. Therefore, the Subcommittee was unable to draw a conclusion about this

relationship.

Several longitudinal studies examined the relationship between step counts per day and disease
incidence or risk. One study examined cardiovascular disease events, defined as cardiovascular death,
non-fatal myocardial infarction, or non-fatal stroke.! The other four longitudinal studies addressed type

2 diabetes risk.2 1012 13

|11

Yates et al'* provided evidence of the benefit of increasing steps per day to reduce cardiovascular event

incidence as well as the effect of baseline step count on subsequent cardiovascular disease events. This
study included more than 45,000 person-years of follow-up in which 531 cardiovascular events
occurred. Change in steps per day and baseline steps were positively associated with reduced risk for

cardiovascular disease events.

Herzig et al,*®* Huffman et al,’ Ponsonby et al,’° and Yates et al*? focused on markers of type 2 diabetes

risk. Following a 3-month intervention in which 78 participants who already had an abnormal glucose

profile participated in 3 days a week of supervised walking or usual physical activity, step count per day

for intervention and control groups were pooled.:2 This measure was not associated with improved

glucose profiles. Huffman et al® analyzed Navigator data and showed an incremental reduction in the 6-
|12

year metabolic syndrome score with baseline step count. Also using Navigator data, Yates et a

reported previous steps per day to be weakly and negatively associated with 2-hour glucose levels after
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adjustment for glucose levels in the preceding 3 years. Ponsonby et al*° followed 458 adults with a

normal glucose profile and showed that higher steps per day at baseline were associated with a lower

incidence risk for dysglycemia (impaired fasting glucose or impaired glucose tolerance) after 5 years.

Dose-response: In Yates et al'! a yearly 2,000 steps per day increase resulted in an 8 percent yearly
reduction in cardiovascular event rate in individuals with impaired glucose tolerance. In addition,
baseline level of steps per day was inversely associated with cardiovascular event incidence. Specifically,
at baseline each 2,000 steps per day increment was associated with a 10 percent lower cardiovascular

event rate (Figure F1-1).

Figure F1-1. Association Between Change in Daily Step Count and Cardiovascular Events in Individuals
with Impaired Glucose Tolerance

0-08 94 [1 95% confidence bound

0-06

0-04

Estimated 5-year event rate

0-02
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Source: Reprinted with permission from Elsevier (The Lancet, Yates et al., 2014,1% 383, 1059-1066).
Huffman et al® also analyzed Navigator data and showed for every incremental 2,000 step increase in

baseline steps per day a 0.29 percent reduction in the 6-year metabolic syndrome score was expected.

Ponsonby et al*® estimated that for any average daily step count, an additional 2,000 steps would be

associated with a 25 percent reduction in developing incident dysglycemia over the succeeding 5 years.
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911

Similar to the Navigator studies,>+* the relationship between step count per day and health outcome

appeared linear in Ponsonby et al.°

Evidence on Specific Factors

Demographic factors and weight status: The difference in risk reduction reported in Yates et al** was
not affected by weight status, sex, age, geographical region, or level of baseline steps per day. Despite
these findings, the evidence on these factors was not sufficient enough for the Subcommittee to draw a
conclusion about any relationship. Negative associations between steps and metabolic syndrome score

reported in Huffman et al® were independent of weight status. Ponsonby et al*° reported associations

that were also independent of weight status when examining steps per day and dysglycemia.

For additional details on this body of evidence, visit: https://health.gov/paguidelines/second-
edition/report/supplementary-material.aspx for the Evidence Portfolio.

Public Health Impact

Steps are a basic unit of locomotion and as such, provide an easy-to-understand metric of ambulation—
an important component of physical activity. Measuring step counts has been shown to motivate
diverse samples of individuals to increase physical activity levels (see Part F. Chapter 11. Promoting
Regular Physical Activity for more details). Increasingly, the self-assessment of steps can be
accomplished through device-based, readily obtainable technology such as pedometers, smartphones,
and physical activity trackers. Unlike the measure of moderate-to-vigorous physical activity minutes per
week, the metric of step counts per day provides a comparable measure to how caloric intake in most
dietary guidance is standardized, i.e., per day. As a result, steps per day would provide a useful tool for
researchers and the public to address a variety of health and physical activity issues. In addition, steps
can be at light-, moderate-, and vigorous-intensity levels, providing a range of exertion choice to
promote walking at all ages and for all levels of fitness. For these reasons, the measure of steps per day
has the potential to significantly improve the translation of research findings into public health

recommendations, policies, and programs.

Question 2. What is the relationship between bout duration of physical activity
and health outcomes?

a) Does the relationship vary by age, sex, race/ethnicity, socioeconomic status, or weight status?

Source of evidence: Original research articles
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Conclusion Statements
Moderate evidence indicates that bouts of any length of moderate-to-vigorous physical activity
contribute to the health benefits associated with accumulated volume of physical activity. PAGAC

Grade: Moderate.

Insufficient evidence is available to determine whether the relationship between physical activity
accumulated in bouts with a duration of less than 10 minutes and health outcomes varies by age, sex,

race/ethnicity, or socioeconomic status. PAGAC Grade: Not assignable.

Historical Context

Physical activity recommendations have traditionally focused on moderate-to-vigorous physical activity
performed in a continuous manner. The historical perspective of these recommendations was
summarized in the U.S. Surgeon General’s Report on Physical Activity and Health.** In 1995, the Centers
for Disease Control and Prevention and the American College of Sports Medicine provided the first
contemporary recognition of the recommendation for moderate-to-vigorous physical activity to be
“accumulated” in order to achieve a specific threshold of daily physical activity that, in turn, could result
in health and fitness benefits.? This recommendation stated that “intermittent bouts of physical activity,
as short as 8 to 10 minutes, totaling 30 minutes or more on most days provided beneficial health and
fitness effects.” This resulted in a new paradigm, and the 2008 Guidelines continued to support this
recommendation for adults, stating that “aerobic activity should be performed in episodes of at least 10
minutes”.2 However, free-living physical activity is also performed in episodes typically less than 10
minutes in duration; these shorter episodes of physical activity also may have health-related benefits.
Thus, the Subcommittee was interested in examining the available scientific literature to determine
whether physical activity episodes of less than 10 minutes in duration have health-related benefits; or,
alternatively, if the benefits are only realized when the duration of physical activity episodes is at least

10 minutes.

Review of the Evidence
To answer this question, the Subcommittee reviewed evidence from 25 manuscripts that reported on 23

original research studies.t>32 Two pairs of these studies reported on different outcomes from the same

18-21, 25-27, 30, 31, 35, 36,

studies.’*22 Of the 23 studies, 11 used a cross-sectional design, 35,3638 7 ysed a prospective

design,?3’ 9 used a randomized design,1>-17,23 24, 28 29,32, 33,38 g 1 ysed a hon-randomized design.2*
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These studies reported on either one or numerous outcomes. A variety of health outcomes were

16, 23, 26, 30, 38

3 blood lipids,t& 12 22,23, 27,3133, 38 39 g cose or insulin, & 22 263038 metabolic syndrome, 2l %

inflammatory

31,38

biomarkers, or a composite of CVD risk.2®

|18-21, 25-27, 30, 31, 35,36, 3

The duration of intermittent bouts also varied across studies. Cross-sectiona £2:£,30,34,32,3638 g

prospective studies?? 3’ reported on bouts of physical activity that were less than 10 minutes, whereas
randomized studies!>17 23 24,28 29,3234, 39 rangrted only on intermittent bouts that were at least 10

minutes.

Evidence on the Overall Relationship

As reported in 11 manuscripts, 10 of the 23 unique studies examined used randomized designs that only

included bouts of physical activity that were at least 10 minutes in duration.2>-12 23 24,28, 29,32:34,39 Thege

studies demonstrated that intermittent bouts resulted in similar or enhanced effects when compared to
continuous bouts of physical activity of longer duration for outcomes of weight and body composition,>
17,23,24,28, 29,3234, 39 h|god pressure,i® 2324 23,32 h|god lipids,t& 22323339 or glucose or insulin.l® 22 However,

these studies do not provide information to evaluate bouts of physical activity of less than 10 minutes in

duration.

Evidence of overall health benefits resulting from bouts of physical activity less than 10 minutes in

duration is provided primarily by studies that used a cross-sectional design,8-21, 25-27,30,31, 35 36, 38 \yjth 3

few studies using a prospective design?% 3 (Table F1-1). This evidence supports that physical activity

accumulated in bouts less than 10 minutes in duration is associated with body mass index (BMI) or body

fatness,1® 2925 27,30, 31, 35,37, 38 blood pressure, 23238 plood lipids,t> 22 223138 glycemic control, 12 263031, 38

21,30 31,38

metabolic syndrome,? 22 inflammatory markers,2 28 or Framingham Cardiovascular Disease Risk Score.2®
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Table F1-1. Summary of the Association Between Physical Activity Bout Duration and Health Outcomes from Prospective and Cross-Sectional Studies
that Included Bouts of Less than 10-minute Duration
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| 2 |l 2| 2 | 5|2 |la|<| 8|8 |€3 =2 |2 || &
= ) a O > o - T = = w w N ™ I = o gy
White et al., Prospective 2076 >10 Both
2015
Di Blasio et al., Prospective 67 >10
2014%
Loprinzi and Cross-Sectional | 6321 Both | Both Both | Both | Both | Both | Both | Both Both
Cardinal, 20133
Wolff-Hughes et | Cross-Sectional | 5668 >10 | <10 <10 <10 <10 | <10 | <10 <10
al., 20153
Gay et al.,, Cross-Sectional | 5302 <10
2016%
Fan et al.,, Cross-Sectional | 4511 Both
20132
Strath et al., Cross-Sectional | 3250 >10 >10
2008*
Glazer et al., Cross-Sectional | 2109 Both | Both Both Both
2013%
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Citation Study Type S'ample e o o
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Vasankari et al., | Cross-Sectional | 1398 1-5,
20173 6-10,
11-
15,
20-
120
min
Clarke and Cross-Sectional | 1119 1-9,
Janssen, 2014% 4-9,
7-9
min
Jefferis et al., Cross-Sectional | 1009 Both | Both Both Both
20162
Cameron et al., Cross-Sectional | 298 <10 Both | Both
2017%
Ayabe et al., Cross-Sectional | 42 >3
20138 min
Ayabe et al,, Cross-Sectional | 42 >32 >3
2012% sec min

Legend: BMI=body mass index, HDL=high-density lipoprotein, LDL=low-density lipoprotein, CRP=C-reactive protein, and Both=both bouts of greater than or equal to 10
minutes versus less than 10 minutes in duration showed an association.

Note: Values shown indicate the duration of physical activity bouts at which a significant association was shown with selected health outcomes. Empty cells indicate the
outcome was not reported.
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Obesity. One cohort study examined incidence of obesity.2’ This study reported that physical activity
accumulated in bouts of at least 10 minutes in duration was associated with lower incidence of obesity,
whereas physical activity accumulated in less than 10 minutes was not associated with lower incidence
of obesity. For cross-sectional studies that examined BMI, two favored physical activity accumulated in
bouts of at least 10 minutes compared to physical activity accumulated in bouts less than 10 minutes,2
38 one favored physical activity accumulated in less than 10 minute bouts,? and three did not report a
difference between physical activity accumulated in bouts less than 10 minutes versus bouts of at least
10 minutes.?> 2239 Of the seven cross-sectional studies that examined measures of body fatness, one
favored physical activity accumulated in bouts of at least 10 minutes,2 one reported that the association
between total volume of physical activity was more strongly associated with cardiometabolic health
than physical activity accumulated in bouts of at least 10 minutes,® and five studies showed no
difference between physical activity accumulated in bouts of at least 10 minutes versus physical activity

not accumulated in bouts of at least 10 minutes.® 2> 243031

Resting Blood Pressure. For resting blood pressure, the Subcommittee reviewed one cohort study and
two cross-sectional studies. The cohort study?’ demonstrated that physical activity in bouts of either at
least 10 minutes or less than 10 minutes in duration was associated with lower incidence of

hypertension. Both cross-sectional studies showed that physical activity accumulated in bouts less than

10 minutes was associated with lower resting blood pressure.2 3

Total Cholesterol. One cross-sectional study showed that physical activity accumulated in bouts of at
least 10 minutes or less than 10 minutes in duration was associated with lower total cholesterol.2: The
one cross-sectional study that examined low-density lipoprotein (LDL) cholesterol showed that both
physical activity accumulated in bouts of at least 10 minutes in duration and in less than 10 minutes in

duration were inversely associated with LDL cholesterol .2t

HDL-cholesterol. For high-density lipoprotein (HDL) cholesterol, the one prospective study, which was
only 14 weeks in duration, reported that physical activity accumulated in bouts of at least 10 minutes in
duration predicted increase in HDL, whereas when the threshold was reduced to include bouts of at
least 5 minutes this pattern of physical activity was not predictive of increase in HDL.22 Of the four cross-
sectional studies reviewed, two showed similar associations between HDL and physical activity

27,31

accumulated in bouts of at least 10 minutes and less than 10 minutes, one showed that physical

activity accumulated in bouts as short as 32 seconds was associated with higher HDL,22 and one showed
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physical activity accumulated in bouts less than 10 minutes was more strongly associated with HDL than

physical activity accumulated in at least 10 minutes.38

Triglycerides. Three cross-sectional studies examined the association between physical activity and
triglycerides. Two of these studies showed similar associations between triglycerides and physical
activity accumulated in bouts of at least 10 minutes in duration or in bouts less than 10 minutes.2Z 3!
One of these studies showed physical activity accumulated in bouts of less than 10 minutes was more
strongly associated with lower triglycerides than physical activity accumulated in bouts of at least 10

minutes.®

Glucose Control Measures. Three cross-sectional studies examined the association between physical
activity and fasting glucose,> 3 28 two with fasting insulin,2% 3¢ and one with Hemoglobin Alc (HbA1lc).%
For fasting glucose, one study showed that bouts of physical activity that were at least 3 minutes in
duration were associated with lower fasting glucose,’® one study showed no difference in the
association between fasting glucose and moderate-to-vigorous physical activity accumulated in bouts of
less than 10 minute versus bouts of at least 10 minutes,?! and one study showed that physical activity
accumulated in bouts of less than 10 minutes was more strongly associated with lower fasting glucose
when compared to physical activity accumulated in bouts of at least 10 minutes.2® For fasting insulin,
one study showed no difference in the association when comparing moderate-to-vigorous physical
activity accumulated in less than 10 minutes and at least 10 minutes,2 and one study showed physical
activity accumulated in bouts of less than 10 minutes was more strongly associated when compared to
physical activity accumulated in bouts of at least 10 minutes in duration.2® The one study that examined
HbA1lc showed that physical activity accumulated in bouts less than 10 minutes predicted lower HbAlc,
whereas physical activity accumulated in bouts of at least 10 minutes in duration was not predictive of

lower HbA1c.2

Metabolic Syndrome. Two cross-sectional studies were reviewed that reported on the association
between physical activity and metabolic syndrome.2 3% One study showed that moderate-to-vigorous
physical activity accumulated in bouts of either 1 to 9 minutes, 4 to 9 minutes, or 7 to 9 minutes in
duration predicted lower odds of having metabolic syndrome independent of moderate-to-vigorous
physical activity accumulated in bouts of at least 10 minutes.? An additional study reported that the
odds of having metabolic syndrome did not differ when comparing physical activity accumulated in

bouts of less than 10 minutes versus at least 10 minutes.2®
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C-reactive Protein. Two cross-sectional studies examined the association between physical activity and
c-reactive protein.2r 28 One study showed no difference in the association between c-reactive protein
and physical activity accumulated in bouts of less than 10 minutes in duration and bouts of at least 10
minutes.! One study showed that physical activity accumulated in bouts of less than 10 minutes was
more strongly associated with lower c-reactive protein when compared to physical activity accumulated

in bouts of at least 10 minutes.2®

Framingham Cardiovascular Disease Risk Score. One cross-sectional study examined the association
between physical activity and the Framingham Cardiovascular Disease Risk Score.2® This study showed
that physical activity accumulated in bouts of 1 to 5 minutes, 6 to 10 minutes, 11 to 15 minutes, or 20 to
120 minutes in duration and during total waking time were negatively associated with Framingham

Cardiovascular Disease Risk Score.

Evidence on Specific Factors

Demographic factors and weight status: The literature examined included studies that included
participants representing a range of ages, sex, race/ethnicity, and likely socioeconomic status. This
literature also included participants representing a range of weight status. However, the results
presented in this literature did not specifically present results from analyses to compare whether the
association between physical activity that varied in bout duration varied by these demographic

characteristics.

For additional details on this body of evidence, visit: https://health.gov/paguidelines/second-
edition/report/supplementary-material.aspx for the Evidence Portfolio.

Public Health Impact

The 2008 Physical Activity Guidelines for Americans? recommended that physical activity be
accumulated in bouts of at least 10 minutes in duration to influence a variety of health-related
outcomes. The evidence reviewed continues to support that physical activity accumulated in bouts of at
least 10 minutes in duration can improve a variety of health-related outcomes. However, additional
evidence, mostly from cross-sectional studies, suggests that physical activity accumulated in bouts that
are less than 10 minutes is also associated with favorable health-related outcomes. Although published
too late to include in our literature review, a recent study with device-based measures of physical
activity and mortality as an outcome, demonstrates that bouts of less than even five minutes result in

mortality benefits.?2 These findings are of public health importance because it suggests that engaging in
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physical activity, regardless of length of the bout, may have health-enhancing effects. This is of
particular importance for individuals who are unwilling or unable to engage in physical activity bouts
that are at least 10 minutes in duration. Therefore, public health initiatives to enhance health should

recommend including physical activity as an important lifestyle behavior regardless of the duration.

Question 3. What is the relationship between high intensity interval training (HIIT)
and reduction in cardiometabolic risk?

a) Isthere a dose-response relationship? If yes, what is the shape of the relationship?
b) Does the relationship vary by age, sex, race/ethnicity, socioeconomic status, or weight status?

Sources of evidence: Systematic reviews and/or meta-analyses

Conclusion Statements

Moderate evidence indicates that high intensity interval training can effectively improve insulin
sensitivity, blood pressure, and body composition in adults. These high intensity interval training-
induced improvements in cardiometabolic disease risk factors are comparable to those resulting from
continuous, moderate-intensity aerobic exercise and are more likely to occur in adults at higher risk of

cardiovascular disease and diabetes, compared to healthy adults. PAGAC Grade: Moderate.

Insufficient evidence is available to determine whether a dose-response relationship exists between the
quantity of high intensity interval training and several risk factors for cardiovascular disease and

diabetes. PAGAC Grade: Not assignable.

Insufficient evidence is available to determine whether the effects of high intensity interval training on
cardiometabolic risk factors are influenced by age, sex, race/ethnicity, or socioeconomic status. PAGAC

Grade: Not assignable.

Moderate evidence indicates that weight status influences the effectiveness of high intensity interval
training to reduce cardiometabolic disease risk. Adults with overweight or obesity are more responsive
than adults with normal weight to high intensity interval training’s effects on improving insulin

sensitivity, blood pressure, and body composition. PAGAC Grade: Moderate.

Review of the Evidence
The 2018 Advisory Committee based its conclusions on evidence published before May 2017, specifically

from three existing systematic reviews and/or meta-analyses.*:* Participants were males and females
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predominantly ages 18 years and older. The exposure was physical activity performed as high intensity

interval training (HIIT).

For the purposes of this review, we used the following definition. HIIT is a form of interval training
consisting of alternating short periods of intense anaerobic exercise with less intense aerobic recovery
periods. There are no universally accepted lengths for either the anaerobic period, the recovery period,
nor the ratio of the two; no universally accepted number of cycles for any HIIT session or the entire
duration of the training bout; and no universally accepted relative intensity at which the intense

anaerobic component should be performed.

The outcomes of interest were all-cause and CVD mortality, CVD and type 2 diabetes incidences,
cardiorespiratory fitness, and cardiometabolic disease risk factors. The Subcommittee’s assessment and
evaluation specifically focused on outcomes related to cardiometabolic disease risk factors (e.g., blood
pressure, fasting blood lipids and lipoproteins, fasting blood glucose and insulin, and BMI), due to a lack

of information regarding mortality and cardiometabolic morbidities.

Evidence on the Overall Relationship

Results from these systematic reviews and/or meta-analyses of clinical intervention studies consistently
support that HIIT can effectively improve cardiorespiratory fitness (increase VO,max) in adults with
varied body weight and health status.*>*2 HIIT-induced improvements in insulin sensitivity,*> %3 blood
pressure,*r % and body composition*2 more consistently occur in adults who have overweight or
obesity with or without high risk of CVD and diabetes, especially if these individuals train for 12 or more
weeks. These HIIT-induced improvements in cardiometabolic disease risk are comparable in magnitude
to those achievable with continuous, moderate-intensity aerobic training.?2 Healthy adults who have
normal weight and lower risk of cardiometabolic disease do not typically show improvements in insulin

sensitivity, blood pressure, and body composition with HIIT. Blood lipids and lipoproteins apparently are

not influenced by HIIT .2

Batacan et al*!

reported findings based on 65 individual studies involving 2,164 participants (including
936 individuals who performed HIIT). Participants were predominantly ages 18 years and older. This
meta-analysis included randomized controlled trials (RCTs) and non-randomized controlled trials and
comparative studies in groups of individuals without (46 of 65 studies) or with (19 of 65 studies) a

diagnosed, current medical condition. Batacan et al** defined high-intensity interval training “as
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activities with intermittent bouts of activity that were performed at maximal effort, great than or equal
to 85% VO, max, greater than or equal to 85% heart rate reserve or the relative intensity of at least 90%
heart rate max.” The modes of exercise included treadmill running, cycling, and swimming. The 65
studies were categorized with respect to exercise training intervention duration and participant BMI
classification. Among groups of participants with normal weight (BMI 18.5-24.9 kg/m?), short-term (<12
weeks) and long-term (212 weeks) HIIT interventions increased VO.max, but did not significantly or
consistently influence clinical indexes of cardiometabolic disease risk (systolic and diastolic blood
pressures; total cholesterol, HDL, LDL, and triglycerides; or fasting glucose and insulin). Among groups of
participants classified as having overweight (BMI 25-29.9 kg/m?) or obesity (BMI >30 kg/m?), short-term
and long-term HIIT significantly and consistently increased VO, max and decreased diastolic blood
pressure and waist circumference. Long-term HIIT also decreased resting heart rate, systolic blood

pressure, and body fat percentage among groups with overweight or obesity.

Jelleyman et al*?> conducted a meta-analysis of 50 studies involving 2,033 participants (including 1,383

individuals who performed HIIT) to assess the effect of HIIT interventions on indexes of blood glucose
control and insulin resistance, compared with continuous training or control conditions. Both controlled
(N=36, 72%) and uncontrolled (N=14, 28%) studies were included. HIIT was defined as “at least two
bouts of vigorous or higher intensity exercise interspersed with periods of lower intensity exercise or
complete rest”.%2 Participants were ages 18 years and older and the HIIT intervention was 2 weeks or
longer. Subgroup analyses were performed after stratifying participants based on health characteristics:
healthy (well-trained, recreationally active, or sedentary); weight status (overweight or obese);
metabolic syndrome (metabolic syndrome or type 2 diabetes); or with another chronic disease. VO, max
increased after HIIT by 0.30 liters per minute (95% CI: 0.25-0.35, P<0.001), compared to baseline. The
increase in VO, max was greater for HIT than for non-exercising control conditions (weighted mean
difference (WMD)=0.28 liters per minute, 95% Cl: 0.12-0.44, P=0.001) and attenuated but still significant
compared with continuous training (WMD=0.16 liters per minute (95% Cl: 0.07-0.25, P=0.001). HIIT
reduced body weight, compared to baseline, by 0.7 kg (95% ClI: -1.19 to -0.25, P=0.002). Compared to
non-exercise control, the HIIT-induced weight loss was 1.3 kg (95% Cl: -1.90 to -0.68, P<0.001). HIIT-
induced weight loss was not different than weight loss from continuous training. HIIT decreased fasting
glucose, compared to baseline, by 0.13 mmaol per liter (95% Cl: -0.19 to -0.07, P<0.001). This response
over time was not statistically different compared with non-exercise control and continuous training.

Subgroup analysis showed that for the groups of individuals with metabolic syndrome or type 2
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diabetes, fasting glucose was reduced by HIIT, compared to non-exercise control, by 0.92 mmol per liter
(95% Cl: -1.22 to -0.63, P<0.001). HIIT decreased fasting insulin from baseline by 0.93 uU per liter (95%
Cl: -1.39 to -0.48, P<0.001), but this response was not different than the non-exercise control. HIIT
decreased insulin resistance compared to baseline (change in Homeostasis Model Assessment of Insulin
Resistance score, -0.33; 95% Cl: -0.47 to -0.18, P<0.001). Reduction in insulin resistance (results from
multiple insulin resistance models combined) was greater for HIIT versus non-exercise control (-0.49;
95% Cl: -0.87 to -0.12) and HIIT versus continuous training (-0.35; 95% Cl: -0.68 to -0.02). Within the
metabolic syndrome or type 2 diabetes grouping, HIIT did not change HbA1lc, compared to baseline,
among all 13 studies reporting these data. Subgroup analyses showed that HIIT reduced HbA1c by 0.25%
(95% Cl: -0.27 to -0.23, P<0.001), compared to baseline. Among all studies, the HbAlc response over
time (no change) was not statistically different between HIIT and control and continuous training
groups. Subgroup analyses based on health (physical activity) status or other chronic diseases were

either not significant or inconclusive due, in part, to limited available data.

Kessler et al** conducted a quasi-systematic, qualitative review of 24 RCTs assessing the effects of HIIT
interventions on changes in cardiometabolic disease risk factors. Fourteen of the 24 trials included a
continuous moderate-intensity exercise control group, and the other 14 studies included a non-exercise
control group. Participants had varied weight status (normal weight, overweight or obese) and health
status (healthy (17 studies), CVD (5 studies), metabolic syndrome (1 study), type 2 diabetes (1 study).
Intervention durations ranged from two weeks to six months. HIIT was categorized into two subtypes:
aerobic interval training (19 studies) and sprint interval training (5 studies). For the purpose of the
Subcommittee’s assessment, results only from aerobic interval training studies are described. This was
done because of the low number of sprint interval training studies included in the Kessler et al*® review.
Compared to baseline (i.e., changes over time), aerobic interval training increased VO, max (14 of 14
studies), increased insulin sensitivity (4 of 4 studies), and decreased blood pressure in participants not
ingesting anti-hypertensive medication (5 of 5 studies with intervention periods 212 weeks). Other
indexes of cardiometabolic disease risk were not influenced by aerobic interval training, including fasting
glucose, total cholesterol, HDL, LDL, and triglycerides. Results for body weight, BMI, body fat percent,
and waist circumference were mixed, with improvements observed more consistently for aerobic
interval training interventions of 12 weeks or longer in participants with overweight or obesity.

Collectively, these aerobic interval training responses were comparable with continuous moderate-
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intensity exercise, except VO,max, which was greater for aerobic interval training versus continuous

moderate-intensity exercise.

Dose-Response: Among the three review articles the Committee systematically reviewed,***3 results
were not presented from RCTs designed to assess dose-response relationships between duration of HIIT
and changes in cardiometabolic disease risk factors. Using meta-regression techniques, Batacan et al*
reported that VO.max was predicted by longer HIIT intervention duration (B coefficient 0.77; 95% ClI:
0.35-1.18) and BMI (B coefficient 0.84; 95% Cl: 0.29-1.38), but not by total time performing HIT
(minutes) (B coefficient 0.0002; 95% Cl: -0.0017-0.0021) among groups of participants with overweight
or obesity. Intervention duration, total time performing HIIT, and BMI did not predict the improvements
observed in systolic blood pressure and diastolic blood pressure among groups with overweight or

obesity. Other cardiometabolic risk factors were not assessed due to lack of heterogeneity of responses.

Regarding indexes of glucose control, Jelleyman et al*? (also using meta-regression techniques) reported

that HIIT characteristics, interval intensity, and weekly high-intensity exercise did not predict the

improvements (over time) in insulin resistance, fasting glucose, fasting insulin, or HbA1c.

Evidence on Specific Factors
Age, sex, race/ethnicity, socioeconomic status: Information on the race/ethnicity and socioeconomic
status of participants was limited, inconsistently presented, and not statistically assessed. As a result, no

conclusions about these relationships were possible.

Weight status: Weight status significantly influenced the effect of HIIT on several risk factors of
cardiometabolic disease, with groups of adults classified as having overweight or obesity, but not normal

weight, reducing blood pressure and body fat* and improving insulin sensitivity.22 4

Evidence on Participant Safety

Participant safety is central to using HIIT as a tool to reduce the risk of cardiometabolic disease among
adults, especially those who have overweight or obesity, with cardiometabolic disease risk factors,
diagnosed CVD or type 2 diabetes, or another chronic disease. Although the Subcommittee did not
address participant safety among adults performing HIIT, the issue is highly relevant with respect to

|42

using HIT for health promotion. Jelleyman et al** documented adverse events reported in the 50 studies

included in their meta-analysis. Among the 19 total adverse events reported from the 17 studies (34% of

the total) that included this type of information, 18 adverse events were attributable to musculoskeletal
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injuries incurred with exercise, with 14 of 18 occurring with HIIT. None of the reported injuries was a
serious adverse event or necessitated the participant to discontinue the intervention or drop out of the
study. Perhaps consistent with the very low incidence of adverse events, mean participant dropout rate
was 10 £ 10 percent among the 36 (72%) of studies that documented attrition. The health and disease

characteristics of the participants who experienced an adverse event were not presented or discussed.

For additional details on this body of evidence, visit: https://health.gov/paguidelines/second-
edition/report/supplementary-material.aspx for the Evidence Portfolio.

Public Health Impact

The Subcommittee has identified moderate evidence to indicate that HIIT can effectively improve insulin
sensitivity, blood pressure, and body composition in adults. These HIIT-induced improvements in
cardiometabolic disease risk factors are comparable to those resulting from continuous, moderate-

intensity aerobic exercise and are more likely to occur in adults with overweight and obesity.

NEEDS FOR FUTURE RESEARCH

Question 1. Step Count Per Day and Question 2. Bout Duration

1. Conduct additional longitudinal research, either in the form of prospective studies or randomized

controlled trials, to examine the dose-response relationship between:
a) Steps per day and health outcomes, and

b) Whether physical activity accumulated in bouts of less than 10 minutes in duration enhances

health outcomes.

Rationale: This information is critical for setting target volumes of physical activity using steps per
day as the metric and for firmly establishing that steps per day predicts the incidence of future
disease outcomes. In this review, only one randomized controlled trial was identified and it did not

include multiple arms to examine the effects of various doses of steps per day on outcomes.

The majority of studies reviewed supporting the health benefits of physical activity accumulated in
bouts of less than 10 minutes in duration used a cross-sectional design, with none of the

randomized studies reporting on the effects of physical activity accumulated in bouts of less than 10
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minutes. Having this knowledge will inform potential cause and effect rather than simply

associations.

Include measurement methods in prospective and randomized controlled studies that will examine:

a) Whether the rate of stepping and the length (bouts) of continuous steps influence the

relationship between steps per day and disease outcomes

b) Whether physical activity performed in a variety of bout lengths has differential effects on

health outcomes

Rationale: The studies reviewed used simple pedometers providing accumulated steps and could
neither address patterns nor intensity of steps per day. Additional physical activity assessment
methods collecting these data should provide a better target for recommending physical activity
volume. Based on the studies reviewed, randomized studies did not report on physical activity
accumulated in bouts less than 10 minutes in duration, and only two prospective studies were
identified that reported on physical activity accumulated in bouts less than 10 minutes. This may be
a result of the methods used to assess physical activity in randomized and prospective studies, and
suggests the need to include physical activity assessment methods that allow for these data to be

available for analysis.

Question 3. High Intensity Interval Training

1.

Conduct longer-term randomized controlled trials to assess the adherence to and the effects of high
intensity interval training, compared to other types of physical activity programs, on physiological,
morphological, and cardiometabolic health outcomes. They should address issues of dose-response
and be of at least 6 months in duration. These randomized controlled trials should include diverse
groups of adults who have overweight or obesity and/or who are at high risk of cardiovascular
disease or type 2 diabetes. They should systematically assess adverse events, including
musculoskeletal injuries, attributable to high intensity interval training, compared to other types of

exercise training, among adults with a wide variety of health and disease characteristics.

Rationale: Most high intensity interval training intervention periods are less than 12 weeks, which
may be insufficient time to assess the magnitude and sustainability of clinically-important changes in

some physiological, morphological, and cardiometabolic health outcomes. The willingness and
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ability of individuals to adhere to high intensity interval training programs is currently unknown.
Prescriptively designing these studies to include participants who have overweight or obesity and/or
who are at high risk of cardiovascular disease or type 2 diabetes is important to inform health
promotion practitioners and policy leaders on the utility of recommending high intensity interval
training for health among a large proportion of the U.S. adult population. At present, evaluation of
the safety of high intensity interval training among adults with varied health and disease
characteristics is compromised by the limited data available, in part, due to the low proportion of

studies reporting adverse events.
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INTRODUCTION

In general, sedentary behavior refers to any waking behavior characterized by an energy expenditure of
1.5 METs or less while in a sitting, reclining, or lying posture.l Most previous physical activity research
has focused on the association between higher intensity (i.e., moderate-to-vigorous) physical activity
and health outcomes. However, sedentary behavior has received an increasing amount of attention as a
public health problem because: 1) it appears to have negative associations with health outcomes, and 2)
it is a highly prevalent behavior in the U.S. population. Data collected by accelerometry in the U.S.

National Health and Nutrition Examination Survey indicate that children and adults spend approximately
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7.7 hours per day (55% of their monitored time) being sedentary.2 Thus, the potential population health

impact of sedentary behavior is substantial.

Given that much of the scientific evidence for an association between sedentary behavior and health
has been published after 2008, the 2008 Physical Activity Guidelines Advisory Committee did not
systematically assess the effects of sedentary behavior on health outcomes. Since then, a considerable
amount of research has been conducted, and the 2018 Physical Activity Guidelines Advisory Committee
decided to systematically review this literature to assess the effect of sedentary behavior on health

outcomes.

The Sedentary Behavior Subcommittee operationalized the definition of sedentary behavior to include
self-reported sitting (leisure-time, occupational, total), television (TV) viewing or screen time, and data
from objective, device-based assessments (accelerometry or inclinometry). Although these operational
definitions do not capture all aspects of the definition of sedentary behavior (i.e., both posture and
energy expenditure), they are widely used in the scientific literature as measures of time spent in

sedentary behavior.

The Subcommittee examined the relationship between sedentary behavior and major causes of
mortality and also assessed the relationship between sedentary behavior and weight status in addition
to the incidence of common chronic diseases, including type 2 diabetes, cardiovascular disease, and
cancer. In addition to the relationship between the total duration of daily or weekly sedentary behavior
and health outcomes, it is of interest to understand the associations between patterns of sedentary
behavior, including bouts and breaks, and health outcomes. A bout of sedentary behavior can be
operationalized as a period of uninterrupted sedentary time, whereas a break in sedentary behavior can
be operationalized as a non-sedentary bout in between two sedentary bouts.! The potential health

effects associated with sedentary bouts and breaks are also addressed in this chapter.

REVIEW OF THE SCIENCE
Overview of Questions Addressed

This chapter addresses five major questions:

1. What is the relationship between sedentary behavior and all-cause mortality?
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2. What is the relationship between sedentary behavior and cardiovascular disease mortality?

What is the relationship between sedentary behavior and cancer mortality?

4. What is the relationship between sedentary behavior and (1) type 2 diabetes, (2) weight status,
(3) cardiovascular disease, and (4) cancer?

5. Does the effect of moderate-to-vigorous physical activity on all-cause mortality vary by amount
of sedentary behavior?

w

Questions 1 through 4 each have the following subquestions:

a) Isthere a dose-response relationship? If yes, what is the shape of the relationship?

b) Does the relationship vary by age, sex, race/ethnicity, socioeconomic status, or weight status?
c) Is the relationship independent of amounts of light, moderate, or vigorous physical activity?
d) Isthere any evidence that bouts or breaks in sedentary behavior are important factors?

Data Sources and Process Used to Answer Questions

A single literature search strategy was conducted to answer Questions 1, 2, and 3. Subsets of the
resulting body of evidence were used to answer each question or subquestion. The databases searched
included PubMed, Cochrane, and CINAHL. The systematic literature search to address Questions 1, 2,
and 3 was conducted in three steps. Step 1 involved a search for existing systematic reviews and meta-
analyses that could address the question. Step 2 involved reviewing the original research articles
contained in the systematic reviews and meta-analyses to identify those that could provide evidence to
address the questions, especially the subquestions related to dose-response and variation in the
relationship by age, sex, race/ethnicity, socioeconomic status, or weight status. Original research articles
contained in the systematic reviews and meta-analysis identified in Step 2 are not included as evidence
in the evidence portfolio. Step 3 involved a de novo literature search of more recent original research

studies published after the systematic reviews and meta-analyses.

The systematic literature search to address Question 4 was conducted in two steps. The databases
searched included PubMed, Cochrane, and CINAHL. Step 1 involved a search for existing systematic
reviews and meta-analyses that could address the question. Step 2 involved a de novo literature search

of more recent original research studies published after the systematic reviews and meta-analyses.
The evidence used to address Question 5 was obtained from the evidence base compiled for Question 1.

Question 1: What is the relationship between sedentary behavior and all-cause
mortality?

a) Is there a dose-response relationship? If yes, what is the shape of the relationship?
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b) Does the relationship vary by age, sex, race/ethnicity, socioeconomic status, or weight status?
c) Is the relationship independent of amounts of light, moderate, or vigorous physical activity?
d) Is there any evidence that bouts or breaks in sedentary behavior are important factors?

Sources of evidence: Systematic reviews, meta-analyses, original research articles

Conclusion Statements

Strong evidence demonstrates a significant relationship between greater time spent in sedentary

behavior and higher all-cause mortality rates. PAGAC Grade: Strong.

Strong evidence demonstrates the existence of a direct, curvilinear dose-response relationship between
sedentary behavior and all-cause mortality, with an increasing slope at higher amounts of sedentary

behavior. PAGAC Grade: Strong.

Limited evidence suggests that the relationship between sedentary behavior and all-cause mortality

does not vary by age, sex/ethnicity, or weight status. PAGAC Grade: Limited.

Insufficient evidence is available to determine whether the relationship between sedentary behavior

and all-cause mortality varies by socioeconomic status. PAGAC Grade: Not assignable.

Strong evidence demonstrates that the relationship between sedentary behavior and all-cause mortality

varies by amount of moderate-to-vigorous physical activity. PAGAC Grade: Strong.

Insufficient evidence is available to determine whether bouts or breaks in sedentary behavior are
important factors in the relationship between sedentary behavior and all-cause mortality. PAGAC

Grade: Not assignable.

Review of the Evidence
Sources of evidence included: 1) systematic reviews and meta-analyses published from January 2000 to
December 5, 2016, 2) the relevant original research articles cited by the systematic reviews and meta-

analyses, and 3) recent original research articles published between January 2014 and January 30, 2017.

The search for systematic reviews and meta-analyses returned a total of 201 articles and the titles were
reviewed by two members of the Subcommittee. A total of 48 articles were deemed potentially relevant
based on the title search and the abstracts of these papers were reviewed by two members of the
Subcommittee. Of these, 16 articles were deemed to be potentially relevant and the full papers were

retrieved. A review of the full texts of these papers by two members of the Subcommittee identified
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nine systematic reviews and meta-analyses that addressed Question 1 (Supplementary Table S-F2-1).
These 9 systematic reviews included information on 25 original research articles that included all-cause
mortality as an outcome. After excluding one study in breast cancer survivors,? one study of
occupational sitting and physical activity that included a mix of sitting and physical activity exposures,?
one study that only presented data on changes in sitting time,2 and two studies that presented only
baseline descriptions of cohorts,®Z the Subcommittee was able to identify 20 original articles that

addressed Question 1 (Supplementary Table S-F2-2).

The de novo literature search of original research studies returned a total of 1,214 articles and the titles
were reviewed by two members of the Subcommittee. A total of 62 articles were deemed potentially
relevant based on the title search, and the abstracts of these papers were reviewed by two members of
the Subcommittee. Of these, 38 articles were deemed to be potentially relevant and the full papers
were retrieved. A review of the full texts of these papers by two members of the Subcommittee
identified 30 original studies that addressed Question 1. Note that three of the papers®? identified in
the search for original articles were duplicates of those identified from the systematic reviews and meta-
analyses and they appear only in Supplementary Table S-F2-2. Supplementary Table S-F2-3 presents the

27 new original studies that address Question 1.

Evidence on the Overall Relationship

A total of nine systematic reviews and meta-analyses-l? that reviewed a total of 20 original studies
have addressed the relationship between sedentary behavior and all-cause mortality, and they provide
strong evidence demonstrating a significant relationship. The number of studies that addressed all-cause
mortality encompassed by each of the reviews ranges from 3 to 16, with newer reviews reporting on a
greater number of studies as they appear in the literature. The meta-analysis of Biswas et al'® analyzed
14 prospective cohort studies and reported a hazard ratio of 1.22 (95% confidence interval (Cl): 1.09-
1.41) for the relationship between sedentary behavior and all-cause mortality. The available studies
represent several population cohorts that apply broadly to the U.S. population and the results are

consistent in direction and the size of the effect.

Based on the review of the more recent original research articles, 9 of 10 studies found a significant
relationship between self-reported total or leisure sitting time and all-cause mortality, 3 out of 5 studies

of TV viewing or screen time found a significant relationship between TV viewing or screen time and all-
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cause mortality, and 0 out of 2 studies found a significant relationship between occupational sitting time

and all-cause mortality.

Thirteen studies have reported on relationships between device-based objectively measured sedentary
behavior (using accelerometry) and all-cause mortality. Of these, 11 studies relied on data from the
National Health and Nutrition Examination Survey (NHANES). Although the analytical strategies differed,
10 of the 13 studies reported a significant relationship (1 in men only) between sedentary time and all-
cause mortality (8 out of the 11 NHANES studies). Among the 3 NHANES studies that did not find a
significant relationship, one stratified their analysis by level of visual acuity,?® one compared risk for
below-median to above-median sedentary time,2 and the third compared risk across quartiles of
sedentary time.22 The 8 NHANES studies that reported a significant association between sedentary
behavior and all-cause mortality used a variety of analysis strategies, including comparisons of quartiles
of sedentary behavior,22 comparing above-median to below-median sedentary time,? continuous

variable analysis,2> 26 latent class analysis,2Z and isotemporal substitution analysis.22-3

Given the confines of the 24-hour period, interest is increasing in understanding inter-relationships
among time spent in different aspects of daily living, such as sleep, sedentary behavior, and light-,
moderate-, and vigorous-intensity physical activity, with outcomes such as all-cause mortality. To this
end, several studies have used isotemporal substitution analyses to model the effects of replacing time
spent in sedentary behavior with time spent in other behaviors such as standing, light-intensity activity,
moderate-to-vigorous physical activity, or exercise.?32 The results invariably show a reduction in
mortality risk when sedentary behavior is replaced with higher intensity activities. Models in which an
equivalent duration of sedentary behavior is replaced with light-intensity physical activity predict a
reduction in mortality, and models in which sedentary behavior is replaced with moderate- or vigorous-
intensity physical activity predict an even greater reduction in mortality. Because the models are
“isotemporal,” it cannot be determined whether the increase in predicted benefit is due to the higher

intensity of the physical activity per se or the higher volume of energy expended.

Dose-response: Strong evidence also demonstrates the existence of a dose-response relationship
between sedentary behavior and all-cause mortality. Two meta-analyses were used to provide evidence
for dose-response relationships between daily sitting?® or TV viewing,*Z and all-cause mortality. Chau et
al®® found that a spline model of best fit had hazard ratios of 1.00 (95% Cl: 0.98-1.03), 1.02 (95% Cl: 0.99-

1.05) and 1.05 (95% Cl: 1.02-1.08) for every 1-hour increase in daily sitting time in intervals between 0 to

2018 Physical Activity Guidelines Advisory Committee Scientific Report F2-6



Part F. Chapter 2. Sedentary Behavior

3, more than 3 to 7, and more than 7 hours per day total sitting, respectively. Thus, the dose-response
curve was curvilinear, and the slope of the relationship increased beyond 7 hours per day of sitting.
Similarly, Sun et al*’ reported that TV viewing time was statistically significantly associated with all-cause
mortality risk in a curvilinear, direct fashion that increases steadily and more rapidly as length of

exposure increases (Pnonlinearity=0.001).1

Of the 47 original studies identified through the systematic reviews and meta-analyses and the de novo
search, 29 tested for the existence of a dose-response relationship, and 24 studies found a significant
dose-response relationship. Figure F2-1 presents the dose-response curves from studies of self-reported
sitting (Panel A) and TV viewing (Panel B) that included at least three amounts of sedentary behavior as
the exposure. The pattern of results generally mirrors those of the two previous meta-analyses,t> 1 with

increasing risk at higher amounts of sedentary behavior following a curvilinear relationship.

Figure F2-1. Dose-Response Curves Showing Relationship Between Sedentary Behavior and All-Cause
Mortality

A) Sitting and All-Cause Mortality

—s=— Katzmarzyk et al. (2009) 4 Patel et al. (2010): Men + - Patel et al. (2010): Women
2 | ——-a— Petersen et al. (2014) ---=---Seguin et al. (2014) --=-- Warren-Andersen et al. (2016)
--m-- Pavey et al. (2015) - = - Matthews et al. (2012) - = - van der Ploeg et al. (2012)
—— Inoue et al. (2008): Men —+— |noue et al. (2008): Women e Chau et al. (2015)
& Kim et al. (2013): Men -+ Kim et al. (2013): Women ---+--- Pulsford et al. (2015)
1.8 1 --e-- Martinez-Gomez et al. (2016)
.
1.6
.2
F=i
©
o
- 14 4
S
©
N
©
=
1.2 -
1 m
0.8
.
0.6 . . . . . T . . . )
0 10 20 30 40 50 60 70 80 90 100

Level of Sitting

Note: The figure shows the reported hazard ratio for each category of sitting with the lowest category of sitting
assigned as the referent at zero on the X-axis and the highest value assigned at 100. The original categories of
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sitting from the studies (tertiles, quartiles, quintiles, etc.) have been rescaled from 0 to 100 using an ordinal scale.
For example, for a study with three categoires, the points were plotted at 0, 50 and 100.

Source: Adapted from data found in Katzmarzyk et al., 2009,22 Patel et al., 2010,% Petersen et al., 2014, Seguin et
al., 2014,2¢ Warren Andersen et al., 2016,2 Pavey et al., 2015,2 Matthews et al., 2012,28 van de Ploeg et al., 2012,32
Inoue et al., 2008,2% Chau et al., 2015,8 Kim et al., 2013,% Pulsford et al., 2015,% and Martinez-Gomez et al., 2016.%23

B) TV Viewing and All-Cause Mortality
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Note: The figure shows the reported hazard ratio for each category of TV viewing with the lowest category of TV
viewing assigned as the referent at zero on the X-axis and the highest value assigned at 100. The original categories
of TV viewing from the studies (tertiles, quartiles, quintiles, etc.) have been rescaled from 0 to 100 using an ordinal
scale. For example, for a study with three categoires, the points were plotted at 0, 50 and 100.

Source: Adapted from data found in Dunstan et al., 2010,% Stamatakis et al., 2011,32 Matthews et al., 2012,38
Basterra-Gortari et al., 2014,% Chau et al., 2015,8 Ford, 2012,%€ Kim et al., 2013,2 Shuval et al., 2015,%Z and Keadle
etal., 2015.28
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Evidence on Specific Factors

Demographic factors and weight status: Limited evidence suggests that the relationship between
sedentary behavior and all-cause mortality does not vary by age, sex, race/ethnicity, or weight status.
Available evidence is insufficient to determine whether the relationship between sedentary behavior
and all-cause mortality varies by socioeconomic status. In general, studies reported no significant effect

31

43,99, 50 gpx 31,35 44 39 o weight status,?> 3524 42 gnd stratified analyses generally

|w
w

modification by age,®> 3%

38,39,41,49 28,34,37,39,41, 49

showed similar results across age,2® 383941 49 goy 28, 34,37,39, 41,49 race/ethnicity,32 3841 51

and weight
status,2 343238 39,41 99 \ith varying levels of significance. In general, data are lacking on the variation in
the observed associations by level of socioeconomic status. The available evidence suggests that the
observed relationship between sedentary behavior and all-cause mortality applies broadly to the

general adult population of the United States.

Amount of physical activity: Strong evidence demonstrates that the relationship between sedentary
behavior and all-cause mortality varies by the amount of moderate-to-vigorous physical activity. The
effect of sedentary behavior on all-cause mortality is stronger among people who have low amounts of
moderate-to-vigorous physical activity. For example, in the meta-analysis of Biswas et al*® the risk of all-
cause mortality was 1.16 (95% Cl: 0.84-1.56) among those with high physical activity and 1.46 (95% Cl:

1.22-1.75) among those with low physical activity. Further, Ekelund et al*°

conducted a harmonized
meta-analysis using individual-level data from more than 1 million adults and reported that increasingly
higher amounts of moderate-to-vigorous physical activity attenuated the relationship between
sedentary behavior and all-cause mortality (Figure F2-2), and the relationship between self-reported
sitting and mortality was not significant among those who reported participating in at least moderate-
intensity physical activity for 60 to 75 minutes per day. Similar results were observed for TV viewing,
although high amounts of physical activity did not completely attenuate the relationship between TV

viewing and all-cause mortality. Evidence is insufficient to determine whether the association between

sedentary behavior and all-cause mortality varies by level of light- or vigorous-intensity activity.
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Figure F2-2. Relationship Between Sitting and All-Cause Mortality, Stratified by Amount of Moderate-
to-Vigorous Physical Activity
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Source: Adapted from data found in Ekelund et al., 2016.12

Bouts and breaks: Insufficient evidence is available to determine whether bouts or breaks in sedentary
behavior are important factors in the relationship between sedentary behavior and all-cause mortality.
Only one study was identified that included bouts of sedentary behavior in their definition of the
exposure. Using accelerometry data from NHANES, Evenson et al?’ defined sedentary bouts as 30 or
more minutes with at least 80 percent of the minutes falling below 100 counts per minute, allowing for
less than 5 consecutive minutes above the threshold. Based on latent class analysis, the class with the
highest percentage of the day in sedentary bouts had a higher risk of all-cause mortality compared to
the class with fewer sedentary bouts (hazard ratio (HR)=2.10; 95% Cl: 1.11-3.97). However, further
research is required to replicate these results. No studies were identified that examined the associations
between breaks in sedentary behavior and all-cause mortality. Thus, a grade was not assignable for this

question.
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For additional details on this body of evidence, visit: Supplementary Tables S-F2-1, S-F2-2, and S-F2-3
and https://health.gov/paguidelines/second-edition/report/supplementary-material.aspx for the
Evidence Portfolio.

Question 2: What is the relationship between sedentary behavior and
cardiovascular disease mortality?

a) Is there a dose-response relationship? If yes, what is the shape of the relationship?

b) Does the relationship vary by age, sex, race/ethnicity, socioeconomic status, or weight status?
c) Is the relationship independent of amounts of light, moderate, or vigorous physical activity?
d) Is there any evidence that bouts or breaks in sedentary behavior are important factors?

Sources of evidence: Systematic reviews, meta-analyses, original research articles

Conclusion Statements
Strong evidence demonstrates a significant relationship between greater time spent in sedentary

behavior and higher mortality rates from cardiovascular disease. PAGAC Grade: Strong.

Strong evidence demonstrates the existence of a direct, positive dose-response relationship between

sedentary behavior and mortality from cardiovascular disease. PAGAC Grade: Strong.

Limited evidence suggests that the relationship between sedentary behavior and cardiovascular disease

mortality does not vary by age, sex, race/ethnicity, or weight status. PAGAC Grade: Limited.

Insufficient evidence is available to determine whether the relationship between sedentary behavior
and mortality from cardiovascular disease varies by socioeconomic status. PAGAC Grade: Not

assignable.

Moderate evidence indicates that the relationship between sedentary behavior and mortality from
cardiovascular disease varies by amount of moderate-to-vigorous physical activity. PAGAC Grade:

Moderate.

Insufficient evidence is available to determine whether bouts or breaks in sedentary behavior are
important factors in the relationship between sedentary behavior and mortality from cardiovascular

disease. PAGAC Grade: Not assignable.
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Review of the Evidence
Sources of evidence included: 1) systematic reviews and meta-analyses published from January 2000 to
December 5, 2016, 2) the relevant original research articles cited by the systematic reviews and meta-

analyses, and 3) recent original research articles published between January 2014 and January 30, 2017.

The search for systematic reviews and meta-analyses returned a total of 201 articles and the titles were
reviewed by two members of the Subcommittee. A total of 48 articles were deemed potentially relevant
based on the title search and the abstracts of these papers were reviewed by two members of the
Subcommittee. Of these, 16 articles were deemed to be potentially relevant and the full papers were
retrieved. A review of the full texts of these papers by two members of the Subcommittee identified five
systematic reviews and meta-analyses that addressed Question 2 (Supplementary Table S-F2-4). These 5
systematic reviews and meta-analyses included information on 12 original research articles that
included cardiovascular disease mortality as an outcome. After excluding one study that presented only
a baseline description of a cohort,” 11 original articles addressed Question 2 (Supplementary Table S-F2-

5).

The de novo literature search of original research studies returned a total of 1,214 articles and the titles
were reviewed by two members of the Subcommittee. A total of 62 articles were deemed potentially
relevant based on the title search and the abstracts of these papers were reviewed by two members of
the Subcommittee. Of these, 38 articles were deemed to be potentially relevant and the full papers
were retrieved. A review of the full texts of these papers by two members of the Subcommittee

identified seven original studies that addressed Question 2 (Supplementary Table S-F2-6).

Evidence on the Overall Relationship

A total of 5 systematic reviews and meta-analyses that reviewed 11 original studies have addressed the
relationship between sedentary behavior and cardiovascular disease mortality, and they provide strong
evidence demonstrating a significant relationship between sedentary behavior and cardiovascular
disease mortality. The meta-analysis of Biswas et al*® analyzed seven prospective cohort studies and
reported a hazard ratio of 1.15 (95% Cl: 1.11-1.20) for the relationship between sedentary behavior and
cardiovascular disease mortality. Further, a meta-analysis by Wilmot et al** reported a relative risk of
1.90 (95% ClI: 1.36-2.66) for the relationship between sedentary behavior and cardiovascular disease
mortality. Both meta-analyses reported a statistically significant summary risk estimate. However, the

magnitude of the effect was quite different. The main reasons for the difference in the summary hazard

2018 Physical Activity Guidelines Advisory Committee Scientific Report F2-12



Part F. Chapter 2. Sedentary Behavior

ratios between these two meta-analyses relate to the selection of studies included in each review and

differences in the exposure categories and types of sedentary behavior among the included studies.

A total of 18 original studies were identified through the meta-analyses and systematic reviews (N=11)
and the de novo search (N=7). Nine studies reported on the association with sitting or total sedentary
time, eight reported on the association with TV or screen time, and three studies used device-based
measures of sedentary time (accelerometry or arm band). A total of 13 of these 18 studies found a
significant positive relationship between sedentary time and cardiovascular disease mortality. The
available studies represent several population cohorts that apply broadly to the U.S. population and the

results are consistent in direction and the size of the effect.

Dose-response: Strong evidence also demonstrates the existence of a dose-response association
between sedentary behavior and cardiovascular disease mortality. Seventeen original research studies
tested for the existence of a dose-response association, and 10 reported a significant association. Except
for one study of TV viewing among Japanese adults,? the studies that did not detect a significant dose-
response association had small sample sizes (N< 10,000).22 28 26,50.53, 54 The results of the pooled analysis
of 11 prospective cohort studies by Ekelund et al*®* demonstrated that the associations among sedentary
behavior, moderate-to-vigorous physical activity, and cardiovascular disease mortality were similar to
those observed for all-cause mortality. Figure F2-3 presents the dose-response associations between

sedentary time and cardiovascular disease mortality, stratified by amount of moderate-to-vigorous

physical activity.X
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Figure F2-3. Relationship Between Sitting and Cardiovascular Disease Mortality, Stratified by Amount
of Moderate-to-Vigorous Physical Activity
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Source: Adapted from data found in Ekelund et al, 2016.22

Evidence on Specific Factors

Demographic factors and weight status: Limited evidence suggests that the relationship between
sedentary behavior and cardiovascular disease mortality does not vary by age, sex, race/ethnicity or
weight status. Among the available studies that tested for interaction effects,3% 3¢ 44 49 no significant
effect modification was observed for age,3® 24 22 sex,34 36 24,29 race /fethnicity,2® or weight status.2® 4442 |n
general, data are lacking on variation in the observed associations by level of socioeconomic status. The

available evidence suggests that the observed relationship between sedentary behavior and mortality

from cardiovascular disease applies broadly to the general adult population of the United States.

Amount of physical activity: Moderate evidence suggests that the relationship between sedentary
behavior and cardiovascular disease mortality varies by amount of moderate-to-vigorous physical
activity. Several individual studies reported the interaction between sedentary behavior and physical

|19

activity was not significant. However, the meta-analysis of Ekelund et al*® provided convincing evidence
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that the association between sedentary time and cardiovascular disease mortality was influenced by
moderate-to-vigorous physical activity. Some of the individual studies may have been underpowered to
detect significant interaction effects, whereas the pooled analysis overcomes this limitation. Figure F2-3
presents the relationship between sedentary behavior and mortality rates from cardiovascular disease,
stratified by amount of moderate-to-vigorous physical activity.l2 The strongest association between
sitting and cardiovascular disease mortality is observed among those who are physically inactive
(moderate-to-vigorous physical activity < 2.5 MET-hours per week), and the slope of the association
diminishes across increasing categories of moderate-to-vigorous physical activity. Evidence is insufficient
to determine whether the association between sedentary behavior and cardiovascular disease mortality

varies by amount of light- or vigorous-intensity activity.

Bouts and breaks: Insufficient evidence is available that bouts or breaks in sedentary behavior are
important factors in the relationship between sedentary behavior and mortality from cardiovascular
disease. No studies were identified that examined the relationship between breaks and/or bouts of

sedentary behavior and mortality rates from cardiovascular disease.

For additional details on this body of evidence, visit: Supplementary Tables S-F2-4, S-F2-5, and S-F2-6
and https://health.gov/paguidelines/second-edition/report/supplementary-material.aspx for the
Evidence Portfolio.

Question 3: What is the relationship between sedentary behavior and cancer
mortality?

a) Is there a dose-response relationship? If yes, what is the shape of the relationship?

b) Does the relationship vary by age, sex, race/ethnicity, socioeconomic status, or weight status?
c) Is the relationship independent of amounts of light, moderate, or vigorous physical activity?
d) Is there any evidence that bouts or breaks in sedentary behavior are important factors?

Sources of evidence: Systematic reviews, meta-analyses, original research articles

Conclusion Statements
Limited evidence suggests a direct relationship between greater time spent in sedentary behavior and

higher mortality rates from cancer. PAGAC Grade: Limited.

Limited evidence suggests the existence of a direct, positive dose-response relationship between

sedentary behavior and mortality from cancer. PAGAC Grade: Limited.
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Insufficient evidence is available to determine whether the relationship between sedentary behavior
and cancer mortality varies by age, sex, race/ethnicity, socioeconomic status, or weight status. PAGAC

Grade: Not assignable.

Insufficient evidence is available to determine whether the relationship between sedentary behavior
and mortality from cancer varies by amount of moderate-to-vigorous physical activity. PAGAC Grade:

Not assignable.

Insufficient evidence is available to determine whether bouts or breaks in sedentary behavior are
important factors in the relationship between sedentary behavior and mortality from cancer. PAGAC

Grade: Not assignable.

Review of the Evidence
Sources of evidence included: 1) systematic reviews and meta-analyses published from January 2000 to
December 5, 2016, 2) the relevant original research articles cited by the systematic reviews and meta-

analyses, and 3) recent original research articles published between January 2014 and January 30, 2017.

The search for systematic reviews and meta-analyses returned a total of 201 articles and the titles were
reviewed by two members of the Subcommittee. A total of 48 articles were deemed potentially relevant
based on the title search and the abstracts of these papers were reviewed by two members of the
Subcommittee. Of these, 16 articles were deemed to be potentially relevant and the full papers were
retrieved. A review of the full texts of these papers by two members of the Subcommittee identified five
systematic reviews and meta-analyses that addressed Question 3 (Supplementary Table S-F2-7). These 5
systematic reviews included information on 10 original research articles that included cancer mortality
as an outcome. After excluding one study in colorectal cancer survivors® and one study that presented a
baseline description of a cohort,” eight original articles addressed Question 3 (Supplementary Table S-

F2-8).

The de novo literature search of original research studies returned a total of 1,214 articles and the titles
were reviewed by two members of the Subcommittee. A total of 62 articles were deemed potentially
relevant based on the title search and the abstracts of these papers were reviewed by two members of
the Subcommittee. Of these, 38 articles were deemed to be potentially relevant and the full papers
were retrieved. A review of the full texts of these papers by two members of the Subcommittee

identified five original studies that addressed Question 3 (Supplementary Table S-F2-9).
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Evidence on the Overall Relationship

The five systematic reviews/meta-analyses suggest that only a weak association exists between
sedentary behavior and all-cancer mortality. For example, the meta-analysis of eight studies by Biswas
et al*® reported a summary hazard ratio of 1.13 (95% Cl: 1.05-1.21). A total of 13 original research
studies were identified that addressed the association between sedentary behavior and cancer
mortality. Five of the 13 studies reported a significant association, and the results were not always
consistent (one in women only; one for TV viewing but not sitting; one in current smokers only). Cancer
is a heterogeneous disease, and the major risk factors differ by cancer site. Further, associations
between specific risk factors and cancer mortality are affected by cancer screening and treatment
availability and efficacy. A limitation of most studies of sedentary behavior and cancer mortality is a

failure to take these factors into account.

Dose-response: Limited evidence suggests the existence of a dose-response association between
sedentary behavior and cancer mortality. Thirteen original research studies tested for the existence of a
dose-response association, and five reported a significant dose-response association in the total sample

or in one or more subgroups.

Evidence on Specific Factors

Demographic factors and weight status: Insufficient evidence is available to determine whether the
relationship between sedentary behavior and cancer mortality varies by age, sex, race/ethnicity,
socioeconomic status, or weight status. Of the five studies that reported a significant association
between sedentary behavior and cancer mortality,3> 3> 3% 23,26 only one tested for effect modification,
and the results indicated no significant interactions with body mass index (BMI) and race/ethnicity.2®
The study showed a significant interaction with age, with a significant association observed in women
ages 50 to 69 years but not in women ages 70 to 79 years. However, this finding needs to be replicated
in other studies before any definitive statements can be made about the effects of age on the observed
associations. In general, data on variations in the observed associations by level of socioeconomic status

are lacking.

Amount of physical activity: Insufficient evidence is available to determine whether the relationship
between sedentary behavior and cancer mortality is modified by physical activity. The pooled meta-
analysis by Ekelund et al*® did not specifically test for an interaction between sedentary behavior and

moderate-to-vigorous physical activity on cancer mortality, and there did not appear to be a relationship
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between sedentary behavior (either sitting or TV time) and cancer mortality within quartiles of
moderate-to-vigorous physical activity. Further, the study by Seguin et al®*® reported no significant
interaction between sedentary time and physical activity (P=0.51). Evidence is insufficient to determine
whether the association between sedentary behavior and mortality from cancer varies by amount of

light or vigorous activity.

Bouts and breaks: Available evidence is insufficient to determine whether bouts or breaks in sedentary
behavior are important factors in the relationship between sedentary behavior and mortality from
cancer. No studies were identified that examined the relationship between breaks and/or bouts of

sedentary behavior and mortality rates from cancer.

For additional details on this body of evidence, visit: Supplementary Tables S-F2-7, $S-F2-8, and S-F2-9
and https://health.gov/paguidelines/second-edition/report/supplementary-material.aspx for the
Evidence Portfolios. For information on the relationship of physical activity and cancer, see Part F.
Chapter 4: Cancer Prevention.

Question 4: What is the relationship between sedentary behavior and (1) type 2
diabetes, (2) weight status, (3) cardiovascular disease, and (4) cancer?

a) Is there a dose-response relationship? If yes, what is the shape of the relationship?

b) Does the relationship vary by age, sex, race/ethnicity, socioeconomic status, or weight status?
c) Is the relationship independent of amounts of light, moderate, or vigorous physical activity?
d) Is there any evidence that bouts or breaks in sedentary behavior are important factors?

Sources of evidence: Systematic reviews, meta-analyses, original research articles

Conclusion Statements

Type 2 Diabetes

Strong evidence demonstrates a significant relationship between greater time spent in sedentary

behavior and higher risk of type 2 diabetes. PAGAC Grade: Strong.

Limited evidence suggests the existence of a direct, graded dose-response relationship between

sedentary behavior and risk of type 2 diabetes. PAGAC Grade: Limited.

Insufficient evidence is available to determine whether the relationship between sedentary behavior
and type 2 diabetes varies by age, sex/ethnicity, socioeconomic status, or weight status. PAGAC Grade:

Not assignable.
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Insufficient evidence is available to determine whether the relationship between sedentary behavior
and type 2 diabetes varies by amount of moderate-to-vigorous physical activity. PAGAC Grade: Not

assignable.

Insufficient evidence is available to determine whether bouts or breaks in sedentary behavior are
important factors in the relationship between sedentary behavior and incidence of type 2 diabetes.

PAGAC Grade: Not assignable.

Weight Status

Limited evidence suggests a positive relationship between greater time spent in sedentary behavior and

higher levels of adiposity and indicators of weight status. PAGAC Grade: Limited.

Limited evidence suggests the existence of a direct, graded dose-response relationship between greater
sedentary behavior and higher levels of adiposity and indicators of weight status. PAGAC Grade:

Limited.

Insufficient evidence is available to determine whether the relationship between sedentary behavior
and weight status varies by age, sex/ethnicity, socioeconomic status, or baseline weight status. PAGAC

Grade: Not assignable.

Insufficient evidence is available to determine whether the relationship between sedentary behavior
and weight status varies by amount of moderate-to-vigorous physical activity. PAGAC Grade: Not

assignable.

Insufficient evidence is available to determine whether bouts or breaks in sedentary behavior are
important factors in the relationship between sedentary behavior and weight status. PAGAC Grade: Not

assignable.

Cardiovascular Disease

Strong evidence demonstrates a significant relationship between greater time spent in sedentary

behavior and higher risk of incident cardiovascular disease. PAGAC Grade: Strong.

Strong evidence demonstrates the existence of a direct, graded dose-response relationship between

sedentary behavior and risk of incident cardiovascular disease. PAGAC Grade: Strong.
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Insufficient evidence is available to determine whether the relationship between sedentary behavior
and incident cardiovascular disease varies by age, sex/ethnicity, socioeconomic status, or weight status.

PAGAC Grade: Not assignable.

Insufficient evidence is available to determine whether the relationship between sedentary behavior
and incident cardiovascular disease varies by amount of moderate-to-vigorous physical activity. PAGAC

Grade: Not assignable.

Insufficient evidence is available to determine whether bouts or breaks in sedentary behavior are
important factors in the relationship between sedentary behavior and incidence of cardiovascular

disease. PAGAC Grade: Not assignable.

Cancer

Moderate evidence indicates a significant relationship between greater time spent in sedentary

behavior and higher risk of incident endometrial, colon, and lung cancers. PAGAC Grade: Moderate.

Limited evidence suggests the existence of a direct dose-response relationship between sedentary

behavior and incident endometrial, colon, and lung cancers. PAGAC Grade: Limited.

Insufficient evidence is available to determine whether the relationship between sedentary behavior
and incident cancer varies by age, sex/ethnicity, socioeconomic status, or weight status. PAGAC Grade:

Not assignable.

Insufficient evidence is available to determine whether the relationship between sedentary behavior
and incident cancer varies by amount of moderate-to-vigorous physical activity. PAGAC Grade: Not

assignable.

Insufficient evidence is available to determine whether bouts or breaks in sedentary behavior are
important factors in the relationship between sedentary behavior and incident cancer. PAGAC Grade:

Not assignable.

Review of the Evidence

Sources of evidence included: 1) systematic reviews and meta-analyses published from January 2000 to
February 21, 2017, and 2) recent original research articles published between January 2014 and April 25,
2017.
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The systematic literature search to address Question 4 was conducted in two steps. Step 1 involved a
search for existing systematic reviews and meta-analyses that could address the question. The search
strategy (from January 1, 2000 to February 21, 2017 returned a total of 201 articles and the titles were
reviewed by two members of the Subcommittee. A total of 48 articles were deemed potentially relevant
based on the title search and the abstracts of these papers were reviewed by two members of the
Subcommittee. Of these, 22 articles were deemed to be potentially relevant and the full papers were
retrieved. A review of the full texts of these papers by two members of the Subcommittee identified 11
systematic reviews and meta-analyses that addressed Question 4 (five for type 2 diabetes, two for

weight status, five for cardiovascular disease, and eight for cancer) (Supplementary Table S-F2-10).

Step 2 involved a de novo literature search of original research studies published between January 1,
2014, and April 25, 2017. The search strategy returned a total of 1,877 articles and the titles were
reviewed by two members of the Subcommittee. A total of 200 articles were deemed potentially
relevant based on the title search and the abstracts of these papers were reviewed by two members of
the Subcommittee. Of these, 44 articles were deemed to be potentially relevant and the full papers
were retrieved. A review the full texts of these papers by two members of the Subcommittee identified

34 original studies that addressed Question 4 (Supplementary Table S-F2-11).

Type 2 Diabetes

Evidence on the Overall Relationship

12,13 and three meta-analysesit 1% 18 addressed the issue of sedentary behavior

Two systematic reviews
and the incidence of type 2 diabetes (Supplementary Table S-F2-10). All three meta-analyses reported
significant pooled estimates of risk for incident type 2 diabetes associated with sedentary behavior. The
pooled relative risk per 2 hours of TV viewing per day was 1.20 (95% Cl: 1.14-1.27) among four original

papers analyzed by Grontved and Hu.! The summary relative risk (from five cross-sectional and five

prospective studies) for type 2 diabetes reported by Wilmot et al'* was 2.12 (95% Cl: 1.61-2.78) for
highest versus lowest sedentary time. Finally, the summary hazard ratio for type 2 diabetes was 1.91

(95% ClI: 1.64-2.22) from five studies analyzed by Biswas et al.*®

Eight original research articles were retrieved from the de novo literature search for incident type 2
diabetes (Supplementary Table S-F2-11).22% Three3Z 3% &L of the eight studies reported significant effects
of higher sedentary behavior and greater risk of type 2 diabetes from fully adjusted models. An

additional three studies®® 82 8 reported significant effects of sedentary behavior on risk of type 2
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diabetes in minimally adjusted models (e.g., age, sex) but the effects were attenuated to the null when
additional covariates, including BMI, were added to the models. These results are supported by the

meta-analysis of Grontved and Hu'! who reported a that pooled relative risk per 2 hours of TV viewing

per day on risk of type 2 diabetes was 1.20 (95% Cl: 1.14-1.27), which was reduced to a relative risk of
1.13 (95% Cl: 1.08-1.18) when the relative risk was calculated from models that included BMI or another
obesity measure. These results suggest that BMI may be on the causal pathway between sedentary
behavior and increased risk of type 2 diabetes. In other words, the effects of sedentary behavior on risk

of type 2 diabetes may be operating, in part, through its association with BMI.

Dose-response: Limited evidence suggests a graded, positive association between sedentary behavior

and incident type 2 diabetes. The meta-analysis of Grontved and Hu®! reported a significant, positive

57,61

linear dose-response association between TV viewing and type 2 diabetes. Further, two of four

57,58, 60, 61

original research studies that tested for linear dose-response associations reported a significant

finding.

Evidence on Specific Factors

Demographic factors and weight status: Available evidence is insufficient to determine whether the
relationship between sedentary behavior and incident type 2 diabetes varies by age, sex, race/ethnicity,
socioeconomic status, or weight status. A single study stratified the analysis by race/ethnicity and
reported a significant graded association only among Non-Hispanic Whites and not in Chinese
Americans, African Americans, or Hispanic Americans.®! Two studies reported a significant interaction
between sedentary behavior and BMI on risk of diabetes,>” %2 with significant effects of sedentary
behavior observed only among individuals with obesity. On the other hand, a single study® reported no

significant interaction between sedentary behavior and BMI on risk of diabetes (P=0.65).

Amount of physical activity: Insufficient evidence is available to determine whether the relationship
between sedentary behavior and incident type 2 diabetes varies by amount of moderate-to-vigorous
physical activity. Four of the original research studies considered the potential interactions between
sedentary behavior and physical activity on incident type 2 diabetes.>Z 2% 62 64 Manini et al®’ reported
significant effects of daily sitting on incident type 2 diabetes among people with different amounts of

physical activity (all P-values for trends <0.01). On the other hand, Smith and Hamer>® reported that

active participants who reported high TV viewing were not at elevated risk of type 2 diabetes, in

comparison to inactive participants who reported high TV viewing, who were at significantly elevated
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risk. Petersen et al® reported a non-significant interaction between sitting time and moderate-to-
vigorous physical activity (P=0.68). However, the association between sitting time and incident type 2
diabetes was only significant in those who were inactive. Asvold et al** reported a significant interaction
between daily sitting time and leisure-time physical activity (P=0.01), with a significant effect observed

only in inactive participants. Thus, the evidence from these four studies is not consistent.

Bouts and breaks: Insufficient evidence is available that bouts or breaks in sedentary behavior are
important factors in the relationship between sedentary behavior and incident type 2 diabetes. No

studies were identified that addressed this topic.

Weight Status

Evidence on the Overall Relationship

Two systematic reviews? 13 each reviewed 10 original research studies and concluded that evidence was
insufficient or limited, respectively, that sedentary behavior was related to changes in body weight or
other indicators of weight status, such as BMI, waist circumference, body fat, or overweight (BMI >25
kg/m?) or obesity (BMI =30 kg/m?) (Supplementary Table S-F2-10). Fourteen original research articles
were identified that were published between 2014 and 2017578 (Supplementary Table S-F2-11) that

explored associations between sedentary behavior and indicators of adiposity or weight status.

Of the 14 original studies, 11 reported a significant positive association between at least one sedentary

67,68 70-78 \y hereas three studies

behavior and at least one indicator of adiposity or weight status,
reported no significant results.® 8 8 However, the relationships observed among the studies that
reported significant effects showed considerable heterogeneity. For example, among adults in the
United Kingdom, the relationship between TV viewing and incident abdominal obesity (high waist
circumference) was significant, but the relationship with incident obesity (high BMI) was not.2 Among
Swedish adults followed for 5 years, the association between computer gaming and incident overweight
was significant in women, but not in men.”2 Among Finnish adults, the association between screen time
and 6-year weight change was significant in men ages 24 to 27 years but not in men ages 30 to 39 years
or in women. Saidj et al’® reported that occupational sitting time was associated with changes in waist
circumference over 5 years, but not with changes in BMI. In the same study, the authors found no

association between leisure-time sitting and either BMI or waist circumference.Z Finally, among Chinese

adults, the relationship between daily sedentary time and the incidence of obesity was significant in
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men but not in women.”2 However, the association with weight change per se was significant in both

men and women.

Several indicators of adiposity and weight status have been employed as outcomes in the available
studies. Many studies included multiple analyses of subgroups (e.g., in men, in women, and total
sample). Significant results were reported in five’2 2L 74 78 gyt of seven analyses® 7 7L 74 78 for hody
weight; fourtZ 8 3. 75 gyt of nine analyses®? % 375 76 for BM|; 382 88 77 gyt of 10 analyses® 8762 71, 7577 o
waist circumference; one out of one analysis’? for fat mass; one’® out of two analyses’t 2 for percent
body fat; oneZl out of one analysis’! for fat mass index; 222 28 out of 10 analyses®® 22 72 28 for incident

overweight or obesity; and one out of one analysisZ2 for incident central obesity (high waist

circumference).

The results for weight status differed by the exposure variable used to measure sedentary behavior.
However, some significant results were reported regardless of the exposure variable used. For example,
significant results were reported for one or more of the indicators of weight status in one’? out of two

analyses®® L jn studies that used accelerometry to measure sedentary time; significant results were

76,78 , 66, 76,78

reported for one or more of the indicators of weight status in three’® 78 out of six analyses® & 76 78 jn
studies that relied on self-reported measures of sitting time or total sedentary time; and significant

results were reported for one or more indicators of weight status for 88288 70 7274 77 gt of 10 analyses®”

70,72-75,77

L2, 147709,

in studies that used TV viewing or screen time as the exposure.

The associations between measures of sedentary behavior and indicators of adiposity are complex. For
example, four studies explored the existence of a reciprocal relationship between sedentary behavior
and weight status®Z 2175 76—j e  does weight status at baseline predict changes in sedentary behavior?

71,75,76

Three of the four studies reported significant reciprocal effects* and one did not.®Z Helajarvi et al®’
reported that consistently low TV viewing was associated with a smaller increase in BMI and waist
circumference over approximately 10 years of follow-up in young Finnish adults, with no evidence of a
reciprocal relationship. On the other hand, Menai et al” also reported a significant association between
increased TV viewing over follow-up and increases in BMI and percent fat. However, a reciprocal
relationship also was observed, with positive associations between baseline BMI, percent fat, and waist
circumference and increases in TV viewing. Positive associations between accelerometer-determined

sedentary time and increases in weight, fat mass, and fat mass index were observed among U.K. adults,

and significant positive associations also were seen between the obesity indicators at baseline and
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increases in sedentary time over follow-up.Z Similarly, association between baseline leisure-time sitting
and changes in BMI or waist circumference was seen over 5 years of follow-up in Danish adults.
However, higher BMI and waist circumference were both positively associated with greater increases in

leisure-time sitting (P<0.0001).22

Dose-response: The issue of dose-response was addressed in 12 of the original research studies, mainly
by testing for linear associations in regression models, or testing for linear trends across categorical
exposures.872 7877 A statistically significant linear dose-response association was observed in 9 of the 12

studies for at least one subgroup for one of the weight-related outcomes. 8% 88 70-/2, 7477

Evidence on Specific Factors
Demographic factors and weight status: Insufficient evidence is available to determine whether age,
sex, race/ethnicity, or baseline weight status are important factors in the relationship between

sedentary behavior and weight status.

Amount of physical activity: Insufficient evidence is available to determine whether the association
between sedentary behavior and weight status varies by amount of moderate-to-vigorous physical
activity. Shibata et al’”’ found no significant interaction between change in moderate-to-vigorous
physical activity and change in TV viewing on 12-year changes in waist circumference among Australian
adults. Although Bell et al® found no main effect of leisure-time sitting on incident obesity in the study
of U.K. adults, a significant interaction between sitting time and physical activity was seen at a 5-year
(P=0.02) but not at a 10-year (P=0.37) follow-up. At the 5-year follow-up, the combination of high
physical activity and low sedentary time was associated with an odds ratio of 0.26 (95% Cl: 0.11-0.64) for

incident obesity.%®

Bouts and breaks: Insufficient evidence is available that bouts or breaks in sedentary behavior are
important factors in the relationship between sedentary behavior and weight status. No studies were

identified that addressed this topic.

Cardiovascular Disease

Evidence on the Overall Relationship
One systematic review®2 and four meta-analysestl 118 22 were identified that addressed the association
between sedentary behavior and incident cardiovascular disease (Supplementary Table S-F2-10). All four

meta-analyses reported a statistically significant pooled estimate of risk. Grontved and Hu*! reported a
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pooled relative risk of 1.15 (95% Cl: 1.06-1.23) per 2 hours of TV viewing per day. Similarly, Biswas et al*®
and Pandey et al” reported summary hazard ratios of 1.14 (95% Cl: 1.00-1.30) and 1.14 (95% Cl: 1.09-
1.19), respectively, for high versus low sedentary behavior and incident cardiovascular disease. Finally,
Wilmot et al* reported a significant summary relative risk for cardiovascular events of 2.47 (95% Cl:
1.44-4.24). Taken together, the results of these meta-analyses indicate that sedentary behavior is

significantly associated with incident cardiovascular disease risk.

Threel? 8 81 of the six original research studies!® 88 pyblished between 2014 and 2017 found a

significant association between sedentary behavior and incident cardiovascular disease (Supplementary

Table S-F2-11). Petersen et al'® reported that daily sitting time was significantly associated with incident
|80

myocardial infarction but not with incident coronary heart disease. Young et al®® reported a significant

association between sedentary time and incident heart failure in U.S. men, and Borodulin et al®

reported a significant association between daily sitting time and incident fatal and nonfatal

cardiovascular disease among Finnish adults.

Dose-response: Two meta-analyses addressed the issue of dose-response in the association between

sedentary behavior and incident cardiovascular disease.t' 22 Grontved and Hu*! reported a significant

linear dose-response association between TV viewing and incident fatal and nonfatal cardiovascular
disease. In a similar vein, Pandey et al”® reported a significant, curvilinear dose-response association
with increasing slope of risk at increasingly higher levels of sedentary time. Three of the recent research
studies published between 2014 and 2017 reported significant dose-response associations between

sedentary behavior and incident cardiovascular disease 2% 8% 81

Evidence on Specific Factors

Demographic factors and weight status: Insufficient evidence is available to determine whether the
relationship between sedentary behavior and cardiovascular disease varies by age, sex, race/ethnicity,
socioeconomic status, or weight status, as few studies examined these interactions. Young et al®*
reported that the association between sedentary time and incidence of heart failure was elevated in all
ethnic groups, but was statistically significant only in Non-Hispanic White and Hispanic men. The

association also was significant in men with normal weight, overweight, and obesity. McDonnell et al®3

reported no significant interactions between TV viewing and age, race or sex on risk of incident stroke.

Amount of physical activity: Available evidence is insufficient to determine whether the relationship

between sedentary behavior and cardiovascular disease varies by amount of moderate-to-vigorous
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physical activity. Two of the original research studies identified in the de novo literature search
considered the potential interactions between sedentary behavior and physical activity on incident

cardiovascular disease. Petersen et al'®

found no significant interaction between sitting time and leisure-
time physical activity for myocardial infarction or coronary heart disease. On the other hand, Young et
al® reported a small additive interaction effect between low physical activity and high sedentary time

on incident heart failure (relative risk (RR)=0.08; 95% Cl: 0.03-0.14).

Bouts and breaks: Insufficient evidence is available that bouts or breaks in sedentary behavior are
important factors in the relationship between sedentary behavior and incident cardiovascular disease.

No studies were identified that addressed this topic.

Cancer

Evidence on the Overall Relationship
Four systematic reviews!? 128> 86 gnd four meta-analyses® 882 addressed the relationship between
sedentary behavior and cancer incidence (Supplementary Table S-F2-10). Two meta-analyses addressed
associations with total cancer incidence,® & two meta-analyses examined associations with incidence of
several-site-specific cancers,?” 2 and one meta-analysis addressed breast cancer incidence only.8 The
research studies included in the meta-analyses generally reported relative risks that were adjusted for
several covariates, including physical activity. Six original research studies, published between 2014 and
2017, that addressed the relationship between sedentary behavior and incident cancer were
identified®>2 (Supplementary Table S-F2-11). These studies considered the relationship between

91,93

sedentary behavior and total cancer and site-specific cancers,2® breast cancer,2X' 2 ovarian cancer,22

prostate cancer,? and lung cancer.2

Total Cancer: Two meta-analyses examined the association between sedentary behavior and total
cancer incidence.t® 8 Shen et al® reported a summary relative risk of 1.20 (95% Cl: 1.12-1.28) and
Biswas et al'® reported a summary hazard ratio of 1.13 (95% Cl: 1.05-1.21) for highest versus lowest
levels of sedentary behavior and all-cancer incidence. Further, an original research study in a large
cohort (American Cancer Prevention Study Il Nutrition Cohort) reported a significant association
between leisure-time sitting and total cancer incidence in women but not in men.2 The results of
studies that use total cancer incidence as the outcome should be interpreted with caution, given that
cancer is a heterogeneous disease and specific cancers vary widely in their etiology and progression, as

well as geographic distribution.
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Breast Cancer: Three meta-analyses examined the association between sedentary behavior and breast
cancer incidence. 828 Zhou et al® reported non-significant associations between highest and lowest
amounts of sitting time and breast cancer incidence (odds ratio (OR)=1.05; 95% Cl: 0.99-1.11) and
highest versus lowest amounts of TV viewing and breast cancer (OR=1.07; 95% Cl: 0.96-1.20),

respectively. Similarly, Schmid and Leitzmann®’ also reported no relationship between highest versus

lowest amounts of sedentary behavior and breast cancer incidence in their meta-analysis (RR=1.03; 95%
Cl: 0.95-1.12). On the other hand, Shen et al® reported a significant association between the highest
versus the lowest amounts of sedentary behavior and breast cancer incidence (RR=1.17; 95% Cl: 1.03-
1.33). The Shen et al® meta-analysis used three prospective cohort studies in their analysis, whereas

Schmid and Leitzmann®’ relied on 13 case-control and prospective studies, and Zhou et al*® also relied

on both case-control and prospective studies (9 studies for sitting and 6 studies for TV viewing). Of the
two newer original research studies that were found, one reported a significant association with breast

cancer2 and the other did not.2

Endometrial Cancer: Two meta-analyses examined the association between sedentary behavior and

endometrial cancer, and both reported a significant association.tZ 8 Comparing the highest versus

lowest levels of sedentary time, Schmid and Leitzmann®’ reported a summary relative risk of 1.36 (95%

Cl: 1.15-1.60); whereas Shen et al® reported a summary relative risk of 1.28 (95% Cl: 1.08-1.53).

Colorectal Cancer: The meta-analysis by Shen et al® reported a significant association comparing the

highest versus lowest amounts of sedentary behavior and combined colorectal cancer (RR=1.30; 95% Cl:

1.12-1.49); whereas Schmid and Leitzmann®’ reported a significant association for the highest versus

lowest amounts of sedentary behavior and colon cancer (relative risk = 1.28; 95% Cl: 1.13-1.45) but not

for rectal cancer (RR=1.03; 95% Cl: 0.89-1.19).

Lung Cancer: Two meta-analyses examined the association between sedentary behavior and lung
cancer, and both reported a significant association.8 8 Comparing the highest versus lowest levels of

sedentary time, Schmid and Leitzmann®’ reported a summary relative risk of 1.21 (95% Cl: 1.03-1.43);

whereas Shen et al®® reported a summary relative risk of 1.27 (95% Cl: 1.06-1.52).

Other Cancers: The two meta-analyses that examined site-specific cancers® £ did not find significant
associations between sedentary behavior and risk of ovarian cancer, prostate cancer, stomach cancer,
testicular cancer, renal cell carcinoma, or non-Hodgkin lymphoid neoplasms. In a more recent original

research study using data from the American Cancer Prevention Study Il Nutrition Cohort, the authors
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reported significant associations between leisure-time sitting and risk of multiple myeloma, invasive
breast cancer, and ovarian cancer in women, but found no associations in men between sedentary

behavior and site-specific cancers.2

Dose-response: One meta-analysis examined dose-response associations between sedentary behavior
and cancer risk by modelling the association according to 2-hour increments per day of time spent being
sedentary.?Z Each 2-hour per day of sitting time was related to significantly increased risk of colon
cancer (RR=1.08; 95% Cl: 1.04-1.11), endometrial cancer (RR=1.10; 95% Cl: 1.05-1.15), and a borderline
statistically increased risk of lung cancer (RR=1.06; 95% Cl: 1.00-1.11).

Evidence on Specific Factors

Demographic factors and weight status: None of the identified meta-analyses stratified its analysis by
demographic factors or weight status. Only three original studies tested for interactions between
sedentary behavior and BMI, with varying results.22 2> 22 Therefore, the evidence is insufficient to
determine whether the association between sedentary behavior and cancer risk varies by age,

sex/ethnicity, socioeconomic status, or weight status.

Amount of physical activity: None of the identified meta-analyses stratified its analysis by amount of
physical activity. Three of the six original research studies tested for an interaction between sedentary
behavior and physical activity, and none was significant.2> 2324 Therefore, the evidence is insufficient to
determine whether the association between sedentary behavior and cancer risk varies by amount of

moderate-to-vigorous physical activity.

Bouts and breaks: Insufficient evidence is available that bouts or breaks in sedentary behavior are
important factors in the relationship between sedentary behavior and incident cancer. No studies were

identified that addressed this topic.

For additional details on this body of evidence, visit: Supplementary Tables S-F2-10 and S-F2-11, and
https://health.gov/paguidelines/second-edition/report/supplementary-material.aspx for the
Evidence Portfolio. For information on the relationship of physical activity and cancer, see Part F.
Chapter 4: Cancer Prevention.
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Question 5. Does the effect of moderate-to-vigorous physical activity on all-cause
mortality vary by amount of sedentary behavior?

Sources of evidence: Meta-analyses, original research articles

Conclusion Statement
Moderate evidence indicates that the beneficial effect of moderate-to-vigorous physical activity on all-
cause mortality varies by amount of sedentary behavior. Importantly, the relative reductions in risk are

larger for those who are the most sedentary. PAGAC Grade: Moderate.

Review of the Evidence

The evidence used to address Question 5 was obtained from the evidence compiled for Question 1. The
evidence base is described in greater detail in the section for Question 1. All systematic reviews/meta-
analyses and original research articles were reviewed for potential inclusion in the evidence for
Question 5. Cohort studies that included multiple amounts of moderate-to-vigorous physical activity as
the exposure, in addition to at least two categories of sedentary time, were included in the evidence
base. One meta-analysis of data from more than 1 million participants from 16 cohort studies was
identified!® in addition to two original research articles.2> 38 An additional three original research
studies3® 3231 provided graphical representations of death rates or hazard ratios across combined
categories of sedentary behavior and moderate-to-vigorous physical activity. However, the purpose of
these figures was to examine the shape of the association between sedentary behavior within different
amounts of moderate-to-vigorous physical activity, and the point estimates were not provided in the
figures. Finally, one study reported similar non-linear associations between moderate-to-vigorous
physical activity in those who had more than 10.9 hours per day of sedentary behavior versus those who
had 10.9 hours or less per day of sedentary behavior. However, estimates of relative risk were not

provided.2®

The joint associations of moderate-to-vigorous physical activity with daily sitting and TV viewing from
the meta-analysis of Ekelund et al*® are plotted in Figure F2-4. In general, the overall shapes of the dose-
response relationships between moderate-to-vigorous physical activity and all-cause mortality are
generally similar when stratified by level of sitting or TV viewing. However, the relative risks at every
level of moderate-to-vigorous physical activity are consistently higher in the high sitting and high TV
viewing groups. The reduction in risk of all-cause mortality is relatively greater for those who are the

most sedentary. This is especially apparent at the lower amounts of moderate-to-vigorous physical
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activity. For example, among those who sit more than 8 hours per day, the risk for individuals in the
second quartile (about 9.25 MET-hours per week) is 20 percent lower than the risk for individuals in the
first quartile (<2.5 MET-hours per week). In contrast, among those who sit less than 4 hours per day, the
risk for individuals in the second quartile is 12 percent lower than the risk for individuals in the first

quartile.

The level of risk associated with accumulating approximately 20 to 25 MET-hours per week of moderate-
to-vigorous physical activity in the low sitting (<4 h/day) group is similar to the risk associated with
accumulating 35 to 40 MET-hours per week in the high sitting (>8 h per day) group (Figure 4a). Similar
results are observed across categories of TV viewing, except that the level of relative risk associated with
high amount of moderate-to-vigorous physical activity in the high TV viewing (=5 h/day) never achieves
that of moderate or high amounts of moderate-to-vigorous physical activity in the low TV viewing (<1
h/day) group (Figure F2-4B). These observations are supported by the results of two original research
studies in U.S. adults.2® 2% |t should be noted that both original research studies contributed data to the
pooled meta-analysis by Ekelund et al.”® Further research is required to determine why the associations

differ somewhat for self-reported sitting versus self-reported TV viewing.
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Figure F2-4. Relationship Between Moderate-to-Vigorous Physical Activity and All-cause Mortality,
Stratified by Amounts of A) Sitting Time and B) TV Viewing
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Source: Adapted from data found in Ekelund et al., 2016.12

For additional details on this body of evidence, visit: https://health.gov/paguidelines/second-
edition/report/supplementary-material.aspx for the Evidence Portfolio.
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OVERALL SUMMARY, CONCLUSIONS, AND PUBLIC HEALTH IMPACT

Strong scientific evidence demonstrates that exposure to high amounts of sedentary behavior
significantly increases the risk of all-cause mortality, cardiovascular disease incidence and mortality, and
type 2 diabetes incidence. Moderate evidence indicates that high amounts of sedentary behavior are
associated with the incidence of cancer, particularly for endometrial, colon and lung cancer. Further,
limited evidence exists that sedentary behavior is associated with cancer mortality and weight status.
Currently, sedentary behavior is highly prevalent in the U.S. population. Therefore, limiting excessive
time spent sitting would reduce the population health impact associated with premature mortality and
several major chronic diseases such as type 2 diabetes, cardiovascular disease, and cancer. For physically
inactive adults, replacing sedentary behavior with light intensity physical activities is likely to produce
some health benefits. Among all adults, replacing sedentary behavior with higher intensity (moderate-

to-vigorous) physical activities may produce even greater benefits.

Strong evidence demonstrates that the association between sedentary behavior and all-cause mortality
varies by amount of moderate-to-vigorous physical activity, such that the hazardous effects of sedentary
behavior are more pronounced in physically inactive people. Moderate evidence also indicates that the
effects of moderate-to-vigorous physical activity vary by amount of sedentary behavior, such that those
who are the most sedentary experience the greatest relative reductions in mortality risk associated with
increases in physical activity. Further, individuals who are highly sedentary appear to require even
higher amounts of physical activity to achieve the same level of absolute mortality risk as people who
are less sedentary. Therefore, moderate-to-vigorous physical activity should be part of every adult’s

lifestyle, especially for those who sit for large portions of the day.

NEEDS FOR FUTURE RESEARCH

1. Conduct research using prospective cohorts on the interactive effects of physical activity and
sedentary behavior on all-cause and cardiovascular disease mortality and incident cardiovascular
disease, especially on the role of light-intensity physical activity on attenuating the relationship

between sitting and mortality.

Rationale: Evidence on the role of physical activity in displacing the mortality risks associated with

sedentary behavior is limited. A better understanding of these interactive effects will allow for more
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specific recommendations regarding the amount and intensity of physical activity required to
maximize health benefits among people with higher or lower levels of sedentary behavior. Given
that associations between specific risk factors and cancer mortality are affected by cancer screening
and treatment availability and efficacy, studies of the associations between sedentary behavior and

all-cancer mortality are not a priority.

2. Conduct research using prospective cohorts on the role of bouts and breaks in sedentary behavior in

relation to all-cause and cardiovascular disease mortality.

Rationale: The preponderance of the existing evidence on prospective associations between
sedentary behavior and health is based on the association between daily or weekly duration of
sedentary behavior. More research is needed on the relationship between patterns of sedentary
behavior and mortality and other health outcomes, especially the role of sedentary bouts and
breaks. This information will contribute to the development of recommendations on how sedentary
behavior patterns should be modified to maximize related health benefits. Given that associations
between specific risk factors and cancer mortality are affected by cancer screening and treatment
availability and efficacy, studies of the associations between sedentary behavior and all-cancer

mortality are not a priority.

3. Conduct research on how factors such as sex, age, race/ethnicity, socioeconomic status, and weight
status relate to the association between sedentary behavior and cardiovascular disease incidence

and cardiovascular disease mortality.

Rationale: Compared to the evidence base for all-cause mortality, fewer studies have addressed
issues of effect modification by these factors on the relationship between sedentary behavior and
cardiovascular disease incidence and mortality. This information will help determine how
generalizable the potential benefits of reducing sedentary behavior are in preventing cardiovascular
disease and whether different recommendations are required based one’s sex, age, race/ethnicity,
socioeconomic status, or weight status. Given that associations between specific risk factors and
cancer mortality are affected by cancer screening and treatment availability and efficacy, studies of

the associations between sedentary behavior and all-cancer mortality are not a priority.

4. Conduct research using prospective cohorts to disentangle the independent effects of sedentary

behavior and adiposity on risk of type 2 diabetes.
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Rationale: Given that the association between sedentary behavior and type 2 diabetes is attenuated
when body mass index is a covariate in the statistical models, this suggests that body mass index
may be in the causal pathway between sedentary behavior and risk of type 2 diabetes. However,
further research is required to understand the nature and direction of this relationship to better
understand whether the relationship between sedentary behavior and type 2 diabetes is truly

causal.

5. Conduct randomized controlled trials to test the health effects of interventions to replace time
spent in sedentary behaviors with standing and light-, moderate-, and vigorous-intensity physical

activity.

Rationale: The preponderance of the evidence on the health effects of sedentary behavior has come
from observational epidemiological studies. To develop public health guidelines and develop
effective intervention strategies, more evidence is required on the positive and negative
consequences associated with replacing sedentary behavior with greater intensity activities for short

or long durations.
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INTRODUCTION

Maintaining or improving brain health is a universal goal across the lifespan. In youth, we seek to
enhance brain maturation and development, reach expected developmental milestones relative to
thoughts and actions, and achieve academic goals, including school readiness and achievement. In late
adulthood, we aim to avoid dementia and cognitive impairment. Across the lifespan, we strive to ensure
high-quality brain health, as manifested by optimally functioning cognition, low levels of anxiety and
feelings of depression, a positive assessment of perceptions of quality of life, and comfortable and
effective sleep patterns. Despite these common goals, and the fact that recent research has provided
much important information on these topics, the effects of physical activity on brain health remain
poorly understood by the public. Additionally, physical activity is infrequently prescribed by health care
professionals for prevention or treatment of medical conditions affecting the brain. The Physical Activity
Guidelines Advisory Committee Report, 2008~ focused on several mental health outcomes and this

literature has substantially grown over the past decade. Drawing from this expanded evidence base, the
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2018 Physical Activity Guidelines Advisory Committee Scientific Report addresses this important topic

and examines the strength of the scientific evidence that would be the basis for public health guidelines.

The term “Brain Health” can be broadly conceptualized as the optimal or maximal functioning of
behavioral and biological measures of the brain and the subjective experiences arising from brain
function (e.g., mood). This includes measurements of biological markers of the brain (e.g., structural
brain morphology) or the subjective manifestations of brain function, including mood and anxiety,
perceptions of quality of life, cognitive function (e.g., attention and memory), and sleep. Several
decades of non-human animal research conclude that unequivocal evidence shows that physical activity
positively affects behavioral and biological measures of brain health. This research has been supported
by a rapidly expanding investigation of physical activity on brain health in humans. As such, for the first
time, the scientific field is well-positioned for a comprehensive assessment of this broad and quickly
maturing area of science with the aim of understanding and describing the public health implications
regarding the relationship between physical activity and the benefits of maintaining brain health

throughout the lifespan.

The 2008 Scientific Report! concluded that physical activity “reduces the risk of depression and cognitive
decline in adults and older adults.” In addition, it indicated that “there was some evidence that physical
activity would improve sleep” and described “limited evidence that physical activity would reduce
distress/well-being and anxiety”.2 In the past 10 or more years, significant advancements have occurred
in both the sophistication of instruments and approaches to study brain health and the quality of

research examining the influence of physical activity on brain health outcomes.

This 2018 Scientific Report greatly expands on the statements made in 2008 by examining whether
regular and long-term engagement in physical activity, as well as brief bouts of activity, are capable of
improving cognitive function, perceptions of quality of life, affect, anxiety and depression, and sleep
across the lifespan and in disorders and conditions with common deficits (e.g., dementia). This report
goes beyond the mental health definition used in the 2008 Scientific Report? by further examining
physical activity on other aspects of the brain, thus requiring a broader view that is more properly
encompassed by the term “brain health.” Question 1 examines whether physical activity is an effective
method for improving cognitive function across the lifespan or reducing the risk for dementia. In
addition, it examines the effects of physical activity on cognitive function in conditions that are often

associated with cognitive deficits or problems (e.g., schizophrenia). Question 2 focuses on the influence
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of physical activity on perceptions of quality of life. The Brain Health Subcommittee approached this
problem from a perspective of differentiating quality of life from well-being, with the term “well-being”
encompassing both cognitive-evaluative and affective components. The Subcommittee focused on the
cognitive-evaluative components and assessed whether physical activity improves general quality of life
and health-related domains of quality of life, which are defined as “a reflection of the way that
individuals perceive and react to their health status and to other, nonmedical aspects of their lives”.2
Question 3 focuses on the affective components of well-being, and examines the effect of physical
activity on core affective responses (i.e., how pleasant and activated people feel during and after
activity), state and trait anxiety, depressive symptoms, and clinical depression. Question 4 addresses the
research on the influence that physical activity has on sleep outcomes, including in individuals with sleep
disorders. In each of these areas, the Subcommittee also examined whether evidence was available for
dose-response effects between the physical activity exposure and the outcome, and whether the

relationship varied by age, race, sex, weight status, or sociodemographic characteristics.

REVIEW OF THE SCIENCE
Overview of Questions Addressed

This chapter addresses four major questions and related subquestions:
1. What s the relationship between physical activity and cognition?

a) Isthere a dose-response relationship? If yes, what is the shape of the relationship?

b) Does the relationship vary by sex, race/ethnicity, socioeconomic status, or weight status?

c) Does the relationship exist across the lifespan?

d) Does the relationship vary for individuals with normal to impaired cognitive function (i.e.,
dementia)

e) What is the relationship between physical activity and biomarkers of brain health?

2. What is the relationship between physical activity and quality of life?

a) Isthere a dose-response relationship? If yes, what is the shape of the relationship?
b) Does the relationship vary by age, sex, race/ethnicity, socioeconomic status, or weight status?

3. What s the relationship between physical activity and (1) affect, (2) anxiety, and (3) depressed
mood and depression?

a) Isthere a dose-response relationship? If yes, what is the shape of the relationship?

b) Does the relationship vary by age, sex, race/ethnicity, socioeconomic status, or weight status?

c) Does the relationship exist across a continuum of mood and affective disorders (e.g.,
depression)?

d) What is the relationship between physical activity and brain structure and function?
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4. What is the relationship between physical activity and sleep?

a) Isthere a dose-response relationship for either acute bouts of physical activity, or regular
physical activity? If yes, what is the shape of the relationship?

b) Does the relationship vary by age, sex, race/ethnicity, socioeconomic status, or weight status?

c) Does the relationship vary for individuals with normal to impaired sleep behaviors? If yes, for
which sleep disorders?

Data Sources and Process Used to Answer Questions

The Brain Health Subcommittee determined that systematic reviews, meta-analyses, pooled analyses,
and reports provided sufficient literature to answer all four research questions. The databases searched

included PubMed, Cochrane, and CINAHL.

Question 1: What is the relationship between physical activity and cognition?

a) Isthere a dose-response relationship? If yes, what is the shape of the relationship?

b) Does the relationship vary by age, sex, race/ethnicity, socioeconomic status, or weight status?

c) Does the relationship exist across the lifespan?

d) Does the relationship vary for individuals with normal to impaired cognitive function (i.e.,
dementia)

e) What is the relationship between physical activity and biomarkers of brain health?

Sources of Evidence: Systematic reviews and meta-analyses

Conclusion Statements

During the course of the review, it was determined that an accurate description of the state of the
science for addressing this question would require several additional subcategories. As such, separate
grades were assigned for acute bouts of physical activity (subquestion a), different age groups

(subquestion c), and medical conditions with cognitive impairment (subquestion d).

Moderate evidence indicates a consistent association between greater amounts of physical activity and
improvements in cognition, including performance on academic achievement tests; performance on
neuropsychological tests, such as those involving processing speed, memory, and executive function;
and risk of dementia. Such evidence has been demonstrated across numerous populations and
individuals representing a gradient of normal to impaired cognitive health status. These effects are
found across a variety of forms of physical activity, including aerobic activity (e.g., brisk walking),
muscle-strengthening activity, yoga, and play activities (e.g., tag or other simple low organizational

games). PAGAC Grade: Moderate.
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Insufficient evidence is available to determine whether a dose-response relationship exists between
physical activity and cognition because of conflicting findings across populations, cognitive outcomes,

and experimental approaches. PAGAC Grade: Not assignable.

Strong evidence demonstrates that acute bouts of moderate-to-vigorous physical activity have a
transient benefit for cognition, including attention, memory, crystalized intelligence, processing speed,
and executive control during the post-recovery period following a bout of exercise. The findings indicate
that the effects are larger in preadolescent children and older adults relative to other periods of the

lifespan. PAGAC Grade: Strong.

Insufficient evidence is available to determine the effects of moderate-to-vigorous physical activity on

cognition in children younger than age 5 years. PAGAC Grade: Not assignable.

Moderate evidence indicates an effect of both acute and long-term moderate-to-vigorous physical
activity interventions on brain, cognition, and academic outcomes (e.g., school performance,
psychometric profile of memory and executive function) in preadolescent children ages 5 to 13 years.

PAGAC Grade: Moderate.

Insufficient evidence is available to determine whether a relationship exists between moderate-to-
vigorous physical activity and cognition in adolescents ages 14 to 18 years. PAGAC Grade: Not

assignable.

Insufficient evidence exists regarding the effect of long-term moderate-to-vigorous physical activity on

cognition in young or mid-life adults ages 18 to 50 years. PAGAC Grade: Not assignable.

Moderate evidence indicates an effect of long-term moderate-to-vigorous physical activity interventions

on cognitive and brain outcomes in adults ages 50 years and older. PAGAC Grade: Moderate.

Limited evidence suggests that moderate-to-vigorous physical activity has a stronger effect on cognition
in older compared to middle-aged and younger adults. Limited evidence also suggests a stronger effect
of moderate-to-vigorous physical activity in older adult women compared to older adult men. PAGAC

Grade: Limited.

No evidence was observed for an effect of physical activity on cognition as a function of socioeconomic

status, race/ethnicity, or weight status. PAGAC Grade: Not assignable
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Strong evidence demonstrates that greater amounts of physical activity are associated with a reduced

risk of developing cognitive impairment, including Alzheimer’s disease. PAGAC Grade: Strong.

Moderate evidence indicates that moderate-to-vigorous physical activity interventions can improve

cognition in individuals with dementia. PAGAC Grade: Moderate

Moderate evidence indicates that moderate-to-vigorous physical activity can have beneficial effects on
cognition in individuals with diseases or disorders that impair cognitive function, including attention
deficit hyperactivity disorder, schizophrenia, multiple sclerosis, Parkinson’s disease, and stroke.
However, data are lacking for several other major conditions that are clinically associated with impaired

cognitive function (i.e., autism, cancer). PAGAC Grade: Moderate.

Moderate evidence indicates that moderate-to-vigorous physical activity positively affects biomarkers of
brain health and cognition. Physical activity-induced changes to these biomarkers have been observed
across much of the lifespan, with considerably more evidence in children and older adults than in other

age groups. PAGAC Grade: Moderate.

Limited evidence suggests that moderate-to-vigorous physical activity has a stronger effect on cognition
in older compared to middle-aged and younger adults. Limited evidence also suggests a stronger effect
of moderate-to-vigorous physical activity in older adult women compared to older adult men. No
evidence was observed for an effect of physical activity on cognition as a function of socioeconomic

status, race/ethnicity, or body mass index. PAGAC Grade: Limited.

Strong evidence demonstrates that acute bouts of moderate-to-vigorous physical activity have a
transient benefit for cognition, including attention, memory, crystalized intelligence, processing speed,
and executive control during the post-recovery period following a bout of exercise. The findings indicate
that the effects are larger in preadolescent children and older adults relative to other periods of the

lifespan. PAGAC Grade: Strong.

Review of the Evidence

Cognitive and brain health are important to many facets of life, including educational and academic
attainment, job performance, quality-of-life, and for diseases and disorders that directly or indirectly
influence these outcomes. For this question, measurement of cognition includes a broad range of
outcomes, including academic achievement, performance on neuropsychological tests that assess

several processes, such as attention, memory, processing speed, and executive function (an umbrella
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term that represents a number of goal-directed processes that support thinking, reasoning, and problem
solving), and dementia diagnoses. However, cognition—as defined in this question—does not include
measurement of intelligence, motor function, personality, mood (addressed below in Question 3), and

sensory and perceptual function.

To address this question, the Subcommittee used 32 meta-analyses and systematic reviews of the
literature that examined whether results from randomized controlled trials (RCTs) and prospective
longitudinal studies are associated with cognitive outcomes. These reviews included results from
healthy young (N=3222) and older adults (N=3%2), children (N=4212), and adolescents (N=21214) 35 well as
populations with impaired cognition, such as children and adults with attention deficit hyperactivity
disorder (ADHD) (N=3%-17), adults with mild cognitive impairment or dementia (N=4%2), multiple
sclerosis (N=122), Parkinson’s disease (N=12), schizophrenia (N=12%), and stroke (N=1%). We also
included meta-analyses and reviews of the effects of acute exercise on cognitive outcomes (N=42529),
the effects of sedentary behavior on cognitive outcomes (N=12), and the effects of physical activity on
biomarkers of brain health (N=43-34), Included in these systematic reviews and meta-analyses were

more than 350 empirical studies with more than 40,000 individuals.

Evidence on the Overall Relationship

The Subcommittee concluded that there is moderate evidence for an association between greater
amounts of physical activity and improvements in cognition, including performance on academic
achievement tests; performance on neuropsychological tests, such as those involving processing speed,
memory, and executive function; and risk of dementia. Such evidence has been demonstrated across
numerous populations and individuals representing a gradient of normal to impaired cognitive health
status. These effects are found across a variety of forms of physical activity, including aerobic activity
(e.g., brisk walking), muscle-strengthening activity, yoga, and play activities (e.g., tag or other low
organizational games). The findings regarding the relationship between levels of physical activity and
cognition show considerable consistency across a variety of experimental designs and cognitive
outcomes used to assess this relationship. The effect sizes of physical activity on cognition ranged from
0.10 to 0.67 standard deviations (SD), depending on the population, cognitive outcome, experimental
design, and physical activity exposure. To place this effect size in perspective, a diagnosis of vascular
cognitive impairment, non-dementia (a prevalent sub-category of mild cognitive impairment), is
considered when dementia is absent with cerebrovascular involvement, and impairment is evident in at

least one cognitive domain that is at least 1 and typically 1.5 SD outside of age- and education-adjusted
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norms. These impairments occur most commonly in the domain(s) of executive function. Thus, these
effect sizes for cognitive and brain health outcomes are generally considered small to moderate in
magnitude, and consistently positive. Although the studies reviewed indicate that the effects of physical
activity influence numerous cognitive domains, the positive effects have been demonstrated most
consistently, and are most frequently studied, in the executive function domain. The improvements in
executive function are temporary following acute bouts of physical activity, and become more sustained
following participation in an ongoing physical activity routine. As is described below, the Subcommittee
indicated a moderate, rather than strong, conclusion because the relationship between physical activity

and cognition varied based on specific factors.

Evidence on Specific Factors
Lifespan: The effect of physical activity on cognition has been observed at different stages of the
lifespan. However, the quantity of evidence is not uniform across the lifespan, and the preponderance

of data come from research in preadolescent children, young adults, and older adults.

Across childhood, effects ranged from non-significant,22 to unable to be determined in children younger
than age 5 years because of a small number of studies with poor quality experimental designs and a high
risk of bias,2? to significant during school-age years.2 1 Cognitive domains with the largest effects
included executive function, attention, and academic achievement,® 1 but absolute measures of effect
sizes were unable to be determined from these studies. In studies examining effects of engaging in
physical activity on ADHD, the effect sizes ranged from 0.18 to 0.77 in favor of physical activity
improving cognitive performance.>1Z Cognitive domains most commonly affected in ADHD included

executive function (e.g., attention, inhibition, impulsivity).2> 2

In adolescents, there were few rigorous experimental studies with control groups, few studies with well-
described parameters and definitions of physical activity, and few studies with measures of cognitive
function or academic achievement. Despite these limitations, the several reviews reported effect sizes in
favor of physical activity ranging up to 0.37,1 while a systematic review indicated that 75 percent of
studies in adolescents reported an association between physical activity and better cognitive function.
However, as stated above, given that there were few rigorous experimental studies with randomized
designs included in the reviews, the size and quality of the evidence is insufficient to provide a reliable

grade.

2018 Physical Activity Guidelines Advisory Committee Scientific Report F3-8



Part F. Chapter 3. Brain Health

In young and mid-life adults, effect sizes ranged from 0.12 to 0.15%2 for physical activity improving
cognition. Effects were largest for the cognitive domains of executive function, attention, processing
speed,? and short-term memory.2 In cognitively normal older adults, effect sizes ranged from non-
significant’ to .20 & to 0.48% in favor of physical activity interventions positively influencing cognitive
outcomes. Effect sizes were greatest for measures of executive function,® global cognition,? and

attention.z

Impaired cognitive function: Strong evidence demonstrates that greater amounts of physical activity are
associated with a reduced risk of cognitive decline2? and risk of dementia, including Alzheimer’s disease
(AD).28 For example, a meta-analysis of 15 prospective studies of 1 to 12 years in duration with more
than 33,000 participants found that greater amounts of physical activity were associated with a 38
percent reduced risk of cognitive decline.22 Another meta-analysis of 10 prospective studies with more
than 20,000 participants reported that greater amounts of physical activity were associated with a 40
percent reduced risk of developing AD.X8 Moderate evidence indicates that physical activity
interventions can improve cognition in individuals with dementia, including AD.X2 2! For example, one
meta-analysis of 18 RCTs from 802 dementia patients reported an overall effect size of 0.42 and that this
effect was also significant for individuals with AD or non-AD dementias.!® These positive effects were
found for interventions that were both high-frequency physical activity and low-frequency physical
activity. However, given the heterogeneity in the assessment methods, insufficiently detailed
description of the physical activity interventions, and moderate risks for bias, the strength of the
evidence is rated as moderate. Moderate evidence also indicates that physical activity improves
cognitive function in individuals with other diseases or disorders that impair cognitive function, including

ADHD, schizophrenia, multiple sclerosis (MS), Parkinson’s disease, and stroke.

Results regarding the efficacy of interventions to improve cognitive function in individuals with MS are
conflicting.22 However, interventions show the largest effects on executive function, learning, memory,
and processing speed. (For more details on the effects of physical activity in individuals with MS, see
Part F. Chapter 10. Individuals with Chronic Conditions.) Studies of Parkinson’s disease show significant
improvements in cognition following exercise interventions,? with the largest effect sizes in domains of
general cognitive function and executive function. In schizophrenia, moderate-to-vigorous physical
activity interventions have shown improvements in measures of global cognition, working memory, and

attention, with effect sizes of 0.43.2 In stroke populations, engaging in physical activity interventions
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shows significant improvements in domains of global cognition, attention, memory, and visuospatial

abilities.22

Transient benefits have been observed resulting from acute bouts of physical activity in children with
ADHD, but such benefits have not been frequently measured in individuals with other conditions.
Despite consistency in effect sizes across conditions, the manner in which the studies were conducted
and the quality of the cognitive outcomes and measures are variable. Thus, evidence on the effects of

acute bouts of exercise on cognition in populations with cognitive deficits is insufficient.

Biomarkers: Effects also have been reported on biomarkers of brain health, including neurotrophic
factors®2 and task-evoked brain activity, volume, and connectivity®r 3¥ 34 gcross the lifespan, but the
preponderance of data comes from work in children and adults over the age of 60. For example, effects
of physical activity on volumetric and brain activity patterns are more frequently reported, and studied,
in older adults and children than middle-aged adults.2! Similarly, effects of physical activity on measures
of white matter might be less understood across the lifespan compared to functional and volumetric
data, but research on the effects of physical activity on white matter in mid-life is especially scarce.2 A
number of approaches have been used to assess biomarkers of brain health and cognition, including
grey matter morphology (i.e., volume, density, and thickness), white matter integrity, and cortical
electrophysiology. Other approaches include assessing neural networks, including evoked responses
from cognitively demanding tasks; circulating neurotrophic factors linked to cognitive function and
neuroplasticity; cerebral blood flow; task-evoked functional activity; resting state functional
connectivity; magnetic resonance spectroscopy; and positron emission tomography. Most of the work in
this area has emerged in the last 5-10 years and has used functional or volumetric approaches to assess
the health and integrity of the brain.2l 34 The majority of studies in this rather small but growing area
report small-to-moderate positive effect sizes ranging from 0.1 to 0.7 of physical activity on brain

outcomes.

Demographic factors, weight status, and physical activity type: The included reviews rarely reported
whether effects of physical activity on cognitive outcomes were modified by age, sex,® race/ethnicity,
socioeconomic status, presence of obesity, baseline fitness levels,® sedentary behavior?? or physical

activity intensity, frequency, or duration. However, one of the more consistent effects is that females

show larger effect sizes than males.®
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Dose-response: The included reviews rarely report whether a dose-response relationship was observed
for the effects of physical activity on cognitive outcomes. However, one meta-analysis® reported that
among older adults, larger effects on cognition were observed in randomized controlled trials in which
physical activity bouts lasted 46-60 minutes in duration (compared to bout durations lasting 15-30
minutes and 31-45 minutes) and the interventions occurred for at least 6 months compared to
interventions lasting 1-3 and 4-6 months. In addition, physical activity has a general effect across the
aspects of cognition that were studied (i.e., executive, controlled, spatial, and speed), but the effect was

selectively and disproportionately larger for tasks requiring greater amounts of executive control.®

Acute bouts of physical activity: Studies demonstrate a small, transient improvement in cognition
following the cessation of a single, acute bout of physical activity, with effect sizes ranging from 0.014 to
0.67.252 Reported effects were most consistent for domains of executive function,222 but significant
benefits were also realized for processing speed, attention, memory, and crystalized intelligence, the
latter of which is a measure of general and verbal knowledge (e.g., what is the name of the first
president of the United States).28 2222 | arger effects were also realized for preadolescent children and

older adults relative to adolescents and young adults.2®

Exercise intensity of an acute bout of activity had an effect on changes in cognition, with some findings
suggesting an inverted-U shaped curve, as moderate-intensity exercise demonstrated a larger effect
than light- and vigorous-intensity exercise,22 22 and other studies indicating that very light-, light-, and
moderate-intensity exercise benefited cognition, but hard-, very hard-, and maximal-intensity exercise
intensity demonstrated no benefit.Z8 The timing of the assessment of cognition relative to the cessation
of the acute bout of exercise also demonstrated differences in the magnitude of the effect, with
negative effects in cognition observed during the first 10 minutes following the exercise bout and the
largest positive effect observed from 11 to 20 minutes and a smaller effect observed after 20 minutes
following the acute physical activity bout.2® Physical activity bouts lasting 11 to 20 minutes
demonstrated the greatest benefits, with bouts lasting less than 11 minutes or more than 20 minutes

having smaller effects on cognition.%

Overall, this line of research warrants a moderate grade because studies reported significant variability
in the quality of study design, including a lack of appropriate analytical approaches (e.g., intent-to-treat
analyses), poor reporting of adherence and compliance, variability in how active participants were

before assignment to the intervention, unknown reliability and validity of the cognitive assessments,
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inadequate blinding, and variability in control group conditions. As such, the studies included in these

meta-analyses and systematic reviews generally have a high risk of bias and low precision. However,

despite these limitations, these studies appear to have high applicability, generalizability, and

consistency. The effects are also detectable using acute exercise paradigms, where preadolescent

children and older adults demonstrate large and consistent positive effects of moderate-intensity
26-29

physical activity,~= with some evidence to support 11 to 20 minutes in duration as being optimal for

cognitive outcomes.2

For additional details on this body of evidence, visit: https://health.gov/paguidelines/second-
edition/report/supplementary-material.aspx for the Evidence Portfolio.

Comparing 2018 Findings with the 2008 Scientific Report

The 2008 Scientific Report! concluded that strong evidence demonstrated that physical activity delays
the incidence of dementia and the onset of cognitive decline associated with aging. It also indicated that
physical activity improves cognitive symptoms associated with dementia. Thus, the evidence described
here considerably expands that described in 2008 by including significantly more observational studies
and RCTs. This research finds that physical activity influences cognitive function across the lifespan,
including both cognitively normal and impaired populations (e.g., schizophrenia). The effects are
consistent across a variety of methods for assessing cognition (e.g., academic achievement and
dementia diagnoses). The 2018 Scientific Report also demonstrates, for the first time, the positive
effects of physical activity on biomarkers of brain health obtained from neuroimaging techniques (e.g.,
brain volume). Finally, the 2018 Scientific Report describes evidence on acute bouts of activity for

improving cognitive function.

Public Health Impact

In 2017, the annual direct costs of Alzheimer’s disease to American society was estimated to be $259
billion. In 2010, it was estimated that in the last 5 years of life, the cost of dementia per person was
$287,000. Most of these costs are spent by the federal government under Medicare.® Given the
expected increase in the number of Americans older than age 65 years, the costs associated with
Alzheimer’s disease or other dementias may increase to about $758 billion by the year 2050.2% Physical
activity may be a highly effective approach for improving function and mitigating costs associated with
Alzheimer’s disease and other cognitive impairments. In an analysis by, about 13 percent (nearly 4.3
million) of Alzheimer’s disease cases worldwide and about 21 percent of Alzheimer’s disease cases in the

United States are attributable to physical inactivity. According to these results, a 25 percent reduction in
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physical inactivity in the United States could potentially prevent 230,000 cases. The results from the
2018 Scientific Report provide support for the argument that physical activity reduces the risk of
Alzheimer’s disease and other dementias and that increasing physical activity in individuals with

Alzheimer’s disease could improve cognitive function.

The public health impact of the results summarized in the 2018 Scientific Report goes beyond
Alzheimer’s disease and dementia by demonstrating that physical activity influences cognitive function
in children and healthy older adults. For example, academic achievement is a predictor of future job
opportunities®Z and adult health outcomes.2® 22 Thus, these findings, which indicate that increasing
physical activity during childhood may positively influence cognition and academic achievement, may

have further downstream effects on many features of adult health and quality of life.

Healthy older adults, even in the absence of a dementia, often show evidence for cognitive losses and
decline, especially on measures of processing speed, memory, and executive function. It is estimated
that by the year 2050, the population of adults older than 65 years in the United States will reach 83.7
million, which is nearly double the 2012 level of 43.1 million. An increase in the prevalence of cognitive
decline is expected given this increase in the number of adults over the age of 65. This report suggests

that physical activity may be an effective approach for improving cognitive function in this population.

Finally, we conclude that moderate evidence indicates that physical activity is an effective approach for
improving cognitive function in populations that often experience cognitive deficits including ADHD,
Parkinson’s disease, multiple sclerosis, and schizophrenia. Evidence of such widespread benefits for
physical activity across the lifespan and in individuals with a range of cognitive deficits, suggest that
physical activity could be used as both an important first-line approach for managing cognitive

symptoms and for improving cognitive function in all individuals living in the United States.

In summary, we provide compelling evidence that physical activity is related to a number of positive
cognitive outcomes. This evidence comes from a variety of assessments that measure changes in brain
structure and function, cognition, and applied academic outcomes. Further, a positive effect of physical
activity on cognition is observed in children and adults, as well as in several special populations,
suggesting that increasing physical activity may improve cognition in most, if not all, populations in the
United States. Accordingly, such findings may serve to promote better cognitive function in healthy
individuals, and serve to improve cognitive function in those suffering from certain cognitive and brain

disorders. However, available scientific evidence is limited in certain populations (e.g., middle-aged
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adults, those with autism spectrum disorder), and thus more research is needed to better understand
the relation of physical activity to cognitive function in these individuals. Additionally, the modifying
effects of sedentary behavior and other health outcomes (e.g., adiposity) on cognitive function are not
well understood at this time. (For more details on the effects of sedentary behavior on other health
outcomes, see Part F. Chapter 2. Sedentary Behavior.) However, as noted here, the evidence linking
physical activity to positive cognitive outcomes is moderate, and a substantial portion of the population

benefits from physical activity participation.
Question 2. What is the relationship between physical activity and quality of life?
a) Does this relationship vary by population subgroup?

b) Is there a dose-response relationship? If yes, what is the shape of the relationship?
c) Does the relationship vary by age, sex, race/ethnicity, socioeconomic status, or weight status?

Data Sources: Systematic reviews, meta-analyses, pooled analysis

Conclusion Statements
Strong evidence demonstrates that, for the general population, greater amounts of physical activity are

associated with a positive perception of quality of life. PAGAC Grade: Strong.

Strong evidence demonstrates that, for older adults (older than age 50 years; primarily 65 years and
older), physical activity improves health-related quality of life when compared with minimal or no-

treatment controls. PAGAC Grade: Strong.

Strong evidence demonstrates that, for adults ages 18 to 65 years, physical activity improves health-

related quality of life when compared with minimal or no-treatment controls. PAGAC Grade: Strong.

Limited evidence suggests that among youth ages 5 to 18 years, lower levels of sedentary time are

associated with higher perceptions of global quality of life. PAGAC Grade: Limited

Moderate evidence indicates that physical activity improves quality of life in individuals

with schizophrenia. PAGAC Grade: Moderate.

Limited evidence suggests that physical activity improves quality of life for adults with major clinical

depression. PAGAC Grade: Limited.
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Insufficient evidence is available because of a small number of controlled studies with mixed results to
determine the relationship between physical activity and quality of life in individuals with dementia.

Grade: Not assignable.

Insufficient evidence is available to determine whether a dose-response relationship exists between

physical activity and quality of life across populations. PAGAC Grade: Not assignable.

Insufficient evidence is available to determine whether the association between physical activity and
quality of life varies as a function of race/ethnicity, socioeconomic status, or body mass index. PAGAC

Grade: Not assignable.

Review of the Evidence

Introduction

Quality of life (Qol) “is a reflection of the way that individuals perceive and react to their health status
and to other, nonmedical aspects of their lives.” .2 In its broadest form, QoL is sometimes referred to as
satisfaction with life.22 QoL has a hierarchical structure, with domain-specific components under the
umbrella of overall QoL (Figure 3-1). One domain typically represents health-related QoL (HRQoL)%; this
domain is often split further into sub-domains/subscales of physical health-related QoL (e.g., evaluations

of physical function) and mental health-related QoL (e.g., emotional health).

Figure 3-1. Hierarchical Structure of Quality of Life
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Maintaining or improving QoL is a universal goal. Being physically active has been suggested as one way
to enhance perceptions of, and feelings of, QoL. This question focuses on the scientific literature that
describes QoL as experienced by the general population across the lifespan. It also includes an
assessment of the effects of physical activity on QoL in individuals with mental health issues. QoL among
individuals who have a chronic physical condition, such as diabetes or osteoarthritis, is considered in

Part F. Chapter 10. Individuals with Chronic Conditions.

The literature reviewed here focused on QoL and HRQol, specifically. Searches were not conducted on
“well-being” or its derivatives, such as subjective well-being, positive well-being, or psychological well-
being. Those well-being concepts typically blend cognitive/evaluative and affective components® and

this question is limited to the cognitive/evaluative aspects widely known as quality of life.

Literature Reviewed
To answer this question, the Subcommittee reviewed 18 systematic reviews across the following
populations: older adults (general),222! older adults (with dementia),? adults,>*8 youth,>® individuals
with schizophrenia,® & individuals with depression,®2 and 14 meta-analyses across the following

62-64 65-70

populations: adults,®%% older adults (general),®2 older adults (with dementia),”> 22 schizophrenia,” and

depression’ 22 We also included one pooled analysis on older adults.”®

General Population - Older Adults

The number of studies per review ranged from 62 to 53.22 However, many reviews included outcomes
other than Qol, such as body composition and muscle strength. Thus, the number of studies reviewed
that included both physical activity and QoL was smaller, ranging from 12 to 42,2 with many reviews

including fewer than 10 studies: (N=2%), (N=3%2), (N=4%), (N=429), (N=5%4), (N=6%9).

The definition of “older adult” varied by study and primarily included individuals ages 65 years and
older, but all studies included individuals of at least age 50 years and older. The systematic reviews
covered the following timeframes: inception (of the database) to January 2016,% 2000-November
2012,%2 2000 to April 2015,% 1966 to December 2006, inception to February 2010, 2006 - December
2013,% 1955 — 2008, 1998 to July 2011,%2 inception to December 2013,22 1993 - December, 2007 2L

The meta-analyses covered an extensive timeframe: 2001 to June 2010,% inception to September
2010,% 1973 to August 2007,%% 1950 to November 2010,% inception to July 2012,2% inception to May
2013.%8
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Qol was most often conceptualized as HRQoL, and assessed using the 36-item Short Form Health Survey

(SF-36), a widely-used self-report measure of perceived physical and mental health and functioning.2=%>

49,6570, 76 Other QoL measures that were used across studies included: MacNew global score,*2 WHOQolL-
Bref,22 EuroQoL Group 5 - Dimension Self-Report Questionnaire,® %8 Mental health-related quality of
life,*2 World Health Organization (WHO) QoL for Elderly Scale,® Satisfaction with Life Scale and Life
Satisfaction Index-A,%8 PGCMS and DQoL,%8 and QoL operationalized as depression, vitality, and

perceived health.28

General Population - Adults

The number of studies reviewed ranged from 142222 to 56.%2 The number of studies reviewed that

included both physical activity and QoL was 179.

The definition of adult varied from study to study. However, studies typically reported a mean age older
than 18 years and younger than 65 years.235> 3738, 83,64 The gystematic reviews covered the following
timeframes: 1806 to 2006, inception to November 2009,2* 1985 to December 2014,2> 1980 to August
2010,2Z 2001 to January 2016,% inception to May 2015,%8 and inception to February 2013.2¢ The meta-

analyses covered: inception to September 2007,%2 and inception to 2011.%

Qol was most often conceptualized as HRQoL, and assessed with the SF-36.2% 2428 54,54 Other QoL

measures included Satisfaction with Life Scale,8 and WHOQoL.2% 38 62

General Population - Youth

One systematic review was included, and covered inception to October 2013. A total of 91 studies were
included, but only 14 addressed a QoL outcome. The mean age of those 14 studies ranged from

approximately 10 years of age to approximately 17 years of age.>

Individuals with Schizophrenia

Systematic reviews that included a search for both physical activity and QoL ranged from 10 studies
including 332 participants in a qualitative analysis,% an update to this review that included 13 studies
involving 549 participants, & and a meta-analysis with 29 studies including 1,109 individuals with
schizophrenia.Z2 Although the earlier reviews,® ® included numerous outcomes, the most recent
systematic review and meta-analyses included 770 participants in controlled or non-controlled studies in

which QoL was systematically measured.”2
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The reviews covered the following timeframe: inception to July 2011,%° July 2011 to October 2014, and

inception to 2015.2

QoL was most often conceptualized as HRQol, and assessed with the SF-36 or SF-12, the WHOQoL-Bref,

and the EuroQol Group 5- Dimension Self-Report Questionnaire.”

Individuals with Depression

The reviews covered the following timeframes: inception to June 2013,22 inception to May 2013, and
inception to January 2013.22 Two of these reviews included 7 studies, and another that examined the

effects of yoga included 12 RCTs.

The number of studies reviewed that included both physical activity and QoL (N=10 studies) is much
smaller than the total number of studies in the systematic reviews, ranging from one study? that
included only the Mental Component of the SF-36, four studies in older adults with depression,22 and a
meta-analysis including four studies comparing physical activity to non-active controls, one study
comparing physical activity to antidepressant medication, and one with comparison to cognitive therapy

for depression.Z

Qol was conceptualized as HRQoL, and assessed in most cases with the SF-36.22 742

Individuals with Dementia

The number of studies ranged from 2 studies®* X to 13 studies.”2 The reviews covered the following
timeframes: inception to February 2016,”2 inception to June 2013,22 and inception to February 2009.22
Notably, these reviews included numerous other outcomes. QoL was most often conceptualized as

L2 gych as

HRQol, and assessed with the SF-36 or disease-specific scales for patients with dementia,
the Alzheimer's Disease Related Quality of Life (ADQRL).22 The total number of studies with both
physical activity interventions and QoL was 14. These included approximately 920 individuals for
qualitative analyses, within which 6 studies with 385 individuals underwent quantitative meta-analyses.

The latter provided little evidence for physical activity to improve QoL in individuals with dementia.Z

Physical Activity Exposures

Types of physical activity varied across studies and included multicomponent exercise interventions,*+4¢

48,49,52,54, 55, 62,65:67, 71, 12 gerpbic training,2 43 24 35 62,12, I3 resjstance training,* 22 36 62 7072, I3 pj|ates, 20
Zumba dance,®® active video games,*’ gigong and tai chi,?l 22 % gardening,® walking,?® ! and yoga.® 2>

Some studies focused on physical activity volume, typically during leisure time, and did not differentiate
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type of activity.2®2Z Of the studies reviewed, only one presented specific information on the frequency,
intensity, time, and type (FITT) principles for exercise prescription,”2 however, the FITT principles were

not reported in relation to QoL outcomes.

Evidence on the Overall Relationship

General Population - Older Adults

Overall, results showed that physical activity consistently resulted in improvements in QoL in older
adults. One meta-analysis reported that collectively, exercise programs (1,317 participants) improved
the QoL (overall and health-related combined) of older adult participants (Z=2.23, P=0.03), and the
pooled standardized mean difference (SMD) was 0.86 (95% confidence interval (Cl): 0.11-1.62).%8 In
another meta-analysis, statistically significant improvements were found for the physical function
subscale of the physical function component summary score of the SF-36 as a result of physical activity
(Hedges’ g=0.41, 95% Cl: 0.19-0.64, P<0.001).%Z In that review, no differences were found for the other
health-related quality of life (HRQoL) subscales, though the subscales of vitality (energy/fatigue), social
functioning, role limitations due to emotional problems, and mental health (emotional well-being) were
in the positive direction.®Z Some reviews showed a wide range in QoL score improvement, from 17.1
percent to 178 percent, and SF-36 subscales that improved were physical function, role limitations due

to physical health or emotional problems, pain, general health, and vitality (energy/fatigue).2

A systematic review of 10 studies on Pilates in the elderly included 4 studies showing improvement in
domains of HRQoL including World Health Organization’s Quality of Life domains of sensorial abilities,
activities, social participation, intimacy, while a meta-analysis pooling effects of HRQoL, depression, and
activities of daily living showed a large composite positive effect size (Hedges’ g=0.93; 95% Cl: 0.631-
1.25, P<0.001).22 The Raymond et al”® systematic review found improved HRQoL in six sub-scales of the
SF-36, including physical functioning, role limitations due to physical health, vitality (energy/fatigue),
social functioning, role limitations due to emotional problems, and mental health (emotional well-being)
(P range <0.001-0.04); and a study in the Stevens et al*® systematic review showed significant
improvements in vitality (energy/fatigue; odds ratio (OR)=4.43; 95% Cl: 0.31-8.54) and general health
(OR=5.46; 95% Cl: 1.69-9.24) scores in intervention groups vs. controls. A review of yoga studies
reported that for the composite physical health subdomain of the SF-36, the estimated standardized
mean difference (0.65; 95% Cl: 0.02-1.28) favored the yoga intervention. On the composite mental

health subdomain scale of the SF-36, the estimated standardized mean difference again favored yoga

(SMD = 0.66; 95% Cl: 0.10-1.22).82
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Physical activity as part of other activities that involve mental and physical components, such as gigong
and tai chi, hold great potential for improving QoL in both healthy and chronically ill individuals.2!
However, effect sizes were not included, it was not reported which of the subdomains of QoL were
improved, and results and conclusions were not separated by healthy and chronically ill participants.
Moreover, given the mind-body nature of these modes of physical activity, it is not clear whether
changes in QoL would be the result of changes in physical activity or other components of the activity

(e.g., breathing, meditation).

In a pooled analysis,’® participants who were active for more than 150 minutes per week of physical
activity but then dropped to fewer than 150 minutes per week from baseline to 6 months showed a 11.8
point drop (P<0.001) in SF-36 physical function scores. In contrast, those who were active for fewer than
150 minutes per week of physical activity but then increased to more than 150 minutes per week from
baseline to 6 months showed an increase of 5.1 points in SF-36 physical function scores.”® These results

indicate the importance of maintaining physical activity for maintaining HRQoL in late adulthood.

The effects of physical activity on non-HRQoL domains are more equivocal. Studies examining non-

HRQoL domains show consistent and positive associations between physical activity and the domains of
functional capacity, general QoL, and autonomy. These domains have been related to QoL in the elderly.
However, few studies were methodologically rigorous. Effect sizes were generally small or moderate and

varied widely between studies and across QoL domains.®

Among frail older adults, one review found no significant differences in QoL among studies that used
water exercises, flexibility exercises, tai chi, and resistance exercises®® and others had too few studies to
make a conclusion.?®*8 These studies of QoL were not intended to capture objective measures of
physical function (e.g., balance, gait speed), as the measures of QoL were developed to assess
perceptions of functioning. Thus, in the context of frail older adults, beneficial effects of physical activity
on measures of physical function may not be immediately apparent on perceptions of functioning that

are captured by common instruments assessing QoL.

In summary, the evidence points to a positive effect of physical activity on both overall and health-
related QoL in older adults. Physical health-related QoL has been investigated more consistently than
mental health-related QoL. The limited available literature suggests that the physical activity effects on
physical and mental health composite scores appear to be similar in both direction and magnitude.

There were insufficient studies and sample sizes to adequately analyze effects of different exercise
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training modalities on Qol, few studies with extended follow-up, and few studies that differentiated the

effects as a function of functional ability or frailty status.

General Population - Adults

Of nine studies,>38 6264 seyen (78%) concluded that a positive association existed between physical
activity and overall QoL.2% 2% 3638, 83,84 Of gjx that studied physical function, all (100%) concluded that a
positive association existed between physical activity and the physical subdomain of QoL.23-3> 575862 p||
nine studies examined psychological QoL, and eight out of the nine (89%) concluded that a positive

association existed between physical activity and QoL 3% 5658 62:64

Of the nine studies, the exposure variable was primarily aerobic physical activity, mostly leisure-time

33,54, 51,82 \walking in one,2® gardening in one,® Zumba dancing in one,® gigong

physical activity in four,
and related alternative or complementary types of physical activity in one,® and a mixture of aerobic,

strength training, and alternative or complementary types in one.>®

The one meta-analysis reporting average effect sizes yielded a positive but not statistically significant
trend for physical activity on overall QoL (N=7; SMD=0.11; 95% Cl: -0.03 to 0.24) and statistically
significant positive effect sizes for physical health QoL (N=6; SMD=0.22; 95% Cl: 0.07-0.37) and
psychological well-being (N=6; SMD=0.21; 95% CI: 0.06-0.36).%2

Another review included 15 studies, of which 4 RCTs, 3 cohort studies, and 5 cross-sectional studies
provided sufficient information about the physical activity exposure and measurement of QoL.22 Three
of the four RCTs reported significant improvements in reported Qol for the exposure group compared
with the control group. All three of the cohort studies reported significantly higher QoL among those
who were more physically active. All five of the cross-sectional studies reported a positive association

between more physical activity and higher assessed Qol.

Pucci et al*’ included 58 individual studies, 18 of which assessed QoL with the SF-36. Three of the 18
were cohort studies and 15 were cross-sectional. Of the three cohort studies, all reported positive
associations for mental health and two of the three for physical health and vitality. Of the 15 cross-
sectional studies, 13 reported positive associations between physical activity and the physical health
domain and 9 reported positive associations for the mental health domain, with positive associations for

subdomains related to vitality (9 studies) and pain (8 studies).
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The other six reviews reported similarly positive associations between greater amounts of physical

activity and higher assessments of QoL.24=6 28 63 &4

General Population - Youth

There was no evidence available on the relationship between physical activity and QoL among youth.
The evidence pertaining to the relationship between sedentary behavior and QoL among youth comes
from one systematic review.2 Of the 91 studies included in the review, 12 cross-sectional studies and 3
longitudinal studies provided information about the relationship between sedentary behavior and QoL
among youth ages approximately 9 to 17 years. Nine of the 12 cross-sectional studies and 2 of the 3

longitudinal studies reported a negative association between sedentary behavior time and QolL.

Individuals with Dementia

Overall, little evidence supports a relationship between physical activity and QoL for individuals with
dementia. A qualitative analysis of 14 studies reveals only 5 out of 13 studies reporting a positive
relationship between physical activity interventions and improvements in QoL in this population.22 21 22
Meta-analyses showed no significant differences in five out of six studies for QoL outcomes for
individuals in physical activity intervention groups compared with controls.”2 The average effect was
small and non-significant (SMD=0.33; 95% Cl: -0.21 to 0.87) although this effect was inflated by a single
outlier. Without that outlier, the effect was near zero (SMD=0.06; 95% Cl: -0.10 to 0.22). These reviews

examined a diversity of physical activity modalities, including aerobic training, strength training,

combined aerobic and resistance training, flexibility, balance, yoga, and tai chi.”2

Two studies of dementia patients found positive effects on selected domains of Qol, including physical
role functioning,”t while a more recent review with six studies had conflicting results for the association

between physical activity and QoL in dementia.22

In summary, the evidence for a relationship between physical activity and QoL is conflicting, in part due
to the small number of studies that systematically evaluated QolL, and inconsistency in outcome
measures of QoL. In addition, the number of studies and sample sizes were insufficient to adequately
analyze effects of different exercise training modalities on QoL, and no studies differentiated their
effects based upon the categorical type of dementia (AD, Alzheimer’s Disease and related dementias) or

the stage(s) of dementia in the participants.

2018 Physical Activity Guidelines Advisory Committee Scientific Report F3-22



Part F. Chapter 3. Brain Health

Individuals with Schizophrenia

Moderate evidence supports the positive effects of physical activity on QoL for individuals with
schizophrenia. These results come from consistent findings from systematic reviews from inception to
2014 for inpatients and outpatients across the adult age span.®2 ¢! The positive effects of physical
activity are shown in a meta-analysis that examined 11 controlled and uncontrolled intervention studies,
with moderate standardized effect sizes for overall QoL (Hedges’ g=0.55, P<0.01), as well as for domains
of physical (Hedges’ g=0.50), social (Hedges’ g=0.67), and environmental QoL (Hedges’ g=0.62%3). Mental
Qol did not change in this population (Hedges’ g=0.38). Both aerobic exercise (Hedges’ g=0.58) and yoga
interventions (Hedges’ g=0.58) were found to be effective, consistent with reports from other
systematic reviews. In addition to these effects of physical activity on QoL, the meta-analyses show that
physical activity is associated with improvements on several other important outcomes that are related
to Qol, including total symptom severity (Hedges’ g=0.39, P<0.001); positive symptoms (Hedges’ g=0.32,
P<0.01), negative symptoms (Hedges’ g=0.49, P<0.001) and general symptoms (Hedges’ g=0.27, P
<0.05); and global functioning (Hedges’ g=0.32, P<0.01). Collectively, these consistently small to
moderate effects indicate that individuals with schizophrenia and schizophrenia spectrum disorders may

show improvements in QoL with physical activity.

Individuals with Depression

Limited evidence from 11 controlled studies suggests that physical activity improves selected domains of
Qol for adults with major clinical depression, while the evidence for bipolar disorder is insufficient and

understudied.2% 4 72

Meta-analyses of four RCTs in adults with clinical depression comparing physical activity to either
placebo or no physical activity found no statistically significant differences for the mental (SMD=-0.24;
95% Cl: -0.76 to 0.29), psychological (SMD=0.28; 95% Cl: -0.29 to 0.86), and social domains (SMD=0.19;
95% Cl: -0.35 to 0.74).22 However, two studies reported a moderate effect size for improved
environment domain (SMD=0.62; 95% Cl: 0.06-1.18), and four out of four studies reported a moderate
effect size for improved physical domain (SMD=0.45; 95% Cl: 0.06-0.83) in favor of the group assigned to
structured physical activity. By contrast, controlled studies comparing physical activity to other
therapeutic modalities for the treatment of depression, including cognitive therapy, as well as
antidepressant medication, showed no between-group differences in the QoL mental or physical

domains.Z A review of four RCTs in older adults with depression found that physical activity improved
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QoL in most reports.22 One RCT comparing yoga to a relaxation control group showed improvement of

50 percent or greater on the mental QoL domain.22

Collectively, these studies provide limited evidence for a moderate effect size of physical activity on
physical and mental domains, but not overall QoL outcomes for adults with depression, when compared
to placebo or inactive controls. In older adults with clinical depression, limited evidence from a small
number of controlled studies suggests that physical activity is associated with improved QoL outcomes.>2
Thus, advancing age may serve as a response modifier for the effects of physical activity on Qol,
consistent with our report that physical activity has a strong positive effect on HRQoL in the non-

depressed older population.

Evidence on Specific Factors
Dose-response: Meta-analyses did not report on the effect of different doses of physical activity on QoL

outcomes.

Demographic factors, weight status, and physical activity type: Meta-analyses of older adults rarely
reported whether effects of physical activity on QoL outcomes were modified by age, sex,
socioeconomic status, race/ethnicity, presence of obesity, or baseline fitness levels, exercise intensity,
frequency, or duration. One study that examined these associations found no significant differences
when HRQolL outcomes were stratified according to country in which the study was conducted, sex, type

of physical activity program, and whether the physical activity sessions were supervised.®Z

In adults, systematic reviews and the meta-analysis rarely examined whether the effect of physical
activity on Qol outcomes were modified by age, sex, baseline fitness levels, socioeconomic status,

presence of obesity, or exercise intensity, frequency, or duration.

For additional details on this body of evidence, visit: https://health.gov/paguidelines/second-
edition/report/supplementary-material.aspx for the Evidence Portfolio.

Comparing 2018 Findings with the 2008 Scientific Report

The 2008 Scientific Report! included a section on well-being, which was broadly defined as the absence
of distress. The conclusions from that report were that “evidence from prospective cohort studies
indicates a small-to-moderate association that favors people that are physically active.” The results that
we describe here as a part of the 2018 Scientific Report significantly expand on these results by focusing

on Qol instead of a more limited definition of well-being. In addition, the 2018 Scientific Report extends
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the 2008 findings by examining the effects of physical activity on physical and mental domains of HRQoL
from RCTs that were conducted across the lifespan and in populations that often show significant losses

in QoL (e.g., schizophrenia).

Public Health Impact

Improved perceptions of quality of life can be expected to decrease the use of health-care delivery
services and help to limit the rising costs of medical care in the United States. Reductions and low levels
of quality of life have been linked with mortality risk in older adults’Z and are associated with greater use
of health-care services. Perceptions of quality of life can also serve as a barometer of healthy aging.”®
For individuals with schizophrenia and schizophreniform disorders, improved perceptions of quality of
life, along with related outcomes of improved positive and negative symptoms, general symptoms, and
global functioning, indicate that greater physical activity can be a useful adjunct for management of
such conditions. Given the large proportion of the population with chronic conditions and the growing
number of older Americans, an improved sense of quality of life from regular physical activity can be

expected to influence feelings of suffering and resultant demands on the health care system.

Improved perceptions of quality of life also can be expected to reduce feelings of stress among
individuals without chronic conditions. Americans report increasing levels of stress in their lives due to
work, money, and the future of the nation.” This stress interferes with many aspects of health that can
be mitigated by a higher sense of quality of life induced by regular physical activity. Thus, even in the
absence of manifest disease, the benefits of physical activity are important for enabling Americans to

live productive and rewarding lives.

Question 3. What is the relationship between physical activity and (1) affect, (2)
anxiety, and (3) depressed mood and depression?

a) Isthere a dose-response relationship? If yes, what is the shape of the relationship?

b) Does the relationship vary by age, sex, race/ethnicity, socioeconomic status, or weight status?

c) Does the relationship exist across a continuum of mood and affective disorders (i.e., depression)?
d) What is the relationship between physical activity and brain structure and function?

Sources of Evidence: Systematic reviews, meta-analyses, review of reviews

Conclusion Statements
Strong evidence demonstrates from studies of acute bouts of exercise that negative affect increases as

experimentally imposed exercise intensity increases, and that negative affect is greatest when the
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intensity exceeds the lactate or ventilatory threshold. Such evidence has been demonstrated in acute

bouts of exercise in adolescents and in adults up through middle-age. PAGAC Grade: Strong.

Strong evidence demonstrates that acute bouts of exercise can reduce state anxiety and that regular
participation as well as longer durations of moderate-to-vigorous physical activity can reduce trait

anxiety in adults and older adults. PAGAC Grade: Strong.

Insufficient evidence is available to determine the relationship between physical activity and anxiety

among youth. PAGAC Grade: Not assignable.

Insufficient evidence is available to determine whether a relationship exists between physical activity

and anxiety among individuals with dementia or intellectual disability. PAGAC Grade: Not assignable.

Strong evidence demonstrates that physical activity reduces the risk of experiencing depression. PAGAC

Grade: Strong.

Strong evidence demonstrates that physical activity interventions reduce depressive symptoms in

individuals with and without major depression across the lifespan. PAGAG Grade: Strong.

Insufficient evidence is available to determine whether a relationship between physical activity and
depression exists among individuals with dementia, stroke, or intellectual disability. PAGAC Grade: Not

assignable.

In adults, limited evidence suggests a dose-response of effect of physical activity on depression. PAGAC

Grade: Limited.

In youth, insufficient evidence is available to determine the dose-response of physical activity on

depression. PAGAC Grade: Not assignable.

Strong evidence demonstrates that experimentally imposed high-intensity physical activity reduces

pleasure while exercising. PAGAC Grade: Strong.

Insufficient evidence is available on the dose-response of exercise on anxiety. PAGAC Grade: Not

assignable.
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Moderate evidence indicates that depressive symptoms can be reduced by even limited volumes and
intensities of physical activity and that greater frequencies and volumes of activity have a larger effect

on reducing depressive symptoms. PAGAC Grade: Moderate.

Insufficient evidence is available to determine whether sex, race/ethnicity, socioeconomic status, or

weight status modify the associations between exercise and affect. PAGAC Grade: Not assignable.

Moderate evidence indicates that exercise reduces state anxiety more for females, adults older than age

25 years, and sedentary individuals than for other population subgroups. PAGAG Grade: Moderate.

Insufficient evidence is available to determine whether age, sex, race/ethnicity, socioeconomic status, or

weight status modify the associations between exercise and trait anxiety. PAGAC Grade: Not assignable.

Limited evidence is available that females show greater reduction in depressive symptoms with physical

activity than do males. PAGAG Grade: Moderate.

Strong evidence demonstrates that physical activity reduces anxiety symptoms in individuals with
anxiety disorders and reduces depressive symptoms in individuals with major depression. PAGAC Grade:

Strong.

Insufficient evidence is available to determine whether physical activity influences markers of brain
structure and function in the context of affect, anxiety, or depressed mood and depression. PAGAC

Grade: Not assignable.

Review of the Evidence

Elevating one’s mood, and reducing anxiety and depression are ubiquitous goals and are essential for
maintaining a healthy and productive life. In this question, measurement of affect, anxiety, and
depression includes subjective experiences of feeling states based on pleasure and arousal, feelings of
apprehension and worry, depressive symptoms, as well as clinical diagnoses of anxiety or depression
disorders. To address this question, the Subcommittee used 53 meta-analyses and systematic reviews of
the literature that examined whether results from RCTs and prospective longitudinal studies are
associated with affect (N=3; 1 meta-analysis and 2 systematic reviews), anxiety (N=13; 5 meta-analyses;
8 systematic reviews), or depressed mood or clinical depression (N=41; 27 meta-analyses; 14 systematic

reviews). These reviews included results from healthy young and older adults, children, and adolescents
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as well as populations such as adults with dementia, schizophrenia, and stroke. We also included meta-

analyses and reviews of the effects of acute exercise on affect and state anxiety outcomes.

Affect

Evidence on the Overall Relationship

For this question, the term “affect” is defined as the transient and subjective experience of feeling states
based on independent dimensions of valence (pleasure/displeasure) and activation (arousal).22 Results
from 10 experimental studies of affective responses during exercise (N=241 participants) were examined
in one high-quality meta-analysis.& Samples included in this review ranged from adolescents through
middle adulthood. Most samples had poor to average fitness levels (VOzpeak range = 23.3-48.7). Exercise
bouts involved using a treadmill or cycle ergometer for 15 to 40 minutes, although most tests were
limited to 15- to 20-minute bouts. All studies used the single-item Feeling Scale.82 The lactate threshold
and ventilatory threshold are physiological markers that typically serve as reference points for intensity
when marking these changes. Effects were estimated as the difference in affective valence (as defined
by the scales used in the study, such as the Feeling Scale) at a given intensity when that intensity was
imposed compared to when it was self-selected. When the imposed and self-selected exercise bouts
were performed at equal intensities, no difference in affective valence was seen. When the imposed
exercise intensity was varied experimentally, a clear dose-response pattern emerged. At exercise
intensities below the lactate/ventilatory threshold, a small effect occurred (d = -0.36; 95% Cl: -0.67 to -
0.04), and imposed exercise intensity was slightly less pleasant than self-selected exercise. At the
lactate/ventilatory threshold, a medium-sized effect occurred (d = -0.57; 95% Cl: -0.99 to -0.15), and
imposed exercise intensity was moderately less pleasant than self-selected exercise. Above the
lactate/ventilatory threshold, a large effect occurred (d = -1.36; 95% Cl: -1.86 to -0.87), and imposed

exercise intensity was much less pleasant than self-selected exercise.

Findings regarding the effects of interval versus continuous exercise were mixed across nine
experimental studies in which the type and intensity of exercise along with the timing of rest periods
were carefully controlled and manipulated by the investigative teams.2 Four studies documented a
more unpleasant affective response during interval versus continuous exercise; four studies
documented no difference in affective responses during interval and continuous exercise. Only one
study reported more pleasure during interval versus continuous exercise. Six studies found no

differences in post-exercise affect between interval and continuous exercise.
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Non-experimental evidence from ecological momentary assessments provides insight into relations
between physical activity and subsequent affective responses over a 3-hour interval .8 In 8 out of 11
studies, physical activity was associated with more pleasant and activated subsequent affective states
following the activity bout. Results were mixed with regard to physical activity and unpleasant feelings.
Two studies found no association between physical activity and subsequent unpleasant feelings and two
studies found that physical activity was associated with reduced unpleasant feelings. A fifth study found
that physical activity did not lead to acute reductions in unpleasant feelings but that people who were

typically more active reported fewer unpleasant feelings in general.

Dose-response: Strong evidence shows an effect of physical activity on immediate affective responses

and that this effect is moderated by the imposed dose of activity.

Evidence on Specific Factors
Demographic factors and other moderators: Little is known about the persistence of the effects of
physical activity on affective states across time or how they might be moderated by individual variability

in demographic or other biological or environmental factors.

Biomarkers: Insufficient evidence was available from the reviewed literature to determine whether
physical activity modifies biomarkers of brain structure and function in the context of affect. There were

no studies reviewed that examined brain measures or other biomarkers.

Anxiety

Here, the Subcommittee defines anxiety as a noticeable, psychophysiological emotional state, which is
most often characterized by feelings of apprehension, fear or expectations of fear, worry, nervousness,
and physical sensations arising from activation of the autonomic nervous system (e.g., increased muscle
tension, elevated heart rate, sweating). This normal human emotion becomes pathological (i.e., clinical
anxiety or an anxiety disorder) when it results in changes in thoughts and actions, occurs even in the
absence of an eliciting event, and when the response is disproportionate and unmanageable.£ Anxiety
and anxiety disorders are the most prevalent of mental disorders. With increasing levels of stress in the
modern world, symptoms of anxiety are often elevated in those without clinical manifestations of
anxiety. To date, hundreds of studies have examined the effects of exercise on anxiety reduction, both
following single bouts of exercise (state anxiety: how anxious an individual feels at the moment) and as

a result of regular exercise training (trait anxiety: how anxious an individual feels most of the time). The
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majority of this work has examined the effects of exercise in individuals without elevated symptoms of

anxiety and/or not diagnosed with any clinical anxiety disorders.

Evidence on the Overall Relationship

To examine the effects of acute exercise bouts on measures of state anxiety, the Subcommittee
reviewed evidence from a meta-analysis of 36 RCTs (involving 1,233 individuals [726 females])
examining the effects of acute exercise on state anxiety published since 1990.8¢ Samples varied from
adolescence through middle-aged adults, with an average age of 25.3 years. Of these samples, 17 were
reportedly active, 6 were sedentary, 2 had a mixture of active and inactive participants, and 11 did not
report baseline activity levels. Exercise bouts included continuous exercise on a treadmill or cycle
ergometer or resistance exercise, lasting 20 to 30 minutes (1 study used 45 minutes and another used
50 minutes). The vast majority of the studies (75%) used either the 10- or 20-item State Anxiety
Inventory®. to assess anxiety before and after the exercise (or control) bouts. Study designs were either
within-subject (64%) or between-subject (36%) randomizing, counterbalancing, or both the exercise

treatment with a control (most often a quiet rest control — 64%).

The results from this analysis found that physical activity led to a small, but significant reduction in state
anxiety symptoms following acute exercise compared with control (Hedges’ g=0.16). Several moderator
variables indicated that anxiety reduction was greater if: participants were female (Point

Estimate=0.23), aged older than 25 years (Point Estimate=0.42), or sedentary (Point Estimate=0.39); the
exercise intensity was high (compared to light or moderate; Point Estimate=0.36 vs 0.08, 0.03); the
exercise modality involved a treadmill (Point Estimate=0.24); the control condition was quiet rest (Point
Estimate=0.23); randomization and counterbalancing were used (Point Estimate=0.25); and overall study

quality was high (PEDro score >6; Point Estimate=0.19).

To examine the effects of long durations (i.e., weeks or months of regular activity) of physical activity on
measures of trait anxiety, the Subcommittee extracted evidence from studies reviewed in meta-
analyses,®20 systematic reviews,?23 and a quantitative review of 18 meta-analyses®; 4 of these meta-
analyses were conducted using only RCTs and 1 of these used clinically and non-clinically anxious
adults.22 Samples ranged from children to older adults, with the majority ranging from age 18 to 65
years. Four of the reviews8 89233 focysed on participants with either elevated anxiety symptoms or a

clinical anxiety disorder. Exercise training involved aerobic and resistance exercise, with average

duration of sessions and exercise intensity not well specified. Intervention lengths ranged from 2 weeks
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to 6 months, with a range of 1 to 7 training sessions per week. Outcome measures varied considerably,
from assessments of anxiety symptoms to clinical assessments of anxiety; all were used to assess anxiety
before and after the exercise (or control) interventions. Control comparisons involved standard care
(most often pharmacotherapy or cognitive behavioral therapy), a waitlist group that is tested several

times before beginning the intervention, a placebo group, or another exercise intervention.

Physical activity had a significant effect on the reduction of trait anxiety. One review2* reported a
moderate effect (Cohen d (d)=0.31 for non-RCT studies; d=0.45 from RCTs) and another review®
reported a small-to-moderate effect for resistance exercise training (d=0.42). Reviews comparing the

effects of exercise to other treatments& 822324

consistently reported that exercise interventions were at
least as effective as standard care treatment for anxiety and sometimes even better.24 To use one
example, a meta-analysis& of exercise compared to various control groups (including active treatments)
on trait anxiety in patient populations showed that exercise was as efficacious as, and not inferior to,
established treatments. Although most of the evidence is based on patient samples, evidence also
supports the anxiolytic effects of exercise in healthy older adult samples.2> 22 Finally, a meta-analysis of
16 studies examining resistance exercise training? revealed that it significantly reduced trait anxiety
symptoms (d=0.42), more so in healthy individuals (d=0.50) compared to participants with a physical
(d=0.15) or mental illness (d=0.37). In addition, there is not strong evidence for a dose-response effect

and it appears based on effect sizes that resistance exercise training is comparable to the positive

effects of aerobic exercise training for reducing trait anxiety.

In youth, two of the five studies reported information about the relationship between physical activity
and anxiety. The review of reviews reported that vigorous exercise interventions compared with no

intervention was not associated with a reduction in anxiety (SMD=-0.48; 95% CI: -0.97 to 0.01).2®

There was insufficient evidence from reviews to determine if physical activity reduces state or trait

anxiety in individuals with dementia or intellectual disabilities.

For individuals with post-traumatic stress disorder (PTSD), limited evidence suggests that physical
activity is an effective treatment for anxiety symptoms. The Subcommittee examined evidence from

97.%8 one of which was a systematic review and

four reviews, two of which were systematic reviews,
meta-analysis,2® and one of which examined PTSD and physical activity studies more descriptively, thus
not allowing any conclusions regarding magnitude of effect.X? This literature suffers from a lack of

experimental studies, with only two RCTs examining exercise and seven RCTs examining yoga. Overall,
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the evidence indicates that exercise may have beneficial effects on PTSD symptoms and that regular
physical activity may reduce risk of developing PTSD. The evidence also suggests that yoga may be useful
(d=0.48) in alleviating PTSD symptoms, but the studies show little consistency regarding the type of yoga

and the length of treatment.

Dose-response: Limited evidence suggests a dose-response effect of physical activity on either state or

trait anxiety symptoms.

Evidence on Specific Factors

Demographic factors: Moderate evidence indicates that state anxiety reduction is moderated by sex
and age such that females and those older than age 25 years show greater reductions in state anxiety
after participating in physical activity.2 Insufficient evidence was available from the examined literature
on whether other demographic factors (race/ethnicity, socioeconomic status) moderate the effect of

physical activity on anxiety symptoms (e.g., race).

Biomarkers: Insufficient evidence was available from the reviewed literature to determine whether
physical activity modifies biomarkers of brain structure and function in the context of anxiety or anxiety
disorders. Despite hypotheses from rodent and animal research,?* were no studies reviewed that

examined brain measures or other biomarkers in humans in relation to physical activity and anxiety.

Depression

For this question, depression is defined as an unpleasant, low activation feeling state characterized by
sadness, or feelings of hopelessness or guilt. In the extreme, these feelings can manifest as the clinical
disorder of major depression. In this section, we have separated the results for depression based on
studies focusing on physical activity as a prevention for depression from those studies focusing on its

effects as a treatment. We included 14 systematic reviews and 27 meta-analyses of this literature.

Evidence on the Overall Relationship

Adults

In the context of preventing depressive symptoms and major depression across the lifespan in both
children and adults, the reviews and meta-analyses showed that greater amounts of physical activity are
strongly associated with a reduced risk of developing depression. For one systematic review, 83 percent
(25 of 30) of prospective observational studies found that greater amounts of physical activity were

associated with a reduced risk of experiencing depression at follow-up.X2! Even low amounts of activity

2018 Physical Activity Guidelines Advisory Committee Scientific Report F3-32



Part F. Chapter 3. Brain Health

(less than 150 minutes per week) were associated with significantly reduced risk of depression, although
more activity was associated with larger effects. Engaging in more than 30 minutes per day of activity
reduced the odds of experiencing depression by 48 percent. Similarly, another meta-analysis found that
increased sedentary behavior across 11 prospective studies was associated with an increased risk of
depression (relative risk [RR]=1.14; 95% Cl: 1.06 to 1.21).12 Limitations of this literature are that most
studies used self-reported assessments of physical activity and multiple metrics of depression and

depressive symptoms. Otherwise, these studies were generally of high methodologic quality.

In the context of treatment, many studies have examined whether engaging in physical activity (through
physical activity interventions) is an effective approach for reducing depressive symptoms or features of
major depression. Most of these studies last approximately 12 weeks in duration. All of the meta-

analyses and systematic reviews examined showed consistent and moderate-to-large effect sizes for the

68, 74, 103-110

effect of physical activity on depressive symptoms across the adult lifespan, including in non-

demented elderly.12113 For example, Josefsson et al'® reported a moderate-sized effect of physical

activity interventions on depressive symptoms (Hedges’ g = -0.77). Several reports found that the
average effect sizes for physical activity treatment ranged from -0.53 to -1.39 across studies. Effect sizes
tend to be larger for individuals with major depression (-1.03) and of more moderate size for individuals
without clinical depression but with depressive symptoms (-0.59). When physical activity is compared to
either cognitive behavioral therapy or anti-depressant pharmaceutical treatments, the groups show no
significant differences, indicating that physical activity is as effective for treating depression as these

other common approaches for treatment. The effects cannot be explained solely by placebo effects.14

Limited evidence also suggests beneficial effects on depressive symptoms from yoga,”> 112 116 t5j chj and
gigong,1-120 or dance.lZ Unfortunately, this literature is plagued by low methodological rigor and

analysis, which limit the conclusions that can be drawn.

Insufficient evidence is available to determine whether physical activity is an effective treatment for
depression and depressive symptoms for caregivers,t22 people with dementia, 12> 122 pTSD,%2 100
schizophrenia, intellectual disabilities, or other individuals with other neurologic/psychiatric

conditions.Z 125 126

Youth
For the effects of physical activity in youth, the evidence base comprised two meta-analyses,>® 122128

two systematic reviews,12> 13 and one review of reviews.?® The meta-analyses included a total of 15
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unique studies, with 2 studies included in both reviews* 122128 || studies were experimental in design.

Each of the systematic reviews included six longitudinal studies.222 13 The review of reviews2 included
four systematic reviews that had appropriate exposures and outcomes for this question; the sum of
RCTs included in each of the 4 reviews totaled 93. In all of the reviews, parameters of physical activity
were obtained from a variety of self-report instruments. Similarly, symptoms of depression were

assessed with a wide variety of tools, standard and non-standard.23!

All five studies reported statistically significant reductions in depressive symptoms in the more physically

)2+ 128- another a

active groups. One meta-analysis reported a Hedges’ g=-0.26 (95% Cl: -0.43 to -0.08
standardized mean difference of -0.61 (95% Cl: -1.06 to -0.16).2% The review of reviews reported a
statistically significant reduction in the standardized mean difference among the more physically active
groups compared with inactive controls (SMD = -0.62; 95% Cl: -0.81 to -0.42).26 The review of reviews
also reported that physical activity interventions were comparable with psychologic and pharmaceutical
therapies in terms of the reduction in depressive symptoms. One systematic review reported statistically
significant reductions in depressive symptoms among the physically active groups in five of the six
pertinent studies, and a nearly significant reduction (P < 0.10) in the sixth.222 The other systematic
review reported significantly higher levels of depressive symptoms among the more sedentary groups in
all five of the pertinent studies.22? One meta-analysis of adolescents that summarized results from eight
RCTs reported that physical activity reduced depressive symptoms (SMD= -0.48), although this effect did
not reach significance when only the higher quality studies were examined.2 In studies limited to
samples with clinical depression, physical activity had a significant effect on reducing depressive

symptoms (SMD= -0.43).

Dose-response: In adults, modest evidence suggests a dose-response effect of physical activity on
depression. Even brief amounts (20 minutes per day) of activity is sufficient to show a reduction in
depressive symptoms, but longer durations of activity have a larger effect. In youth, although the
physical activity exposure was aerobic in nature and presumably approximated current guidelines in
volume and intensity, none of the reviews provided outcome information at more than two levels of

exposure, which prevented an assessment of dose-response.

Evidence on Specific Factors
Demographic factors and weight status: Several reports indicate that the effects might be moderated

by the sex of the individual, with studies including more females showing larger effect sizes.”* Despite
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this effect modification, there are other reports showing similar effects across males and females.?* In
any case, potential sex differences (or lack thereof) should be interpreted with caution because of the
higher prevalence of depression and depressive symptoms in females. In contrast, little to no
information was provided about the influence, if any, of age, race/ethnicity, socioeconomic status, or
weight status on the relationship between physical activity and measures of depressive symptoms or

major depression.

In youth, little to no information was provided about the influence, if any, of age (within the ages 5 to 18
years),32 sex, race/ethnicity, socioeconomic status, or weight status on the relationship between

physical activity and the outcomes of interest.

Biomarkers: In both adults and youth, insufficient evidence was available from the meta-analyses and
reviews to determine whether physical activity modifies biomarkers of brain structure and function in
the context of depression or depressive symptoms.12 Research using animal models of depression have
described several mechanisms by which physical activity is likely leading to reductions in depressive
symptoms,:22 but research in humans have not verified these mechanisms with a sufficient number of
high-quality studies.

For additional details on this body of evidence, visit: https://health.gov/paguidelines/second-
edition/report/supplementary-material.aspx for the Evidence Portfolio.

Comparing 2018 Findings with the 2008 Scientific Report

The 2008 Scientific Report! concluded that “population-based, prospective cohort studies provide
substantial evidence that regular physical activity protects against the onset of depression symptoms
and major depressive disorder.” In addition, it concluded that RCTs showed that physical activity
“reduces depression symptoms in people diagnosed as depressed, healthy adults, and medical patients
without psychiatric disorders.” In the context of anxiety, the 2008 Scientific Report! concluded that “a
small number of nationally representative and population-based cross-sectional and prospective cohort
studies supports that regular physical activity protects against the onset of anxiety disorders and anxiety
symptoms.” The 2008 Scientific Report? also concluded that “participation in physical activity programs
reduces anxiety symptoms.” The findings from the 2018 Scientific Report are consistent with those
reported in 2008 but significantly extend them to include more information from prospective
observational studies in the context of depression and from RCTs that now definitely demonstrate that

physical activity is an effective treatment for reducing anxiety and depressive symptoms. In addition, the
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2018 Scientific Report includes an assessment of acute bouts of physical activity on measures of affect
and state anxiety. Finally, the 2018 Scientific Report also provides an examination of physical activity on

reducing depression and state and trait anxiety across multiple age groups and populations (e.g., youth).

Public Health Impact

In the United States, fewer than half of children and adults engage in regular physical activity.13*
Affective responses during, but not following, exercise predict adherence at 6- and 12-month follow-
ups.t22 Adherence and health benefits can be optimized by regulating the intensity of exercise. A
tradeoff should be expected between exercise intensity (and expected health benefits) and adherence.
When vigorous-intensity exercise training is imposed, affective responses are likely to undermine

adherence and additional interventions should be considered for improving affective responses and

supporting adherence (see Part F. Chapter 11. Promoting Regular Physical Activity).

Major depression is one of the most common mental disorders in the United States. According to the
National Survey on Drug Use and Health in 2015,22¢ an estimated 16.1 million adults ages 18 years or
older, or approximately 6.7 percent of all US adults, had experienced at least one major depressive
episode in the past year. These estimates were highest in adult females (8.5%) compared to males
(4.7%) and in those between the ages of 18 to 25 years (10.3%). Children and adolescents also
experience episodes of major depression with an estimate of 3 million, or 12.5 percent, of adolescents
ages 12 to 17 years in the United States experiencing at least one episode in the past year. Similar to
adults, female adolescents had higher prevalence (19.5%) compared to males (5.8%). These high
prevalence rates have staggering costs associated with them. For example, in 2010, it was reported that
annual costs related to major depression were $210.5 billion in the United States. Furthermore, major
depression was the leading cause of disability for individuals ages 15 to 44 years, with almost 400 million

disability days per year.23Z

Anxiety disorders are similarly prevalent and debilitating. For example, the 12-month prevalence of any
anxiety disorder is 18.1 percent in the United States with females being 60 percent more likely than
males to experience an anxiety disorder. Although healthcare costs associated with anxiety disorders
have not been studied as frequently as in depression, a 1990 study found that annual costs associated

with anxiety disorders exceeded $46 billion.

Despite these startling statistics, long-term adherence to many pharmaceutical treatments remains

poor, and a better understanding of the impact of non-pharmaceutical interventions, such as physical
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activity, is needed. The results reported in this chapter clearly indicate that physical activity is an
effective and robust approach for reducing the risk of depression that would clearly have downstream
consequences for quality of life, health care costs, and job productivity. Furthermore, these results also
demonstrate that physical activity is an effective approach for improving both anxiety and depressive
symptoms (symptoms that often co-occur), with effect sizes that are similar to that of the most effective

pharmaceutical approaches.

In sum, physical activity holds great promise as a means for preventing and treating common mood
disorders that are a significant source of disability, lower quality of life, and increased health care

burden.

Question 4: What is the relationship between physical activity and sleep?

a) Isthere a dose-response relationship for either acute bouts of physical activity, or regular physical
activity? If yes, what is the shape of the relationship?

b) Does the relationship vary by age, sex, race/ethnicity, socioeconomic status, or weight status?

c) Does the relationship exist for individuals with impaired sleep behaviors or disorders? If yes, for
which sleep disorders?

Sources of evidence: Systematic reviews, meta-analyses

Conclusion Statements
Strong evidence demonstrates that both acute bouts of physical activity and regular physical activity

improve sleep outcomes in adults. PAGAC Grade: Strong.

Moderate evidence indicates that longer duration acute bouts of physical activity and regular physical
activity improve sleep outcomes. These positive effects are independent of exercise intensity. PAGAC

Grade: Moderate.

Moderate evidence indicates that the effects of physical activity on sleep outcomes in adults are
preserved across age and sex, with the exception of sleep onset latency, which declines with age.

PAGAC Grade: Moderate.

Insufficient evidence is available to examine relationships between physical activity and sleep in children
and adolescents and whether the relationships vary according to race/ethnicity, socioeconomic status,

or weight status. PAGAC Grade: Not assignable.
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Moderate evidence indicates that greater amounts of moderate-to-vigorous physical activity improves
sleep in adults who report sleep problems, primarily symptoms of insomnia, and for obstructive sleep

apnea. PAGAC Grade: Moderate.

Review of the Evidence

Introduction

Sleep is a reversible behavioral state of perceptual disengagement characterized by unresponsiveness to
the environment.22 |t is an important determinant of health and well-being across the lifespan.22 It is
an essential biological function important for neural development, learning, memory, emotional
regulation, and cardiovascular and metabolic health.24 Sleep consists of four formally recognized stages
and has several features that comprise the totality of sleep (Table F3-1). These stages and features are
used by researchers to study sleep and, in a less formal manner, are used by everyone to recognize the
quality and value of sleep.138 14118 |hsomnia and obstructive sleep apnea, two common disorders of

sleep, are also defined in Table F3-1,8 137,144,145

Table F3-1. Components of Sleep and Common Sleep Disorders

Sleep Outcomes and Behaviors | Definitions

Sleep (onset) latency Length of time between going to bed and falling asleep.

Total time of actual sleep, which is the sum of all time spent in each of the

Total sleep time (TST) components (see Stages of sleep, below).

Wake-time after sleep onset Amount of time spent awake after sleep onset and before the final
(WASO) awakening, usually in the morning.

The percentage of time of actual sleep out of all the time sleeping and

Sleep efficiency trying to sleep. 100*(TST/(Sleep latency + TST + WAS0)43

Sleep normally progresses through a series of four stages in repeated

Stages of sleep cycles of about 90 minutes.

The two earliest phases of sleep (except in infants), stages N1 and N2,
characterized by progressively deepening sleep as determined by brain
wave activity and arousal thresholds.

Non-Rapid Eye Movement
(NREM) Light Sleep

Stage N3, deep sleep, is characterized by slow brain wave activity. Slow

E
NREM Slow Wave Sleep wave sleep is associated with memory consolidation. Slow wave (deep)

D

(Deep Sleep) sleep is maximal in children and declines with age.

Rapid Eye Movement REM sleep is characterized by episodes of rapid eye movements, brain
Sleep (REM) wave activation, lack of tone in skeletal muscles, and dreaming.

2018 Physical Activity Guidelines Advisory Committee Scientific Report F3-38



Part F. Chapter 3. Brain Health

Sleep Outcomes and Behaviors | Definitions

Subjective perception of whole sleep experience. The most common scale
used in this report and in the field of sleep medicine is the Pittsburgh Sleep
Sleep Quality and its measurement | Quality Index that scores subjective sleep quality, latency, duration,
habitual sleep efficiency, sleep disturbances, use of sleeping medication,

and daytime dysfunction.12¢

Subjective perception of daytime sleepiness. The most common scale used
Daytime Sleepiness and its in this report and in the field of sleep medicine is the Epworth Sleepiness
measurement Scale, in which subjects estimate how likely they are to doze off during 8
daytime conditions ranging from TV watching to driving.1%Z

Prevalent Sleep Disorders Diagnostic Criterion, Symptom Profile, Prevalence
Insomnia disorder; Chronic Difficulty falling asleep, staying asleep, or early awakening associated with
Insomnia Disorder distress or impairment (e.g., fatigue, poor concentration) >3 times per

week for >3 months 144 145 148

Difficulty falling asleep, staying asleep, or early awakening associated with
Insomnia symptoms distress or impairment (e.g., fatigue, poor concentration) less often or less
prolonged than for insomnia disorder.12

15 or more apnea or hypopnea events > 10 seconds in duration per hour
based on monitoring, or 5 events per hour plus one or more signs or
symptoms: 1) sleepiness, non-restorative sleep, fatigue, insomnia, 2)
awakening with breath holding, gasping, choking, 3) bed partner notes
snoring or breathing interruptions, 4) diagnosis of hypertension, mood
disorder, cognitive dysfunction, coronary heart disease, heart failure, atrial
fibrillation, type 2 diabetes mellitus (all linked to OSA).14L 149, 150

Obstructive Sleep Apnea (OSA)

Literature Reviewed

142, 151-158

The evidence base comprised nine meta-analyses#? and six systematic reviews.2> 13163 Ten of the

reviews included only experimental studies,>> 142 151, 153, 154, 156, 157, 159, 161, 162 t\y g of the reviews included

158 163 and three included only cross-sectional studies.t22 13> 10 The 15 reviews

only longitudinal studies,
included a total of 166 unique studies, 5 of which were cited in three different reviews, and 9 of which

were cited in two reviews.

Sleep - General Population

5142, 152, 155, 156 5,160, 161, 163

Four meta-analyse and four systematic reviews2> focused on sleep stages and

152 180 jncluded only adolescents, and one of

features in the general population. Two of the reviews
thosel® included only female adolescents. One meta-analysis included 11 cross-sectional studies each
with questionnaire-reported physical activity, presumably of moderate-to-vigorous intensity.2>2 The
systematic review®® included two studies in which sedentary behavior was the exposure. The remaining

six reviews,> 142,155,156, 161, 163 4|| of which focused on adults, included information from 122 unique
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studies. Of the 3 meta-analyses,1?2 155156 3 included only experimental studies!?2 16; the third included
12 cross-sectional studies and 1 experimental study.2>2 Two of the three systematic reviews included
only experimental studies® 18%; the third included only longitudinal studies.1®3 The studies within these
six reviews that focused primarily on adults included exposures that were mostly aerobic activities but
were highly diverse, including activities such as walking, bowling, and yoga. One review included studies
on the effects of a single acute bout of moderate-to-vigorous physical activity as well as assessing

habitual moderate-to-vigorous intensity physical activity.1%2

Obstructive Sleep Apnea

Three meta-analysest3l 153 154 focused on obstructive sleep apnea. All of the 18 studies included in the
three reviews were experimental trials; the physical activity interventions were mostly supervised
exercise programs in which the subjects accumulated around 150 minutes per week of mostly

moderate-intensity physical activity.

Insomnia

156-158

Three meta-analyses®*1%8 and three systematic reviews>? 162 163 focysed on adults with insomnia. One

158

meta-analysis=2 included 4 longitudinal and 12 cross-sectional studies; sedentary behavior was the

157

exposure of interest. The other meta-analysis=‘ included 6 experimental studies; the exposure was

either moderate-intensity physical activity or high-intensity strength training. The two systematic

reviews> 182 included seven experimental studies of adults, one of which included only women. The

157-159, 162

exposure was mostly moderate-intensity aerobic activity. Collectively, the four reviews=-22 < included

25 unique studies, 9 experimental, 4 longitudinal, and 16 cohort.

Evidence on the Overall Relationship

142, 155, 156 55, 161, 163

The three meta-analyses**= and the three systematic reviews=> all reported beneficial
effects of greater amounts of physical activity on one or more aspect of sleep. The strongest evidence
comes from analyses of 66 controlled intervention studies involving 2,863 community dwelling adults
ranging from age 18 to 88 years, including a majority without sleep problems (89%).142 The findings
consistently show small-to-moderate size benefits of both regular physical activity and acute bouts of
physical activity on multiple sleep outcomes, including total sleep time (both habitual and acute), sleep
efficiency (both habitual and acute), sleep onset latency (both habitual and acute), sleep quality
(habitual, insufficient information regarding acute), and rapid eye movement sleep (acute, insufficient

information regarding habitual) (Table F3-2). Acute bouts of moderate-to-vigorous physical activity also
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shorten the time awake after falling asleep and reduce the time in Stage 1 sleep. Acute bouts further

improve deep sleep; this effect is stronger among individuals who are habitually active.142

Table F3-2. Effect on Sleep Outcomes in Adults of Habitual Moderate-to-Vigorous Physical Activity
Compared to Controls and Acute Bouts of Moderate-to-Vigorous Physical Activity Compared to
Controls

Regular Physical Activity Acute Bouts of Physical Activity
Sleep Outcome Cohen d effect size, 95% Cl, and P | Cohen d effect size, 95% Cl, and P
value value
d=0.35 (95% Cl: 0.00-0.70) d=0.17 (95% Cl: -0.02-0.32)
Sleep Onset Latency
P<0.05 P=0.03
) d=0.25 (95% Cl: 0.07- 0.43) d=0.22 (95% Cl: 0.10-0.34)
Total Sleep Time
P=0.005 P<0.001
Wake-time after sleep - d=0.38 (95% Cl: 0.21-0.55)
Insufficient data
onset P<0.001
. d=0.30 (95% Cl: 0.06-0.55) d=0.25(95% Cl: 0.12-0.39)
Sleep Efficiency
P=0.02 P<0.001
Shorter Time in Stage - d=0.35 (95% Cl: 0.18-0.52)
Insufficient data
1 Sleep P<0.001
Longer time in Slow The effgcts. of an acu.te bgut are gre:.;\ter d=0.19 (95% Cl: 0.02-0.35)
Wave Sleep among individuals with higher baseline P=0.03
physical activity "

i d=-0.27 (95% Cl: -0.45 to -0.08
Rapid Eye Movement Insufficient data (95% )
Sleep P=0.005
Sleep Quality d=0.74 (95% Cl: 0.48-1.00) Insufficient data

Note: Effect size using Cohen d defines the strength of the relationship, with d=0.01 very small, d=0.20 small,
d=0.50 medium, and d=0.80 a large magnitude effect
Source: Adapted from data found in Kredlow et al., 2015.142

The time of day at which an acute bout of moderate-to-vigorous physical activity is performed appears
unrelated to most aspects of sleep. A comparison of the effect of acute bouts of moderate-to-vigorous
physical activity performed more than 8 hours before bedtime, 3 to 8 hours before bedtime, and less
than 3 hours before bedtime, showed no detectable difference on sleep onset latency, total sleep time,
sleep efficiency, slow wave sleep, stage 2 sleep, or rapid eye movement sleep latency.122 Physical activity
bouts performed less than 3 hours before bedtime were associated with significantly reduced wake time

after sleep onset, and reduced stage 1 sleep, indicating less time spent in light sleep and fewer
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awakenings. In contrast, physical activity bouts performed 3 to 8 hours before bedtime were associated

with reduced REM sleep.1%2

Dose-response: Moderate evidence indicates a dose-response relationship between the length in
minutes but not the intensity or modality of moderate-to-vigorous physical activity and sleep outcomes.
In adults, this evidence is supported by analyses from 59 controlled studies (N=2,863 participants) in
which the length in minutes of acute physical activity bouts was found to moderate the beneficial effects
on sleep onset latency (less), total sleep time (more), slow wave sleep (more), and rapid eye movement
sleep (less).222 In terms of regular physical activity, limited but concordant evidence suggests that more
minutes of moderate-to-vigorous physical activity in each individual session is also associated with
greater beneficial effects on reducing sleep onset latency. Taken together, these findings provide
consistent evidence for a relationship between greater length in minutes of moderate-to—vigorous
physical activity bouts associated with benefits to multiple objective and physiological sleep outcomes.
In contrast to the length of each physical activity session, the number of weeks of the exercise
intervention had a small but statistically significant effect on total sleep time, but no effect on sleep

quality, latency, or efficiency.1#2

Regular physical activity levels influence the response to an acute bout of physical activity on slow wave
sleep. Among individuals with high baseline physical activity, acute bouts of physical activity are
associated with significantly greater time in slow wave sleep, whereas those with low baseline physical
activity levels have non-significant differences. However, the amount of regular or baseline physical
activity does not alter the effect of an acute bout on sleep onset latency, sleep efficiency, and total sleep
time.2%2 Thus, most of the beneficial effects of acute bouts of physical activity on sleep are similar for

individuals with both low and high baseline physical activity levels.

The effect of moderate-to-vigorous physical activity on sleep outcomes is not known to vary for
different types of physical activity. Although few of the included studies provided sufficient details of the
intervention to inform the analyses, no differences were noted for the effects of light-, moderate-, or
vigorous-intensity physical activity.222 Similarly, no differences were noted in a comparison of aerobic
with anaerobic physical activity. Mind-body exercises, such as tai chi or yoga, provided benefits
equivalent to standard aerobic exercise. The effect on deep sleep was significantly better for biking than

running, but their effects did not differ on other parameters of sleep.
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Evidence on Specific Factors

Age: In adults, moderate evidence indicates that relationships between physical activity and sleep
outcomes are consistent in their effects across young, middle-aged, and older men and women 122 155158,
162,163 Consistent evidence indicates a reduced beneficial effect of greater physical activity amount on
sleep latency with aging, consisting of a 0.15 standard deviation decrease in the beneficial effects of
regular physical activity for every decile increase in mean age.1?2 In contrast, age does not moderate the
relationship between greater amounts of regular physical activity and its beneficial effects on total sleep

time, sleep efficiency, and sleep quality.

In contrast to systematic reviews in adults that include many controlled intervention studies, in children
and adolescents, studies examining the relationship between physical activity and sleep are mostly
cross-sectional, with a few cohort studies.t52 135159 A meta-analysis of 15 studies of 12,604 individuals
ages 14 to 24 years, reported a beneficial effect of physical activity on sleep with an overall standard
mean difference of 0.77 (95% Cl: 0.41-1.13).2%2 Another meta-analysis of 11 cross-sectional studies
reported a relationship between greater physical activity and earlier bedtime, but not sleep onset
latency or total sleep time.222 Similarly, analyses of epidemiological studies including adolescent females

reported a relationship between increased screen-based sedentary time and greater sleep problems 1

Other demographic factors and weight status: Limited evidence suggests that greater physical activity
volume provides a slightly greater benefit for men than women on a few sleep outcomes (stage 1 sleep
and wake time after sleep onset), but the strong relationship between greater physical activity and the
majority of reported and device-measured sleep outcomes is not significantly different for men and
women.1*2 Data were insufficient to determine whether the relationship between physical activity

varied by race/ethnicity, socioeconomic factors, or body weight.

Obstructive sleep apnea: Moderate evidence indicates that physical activity is associated with
significant improvements (reduction) in apnea hypopnea index (AHI), reduced daytime sleepiness, and
improved sleep efficiency for individuals with obstructive sleep apnea. The AHI, the most widely used
metric for grading the severity of obstructive sleep apnea, is the mean number of apneic plus hypopneic

events per hour.

A meta-analysis of five RCTs of supervised aerobic, muscle-strengthening, or combined aerobic and
resistive training including 129 participants showed a significant reduction in AHI index of -6.27 (95% Cl:

-8.54 to -3.99), and a small-to-moderate effect size improvement in sleep efficiency, as well as reduced
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daytime sleepiness, compared to controls.2>* Another meta-analysis of 180 participants in 6 RCTs and 2
pre-post studies (the pre-post studies contributed 10 percent of the total number of participants)
reported a decrease in AHI (unstandardized mean difference (USMD) =-0.536 (95% Cl: -0.865 to -0.206)
and reduced Epworth sleepiness scale (USMD=-1.246; 95% Cl: -2.397 to -0.0953).22 Finally, a network
meta-analysis compared the effectiveness of supervised aerobic exercise training with continuous
positive airway pressure (CPAP), mandibular advancement devices (MAD), and weight loss on AHI.13
CPAP, MAD, and weight loss are accepted treatments with demonstrated effectiveness.1®4 162 The
analysis included a total of 80 RCTs with 4,325 participants. The reduction in AHI for the supervised
exercise programs (-17.23; 95% Cl: -25.82 to -8.54) was not inferior to CPAP (-25.27; 95% Cl: -28.52 to -
22.03), MAD (-15.20; 95% ClI: -19.50 to -10.91), or weight loss (-12.27; 95% Cl: -18.79 to -5.75). Similar
results were found for daytime sleepiness index. However, the supervised exercise programs included a
total of only 72 participants. Collectively, these findings provide moderate strength evidence for a
consistent relationship between greater physical activity and clinically significant improvements in sleep

outcomes for adults with obstructive sleep apnea.

Insomnia: Moderate evidence indicates a similar beneficial relationship of physical activity on sleep
parameters in insomnia. A meta-analysis of 12 cross-sectional and 4 cohort studies with sample sizes
ranging from 300 to 7,880 adults per study reported that sedentary behavior was associated with an
increased risk of insomnia (poole OR=1.18; 95% Cl; 1.01-1.36) and sleep disturbance (pooled OR=1.38;
95% Cl: 1.28-1.49).1%8 A meta-analysis of 6 RCTs including 305 middle-aged and older adults indicates
that physical activity interventions including aerobic or resistance training are associated with small-to-
moderate effect sizes improving sleep quality (SMD=0.47; 95% Cl: 0.08-0.86), sleep onset latency
(SMD=0.58; 95% Cl: 0.08-1.08), and reduced sleep medication use (SMD=0.44; 95% Cl: 0.14-0.74).2Z
Other systematic reviews of clinical trials in adults with chronic insomnia and sleep complaints report
similar relationships between greater physical activity and sleep onset latency, sleep quality, and total

wake time after sleep onset 132 162

None of the reviews reported on sleep problems among children or adolescents. In addition, beyond
obstructive sleep apnea and general sleep problems including insomnia, evidence from systematic
reviews is insufficient to analyze relationships between physical activity and sleep for other sleep

disorders.

For additional details on this body of evidence, visit: https://health.gov/paguidelines/second-
edition/report/supplementary-material.aspx for the Evidence Portfolio.
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Comparing 2018 Findings with the 2008 Scientific Report

The 2008 Scientific Report! concluded that “A small number of observational, population-based studies
provides initial evidence supporting a positive association of regular participation in physical activity
with lower odds of disrupted or insufficient sleep, including sleep apnea.” The 2008 Scientific Report?
also concluded that “a small number of RCTs supports the conclusion that regular participation in
physical activity has favorable effects on sleep quality and is a useful component of good sleep hygiene.”
The 2018 Scientific Report considerably extends these findings by including a significantly larger body of
evidence, the results of which indicate that strong evidence now shows positive effects of both regular
and acute physical activity on many different sleep outcomes. The 2018 Scientific Report also extends
the 2008 findings to include both the effects of physical activity on sleep apnea as well as insomnia and

other sleep complaints.

Public Health Impact
Sleep is integral to health and well-being across the lifespan.32 16 The most common clinically
recognized problems with sleep are insomnia and obstructive sleep apnea. Using strict diagnostic
criteria, around 10 percent of adults suffer from clinically diagnosed insomnia.?* An estimated 26
percent of adults ages 30 to 70 years suffer from obstructive sleep apnea,Z 1% and the prevalence
appears to be rising, in part because a major risk factor for obstructive sleep apnea is obesity. Beyond
these specific disorders, one-quarter of the population reports getting insufficient sleep at least 15 out
170

of every 30 days?3® 1% and one-third report getting less than the recommended amount of sleep.1®

Twenty-five percent to 48 percent of the population report a sleep problem of some kind.142

The health effects of sleep problems are significant. They are associated with increased risk of accidents,
obesity, cardiovascular risk factors, heart disease, stroke, and all-cause mortality.222 The National
Highway Traffic Safety Administration estimates that 2.5 percent of all fatal vehicle crashes and 2
percent of nonfatal crashes involve drowsy driving; others have placed the estimate as high as 15
percent to 33 percent.2? The United States sustains economic losses up to $411 billion per year and
loses an equivalent of 1.23 million working days per year due to insufficient sleep.2 Obstructive sleep
apnea, in particular, has strong associations with hypertension, heart failure, obesity, type 2 diabetes,
myocardial infarction, stroke, up to 5-fold higher incidence of traffic and industrial accidents, and 50

percent higher mortality 130 172 173
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The strong evidence in this question demonstrating the beneficial effects on sleep of both acute bouts
and habitual participation in moderate-to-vigorous physical activity demonstrates that substantial
medical and economic costs would be favorably influenced by a more physically active society. Less
easily measurable but as important are the reported benefits associated with feeling well rested and
more energetic. Finally, the strong evidence that habitual moderate-to-vigorous physical activity
reduces the risk of excessive weight gain (see Part F. Chapter 5. Cardiometabolic Health and Prevention
of Weight Gain), an important risk factor for obstructive sleep apnea, indicates that physical activity

could have a favorable impact on the incidence, as well as the treatment of, obstructive sleep apnea.

NEEDS FOR FUTURE RESEARCH

1. Conduct randomized controlled trials of moderate-to-vigorous physical activity across the lifespan,
including in youth, to better understand its effects on cognitive development, quality of life and

health-related quality of life, state and trait anxiety, and sleep outcomes.

Rationale: Despite considerable research focused on the importance of physical activity on brain
health in adults and older adults, the paucity of knowledge during other periods of the lifespan
should be addressed to better understand physical activity effects on cognition, quality of life,
affect, anxiety and depression, and sleep outcomes, and how they may change, across the entire
lifespan. Physical activity may beneficially affect measures of brain health in common childhood
disorders such as attention deficit hyperactivity disorder and autism spectrum disorder, but the
impact on these conditions, or the long-term impact of physical activity during childhood on adult

outcomes are largely unknown.

2. Conduct randomized controlled trials that manipulate the physical activity dose in a systematic
fashion to improve the understanding of the dose-response relationship and durability of physical
activity effects on brain health. Conduct these studies in healthy children and adults, and also in
populations with conditions and impairments of brain health (e.g., dementia, sleep disorders, mood

disorders).

Rationale: To date, little evidence exists to draw strong conclusions about the optimal intensity,
duration, and frequency of physical activity to enhance brain health (i.e., cognition, quality of life,
anxiety, depression, sleep). This work is critically needed to better inform the public and
practitioners about the amount of activity needed to observe changes in brain health outcomes in

healthy individuals and in individuals with cognitive, sleep, or mood disorders. Although the current

2018 Physical Activity Guidelines Advisory Committee Scientific Report F3-46



Part F. Chapter 3. Brain Health

literature base does not allow for a firm understanding of a dose-response relationship between
either acute or chronic physical activity on brain health, recommended doses of physical activity
(e.g., moderate-to vigorous-intensity) have demonstrated positive effects on brain health across the

lifespan.

3. Conduct randomized controlled trials of both light and moderate-to-vigorous physical activity in
individuals with cognitive (e.g., dementia), mood (e.g., anxiety, depression), sleep (e.g., insomnia),
and other mental health disorders (e.g., schizophrenia) to better understand its effects on brain
health in these conditions, including aspects of quality of life and health-related quality of life.
Further, conduct randomized controlled trials and observational studies in individuals at different
stages or severity of impairment, including studies in individuals at risk of disease (e.g., genetic risk)
as well as individual with comorbid conditions (e.g., anxiety and depression) to examine whether
physical activity delays or prevents disease onset and progression, or interacts with common

treatments used by individuals with disorders and diseases.

Rationale: Knowledge of this area varies across impairments, with some diseases and disorders
having significantly more research than others (e.g., depression). Yet, even in the context of some of
these more common conditions, there is a paucity of research on some outcomes that are highly
relevant for optimal functioning, such as the impact of physical activity on sleep, cognitive, and
quality of life in individuals with depression. In addition, little is known about the effects of physical
activity on conditions that often co-occur, like anxiety and depression. Other conditions that are also
associated with impaired brain health (e.g., autism spectrum disorder, cancer, traumatic brain
injury) have received little focus to date. Research in this area would contribute to a better
understanding of etiologic subcategories of cognitive, sleep, mood, and other mental health
conditions such as Alzheimer’s disease and related dementias, and Lewy Body, Vascular, and Mixed
Dementias, which are increasingly recognized and diagnosed within the domains of impaired mental

and neurological health in aging.

4. Conduct randomized controlled trials of physical activity that examine brain imaging and other
biomarker metrics across the lifespan and in conditions characterized by cognitive, mood, and sleep

impairments.

Rationale: These studies could yield a better understanding of circulating biomarkers (e.g.,

neurotrophins) associated with brain health, and the relative roles of genetic (e.g., ApoE4 gene) and
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environmental risk factors (e.g., stroke risk factors, traumatic brain injury) as covariates influencing
the response to physical activity. To date, although candidate biomarkers and environmental risk
factors have been identified, little systematic study in humans has emerged in the literature

especially in relation to markers associated with affect, anxiety, depression, and sleep.

5. Conduct studies to monitor sedentary time and conduct randomized controlled trials that
systematically reduce sedentary behaviors to improve the understanding of the impact of varying
contexts, patterns, and durations of sedentary behavior on brain health outcomes (e.g., depression

symptoms) throughout the lifespan and in populations with brain health disorders and diseases.

Rationale: The understanding of the effects of sedentary behavior on brain health is in its infancy.
Given that recent evidence indicates that sedentary behavior is distinct from physical inactivity, a
greater understanding of the effect of sedentary behavior on brain health may inform and target
interventions aimed at improving brain health across a variety of populations, including school-aged
children, middle-aged adults, and older adults, as these populations spend considerable time during
their day engaged in sitting and other sedentary behaviors. In addition, portable health technologies
that continuously measure physical activity, estimate its intensity, and characterize sleep behavior,
may offer inroads to better understand such relationships, and perhaps test novel interventions

using connected health approaches.

6. Conduct appropriate analyses to examine effect modification by demographic factors. Such
analytical approaches require studies that include large samples and substantial variation in sample

characteristics (i.e., race/ethnicity, socioeconomic status).

Rationale: Although some understanding of the effects of physical activity during the developing
years and in aging has emerged, evidence for other demographic factors has not been
demonstrated in a systematic fashion, affording little opportunity to form strong conclusions about
any potential effect of these factors. Findings that incorporate other demographic factors stand to
generalize the physical activity-brain health literature, improving understanding of this relationship
more broadly across the U.S. population, deepening understanding of health disparities, and

informing interventions aimed at improving brain health.

7. Conduct randomized controlled trials and prospective observational studies that will improve
understanding of the latency and persistence of the improvements in brain health following both

acute and regular physical activity. These studies should have larger sample sizes, longer follow-up
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periods, and a broader range of instruments and outcomes relevant for brain health (e.g., mental

subdomain of health-related quality of life, affect).

Rationale: To date, the temporal dynamics of the effects of physical activity on brain health are
poorly understood. Yet, it is known that individuals start and stop exercise regimens on a regular
basis and such variability in the consistency of physical activity may differentially influence the
impact of physical activity on brain health outcomes. It is possible that the persistence of the effects
might also depend on the dose of activity (frequency, intensity, time, type), the age of the

individual, the presence of a disorder or disease, or other factors. Enrolling samples of sufficient size
to support mediator analyses (i.e., exploration of putative mechanisms through which the
interventions operate) will provide useful information for adapting the interventions to optimize
uptake among different subgroups as well as to identify key elements that are essential to improving

brain health.

8. Conduct randomized controlled trials and prospective observational research on the impact of
muscle-strengthening exercises (often referred to in the literature as resistance training) and other

forms of physical activity (e.g., yoga, tai chi), and other modes of activity on brain health outcomes.

Rationale: Most research in this area has been conducted using aerobic exercise approaches (e.g.,
brisk walking). Given the effects of muscle-strengthening exercises and the increased popularity of
many other forms of physical activity (e.g., yoga, tai chi) and the evolving evidence of their influence
on multiple health outcomes, it will be important to understand how these different modalities

differentially influence cognition, quality of life, affective, anxiety, depression, and sleep outcomes.
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INTRODUCTION

In 2017, 1,688,780 new cancer cases and 600,920 cancer deaths are projected to occur in the United
States.l On average, 38 percent of American women and 42 percent of American men will be diagnosed
with an invasive cancer over their lifetimes.2 Although several genetic causes of cancer have been
identified, most cases of cancer are due to the environment or lifestyle.2 In addition to lack of physical
activity, other known lifestyle and preventable causes of cancer include tobacco use, alcohol intake,
diet, obesity, and behaviors that increase exposure to oncogenic viruses. Therefore, there is great need

and possibilities for cancer prevention through lifestyle change.

There are more than 100 types of cancer based on body site or cell of origin. Furthermore, most cancers
include subtypes defined by anatomy, histology, or genomics. Cancer types and subtypes often differ in
etiology or natural course. Therefore, studying the association of physical activity with cancer risk is
tantamount to determining the effect of physical activity on scores of endpoints. In this report, subtypes
of cancer sites are listed where etiologies, including physical activity exposure, are known to vary by

subtype.

Decades of epidemiologic research have identified a physically active lifestyle as protective against the
occurrence of some common cancers. The 2008 Physical Activity Guidelines Advisory Committee
concluded that a moderate, inverse relationship existed between increased levels of physical activity
and reduced risks of colon and breast cancers.? The 2008 Committee also found some evidence of
reductions in risk of lung, endometrial, and ovarian cancers with increased physical activity, but no
change in risk of prostate or rectal cancers.? Information was deemed too sparse to make conclusions
for other cancers. The Physical Activity Guidelines Advisory Committee Report, 20082 provided probable
risk reduction levels, based on reviews of individual reports; no meta-analyses were performed, and
none were found from the literature at that time. Since that report was released, the epidemiologic
literature has grown enough to allow the use of meta-analytic and pooled analysis techniques to provide

robust estimates of the effect of physical activity on occurrence of both common and rarer cancers.
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Interest in understanding the health effects associated with sedentary behavior (sitting) is also
increasing. The 2008 Advisory Committee did not review the evidence on the association between
sedentary behavior and cancer incidence. However, since 2008, an emerging literature has accumulated
with respect to the association between sedentary time and cancer incidence and the Cancer Prevention
Subcommittee included a question on this issue. (For additional information on the health effects

associated with sedentary behavior, see Part F. Chapter 2. Sedentary Behavior.)

The 2008 Scientific Report also cited some mechanisms that may explain the associations between
physical activity and cancer risk, but did not perform a systematic review.? Given the extremely large
literature in this area,® including human experimental, observational, animal models, and other
laboratory work, the Cancer Prevention Subcommittee was not able to perform a systematic review of
the literature on mechanisms linking physical activity to cancer. However, the Subcommittee recognizes
that this topic is a critical area of research that needs further attention and helps provide more

understanding of how physical activity is related to cancer.

Finally, while many of the reviewed cancers occur in children as well as adults (e.g., leukemia,
lymphoma), the etiology of these cancers often differs significantly in children versus adults. In addition,
the usual long latency period for physical activity to protect against cancer development in adults will
likely not be relevant to cancers occurring in children. For this reason, the literature review on physical
activity and cancer risk has been limited to adults. Therefore, the Subcommittee limited its search to

cancers in adults.

REVIEW OF THE SCIENCE
Overview of Questions Addressed

This chapter addresses two major questions and related subquestions:

1. What is the relationship between physical activity and specific cancer incidence?
a) Isthere a dose-response relationship? If yes, what is the shape of the relationship?
b) Does the relationship vary by age, sex, race/ethnicity, socioeconomic status, or weight status?
c) Does the relationship vary by specific cancer subtypes?
d) Is the relationship present in individuals at high risk, such as those with familial predisposition to
cancer?
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2. What is the relationship between sedentary behavior and cancer incidence?
a) Isthere a dose-response relationship? If yes, what is the shape of the relationship?
b) Does the relationship vary by age, sex, race/ethnicity, socioeconomic status, or weight status?
c) Isthe relationship independent of levels of light, moderate, or vigorous physical activity?
d) Isthere any evidence that bouts or breaks in sedentary behavior are important factors?

Data Sources and Process Used to Answer Questions

Systematic literature searches were conducted to answer Questions 1 and 2. The databases searched
included PubMed, Cochrane, and CINAHL. The literature search to address Question 1 was limited to
systematic reviews, meta-analyses, and pooled analyses. The literature search strategy to address
Question 2 was expanded to also include original research articles, and was conducted in two steps.
Step 1 involved a search for existing systematic reviews and meta-analyses that could address the
guestion. Step 2 involved a de novo literature search of more recent original research studies published
after the systematic reviews and meta-analyses. Question 2 is the same as the cancer component of

Question 4 in the sedentary behavior chapter (for details, see Part F. Chapter 2. Sedentary Behavior.)

In the studies included in the meta-analyses, systematic reviews, and pooled analyses, physical activity
was measured by self-report, with different types of physical activity questionnaires. In many studies,
participants were presented with a list of typical activities (e.g., walking, running, biking), and asked to
indicate the frequency and duration of each activity. Other studies used more general questions about
time spent in moderate- or vigorous-intensity activities. Most collected information on recreational
activities, several also included occupational activities, and only a few included household activities.
Some estimated total physical activity, adding up all of these activities; most limited estimation of
amount of activity to leisure time activity. Most of the meta-analyses estimated MET-hours per week of
moderate and vigorous physical activities where data were available, but the cut-points for “highest”
versus “lowest” activity levels varied across studies. Although most studies assigned a MET value of 6 for

vigorous activities, some assigned a value of 8.

Most of the meta-analyses, as well as the large pooled study,® were restricted to prospective cohort
studies in order to minimize error from reporting that might occur because of recall of past physical
activity levels that is required in case-control studies. However, for some more rare cancers, meta-

analyses or pooled analyses did include case-control studies. For this reason, the Subcommittee did not
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exclude results from systematic reviews, meta-analyses, or pooled analyses in making conclusions about

the associations between physical activity and risk for specific cancers.

Question 1: What is the relationship between physical activity and specific cancer
incidence?

a) Isthere a dose-response relationship? If yes, what is the shape of the relationship?

b) Does the relationship vary by age, sex, race/ethnicity, socioeconomic status, or weight status?

c) Does the relationship vary by specific cancer subtypes?

d) Is the relationship present in individuals at high risk, such as those with familial predisposition to

cancer?

Sources of evidence: Meta-analyses, systematic reviews, pooled analyses

Cancers for Which Physical Activity Shows Strong Evidence of a Protective Effect

Bladder Cancer

Conclusion Statements
Strong evidence demonstrates that greater amounts of physical activity are associated with reduced risk

of developing bladder cancer. PAGAC Grade: Strong.

Moderate evidence indicates a dose-response relationship between increasing physical activity levels

and decreasing risk of bladder cancer. PAGAC Grade: Moderate.

Limited evidence suggests that the effects of physical activity on bladder cancer risk are lower for men
than for women. PAGAC Grade: Limited. Insufficient evidence is available to determine whether the
effects of physical activity on risk of bladder cancer differ by specific age, race/ethnicity, socioeconomic

groups, or weight status. PAGAC Grade: Not assignable.

Insufficient evidence is available to determine whether the effects of physical activity are similar for all

types of bladder cancer. PAGAC Grade: Not assignable

Insufficient evidence is available to determine whether the effects of physical activity on bladder cancer

risk differ in individuals at elevated risk of bladder cancer. PAGAC Grade: Not assignable.

Review of the Evidence
Based on data from 2010 to 2014, the incidence rate of bladder cancer was 19.8 per 100,000 men and

women per year.12 The number of deaths was 4.4 per 100,000 men and women per year. Several factors
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increase risk of bladder cancer, including smoking, exposure to certain occupational toxins, and arsenic
in drinking water.l Bladder cancer is more common in individuals older than age 55 years than in
younger individuals, in men than in women, and in individuals with a personal or family history of cancer

of the urinary tract.

To examine the association between physical activity and risk of bladder cancer, the Subcommittee
reviewed one published meta-analysis.12 The meta-analysis contained data from 11 cohort and 4 case-
control studies. The Subcommittee also reviewed one pooled analysis of 12 large prospective cohort
studies? and meta-analysis data from the World Cancer Research Fund, which included data from 12

cohort studies.t2

Evidence on the Overall Relationship

A considerable body of epidemiologic data exists on the association between physical activity and risk of
developing bladder cancer. The meta-analysis reported that risk of bladder cancer was significantly
lower for individuals engaging in the highest versus lowest categories of recreational or occupational
physical activity level (relative risk (RR)=0.85; 95% confidence interval (Cl): 0.74-0.98).12 Most studies
adjusted for multiple potential confounding factors, including age, body mass index (BMI), and other
bladder cancer risk factors. Similar to these findings, the pooled analysis of 12 cohort studies found a
statistically significant relationship between the 90" versus 10*" percentile level for leisure time physical
activity and decreased risk of bladder cancer (RR=0.87; 95% Cl: 0.82-0.92).2 In contrast, the World
Cancer Research Fund meta-analysis summary result for highest versus lowest physical activity, which
did not include studies focused on occupational physical activity, showed a non-statistically significant

effect (RR=0.94, 95% Cl: 0.83-1.06).22

Dose-response: The meta-analysis examined the dose-response relationship by quartiles of physical
activity in each study. Compared with the least active quartile, those in quartiles 2, 3, and 4 had RR (95%
Cls) of 0.90 (0.83-0.97), 0.86 (0.77-0.96), and 0.83 (0.72-0.95), respectively.X2 The pooled analysis of 12
cohort studies found a significant linear relationship between increasing leisure time physical activity

percentile and decreasing risk of bladder cancer (Poverai<0.0001; Pron-iinear=0.59).2

Evidence on Specific Factors
Sex: The meta-analysis found some differences in physical activity effect on bladder cancer risk between

men (RR=0.92, 95% ClI: 0.82-1.05) and women (RR=0.83; 95% Cl: 0.73-0.94).22 Although the pooled
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analysis found that the effect size of physical activity on risk of bladder cancer was similar in men and

women, the association was statistically significant only in women (Pheterogeneity=0.81).2
Age: None of the analyses provided data within specific age groups.

Race/ethnicity: All but one study in the meta-analysis were conducted in the United States and Europe;
the one study in Asia (men only) showed a non-statistically significant association of physical activity

with bladder cancer risk (RR=0.94; 95% Cl: 0.77-1.15).12

Socioeconomic status: None of the analyses presented data on the effect of socioeconomic status on
the association between physical activity and bladder cancer incidence. Hence, no conclusions can be

made on this factor.

Weight status: The pooled analysis examined associations between the 90" percentile versus 10"
percentile of physical activity level by BMI. Risk of bladder cancer associated with physical activity level

did not differ for those with BMI <25.0 kg/m? versus BMI >25 kg/m? (Pinteraction = 0.80).2

Cancer subtype: Neither the meta-analysis nor the pooled analysis provided data by subtype of bladder

cancer.

Individuals at high risk: No information was provided in the meta-analysis or in the pooled analysis

about the effects of physical activity in individuals at elevated risk of bladder cancer.

For additional details on this body of evidence, visit: https://health.gov/paguidelines/second-
edition/report/supplementary-material.aspx for the Evidence Portfolio.

Breast Cancer

Conclusion Statements
Strong evidence demonstrates that greater amounts of physical activity are associated with a lower risk

of breast cancer. PAGAC Grade: Strong.

Strong evidence demonstrates that a dose-response relationship exists between greater amounts of

physical activity and lower breast cancer risk. PAGAC Grade: Strong.

Moderate evidence indicates that greater amounts of physical activity are associated with a greater risk

reduction in all women regardless of body mass index. PAGAC Grade: Moderate. Insufficient evidence is
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available to determine whether the amount of physical activity and risk of breast cancer incidence varies
by age. PAGAC Grade: Not assignable. Limited evidence suggests that the relationship between physical
activity and breast cancer does not vary by race/ethnicity. PAGAC Grade: Limited. Insufficient evidence
is available to determine whether the relationship between physical activity and breast cancer varies by

socioeconomic status. PAGAC Grade: Not assignable.

Limited, but inconsistent, evidence suggests that the relationship between physical activity and breast

cancer varies by specific histologic types of breast cancers. PAGAC Grade: Limited.

Limited evidence suggests that the relationship between physical activity and breast cancer is apparent
in women at increased breast cancer risk, as an enhanced effect of physical activity was associated with
premenopausal breast cancer in women with a positive family history of breast cancer. PAGAC Grade:

Limited.

Review of the Evidence

Based on data from 2010 to 2014, the incidence rate of female breast cancer was 124.9 per 100,000
women per year. The number of deaths was 21.2 per 100,000 women per year.X2 Most commonly,
breast cancer occurs in ducts of the breast (ductal carcinoma); lobular carcinoma and inflammatory
breast cancer are less common. Breast cancers are typically categorized by estrogen receptor (ER) and
progesterone receptor (PR) status (positive (+)/negative (-)), as well as by presence of human epidermal
growth factor type 2 receptor (HER2/neu positive (+)/negative (-)). Breast tumors can be further
characterized by grade, which is the degree of cellular abnormality seen microscopically. Stage of breast
cancer is determined by both pathological and clinical diagnosis. In situ (or Stage 0) breast cancer is that
which has not invaded based the lining of the duct or lobule. By definition, Stages 1-4 is invasive breast

cancer that has spread to local or distant tissues

The major risk factors for breast cancer, besides increasing age and physical inactivity, are: inherited
changes in genetic factors, a first degree family history of breast cancer, increased mammographic
density, atypical hyperplasia, radiation therapy, alcohol intake, early age at menarche and late age at
menopause, first full-term pregnancy after age 30 years and nulliparity, long term use of menopausal

hormone therapy, overweight or obesity after menopause, and White race.2

The Subcommittee used information from four meta-analyses®Z? and two pooled analyses.> 2 The

meta-analysis by Wu et al*® included 31 prospective cohort studies published to November 2012. The
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meta-analysis by Neilson et al*” included 80 reports from 67 different studies published to June 2015.
The meta-analysis by Pizot et al*® included 38 prospective cohort studies published between 1987 and
2014. The meta-analysis by Liu et al'® included 126 cohort studies that examined a variety of cancers. Of
these, nine studies were included in the breast cancer analysis and five of them were used in the dose-
response analysis. The pooled analysis by Gong et al*® included four studies combined in the African

American Breast Cancer Consortium. The pooled analysis by Moore et al° included nine cohort studies

with 35,178 breast cancer cases. All types of physical activity were included in the meta-analyses by Wu

et al*® and Pizot et al'4; recreational physical activity only was included in the meta-analyses by Neilson
et al'” and Liu et al*® and the pooled analysis by Moore et al.° The pooled analysis by Gong et al®

included vigorous physical activity but did not specify what type of activity was specifically recorded and

used as the exposure assessment. The meta-analysis by Neilson et al’

was likewise restricted to
moderate-to-vigorous recreational physical activity. The dose-response relationship was tested in all of
these meta-analyses and pooled analyses,® %2 and evidence for a linear statistically significant
association between greater amounts of physical activity and lower breast cancer risk was observed in

four of these meta-analyses.1%12

Evidence on the Overall Relationship

The meta-analysis by Wu et al*® estimated that the highest versus the lowest categories of all types of
physical activity in the 38 cohort studies they included was associated with a decreased risk of breast
cancer (RR=0.88; 95% Cl: 0.85-0.90). Wu et al*® also presented the results stratified by menopausal
status. For premenopausal women, the random effects model estimates were 0.77 (95% Cl: 0.69-0.86)
and for postmenopausal women the effect estimates were 0.88 (95% Cl: 0.87-0.92).26 These authors also
presented the results for the association between breast cancer incidence and physical activity by type
of activity. For occupational activity, the relative risk was 0.84 (95% Cl: 0.73-0.96); for non-occupational
activity, it was 0.87 (95% Cl: 0.82-0.91); for recreational activity, it was 0.87 (95% Cl: 0.83-0.91); for
household activity, it was 0.89 (95% Cl: 0.83-0.95), and for walking, it was 0.87 (95% Cl: 0.79-0.96).1°

Neilson et al*’ reported all results for the association between physical activity and breast cancer risk
stratified by menopausal status. Data from 36 case-control and 13 cohort studies were combined to
estimate the relative risk of premenopausal breast cancer associated with moderate-to-vigorous

recreational activity; for postmenopausal women, data from 38 case-control and 26 cohort studies were
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combined. For premenopausal women, the estimated odds ratio (OR) was 0.80 (95% Cl: 0.74-0.87) and

for postmenopausal women, the odds ratio was 0.79 (95% Cl: 0.74-0.84).

Pizot et al*® presented the results for all types of physical activity combined. These authors found a
statistically significant reduction for breast cancer incidence when comparing the highest versus the
lowest amounts of all types of physical activity combined (OR: 0.88; 95% Cl: 0.85-0.91). When examining
the associations by type of activity, they reported risk reductions for non-occupational physical activity
(OR=0.88; 95% Cl: 0.85-0.92 from 30 studies) and occupational physical activity (OR=0.87; 95% ClI: 0.83-
0.90) based on 11 studies). Pizot et al*® also reported the results for the association between all types of
physical activity combined and breast cancer risk by menopausal status. Premenopausal and
postmenopausal women had very similar risk reductions for highest versus lowest levels of physical
activity (RR=0.87; 95% Cl: 0.78-0.96 and RR=0.88; 95% Cl: 0.85-0.91, respectively). Pizot et al*® also
provided risk estimates for studies that used comparable methods for assessing physical activity. Risk
reductions were greater in studies that measured physical activity in hours per week (RR=0.81; 95% ClI:
0.76-0.87) than in MET-hours per week (RR=0.87; 95% Cl: 0.83-0.91) or in other units (RR=0.89; 95% Cl:
0.85-0.92).28

Liu et al* reported decreased risk of overall breast cancer incidence when they compared participants

with the highest to the lowest amounts of leisure time physical activity (RR=0.88; 95% Cl: 0.84-0.91).

In their pooled analysis from the African American Breast Cancer Epidemiology and Risk Consortium,
Gong et al*® reported that any vigorous activity versus hone was associated with a reduction in odds of

breast cancer incidence of 0.88 (95% Cl: 0.81-0.96).

Moore et al° compared participants in the 90" percentile to those in the 10™ percentile of physical
activity in their pooled analysis and found a statistically significant association with breast cancer

incidence (hazard ratio (HR)=0.90; 95% CI: 0.87-0.93).

Dose-response: Evidence for a linear statistically significant association between greater amounts of
physical activity and lower breast cancer risk was observed in four of the meta-analyses.2&%2 Using data

from three studies, Wu et al*®

observed a statistically significant linear relationship between higher
amounts of non-occupational physical activity and lower breast cancer risk. The risk of breast cancer was
2 percent lower (RR=0.98; 95% Cl: 0.97-0.99) for every 25 MET-hours per week increment in non-

occupational activity (roughly equivalent to 10 hours per week of light household activity). Using data on
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recreational activity from seven studies, Wu et al'® estimated that the risk of breast cancer was 3
percent lower (RR=0.97; 95% Cl: 0.95-0.98) for every 10 MET-hours per week increment in recreational
activity (roughly equivalent to 4 hours per week of walking at 2 miles per hour). Wu et al*® also found a
linear relationship between breast cancer risk and moderate plus vigorous recreational activity using
data from eight studies. The risk of breast cancer was 5 percent lower (RR=0.95; 95% Cl: 0.93-0.97) for
every 2 hours per week increment in moderate plus vigorous activity.22 When examining vigorous
recreational activity only with data from eight studies, Wu et al*® found that the risk of breast cancer
was 5 percent lower (RR=0.95; 95% Cl: 0.92-0.97) for every 2 hours per week spent in this level of

recreational activity.

Neilson et al*’ plotted dose-response curves across levels of moderate-to-vigorous recreational activity
by menopausal status and found a statistically significant, curvilinear dose-response relationship for
both menopausal groups. The authors speculated that this curvilinear dose-response association
suggested a point of diminishing returns when moderate-to-vigorous recreational activity went beyond
20 to 30 MET-hours per week. However, the 95% confidence intervals were wide at the upper levels of
activity, which precluded any definitive conclusions about the nature of this dose-response relationship
at very high levels of activity. Neilson et al*’ also plotted dose-response curves with respect to activity
duration (hours per week) using data from 13 studies and they found a clear inverse linear association
with postmenopausal breast cancer risk. For premenopausal breast cancer risk, using data from 10
studies they observed a J-shaped, statistically significant non-linear trend with an inflection point around
3 hours per week. These studies were distinct from those in the MET-hours per week analysis. The
authors investigated the possible reasons for this J-shaped association and suggested that measurement
error, covariate adjustment, and heterogeneity across these studies might partially explain these
unexpected findings. The study by Neilson et al'’ is the only meta-analysis to examine the dose-response

relationships separately for premenopausal and postmenopausal breast cancer.

Pizot et al*®

performed dose-response analyses with 11 studies that reported physical activity in MET-
hours per week and with 11 studies that reported duration of physical activity in hours per week and
noted statistically significant dose-response relationships between amounts of physical activity and

breast cancer risk without evidence for a threshold.

|19

Liu et al™ also found a statistically significant decreasing risk for breast cancer across categories of

leisure time physical activity estimated in MET-hours per week.
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Gong et al?® tested for a linear trend across categories of hours per week of vigorous physical activity
and found evidence for a statistically significant trend, although the dose-response association was not
very evident with the highest category of physical activity (7 hours per week), which was associated with
a risk of 0.86 (95% Cl: 0.68-1.10) compared with the lowest category (<2 hours per week), which had a
risk of 0.90 (95% Cl: 0.81-1.01).

Finally, Moore et al® also found a linear dose-response relationship between increasing levels of leisure

time physical activity and decreased breast cancer risk (P<0.0001).

Evidence on Specific Factors

Age: Only the pooled analysis by Gong et al*® reported results by age (<50 years versus >50 years) and
found comparabile risk reductions for both age groups of 15 and 12 percent that were borderline
statistically significant. Several of these meta-analyses and pooled analyses did examine the effects of
physical activity on breast cancer risk by menopausal status, which could be a proxy for age. Overall,
there appears to be a somewhat greater breast cancer risk reduction associated with higher amounts of

physical activity among postmenopausal women than premenopausal women.

Race/ethnicity: The pooled analysis by Gong et al?*®, which included only American women of African
ancestry, reported a statistically significant 12 percent decreased risk associated with vigorous physical
activity. Neilson et al'” presented the results for studies by racial groups and found statistically
significant reductions in premenopausal breast cancer risk for White, White-Hispanic, and Asian women.
For postmenopausal women, statistically significant reductions in breast cancer risk also were evident
for White-Hispanic and Asian women. No statistically significant risk reductions were found for Hispanic
or Black women in either menopausal category.tZ The Moore et al® pooled analysis found similar
associations between highest versus lowest physical activity level and breast cancer risk in black and
white women (P heterogeneity = 0.24) (Figure F4-1). No other studies presented their results by

race/ethnic groups.
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Figure F4-1. Summary Multivariable Hazard Ratios and 95% Confidence Intervals (Cl) for a Higher (90t
percentile) versus Lower (10*" percentile) Level of Leisure-Time Physical Activity, by Cancer Type,
Stratified by Race/Ethnicity

Black White Praterogensity

Lung —e—! o 0.90
Colan . - 0.96
Breast ——! . 0.24
Prostate i E. 0.35

I I I I I T I I
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HR (85% CI)

Source: Reproduced with permission from [Moore et al, Association of leisure-time physical activity with risk of 26
types of cancer in 1.44 million adults. 2016. 176(6):816—825]. Copyright©(2016) American Medical Association. All
rights reserved.

Socioeconomic status: None of the analyses presented data on the effect of socioeconomic status on
the association between physical activity and breast cancer incidence. Hence, no conclusions can be

made on this factor.

Weight status: A statistically significant effect modification of the association between breast cancer

incidence and physical activity by BMI was found in the meta-analysis by Neilson et al,’’” with greater risk

reductions found in both premenopausal and postmenopausal women with a BMI <25 kg/m? (RR=0.85;
95% Cl: 0.73-0.99 and RR=0.84; 95% Cl: 0.77-0.92, respectively) than in women with a BMI >25 kg/m?
(RR=0.99; 95% Cl: 0.98-1.00 and RR=0.88; 95% Cl: 0.82-0.95, respectively). Pizot et al*® reported risk
reductions in breast cancer incidence for both women with low and high BMI (RR=0.84; 95% Cl: 0.78-
0.90 and RR=0.87; 95% Cl: 0.81-0.93). In contrast, in the Moore et al® pooled analysis no effect
modification by BMI was observed for the association between leisure time physical activity and breast

cancer incidence.

Cancer subtype: The association between physical activity and different breast cancer subtypes was
considered in four of these meta-analyses and pooled analyses but the findings were inconsistent.1& 1212
2 Wy et al*® found stronger risk reductions for invasive breast cancers than in situ tumor stage cancers
(RR=0.81; 95% Cl: 0.73-0.91 versus RR=0.86; 95% Cl: 0.74-0.99). These results also were found in the
meta-analysis by Liu et al,’® in which greater risk reductions for invasive cancers compared with in situ

breast cancers were found. Wu et al*® also reported that women with estrogen receptor
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negative/progesterone receptor negative breast cancer tumors had a greater reduction in risk compared
with estrogen receptor positive/progesterone receptor positive breast cancer cases (RR=0.77; 95% Cl:
0.65-0.90 and RR=0.93; 95% Cl: 0.87-0.98). Gong et al*® reported a statistically significant inverse
association with vigorous physical activity for estrogen receptor positive breast cancer (OR=0.88; 95% Cl:
0.80-0.98) but not for estrogen receptor negative breast cancer (OR=0.93; 95% Cl: 0.82-1.06). Pizot et
al*® observed stronger risk reductions for women with estrogen receptor negative breast cancer

(OR=0.80; 95% Cl: 0.83-0.90) than for estrogen receptor positive breast cancers (OR=0.89; 95% Cl: 0.83-

0.95) associated with physical activity. Neilson et al*’

found statistically significant associations between
moderate-to-vigorous recreational activity and ductal and lobular tumor histology in postmenopausal
women but observed no inverse associations for mucinous or tubular breast cancers. They also stratified
their study results by hormone receptor status and found inverse and statistically significant associations
for estrogen receptor positive/progesterone receptor positive premenopausal and postmenopausal
breast cancers. In addition, they found that tumors with several combinations of hormone receptor and
HER2/neu status were also protected with high levels of physical activity including: 1) estrogen receptor
positive, 2) progesterone receptor positive, 3) estrogen receptor positive/progesterone receptor
negative, 4) HER2 positive, or 5) HER2 negative/estrogen receptor positive/progesterone receptor
positive postmenopausal breast cancer. In addition, physical activity protected against: 1) estrogen

receptor negative/progesterone receptor negative, HER2 negative, or p53 premenopausal breast

cancers. No clear pattern of greater risk reductions by tumor grade was seen.

Other factors: No effect modification by geographic location (i.e., America, Europe, Asia) was observed
in the meta-analysis by Wu et al.’® No other analyses examined effect modification of the association
between physical activity and breast cancer incidence by geographic location. The pooled analysis by
Gong et al?*® of African Americans suggested that having no family history of breast cancer conferred
greater risk reduction associated with physical activity than having a positive family history. Neilson et
al*’ found limited evidence that a positive family history of breast cancer was associated with a greater
risk reduction than no family history in premenopausal women (RR=0.28; 95% Cl: 0.14-0.58 versus
RR=0.72; 95%Cl: 0.58-0.88). For postmenopausal women, the effect of physical activity on reducing
breast cancer risk in women with and without a family history of breast cancer was nearly equal
(RR=0.85; 95% CI: 0.70-1.02 versus RR=0.83; 95% Cl: 0.75-0.92). The stratified analyses in the meta-

analysis by Neilson et al*’ for premenopausal women with a family history of breast cancer were based

on only three studies and must be interpreted with caution.

2018 Physical Activity Guidelines Advisory Committee Scientific Report F4-14



Part F. Chapter 4. Cancer Prevention

In the analyses by Gong et al*° and Neilson et al,’” physical activity conferred a greater benefit for breast

cancer risk reduction among parous women as compared to nulliparous women. In the Neilson et al*’
meta-analysis, premenopausal parous women had a 36 percent risk reduction (OR=0.64; 95% Cl: 0.46-

0.90) associated with higher amounts of moderate-to-vigorous recreational activity.

The meta-analysis by Pizot et al,'® showed a statistically significant effect modification between

hormone replacement therapy use and breast cancer risk. A beneficial effect of physical activity was
observed only in those women who never used hormone replacement therapy while ever users had no
risk reductions associated with physical activity. Neilson et al*’ found that not using hormone
replacement therapy and ever use were both associated with statistically significant reduced breast

cancer risks but that the effects were stronger in non-users than ever users.

For additional details on this body of evidence, visit: https://health.gov/paguidelines/second-
edition/report/supplementary-material.aspx for the Evidence Portfolio.

Colon Cancer

Conclusion Statements
Strong evidence demonstrates that greater amounts of recreational, occupational, or total physical

activity are associated with a lower risk of developing colon cancer. PAGAC Grade: Strong.

Strong evidence demonstrates a dose-response relationship between increasing physical activity levels

and decreasing risk of colon cancer. PAGAC Grade: Strong.

Strong evidence demonstrates that the effects of physical activity on colon cancer risk are evident in
both men and women. PAGAC Grade: Strong. Insufficient evidence is available to determine whether
the effects of physical activity on risk of colon cancer differ by specific age, race/ethnic, or
socioeconomic groups in the United States. PAGAC Grade: Not assignable. Moderate evidence indicates
that weight status does not affect the associations between physical activity and colon cancer risk.

PAGAC Grade: Moderate.

Strong evidence demonstrates that greater amounts of physical activity are associated with a lower risk

of developing both proximal and distal colon cancer. PAGAC Grade: Strong.

Insufficient evidence is available to determine whether the effects of physical activity on colon cancer

risk differ in individuals at elevated risk of colon cancer. PAGAC Grade: Not assignable.
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Review of the Evidence

Colon cancer is the third most commonly diagnosed cancer in the United States in both men and
women.2 Based on data from 2010-2014, the incidence rate of colon cancer in the United States was
28.2 per 100,000 men and women per year. Risk factors for colon cancer include: increased age, African-
American race or Jewish ethnicity, family history of colorectal cancer, personal history of adenomatous
colorectal polyps, history of certain inflammatory bowel conditions, a known family history of a
hereditary colorectal cancer syndrome, diabetes mellitus, smoking, obesity, alcohol intake, and eating

red and processed meats.2

To examine the association between physical activity and risk of colon cancer, 8 systematic reviews were
reviewed!® 2222 of which 712 2228 included meta-analyses, as well as one pooled analysis of 12 large
prospective cohort studies.2 The Subcommittee also reviewed meta-analysis data from the World
Cancer Research Fund.22 3 Because the association of physical activity with colon and rectal cancer
differs by site (see the section on rectal cancer, below), the Subcommittee did not include studies where
colorectal cancer was the outcome of interest because the relationship between physical activity and
colon cancer likely would be obscured. The reviews contained data from between 8 and 21

epidemiologic studies.

Evidence on the Overall Relationship

A large body of epidemiologic data exists on the association between physical activity and risk of
developing colon cancer. The most recent meta-analysis reported that risk of colon cancer is significantly
reduced for individuals engaging in the highest versus lowest categories of physical activity level
(RR=0.81, 95% Cl: 0.83-0.93).12 Other meta-analyses found similar effect sizes showing inverse
associations between highest versus lowest levels of physical activity and risk of developing colon
cancer.22239. 31 \ost studies adjusted for multiple potential confounding factors, including age, BMI,
and colon cancer risk factors, although adjustment for colon cancer screening (which could be related to
physical activity level) was not typically done. To address this issue, one meta-analysis examined the
associations between physical activity and colon cancer risk before 1993 (before testing fecal occult
blood was widely used), between 1993 and 1999, and after 1999 when colon cancer screening (by
endoscopy) became widely available.Z The risk estimates for physical activity and colon cancer risk did

not differ between the time periods. Studies published before 1993 (RR=0.74; 95% Cl: 0.67-0.82); those

2018 Physical Activity Guidelines Advisory Committee Scientific Report F4-16



Part F. Chapter 4. Cancer Prevention

published between 1993 and 1999 (RR=0.78, 95% Cl: 0.70-0.86); and those published after 1999

(RR=0.78; 95% Cl: 0.73-0.83) demonstrated similar risk reductions for this association.

Dose-response: A dose-response relationship is apparent, with risk decreasing at higher levels of
physical activity. A dose-response meta-analysis of three cohort studies found that per 30 minutes per
day of recreational physical activity, the relative risk of colon cancer was 0.88 (95% Cl: 0.80-0.96).2L In
contrast, dose-response estimates per 5 MET-hours per week of total physical activity were significant
only for distal colon cancer, with a relative risk of 0.92 (5 studies, 95% Cl: 0.89-0.96).21 One meta-
analysis estimated dose-response by percentile of physical activity, and found a linear reduction in risk
across the 20" to 95™ percentiles and estimated risk reductions between these two percentiles of 0.13
in men and 0.14 in women.2 This same meta-analysis plotted risk for colon cancer by leisure time
physical activity in those studies with MET-hours per week or MET-minutes per week data, and found
dose-response risk reductions in both men and women. The pooled analysis of 12 cohort studies found a
significant relationship between increasing leisure time physical activity percentile and decreased risk of

colon cancer (Poverali<0.0001; Pronfinear=0.4).2

Evidence on Specific Factors
Sex: Meta-analyses found that physical activity reduced colon cancer risk in both men and women, and

|2

there were no statistically significant differences in this effect by sex overall,2 or for proximal or distal

colon cancer.2* 28
Age: None of the analyses or the systematic review provided data within specific age groups.

Race/ethnicity: Studies in the United States and Europe were primarily in Caucasians. One systematic
review of Japanese studies reported on data from two cohort and six case-control studies, and found
that the association of increased physical activity with reduced risk for colon cancer was stronger in men
than women, and stronger in proximal than distal cancer.22 The pooled analysis of 12 cohort studies
examined the association between the 90t percentile versus 10" percentile of physical activity level in
Black and White individuals (Figure F4-1).2 The hazard ratio was similar in the two groups (Pheterogeneity=

0.96).

Socioeconomic status: None of the analyses or the systematic review presented data on the effect of
socioeconomic status on the association between physical activity and colon cancer incidence. Hence,

no conclusions can be made on this factor.
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Weight status: The pooled analysis examined associations between the 90" percentile versus 10"
percentile of physical activity level by BMI. Risk of colon cancer for those with BMI <25.0 kg/m? did not

differ from that of individuals with BMI >25 kg/m? (P-value for effect modification=0.81).2

Cancer subtype: Two meta-analyses were conducted on studies that included data by anatomic
subsite.2 26 Comparing most to least active individuals, the relative risks for proximal colon cancer were
almost identical in the two reports: 0.73 (95% Cl: 0.66-0.81)% and 0.76 (95% Cl: 0.70-0.83).28 Similarly,
the relative risks for distal colon cancer were almost identical in the two reports: 0.74 (95% Cl: 0.68-
0.80)% and 0.77 (95% Cl: 0.71-0.83).2° A dose-response meta-analysis of 